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Writings

This page collects some texts I've written throughout my lifetime. Note that I don't

necessarily endorse things I wrote in the past; for example, pieces older than late

2005 ignore animal suffering, including wild-animal suffering, which I now think is

among the most important issues.
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Accounting

Approval of new FASB standards (2008) (pdf, doc)

Accounting ethics case study (2008) (pdf, doc)

Activism

Organizational Bureaucracy and Scalable Independent Work (2016)

Making money and making change (2007) (pdf)

Letter to Peter Singer (2005) (pdf)

Hunger-banquet script (2005) (pdf, doc)

Advocacy Letters, 2001-2005

Handout on how to write legislative advocacy letters (2004) (pdf)

Contacting Congress (2004) (pdf)

Animal welfare

Dealing with Rodents in the Home (2017)

Bugs Around My House (2016)

I'm quoted in "Animal Rights Coalition works for cage-free eggs at

Swarthmore" (2006) (backup pdf)

Autobiographical

Résumé

My dating profile

Random facts about me

I prefer life in the slow lane (2021)

Why I rarely travel (2019)

What I wanted to be when I grew up (2018)

Stories from my childhood

My Informal Will (2014)

Stories from My Congress Internship (2014)

Cover letter for internship at my Congressman's office (2006) (pdf, doc)

Autobiographical Q&A (2005)

Congress-Bundestag letter to host family (2005) (pdf, doc)

Congress-Bundestag program application essays (2005) (pdf, doc)

Mister Rogers speech (2004)

Speech about an influential teacher (2004)

Short autobiography in 8th grade (2000)

Biology

If Humans Were Ectothermic... (2016)

How Do Signals Evolve? (2014)

Does DNA encode reward feature detectors? (2012) (backup pdf)

Chemistry

Spectroscopic analysis (2006) (pdf)

"Investigation of Internal Phosphorus Loading in the Watervliet Reservoir, New

York, August 2004" (2005) (pdf), a research report I submitted to the Intel

Science Talent Search in fall 2004. See also a summary (pdf) and PowerPoint

presentation (pdf)

Depleted uranium (2003) (pdf, doc)

Cognitive science

Dreams vs. Argumentum ad Lapidem (2016)

Functionalism for Swear Words (2016)

Prawn pain (2009) (pdf)

Comments on Some Famous Cognitive-Science Papers (2009)

College essays

Georgia Tech OMS CS application essays (2014)

Princeton University application essays (2004) (pdf, doc)

Bowdoin College application supplemental essay (2004) (pdf, odt)

Bates College application supplemental essay (2004) (pdf, doc)

Swarthmore College application supplemental essay (2004) (pdf, doc)

"Liking What One Has to Do" (2004)

Data backups

Downloading Websites for Backup (2017)

Some tips on backing up your data (2016)

Backing Up Your Data against Geomagnetic Storms and EMPs (2016)

Archiving data on Blu-ray discs (2018)

Backing Up a WordPress Website on Paper (2016)

Manually preventing data corruption in relatively static files (2019)

Sanity checking the number and size of your personal files (2019)

How I organize and back up data on my computer (2020)

Environmentalism

For my current views on this topic, see "Applied Welfare Biology and Why Wild-

Animal Advocates Should Focus on Not Spreading Nature".

Suffering-Focused Ecocentrism (2016)

Encouraging My School District to Buy Recycled Paper (2002-2005)

Recycled paper school-board letter (2005) (pdf, doc)

National Merit Scholarship essay (2004) (pdf, doc)

Recycling returns to Guilderland High School (2002) (pdf)

Industrial hemp (2002) (pdf)

Bt corn (2002) (pdf)

Food irradiation (2002) (pdf, doc)

Biotechnology and GMOs (2001) (pdf, doc)

Fiction

Jokes

Nairb story (2012)

Children's book about self-identity (2003) (pdf)

Pictures made with MS Paint (2000) (pdf)

Erik and the three-eyed blobs (1999)

Froge and Clifford (pre-1999) (pdf)

German

Children's book in German (2004) (pdf)

Marlene Dietrich bio in German (2004) (pdf)

"My daybook" journal (in German) (2001)

Health

Arm numbness while sleeping (2019)

The mystery of my scratchy eyes (2018)

My Very Mild Tinnitus (2017)

Risk of and Productivity Loss from Lyme Disease (2016)

Health, Safety, and General Life Tips (2015)

History

"The Contributions of Robert La Follette's 1924 Presidential Campaign to the

New Deal" (2004) (pdf)

Charles Steinmetz (2004) (pdf)

Great Depression and exports (2004) (pdf)

Civil-war debate (2003) (pdf)

Fictional Jackson impeachment speech (2003) (pdf)

East Timor (2002) (pdf)

Benjamin Banneker (2002) (pdf)

Kaffir Boy review (2001) (pdf)

The Incas Remembered discussion (2001) (pdf)

Fictional immigrant letter (2001) (pdf)

Nixon and Vietnam (2001) (pdf)

Hitler's rise to power (2001) (pdf)

Literature and film

Analyzing Time Lapse from the Perspective of Fixed-Point-Finding Algorithms

(2016)

Tangled Webs: Comments on Pretty Little Liars (2016)

Don't Try This at Home: When Entertainment Hurts People (2014)

Illness Narratives discussion (2006) (pdf)

Connecticut Yankee review (2005) (pdf)

Rosencrantz and Guildenstern Are Dead analysis (2005) (pdf, doc)

Huck Finn: Reason vs. Religion (2005) (pdf, doc)

"Heart of Darkness" and Apocalypse Now (2004) (pdf, doc)

Owen Meany essay (2004) (pdf)

Comments on "Bartleby the Scrivener" (2004) (pdf)

"The Chrysanthemums" analysis (2004) (pdf, doc)

Silas Marner review (2004) (pdf)

Review of Citizen Kane and Mr. Smith (2004) (pdf)

Omar Khayyam analysis (2004) (pdf)

Discuss a Cyrano de Bergerac quote (2004) (pdf)

1984 comments, part 2 (2004) (pdf)

1984 comments, part 1 (2004) (pdf)

Chapter-by-chapter notes on the first half of 1984 (2004) (pdf)

Analyzing characters from Antigone (2004)

Scene-by-scene summary of Antigone (2004) (pdf)

Pi film (2004) (pdf)

Interesting aspect of Macbeth (2003) (pdf)

Born on the Fourth of July review (2003) (pdf)

The Jungle book review (2002) (pdf)

Romeo and Juliet commentary (2002) (pdf, doc)

To Kill a Mockingbird analysis (2001) (pdf, doc)

"The Chameleon" (a poem) (2001)

Movie scripts (late 1990s)

Math

Expected value of information (2007) (pdf)

Logicism, intuitionism, and formalism (2005) (pdf)

Georg Cantor bio (2005) (pdf)

Derivative of a monomial (2004) (pdf)

Intuitive attempt to derive area and volume formulas before I knew calculus...

(2003) (pdf)

A bingo probability problem (incomplete) (2003)

Tic-tac-toe strategy (2003) (pdf)

Ways to arrange clock digits into equations (2002)

Misc

Computer programs

Some 7th Grade Writing Assignments (1999-2000)

Papers from 5th grade (1997 to 1998)

Papers from 1st grade (1993-1994)

Personal effectiveness

How I use todo lists (2018)

My Search for Cheap and Safe US Cities (2017)

Beware Overreliance on Theory (2017)

Fastidious vs. Relaxed Approaches to Goals (2017)

Learning "Useless Information" Is Not Useless (2017)

Against Setting Records (2017)

Should You Try to Read Faster? (2014)

Against Self-pigeonholing (2014)

Drawbacks to Formal Education (2014)

Philosophy

A few possible definitions of "discrimination" (2018)

Spending Your Pleasure Points (2018)

Is Using Sci-Hub Morally Bad, Neutral, or Good? (2016)

First-Person vs. Third-Person Empathy (2016)

Thoughts on Feminism and Its Critics (2016)

Interpreting the Categorical Imperative (2015)

Journal entries, 2001-2005 (pdf)

King vs. Van Dusen on civil disobedience (2004)

Can breaking the law sometimes be right? (2004)

Romanticism (2003) (pdf)

Shift from religion to psychology (2003) (pdf)

Podcasts

Some Podcasts I Enjoy (2015)

Creating Podcasts of Wikipedia Articles (2014)

Public policy

If Taxes Could Be Earmarked... (2014)

Carbon taxes (2005) (pdf)

Green Party ads (2005) (pdf, doc)

Hegemony or Survival review (2005) (pdf)

Minor parties (2005) (pdf)

Precaution on climate change (2004) (pdf)

Terrorism vs. international health (2004) (pdf)

Comments on a cartoon about American voting (2004)

Does society have the authority to outlaw drugs? (2004)

2002 Farm Bill (2002) (pdf)

Satire piece about Enron (2002) (pdf, doc)

Quick observations

A Collection of Quick Observations (2019 to 2020)

A Collection of Quick Observations (2018)

A Collection of Quick Observations (2017)

A Collection of Quick Observations (2016)

A Collection of Quick Observations (2015)

Relationships

Thoughts on Management Style (2015)

Personal Thoughts on Romance (2014)

Review of Timer (2009) (2014)

Arranged-marriage satisfaction (2014)

Statistics

Applying EM to probit regression (2008) (pdf)

Bioassay stats report (2005) (pdf)

Taxes

Saving Taxes by Earning More: The Case of the Premium Tax Credit (2016)

Writing

Why I don't write as much as I used to (2022)

How should I name IDs in HTML? (2020)

How should I format my citations and bibliographic data? (2018)

Should You Read the Whole Article Before Citing It? (2017)

Why I Usually Don't Formally Publish My Writings (2016)

Writing Research Papers Is Fun (2016)

How I Add Wikimedia Images to My Websites (2016)

My Writing Style (2015)

Writing Associate literature review (2006) (pdf)

Less Confident Tutees May Benefit from More Direct Tutors (2006)

Process and Post-Process Pedagogy (2006)

On teaching writing (2006) (pdf, doc)

Content by other people

Coming soon

About these writings

I've largely left the older writings (especially before ~2014) unchanged since they

were first written, although I do usually correct typos/grammar, and I occasionally

make small revisions to the text. The main reasons to keep older writings mostly

unchanged are

1. it would be too much work to revise them to keep them updated

2. part of what makes older writings interesting (at least to me) is the way they

serve as a time capsule into my past views, information sources, and writing

style.
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Brian Tomasik

I write about ethics, animal welfare, and far-future

scenarios from a suffering-focused perspective on

my main website, "Essays On Reducing Suffering".

The website you're on now is where I put the rest

of my writings that are less relevant to reducing

suffering.

Following is some brief biographical information.

I graduated from Swarthmore College in 2009 with a major in computer science and

a minor in statistics.

From 2009 to 2013, I was a software engineer at Microsoft, working on improving

the relevance of Bing's search results. In 2015 I briefly did machine-learning work

with the real-estate startup FlyHomes.

In 2013, I helped to start the Foundational Research Institute (now called the Center

on Long-Term Risk), a think tank that explores crucial considerations for reducing

suffering in the long-run future.
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Ethics Case: Capital Leases
Brian Tomasik
Response to an ethics scenario for my accounting course, spring 2008

 Cuby Corporation probably has an economic interest in being able to claim the 

copier arrangement as an operating lease, because this will allow it to keep the rent 

payments from appearing as a liability on the balance sheet. The ethical issue arises, then,

from the fact that the company’s own financial incentives might influence the (admittedly

somewhat subjective) decision as to whether the $1000 copier-purchase option qualifies 

as a “bargain” for purposes of FASB 13. Is it wrong for Glenn Beckert to err on the side 

favorable to his company when the factual question of whether the purchase option is a 

bargain is unclear?

I would suggest that the above question may be something of a false choice. It’s 

true that Glenn is unaware of what the actual value of the copiers will be in five years, 

but he has so far only asked one colleague who admitted not knowing much about the 

situation. The IMA Standards recommend that an accountant “Recognize and 

communicate professional limitations or other constraints that would preclude 

responsible judgment […]” (I.4), of which this seems to be a clear case. Presumably there

are other individuals at Cuby Corporation who work with copy-machine purchases and 

have a better sense of where prices will be in five years. Communicating with 

knowledgeable employees would fall under the accountant’s responsibility to “Regularly 

communicate with business associates to avoid apparent conflicts of interest” (III.1). If, 

after such communication, the issue remained unclear, Glenn should follow the suggested

procedure for “Resolution of Ethical Conflict” by discussing the issue with a supervisor.

http://briantomasik.com/


FASB: How are new standards approved?

Brian Tomasik

Assignment for my accounting course, spring 2008

 The original ideas for new FASB standards and changes to existing standards 

usually come from constituent groups—e.g., the Accounting Standards Executive 

Committee, the PCAOB, and the IASB—or from FASB staff members keeping tabs on 

the “financial reporting environment.” At a public meeting, the Board votes on which of 

the issues raised should be added to its project agenda. Some of the factors affecting 

whether a proposal is added are its feasibility, the magnitude of the problem it addresses, 

the extent of its impact if implemented, the resources that the Board would require to 

investigate it, and whether it affords opportunities for harmonization with international 

standards.

Once an item is added to the agenda, the Board holds a series of public meetings 

at which staff members present research and analysis related to the issue and Board 

members ask questions and reach tentative conclusions. This culminates in the 

preparation of an Exposure Draft outlining the Board’s proposed rule changes. If 

approved by a majority of the Board, the draft is distributed for comment by interested 

parties. Further public meetings are then held to discuss suggested revisions. Eventually, 

the Board votes to issue a final decision, usually in the form of a Statement of Financial 

Accounting Standards. This includes not only a description of the proposed rule changes, 

but also a summary of the research and rationale behind the changes, as well as a list of 

supporting and dissenting Board members.

http://briantomasik.com/
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Organizational Bureaucracy and Scalable

Independent Work

By Brian Tomasik

First written: 16 Dec 2016. Last nontrivial update: 23 Jan 2017.

Summary

This post describes a few of my personal thoughts and experiences regarding the

slowness of decision-making in organizations. In some cases, such as research, it

may be possible to reduce bureaucracy by letting people write more independently

in the style of an Internet forum, but it's not clear if this can work in practice or if this

approach can be applied to less parallelizable tasks. I also comment on the trend for

big organizations to be more risk-averse and more guarded in presenting

themselves publicly.

Contents

Summary

Startups vs. big companies

Can bureaucracy be avoided?

Bigger is blander

Startups vs. big companies

When I was searching for my first software job out of college, I read a lot of career

advice, including about the differences between startups vs. big companies. One of

the most common statements I read was that big companies are "soul-crushing"

because of the bureaucracy that's required to get anything done. Images of the

movie Office Space come to mind, especially

the well known scene about TPS reports.

I ultimately went to a big company (Microsoft),

although I found that my team at Bing, while

large, wasn't extremely bureaucratic. This was

in part because my group, which improved the

ranking of search results, was in many ways a

research organization, where different people

could explore different ideas on their own in

parallel. However, there was still a reasonable amount of interpersonal coordination

required at times. And I had to participate in company-wide HR bureaucracy every

once in a while.

I didn't mind most of Microsoft's bureaucracy, because I took it as an opportunity to

observe how a big organization works. I considered meetings a chance to learn

about the interesting work that other people were doing. However, some of my

coworkers were annoyed, and wished that they had fewer meetings and more

uninterrupted time to get coding done.

At Microsoft, people often used the terminology of "owning" a task or project. This

meant that the owner of the project was responsible for seeing that it made

progress and got done. The owner would make decisions about how to proceed

himself, although he was encouraged to consult with others on important questions

regarding the project. This kind of ownership cuts down on bureaucracy and

micromanagement because only one person needs to make most decisions and

learn most of the details, while everyone else can provide shallower advice.

Of course, there's always a tension between making too many independent

decisions versus too few. If you try to fully own a project, but then your boss

complains about a choice you made, you'll waste a lot of time re-doing the project,

compared with if you had asked the boss some questions up front. The more

demanding the boss's requirements, the less you can afford to make your own

decisions.

Can bureaucracy be avoided?

In Ethics into Action, Peter Singer outlines ten tips for activists that he took from the

work of Henry Spira. #8 is "Avoid bureaucracy." Singer explains:

bureaucratic structures all too often divert energy into making the

organization grow, rather than getting results for the cause. Then when

the organization grows, it needs staff and an office. So you get a

situation in which people who want to make a difference for animals (or

for street kids, or for rain forests, or for whatever cause) spend 80

percent of their time raising money just to keep the organization going.

Most of the time is spent ensuring that everyone in the organization

gets along with one another, feels appreciated, and is not upset

because he or she expected to be promoted to a more responsible

position or given an office with more windows.

In contrast, Spira worked "essentially, on his own". He formed coalitions for

particular campaigns, but he made final decisions. If an organization disagreed, it

could choose to leave the coalition.

This approach appeals to me, and it's often how I operate as well. I tend to do what I

want to do, and if other people want to help, that's welcome but not required. On

the other hand, unilateral decision-making loses out on some epistemic gains that

come from bringing different viewpoints together. The opposite extreme of

unilateral decision-making is consensus decision-making, in which discussion

continues as long as is needed for everyone to Aumann-update to a roughly shared

epistemic viewpoint. Unfortunately, I find that it's almost impossible in practice to

share enough information with one another to reach this level of consensus,

especially since much of our knowledge is stored implicitly in System-1 neural

connections that we can't easily externalize.

An interesting way to combine the speed of unilateral decision-making with the

benefits of epistemic diversity is to create a platform for making individual

contributions from a wide range of perspectives. A good example of this is

LessWrong, where individuals make posts and comments, and then others reply and

upvote or downvote. Collective wisdom is embodied in rankings and top-voted

comments, but authors don't have to wait for a protracted review process that may

get bottlenecked by various factors. Contributors post whenever they want on

whatever they want, and commenters give feedback on whatever they want to

whatever extent they have time to do so.

Academia uses a similar approach, in which individuals or small groups can publish

papers without going through the bureaucracy of a big organization (except when

applying for grants or interacting with their universities). However, the academic

peer-review process is often slow and suboptimal, and I would guess that a

LessWrong style of publishing academic papers would be more effective: publish a

paper, get votes on its quality, get comments, revise the post based on feedback,

etc.

Can the LessWrong model be used for nonprofit organizations? I'm not sure. A main

problem is that nonprofits generally need to maintain a minimum bar of quality, and

allowing employees to publish articles without oversight might tarnish the

organization's reputation. That said, one could imagine organizations whose explicit

structure was more like LessWrong, with donations being used to pay individuals to

write their own posts. If an individual wrote enough low-quality posts for a long

enough time, that individual could be let go from the organization.

Broadening this idea beyond research, one could imagine a charity that makes

grants to individual people to execute their own projects. VegFund and the Animal

Charity Evaluators "Animal Advocacy Research Fund" are examples of this.

That said, the fact that this grant-making approach isn't used more universally

suggests that there are probably good reasons to create corpulent, Byzantine

organizations in many situations, despite the attendant bureaucracy. Presumably

economies of scale sometimes outweigh the costs of slowness and decision-

making overhead, and in other cases, central organization may be required in order

to complete massive projects. That said, scientific research is a "massive project"

that is somewhat decentralized. This contrast between central planning vs. organic

growth has been discussed many times, such as in "The Cathedral and the Bazaar".

Bigger is blander

The transition from small, agile startups to big, glacial companies seems somewhat

inevitable and probably reflects some fundamental constraints that vary as a

function of size. (If we were dealing with biological organisms, we might call these

trends "allometric scaling laws".) For example, in a big company, there's a bigger

cost to completely screwing things up, so you need more eyeballs on any given

decision. One person's software service may be depended on by lots of other

people, which prevents it from being refactored aggressively. A bigger company has

more to lose if it fails than a just-started company, so it will normally tend to be more

risk-averse.

Bigger organizations are also often more boring, because of risk-aversion with

respect to public-relations disasters and because of the need to represent a wider

constituency. One example of this trend can be seen with GiveWell. In its early days,

GiveWell's blog was seen by the founders "as a place to experiment, have fun, give

exaggerated versions of our thoughts, etc." As of 2016, GiveWell's blog posts tend

to be extremely measured, qualified, and careful to avoid offending people. This is a

natural progression that most organizations seem to go through, except maybe

those whose brand is built on top of edginess.

Of course, more serious discussion of a topic can often be better than deliberately

edgy discussions. However, there is also a lot lost when an organization has to

present itself in a politically aware, qualified way. In particular, you lose out on the

authenticity that comes from saying things exactly how you see them. For example,

if I read a blog post written by a staff member of a big nonprofit, I can't necessarily

tell where the author of the post actually stands on a topic, versus what the author

is saying as a politically safe statement that aims to toe a compromise position

among competing opinions. As a result, I take such posts with more grains of salt,

because I can't tell what messages are only being said for political reasons. (The

extreme example of this is actual politicians, who can't be trusted very much at all.

Their statements need to be filtered through a bullshit-detecting independent

analysis before I believe them.)

Personally, I tend to gravitate toward people who don't mince words and who try to

"tell it like it is" (although this ideal has been somewhat tarnished and abused in

2016 by Donald Trump). For example, I would rather read a grad student's personal

blog post about her research than read her published journal article (assuming the

two have equal length and information content) because the blog post is more likely

to say what the person actually thinks, while the journal article is more likely to

hedge and say what's most expedient for getting the article published and making

the article accepted by the academic community.

Sarah Constantin personifies vague authoritativeness as the Egyptian god Ra. She

says: "Expressing yourself, thinking speculatively, and relating to people are

shameful to the Ra-worshipping mindset, because all mental and emotional

resources must be channeled into the quest for prestige." Organizations generally

tend toward more Ra worship as they mature.

I don't enjoy writing in a way that's guarded and politically compromised. This is one

reason I prefer to write on my own websites rather than submitting articles to be

published in other fora, where editors will ask for various stylistic or content

revisions that I don't agree with.
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“Making Money and Making Change Not Mutually Exclusive”
By Brian Tomasik

Appeared in the Swarthmore College student newspaper, The Phoenix

20 September 2007

When people talk about “careers that make a difference,” they usually have in mind jobs
at nonprofit organizations, advocacy groups, disadvantaged school districts, medical
research laboratories, and the like. It seems quite natural, for instance, that someone
concerned with animal suffering in factory farms would work for the Humane Society or
the Humane Farming Association, while someone who wants to address global hunger
might join Bread for the World or Food First.

One factor easily overlooked is the fact that these organizations have limited budgets, so
that if you’re hired as, say, a policy researcher at Oxfam, then someone else won’t be.
Thus, the “difference” that you make to the world by your work is only the amount by
which you’re more effective, productive, and hard working than the other person would
have been.

In some cases, these differences of effectiveness may be large. For instance, a fundraiser
who is only slightly more capable than the person who would have been hired in his place
might bring in millions of extra dollars for an organization over time. A medical
researcher who is significantly more talented than her peers might help society greatly by
directing her efforts toward groundbreaking discoveries, even if doing so means taking
away grant money that would have been used by her colleagues.

Another way to change the world that doesn’t involve being especially talented in a
particular area is to make a lot of money. For instance, suppose that, instead of working
as a researcher at Oxfam, you pursue a career at a consulting company, investment bank,
or corporate law firm. After working for several years, you might earn, say, $175,000
annually after subtracting out taxes and costs of living, assuming you live as frugally as
possible. You can then donate this money to Oxfam and allow them to hire maybe two or
three new policy researchers (or whatever other employees are needed). It’s important to
note that, because you’ve increased the total size of Oxfam’s budget, you’re allowing
additional work to be done that wouldn’t have happened otherwise, rather than just doing
work more effectively than someone else would have.

Of course, this example is limited and simplistic, but the idea behind it applies quite
broadly. For instance, suppose you aren’t interested in joining an established organization
but want to work as an independent activist like, say, animal welfare campaigner Henry
Spira. However, unless you think you would be exceptionally talented, you might
accomplish more by making money and then hiring several other people to work as
activists, especially people who wouldn’t otherwise have done activism on their own.
(Spira himself was funded by wealthy donors.)

Or maybe you want to work to encourage people who already have lots of money to
donate more of it, or at least redirect their donations to more cost-effective causes. But



then again, you could instead make money yourself and then hire other people to do that
work for you.

Or maybe you want to make an impact by pursuing academic research—e.g., studying
how to address global poverty, or which animals can feel pain, or what positions we
should take on moral or religious issues. But then again, you could instead make money
and use it to fund grants, research prizes, and similar programs to encourage other people
to do that research for you.

The general point should be clear: For any activity that you feel would make a positive
impact on the world, consider whether—after accounting for Lake-Woebegone bias in
judging your own abilities—you could make an even bigger impact by making money
and funding other people to do the work for you.

Above I suggested some unusual ways that one might spend money to improve the world,
but direct giving is always an option as well. To take an example, a $25 donation to the
Fred Hollows Foundation can prevent one person in the developing world from going
blind. Simplistically assuming that, by pursuing a high-paying career, you could earn a
lifetime-average after-tax and after-cost-of-living salary of $200,000 and that you would
work for 45 years, you could donate $9 million (ignoring inflation, investment returns,
time-value of charitable donations, etc.). This would, according to naïve division, prevent
($9 million)/$25 = 360,000 cases of blindness. If, by instead working at a nonprofit, you
earned a lifetime-average after-tax and after-cost-of-living salary of $30,000, you would
have prevented only 54,000 cases of blindness (about 1/7 as many).

Of course, in reality the marginal benefit of each dollar donated to a single cause may
decrease, but—given the multitude of cost-effective causes out there—the marginal
benefit of each dollar donated to charitable causes in general is essentially constant. So
naïve division may not be unjustified.

This suggests another interesting point. If donors aim to maximize the expected societal
benefit of their donations, and if the marginal societal benefit of each dollar donated does
not decrease (or does not decrease very much), then if donors invest their money in the
capital markets before giving it away, they should—barring countervailing factors—
choose securities with high systematic risk (e.g., small-cap stocks) over securities that
offer lower risk and lower expected returns.

Of course, it’s arguable that donating directly to good causes is less cost-effective than,
say, funding activism to encourage the government to give more to similar causes. But
figures like the above represent a minimum amount of benefit to the world that any non-money-
making career plan would have to overcome.



Follow-up comments by Brian Tomasik, 18 March 2014

As is often the case with one's writings, I no longer completely agree with this piece, though I 

still feel it makes important points that altruists should think about seriously. A main reason I'm 

less confident in this argument than I was before is that I'm not sure jobs are as replaceable as I 

suggested, though of course the details may depend on the situation. People considering low-

level careers at a nonprofit who could instead earn large amounts in socially non-destructive 

industries should likely do so. For my latest views earning to give, see “Why Activists Should 

Consider Making Lots of Money.”

As a smaller note: I'm doubtful of the numbers for blindness prevention by the Fred Hollows 

Foundation that I used in this article. While $25 per instance of blindness averted is the 

Foundation's claim, this figure seems too cheap to be believable, and GiveWell did not choose 

the Foundation as one of its top charities. Of course, I expect the Foundation does important 

work, but I'm skeptical of the specific numbers used here.

Finally, the Humane Farming Association may not be the best example of a pro-animal  

organization, given its opposition to welfare reforms.

http://www.utilitarian-essays.com/make-money.html
http://www.utilitarian-essays.com/make-money.html
http://www.humanesociety.org/issues/opposition/facts/humane_farming_association.html
http://www.givewell.org/international/charities/Fred-Hollows-Foundation
http://www.givewell.org/
http://www.everydayhero.com.au/events/downloads/0000/0332/FHFBrochure.pdf
http://www.everydayhero.com.au/events/downloads/0000/0332/FHFBrochure.pdf
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Script for a “hunger banquet”

by Brian Tomasik and Youth Ending Hunger

spring 2005

In spring 2005, the Guilderland High School club “Youth Ending Hunger” carried out a 

“hunger banquet” with some classes whose teachers agreed to come. This is the script 

for the performance and sketches we did. I've replaced names with initials for anonymity.

Props/Materials

-Dry-erase marker for the board.

-Soup cans and other props for skit 1.

-Two lab coats and two farmer outfits.

-Corn-flea-beetle costume.

-Food-bank video.

-120 copies of quiz and resources sheet.

-Candy.

Candy

(We will not need this much if we don’t have all four of our slots filled; I’ll let you 

know soon how many classes will be coming.)

-12 king-sized bars

-32 bite-sized bars

-80 skittles

-80 extra bite-sized bars for the poor students to take at the end.

Text of Hunger Banquet 2005

Have students sit down at the tables.

T:  Thank you all for coming to this “Hunger Banquet,” put on by the club Youth 

Ending Hunger.  Before we begin the banquet, I’ll have K explain the drawings on the 

board.

K:  Every minute, 17 people die of hunger or hunger-related causes.  Each of 

these lines represents one person.  I’ll be drawing these on the board throughout the 

course of the banquet to represent the deaths as they occur.  

Pass out cards.

http://www.sccs.swarthmore.edu/users/09/btomasi1/
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BRIAN:  Now we’re passing out cards describing the person whom you will be 

playing.  Your income level will determine how much food you will receive.  If you have

a “wealthy” card, raise your hand now so that we can give you your meal.

Deliver to the rich students a full candy bar.

BRIAN:  Okay, now those with “moderate income” should raise their hands.

Deliver to moderate-income students a bite-sized bar.

BRIAN:  Now those with “poor” cards.

Deliver to poor students one skittle.

BRIAN:  We’ll give you a few minutes to eat your meals and discuss your cards.

Pass out the myths quiz.

BRIAN:  If you’re still eating, that’s all right.  What we’re passing out now is a 

brief quiz about hunger.  Take a minute to answer the questions.

Wait a minute.

BRIAN:  Now we’ll give you the answers to the quiz using skits.  This first skit 

addresses question 1—the statement that “Hunger exists because the world does not 

produce enough food.”

Perform skit 1 (S, M, AND T)

BRIAN:  I’ll give a little more information about question 1 that we couldn’t 

convey in the skit.  The statement is false, as you saw.  In terms of wheat, rice, and other 

forms of grain alone, the world produces enough food to provide everyone with 3,500 

calories per day; that figure does not even count vegetables, fruits, beans, nuts, and fish.1  

Most “hungry countries” have enough food for all of their people:  indeed, almost 80 

percent of malnourished children in the Third world live in countries producing food 

surpluses.2  The problem is not food scarcity but poverty, which limits both access to 

food on the market and access to the land, credit, and resources that people need to grow 

food themselves.

S:  Our next skit addresses question 2—the statement that “The Green Revolution 

has generally increased food production.”

1 http://www.foodfirst.org/pubs/backgrdrs/1998/s98v5n3.html
2 Gary Gardner and Brian Halweil, Underfed and Overfed, Worldwatch Paper 150, 17.
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Perform skit 2:

M1 (SCIENTIST 1):  You know what’s awesome?

M2 (SCIENTIST 2):  What?

M1:  The Green Revolution.

M2:  Yeah?  Why?

M1:  Because with new and improved fertilizer and pesticide technology, as well 

as high-yielding seeds, farmers will be able to increase production and finally break the 

cycle of poverty!

J (FARMER):  Although that sounds good in theory, it does not actually work in 

practice.

M1 AND M2:  Huh?

J:  Many poor farmers cannot afford the green revolution’s technological inputs, 

which just increases the disparity between rich and poor.  And while the Green 

Revolution may increase food production, it often does so at the expense of food 

diversity and nutrition.

M1:  You know what sucks?

M2:  What?

M1:  Everything!

S:  I’ll give a little more information.  As you saw, statement 2 is true but requires

qualification.  While the Green Revolution has generally increased total food production 

in poor countries, it has usually not reduced hunger; in fact, in many cases, the exact 

opposite is true.  (a) The Green Revolution’s capital-intensive production methods tend to

accentuate inequality by benefiting only those producers wealthy enough to afford new 

seeds and chemicals.  The so-called “high-yielding varieties” that have been introduced 

only succeed with adequate fertilizer and sophisticated water management; when poor 

farmers are unable to afford to create ideal conditions, the Green-Revolution seeds are no

better than native varieties and in many cases are actually more vulnerable to droughts 

and floods.3

T:  At the same time, the Green Revolution’s narrow focus on yields ignored the 

importance of nutrition.  While increased cultivation of corn, wheat, and rice produced 

more calories, it often came at the expense of legumes and root crops—which contain 

more protein, vitamins, and minerals.4

BRIAN:  Our last skit deals with question 3—the statement that “Genetic 

engineering of crops is the solution to world hunger.”

Perform skit 3:

NARRATOR (T):  Here you see two poor farmers, Enrique (M) and Ali (M).  Ali 

has planted a variety of conventional crops—corn, beans, tomatoes, and assorted greens.  

Enrique, on the other hand, plants exclusively corn that has been genetically modified to 

3 Francis Moore Lappe and Joseph Collins, Food First, 129-130.
4 Gardner 18.
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withstand herbicide.  Ali saves his seeds from year to year and uses crop rotation and 

other natural methods to control pests.  Enrique, meanwhile, is forced to purchase his 

seeds new every year because they are patented; he also buys expensive herbicides.  But 

Enrique is certain that his genetically modified corn will pay off in the end.

Before we continue—who in the audience thinks that Enrique will do better?  

Who thinks that Ali will do better?

Here’s what happens:  In August, a devastating horde of corn-flea beetles (J) 

strikes the area.  The corn crops of both Enrique and Ali are destroyed.  While Ali still 

has his tomatoes, beans, and other crops to sustain him, Enrique has nothing.

BRIAN:  As the skit showed, statement 3 is False.  Because genetically modified 

crops are patented, growers are forced either to buy new seeds every year or to pay an 

annual licensing fee for saving them.  Coupled with an increased need for chemical 

inputs, this means higher costs of production that only already-wealthy landowners are 

able to afford.  Moreover, genetically engineered crops are meant to be sold widely and 

therefore are not well adapted to specific local conditions.  And because biotech farmers 

usually plant just one type of crop, they are more vulnerable to being wiped out by a 

single pest or disease, as you saw in the skit.  For these reasons, delegates from 18 

African countries at a meeting of the UN Food and Agriculture Organization issued the 

following statement:

M:  "We [...] strongly object [to the fact] that the image of the poor and hungry 

from our countries is being used by giant multinational corporations to push a technology

that is neither safe, environmentally friendly, nor economically beneficial to us.  We do 

not believe that such companies or gene technologies will help our farmers to produce the

food that is needed [...]. On the contrary [...] it will undermine our capacity to feed 

ourselves."5

S:  Now I’ll give some information about question 4—the statement that “Hunger 

is a problem in the US.”  Statement 4 is true.  Though few people in the US actually 

starve to death, chronic mild undernutrition is surprisingly widespread.  In 2003, 36 

million Americans lived in homes that were “food insecure”—meaning that they lacked 

the resources to afford sufficient amounts of food at least some of the time.  11 million of

those people lived in households classified as “hungry”—meaning that food purchases 

were restricted to such a point that adults, and sometimes even children, experienced 

hunger on a regular basis.6

For further detail on hunger in the US, we have a short video.

Play the Food-Bank video.

BRIAN:  Now that we’re done with the quiz, let’s return to the drawings on the 

board.

5 http://www.earthisland.org/eijournal/new_articles.cfm?articleID=282&journalID=49
6 http://www.frac.org/html/hunger_in_the_us/hunger_index.html
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K:  In the ___X__ minutes since I began, ____17X_____ people have died from 

hunger or hunger-related causes.

BRIAN:  Now, to conclude, we’ll give you a few ways that you can help.

Pass out hunger-resources sheets.

BRIAN:  Right now, we’re passing out sheets with some helpful websites and 

resources.

J:  At the top of the sheet, you can see links to the “free-click websites.”  Every 

time that you click on these pages, the sites’ advertisers give a small amount of money to 

organizations addressing hunger and poverty.  On any single computer, you are allowed 

to visit these sites at most once a day.

M:  Below that are a couple organizations working to address hunger and poverty 

through long-term changes in government policy.  These websites have detailed 

information on the root causes of hunger, as well as advocacy letters that you can send to 

your members of Congress.

S:  Next on the sheet are local organizations with which you can volunteer and 

earn community-service hours.  Youth Ending Hunger occasionally volunteers as a group

with both of these charities.

BRIAN:  One of the easiest ways that you can make a difference is through your 

purchasing.  When shopping for coffee, chocolate, tea, clothing, and other products, look 

for the “fair-trade certified” logo that you see on the sheet.  “Fair trade” means that 

farmers and craft workers are paid a livable wage through direct long-term contracts.  It 

guarantees that no child labor or forced labor was used and that ecologically sustainable 

practices were employed.

K:  Finally, you can check out Youth Ending Hunger.  We meet every other 

Monday after school in Room [...].  Our next and last meeting of the year will be on 

Monday, June 6.

G.:  [History of YEH]

T:  In our last ________ minutes, you’ll be having group discussions at your 

tables, facilitated by one or two Youth Ending Hunger members.

Questions:  (1) How did this experience make you feel?  (2) Has this “hunger 

banquet” changed you perspective on hunger?  If so, how?  (3) What could we have done

differently to make the banquet more interesting and effective?
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T:  That brings us to the end of the banquet.  If any of you in the poor and 

moderate-income classes would like some extra candy, feel free to take it as you leave.  

Thank you for coming.

A Hunger Quiz

1.      T     F     Hunger exists because the world does not produce enough food.

2.      T     F     The Green Revolution (the introduction of high-yielding seeds, fertilizers, 

and pesticides to poor countries) has generally increased food production.

3.      T     F     Genetic engineering of crops is the solution to world hunger.

4.      T     F     Hunger is a problem in the United States.

Answers

1.  Statement 1 is False.  In terms of wheat, rice, and other forms of grain alone, 

the world produces enough food to provide everyone with 3,500 calories per day; that 

figure does not even count vegetables, fruits, beans, nuts, and fish.7  Most “hungry 

countries” have enough food for all of their people:  indeed, almost 80 percent of 

malnourished children in the Third world live in countries producing food surpluses.8  

The problem is not food scarcity but poverty, which limits both access to food on the 

market and access to the land, credit, and resources that people need to grow food 

themselves.

2.  Statement 2 is True but requires qualification.  While the Green Revolution has

generally increased total food production in poor countries, it has usually not reduced 

hunger; in fact, in many cases, the exact opposite is true.  (a) The Green Revolution’s 

capital-intensive production methods tend to accentuate inequality by benefiting only 

those producers wealthy enough to afford new seeds and chemicals.  The so-called “high-

yielding varieties” that have been introduced only succeed with adequate fertilizer and 

sophisticated water management; when poor farmers are unable to afford to create ideal 

conditions, the Green-Revolution seeds are no better than native varieties and in many 

7 http://www.foodfirst.org/pubs/backgrdrs/1998/s98v5n3.html
8 Gary Gardner and Brian Halweil, Underfed and Overfed, Worldwatch Paper 150, 17.
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cases are actually more vulnerable to droughts and floods.9  (b) At the same time, the 

Green Revolution’s narrow focus on yields ignored the importance of nutrition.  While 

increased cultivation of corn, wheat, and rice produced more calories, it often came at the

expense of legumes and root crops—which contain more protein, vitamins, and 

minerals.10

3.  Statement 3 is False.  Because genetically modified crops are patented, 

growers are forced either to buy new seeds every year or to pay an annual licensing fee 

for saving them.  Coupled with an increased need for chemical inputs, this means higher 

costs of production that only already-wealthy landowners are able to afford.  Moreover, 

genetically engineered crops are meant to be sold widely and therefore are not well 

adapted to specific local conditions.  And because biotech farmers usually plant just one 

type of crop, they are more vulnerable to being wiped out by a single pest or disease.  For

these reasons, delegates from 18 African countries at a meeting of the UN Food and 

Agriculture Organization issued the following statement:  "We [...] strongly object [to the

fact] that the image of the poor and hungry from our countries is being used by giant 

multinational corporations to push a technology that is neither safe, environmentally 

friendly, nor economically beneficial to us.  We do not believe that such companies or 

gene technologies will help our farmers to produce the food that is needed [...]. On the 

contrary [...] it will undermine our capacity to feed ourselves."11

4.  Statement 4 is true.  Though few people in the US actually starve to death, 

chronic mild undernutrition is surprisingly widespread.  In 2003, 36 million Americans 

lived in homes that were “food insecure”—meaning that they lacked the resources to 

afford sufficient amounts of food at least some of the time.  11 million of those people 

lived in households classified as “hungry”—meaning that food purchases were restricted 

to such a point that adults, and sometimes even children, experienced hunger on a regular

basis.12

9 Francis Moore Lappe and Joseph Collins, Food First, 129-130.
10 Gardner 18.
11 http://www.earthisland.org/eijournal/new_articles.cfm?articleID=282&journalID=49
12 http://www.frac.org/html/hunger_in_the_us/hunger_index.html



17 October 2005 

 

Peter Singer 

Princeton University 

Center for Human Values, Marx Hall 

Princeton, NJ 08544-1006 

 

Dear Mr. Singer: 

 

As an admirer of your work, I write with a few questions to which I am curious to read 

your reply.  I understand, of course, if your busy schedule does not permit you to write a 

response. 

First, though, let me introduce myself.  My name is Brian Tomasik; I am currently a 

freshman at Swarthmore College.  I grew up on a small organic farm in upstate New York (near 

Albany).  When I was younger, my parents raised cows and chickens for meat, so I was 

accustomed to being around animals, as well as watching their slaughter.  I never felt guilty 

about killing the animals, because I carried a sort of Cartesian notion that they lacked the 

requisite degree of consciousness to suffer.  It was not until May of this year that I began to think 

differently, when I came across your writings on the website http://www.utilitarian.net.  An 

essay entitled “Do Animals Feel Pain?” (excerpted from Animal Liberation) changed my outlook 

on animal suffering, and chapter three of Practical Ethics reinforced my realization that animals 

deserved ethical consideration.  After perusing your essays online, I read the entireties of 

Practical Ethics and Animal Liberation—which are now my two favorite books.  Immediately 

thereafter, I changed from an occasional consumer of factory-farmed meat to a vegan—with the 

exception of the eggs from the free-range chickens that my family still raises.
1
 

While your works significantly affected my views on animals, they otherwise served to 

confirm and strengthen my previously held beliefs.  I had always thought of decisions within the 

utilitarian framework (far before I knew what “utilitarianism” was), and so I was astounded by 
the degree of similarity of my own ideas with yours.  I have continued to ponder some of the 

issues that your writings raised, and a few of these are the subjects of my questions below. 

My first question relates to your choice of organizations to which to contribute extra 

income.  I realize that in making the argument for an obligation to assist before an unpersuaded 

audience, Oxfam and UNICEF are sensible examples to choose.  This is because these 

organizations are well respected by most people and because they engage in work that 

demonstrably saves many lives, so that your analogy to the drowning child has direct relevance.  

I do not dispute that Oxfam and UNICEF make excellent examples for the purpose of arguing 

that we have an obligation to assist; however, I feel that once one accepts this principle, there are 

many other causes that will more efficiently relieve suffering.  One example is the group Vegan 

Outreach (http://www.veganoutreach.org/), which distributes vegan literature on college 

campuses.  Using data provided on the organization’s website, I have personally calculated a 
rough conservative estimate that each dollar donated prevents four years of miserable living for 

factory-farmed animals; this does not count, of course, the substantial environmental benefits of 

promoting vegan diets.  This example illustrates my contention that a given amount of money 

                                                 
1
 Given my background in organic agriculture, I was already well aware of the brutal conditions in factory farms.  

Thus, while the factual sections of Animal Liberation were moving, my view of the subject was most altered by your 

abstract philosophical arguments at the beginning and end of the book.  I note this because it bears relevance to your 

dialogue on animal liberation with Judge Richard A. Posner, which I recently read online. 



would produce a greater positive change in utility when donated to an effective vegan-advocacy 

organization than to humanitarian efforts; indeed, you expressed what I interpreted as a similar 

sentiment in Animal Liberation (page 220).  My question thus becomes: Why, in your personal 

contributions, do you give to the same organizations as those which it makes sense to choose in 

promulgating the “obligation to assist” argument, if other groups might prevent more suffering 
with the same amount of resources?  Is it merely to avoid the appearance of a contradictory 

position—which I acknowledge is a very legitimate concern? 

The above question presumed that donation to a vegan-advocacy organization would be 

more positive than donation to Oxfam or UNICEF.  But to accentuate that point, I shall propose 

another possibility: What if donations to humanitarian relief actually result in more suffering 

over the long run?  I am not referring to concerns that famine relief would exacerbate 

overpopulation and thereby create more starvation than before; you addressed that point in 

chapter eight of Practical Ethics.  Rather, I am concerned about the animal consequences of 

poverty alleviation.  As people climb out of poverty, they might eventually accumulate enough 

income to afford meat products; indeed, access to meat is generally a sign of social status.  This 

concern is particularly apropos as regards your position on refugees in chapter nine, since people 

coming into industrialized countries would probably have greater access to meat products—
particularly factory-farmed products—than ever before.  Vegan Outreach estimates that the 

average American consumes 35 animals per year,
2
 so even if an immigrating refugee increased 

his or her meat consumption by only a third of that amount (12 animals per year) by coming to 

the United States, he or she would cause at least 72 more weeks of animal suffering in factory 

farms per year.
3
  In other words, one year of improved life by a refugee who increases his or her 

meat consumption would be expected to cause more than a year of animal suffering. 

This point, if accepted, would not only affect one’s outlook on poverty reduction and 
immigration, but perhaps also on efforts to improve public safety and health (which increase the 

number of years for which people consume factory-farmed animal products).  This is a very 

difficult dilemma—one with which I am currently grappling, because it contradicts so many 

progressive assumptions that I had always taken for granted.  Of course, it would be disastrous 

for the cause of animal liberation to publicly acknowledge the preceding point, and one could 

almost certainly make more of a positive impact on the world by continuing to encourage 

veganism and advocate for environmental preservation than by opposing economic development 

and worsening public health.  However, this fact does not mean that one should ignore the 

potential animal consequences of one’s actions, at least in one’s private decision-making process. 

My final concern relates to the potential for sentience in lower invertebrate animals, 

particularly insects.  In researching the subject, I have found that most scientists consider it 

unlikely that insects “suffer” in any meaningful way.  However, consider the following 
selections from an article on “A Question of Pain in Invertebrates,” published in ILAR Journal, a 

peer-reviewed publication of the National Academies: 

 

Certainly, on the limited amount of evidence presented here, it seems very 

difficult to imagine that insects and the other simpler invertebrates mentioned 

above can “suffer” pain in anything like the vertebrate sense.  Nevertheless, the 
issue certainly is not closed, and further questions should be asked. 

                                                 
2
 See http://www.veganhealth.org/colleges/calc. 

3
 In this calculation, I assumed that all of the animals that he or she would eat would be chickens—which are, by far, 

the most preponderate of factory-farmed animals.  Meat birds are raised for at least six weeks, so (12 chickens)(6 

weeks/chicken) = 72 weeks of miserable living on a factory farm. 



Perhaps such a view simply reflects a paucity of (human) imagination.  

Griffin (1984) surely would urge us to maintain an open mind on the issue, having 

provided behavioral evidence which, he argues, should challenge “the widespread 
belief” that an insect, for example, “is too small and its central nervous system too 
differently organized from ours to be capable of conscious thinking and planning 

or subjective feelings.”  Indeed, to take a more radical view, perhaps “it is 
presumptuous for us to assume that because our suffering involves self-

awareness, this should also be true of other species” (McFarland, 1989). 

Alternatively, perhaps, as Mather (1989) suggests, we should simply 

accept that these animals “are different from us, and wait for more data.” […] 
  Although pain might seem less likely in the more “simple” invertebrates, 
than in the most “complex” invertebrates, such as the cephalopod mollusks (and, 

perhaps, decapod crustaceans such as crabs and lobsters, not considered here), this 

certainly does not mean that the more “simple” invertebrates ought not to be 
afforded respect. 

  A principle of respect should lead those who use invertebrates in research 

(or display them in zoos, rear them for food, and so on) to try to maintain the 

highest possible standards of husbandry and care, so as to promote the animals’ 
general “well-being” and, whenever practicable, to give the animals the benefit of 

the doubt where questions of pain and suffering are concerned. 

  The well-being of invertebrates used for research is being taken 

increasingly seriously.  Wigglesworth (1980), for example, has suggested that for 

practical purposes it should be assumed that insects feel pain and that they should, 

therefore, be narcotized in procedures that have the potential to cause pain.  

Cooper (1990) has identified several practical ways in which the well-being of 

invertebrates might be promoted. These include: 

 providing husbandry conditions that match, as closely as possible, those 

preferred by the species in the wild; 

 assuring high standards of care, provided by staff with an interest in 

invertebrates; 

 avoiding unnecessary or insensitive handling or restraint; 

 narcotizing the animals for any invasive or disruptive procedures and 

during prolonged restraint […]. 
To this list might be added: 

 attempting to kill invertebrates by the most humane methods possible and; 

 providing suitable guidance and training for all involved in the care and 

use of these animals.
4
 

 

The uncertainties raised in the article clearly show that—given our current limited state 

of knowledge—the probability that insects are sentient is greater than zero; for illustrative 

purposes, one might conservatively put the figure at around 0.1.  In your article in the New York 

Times entitled “‘Catastrophe’: Apocalypse When?” you indicated your acceptance of the 
principle of calculating expected values of disaster, even for very remote risks.  Does this not 

mean, then, that one ought to give some consideration (reduced by a factor of ten) to the pain that 

one might cause to insects, at least until science produces a more definitive conclusion? 

                                                 
4
 From http://dels.nas.edu/ilar_n/ilarjournal/33_1_2/V33_1_2Question.shtml. 



As before, it would not be a good idea to publicly proclaim concern for insect pain as part 

of animal liberation, inasmuch as doing so would make the movement appear to hold crazy and 

impossible goals.  Nevertheless, shouldn’t one at least consider potential insect pain in one’s 
private decisions and in choosing on which issues to focus one’s efforts?  Even if insects are 
sentient, I find the promotion of veganism still to be one of the most effectual ways to reduce 

suffering, since the raising of animals requires the cultivation of far more grain (and the 

accompanying use of far more pesticides) than direct growing of plants for human consumption. 

Perhaps the best choice would be to focus more resources on the study of pain in lower 

animals.  But even if evidence consistently indicated that insects and lower invertebrates do not 

suffer, would we ever reduce the probability to zero?  Wouldn’t we have to maintain the 
possibility that humans—not having the capacity to know what an insect life is like—may not be 

able to recognize a unique form of disutility that insects experience?  Considering that the Earth 

supports around 10
18

 insects (a billion billion),
5
 would their potential pain not be a significant 

concern even if the probability of their sentience were reduced to 0.001 or 0.0001? 

Finally, what implications would follow if insects did turn out to be sentient?  Might it be 

possible that the net balance of utility of their lives would be negative, considering that many 

insects live only for a few days or weeks before enduring what I presume is generally a painful 

death?  If I could choose between not existing or experiencing the life of an insect under the 

assumed circumstances, I might prefer the former.  If insect life were actually a great source of 

disutility, would a utilitarian not then be obligated to support, for instance, destruction of the 

rainforest, since that would destroy insect habitat and prevent many painful lives?  Even nuclear 

war might be moral under these circumstances, assuming it would prevent a substantial number 

of insects from being born for a long time to come.  The above propositions seem absurd—and, 

of course, they are based on a very tenuous assumption—but I cannot convince myself that they 

are not remotely possible.  Of course, even considering this possibility, I still consider the 

weighted-average expected value for the change in utility that results from encouragement of 

veganism and preservation of the environment to be very positive, but it would be more settling 

if I could dismiss the above concerns altogether. 

 Thank you for considering these questions.  I understand if you do not have time to reply.  

If you do wish to write back, it may be easiest for you to send me an email. 

 Thanks again for your time and for the great work that you do! 

 

 Sincerely, 

 

 

 Brian Tomasik ‘09 

 

                                                 
5
 See http://insected.arizona.edu/manduca/ins_many.html. 



Writing Effective Advocacy Letters 
Last Update: May 2005 

 
 This sheet contains tips and resources for lobbying decision-makers to take specific actions on issues through 
letter writing.  It focuses on political decision-makers—legislators and executive-branch officials—but most of the 
suggestions can be applied more broadly, such as to private organizations or businesses. 
 

Why is Letter Writing Important? 
 By writing a letter, you are taking a small but 
essential step toward an action you support.  Most political 
representatives keep tallies of the number of letters received 
on an issue and use those tallies to gauge public opinion.  
Just a few letters can sway a decision-maker’s position on an 
issue, especially if few other constituents have written about 
that issue. 
 Furthermore, by writing a letter, you are declaring 
your refusal to sit back while others make important 
decisions for you.  You are refusing to abandon the duties of 
active citizenship that are a sine qua non in a democratic 
society. 
 
How Should the Letters Be Sent? 
 Congressional staff members tend to rank the 
importance of communications on the basis of how they are 
sent. 
 

1. PERSONAL HANDWRITTEN OR TYPED LETTERS:  The 
single most effective form of communication is a 
personal letter, either neatly handwritten or typed.  
That is why this fact sheet will focus primarily on 
mailed letters. 

2. PHONE CALLS:  Phone calls are generally less 
influential. 

3. PERSONAL FAXES:  These are often not as effective as 
phone calls. 

4. PERSONAL EMAILS:  The aides who read constituent 
correspondence often pay little attention to emails, 
even if the emails are clearly personal.  This is partially 
because staffers are unable to determine if the writer is 
a constituent; therefore, if you do send an email, state 
that you are a constituent in the first sentence and 
include your address and phone number as proof. 

 
 REALIZE THAT POSTAL MAIL MAY TAKE A MONTH TO 

REACH MEMBERS OF CONGRESS OR THE WHITE HOUSE:  It is 
important to note that because of the 2001 anthrax scare, all 
Congressional letters undergo decontamination.  As a result, 
it is best to assume that all letters will take about a month to 
reach members of Congress or the White House.  If your 
issue is not urgent, it is definitely best to send a handwritten 
or typed letter.  If the message needs to get through in less 
than a month, you should send a fax or call the office.  This 
delay is not as long for federal agencies or for state officials. 
 SEND TO THE WASHINGTON, DC, OFFICE:  Issue 
letters should always be sent to the Washington, DC, 

office—which deals with legislation matters—and not to the 
regional office. 

WRITE YOUR ADDRESS ON BOTH THE LETTER AND 

THE ENVELOPE:  Make sure to also include your complete 
address on the envelope itself.  This allows the staffers to 
easily identify you as a constituent whose concerns are 
important. 
 
What Are Some Guidelines for Letter Writing? 

AVOID FORM LETTERS:  In all cases, an obviously 
personal communication will be considered with much 
greater attention than a form letter or form email.  

WRITE ONLY TO YOUR REPRESENTATIVES:  It is 
usually ineffective to write to legislators outside of your own 
district, though there are exceptions when key legislation is 
being decided or when contacting committee or 
Congressional leaders. 
 IDENTIFY YOURSELF AS A CONSTITUENT:  Tell the 
decision-maker that you are a constituent.  Politicians pay 
the most attention to the views of citizens who are able to 
vote for or against them in the next election. 

STATE THE ISSUE FIRST:  In the first sentence, 
summarize the action that you want the decision-maker to 
take.  If applicable, give the number, title, and original 
sponsor of the bill, amendment, or resolution, so that it can 
be easily identified without confusion.  (For example, you 
might say, “I strongly urge you to cosponsor the Pi Act 
(H.R. 314), sponsored by Representative Circumference, as it 
would expand research on the number pi.”) 
 STICK TO ONE ISSUE:  Your letter will have the 
greatest impact if you urge the decision-maker to take one 
specific action only.  
 BE CLEAR:  If busy staff members cannot decipher 
your message, they will simply make an assumption about 
what you meant to say. 
 BE CONCISE:  Try to explain your request and 
reasons for it in about two paragraphs; include just a few 
powerful facts or statistics.  Your letter should not exceed 
one page. 
 INCLUDE A PERSONAL CONNECTION:  Focus on how 
the issue affects you and others you know.  Include a short 
anecdote, or explain how much you care about the issue.  
Not only will this create an emotional connection with the 
reader, but it will also prevent the appearance of a form 
letter. 
 WRITE EVEN WHEN THE DECISION-MAKER SUPPORTS 

YOUR POSITION:  The knowledge of constituent support will 
encourage the decision-maker to maintain his or her stand 



and will ensure that he or she takes similar positions in the 
future. 
 STAY POLITE:  If you know the policymaker opposes 
your position, be assertive but remain courteous at all times.  
Your message will be strongest if you appear rational, 
informed, and confident.  A nasty or threatening letter may 
actually hurt your cause, not help it. 
 
What is the Format for a Letter? 
 All parts of a business letter are generally kept to the 
left-hand margin: 
 

1. DATE:  Begin with the full date near the top of the page. 
2. RECIPIENT ADDRESS:  A few spaces down, write the 

address to which you are sending the letter. 
3. SALUTATION:  Next is the salutation.  It is usually 

written as “Dear [person’s title] [last name]:” (for 
example, “Dear Senator Schumer:” or “Dear Governor 
Pataki:”). 

4. BODY:  The body should be short and concise.  The 
paragraphs are not indented, and each paragraph is 
separated by a blank line. 

5. SUMMARY:  Include a one-sentence summary of the 
action you want the decision-maker to take. 

6. REQUEST A RESPONSE:  Thank the reader for 
considering the letter, and ask for a response.  For 

example, you might say “Thank you for your attention 
to my concerns.  I look forward to hearing back from 
you.” 

7. CLOSING:  The closing is usually written with 
“Sincerely” followed by a comma. 

8. SIGNATURE:  Sign your name underneath the closing. 
9. NAME AND ADDRESS:  Type your name and full address 

underneath the signature. 
 
Here is a model of the structure: 
[date] 
 
 
[recipient address] 
 
Dear [title] [surname]: 
 
[body paragraph #1] 
 
[body paragraph #2] 
 
[thank you and request for response] 
 
Sincerely, 
[signature] 
[your name] 
[your complete address] 
 

 

Contact Information 
 
 What follows is contact information for a few of the state and federal policymakers in the Albany area as of May 2005 (for more 
details, see Project Vote Smart, http://www.vote-smart.org/).  Keep in mind that a personal handwritten or typed letter is most effective. 
 
FEDERAL POLICYMAKERS 

 
SENATE (WASHINGTON, DC, ADDRESSES): 

 
The Honorable Charles Schumer 
313 Hart Senate Office Building 
Washington, DC  20510 
Phone:  (202) 224-6542 
TTYD Number:  (202) 224-0420 
Fax:  (202) 228-3027 
 
The Honorable Hillary Clinton 
476 Russell Senate Office Building 
Washington, DC  20510 
Phone:  (202) 224-4451 
TTYD Number:  (202) 224-6821 
Fax:  (202) 228-0282 
Fax:  (202) 228-0121 
 

HOUSE (WASHINGTON, DC, ADDRESS): 
 
The Honorable Michael McNulty 
2210 Rayburn House Office Building 
Washington, DC  20515-3221 

Phone:  (202) 225-5076 
Fax:  (202) 225-5077 
 

PRESIDENT AND VICE PRESIDENT: 
 
President George W. Bush 
The White House 
1600 Pennsylvania Avenue, NW 
Washington, DC  20500 
Phone:  (202) 456-1414 Switchboard 
Phone:  (202) 456-1111 Comments 
TTYD Number:  (202) 456-6213 Comments 
Fax:  (202) 456-2461 
 
Vice President Richard Cheney 
The White House 
1600 Pennsylvania Avenue, NW 
Washington, DC  20500 
Phone:  (202) 456-1414 Switchboard 
TTYD Number:  (202) 456-6213 Comments 
Fax:  (202) 456-2461 
 
 
 
 

STATE POLICYMAKERS 
 

SENATE (CAPITOL ADDRESS): 
 
Senator Neil D. Breslin 
New York State Senate 
414 State Capitol Building 
Albany, NY  12247 
Phone:  (518) 455-2225 
Fax:  (518) 426-6807 
 

ASSEMBLY (CAPITOL ADDRESS): 
 
Assemblymember John J. McEneny 
New York State Assembly 
Legislative Office Building 648 
Albany, NY  12248 
Phone:  (518) 455-4178 
Fax:  (518) 455-5737 
 

GOVERNOR (CAPITOL ADDRESS): 
 
Governor George E. Pataki 
State Capitol 
Albany, NY  12224 
Phone:  (518) 474-8390

 

http://www.vote-smart.org/


Brian Tomasik                              

Presented 29 March 2004 

Public Speaking Speech 3 – The Process/Demonstration Speech 

 

 

Task  

 Prepare a 3 to 8 minute speech demonstrating how to do 

something.  Teach the audience the essential steps to complete a task.  

Visual aids should be used for this speech!  The speech should flow 

smoothly from start to finish, steps should go in chronological order, and 

the conclusion should include a brief summarizing statement. 

 

Full-Sentence Outline of the Speech 

I. Ask the audience members about their experience with writing 

letters. 

A. How many of them feel strongly about an issue. 

B. How many of them have written a letter to a decision-maker. 

II. Explain why letters do make a difference. 

A.  Members of Congress generally keep tallies of them to 

gauge public opinion. 

III. Ask the audience which method of communication—letters, 

phone calls, faxes, or emails—is most effective. 

IV. Explain guidelines for letter writing: 

A.  Avoid form letters. 

B.  Identify the issue first. 

C.  Write about only one issue. 

D.  Be personal and stay polite. 

V. Pass out sample letters of response and information sheets at the 

end. 

 

 

The Speech 

 How many of you feel strongly about a political or social issue, 

whether it’s poverty or animal welfare, abortion or the death penalty?  



See hands.  How many of you have written a letter to any type of 

decision-maker about such an issue?  See hands.  Hopefully, my 

presentation will give you some tips and suggestions for how to write 

this type of letter and how to do so effectively. 

 Some of you might be thinking that letters to policymakers are 

useless, that politicians really don’t care about what constituents tell 

them.  In fact, however, many decision-makers do listen:  most members 

of Congress keep tallies of the number of letters they receive on a certain 

issue and use those tallies to gauge public opinion.  I have heard 

experienced lobbyists say that letters can make an enormous 

difference—if, that is, they are done effectively. 

 One way to ensure that communications are effective is to send 

them in the form that Congressional staff workers pay most attention to.  

Write the following four things on the board:  
1) 

handwritten or typed 

letters 
2) 

emails 
3) 

faxes 
4) 

phone calls.  Can anyone guess which of these 

four methods of communication would probably be most effective?  Call 

on people until someone guesses 
1) 

handwritten or typed letters.  Does 

anyone have a guess about the second most effective method?  Call on 

people until someone guesses 
4) 

phone calls.  How about the third most 

effective method?  The answer is 
3) 

faxes.  And the least effective 

method, then, is email.  This is the general hierarchy of significance in 

the minds of those who read the letters sent to politicians. 



 While mailed letters are usually most powerful, they are not 

always feasible.  Because of the 2001 anthrax attacks, all Congressional 

letters undergo decontamination.  This delays the delivery of regular 

mail to either Congress or the White House by up to a month.  If your 

issue is not urgent, it is definitely best to send a handwritten or typed 

letter; if the message needs to get through in less than a month, however, 

you should send a fax or call the office instead. 

  While it is obviously essential to make sure that your letter is 

received on time, the content of your letter is also important.  Write “1. 

avoid form letters” on the board.  You should always stay away from 

sending form letters; an obviously personal letter will be given 

substantially more weight.  Write “3.  Identify the issue first” on the 

board.  In the first sentence of your letter, summarize the action that you 

want the policymaker to take.  If it applies, give the number, title, and 

original sponsor of the legislation so that it can be easily identified 

without confusion.  For example, you might say this as your first 

sentence:  “I strongly support H.R. 2691, the Income Equity Act 

introduced by Rep. Martin Sabo, as it would be an effective first step 

towards attenuating the inequity between CEO pay and income for 

average workers.”  Write “4.  Stick to one issue” on the board.  Don’t 

try to request more than one action at once; your letter will have the 

greatest impact if you focus on one particular issue. 



 Can anyone think of other content guidelines for a business letter 

like this?  Call on people, write down good suggestions, and explain why 

any bad suggestions shouldn’t be taken.  If no one gets these, write these 

on the board as well:  “7.  Stay polite” Especially when writing to a 

decision-maker unlikely to support your own position, be assertive but 

always remain courteous.  Your message will be strongest if you appear 

confident, informed, and rational.  A nasty or threatening letter may 

actually hurt your cause, not help it.  “8.  Be personal” If possible, try to 

focus on how the issue affects you or others you know.  Maybe include a 

short anecdote or an explanation of how much the issue means to you 

personally.  Not only will this create an emotional connection with the 

reader, but it will also prevent the appearance of a form letter. 

 After you have sent your letter, it may take a few weeks or even 

months, but eventually, the decision-maker should write back to you.  

Hand around the three sample response letters.  Here are three of the 

many responses I have received; you can pass them around. 

 Of course, letters are not—and should not be—the only way you 

express your views.  Political participation can also take the form of a 

letter to the editor or an awareness campaign or a protest.  But letters are 

one important way to have a voice in shaping the policies that affect us 

all.  Whether you support extending the Humane Methods of Slaughter 

Act or oppose it, whether you favor the Patriot Act or would like to see 

it repealed, it is essential that you make your voice heard in one way or 



another, for, as Ralph Nader is fond of saying, “The only place where 

democracy comes before work is in the dictionary.” 

 Pass out the sheet of information to each student and the teacher.  

This is a sheet that contains the information on how to write an effective 

letter that I just described.  It also has the current contact information for 

some of the federal and state representatives in our area.  You can keep 

it with you and use it whenever you feel motivated to write a letter about 

an issue important to you. 
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Advocacy Letters, 2001-2005

By Brian Tomasik

Introduction

This page is an archive of advocacy letters that I wrote to members of Congress and

other public officials between 8th grade and 12th grade. I now disagree with some

of the views I advocated. For example, some (but not necessarily all) of the

environmental policies that I supported would have likely increased populations of

wild animals and therefore would have likely increased wild-animal suffering.

I wrote these letters based on "action alerts"

sent out by various nonprofit organizations.

Almost all the information in a given letter is

drawn from the "sample letter" and

supplemental information provided by the

nonprofit running the campaign. Some of the

letter text may be copied from the "sample

letter", but in many cases I rewrote material in my own words so that my letter would

stand out more to the recipients. You can often tell my writing by its use of

bombastic vocabulary. A few letters include intentional alliteration for fun.

I'm uncertain whether the recipients noticed or cared that I customized the letters.

Probably writing the letters by hand using pen and paper would have had a bigger

impact on the recipients than printing out word-processed letters, even if the

handwritten letters only copied the "sample letters" provided by the action alerts.

That's because a handwritten letter is a clear signal of effort, while a printed letter

looks like something I just copy-pasted. I did write several letters by hand, especially

in later years. I also sometimes persuaded the others in my environmental club to

join me in writing their own letters by hand during club meetings after school.

However, I don't have digital copies of these handwritten letters.

Because of my frequent letter writing, I had a stack of envelopes and stamps next to

the family computer. One friend noticed this and asked me: "Do you have a heavy

correspondence?" I usually sent paper letters, even though they were slow to be

received, because I assumed they would have more impact than emails. I

occasionally sent emails for urgent issues. During 2001-2005, I never called a

Congressional office due to shyness, although I have called my elected

representatives a few times about action alerts since then. These days I would

incline toward calling if I wanted to influence my representatives because mail is

slow, and calling is arguably easier than writing+mailing a letter.

The below letters are only addressed to one recipient at a time, but I sometimes

sent the same or a similar letter to other recipients. For example, if a letter is sent to

a US senator, I sent the same letter to both US senators.

When uploading this content in 2017, I corrected several serious grammatical errors

but otherwise left the texts unchanged from their original form. It's possible some

letters contain factual errors as well if I made mistakes when writing the information

in my own words. Comments from me in 2017 are made using footnotes.
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Agriculture

BLM Grazing Rules

April 20, 2003

Bureau of Land Management

Eastern States Land Office

7450 Boston Boulevard

Springfield, VA 22153

Attention: RIN 1004-AD42

Dear Director Clarke and BLM staff:

I am writing to urge you not to reverse the current BLM grazing rules adopted in

1994 that balance livestock grazing with other uses of our public lands. I especially

oppose allowing livestock owners to lock gates to lands that are public and limiting

public involvement in issues that affect the public lands, such as grazing appeals.

Furthermore, I urge you not to make changes, including an expansion of monitoring

obligations or an extension of the deadline for grazing improvements, that would

reduce the BLM’s authority to protect public lands from harmful grazing practices.

As you know, our public lands contain copious wildlife, including endangered

species, as well as cultural and historic sites. Millions of people visit these lands

every year for recreation. However, harmful grazing practices on these lands

destroy wildlife, water quality, and archaeological sites. Therefore, new rules to

reduce grazing problems were adopted in 1994 after extensive public input and

documentation of the detrimental impacts of grazing. It would therefore be

counterproductive to undo these rules that have successfully reduced the harmful

effects of grazing.

Again, I strongly urge you not to reverse the current BLM grazing rules to ensure

that we continue to balance grazing with the protection of our public lands for future

generations.

Thank you for consideration of this letter.

Sincerely,

Brian Tomasik

Burger King Anti-anitbiotics

August 12, 2003

Mr. Bradley Blum, CEO

Burger King Corporation

5505 Blue Lagoon Dr.

Miami, FL 33126

Dear CEO Blum:

I emphatically urge Burger King to enact a company-wide policy prohibiting the

purchase of meat products from animals on which antibiotics were used for

nontheraputic uses such as growth promotion or to prevent illnesses resulting from

squalid factory farms. This must be enforced by stringent monitoring.

Nontheraputic applications of antibiotics and similar drugs on farm animals total

about 24 million pounds annually, which is more than seventy percent of those

drugs produced in the US. This increases the profits of livestock producers but

contributes to burgeoning antibiotic resistance in the US.

As you know, McDonalds promulgated a policy on June 19, 2003, to gradually

eliminate poultry raised with antibiotics for growth promotion, to reduce antibiotic

use on pigs and cows, and to ensure compliance through monitoring. Such a policy

represents a step towards mitigating antibiotic resistance that threatens the lives of

people in need of essential medicines.

If Burger King is to maintain respectability (and customers), it is imperative that it

rivals and surpasses the steps McDonalds has taken.

Thank you for consideration of this letter.

Please send me your response.

Sincerely,

Brian Tomasik

CAFOs

Most of the text of this letter is copied or slightly modified from the original. You can

see the original action alert here.

June 25, 2001

Diane Regas, Acting Assistant Administrator for Water

Concentrated Animal Feeding Operation Proposed Rule

Office of Water, Engineering, and Analysis Division (4303)

U.S. Environmental Protection Agency

1200 Pennsylvania Avenue, NW

Washington, DC 20460

Subject: Stop pollution from factory farms

Dear Assistant Administrator Regas,

Concentrated animal feeding operations (CAFOs) are polluting our air and water.

Many factory farms raise animals close together and store the manure in large

lagoons so it can be sprayed untreated onto the land. Extra manure flows into

streams—killing fish, spreading antibiotic-resistant bacteria, and polluting drinking

water. The storage lagoons can also break, which spills wastes into surface water

and allows it to seep into groundwater. About 27,000 miles of rivers and streams are

polluted by this manure. The manure also gives off toxins which pollute the air and

can harm workers and others nearby.

The EPA’s final rule must establish a program for pollution control that states:

CAFOs with over 1000 animals must obtain individual permits that include

monitoring and reporting requirements to protect the water quality;

the public should be notified of all proposed CAFOs and have the opportunity

to participate in the permitting process;

new CAFOs should not be allowed to use large-scale liquid waste lagoons and

sprayfields, and existing lagoons and sprayfields should be phased out; and

land application of wastes must be limited to legitimate crop needs and limits

must be enforced to prevent over-applied waste from fouling waterways.

Again, I urge you to protect our environment and communities by including these

elements into the final rule.

Sincerely,

Brian Tomasik

DEA Letter

November 25, 2001

Deputy Assistant Administrator

Office of Diversion Control

Drug Enforcement Administration

Attn: DEA Federal Register Representative/CCD

Washington, D.C. 20537

Dear Deputy Assistant Administrator:

Industrial hemp is one of the most versatile plants on earth. It has over 25,000 uses,

including textiles, plastics, lubricants, cosmetics, paper, building materials, and even

dynamite. The plant, which contains only a negligible amount of THC, grows well in

the United States. It requires no pesticides, herbicides, or insecticides and leaves

the soil in excellent condition for a future crop. If industrial hemp were to be

legalized in the US, its use would almost certainly burgeon, providing consumers

with an array of environmentally benign products.

I buy several hemp products, including hemp shampoo and hemp nut butter. I would

definitely like to see more products available. If the plant could be legally grown in

the US, the selection of products would almost certainly increase and the price

would drop significantly. Do not let the US fall too far behind other industrialized

countries in the legalization of industrial hemp.

Thank you.

Sincerely,

Brian Tomasik

Farm Bill Amendment

February 4, 2002

The Honorable Hillary Clinton

U.S. Senate

313 Hart Senate Office Building

Washington, D.C. 20510

Dear Senator Clinton:

A damaging amendment to the Farm Bill could prevent states from enacting

important food and dietary supplement safeguards, which the federal government

has failed to do. Currently, states can adopt regulations to fill gaps left by the Food

and Drug Administration’s lack of resources and authority over certain food

products and dietary supplements, but the amendment would negate state and

local consumer protections that are stronger and more protective of consumers

than FDA requirements. States could lose their ability to require the labeling of

genetically engineered foods, foods with irradiated ingredients, dietary

supplements, and more.

I urge you to strongly oppose this harmful amendment and promote legislation that

would instead lift national standards of health and safety up.

Sincerely,

Brian Tomasik

GMO Moratorium

July 8, 2001

John J. McEneny

147 Colonial Avenue

Albany, NY 12208

Dear Representative McEneny,

I am writing to urge you to continue your support for the Assembly bill no. A.5741

which is currently in committee. This bill would create a moratorium on growing and

planting genetically engineered crops for humans to eat for five years. This bill

represents a major step forward, not only in what it will accomplish, but in the fact

that it acknowledges that genetic engineering has many, possibly devastating risks,

something the media has been very reluctant to alert the public to. This bill also

provides a base for future legislation to regulate the biotechnology corporations and

protect ourselves from the dangers of genetic engineering.

The possible damage from genetic engineering to the environment is great. Once a

genetically modified organism is released into the environment, it cannot be

recalled. Herbicide, virus, and pest-resistant crops could have devastating impacts,

not to mention what changing millions of years of evolutionary development might

do to ecosystems. About 2-5 times as many herbicides are used on herbicide-

resistant crops, and because of their constant exposure, many insects have already

become resistant to pest-resistant crops. Possible effects to human health include

allergic reactions and resistance to antibiotics. Genetically engineered crops may

also have harmful impacts on the third world and on farmers themselves. Scientists

employed by biotechnology corporations may not have reported any of the dangers,

but a myriad of independent researchers have identified a multitude of negative

impacts. Many other nations have already taken actions of this type to protect their

citizens and the environment. It is time the US begins to as well.

I also strongly urge you to support and propose any future legislation that will

further protect humanity and the environment from the potential harm that will

result from this technology, and try to inform the public of the risks associated with

genetically engineered crops.

Sincerely,

Brian Tomasik

Livestock Antibiotic Use

July 13, 2002

The Honorable Michael McNulty

U.S. House of Representatives

2161 Rayburn House Office Building

Washington, D.C. 20515

Dear Representative McNulty:

I urge you to cosponsor HR 3804, the Preservation of Antibiotics for Human

Treatment Act, which was introduced by Representative Sherrod Brown, and urge

that rapid action be taken on this legislation. This important act would work to

eliminate the use of medical antibiotics on healthy farm animals. It would also carry

out a ban on the treatment of sick poultry with fluoroquinolones (a prohibition

originally proposed by the Food and Drug Administration in October 2000) because

its use in animals may weaken its effectiveness for treating some cases of food

poisoning in humans.

Currently, around 70 percent of all antibiotics applied in the United States are given

to healthy farm animals in order to expedite their growth (and increase profits) and

to treat the many diseases prevalent in the squalid factory farm conditions in which

they are raised. The use of antibiotics inevitably leads to the creation of antibiotic-

resistant bacteria, and therefore when more antibiotics are used, more bacteria

resistant to those medicines appear. Antibiotic use in farm animals accelerates the

inevitable process of antibiotic resistance in bacteria, and it represents an enormous

risk to the health of us all by reducing the effectiveness of often vital medicines.

Several European countries have prohibited antibiotic use in livestock for decades,

and it is time the U.S. took similar action to protect the health of its citizens.

Because of the danger posed by antibiotic use in livestock, I urge you to cosponsor

HR 3804 and push for urgent action on this important legislation.

Sincerely,

Brian Tomasik

Monsanto - Oakhurst Dairy

August 19, 2003

Monsanto Company

800 North Lindbergh Boulevard

St. Louis, MO 63167

To Whom It May Concern:

I strongly urge you to drop your lawsuit against Oakhurst Dairy, a family farm in

Maine that advertises in its Farmer’s Pledge that no rBST is used. The lawsuit

represents a blatant attempt to intimidate small farmers that exercise their right to

freely advertise the absence of genetically engineered (GE) ingredients from their

products.

Both Canada and Europe have outlawed the use of your GE hormone, and scientific

investigations have suggested that the elevated levels of IGF-1 in rBST milk may be

highly carcinogenic. However, even if such concerns did not exist, consumers have

the right to know which hormones are used in the production of their milk. Roughly

ninety percent of U.S. consumers, in survey after survey, support the labeling of

genetically modified foods and ingredients.

Again, I exhort you to drop your lawsuit against Oakhurst Dairy, as it is a

fundamental principle of capitalism that consumers should be allowed to make

informed choices about products.

Thank you for consideration of this letter.

Please send me your response.

Sincerely,

Brian Tomasik

Organic Alternatives

June 29, 2002

Peter Murano, Associate Deputy Administrator

Special Nutrition Program

USDA Food and Nutrition Service

3101 Park Center Dr. Rm. 510

Alexandria, VA 22302

Dear Mr. Murano:

I urge the Special Nutrition Program to draft and promote legislation that would

require schools to offer organic soy and rice drinks at public schools, in addition to

only milk. There is currently no funding to provide these alternatives, and schools

are only required to provide them for children with medical needs for milk

alternatives. However, these alternatives are important because soy and rice drinks

are lower in fat and calories than whole milk, yet they can be fortified with many of

the nutrients contained in milk. Additionally, they would provide students who don’t

like milk with healthy alternative drinks other than soda or other beverages

containing lots of sugar. Soy and rice drinks contain many complex carbohydrates

that are metabolized slowly and are much healthier than soda.

In addition to offering organic soy and rice alternatives in public schools, I urge you

to include a provision in the legislation that encourages the purchase of organic

rather than non-organic products, and a provision that would prevent the USDA or a

school or agency from discriminating against food products which say they are

“made without genetically modified organisms” on the label.

Because organic agriculture provides numerous benefits to the environment and

human health, it should be promoted and encouraged; adding the two

aforementioned provisions to the legislation and encouraging schools to provide

organic soy and rice drinks represent important steps towards that goal.

Sincerely,

Brian Tomasik

Tandy Hemp Letter

June 22, 2003

The Honorable Charles Schumer

U.S. Senate

Washington, DC 20510-3203

Dear Senator Schumer:

As you are a member of the Senate Judiciary Committee, I strongly urge you ask

questions to Karen P. Tandy, Bush’s nominee for the Drug Enforcement

Administration (DEA), at the hearing this Wednesday, June 25, at 2 pm about the

DEA’s policy of antagonizing legitimate hemp food and body care industries, and

explain that you will not confirm her unless she works to reverse these unnecessary

and restrictive policies.

Hemp foods contain negligible concentrations of THC that are too low to have any

impact on the body or even to be detectable in workplace drug tests. North

American companies have adopted voluntary standards to ensure that THC levels

are far below those that could result in any effects. On March 28, 2003, the DEA

issued a “Final Rule” that, for the second time, attempted to ban the sale of hemp

foods, until the U.S. Court of Appeals for the Ninth Circuit ordered a Stay of the rule.

Still, the DEA’s actions have frightened and diverted resources from hemp food

companies, while wasting government funding, as well. Hemp foods are analogous

to poppy seeds, which contain trace opiates; however, these are not restricted by

the DEA.

Again, I urge you to question Ms. Tandy about DEA restrictions on legitimate hemp

foods during the hearing, and tell her that you will not support her confirmation

unless she will attempt to eliminate the gratuitously restrictive rules on hemp foods

and body care products.

Thank you for consideration of this letter.

Please send me your response.

Sincerely,

Brian Tomasik

Air

Burn Barrel

July 21, 2002

Neil D. Breslin

Legislative Office Building

Albany, NY 12247

Dear Senator Breslin:

I urge you to support S03772, introduced by Senator George Maziarz, by becoming

a co-sponsor of and urging your party leadership to pass this legislation. S03772

would place a ban on all burn barrels throughout the state, expanding the current

ban on burn barrels, which only applies to municipalities with over 20,000 people.

Studies by the New York health department and the Environmental Protection

Agency have shown that a neighborhood of burn barrels can generate as much

dioxin as a waste incinerator that burns 200 tons of waste every day. Dioxin, a

dangerous substance that bioaccumulates, is known to cause many pernicious

health effects, including hormone disruption and a skin disease called chloracne.

The American Lung Association and the New York State Association for Reduction

Reuse and Recycling are very supportive of a statewide ban on burn barrels.

Given the detrimental health effects of burn barrels, it is imperative that S03772

passes the Senate. To ensure that this happens, I strongly urge you to co-sponsor

the legislation and to pressure your party leaders to pass it.

Sincerely,

Brian Tomasik

Clean Air Act Weakening

June 20, 2002

President George W. Bush

1600 Pennsylvania Avenue
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Animal Rights Coalition works for cage-free eggs at Swarthmore

By Lauren Stokes 
April 26, 2006 

The Animal Rights Coalition has spent the past semester working to convince the college to purchase eggs from hens that were not raised in battery
cages. While the campaign began in spring of 2005, it has gained steam during this past semester, as members of the ARC have discussed the issue
with Dining Services, determined how much money would be needed to switch, and received support from college administrators. Where the extra
money will come from remains an open question.

Members of the ARC have been working with Josh Balk of the Humane Society of the United States, who told the Gazette that “Egg-laying hens
confined in barren battery cages are perhaps the most abused animals in modern-day factory farming. These birds are unable to engage in many of
their most important natural behaviors such as nesting, perching, walking on solid ground, or even spreading their wings. Each hen is allotted only 67
square inches of space–that’s less than a single sheet of paper.”

Brian Tomasik ’09, a member of the ARC, offered an equation to make the situation concrete. “On the average, hens take at least 25 hours to produce
one egg. Presumably there is some reduction in suffering per hour–call it s suffering units/hour–associated with living in a cage-free egg farm
compared against living in a battery-cage farm. Let n represent the number of eggs that Swarthmore buys in a year. The reduction in suffering
associated with buying cage-free eggs is then (s suffering units/hour)(25 hours/egg)(n eggs/year) = 25ns suffering units/year.”

According to Linda McDougall, Director of Dining Services, the conservative estimate for the number of eggs used during the academic years is 10,800
dozen eggs. Readers are invited to do the math themselves, but even if s is a small number, it is clear to Tomasik and the other members of the ARC
that Swarthmore could prevent a large amount of suffering by making the switch to cage-free eggs.

Jessica Larson ’06 (president of the ARC), Balk, and a representative from the prospective egg supplier met with Bob Gross in March, and according
to Tomasik, he “expressed great support and said he was ‘convinced’ that Swarthmore should make the switch.” Over 85 colleges have already decided
to eliminate or reduce their use of eggs from caged hens, including Dartmouth, Georgetown, MIT, and the University of Wisconsin-Madison. As of
yet, no schools in the Philadelphia area have agreed to make the switch.

Student Council is expected to approve a resolution in support of the campaign at tonight’s meeting; Rasa Petrauskaite ’08, secretary of the Student
Council, “The Student Council commends the efforts of the Animal Rights Coalition members to improve the living conditions for hens. The Cage-
Free Eggs initiative yet again exemplifies Swatties’ commitment to social progress.”

While most people can agree that reducing the suffering of hens is a positive thing, nobody knows where the money for this cause would come from.
The conservative estimate for the cost of the switch is $10,000 dollars per year, which works out to about seven dollars per student. “In my heart it may
be the right thing,” said McDougall, “but fiscally I have a hard time with it. It is my job to be a good steward of my budget and I think something would
have to be sacrificed in order to make the change. The question is, what would the students be willing to give up in order to make the switch?”
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Dealing with Rodents in the Home

By Brian Tomasik

First published: 2014 Sep 18. Last nontrivial update: 2020 Jan 29.

Summary

This page collects some information I've found about dealing with home rodent

infestations, as well as stranded baby rodents. I'm not an expert on these topics, but

hopefully the linked resources will be helpful. As always, prevention is the best long-

term solution when possible.

If you must kill mice in your house, my best guess is that alphachloralose is among

the least painful ways of doing so. Snap traps also seem less bad than most other

options.

While I haven't investigated it much yet, you may want to look into the SenesTech

"fertility control bait" called ContraPest, which seems like the most humane method

of all, although it "must be deployed by a licensed Pest Management Professional."

Note: The best information on rodent-control methods I've seen is UFAW (2008):

"Guiding principles in the Humane Control of Rats and Mice". In fact, that document

is better than my own piece.
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Dealing with rodents in the home

Prevention

It's most important to prevent rodent problems

from getting started in the first place. For tips, see

PETA's "Living in Harmony with House Mice and

Rats" and the Humane Society's "What to Do

About Wild Rats".

In the long term, the most effective, and perhaps

only, way to prevent a rodent problem is what's

known as "exclusion"—keeping rodents out of the

home to begin with, such as by sealing holes and

other entry points. You could hire a pest-control

company to help with this process.

Another obvious step is to avoid leaving food out.

Doing this helps to prevent not just rodents but also ants, fruit flies, etc.

I also cover garbage cans and hang full garbage bags up off the floor to prevent

rodents from getting inside. The worst case would be if a rodent was in a garbage

bag when it was thrown into the garbage crusher at my local transfer station.

Coexistence

Many of the rodents in my home live mostly in the walls, where they don't cause

trouble. The main problem is when they come out at night, e.g., into the kitchen. But

if you don't leave food out—and instead put it in the fridge, in sealed cupboards, or

high on unclimbable shelves—the rodents may not be a huge problem even if they

do come out at night.

Traps

Unfortunately, my housemate insists on trying to kill the rodents in our house using

traps.

Snap traps

When my housemate sets up snap traps, I check these traps regularly during times

of the year when rodents are abundant, since I worry that a rodent might get

trapped in a position that isn't immediately fatal. I think I've seen this happen in one

or two cases, but probably at least ~90% of the time, these traps snap the rodent's

neck and therefore kill relatively quickly.

In the typical case when a snap trap captures the head of a rodent, the trap seems

to kill within a minute or so, but during that time, the rodent appears to be in

extreme pain. Here are some videos of snap traps catching rodents:

"Mouse Dies in Mousetrap"

"Mouse Trap Compilation" (video now removed)

"Mouse getting decapitated by a mouse trap!" (the mouse is not actually

decapitated)

"Caught on Cam Traps" (video no longer available).

I'm not sure how much the struggling movements are unconscious in these videos,

but without knowing more, it seems prudent to assume a decent portion of the time

before death involves conscious agony.

UFAW (2008), p. 7: "There is no requirement for traps to be tested for humaneness

prior to being placed on the market and, as far as we are aware, no information is

available on the humaneness of the various designs available. Mason and Littin

(2003) reported evidence that between designs of snap traps used in the USA, the

incidence of mis-captures by a leg or tail varied from 4 to 57%."

I've pondered whether there's a technological solution to reduce the burden of

checking the traps to watch for trapped-but-not-fully-killed rodents. For instance,

could I buy a motion detector of the type normally used as a burglar alarm? Could I

buy a motion detector that hooks up to my computer? Both options seem like they

might work, but I haven't gotten around to trying them.

Live-capture traps?

On Amazon, I came across "Southern Homewares Multi-Catch Clear Top Humane

Repeater Mouse Trap", which seems to have good reviews. If you use it, you should

check it a few times per day to reduce the length of time during which rodents are

traumatized inside it, unable to escape. One reviewer notes that the trap can catch

even without bait. Therefore, if you stop checking the trap regularly, you should put

it away in a plastic bag or other sealed container, perhaps on top of a shelf, to avoid

the risk of accidentally capturing a critter who will then die slowly in the trap.

I would guess that live-capture traps are pretty stressful for caught animals, since

the animals don't know if they'll ever escape. In addition, you have to dispose of the

animals somehow. If you drop them off near your house, they may come back

inside. Meanwhile, as UFAW (2008) says (p. 5): "Release of an animal elsewhere is

not necessarily a humane thing to do – translocated animals may fail to adapt to or

integrate into new territory and may suffer and die as a result (Mason and Littin,

2003)." Finally, killing a live animal humanely is difficult, and there's a risk of getting

bitten, which could transmit disease.

For these reasons, I suspect that snap traps may actually be more humane than

most uses of live-capture traps.

Electric traps: NOT a good solution

When I searched for mousetraps on Amazon, one possibility that I found was to use

electric rodent zappers. Some sources suggest that electricity might be less painful

than other methods. According to HSUS: "the traditional snap trap, and perhaps the

newer traps that use an electrical charge to stun and kill, seems to be the least

inhumane."

However, I was taken aback by the fact that the electricity zap lasts for two minutes:

Rat Zapper Ultra Rodent Trap: "Once the target enters the Ultra, two plates

deliver a total of 8,000 volts for two minutes, ensuring high kill rates."

Raticator Max: "Kill cycle lasts two minutes then unit goes into notify mode".

According to "Rat Traps":

Rats have the unusual ability to restart their hearts after minor electric

shocks [...so] electronic devices must provide a longer term exposure

to voltage to ensure a kill.

UFAW (2008) says (p. 10) of electric zappers:

The humaneness of these devices will depend upon whether sufficient

current runs through the brain and for long enough to cause immediate

loss of consciousness from which the animal will not recover prior to

death. If this occurs then, based on studies of electrical stunning and

killing of farmed animals, it is likely that the method is very humane; if

not, and the animal remains conscious, the shock is likely to cause

severe pain prior to the animal’s death from cardiac arrest (probably

within 2 minutes). We are not aware of much information about the

efficacy and humaneness of these devices.

An instance of a bad zap can be seen in the video "FrankenRat - Ultra Rat Zapper

does NOT kill humanely. (Don't let kids watch this. It's sad.)" It shows a rat walking

into an electric trap, struggling for about two minutes as it gets zapped, and then

escaping. One person in the comments said: "Yeah, I think it's a defective model.

Zappers are supposed to keep a steady shock for 2 minutes because a rat's heart

can restart after the initial jolt. Poor thing looks to have suffered nerve damage."

(Many of the other comments are not pleasant to read. Sometimes people's hatred

of the damage and disease that rats cause spills over into apathy about or

enjoyment of rat suffering. Maybe this is a misfiring of revenge impulses that make

more sense in the human realm where vindictiveness may sometimes help prevent

future antisocial behavior.)

Most rodenticides are NOT humane

UFAW (2008) discusses anticoagulant rodenticides (pp. 3-4):

Rats may show signs including weakness, lameness, and breathing

difficulties, for up to about 48 hours prior to death (which in rats is

typically about 3-9 days after ingesting a lethal dose). Bleeding into

joint spaces and inside the skull is known to be very painful in humans

and there is a concern that anticoagulants may cause this in rodents.

For this reason the UK’s Pesticide Safety Directorate described this

method as ‘markedly inhumane’ (Mason & Littin, 2003; MAFF, 1997).

UFAW (2008) also explains that cellulose pellets used to kill rodents are plausibly

inhumane.

However, not all rodenticides should be discouraged; see the next section.

Alphachloralose

Alphachloralose can be used to kill mice indoors in perhaps a somewhat gentle way.

 give an overview of the effectiveness and humaneness of

this chemical (pp. 10-12). Alphachloralose can only be used when temperatures are

below 15 to 16 degrees Celsius, and it can't be used for rats (p. 11).

As of 2019, alphachloralose is pending approval in the USA ( ), while

it's already available for use in at least parts of Europe.

Based on what little I've read about alphachloralose, I find it plausible that it's the

most humane way to kill mice in the home, with snap traps being a close second.

The main risk I see comes from the fact that alphachloralose takes a lot longer to kill

than snap traps do. Snap traps usually kill within ~10 seconds, while alphachloralose

takes at least 15 minutes to induce unconsciousness. However, the intensity of pain

per second is presumably vastly greater in the case of death by snap traps, and it's

unclear whether there's any intense pain during death by alphachloralose.

What to do with abandoned baby rodents?

In Sep. 2014, I found two baby rodents in the middle of my kitchen, without a mother

or nest in sight. They had their eyes closed and were motionless apart from

breathing. It looked like these rodents would probably die if left alone. What are the

options in a situation like this?

Professional euthanasia

The most humane way to euthanize rodents is to take them to a vet. One person on

this thread reports taking two rats to a vet for euthanasia at a cost of $50 total.

Another person on that thread says: "Don't do at-home euthanasia. Take him to a

professional, this is still an innocent animal's life and if you screw up the euthanasia

in some way, your rat will be in a lot of pain." Another site confirms that euthanasia

of a small animal costs only $25. (EDIT in 2017: The price is now $45.)

This page reports a "euthanasia fee" of "$20.00 for bunnies and small critters".

This thread points out that different vets may euthanize small animals in different

ways, some of which may be more painful than others. It's probably good to ask the

vet how s/he plans to do the euthanasia.

Caring for them

Some sources suggest feeding and caring for helpless baby rodents that you may

find. However, raising baby rodents requires a lot of effort:

If your orphan is a new born you will need to feed it every 1-2 hours as

a minimum. You must do this around the clock. This will make for many

sleepless nights and one of the reasons that taking care of orphan

mice is so challenging.

Survival prospects are not great:

Orphans can be very difficult to hand raise, especially if they are less

than a week old. The mortality rate of hand raised orphans is about

50% (Creek Valley Critters says about 75%).

Even if the rodents survive to adulthood, they'll still die potentially painful deaths at

that point. Indeed, the adults are probably more sentient than the babies, so death

would likely be more painful by then. According to "Guidelines for the Euthanasia of

Rodent Fetuses and Neonates" (p. 1): "Maturation of nociceptors and the

development of excitatory and inhibitory receptor systems occur during the period

just prior to birth and into the second week of postnatal life."

Decapitation: Not recommended unless you can't do professional

euthanasia

Rodent guillotines are used in labs, which suggests that decapitation, while awful,

may be among the better ways for a rodent to die. If the rodent isn't moving, then

decapitation could be done with a powerful cut of the neck with a strong pair of

scissors. If you're worried about getting germs on the scissors, you can buy some

extra pairs (such as these for $8 each) and throw them away after use. Before you

throw out the scissors, I recommend putting them back into the plastic case they

came in so that the pointy tip isn't exposed. This reduces the risk that they'll poke

someone handling your trash. If you want, you could then put the scissors into a

hard container in the trash to further reduce the risk of poking.

Although some articles suggest that the only AVMA-approved rodent-euthanasia

method possible with home equipment is CO2, AVMA isn't completely opposed to

decapitation either. Pages 38-39 of its 2013 guidelines explain that "Decapitation

appears to induce rapid loss of consciousness". The listed downsides are that

1. Handling and restraint may be stressful for the animal. This downside wouldn't

apply to motionless baby rodents.

2. Electrical brain signals persist for 13-14 seconds after decapitation. This is an

important downside that I'll discuss more below.

3. Guillotines may be dangerous to the humans using them.

4. "Decapitation may be aesthetically displeasing to personnel performing or

observing the method." But that's not a very good reason. If anything, killing

should look unpleasant so that we don't take it lightly.

Persistence of brain signals after beheading is a concern. It's unclear whether the

guillotine is humane for humans. For instance, although I don't know the veracity of

these reports, they are troubling:

In France, in the days of the guillotine, some of the condemned were

asked to blink their eyes if they were still conscious after the knife fell.

Reportedly, their heads blinked for up to 30 seconds after

decapitation. How much of this was voluntary and how much due to

reflex nerve action is speculation. Most nations with science

sophisticated enough to determine this question have long since

abandoned decapitation as a legal tool.

I've seen chickens continue to move for probably about 30 seconds after

beheading, although again, it's not clear how much of this is due to lingering motor

impulses after full-brain consciousness has been extinguished.

Further information:

 reports on a 2011 study: "In both awake and anesthetized rats,

the EEG went dead about 17 seconds after decapitation -- though the

researchers noted that it was at a low enough level to suggest a lack of

consciousness within 3.7 seconds."

"Pain perception in decapitated rat brain" found that "The time required for the

oxygen tension in decapitated rat brain to decline to a level at which the brain

becomes unconscious was estimated to be 2.7 sec."

According to "Euthanasia by decapitation: Evidence that this technique

produces prompt, painless unconsciousness in laboratory rodents":

The decision to discourage decapitation appears to have been

based on a single literature report claiming that the EEG of the

decapitated head revealed conscious suffering for more than 10

seconds (Mikeska and Klemm 1976). This review carefully

examines the scientific literature on this subject. It is concluded

that the report by Mikeska and Klemm of EEG activation in the

decapitated head is correct, but that this phenomenon is also

seen when the decapitated head is under deep anesthesia, and in

normal brains under ether anesthesia or during REM sleep. Hence

these findings do not demonstrate either consciousness or the

perception of pain. Furthermore, a substantial body of research

indicates that unconsciousness due to hypoxia must occur in the

decapitated head in at most 6 and more probably less than 3

seconds.

This latter paper was written with an agenda, based on frustration that "the

recommendation that decapitation be avoided has thus caused considerable

difficulty for all research requiring rapid, anesthesia-free collection of tissues."

So it deserves some skepticism, and we should acknowledge, as AVMA does,

that the issue isn't settled.

Of course, we should probably prefer chemical euthanasia if this is possible.

I was curious whether people use scissors for decapitation, and I found one person

on Ask MetaFilter who had:

when I worked in a lab, I cut the heads off mice with scissors. Works

best with the bandage/crash scissors that you sometimes see cutting

through a penny. Just pick the mouse up with a gloved hand and snip

the head off behind the ears. Super fast. Always lethal. Our lab had a

tiny murine gas chamber attached to a CO2 tank, but they die very

slowly that way and look like they suffer.

Someone on Yahoo Answers feels similarly about CO2: "Don't do CO2, that is

generally accepted as a form of euthanasia but can be incredibly painful if done

incorrectly at home and can cause far too much stress."

CO2 may be particularly ineffective for baby rodents because "Resistance to

hypoxia at this age results in a prolonged time to unconsciousness when CO2 is

used as a euthanasia agent." The same document says (p. 2): "Mouse, Rat, and

Hamster Neonates up to 10 days of age: Acceptable methods for euthanasia

include: injection of chemical anesthetics (e.g., pentobarbital), decapitation, or

cervical dislocation."

In Sep. 2017, I found a young rodent in my house that had unfortunately been

cornered by my housemate's cat. I moved the cat away from her intended victim.

Normally when I do this, it allows the rodent to escape, but this time, the rodent

remained where it was. It was clear that the rodent could barely move, perhaps due

to exhaustion or leg injury. It was late on Sunday night, with no vet offices open, and

the rodent appeared terrified, so I figured that euthanizing it was the least bad

option. I cut its head off with scissors (which wasn't hard to do because, as

mentioned, the rodent could barely move). After decapitation, the rodent's mouth

moved slightly open and shut for maybe 8 to 15 seconds? (I don't know exactly,

since I didn't have a stopwatch.) I hope the rodent wasn't conscious during that

whole time, but even if so, decapitation may still have been the best way for it to die

under the circumstances.

Interestingly, decapitation can take much longer to stop brain activity in reptiles.

Barten (1994/2014): "the brain of a decapitated reptile may remain active for up to

an hour, so decapitation by itself is inhumane."

Leaving the rodents to die: Not a great option

Leaving rodents to die on their own probably isn't pleasant. I'm not sure how such

rodents die, but possibilities include hypoglycemia, hypothermia, or dehydration?

Some terminally ill humans deliberately withhold food and water as a way to die. On

the other hand, inhibitions against euthanasia seem to stem from religious and

instinctive impulses that may contradict hedonic welfare. And modern medicine

allows for pain relief; without it, I suspect the demand for euthanasia would be much

higher.

That laboratories euthanize animals is weak evidence that euthanasia is more

humane than leaving animals to die. On the other hand, maybe laboratories need to

kill the animals quickly and don't want to wait for them to die on their own?

CO2 euthanasia: NOT recommended

In response to the Quora question "How do you kill (euthanize) a mouse your cat

has brought in?", the top answer on Quora suggests to "put it in a jar and let it

suffocate", based on the principle that CO2 is, "Of those methods for euthanasia

approved by the American Veterinary Medical Association (AVMA), the only method

that could be used safely at home". However, I'm nervous about this approach,

since it seems like rodents would probably be quite distressed.a In addition:

1. CO2 is generally not nearly as humane as certain other gases for euthanasia.

This has been confirmed in the case of rats.

2. Individuals at home may not have the materials to create a serious CO2

euthanasia device. This page recommends using vinegar and baking soda to

create CO2 in one container that can then be fed into a second container via a

tube. Other sources recommend the same. But you may not have such a tube

on hand, and such a tube looks like it might be important for preventing the

CO2 levels from rising too quickly. This page explains:

In low concentrations (7.5%) [CO2] is an analgesic (pain reliever),

and at medium concentrations (30%-40%) it can be used as an

anesthetic, causing rapid loss of consciousness without

struggling, distress, or excitation. Medium concentrations cause

an aversion responce in some rodents[.] At high concentrations

(>80%) CO2 causes quick death. High concentrations, however,

painfully irritate eyes and the respiratory tract, so it is important to

first induce an analgesic effect, then bring about deep anesthesia

(within 1 to 2 minutes) before exposing the animal to high

concentrations.

Other people suggest creating a two-container chamber but without needing a

hose, but this also seems daunting.

This source says:

I totally agree that this (euthanasia) is not the sort of thing you try until

you've thought it through (morally and operationally) and practiced it

without any living creature. While my personal position is that as pet

owners we sometimes have an obligation to end life before the quality

is diminished (I respect those who feel otherwise), that also means we

must exercise informed judgment about this act AND must do so as

'cleanly' as possible (in other words, this is no time for 'amateur hour'

where a mouse is exposed to insufficient or excessive levels of

anything or the effort to end their suffering only serves to prolong it).

Sterilization

Rodent sterilization seems like a good way to control large numbers of rodents. In

2013, New York City tried sterilization and reduced rat populations by 43% in the

tested areas (Swartz 2014). Sterilization doesn't poison the rats, making it relatively

humane.

As of 2017, SenesTech has "a liquid fertility control bait for rodents" called

ContraPest. "ContraPest received the fastest EPA approval in history at the time of

its registration and has been approved for use in 49 states, awaiting approval in

California. ContraPest must be deployed by a licensed Pest Management

Professional."
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Footnotes

a. More discussion of this question from "Euthanasia – The Carbon Dioxide Debate":

[Person 1:] I'd argue that just letting the CO2 build up naturally would be

a very traumatic experience. Mice don't produce that much CO2 - it

would take a very long time. In the meantime they'd produce a

tremendous amount of moisture. Mice don't respond well to such

enclosed spaces (panic or uncertainty) and they'd soon be wet from all

the moisture, and you still wouldn't have reached a CO2 level sufficient

enough to produce unconsciousness. Finally, the issue here isn't that

there is no oxygen left in the tank (that truly would be suffocation). In

such a state, the mouse would panic and hyperventilate (as it

desperately sought oxygen). Instead, you want oxygen in the tank but

also high levels of CO2, which produce unconsciousness and then brain

cessation.

[Person 2:] I don't think it's accurate to say that CO2 'suffocates' an

animal (or a human for that matter). In fact, if there is sufficient oxygen

in a room or chamber, CO2 produces an effect where part of the brain

shuts down and unconsciousness results. Suffocation happens when

there is no oxygen or we cut off someone's ability to breathe (such as

choking). Typically, what happens with CO2 is that the mouse quickly

loses consciousness and actually continues to breathe for up to a

minute or more before breathing stops.

If I can use an example to illustrate this, during the Apollo 13 mishap in

space, at one point there was concern about excessive CO2 in the space

capsule. There was sufficient oxygen for the astronauts but because the

filters that removed the CO2 were saturated and the CO2 levels in the

capsule were gradually building up. This would produce dulled thinking,

slower reaction times and then unconsciousness and death (and this

was at relatively low levels of CO2 over time). Low levels of oxygen

produce headaches and hyperventilation (much like climbers at high

altitudes experience). But placing CO2 in an enclosed chamber does not

mean insufficient oxygen.

During the 'orange' alert status here in the USA (fear of Al Quaeda

attack), all of this talk about finding a 'safe' room and taping up vents,

windows, etc. has led to the worry that if one were to do that, it might

lead to death by CO2. In those instances, it would NOT be a case of

someone breathing all the oxygen in the room up (because it's an

enclosed space). Rather, it would be because the levels of CO2 would

rise to dangerous levels. And we as humans wouldn't notice it. We would

just get a little slower in our thinking, then fall asleep and (unless there

was an escape for the CO2) ...die. Only at incredibly high levels of CO2

would we notice that there was anything out of the ordinary (those high

levels would need to be near 100% from what I understand - and levels

of 25% are supposed to be sufficient for humans to become

unconscious and then die).

  (back)

Home   •   Back to top   •   About   •   Privacy   •   Search

Mason and Littin (2003)

Tomasko 2019

Pappas (2011)

https://senestech.com/contrapest/
https://commons.wikimedia.org/wiki/File%3ARattus_norvegicus_01.JPG
http://www.peta.org/issues/wildlife/living-harmony-wildlife/house-mice/
http://www.humanesociety.org/animals/rats/tips/solving_problems_rats.html
https://en.wikipedia.org/wiki/Transfer_station_(waste_management)
https://www.youtube.com/watch?v=j9lGRtGffGA
https://www.youtube.com/watch?v=xXPOZS2UgrQ
https://www.youtube.com/watch?v=R6u2go3uRuA
https://www.youtube.com/watch?v=AQcSXeAPnjI
http://smile.amazon.com/gp/product/B00BLOMGY2/
http://www.humanesociety.org/animals/rats/tips/solving_problems_rats.html
http://smile.amazon.com/Rat-Zapper-Ultra-Rodent-RZU001/dp/B00CM859OA/
http://web.archive.org/web/20150106160805/http://raticator.com/products/raticator-max/
http://www.ratcontroltricks.com/rat-traps/
https://www.youtube.com/watch?v=KHYQPRDQ8Dg
http://www.cdc.gov/rodents/diseases/direct.html
https://pdfs.semanticscholar.org/219c/54bdbf7dd8db2e5571a886a4f67ffd0eef0c.pdf
https://fyi.extension.wisc.edu/pat/2019/11/06/018_art10/
https://www.reddit.com/r/RATS/comments/2ucypf/rat_euthanasia/
http://www.spcamc.org/services/humane-euthanasia/
http://web.archive.org/web/20150106090226/http://hswestmi.org/services/low-cost-euthanasia
https://answers.yahoo.com/question/index?qid=20100731210941AAdZISn
http://www.thefunmouse.com/info/orphanedmice.cfm
http://mouseranch.com/FYI/orphans.shtml
http://web.archive.org/web/20150513131700/http://oacu.od.nih.gov/ARAC/documents/Rodent_Euthanasia_Pup.pdf
https://www.kentscientific.com/products/productView.asp?productID=6205&Mouse_Rat=Guillotine&Products=Rodent+and+Small+Animal+Guillotine
http://www.washcoll.edu/live/files/1229-no-5-euthanasia-sop-revised-711pdf
https://smile.amazon.com/gp/product/B001IKCGLM/
https://en.wikipedia.org/wiki/American_Veterinary_Medical_Association
https://www.avma.org/kb/policies/documents/euthanasia.pdf
http://www.aintnowaytogo.com/beheading.htm
https://www.cbsnews.com/news/heads-up-brains-found-to-survive-decapitation/
http://doi.org/10.1016/0024-3205(91)90391-N
http://doi.org/10.1016/0892-0362(92)90004-T
http://ask.metafilter.com/187245/What-should-I-do-with-this-little-mouse-prisoner#2695850
https://answers.yahoo.com/question/index?qid=20100731210941AAdZISn
http://web.archive.org/web/20150513131700/http://oacu.od.nih.gov/ARAC/documents/Rodent_Euthanasia_Pup.pdf
http://www.anapsid.org/euth.html
http://www.merckmanuals.com/vet/management_and_nutrition/management_of_the_neonate/management_of_the_neonate_in_small_animals.html
http://reducing-suffering.org/how-painful-is-death-from-starvation-or-dehydration/
http://www.quora.com/How-do-you-kill-euthanize-a-mouse-your-cat-has-brought-in/answer/John-Condello
http://doi.org/10.1038/nature.2012.12083
http://www.alysion.org/euthanasia/index.php
http://web.archive.org/web/20121112210802/http://www.lazyldragonranch.com/humanerodenteuthanasia.htm
http://www.alysion.org/euthanasia/index.php
http://www.rodentracks.com/DIY_Co2_Chamber.html
http://www.ratfanclub.org/euth.html
http://web.archive.org/web/20121021044020/http://www.fancymice.info/euthjoe.htm
http://www.chicagotribune.com/news/redeye-cta-to-put-rats-on-birth-control-20141222-story.html
https://senestech.com/contrapest/
http://web.archive.org/web/20121021044020/http://www.fancymice.info/euthjoe.htm


The domain for daily.swarthmore.edu has
changed.

The new URL is:

https://swarthmorephoenix.com

Please update your links and bookmarks.
You will automatically be forwarded in 5 seconds, or click on the link above.

https://swarthmorephoenix.com/


Home   •   Writings

Random facts about me

By Brian Tomasik

First published: 2018 Jul 08. Last nontrivial update: 2019 Dec 17.

Introduction

This page lists assorted tidbits about myself.

TODO: ADD STUFF
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Mild misophonia

Pronouncing my last name

As far as I know, "Tomasik" is pronounced as tuh-MAH-sick, where tuh sounds like

the "tu" part of "tugboat" and MAH sounds like the "ma" part of "mass".

Miscellaneous

As a teenager, I went bowling from time to time. I'd guess I bowled maybe ~30

total games during those years, usually on my own but a few times as part of

physical-education class. My best score ever was on the very first time I tried

bowling, and I never was able to beat that score again. I think the initial score

was something around ~150?

At the end of one episode of Life with Louie, Louie's mom tries bowling for the

first time and gets a strike. She asks what that's called. Louie's dad grumpily

replies: "Beginner's luck." My situation was also beginner's luck.

Mild misophonia

Since I was a teenager, I noticed that I have a strong aversion to the sounds of

certain people chewing and drinking. It's similar to the reaction that many people

have to fingernails on a chalkboard. It doesn't seem to happen for eating and

drinking in movies, only in real life. And it seems to mainly happen when my family

members do it, not as much when strangers or friends do it.

This negative reaction to specific sounds is called misophonia. Fortunately for me, it

rarely happens, because I rarely have meals with my family members.

Wikipedia ("Misophonia"): "One study found that around 80% of the sounds were

related to the mouth (eating, slurping, chewing or popping gum, whispering, etc.)".

I also have ASMR in reaction to some sounds, such as whispering or someone

besides me turning the pages of a book. Some ASMR enthusiasts enjoy eating and

drinking sounds, which I do not. :)
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Résumé

Summary

I write about ethics, animal advocacy, and far-future scenarios from a suffering-

focused perspective on the website Essays on Reducing Suffering. I cofounded and

advise the Foundational Research Institute (now called the Center on Long-Term

Risk), a think tank that explores crucial considerations for reducing suffering in the

long-run future. Previously, I worked at Microsoft and FlyHomes as a data scientist. I

studied computer science, mathematics, and statistics at Swarthmore College.
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Work Experience

Foundational Research Institute and Essays on Reducing Suffering

(2013 - present)

Researcher

I helped to create, organize, and advise the Foundational Research Institute

(FRI), a nonprofit organization. I wrote essays and scholarly articles on behalf

of FRI. I fundraised the entire 2015 budget and hired our first full-time

employee.

I've written over 130 essays for my website, which gets 300 unique visitors per

day and is widely cited as an important source of ideas for the burgeoning

effective-altruism movement.

My writings helped to jumpstart growing interest in reducing wild-animal

suffering. As a result of my work, several academic papers have been

published on the topic, Peter Singer has cited my essays, and a Facebook

group that I created on this issue has reached 1200 members as of May 2015.

I was one of the first in the effective-altruism movement to describe the

argument for "earning to give" ( ).

FlyHomes (2015)

Software Engineer

Built from scratch a machine-learning model to predict the value of homes in

Seattle. The model's accuracy was within a few percentage points of Zillow's

predictions.

Created the company's data-processing pipeline, from downloading a dozen

different data sources to inserting combined, cleaned entries into the website

database, with data refreshed hourly.

Microsoft, Bing, Core Ranking (2009 - 2013)

Software Development Engineer II

I designed and evaluated new data-mining techniques and algorithms for

improving the relevance of search results. This ranged from basic statistical

analysis and feature visualization in Excel to larger experiments using

sophisticated machine-learning tools and software, as well as processing on

terabyte-sized data sets.

I built end-to-end three of Bing's production ranking algorithms by combining

techniques from the rest of the team. Each one took several months of

preparation, experimentation, debugging, and qualification. In the end, these

were the rankers that served over 5 billion searches on Bing and Yahoo every

month.

I informally led small teams in shipping six major sets of ranking techniques in a

variety of dimensions: Training data, popularity signals, feature engineering,

query classification, and result freshness.

I envisioned, planned, built, tested, and shipped a major breakthrough in Bing's

ranking of one of its worst-performing freshness segments, resulting in huge

relevance gains and a new platform for innovation in that space.

I helped to teach dozens of teammates tricks of the trade for ranking, and I was

a primary mentor for five colleagues, helping them to ramp up as successful

engineers of their own.

Watson Wyatt Worldwide, Washington, D.C. office, Retirement Division

(summer 2007)

Actuarial Analyst Intern

I completed a study of the accuracy of a client's actuarial retirement

assumptions and delivered a presentation of the results to the Retirement

actuary division.

Washington, D.C. Office of Congressman Michael R. McNulty

(summer 2006)

Congressional Intern

I led tours of the US Capitol, wrote responses to constituent letters, and

prepared briefs on committee hearings.

New York State Labor-Religion Coalition (summer 2005)

"Sweatshop-Free Schools" Intern

I researched and compiled a list of sweatshop-free manufacturing companies

for use by organizers throughout New York State.

Education

Swarthmore College, Swarthmore, PA (2005 - 2009)

GPA: 3.97 out of 4.0.

Major: Computer Science.

Minor: Mathematics/Statistics.

Graduated with High Honors.

Academic Transcript (pdf) (and see Swarthmore's "Transcript Guide")

Relevant coursework: Probability, statistics, machine learning, machine vision

and audition, natural language processing, information retrieval, data

structures, algorithms, database systems, discrete mathematics, linear

algebra, ordinary and partial differential equations, real analysis, mathematical

finance, microeconomics, macroeconomics, accounting.

Awards: Phi Beta Kappa, Sigma Xi: The Scientific Research Society, Federal

Academic Competitiveness Grant for academic excellence, Merritt Hallowell '61

Endowed Scholarship for high academic achievement.

Guilderland Central High School, Guilderland, NY (2001 - 2005)

GPA: 4.0 out of 4.0. Valedictorian from a class of roughly 500 students.

Awards: National Merit Scholarship, Robert C. Byrd Scholarship, National AP

Scholar Award.

Tests

GRE (2008): Quantitative: 800/800, Verbal: 730/800, Writing: 6/6

SAT (2004): Math: 740/800, Verbal: 780/800

ACT (2004): 34/36

Passed actuarial exams (2006-07): P/1 (probability) and FM/2 (interest theory

and derivatives).

Skills

Computer: Python, C#, Visual Studio, Microsoft Excel, HTML, WordPress,

Google AdWords. Have used Linux, Mac, and Windows. (my GitHub page)

Languages: Studied German for seven years.

Publications

Brian Tomasik, "A Minimum Description Length Approach to Multitask Feature

Selection," 2009 (local pdf copy).

Paramveer S. Dhillon, Brian Tomasik, Dean Foster, and Lyle Ungar. "Multi-Task

Feature Selection using the Multiple Inclusion Criterion (MIC)." ECML PKDD

'09. (Matlab code, GitHub version)

Brian Tomasik, Douglas Turnbull, Joon Hee Kim, Margaret Ladlow, Malcolm

Augat, Derek Tingle, and Richard Wicentowski. "Using Regression to Combine

Data Sources for Semantic Music Discovery," ISMIR '09.

Brian Tomasik, Phyo Thiha, and Douglas Turnbull. "Tagging Products using

Image Classification," SIGIR '09.

Brian Tomasik and Dougal Sutherland, "An Efficient Python Module for Lexical

Distributional Similarity," 2008.

Stephen S. Golub and Brian Tomasik, "Measures of International Transport

Cost for OECD Countries," OECD Economics Department Working Papers,

2008. Prepared as part of a larger OECD study of "The Contribution of

Economic Geography to GDP Per Capita" by Hervé Boulhol, Alain de Serres,

and Margit Molnar.

Volunteering

Animal Charity Evaluators (2012 - 2015)

I helped advise founding, website creation, and initial hiring.

I provided feedback and oversight as a formal Board member.

Various nonprofit organizations (2012 - present)

I helped set up Google Grants campaigns for four nonprofit organizations.

Donations (2009 - present)

I've donated ~$200,000 to charities I support.

Wikipedia contributor (2013 - present)

I've written 16 new articles and added to dozens more. See a list of my

contributions.
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Wild animal suffering

Juvenile red-tailed hawk eating a

California vole
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Dead limosa harlequin frog showing

symptoms of chytridiomycosis.

Tongue-eating lice are parasites who

destroy and replace the tongues of fish.

Mountain cottontail in the snow;

approximately 60% of these rabbits die

during the winter.[41]

Cannibalism in sand lizards

Marine arthropods, such as this

Northern krill, are the largest estimated

group of individual wild animals.

A litter of rats with their mother. The

reproduction of rats follows an r-

selection strategy, with many offspring,

short gestation, less parental care, and

a short time until sexual maturity.

Charles Darwin referred to the

Ichneumonidae feeding inside the living

bodies of caterpillars as an example of

the problem of evil.

Lewis Gompertz argued that both

humans and animals in their natural

state suffer similarly and that both

should be assisted.

J. Howard Moore speculated

whether a sufficiently sympathetic

human, if only given the chance, could

significantly improve the situation of

animals suffering in the wild.

Brian Tomasik argues that animal

advocates should promote concern for

wild animal suffering and highlights the

risk of human descendants

astronomically multiplying such

suffering.

Oscar Horta argues that animals in

the wild experience vast amounts of

suffering due to natural processes and

that, taking a nonspeciesist perspective,

there is a moral obligation to reduce the

suffering of these individuals.

Peter Singer argues that, in theory,

intervention would be justified if one

could be reasonably assured that this

would greatly reduce wild animal

suffering in the long term; he cautions

against such interventions in practice.

Rescued baby eastern gray squirrel

being fed using a syringe

Oral rabies vaccine in bait

Lions attacking an African buffalo in

Botswana; it is argued that wildlife

documentaries commonly focus on

encounters between individuals, such as

these, who are considered to be

charismatic, while the suffering of other

animals is underrepresented.

In "The Ugly Duckling", the winter

cold causes the duckling to become

frozen in an icy pond; the duckling is

rescued by a farmer.

Isaac Gompertz's 1813 poem "To the

Thoughtless"

From Wikipedia, the free encyclopedia

Wild animal suffering is the suffering experienced by nonhuman animals living outside of direct human control, due to harms such

as disease, injury, parasitism, starvation and malnutrition, dehydration, weather conditions, natural disasters, and killings by other

animals,[1][2] as well as psychological stress.[3] Some estimates indicate that these individual animals make up the vast majority of

animals in existence.[4] An extensive amount of natural suffering has been described as an unavoidable consequence of Darwinian

evolution[5] and the pervasiveness of reproductive strategies which favor producing large numbers of offspring, with a low amount of

parental care and of which only a small number survive to adulthood, the rest dying in painful ways, has led some to argue that

suffering dominates happiness in nature.[1][6][7]

The topic has historically been discussed in the context of the philosophy of religion as an instance of the problem of evil.[8] More

recently, starting in the 19th century, a number of writers have considered the subject from a secular standpoint as a general moral

issue, that humans might be able to take actions toward preventing.[9] There is considerable disagreement around taking such

actions, as many believe that human interventions in nature, for this reason, should not take place because of practicality,[10] valuing

ecological preservation over the well-being and interests of individual animals,[11] considering any obligation to reduce wild

animal suffering implied by animal rights to be absurd,[12] or viewing nature as an idyllic place where happiness is widespread.[6]

Some have argued that such interventions would be an example of human hubris, or playing God and use examples of how

human interventions, for other reasons, have unintentionally caused harm.[13] Others, including animal rights writers, have defended variants of a laissez-faire position, which argues that humans should not harm wild animals, but that humans should

not intervene to reduce natural harms that they experience.[14][15]

Advocates of such interventions argue that animal rights and welfare positions imply an obligation to help animals suffering in the wild due to natural processes. Some have asserted that refusing to help animals in situations where humans would

consider it wrong not to help humans is an example of speciesism.[2] Others argue that humans intervene in nature constantly—sometimes in very substantial ways—for their own interests and to further environmentalist goals.[16] Human

responsibility for enhancing existing natural harms has also been cited as a reason for intervention.[17] Some advocates argue that humans already successfully help animals in the wild, such as vaccinating and healing injured and sick animals,

rescuing animals in fires and other natural disasters, feeding hungry animals, providing thirsty animals with water, and caring for orphaned animals.[18] They also assert that although wide-scale interventions may not be possible with our current level

of understanding, they could become feasible in the future with improved knowledge and technologies.[19][20] For these reasons, they claim it is important to raise awareness about the issue of wild animal suffering, spread the idea that humans

should help animals suffering in these situations and encourage research into effective measures which can be taken in the future to reduce the suffering of these individuals, without causing greater harms.[6][16]
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Extent of suffering in nature [ edit ]

Sources of harm [ edit ]

Disease [ edit ]

Animals in the wild may suffer from diseases which circulate similarly to human colds and flus, as well as epizootics, which are analogous to human epidemics; epizootics are relatively understudied in the scientific literature.[21] Some well-studied

examples include chronic wasting disease in elk and deer, white-nose syndrome in bats, devil facial tumour disease in Tasmanian devils and Newcastle disease in birds.[21] Examples of other diseases include myxomatosis and viral haemorrhagic disease

in rabbits,[22] ringworm and cutaneous fibroma in deer,[23] and chytridiomycosis in amphibians.[24] Diseases, combined with parasitism, "may induce listlessness, shivering, ulcers, pneumonia, starvation, violent behavior, or other gruesome symptoms over

the course of days or weeks leading up to death."[1]

Poor health may dispose wild animals to increased risk of infection, which in turn reduces the health of the animal, further increasing the risk of infection.[25] The terminal investment hypothesis holds that infection can lead some animals to focus their

limited remaining resources on increasing the number of offspring they produce.[26]

Injury [ edit ]

Wild animals can experience injury from a variety of causes such as predation; intraspecific competition; accidents, which can cause fractures, crushing injuries, eye injuries and wing tears; self-amputation; molting, a common source of injury for

arthropods; extreme weather conditions, such as storms, extreme heat or cold weather; and natural disasters. Such injuries may be extremely painful, which can lead to behaviors which further negatively affect the well-being of the injured animal. Injuries

can also make animals susceptible to diseases and other injuries, as well as parasitic infections. Additionally, the affected animal may find it harder to eat and drink and struggle to escape from predators and attacks from other members of their species.[27]

Parasitism [ edit ]

Many wild animals, particularly larger ones, have been found to be infected with at least one parasite. Parasites can negatively affect the well-being of their hosts by redirecting their host's resources to themselves, destroying their host's tissue and

increasing their host's susceptibility to predation.[21] As a result, parasites may reduce the movement, reproduction and survival of their hosts.[28] Parasites can alter the phenotype of their hosts; limb malformations in amphibians caused by Ribeiroia

ondatrae, is one example.[29] Some parasites have the capacity to manipulate the cognitive function of their hosts, such as worms which make crickets kill themselves by directing them to drown themselves in water for the purpose of reproduction in an

aquatic environment, as well as caterpillars using dopamine containing secretions that manipulate ants to act as bodyguards for protecting the caterpillar from parasites.[30] It is rare that parasites directly cause the death of their host, rather, they may

increase the chances of their host's death by other means;[21] one meta-study found that mortality was 2.65 times higher in animals affected by parasites, than those that weren't.[31]

Unlike parasites, parasitoids—which include species of worms, wasps, beetles and flies—kill their hosts, who are generally other invertebrates.[32] Parasitoids specialize in attacking one particular species. Different methods are used by parasitoids to

infect their hosts: laying their eggs on plants which are frequently visited by their host, laying their eggs on or close to the host's eggs or young and stinging adult hosts so that they are paralyzed, then laying their eggs near or on them.[32] The larvae of

parasitoids grow by feeding on the internal organs and bodily fluids of their hosts,[33] which eventually leads to the death of their host when their organs have ceased to function, or they have lost all of their bodily fluids.[32] Superparasitism is a

phenomenon where multiple different parasitoid species simultaneously infect the same host.[34] Parasitoid wasps have been described as having the largest number of species of any other animal species.[35]

Starvation and malnutrition [ edit ]

Starvation and malnutrition particularly affect young, old, sick and weak animals, and can be caused by injury, disease, poor teeth and environmental conditions, with winter being particularly associated with an increased risk.[36] It is argued that because

food availability limits the size of wild animal populations, that this means that a huge number of individuals die as a result of starvation; such deaths are described as prolonged and marked by extreme distress as the animal's bodily functions shut down.
[37]: 67  Within days of hatching, fish larvae may experience hydrodynamic starvation, whereby the motion of fluids in their environment limits their ability to feed; this can lead to mortality of greater than 99%.[38]

Dehydration [ edit ]

Dehydration is associated with high mortality in wild animals. Drought can cause many animals in larger populations to die of thirst. Thirst can also expose animals to an increased risk of being preyed upon; they may remain hidden in safe spaces to avoid this. However, their need for water may

eventually force them to leave these spaces; being in a weakened state, this makes them easier targets for predatory animals. Animals who remain hidden cannot move due to dehydration and may end up dying of thirst. When dehydration is combined with starvation, the process of dehydration

can be accelerated.[39] Diseases, such as chytridiomycosis, can also increase the risk of dehydration.[40]

Weather conditions [ edit ]

Weather has a strong influence on the health and survival of wild animals. Weather phenomena such as heavy snow, flooding and droughts can directly harm animals.[42] and indirectly harm them by increasing the risks of other forms of suffering, such as

starvation and disease.[42] Extreme weather can cause the deaths of animals by destroying their habitats and directly killing animals;[43] hailstorms are known to kill thousands of birds.[44][45] Certain weather conditions may maintain large numbers of

individuals over many generations; such conditions, while conducive to survival, may still cause suffering for animals. Humidity or lack thereof can be beneficial or harmful depending on an individual animals' needs.[42]

Deaths of large numbers of animals—particularly cold-blooded ones such as amphibians, reptiles, fishes and invertebrates—can take place as a result of temperature fluctuations, with young animals being particularly susceptible. Temperature may not be

a problem for parts of the year, but can be a problem in especially hot summers or cold winters.[42] Extreme heat and lack of rainfall are also associated with suffering and increased mortality by increasing susceptibility to disease and causing vegetation

that insects and other animals rely upon to dry out; this drying out can also make animals who rely on plants as hiding places more susceptible to predation. Amphibians who rely on moisture to breathe and stay cool may die when water sources dry up.[46]

Hot temperatures can cause fish to die by making it hard for them to breathe.[47] Climate change and associated warming and drying is making certain habitats intolerable for some animals through heat stress and reducing available water sources.[48]

Mass mortality is particularly linked with winter weather due to low temperatures, lack of food and bodies of water where animals live, such as frogs, freezing over;[49] a study on cottontail rabbits indicates that only 32% of them survive the winter.[41]

Fluctuating environmental conditions in the winter months is also associated with increased mortality.[50]

Natural disasters [ edit ]

Fires, volcanic eruptions, earthquakes, tsunamis, hurricanes, storms, floods and other natural disasters are sources of extensive short- and long-term harm for wild animals, causing death, injury, illness and malnutrition, as well as poisoning by

contaminating food and water sources.[51] Such disasters can also alter the physical environment of individual animals in ways which are harmful to them;[52] fires and large volcanic eruptions can affect the weather and marine animals may die due to disasters affecting water temperature and

salinity.[51]

Killing by other animals [ edit ]

Predation has been described as the act of one animal capturing and killing another animal to consume part or all of their body.[53] Jeff McMahan, a moral philosopher, asserts that: "Wherever there is animal life, predators are stalking, chasing, capturing,

killing, and devouring their prey. Agonized suffering and violent death are ubiquitous and continuous."[54] Preyed upon animals die in a variety of different ways, with the time taking for them to die, which can be lengthy, depending on the method that the

predatory animal uses to kill them; some animals are swallowed and digested while still being alive.[55] Other preyed upon animals are paralysed with venom before being eaten; venom can also be used to start digesting the animal.[56]

Animals may be killed by members of their own species due to territorial disputes, competition for mates and social status, as well as cannibalism, infanticide and siblicide.[57]

Psychological stress [ edit ]

It has been argued that animals in the wild do not appear to be happier than domestic animals, based on findings that these individuals have greater levels of cortisol and elevated stress responses relative to domestic animals; additionally, unlike domestic

animals, wild animals do not have their needs provided for them by human caretakers.[3] Sources of stress for these individuals include illness and infection, predation avoidance, nutritional stress and social interactions; these stressors can begin before

birth and continue as the individual develops.[58]

A framework known as the ecology of fear conceptualises the psychological impact that the fear of predatory animals can have on the individuals that they predate, such as altering their behavior and reducing their survival chances.[59][60] Fear-inducing

interactions with predators may cause lasting effects on behavior and PTSD-like changes in the brains of animals in the wild.[61] These interactions can also cause a spike in stress hormones, such as cortisol, which can increase the risk of both the individual's death and their offspring.[62]

Number of affected individuals [ edit ]

The number of individual animals in the wild is relatively unexplored in the scientific literature and estimates vary considerably.[63] An analysis, undertaken in 2018, estimates (not including wild mammals) that there are 1015 fish, 1011 wild birds, 1018

terrestrial arthropods and 1020 marine arthropods, 1018 annelids, 1018 molluscs and 1016 cnidarians, for a total of 1021 wild animals.[64] It has been estimated that there are 2.25 times more wild mammals than wild birds in Britain, but the authors of this

estimate assert that this calculation would likely be a severe underestimate when applied to the number of individual wild mammals in other continents.[65] A 2022 study estimated that there are 20 quadrillion individual ants across the world.[66]

Based on some of these estimates, it has been argued that the number of individual wild animals in existence is considerably higher, by an order of magnitude, than the number of animals humans kill for food each year,[4] with individuals in the wild

making up over 99% of all sentient beings in existence.[67]

Natural selection [ edit ]

In his autobiography, the naturalist and biologist Charles Darwin acknowledged that the existence of extensive suffering in nature was fully compatible with the workings of natural selection, yet maintained that pleasure was the main driver of fitness-

increasing behavior in organisms.[68] Evolutionary biologist Richard Dawkins challenged Darwin's claim in his book River Out of Eden, wherein he argued that wild animal suffering must be extensive due to the interplay of the following evolutionary

mechanisms:[5]

Selfish genes – genes are wholly indifferent to the well-being of individual organisms as long as DNA is passed on.

The struggle for existence – competition over limited resources results in the majority of organisms dying before passing on their genes.

Malthusian checks – even bountiful periods within a given ecosystem eventually lead to overpopulation and subsequent population crashes.

From this, Dawkins concludes that the natural world must necessarily contain enormous amounts of animal suffering as an inevitable consequence of Darwinian evolution.[5] To illustrate this he writes:[69]

The total amount of suffering per year in the natural world is beyond all decent contemplation. During the minute that it takes me to compose this sentence, thousands of animals are being eaten alive, many others are running for their lives, whimpering with fear, others are slowly being

devoured from within by rasping parasites, thousands of all kinds are dying of starvation, thirst, and disease. It must be so. If there ever is a time of plenty, this very fact will automatically lead to an increase in the population until the natural state of starvation and misery is restored.

Reproductive strategies and population dynamics [ edit ]

Some writers have argued that the prevalence of r-selected animals in the wild—who produce large numbers of offspring, with a low amount of parental care, and of which only a small number, in a stable population, will survive to adulthood—indicates

that the average life of these individuals is likely to be very short and end in a painful death.[6][7] The pathologist Keith Simpson described this as follows:[70]

In the wild, plagues of excess population are a rarity. The seas are not crowded with sunfish; the ponds are not brimming with toads; elephants do not stand shoulder to shoulder over the land. With few exceptions, animal populations are

remarkably stable. On average, of each pair's offspring, only sufficient survive to replace the parents when they die. Surplus young die, and birth rates are balanced by death rates. In the case of spawners and egg layers, some young are killed

before hatching. Almost half of all blackbird eggs are taken by jays, but even so, each pair usually manages to fledge about four young. By the end of summer, however, an average of under two are still alive. Since one parent will probably die or

be killed during the winter, only one of the young will survive to breed the following summer. The high mortality rate among young animals is an inevitable consequence of high fecundity. Of the millions of fry produced by a pair of sunfish, only

one or two escape starvation, disease or predators. Half the young of house mice living on the Welsh island of Skokholm are lost before weaning. Even in large mammals, the lives of the young can be pathetically brief and the killing wholesale.

During the calving season, many young wildebeeste, still wet, feeble and bewildered, are seized and torn apart by jackals, hyenas and lions within minutes of emerging from their mothers' bellies. Three out of every four die violently within six

months.

According to this view, the lives of the majority of animals in the wild likely contain more suffering than happiness, since a painful death would outweigh any short-lived moments of happiness experienced in their short lives.[6][71][72]

Welfare economist Yew-Kwang Ng has argued that evolutionary dynamics can lead to welfare outcomes that are worse than necessary for a given population equilibrium.[71] A 2019 follow-up challenged the conclusions of Ng's original paper.[73]

History of concern for wild animals [ edit ]

See also: Struggle for existence § Historical development

Religious views [ edit ]

Problem of evil [ edit ]

See also: Problem of evil § Problem of evil and animal suffering, and Evolutionary theodicy

The idea that suffering is common in nature has been observed by several writers historically who engaged with the problem of evil. In his notebooks (written between 1487 and 1505), Italian polymath Leonardo da Vinci described the suffering

experienced by animals in the wild due to predation and reproduction, questioning: "Why did nature not ordain that one animal should not live by the death of another?"[74] In his 1779 posthumous work Dialogues Concerning Natural Religion, the

philosopher David Hume described the antagonism inflicted by animals upon each other and the psychological impact experienced by the victims, observing: "The stronger prey upon the weaker, and keep them in perpetual terror and anxiety."[75]

In Natural Theology, published in 1802, Christian philosopher William Paley argued that animals in the wild die as a result of violence, decay, disease, starvation and malnutrition, and that they exist in a state of suffering and misery; their suffering unaided

by their fellow animals. He compared this to humans, who even when they can't relieve the suffering of their fellow humans, at least provide them with necessities. Paley also engaged with the reader of his book, asking whether, based on these

observations, "you would alter the present system of pursuit and prey?"[76]: 261–262  Additionally, he argued that "the subject ... of animals devouring one another, forms the chief, if not the only instance, in the works of the Deity ... in which the character of

utility can be called in question."[76]: 265  However, he defended predation as being a part of God's design by asserting that it was a solution to the problem of superfecundity;[77] animals producing more offspring than can possibly survive.[76]: 264  Paley also

contended that venom is a merciful way for poisonous animals to kill the animals that they predate.[77]

The problem of evil has also been extended to include the suffering of animals in the context of evolution.[78][79] In Phytologia, or the Philosophy of Agriculture and Gardening, published in 1800, Erasmus Darwin, a physician and the grandfather of Charles

Darwin, aimed to vindicate the goodness of God allowing the consumption of "lower" animals by "higher" ones, by asserting that "more pleasurable sensation exists in the world, as the organic matter is taken from a state of less irritability and less

sensibility and converted into a greater"; he claimed that this process secures the greatest happiness for sentient beings. Writing in response, in 1894, Edward Payson Evans, a linguist and early advocate for animal rights, argued that evolution, which

regards the antagonism between animals purely as events within the context of a "universal struggle for existence", has disregarded this kind of theodicy and ended "teleological attempts to infer from the nature and operations of creation the moral

character of the Creator".[80]

In an 1856 letter to Joseph Dalton Hooker, Charles Darwin remarked sarcastically on the cruelty and wastefulness of nature, describing it as something that a "Devil's chaplain" could write about.[81] Writing in 1860, to Asa Gray, Darwin asserted that he could not reconcile an omnibenevolent and

omnipotent God with the intentional existence of the Ichneumonidae, a parasitoid wasp family, the larvae of which feed internally on the living bodies of caterpillars.[82] In his autobiography, published in 1887, Darwin described a feeling of revolt at the idea that God's benevolence is limited,

stating: "for what advantage can there be in the sufferings of millions of the lower animals throughout almost endless time?"[83]

Eastern perspectives [ edit ]

Philosopher Ole Martin Moen argues that unlike Western, Judeo-Christian views, Jainism, Buddhism and Hinduism "all hold that the natural world is filled with suffering, that suffering is bad for all who endure it, and that our ultimate aim should be to bring suffering to an end."[84]

Buddhism [ edit ]

In Buddhist doctrine, rebirth as an animal is regarded as evil because of the different forms of suffering that animals experience due to humans and natural processes.[85] Buddhists may also regard the suffering experienced by animals in nature as evidence for the truth of dukkha.[86][87]

The Buddhist scripture Aṅguttara Nikāya describes the lives of wild animals as "so cruel, so harsh, so painful".[87]

The Indian Buddhist sutra, Saddharmasmṛtyupasthānasūtra, written in the first half of the first millennium, categorises the different forms of suffering experienced by the animals living in the water, on the earth and in the sky and draws attention to certain animals who can be liberated from their

suffering through consciousness: "There are those [animals] who—[though] fearful of predation, of threats, beatings, cold, heat, and bad weather—if capable, disregard their trembling and, just for a moment, arouse a mind of faith towards the Buddha, the Dharma, and the Saṅgha."[88]

Around 700 AD, the Indian Buddhist monk and scholar Shantideva wrote in his Bodhisattvacaryāvatāra:

     And may the stooping animals be freed

     From fear of being preyed upon, each other's food.[89]

Patrul Rinpoche, a 19th-century Tibetan Buddhist teacher, described animals in the ocean as experiencing "immense suffering", as a result of predation, as well as parasites burrowing inside them and eating them alive. He also described animals on land as existing in a state of continuous fear

and of killing and being killed.[90]

Hinduism [ edit ]

Hindu literature has been described as holding the lives and welfare of wild animals as equal with that of humans.[91]

18th century [ edit ]

In Histoire Naturelle, published in 1753, the naturalist Buffon described wild animals as suffering much want in the winter, focusing specifically on the plight of stags who are exhausted by the rutting season, which in turn leads to the breeding of parasites under their skin, further adding to their

misery.[92]: 53  Later in the book, he described predation as necessary to prevent the superabundance of animals who produce vast numbers of offspring, who if not killed would have their fecundity diminished due to a lack of food and would die as a result of disease and starvation. Buffon

concluded that "violent deaths seem to be equally as necessary as natural ones; they are both modes of destruction and renovation; the one serves to preserve nature in a perpetual spring, and the other maintains the order of her productions, and limits the number of each species."[92]: 116–117 

Herder, a philosopher and theologian, in Ideen zur Philosphie der Geschichte der Menschheit, published between 1784 and 1791, argued that animals exist in a state of constant striving, needing to provide for their own subsistence and to defend their lives. He contended that nature ensured

peace in creation by creating an equilibrium of animals with different instincts and belonging to different species who live opposed to each other.[93]

19th century [ edit ]

In 1824, Lewis Gompertz, an early vegan and animal rights activist, published Moral Inquiries on the Situation of Man and of Brutes, in which he advocated for an egalitarian view towards animals and aiding animals suffering in the wild.[4] Gompertz

asserted that humans and animals in their natural state both suffer similarly:[94]: 47 

[B]oth of them being miserably subject to almost every evil, destitute of the means of palliating them; living in the continual apprehension of immediate starvation, of destruction by their enemies, which swarm around them; of receiving dreadful

injuries from the revengeful and malicious feelings of their associates, uncontrolled by laws or by education, and acting as their strength alone dictates; without proper shelter from the inclemencies of the weather; without proper attention and

medical or surgical aid in sickness; destitute frequently of fire, of candle-light, and (in man) also of clothing; without amusements or occupations, excepting a few, the chief of which are immediately necessary for their existence, and subject to all

the ill consequences arising from the want of them.

Gompertz also argued that as much as animals suffer in the wild, that they suffer much more at the hands of humans because, in their natural state, they have the capacity to also experience periods of much enjoyment.[94]: 52  Additionally, he contended

that if he was to encounter a situation where an animal was eating another, that he would intervene to help the animal being attacked, even if "this might probably be wrong."[94]: 93–94  In his 1852 book Fragments in Defence of Animals, and Essays on

Morals, Soul, and Future State, Gompertz compared the suffering of animals in the wild to the suffering inflicted by humans, stating: "Much as animals suffer in a natural state, much more do they seem to suffer when under the dominion of the generality of

men. What suffering in the former can be supposed to equal the constant torture of a hackney-coach horse?"[95]

Philosopher and poet Giacomo Leopardi in his 1824 "Dialogue between Nature and an Icelander", from Operette morali, used images of animal predation, which he rejected as having value, to represent nature's cycles of creation and destruction.[96]

Writing in his notebooks, Zibaldone di pensieri, published posthumously in 1898, Leopardi asserted that predation is a leading example of the evil design of nature.[97]

In 1851, the philosopher Arthur Schopenhauer commented on the vast amount of suffering in nature, drawing attention to the asymmetry between the pleasure experienced by a carnivorous animal and the suffering of the animal that they are consuming,

stating: "Whoever wants summarily to test the assertion that the pleasure in the world outweighs the pain, or at any rate that the two balance each other, should compare the feelings of an animal that is devouring another with those of that other".[98]

In the 1874 posthumous essay "Nature", utilitarian philosopher John Stuart Mill wrote about suffering in nature and the imperative of struggling against it:[99]

In sober truth, nearly all the things which men are hanged or imprisoned for doing to one another, are nature's every day performances. ... The phrases which ascribe perfection to the course of nature can only be considered as the exaggerations of poetic or devotional feeling, not

intended to stand the test of a sober examination. No one, either religious or irreligious, believes that the hurtful agencies of nature, considered as a whole, promote good purposes, in any other way than by inciting human rational creatures to rise up and struggle against them. ...

Whatsoever, in nature, gives indication of beneficent design proves this beneficence to be armed only with limited power; and the duty of man is to cooperate with the beneficent powers, not by imitating, but by perpetually striving to amend, the course of nature—and bringing that part

of it over which we can exercise control more nearly into conformity with a high standard of justice and goodness.

In his 1892 book Animals' Rights: Considered in Relation to Social Progress, the writer and early activist for animal rights Henry Stephens Salt focused an entire chapter on the plight of wild animals, "The Case of Wild Animals". Salt wrote that the rights of animals should not be dependent on the

rights of being property and that sympathy and protection should be extended to non-owned animals too.[100] He also argued that humans are justified in killing wild animals in self-defense, but that neither unnecessary killing nor torturing harmless beings is justified.[100]

20th century [ edit ]

In the 1906 book The Universal Kinship, the zoologist and utilitarian philosopher J. Howard Moore argued that the egoism of sentient beings—a product of natural selection—which leads them to exploit their sentient fellows, was the "most mournful and

immense fact in the phenomena of conscious life", and speculated whether an ordinary human who was sufficiently sympathetic to the welfare of the world could significantly improve this situation if only given the opportunity.[101] In Ethics and Education,

published in 1912, Moore critiqued the human conception of animals in the wild: "Many of these non-human beings are so remote from human beings in language, appearance, interests, and ways of life, as to be nothing but 'wild animals.' These 'wild

things' have, of course, no rights whatever in the eyes of men."[102]: 71  Later in the book, he described them as independent beings who suffer and enjoy in the same way humans do and have their "own ends and justifications of life."[102]: 157 

In his 1952 article "Which Shall We Protect? Thoughts on the Ethics of the Treatment of Free Life", Alexander Skutch, a naturalist and writer, explored five ethical principles that humans could follow when considering their relationship with animals in the

wild, including the principle of only considering human interests; the laissez-faire, or "hands-off" principle; the do no harm, ahimsa principle; the principle of favoring the "higher animals", which are most similar to ourselves; the principle of "harmonious

association", whereby humans and animals in the wild could live symbiotically, with each providing benefits to the other and individuals who disrupt this harmony, such as predators, are removed. Skutch endorsed a combination of the laissez-faire, ahimsa

and harmonious association approaches as the way to create the ultimate harmony between humans and animals in the wild.[103]

Moral philosopher Peter Singer, in 1973, responded to a question on whether humans have a moral obligation to prevent predation, arguing that intervening in this way may cause more suffering in the long-term, but asserting that he would support actions

if the long-term outcome was positive.[104]

In 1979, the animal rights philosopher Stephen R. L. Clark, published "The Rights of Wild Things", in which he argued that humans should protect animals in the wild from particularly large dangers, but that humans do not have an obligation to regulate all

of their relationships.[105] The following year, J. Baird Callicott, an environmental ethicist, published "Animal Liberation: A Triangular Affair", in which he compared the ethical underpinnings of the animal liberation movement, asserting that it is based on

Benthamite principles, and Aldo Leopold's land ethic, which he used as a model for environmental ethics. Callicott concluded that intractable differences exist between the two ethical positions when it comes to the issue of wild animal suffering.[106]

In his 1987 book, Morals, Reason, and Animals, animal rights philosopher Steve F. Sapontzis argued that from an antispeciesist perspective, humans should aid animals suffering in the wild, as long as a greater harm is not inflicted overall.[107]

In 1991, the environmental philosopher Arne Næss critiqued what he termed the "cult of nature" of contemporary and historical attitudes of indifference towards suffering in nature. He argued that humans should confront the reality of the wilderness,

including disturbing natural processes—when feasible—to relieve suffering.[108]

In his 1993 article "Pourquoi je ne suis pas écologiste" ("Why I am not an environmentalist"), published in the antispeciesist journal Cahiers antispécistes, the animal rights philosopher David Olivier argued that he is opposed to environmentalists because

they consider predation to be good because of the preservation of species and "natural balance", while Olivier gives consideration to the suffering of the individual animal being predated. He also asserted that if the environmentalists were themselves at

risk of being predated, they wouldn't follow the "order of nature". Olivier concluded: "I don't want to turn the universe into a planned, man-made world. Synthetic food for foxes, contraception for hares, I only half like that. I have a problem that I do not know

how to solve, and I am unlikely to find a solution, even theoretical, as long as I am (almost) alone looking for one."[109]

21st century [ edit ]

Publications [ edit ]

In 2009, essayist Brian Tomasik published the essay, "The Importance of Wild-Animal Suffering". In the essay, Tomasik makes the case that the number of individual wild animals in existence is significantly larger than the number of non-human animals

used by humans and that, as a result, animal advocates should focus on promoting concern for the suffering experienced by animals in their natural environments. He also makes the point that as much as there is a vast amount of suffering existing in the

present, that human descendants could increase the amount of wild animal suffering in existence astronomically, if these descendants chose to multiply wild animal suffering, rather than preventing it.[110] In 2015, a version of the essay was published in

the journal Relations. Beyond Anthropocentrism,[1] in the special two-volume issue "Wild Animal Suffering and Intervention in Nature", which collected contributions from a number of authors on the topic of wild animal suffering.[111][112]

Jeff McMahan's 2010 essay "The Meat Eaters" was published by The New York Times, in which he argued in favor of taking steps to reduce animal suffering in the wild, particularly by reducing predation.[113] In the same year, McMahan published

"Predators: A Response", a reply to the criticism he received for his original article.[114]

Vox has published multiple articles on the topic of wild animal suffering. In 2015, it published sociologist Jacy Reese Anthis's article "Wild animals endure illness, injury, and starvation. We should help.";[115] in his 2018 book The End of Animal Farming,

Anthis discusses expanding the circle of human moral concern to include invertebrates and animals suffering in the wild.[116] In 2021, Vox published the journalist Dylan Matthews's article "The wild frontier of animal welfare", which analyzed the views of

various philosophers and scientists on the topic.[117]

The digital magazine Aeon has published essays by philosophers which discuss wild animal suffering, "We have an ethical obligation to relieve individual animal suffering" (2018)[118] and "All we owe to animals" (2020).[17]

Philosopher Catia Faria, in 2016, successfully defended her Ph.D. thesis, Animal Ethics Goes Wild: The Problem of Wild Animal Suffering and Intervention in Nature; the first thesis of its kind to argue that humans have an obligation to help animals in the

wild.[119] In 2022, she is expected to publish a book on the topic, Animal Ethics in the Wild: Wild Animal Suffering and Intervention in Nature.[120]

In 2020, philosopher Kyle Johannsen published Wild Animal Ethics: The Moral and Political Problem of Wild Animal Suffering. The book argues that wild animal suffering is a pressing moral issue and that humans have a collective moral duty to intervene

in nature to reduce suffering.[121] In the same year, a symposium was held at Queen's University on Johannsen's book.[122]

Animal rights activist and philosopher Oscar Horta published Making a Stand for Animals, in 2022, which includes a chapter titled "In defense of animals!", which argues that giving moral consideration to animals implies aiding them when they suffer due to natural processes.[123]

Organizations [ edit ]

In response to arguments for the moral and political importance of wild animal suffering, a number of organizations have been created to research and address the issue. Two of these, Utility Farm and Wild-Animal Suffering Research merged in 2019 to form Wild Animal Initiative.[124] The

nonprofit organization Animal Ethics also researches wild animal suffering and advocates on behalf of wild animals, among other populations.[125] Rethink Priorities is a research organization which, among other topics, has conducted research on wild animal suffering, particularly around

invertebrate sentience and invertebrate welfare.[126][127]

The Wildlife Disaster Network was founded in 2020 with the intention of helping wild animals suffering in natural disasters. Jamie Payton, who works for the network, challenges the view that wild animals in disasters situations manage best when left alone, stating: "Without human interference,

these animals will suffer and succumb, due not only to their injuries but also to the loss of food, water and habitat. It is our obligation to provide the missing link for the wildlife that share our home."[128]

Philosophical status [ edit ]

Predation as a moral problem [ edit ]

Main article: Predation problem

Predation has been considered a moral problem by some philosophers, who argue that humans have an obligation to prevent it,[12][129] while others argue that intervention is not ethically required.[130][131] Others have argued that humans shouldn't do anything about it right now because there's

a chance we'll unwittingly cause serious harm, but that with better information and technology, it may be possible to take meaningful action in the future.[132] An obligation to prevent predation has been considered untenable or absurd by some writers, who have used the position as a reductio ad

absurdum to reject the concept of animal rights altogether.[133][134] Others have argued that attempting to reduce it would be environmentally harmful.[135]

Arguments for intervention [ edit ]

Animal rights and welfare perspectives [ edit ]

Some theorists have reflected on whether the harms animals suffer in the wild should be accepted or if something should be done to mitigate them.[6] The moral basis for interventions aimed at reducing wild animal suffering can be rights or welfare based.

Advocates of such interventions argue that non-intervention is inconsistent with either of these approaches.

From a rights-based perspective, if animals have a moral right to life or bodily integrity, intervention may be required to prevent such rights from being violated by other animals.[136] Animal rights philosopher Tom Regan was critical of this view; he argued

that because animals aren't moral agents, in the sense of being morally responsible for their actions, they can't violate each other's rights. Based on this, he concluded that humans don't need to concern themselves with preventing suffering of this kind,

unless such interactions were strongly influenced by humans.[137]: 14–15 

Oscar Horta argues that it is a mistaken perception that the animal rights position implies a respect for natural processes because of the assumption that animals in the wild live easy and happy lives, when in reality, they live short and painful lives full of

suffering.[6] It has also been argued that a non-speciesist legal system would mean animals in the wild would be entitled to positive rights—similar to what humans are entitled to by their species-membership—which would give them the legal right to food,

shelter, healthcare and protection.[138]

From a welfare-based perspective, a requirement to intervene may arise insofar as it is possible to prevent some of the suffering experienced by wild animals without causing even more suffering.[139] Katie McShane argues that biodiversity is not a good

proxy for wild animal welfare: "A region with high biodiversity is full of lots of different kinds of individuals. They might be suffering; their lives might be barely worth living. But if they are alive, they count positively toward biodiversity."[140]

Non-intervention as a form of speciesism [ edit ]

Some writers have argued that humans refusing to aid animals suffering in the wild, when they would help humans suffering in a similar situation, is an example of speciesism;[2] the differential treatment or moral consideration of individuals based on their

species membership.[141] Jamie Mayerfeld contends that a duty to relive suffering which is blind to species membership implies an obligation to relieve the suffering of animals due to natural processes.[142] Stijn Bruers argues that even long-term animal

rights activists sometimes hold speciesist views when it comes to this specific topic, which he calls a "moral blind spot".[143] His view is echoed by Eze Paez, who asserts that advocates who disregard the interests of animals purely because they live in the

wild are responsible for the same form of discrimination used by those who justify the exploitation of animals by humans.[144] Oscar Horta argues that spreading awareness of speciesism will in turn increase concern for the plight of animals in the wild.[145]

Humans already intervene to further human interests [ edit ]

Oscar Horta asserts that humans are constantly intervening in nature, in significant ways, to further human interests, such as furthering environmentalist ideals. He criticizes how interventions are considered to be realistic, safe or acceptable when their

aims favor humans, but not when they focus on helping wild animals. He argues that humans should shift the aim of these interventions to consider the interests of sentient beings; not just humans.[16]

Human responsibility for enhancing natural harms [ edit ]

Philosopher Martha Nussbaum asserts that humans continually "affect the habitats of animals, determining opportunities for nutrition, free movement, and other aspects of flourishing" and contends that the pervasive human involvement in natural processes means that humans have a moral

responsibility to help individuals affected by our actions. She also argues that humans may have the capacity to help animals suffering due to entirely natural processes, such as diseases and natural disasters and asserts that way may have duties to provide care in these cases.[146]: 374 

Jeff Sebo, a philosopher, argues that animals in the wild suffer as a result of natural processes, as well as human-caused harms. He asserts that climate change is making existing harms more severe and creating new harms for these individuals. From this, he concludes that there are two

reasons to help individual animals in the wild: "they are suffering and dying, and we are either partly or wholly responsible".[17] Similarly, philosopher Steven Nadler argues that climate change means "that the scope of actions that are proscribed – and, especially, prescribed – by a consideration

of animal suffering should be broadened".[118] However, Nadler goes further, asserting that humans have a moral obligation to help individual animals suffering in the wild regardless of human responsibility.[118]

Arguments against intervention [ edit ]

Practicality of intervening in nature [ edit ]

A common objection to intervening in nature is that it would be impractical, either because of the amount of work involved or because the complexity of ecosystems would make it difficult to know whether or not an intervention would be net beneficial on

balance.[114] Aaron Simmons argues that humans should not intervene to save animals in nature because doing so would result in unintended consequences such as damaging ecosystems, interfering with human projects, or resulting in more animal

deaths overall.[12] Nicolas Delon and Duncan Purves argue that the "nature of ecosystems leaves us with no reason to predict that interventions would reduce, rather than exacerbate, suffering".[10] Peter Singer has argued that intervention in nature would

be justified if one could be reasonably confident that this would greatly reduce wild animal suffering and death in the long run. In practice, however, Singer cautions against interfering with ecosystems because he fears that doing so would cause more

harm than good.[104][147]

Other authors dispute Singer's empirical claim about the likely consequences of intervening in the natural world and argue that some types of intervention can be expected to produce good consequences overall. Economist Tyler Cowen cites examples of

animal species whose extinction is not generally regarded as having been on balance bad for the world. Cowen also notes that insofar as humans are already intervening in nature, the relevant practical question is not whether there should be intervention,

but what particular forms of intervention should be favored.[139] Oscar Horta similarly writes that there are already many cases in which humans intervene in nature for other reasons, such as for human interest in nature and environmental preservation as

something valuable in their own rights.[6] Horta has also proposed that courses of action aiming at helping wild animals should be carried out and adequately monitored first in urban, suburban, industrial, or agricultural areas.[148] Likewise, Jeff McMahan

argues that since humans "are already causing massive, precipitate changes in the natural world," humans should favor those changes that would promote the survival "of herbivorous rather than carnivorous species."[114] Peter Vallentyne, a philosopher,

suggests that, while humans should not eliminate predators in nature, they can intervene to help prey in more limited ways. In the same way that humans help humans in need when the cost to us is small, humans might help some wild animals at least in

limited circumstances.[149]

Potential conflict between animal rights and environmentalism [ edit ]

See also: Relationship between animal ethics and environmental ethics

It has been argued that the environmentalist goal of preserving certain abstract entities such as species and ecosystems and a policy of non-interference in regard to natural processes is incompatible with animal rights views, which place the welfare and

interests of individual animals at the center of concern.[150][151][152] Examples include environmentalists supporting hunting for species population control, while animal rights advocates oppose it;[72] animal rights advocates arguing for the extinction or reengineering of carnivores or r-strategist

species, while deep ecologists defend their right to be and flourish as they are;[132][153] animal rights advocates defending the reduction of wildlife habitats or arguing against their expansion out of concern that most animal suffering takes place within them, while environmentalists want to

safeguard and expand them.[154][155] Oscar Horta argues that there are instances where environmentalists and animal rights advocates may both support approaches that would consequently reduce wild animal suffering.[155]

Intrinsic value of ecological processes, wilderness and wildness [ edit ]

Some writers, such as the environmental ethicist Holmes Rolston III, argue that natural animal suffering is valuable because it serves an ecological purpose and that only animal suffering due to non-natural processes is morally bad and, as a result, humans do not have a duty to intervene in

cases of suffering caused by natural processes.[156][page needed] Rolston celebrates carnivores in nature because of the significant ecological role they play.[153] Others argue that the reason that humans have a duty to protect other humans from predation, but not wild animals, is that humans are

part of the cultural world rather than the natural world and so different rules apply to them in these situations.[153][157] Some writers assert that animals who are preyed upon are fulfilling their natural function, and thus flourishing when they are preyed upon or otherwise die, since this allows

natural selection to work.[136]

Yves Bonnardel, an animal rights philosopher, has criticized this view, as well as the concept of nature, which he describes as an "ideological tool" that places humans in a superior position above other animals, who exist only to perform certain ecosystem functions, such as a rabbit being food

for a wolf. Bonnardel compares this with the religious idea that a slaves exist for their masters, or that woman exists for the sake of man. He argues that animals as individuals all have an interest in living.[158]

Wilderness advocates argue that wilderness is intrinsically valuable; the biologist E. O. Wilson wrote that "wilderness has virtue unto itself and needs no extraneous justification".[159] Joshua Duclos describes the moral argument against preserving wilderness because of the suffering

experienced by wild animals who live in them as the "objection from welfare".[160]

Jack Walker argues that the "intrinsic value of wildness cannot be used to oppose large-scale interventions to reduce [wild animal suffering]".[161] Joshua Duclos that wilderness is given intrinsic value of from a narrow anthropocentric perspective, with a religio-spiritual dimension.[162]

Nature as idyllic [ edit ]

The idyllic view of nature is described as the widely-held view that happiness in nature is widespread.[6][7] Oscar Horta argues that even though many people are aware of the harms that animals in the wild experience, such as predation, starvation and disease, as well as recognizing that these

animals may suffer as a result of these harms, they don't conclude from this that wild animals have bad enough lives to imply that nature is not a happy place. Horta also contends that a romantic conception of nature has significant implications for attitudes people have towards animals in the

wild, as holders of the view may oppose interventions to reduce suffering.[6]

Bob Fischer argues that many wild animals may have "net negative" lives (experiencing more pain than pleasure), even in the absence of human activity. However, Fischer argues that if many animals have net negative lives, then what is good for the animal, as an individual, may not be good for

its species, other species, the climate or the preservation of biodiversity; for example, some animals may have to have their populations massively reduced and controlled and some species, such as parasites or predators, eliminated entirely.[163]

Intervention as hubris [ edit ]

Some writers have argued that interventions to reduce wild animal suffering would be an example of arrogance, hubris, or playing God, as such interventions could potentially have disastrous unforeseen consequences. They are also sceptical of the competence of humans when it comes to

making correct moral judgements, as well as human fallibility. Additionally, they contend that the moral stance of humans and moral agency can lead to the imposition of anthropocentric or paternalistic values on others. To support these claims, they use the history of human negative impacts on

nature, including species extinctions, wilderness and resource depletion, as well as climate change. From this, they conclude that the best way that humans can help animals in the wild is through the preservation of larger wilderness areas and by reducing the human sphere of influence on

nature.[13]

Critics of this position, such as Beril Sözmen, argue that human negative impacts are not inevitable and that, until recently, interventions were not undertaken with the goal of improving the well-being of individual animals in the wild. Furthermore, she contends that such examples of

anthropogenic harms are not the consequence of misguided human intervention gone awry, but are actually the result of human agriculture and industry, which do not consider, or do not care, about their impact on nature and animals in the wild. Sözmen also asserts that the holders of this

position may view that nature as exists in a delicate state of balance and have an overly romantic view of the lives of animals in the wild and, that she contends, actually contain vast amounts of suffering.[13] Martha Nussbaum argues that because humans are constantly intervening in nature, the

central question should be what form should these interventions take, rather than whether interventions should take place, arguing that "intelligently respectful paternalism is vastly superior to neglect".[146]: 377 

Laissez-faire [ edit ]

See also: Clare Palmer § Animal ethics

A laissez-faire view, which holds that humans should not harm animals in the wild, but do not have an obligation to aid these individuals when in need, has been defended by Tom Regan, Elisa Aaltola, Clare Palmer and Ned Hettinger. Regan argued that the suffering animals inflict on each other

should not be a concern of ethically motivated wildlife management and that these wildlife managers should instead focus on letting animals in the wild exist as they are, with no human predation, and to "carve out their own destiny".[14] Aaltola similarly argues that predators should be left to

flourish, despite the suffering that they cause to the animals that they predate.[15] Palmer endorses a variant of this position, which claims that humans may have an obligation to assist wild animals if humans are responsible for their situation.[164] Hettinger argues for laissez-faire based on the

environmental value of "Respect for an Independent Nature".[165]

Catia Faria argues that following the principle that humans should only help individuals when they are being harmed by humans, rather than by natural processes, would also mean refusing to help humans and companion animals when they suffer due to natural processes, however, this

implication does not seem acceptable to most people and she asserts that there are strong reasons to help these individuals when humans have capacity to do so. Faria argues that there is an obligation to help animals in the wild suffering in similar situations and, as a result, the laissez-faire

view does not hold up.[166] Similarly, Steven Nadler argues that it is morally wrong to refuse help to animals in the wild regardless of whether humans are indirectly or directly responsible for their suffering, as the same arguments used to decline aid to humans who were suffering due to natural

harms such as famine, a tsunami or pneumonia would be considered immoral. He concludes that if the only thing that is morally relevant is an individual's capacity to suffer, there is no relevant moral difference between humans and other animals suffering in these situations.[118] In the same

vein, Steve F. Sapontizis asserts that: "When our interests or the interests of those we care for will be hurt, we do not recognize a moral obligation to 'let nature take its course'".[167]

Wild animal sovereignty [ edit ]

Some writers, such as the animal rights philosophers Sue Donaldson and Will Kymlicka, in Zoopolis, argue that humans should not perform large interventions to help animals in the wild. They assert that these interventions would be taking away their sovereignty, by removing the ability for these

animals to govern themselves.[168] Christiane Bailey asserts that certain wild animals, especially prosocial animals, have sufficient criteria to be considered as moral agents, that is to say, individuals capable of making moral judgments and who have responsibilities. She argues that aiding them

would be reducing wild animals to beings incapable of making decisions for themselves.[169]

Oscar Horta emphasizes the fact that although some individuals may form sovereign groups, the vast majority of wild animals are either solitary or re-selectors, whose population size varies greatly from year to year. He contends that most of their interactions would be amensalism,

commensalism, antagonism or competition. Therefore, the majority of animals in the wild would not form sovereign communities if humans use the criteria established by Donaldson and Kymlicka.[170]

Analogy with colonialism [ edit ]

Estiva Reus asserts that a comparison exists, from a certain perspective, between the spirit which animated the defenders of colonialism who saw it as necessary human progress for "backward peoples", and the idea which inspires writers who argue for reforming nature in the interest of wild

animals: the proponents of the two positions consider that they have the right and the duty, because of their superior skills, to model the existence of beings unable to remedy by their own means the evils which overwhelm them.[171]

Thomas Lepeltier, a historian and writer on animal ethics, argues that "if colonization is to be criticized, it is because, beyond the rhetoric, it was an enterprise of spoliation and exaction exercised with great cruelty."[172] He also contends that writers who advocate for helping wild animals do not

do so for their own benefit because they would have nothing to gain by helping these individuals. Lepeltier goes on to assert that the advocates for reducing wild animal suffering would be aware of their doubts about how best to help these individuals and that they would not act by considering

them as rudimentary and simple to understand beings, contrary to the vision that the former colonizers had of colonized populations.[172]

Intervention in practice [ edit ]

Existing forms of assistance [ edit ]

See also: Wildlife rehabilitation

Existing ways that individual animals suffering in the wild are aided include providing medical care to sick and injured animals, vaccinating animals to prevent disease, taking care of orphaned animals, rescuing animals who are trapped, or in natural

disasters, taking care of the needs of animals who are starving or thirsty, sheltering animals who are suffering due to weather conditions,[145] and using contraception to regulate population sizes.[173]

History of interventions [ edit ]

The Bishnoi, a Hindu sect founded in the 15th century, have a tradition of feeding wild animals.[174] Some Bishnoi temples also act as rescue centres, where priests take care of injured animals; a few of these individuals are returned to the wild, while

others remain, roaming freely in the temple compounds.[175] The Borana Oromo people leave out water overnight for wild animals to drink because they believe that the animals have a right to drinking water.[176]

In 2002, the Australian Government authorized the killing of 15,000, out of 100,000, kangaroos who were trapped in a fenced-in national military base and suffering in a state of illness, misery and starvation.[177] In 2016, 350 starving hippos and buffaloes

at Kruger National Park were killed by park rangers; one of the motives for the action was to prevent them from suffering as they died.[178]

Rescues of multiple animals in the wild have taken place: in 1988, the US and Soviet governments collaborated in Operation Breakthrough, to free three gray whales who were trapped in pack ice off the coast of Alaska;[179] in 2018, a team of BBC

filmmakers dug a ramp in the snow to allow a group of penguins to escape a ravine in Antarctica;[180] in 2019, 2,000 baby flamingos were rescued during a drought in South Africa;[181] during the 2019–20 Australian bushfire season, a number of fire-

threatened wild animals were rescued;[182] in 2020, 120 pilot whales, who were beached, were rescued in Sri Lanka;[183] in 2021, 1,700 Cape cormorant chicks, who had been abandoned by their parents, were rescued in South Africa;[184] in the same

year, nearly 5,000 cold-stunned sea turtles were rescued in Texas.[185]

Vaccination programs have been successfully implemented to prevent rabies and tuberculosis in wild animals.[186] Wildlife contraception has been used to reduce and stabilize populations of wild horses, white-tailed deer, American bison and African

elephants.[173][187]

Future developments [ edit ]

Proposed interventions [ edit ]

It has been argued that in the future, based on research, feasibility and whether interventions could be carried out without increasing suffering overall, existing forms of assistance for wild animals could be employed on a larger scale to reduce suffering.
[115][188] Technological proposals include gene drives and CRISPR to reduce the suffering of members of r-strategist species[189] and using biotechnology to eradicate suffering in wild animals.[19][190]

When it comes to reducing suffering as a result of predation, propositions include removing predators from wild areas,[191][192] refraining from reintroducing predators into areas where they have previously gone extinct,[72][193] arranging the gradual extinction of carnivorous species,[54] and

"reprogramming" them to become herbivores using germline engineering.[188] With predation due to cats and dogs, it has been recommended that these companion animals should always be sterilized to prevent the existence of feral animals, that cats should be kept indoors and dogs kept on a

leash, unless in designated areas.[194]

Some writers, such as Brian Tomasik have argued from a consequentialist perspective, that following the conclusion that the majority of wild animals live negative lives, that loss of habitat, rather than being opposed, should be encouraged. Tyler M. John and Jeff Sebo have criticised this

position, terming it the "Logic of the Logger", based on the concept of the "Logic of the Larder".[195]

Welfare biology [ edit ]

Main article: Welfare biology

Welfare biology is a proposed research field for studying the welfare of animals, with a particular focus on their relationship with natural ecosystems.[196] It was first advanced in 1995 by Yew-Kwang Ng, who defined it as "the study of living things and their environment with respect to their

welfare (defined as net happiness, or enjoyment minus suffering)".[71] Such research is intended to promote concern for animal suffering in the wild and to establish effective actions that can be undertaken to help these individuals in the future.[197][198] The organizations Animal Ethics and Wild

Animal Initiative promote the establishment of welfare biology as a field of research.[199]

Impact of climate change [ edit ]

It has been argued that climate change may have a large direct impact on a number of animals, with the largest effect on individuals who belong to specialist species that specialise in living in environments which could be most affected by climate change; this could then lead to replacement by

individuals belonging to more generalist species. It has also been asserted that the indirect impact of climate change on wild animal suffering will be whether it leads to an increase or decrease of individuals being born into lives where they suffer and die shortly after coming into existence, with a

large number of factors needing to be taken into consideration and requiring further study to assess this.[155]

Risks [ edit ]

Spreading wild animal suffering beyond Earth [ edit ]

Several researchers and non-profit organizations have raised concern that human civilization may cause wild animal suffering outside Earth. For example, wild habitats may be created—or allowed to happen—on extraterrestrial colonies like terraformed planets.[200][201] Another example of a

potential realization of the risk is directed panspermia where the initial microbial population eventually evolves into sentient organisms.[202][203][204]

Spreading sentient wild animals beyond Earth may constitute a suffering risk, as this could potentially lead to an immense increase in the amount of wild animal suffering in existence.[205]

Cultural depictions [ edit ]

Wildlife documentaries [ edit ]

Criticism of portrayals of wild animal suffering [ edit ]

It has been argued that much of people's knowledge about wild animals comes from wildlife documentaries, which have been described as non-representative of the reality of wild animal suffering because they underrepresent uncharismatic animals who

may have the capacity to suffer, such as animals who are preyed upon, as well as small animals and invertebrates.[206] In addition, it is claimed that such documentaries focus on adult animals, while the majority of animals who likely suffer the most, die

before reaching adulthood;[206] that wildlife documentaries don't generally show animals suffering from parasitism;[137]: 47  that such documentaries can leave viewers with the false impression that animals who have been attacked by predators and suffered

serious injury survived and thrived afterwards;[207] and that much of the particularly violent incidents of predation are not included.[208] The broadcaster David Attenborough has stated: "People who accuse us of putting in too much violence, [should see]

what we leave on the cutting-room floor."[209]

It is also contended that wildlife documentaries present nature as a spectacle to be passively consumed by viewers, as well as a sacred and unique place that needs protection. Additionally, attention is drawn to how hardships that are experienced by

animals are portrayed in a way that give the impression that wild animals, through adaptive processes, are able to overcome these sources of harm. However, the development of such adaptive traits takes place over a number of generations of individuals

who will likely experience much suffering and hardship in their lives, while passing down their genes.[210]

David Pearce, a transhumanist and advocate for technological solutions for reducing the suffering of wild animals, is highly critical of how wildlife documentaries, which he refers to as "animal snuff-movies", represent wild animal suffering:[211]

Nature documentaries are mostly travesties of real life. They entertain and edify us with evocative mood-music and travelogue-style voice-overs. They impose significance and narrative structure on life's messiness. Wildlife shows have their sad

moments, for sure. Yet suffering never lasts very long. It is always offset by homely platitudes about the balance of Nature, the good of the herd, and a sort of poor-man's secular theodicy on behalf of Mother Nature which reassures us that it's

not so bad after all. ... That's a convenient lie. ... Lions kill their targets primarily by suffocation; which will last minutes. The wolf pack may start eating their prey while the victim is still conscious, though hamstrung. Sharks and the orca basically

eat their prey alive; but in sections for the larger prey, notably seals.

Pearce also argues, through analogy, how the idea of intelligent aliens creating stylised portrayals of human deaths for popular entertainment would be considered abhorrent; he asserts that, in reality, this is the role that humans play when creating wildlife documentaries.[211]

Clare Palmer asserts that even when wildlife documentaries contain vivid images of wild animal suffering, they don't motivate a moral or practical response in the way that companion animals, such as dogs or cats, suffering in similar situations would and most people instinctively adopt the

position of laissez-faire: allowing suffering to take its course, without intervention.[212]

Non-intervention as a filmmaking rule [ edit ]

The question of whether wildlife documentary filmmakers should intervene to help animals is a topic of much debate.[213] It has been described as a "golden rule" of such filmmaking to observe animals, but not intervene.[214] The rule is occasionally broken, with BBC documentary crews rescuing

some stranded baby turtles in 2016 and rescuing a group of penguins trapped in a ravine in 2018;[215] the latter decision was defended by other wildlife documentary filmmakers.[180] Filmmakers following the rule have been criticized for filming dying animals, such as an elephant dying of thirst,

without helping them.[215]

In fiction [ edit ]

Herman Melville, in Moby-Dick, published in 1851, describes the sea as a place of "universal cannibalism", where "creatures prey upon each other, carrying on eternal war since the world began"; this is illustrated by a later scene depicting sharks

consuming their own entrails.[216]

The fairy tales of Hans Christian Andersen contain depictions of the suffering of animals due to natural processes and their rescues by humans. The titular character in "Thumbelina" encounters a seemingly dead frozen swallow. Thumbelina feels sorry for

the bird and her companion the mole states: "What a wretched thing it is to be born a little bird. Thank goodness none of my children can be a bird, who has nothing but his 'chirp, chirp', and must starve to death when winter comes along."[217] However,

Thumbelina discovers that the swallow isn't actually dead and manages to nurse them back to health.[218] In "The Ugly Duckling", the bitter winter cold causes the duckling to become frozen in an icy pond; the duckling is rescued by a farmer who breaks

the ice and takes the duckling to his home to be resuscitated.[219]

In the 1923 book Bambi, a Life in the Woods, Felix Salten portrays a world where predation and death are continuous: a sick young hare is killed by crows, a pheasant and a duck are killed by foxes, a mouse is killed by an owl and a squirrel describes

how their family members were killed by predators.[220] The 1942 Disney adaptation has been criticized for inaccurately portraying a world where predation and death are no longer emphasized, creating a "fantasy of nature cleansed of the traumas and

difficulties that may trouble children and that adults prefer to avoid."[221] The film version has also been criticized for unrealistically portraying nature undisturbed by humans as an idyllic place, made up of interspecies friendships, with Bambi's life

undisturbed by many of the harms routinely experienced by his real-life counterparts, such as starvation, predation, bovine tuberculosis and chronic wasting disease.[206]

John Wyndham's character Zelby, in the 1957 book The Midwich Cuckoos, describes nature as "ruthless, hideous, and cruel beyond belief" and observes that the lives of insects are "sustained only by intricate processes of fantastic horror".[222]

In Watership Down, published in 1972, Richard Adams compares the hardship experienced by animals in winter to the suffering experienced by poor humans, stating: "For birds and animals, as for poor men, winter is another matter. Rabbits, like most

wild animals, suffer hardship."[223] Adams also describes rabbits as being more susceptible to disease in the winter.[223]

In the philosopher Nick Bostrom's short story "Golden", the main character Albert, an uplifted golden retriever, observes that humans observe nature from an ecologically aesthetic perspective which disregards the suffering of the individuals who inhabit

"healthy" ecosystems;[224] Albert also asserts that it is a taboo in the animal rights movement that the majority of the suffering experienced by animals is due to natural processes and that "[a]ny proposal for remedying this situation is bound to sound

utopian, but my dream is that one day the sun will rise on Earth and all sentient creatures will greet the new day with joy."[225]

The character Lord Vetinari, in Terry Pratchett's Unseen Academicals, in a speech, tells how he once observed a salmon being consumed alive by a mother otter and her children feeding on the salmon's eggs. He sarcastically describes "[m]other and children dining upon mother and children" as

one of "nature's wonders", using it as an example of how evil is "built into the very nature of the universe".[226] This depiction of evil has been described as non-traditional because it expresses horror at the idea that evil has been designed as a feature of the universe.[227]

In poetry [ edit ]

Homer, in the Iliad, employs the simile of a stag who, as a victim, is wounded by a human hunter and is then devoured by jackals, who themselves are frightened away by a scavenging lion.[228] In the epigram "The Swallow and the Grasshopper",

attributed to Euenus, the poet writes of a swallow feeding a grasshopper to its young, remarking: "wilt not quickly cast it loose? for it is not right nor just that singers should perish by singers' mouths."[229]

Al-Ma'arri wrote of the kindness of giving water to birds and speculated whether there was a future existence where innocent animals would experience happiness to remedy the suffering they experience in this world. In the Luzūmiyyāt, he included a

poem addressed to the wolf, who: "if he were conscious of his bloodguiltiness, would rather have remained unborn."[230]

In "On Poetry: A Rhaposdy", written in 1733, Jonathan Swift argues that Hobbes proved that all creatures exist in a state of eternal war and uses predation by different animals as evidence of this: "A Whale of moderate Size will draw / A Shole of Herrings

down his Maw. / A Fox with Geese his Belly crams; / A Wolf destroys a thousand Lambs."[231] Voltaire makes similar descriptions of predation in his "Poem on the Lisbon Disaster", published in 1756, arguing: "Elements, animals, humans, everything is at

war".[232] Voltaire also asserts that "all animals [are] condemned to live, / All sentient things, born by the same stern law, / Suffer like me, and like me also die."[233]

In William Blake's Vala, or The Four Zoas, the character Enion laments the cruelty of nature,[234] observing how ravens cry out, but don't receive pity and how sparrows and robins starve to death in the winter. Enion also mourns how wolves and lions

reproduce in a state of love, then abandon their young to the wilds and how a spider labours to create a web, awaiting a fly, but then is consumed by a bird.[235]

Erasmus Darwin in The Temple of Nature, published posthumously in 1803, observes the struggle for existence, describing how different animals feed upon each other: "The towering eagle, darting from above, / Unfeeling rends the inoffensive dove [...]

Nor spares, enamour'd of his radiant form, / The hungry nightingale the glowing worm" and how parasitic animals, like botflies, reproduce, their young feeding inside the living bodies of other animals: "Fell Oestrus buries in her rapid course / Her countless

brood in stag, or bull, or horse; / Whose hungry larva eats its living way, / Hatch'd by the warmth, and issues into day."[236]: 154–155  He also refers to the world as "one great Slaughter-house".[236]: 159  In a footnote, he speculates whether humans could

someday create a food source for predatory animals based on sugar, asserting that, as a result, "food for animals would then become as plentiful as water, and they might live upon the earth without preying on each other, as thick as blades of grass, with no restraint to their numbers but the want

of local room."[236]: 160  The poem has been used as an example of how Erasmus Darwin predicted evolutionary theory.[237]

Isaac Gompertz, the brother of Lewis Gompertz, in his 1813 poem "To the Thoughtless", criticises the assertion that human consumption of other animals is justified because it is designed that way by nature, inviting the reader to imagine themselves being predated by an animal and to consider

whether they would want to have their life saved, in the same way an animal being preyed upon—such as a fly attacked by a spider—would, despite predation being part of nature-given law.[238]

In the 1818 poem "Epistle to John Hamilton Reynolds", John Keats retells to John Hamilton Reynolds how one evening he was by the ocean, when he saw: "Too far into the sea; where every maw / The greater on the less feeds evermore" and observes that there exists an "eternal fierce

destruction" at the core of the world: "The Shark at savage prey — the hawk at pounce, — / The gentle Robin, like a Pard or Ounce, / Ravening a worm".[239] The poem has been cited as an example of Erasmus Darwin's writings on Keats.[240]

In 1850, Alfred Tennyson published the poem "In Memoriam A.H.H.", which contained the expression "Nature, red in tooth and claw"; this phrase has since become commonly used as a shorthand to refer to the extent of suffering in nature.[241] In his 1855 poem "Maud", Tennyson described

nature as irredeemable because of the theft and predation it intrinsically contains: "For nature is one with rapine, a harm no preacher can heal; / The Mayfly is torn by the swallow, the sparrow spear'd by the shrike, / And the whole little wood where I sit is a world of plunder and prey."[242]

Edwin Arnold in The Light of Asia, a narrative poem published in 1879 about the life of Prince Gautama Buddha, describes how originally the prince saw the "peace and plenty" of nature, but upon closer inspection he observed: "Life living upon death. So the fair show / Veiled one vast, savage,

grim conspiracy / Of mutual murder, from the worm to man".[243] It has been asserted that the Darwinian struggle depicted in the poem comes more from Arnold than Buddhist tradition.[244]

See also [ edit ]
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I prefer life in the slow lane

By Brian Tomasik
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Summary

As of 2021, I'm trying to reduce my information overload and the number of projects

and conversations that I'm involved with. It's difficult to know how to decline

interactions with other people politely, but I thought writing this page could be one

way to make it clear that if I fail to engage with someone, it's due to generally

wanting to feel less stressed rather than something specific to that person.

The rest of this article is purely optional reading about my own thoughts on the

issue of having too much going on in one's life. Unfortunately, my preference for

slowness and tranquility is in opposition to having lots of utilitarian impact, and if

you can tolerate a faster-paced lifestyle, you should do that because you're much

more likely to have outsized impact that way. (I worry a bit about tempting anyone

toward my lower-impact approach to life.)
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My history

I grew up in relatively quiet rural environments. As a kid, I spent a lot of time

outdoors (which, in hindsight, was bad for all the critters that I crushed under my

footsteps while doing so). Until age ~10, I wasn't allowed to watch non-public TV,

which meant that I didn't have as much exposure to flashy entertainment as most

other kids, although there were some exceptions like Bill Nye the Science Guy,

which is a fast-paced show. I was fond of Mister Rogers' Neighborhood, which

moves at a relaxed pace. Sometimes Fred Rogers even asked viewers to just sit and

think quietly for a moment.

School forces students to learn to sometimes work at a fast pace. That's particularly

true for tests like the SAT where time is extremely scarce. It's also true in terms of

the homework load. During high school, I spent most of my waking hours on school

work, and yet I sometimes still had to stay up late to finish assigments at the level of

thoroughness I preferred. Eventually, by 12th grade, I learned to be less perfectionist

in order to get homework done without any all-nighters. I continued to be less

perfectionist during college and for a few years after, out of habit.

I dislike the feeling of being stressed, though I was frequently stressed by school

and then later having a full-time job. I think I felt I didn't have any other choice than

to be a high performer, so the stress was inevitable. Utilitarian ethics is also

demanding and can make one feel guilty about too much relaxation.

I still like to work hard and feel guilty about being lazy, but as I've gotten older, I may

be a bit more averse to stress than in the past and very much prefer a relaxed pace

of life where I set my own timelines for doing things and don't feel overwhelmed by

how much there is to do. Unfortunately, in our fast-paced modern world, it can be

hard not to feel overwhelmed.

Message overload

I first uploaded some of my writings to a website in summer 2006. A few months

later, I received my first email from a reader of the site. I was excited and flattered

that someone was interested in what little old me had written. Over the years, as the

number of articles on my site and my readership grew, it became more frequent for

people to write to me. I still greatly appreciated people's interest and kind words,

but replying to all the messages became a bit more of a chore due to their volume.

By 2021, due to a combination of my slowness and the frequency of messages I

received, I decided to take the unfortunate step of making the "Contact me" page

on my website harder to find in order to reduce the number of messages I receive.

Another option could be to just not reply to most people, but whenever I receive a

non-spam message that I fail to reply to, I feel bad about it.

I also feel bad when I fail to reply to messages on Facebook, comments on my

YouTube videos, mentions of me on Slack, and so on. I often feel like I'm drowning in

messages, as well as millions of other little tasks, with no hope of unburying myself.

Often I try to calm this feeling of being overwhelmed by thinking: "I'll get to

whichever tasks I get to, and if I don't get to others, then oh well." But it's hard for

my completionist brain to accept that, and I worry about people who write to me

feeling rejected if I fail to reply.

I think the volume of messages I receive might be easily manageable for a "normal

person". However, I'm extremely introverted, and when I have too many

conversations without getting other work done, it can feel like I've eaten too much

candy. I also like to absorb people's messages slowly and reply thoughtfully. When I

read things quickly, I feel like I'm doing a chore; reading slowly allows me to feel like

I'm savoring a dessert bite by bite. However, this "quality over quantity" approach to

communication makes me a laggard.

Highly sensitive person

In 2021 I learned about the concept of a highly sensitive person (HSP). On 

's HSP test, I answer "yes" to about 18 questions, and the page says: "If you

answered more than fourteen of the questions as true of yourself, you are probably

highly sensitive."  summarizes high sensitivity with the

"DOES" acronym: "Depth of processing, overstimulation, emotional

responsivity/empathy, and sensitive to subtleties." I identify pretty well with the first

three of those.

When I have the choice, I prefer to process information deeply—to suck out all the

juices that the information contains. For example, when watching a movie, I dislike

missing any parts and will go back if I didn't catch something. (Not being able to do

this is a reason I dislike watching live broadcasts.) That said, how much I'm bothered

by rushing through things depends a lot on how important they are. If I'm reading

something for entertainment, it can be fine if I just skim it and miss details. In

contrast, if I'm changing an account password or filling out paperwork, I insist on

carefully reading the instructions to make sure I'm not making a mistake.

I'm extremely distracted by noise in my surroundings when I'm trying to

concentrate, and given that I'm thinking about something or other during most of

the day, I usually am trying to concentrate to some degree. For this reason I almost

never listen to music in the background. While it might be pleasant, it would disrupt

my concentration to some degree. : "Perham found that it didn't

matter whether people liked or disliked the music they were listening to, it still made

them perform worse on a 'serial recall task' – where they were asked to remember a

list in order – than they did in total silence."

Some people say they leave the TV on in the background while working at their

computer or reading. That idea horrifies me. I'm made extremely miserable by

verbal distractions when I'm doing anything other than routine physical tasks.

In my senior year of college, I interviewed at two companies for a post-college job:

Microsoft and Google. While I ended up not getting an offer from Google, it seemed

like I might get an offer from both companies, and I was debating which one I'd pick.

A main reason I was leaning toward Microsoft was that employees have their own

offices, including doors that can help block sound, while Google had an open office

environment.

:

According to one prominent theory, extroverts are inherently

'understimulated', so they tend to seek out situations which increase

their level of arousal – like noisy environments. Meanwhile, introverts

have the opposite problem[...].

With this in mind, it makes sense that more introverted workers would

be more affected by the background noise, since anything that

increases their level of arousal, like music or the chatter of colleagues,

could be overwhelming. For example, a study of medical students

showed that those who were more introverted tended to have more

difficulty concentrating, and feel more fatigued while performing a

maths task to a soundtrack of 88-decibel traffic noise (for perspective,

that’s about as loud as a lawn mower).

There have been a few times in my life when I've felt understimulated regularly, and I

became more extroverted at those times because the presence of other people

helped to make me feel less "empty". But during most of my life, I've been sharply

on the other side of the spectrum, feeling that I have more than enough stimulation

from other people already. My problem is usually not having enough alone, quiet

time.

Time poverty

Many Americans live on the brink of financial disaster. : "Just 39% of

Americans can afford a $1,000 unexpected expense, according to a new survey

from Bankrate.com." In my case, my bigger problem is lack of time. I often feel like

I'm living on the brink of disaster with respect getting my tasks done. In fact, I

usually feel like I'm already in debt regarding the things I should be getting done,

and I'm only barely able to pay the interest on those loans.

In addition to my general slowness, part of the problem may be that I like to work on

lots of different projects at once, following my interests at any given time. When I

get absorbed by one project, I can fall behind on my other ongoing activities. I enjoy

being able to spend a few days getting obsessed with some task without having to

break my focus too much. This is a reason I don't like supervising other people:

being a supervisor requires lots of ongoing communication, and you can't just

disappear for a few days. Still, even when I'm not a supervisor, I sometimes have to

interrupt my flow due to externally imposed deadlines or random little emergencies

that may come up.

Over time, the complexity of my life tends to increase faster than it decreases. I

accumulate more website articles to maintain, more online accounts to manage,

more friends who ask me for feedback, more topics that I'm interested in, more best

practices that I try to follow, and more unfinished projects and tasks (many of which

I'll probably never finish). As of 2021, I have three different minor health problems

that require a fair amount of time to deal with on an ongoing basis. As I get older, I

expect to keep accumulating health problems, and my ageing parents will as well.

There can sometimes be a "poverty trap" in terms of time: not having enough time

makes it harder to simplify one's life in ways that would in the long run help to save

time.

As one possible way to reduce time poverty, I've considered looking for a personal

assistant (PA) to help with some of these tasks. I think a PA could help to some

degree, though most of my tasks aren't very outsourceable or would require a great

deal of trust to hand off to someone else. Also, I worry a bit that if I did outsource

some of my paperwork kinds of tasks, I might get fatigued by only doing the more

high-level, effective-altruism-related tasks without as many breaks. Some of the

reason I'm slow is just that I'm fussy and have high quality standards. If I found

someone who could meet my high expectations, that person would probably be

smart enough and reliable enough to make useful contributions in his or her own

right, or to be a good PA for someone who is objectively more busy than I am.

When I have occasionally tried outsourcing small tasks in the past, I often felt that

doing so was at least as much work as just doing the task myself. Maybe if I

eventually found a solid, long-term PA, the dividends of outsourcing could

eventually more than pay for the setup costs. In any case, for now I think the more

feasible approach is just to reduce the number of things I try to do. For example, in

2020 I deleted my LinkedIn account in order to avoid having to deal with connection

requests and messages. In 2021 I'm thinking about possible ways to reduce my

volume of notifications on Facebook as well. This is kind of unfortunate because I

sometimes make useful connections on these platforms.

Too much literature to keep up with

In the modern world, scientists have to specialize into smaller and smaller sub-fields

because there are so many papers being published all the time that it's impossible

to keep up with any more than a tiny slice of them. I feel the same way about various

causes in effective altruism. I used to follow work on AI safety to a moderate degree

of depth until 2015, when the field seemed to grow faster and faster, and I felt

unable to contribute anything useful without reading much more material than I had

time for. Toward the end of the 2010s, the fields of wild-animal suffering,

invertebrate welfare, and s-risks also began to explode (at a smaller scale than AI

safety), and I likewise had trouble keeping up with the work being done in those

areas.

I've heard some people say that it's important to have a critical mass of researchers

working in some area in order to sustain people's motivation. That's an interesting

viewpoint, though I happen to work in roughly the opposite way. If I'm one of the few

people exploring some topic, the work feels useful and manageable. Once too many

other people join in, I find it harder to contribute anything unique, and most of my

time is spent reading the work of others rather than saying anything of my own.

Of course, it's a good "problem" to have when there's too much exciting work being

done in an area to keep up with, but it does exacerbate the feeling of being

overwhelmed.

The fast lane has more impact

In order to be one of the most "successful" people in the world—whether financially

or otherwise—you generally have to be able to work a lot and work quickly. You have

to be able to avoid getting hung up on little details. And you have to be able to

tolerate a great deal of stress.

There may be increasing returns here: being twice as productive can often increase

your wealth or other types of impact by much more than two times. As one example,

maybe it's fair to say that elite software developers in hedge funds work twice as

hard as average software developers, but they can earn 5, 10, or in some cases even

100 times as much as an average software developer. (Of course, differences in

intelligence, interests, and other traits are also very relevant in explaining this

contrast.)

So if your personality is suited to speed and performance, you have a gift, and you

may be able to make a significantly bigger impact than most other people. For the

rest of us mere mortals, one of the most useful things we can do is to find more of

these exceptional performers and inspire them to support important altruistic

causes.
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Bugs Around My House

By Brian Tomasik

First published: 2016 May 08. Last nontrivial update: 2016 Jun 29.

Summary

This page includes microscope pictures of bugs that I found at my house or from a

friend's garden. Bug suffering is a serious moral issue, and I consider learning more

about bugs a helpful step towards reducing their populations. All of these photos

are of either live bugs or bugs that died on their own; it's unethical to kill bugs in

non-humane ways in order to study them.

If you think I've misidentified any of these bugs, let me know! And I release all

pictures on this page into the public domain worldwide.
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Microscope

Except for the picture of a Brussels sprout, the following photos were taken with a

"Crenova® UM012C USB Digital Microscope".

Fungus gnat

I think this is a fungus gnat:

For instance, compare the wing with this picture.

This particular fungus gnat was dead on my bathroom floor. In general, these gnats

fly around my sinks. Are the larvae feeding off scum in the sink? Or are the adults

flying in from elsewhere and just getting water at the sinks?

I always blow on the sink drain before using it in order to dislodge any gnats that

may be living there before turning on the water. But sometimes this fails, or the

gnats get near the water while it's running, as a result of which they fall in and

presumably drown, perhaps painfully....

Fungus gnats have generation times of ~17 days, so their ratio of (time spent

dying)/(time spent living) is quite bad (i.e., quite high).

I'd like to figure out what the gnat larvae are eating so that I can remove it.

The next two pictures show two more fungus gnats, also found dead on my

bathroom floor. The magnification is the same as above.

Fungus gnats often breed in the soil of indoor plants. In general, I oppose indoor

plants because they increase the world's net primary productivity and thereby

create more total food for bugs. Preventing indoor bug infestations is one more

benefit of not having indoor plants.

Aphids

I think these photos show aphids. They originated on Brussels sprouts that a friend

of mine grew in fall 2015. The Brussels sprouts were covered with aphids (each one

had an average of maybe ~10-100 aphids?), as you can see in the below picture:

This suggests that you shouldn't grow Brussels sprouts (or eat organic Brussels

sprouts), since they support huge amounts of bug suffering.

I tried to rescue some aphids from being boiled alive before my friend cooked the

Brussels sprouts. I put the sprouts on a plate before rinsing the bugs off the sprouts

and onto the ground. Some of the aphids fell onto the plate. At the end of that

process, I blew the aphids off the plate, but not all of them came off. I stashed the

plate into a drawer, not wanting to touch it further for fear of crushing the left-over

aphids on it.

Then, in May 2016, I took out the plate and found a few dried aphids left on it. The

following pictures show two of these aphids.

Dead flies in celery

Inside the bottom of most celery stalks that one buys in the grocery store, it's

possible to find one or two flies that got stuck in the celery. Following are pictures of

one such fly.

There was also a stray wing from a second fly:

Because I feel bad for these trapped flies, I tend not to buy celery, although the

presence of a few caught flies is only a small data point to inform the overall analysis

regarding which foods cause less insect suffering.

Dead beetle??

I found this bug apparently dead on the floor by my front door. I'm not sure what

kind of bug it is.

Insect on bok choy

I found this bug, dead, in between stems of a bok choy plant from the grocery store.

Bug on green pepper

I found this bug, dead, on the side of a green bell pepper from the grocery store.

Drowned moth

I found this moth drowned in a bucket of water that my housemate was using to

capture leaking water from a sink.

http://reducing-suffering.org/the-importance-of-insect-suffering/
http://smile.amazon.com/Crenova%C2%AE-UM012C-Digital-Microscope-Magnifier/dp/B012G28SLC
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https://www.facebook.com/groups/reducing.insect.suffering/permalink/713828862051113/
http://reducing-suffering.org/crop-cultivation-and-wild-animals/#Ranking_foods
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What I wanted to be when I grew up

By Brian Tomasik

First written: 2018 Oct 14. Last nontrivial update: 2018 Oct 14.

This page lists various careers I planned to have throughout my life, as well as I can

remember them.

Age Career Reason

before 2nd

grade
paleontologist I loved dinosaurs.

middle of

elementary

school

lawyer
To make lots of money for selfish

reasons.

5th grade video-game designer I loved playing Nintendo.

7th grade
director of photography

for films

I enjoyed making home movies and

took interest in how to artistically use

the camera.

9th grade

some kind of activist or

researcher for

progressive/environmental

causes

Inspiration by Ralph Nader.

12th grade

maybe an environmental

lawyer? (I wan't very

settled)

I thought lawsuits were a pretty

successful way to fight for the

environment, inspired by organizations

like Natural Resources Defense Council

and people like Robert F. Kennedy Jr.

1st year of

college

a variety of high-earning

careers, including

investment banking,

quantitative finance,

actuarial work, and law

I wanted to do earning to give.

3rd year of

college

graduate school in

machine learning followed

by a startup using those

skills

I loved academic research on math-

heavy topics and thought this could be

a fun way to earn to give without as

much stress as in finance.

4th year of

college (in

2009)

working as a software

engineer directly out of

college

I was reluctantly persuaded that

working right away would earn more

money (even over the long run) than

going to grad school first.

after 4

years at

Microsoft

(in 2013)

direct research and

movement-building

related to altruistically

important topics;

cofounding the

Foundational Research

Institute

It seemed as though more funding was

available for effective-altruism

research than had been the case a few

years earlier, which meant there was

greater potential to get an organization

like Foundational Research Institute off

the ground.

? ? ?

Even within the category of "research on altruistically important topics", I have not

had a single focus area and continue to dabble in new fields.
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Stories from my childhood

By Brian Tomasik

First published: 20 Mar 2018. Last nontrivial update: 16 Sep 2018.

Introduction

This page is an incomplete collection of some amusing stories from when I was a

kid. I don't remember the exact year of many of these events.

Note: This page is just starting to be created.
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Before starting school

Bedtime books

When I was young, a parent would read a few children's books to me before bed. I

sometimes grabbed a very large collection of books to read from the bookshelf—

more than it was possible to actually get through—as a jocular way to point out that I

wanted to hear a lot of stories. Sometimes I would put books inside of one another,

asking the parent to read them in that order. For example, if there were books A, B,

and C, with B put inside A and C put inside B, the parent would read the first part of

A, then the first part of B, then all of C, then the second part of B, then the second

part of A.

Elementary-school years

"Abraham"

One day I was hanging out with an adult caretaker. She was into Christianity and

hoped that I would take an interest in the Bible. She asked me a question about

some Bible topic. I had no clue what the answer was, but I remembered that in

school that day we had learned about Abraham Lincoln, so that name was fresh in

my mind. I said aloud: "Abraham ...". The caretaker brightened up and said: "Yes,

Abraham was an important figure in the Bible!"
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Why I rarely travel

By Brian Tomasik

First published: 2019 Jun 15. Last nontrivial update: 2019 Aug 23.

Summary

This piece explains reasons why I personally tend not to travel. I find long-distance

travel uncomfortable and tiring, and I tend to not find meeting people in meatspace

much better than in cyberspace. Many of these reasons are specific to me and are

not arguments against travel in general.
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I don't find travel particularly valuable

Why I generally don't give presentations

Costs of travel

Motion sickness

When I was maybe ~6 years old, I read a picture book to myself in the back seat of a

moving car. After about 10 minutes of doing so, I noticed that I felt a bit sick to my

stomach and stopped reading. This was maybe my first realization that I get motion-

sick trying to read while moving. A few years later, I tried playing my Nintendo Game

Boy on a car ride, thinking that maybe it was different from reading because my

eyes wouldn't move back and forth. This too was a mistake, and I spent the next

~45 minutes of the trip clenching the car door in pain in response to nausea.

Even without reading, I can feel motion-sick on long car rides or plane flights. As of

2019, I've never vomited due to motion sickness; I'm pretty good about keeping

myself under control. But there have been many trips where motion sickness has

caused me to squirm in discomfort for long periods of time.

To reduce motion sickness, I avoid eating for at least ~5 hours before a long car ride

and ~8 hours before a plane flight, and I don't eat during the whole trip. This means

I'm often somewhat hungry or at least mentally fatigued during travel. On a return

trip from Germany to Seattle in 2012, I didn't eat for 30 hours in a row.

I can listen to podcasts while traveling, but often after an hour or two of them, I find

it harder to focus on the material than I would if I were more comfortable and less

hungry.

On plane flights I take Dramamine, which helps a lot, though it also makes me tired.

That can be good in the rare cases where I manage to fall asleep, but usually I can't

fall asleep because I can't lie down, and I may be too hungry or stressed to sleep

anyway. So I often spend several hours of a plane flight resting with my eyes closed

but without actually getting much rest from it.

When I was exploring career options in college, I ruled out consulting pretty quickly

because it required significant travel. Being a business executive at a company that

had offices in more than one city also seemed incompatible with my aversion to

flying.

Inconveniences

Motion sickness is a primary reason I dislike travel, especially trips requiring plane

flight. However, I also find travel inconvenient in lots of less significant ways.

During my adult life, especially since college, I've found that the hours during which

I'm awake often creep forward slowly over time. Some weeks I'm awake during the

day, and during other weeks I've shifted so that I'm awake all night. I haven't found a

way to prevent this from happening other than to use an alarm clock at the same

time every day, and doing that would mean I would often wake up while still feeling

tired. (Even in cases when I have been forced to wake up at the same time every

day, my sleep rhythm finds ways to mess things up. For example, due to waking up

early to an alarm clock, I might be so tired during the day that I have to nap, and

then I find myself sleeping half during the day and half at night.) Because my waking

hours are unpredictable and uncontrollable, while the departure time for a trip is

fixed in advance, I may end up needing to leave for the trip right about when I would

have gone to bed. Yet, due to the stress of traveling, I often can't sleep during the

drive or flight. So I may end up staying awake for a long time, which messes up my

sleep rhythm.

Traveling requires thinking about all the items you may need on your trip, and

packing them takes me a while, since I want to be careful not to forget anything

important. And during the trip, I worry about forgetting items, especially valuable

ones, so I often feel the need to check that I haven't misplaced anything. (My habit

of checking that I haven't forgotten things comes from experiences where I have

forgotten things. For example, I once locked myself out of my apartment due to

leaving the key inside, and at another time, I did the same for my office building.)

Staying overnight with other people can sometimes be awkward. For example: How

much noise can I can make without waking them up? What are their standards for

keeping the bathroom and kitchen clean? Do they mind if I use their shampoo?

Staying in hotels may be somewhat less awkward, though it's more expensive and

comes with its own set of downsides, such as the possibility of bed bugs in the bed.

At home, I have a treadmill desk that allows me to walk while working. (I only walk for

1-2 hours per day, while I stand still for most of the rest of the time.) It's unlikely the

place where I stay while traveling will have a treadmill desk. Large hotels often have

exercise rooms, though their quality may not be great, and it may be hard to listen to

podcasts while someone else has the TV on.

I prefer to eat meals containing a sizeable volume of vegetables. If the people I'm

staying with don't already have a lot of vegetables they're willing to share, I need to

find a grocery store in order to buy them. But doing that can sometimes be

challenging if you don't have a car. When I visited Munich, Germany, for two weeks

in 2012, I was never able to find a store within walking distance of my hotel at which

I could buy vegetables, despite searching online a bit and asking one or two people.

I had to get all my meals at restaurants or food stands, but food at these places was

more expensive than at a grocery store. I wasn't able to buy much in the way of

vegetables except, ironically, at Burger King, which sold salads, if I recall correctly.

In general, traveling and staying somewhere other than home requires numerous

little adjustments, inconveniences, or new arrangements that you have to figure out.

I suppose this is mildly useful in terms of teaching you some new things about the

world, but I don't think the skills I've learned from the hassles of travel have been

especially significant.

Other

Not traveling saves money and greenhouse-gas emissions.

When you stay at home, you're less likely to be mugged, or have your phone or

passport snatched out of your pocket.

Medical care is more burdensome to access when you're away from home.

In the very unlikely event that your house floods or burns down while you're away,

you're out of luck. In contrast, if you're home when those things happen, you may

be able to save your most important possessions.

If you have a pet, s/he may be very worried by your absence, perhaps not knowing

whether you'll ever come back. This could be a very distressing several days or

weeks for the pet.

Avoiding physical interaction with other people means you're unlikely to catch

someone else's infection or spread an infection to others. This point gained

widespread recognition during the SARS-CoV-2 pandemic of 2020, when "social

distancing" and staying home were recommended and even required by

governments. That said, one can make an argument that in non-pandemic situations

it may be good to be exposed to some amount of germs to build immunity.

I don't find travel particularly valuable

The costs of travel are sometimes worth bearing. As an extreme example, it's often

worth traveling to see a dying relative. However, in many cases I find that travel is

not particularly meaningful.

Meeting people "in real life" is fun, but so is meeting them online. For me, face-to-

face conversations can be mostly substituted by phone calls, emails, and forum

discussions. If you want the feeling of "just hanging out with friends", I find that

certain types of conversational YouTube videos are a good substitute, and I guess

there are more interactive ways to chat online as well.

Conference presentations are cool, but I can just watch them online, at my own

pace, and without needing to sit still in a chair.

I enjoy visiting museums, but I don't find it special to see an object "in person"

relative to seeing a photo or video of it. Indeed, if you see the object online, you can

Google for more information about it as much as desired. After 2 to 3 hours

browsing around a museum, I often get somewhat fatigued and can't concentrate as

well as I'd like. When you learn online, you can do so in bite-sized chunks and switch

to other things when you get tired. You can later return to your online learning

without needing to physically return to the museum and pay to enter it again.

In general, I find that digital text, audio, and video can largely reproduce most of the

sensory and intellectual experiences that traveling could provide. If you want

interactivity, you could add video games and chatting online to that list. 

: "Video games and movies today already offer much of the gains that virtual

reality have to offer." I don't care much about tastes or smells, so their current

absence from cyberspace isn't troubling to me. I agree with Edward Snowden when

he says: "As long as I have a screen and an Internet connection I was pretty happy"

(  at 2h06m37s).

Why I generally don't give presentations

In 8th grade I became interested in activism to improve the world. I figured that

public speaking was an important part of being a good activist. So over the next few

years, I tried to become less shy and more willing to speak my mind, even in front of

a classroom full of people. In 11th grade, I took a half-year elective class on public

speaking at my high school, to force myself to practice the art even more than I

already did through occasional presentations required in other courses.

As time went on and the Internet became more central to activism, I realized that

maybe being good at public speaking wasn't as essential as I had thought. There do

need to be some figures within a movement who can deliver strong speeches and

television interviews. But many members of a movement can produce content in

other ways. I guess this has always been true, but it's even more true today because

in cyberspace, a lot of communication is written rather than spoken, and even

spoken communication doesn't necessarily have to be delivered live in front of an

audience. I find that producing spoken content on my own for uploading to the web

is not intimidating at all, unlike speaking to a room full of people.

I have occasionally given lectures on effective-altruism topics. Doing this is usually

less scary than delivering presentations in high school was, partly because there's

less pressure for me to do things "in the right way". If I'm a bit awkward or imperfect

in my presentation, the other geeks in the room are likely to be pretty forgiving

about that.

Nonetheless, I still find presentations somewhat stressful. Actually, during the

presentation itself, I'm often "in the zone" and having fun, but for a few days leading

up to it, I'm somewhat anxious from time to time. Presentations to a large audience

(say, more than 30 people) would be particularly stressful, which is why I don't think

I've ever done such a thing other than in the form of coming up to the stage during

an award ceremony or graduation.

Being somewhat intimidated by public speaking is the main reason I've never done a

lecture at Effective Altruism Global conferences. Two smaller reasons are

1. I don't necessarily feel I have a lot to say. If I have ideas to share, I've already

written about them on my website, and I don't necessarily want to repeat

myself.

2. Some of my ideas about reducing suffering are weird or controversial, and I

don't want to associate a relatively public-facing event too much with my

idiosyncracies. And because I don't associate myself too much with those

more mainstream venues, I feel more free to be weird without worrying about

how it affects other parties.

In the cases where I have given lectures, I didn't find that the response to them was

significantly different from the response to text articles on my website. Perhaps the

value of a recorded lecture available on YouTube is comparable to the value of one

or two written articles. But writing articles is less stressful for me, so I'd rather

mainly do that. For this reason, combined with disliking travel, I almost always

decline invitations to be a speaker (although I'm invariably honored to be invited).

It's much easier to be accurate when writing than when speaking, and written text is

more amenable to being edited if you later update your views, discover new

information, or want to remove a faux pas. On the other hand, conversational-style

speeches are often easier to digest than dense writing, which can be part of their

appeal.
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My dating profile

By Brian Tomasik

First published: 2020 Sep 20. Last nontrivial update: 2022 Dec 02.

This is a dating profile for myself. It's written partly out of academic interest,

as an autobiographical portrait of my current life, and partly with the goal of

possibly finding a life partner. I have so many preferences about my lifestyle

that the number of people for whom I would be a suitable romantic partner is

extremely small. Nonetheless, if you happen to find what I wrote appealing,

feel free to contact me about this topic. (If you're shy about revealing your

identity, you could write to me using a pseudonymous email account.)

Summary

Text fields on dating websites for describing oneself and one's relationship

preferences are almost always too short. This page allows me to expand on what I'm

looking for if I pursue a romantic relationship.

I'm open to either an in-person or indefinite long-distance relationship. In theory I

would prefer an in-person relationship, but I'm very picky about my lifestyle, so in

practice an indefinite long-distance relationship may be more feasible.

Whether the relationship is in-person or long-distance, here are some criteria to

help quickly figure out if we might be compatible. I would look for

a woman (cisgender) (straight or bisexual or other orientations are fine)

located anywhere in the world

within roughly ~10 years of my own age (as of 2022, I'm 35 years old)

(ideally, though not a hard requirement) either vegan or the only animal

products consumed on a regular basis are dairy and beef

interested in animal welfare, reducing suffering, s-risks, effective altruism,

philosophy, science/technology, and/or related topics

a long-term relationship, ideally one that might last forever (although given that

divorce rates are high, there's a good chance it wouldn't last forever)

low time commitment (spending only 3-5 hours per week together in the long

run on average; it would be higher during some weeks and lower in other

weeks).

In the case of an in-person relationship, these are some additional things I would

look for:

no kids ever (unless they don't live with us)

(ideally, though not a hard requirement) no pets

no smoking or illegal drugs

being mindful not to accidentally crush bugs around the house, and

euthanizing any bugs that we do kill

not doing outdoor activities together

not traveling together

rarely going to events/parties together

minimal noise and minimal interruptions

I prefer to stay at my current house, so an in-person relationship would involve

the other person being willing to eventually move to a rural part of New York

State. (It would be fine if it took 5-10 years or more before we could live

together.)

In an indefinite long-distance relationship, it's fine if you already have kids and don't

want more (or at least don't want more kids fathered by me). I just wouldn't want the

noise and complexity of having kids in my own house.

I'm open to either monogamy or polyamory depending on the circumstances. I

would probably prefer monogamy in an ideal world, but in practice, polyamory might

be more realistic given that I don't want to spend a lot of time on a relationship.

Because I'm introverted and have so many uncommon lifestyle preferences, I don't

mind if I remain single forever. Sometimes I think I might even prefer staying single.

To see my answers on other compatibility questions, visit my OkCupid profile.
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Why a detailed dating profile?

There seem to be two main philosophies when it comes to dating. Some people,

including me, prefer to enumerate their preferences and dealbreakers from the

outset, in order to filter out incompatible people as quickly as possible. Others

apparently like to "keep an air of mystery" in the process and get to know details

about someone over the course of in-person conversations. I can understand this

latter approach if you enjoy dating just for its own sake. Maybe it's similar to how I

want to be surprised by the ending of a movie rather than having it spoiled.

However, if your goal is to actually find a great match, it seems to me that laying out

as much detail up front as possible is the better way to go. I would rather be in a

nice relationship than be looking for one, so I prefer to find a good match more

efficiently.

In that spirit, this page lays out the main compatibility issues I would have when

considering a romantic relationship. I have a lot of dealbreakers. I would rather be

single than be in a relationship with 99.9% of potential matches, so filtering on

compatibility ahead of time is pretty essential for me.

Long-distance vs in-person relationships

I live in a house in a rural area of upstate New York, USA. For reasons of

convenience and family, I prefer not to move away from where I am now, at least not

for another decade or two. However, there aren't many people near me, I don't have

a car or driver's license, and I prefer not to make unnecessary car trips because this

squishes and splats bugs (and I don't want to cause bugs to suffer). So for the short

run, any relationship I have would almost certainly be mostly long-distance. I dislike

traveling, but I could probably stand to meet up in person about once a year if the

person were far away (including international), or maybe twice a year if the person

lived in the northeastern USA. For me, an ideal approach to long-distance

communication in the long run might be, say, a 2-hour video or voice call once a

week (or maybe a 4-hour call every other week), plus short written messages sent

once or twice per day. (In the first few months of the relationship, we might be more

excited and want to talk a lot more than this.)

If the relationship lasted a while and the other person was open to moving to my

somewhat ugly rural house, I would consider that option as well. However, living

together raises numerous additional complications, such as minimizing noise,

avoiding interrupting each other too often, and resolving conflicting preferences

about the house itself. These complications might be worth it for the benefits of

being together in person, including more physical contact and ease/privacy of

communication.

My quirks

I have a number of unusual lifestyle quirks and preferences that may cause

incompatibilities. Here are some main ones:

My waking hours are irregular and hard to predict. One day I might be awake

during daylight hours, and a few days later, I might be awake during the night.

One reason for this is that my sleep sometimes gets disrupted, meaning that I

sleep too little and then need to nap the next day, leading to further sleep

disturbance. The other reason is that even when my sleep pattern is pretty

regular from one day to the next, my waking hours may tend to creep forward

by roughly an hour per day, which is made possible because I don't use an

alarm clock. My sleep schedule is able to move around like this because I don't

have any set working hours and keep pre-scheduled phone calls to a minimum.

As a result of this irregularity, the times when I would be available to talk with a

romantic partner would be variable and unpredictable.

I can be a bit irrationally cautious about some things. For example, I'm a bit of a

germaphobe. I don't like sharing towels, silverware, dishes, etc. I dislike

"double dipping" with food. I'm nervous about getting Lyme disease from ticks

that are prevalent around my house, and I spend a fair amount of time checking

my body for ticks. If someone else goes outside around my house, I prefer to

avoid touching them until after a thorough tick check in case they have ticks

crawling on them.

Consistent with my germaphobia, I'm very cautious regarding sexually

transmitted infections (STIs). I'm even slightly grossed out by lip kissing and

would prefer kissing places that aren't bodily openings. Before having sex I

would first want to do a complete array of STI tests, including for things like

genital herpes that aren't always tested by default. Because of the "window

period" for HIV testing, I would prefer for an HIV test to occur as much as half a

year after the last possible HIV exposure (such as from sex with a previous

partner), and I would prefer to avoid sex (even with condoms) until the test

came back negative. While I think having sex before marriage is a good idea to

verify sexual compatibility, I prefer not to rush into it either. Given that most

people are vastly less cautious about STIs than this, I'm probably fairly

irrational here, but oh well.

I'm troubled by the suffering of bugs around the house, and I try to euthanize

injured or dying bugs, typically by putting them into a container in the freezer.

While I wouldn't expect a romantic partner to actively care for bugs in this way,

I would be emotionally upset by deliberate swatting, crushing, drowning, etc of

bugs. In addition, I prefer to seal food scraps in a plastic container before

throwing them in the trash to prevent fruit flies from breeding. I oppose

composting food waste because it gives rise to thousands of bugs whose short

lives inevitably end in painful deaths.

In many parts of the world, particularly towns and cities, the residential water

supply is drawn from rivers, lakes, or reservoirs that contain numerous

invertebrate animals, like copepods and rotifers. These animals die painfully as

that water is withdrawn for treatment. At my current house, water is drawn

instead from a deep well, which likely contains vastly less biological activity

than surface waters do. If I were to move from my current house to a city, I

would feel guilty about showering and washing my hands because of the

numerous invertebrates it would kill.

My lifestyle

You can see some biographical information about me on my home page and my

résumé.

I worked at Microsoft from 2009 to 2013. I donated some of my earnings to charity

but kept a lot as personal savings. At the age of 26, I "retired" from formal

employment and instead devoted more time to blogging on my site Essays on

Reducing Suffering. I'm also an advisor to some nonprofit organizations, as well as

to individuals who ask me questions. I'm a well known member of the "effective

altruism" movement. I do all of these activities unpaid, so technically I'm

unemployed.

I'm extremely introverted and can go for days without needing to talk with other

people. I prefer to work on whatever I'm interested in at the moment for long

stretches of uninterrupted time. Typically I do "social" activities like checking email

and Facebook once or twice a day, usually when eating meals at my computer. I

almost never leave my house, not even to go outdoors, because I don't want to

crush bugs by walking outside, and there may be ticks in the grass. Plus, almost

everything I want to do is indoors. (I take vitamin D supplements due to not getting

much sunshine.) I spend most of my waking hours at my computer; the rest is spent

lifting dumbbells, preparing food, showering, cleaning things around the house, and

so on. I work at my computer standing up on a treadmill, and for 1-3 hours per day I

walk slowly on the treadmill while using my computer.

I prefer to organize items in my room the way I want them organized, and I wouldn't

want other people to live in my room. Even if I shared the house with a romantic

partner, I would sleep in a separate bed in a separate room to avoid being woken up

by the other person and to avoid waking the other person. Plus, given my erratic

waking hours, I often would not be sleeping at the same time as the other person

anyway.

If I were to have a romantic relationship, I would prefer for my lifestyle to remain

roughly the same as it is now. That's pretty feasible in the case of a long-distance

relationship because it doesn't involve living with another person. For an in-person

relationship, I would hope that our living situation could be pretty similar to the way

that two strangers would share a house, in terms of sleeping apart, having separate

rooms, and minimizing interruptions of each other. Of course, we wouldn't be just

like strangers because we would also meet up to talk regularly, maybe do some

chores together, and share physical intimacy.

It's probably not feasible for now, but in the long run I could imagine even living in

little separate houses next door to one another rather than in the same house, in

order to reduce disturbing one another and make a clear separation between our

respective spaces. This arrangement would minimize the disagreements and

annoyances that living together could cause while allowing for closer contact than is

possible with a long-distance relationship. Ideally these two mini houses could be

connected by an indoor hallway so that we wouldn't have to go outdoors in order to

visit each other.

I would prefer a relationship in which we work on our own separate projects almost

all the time and don't judge each other for how we spend our time. I would enjoy

talking about what we're doing but without any expectations for the other person.

For this reason, I don't have strong preferences about whether the other person

would have a job or not, would be "ambitious" or not, etc.

I would prefer for my partner to be reasonably independent and not need my help

too often, though I would be happy to occasionally assist with physical tasks,

questions, emotional troubles, and so on. Likewise, I also would be pretty

independent.

My costs of living are fairly low. Most of my expenses are on essentials like food and

health insurance. If my partner wanted financial support from me, I would prefer if

she were also fairly frugal, although spending on the order of $1000 to $2000 per

year on "luxuries" would be ok. If my partner earned her own income and spent that

money on a more lavish lifestyle, that may also be ok, although I'm more likely to get

along with people who have an altruistic mindset and want to donate significant

portions of their income to charity.

Values

My main altruistic focus in life is seeking to reduce suffering, especially the suffering

of non-human animals and possible digital creatures that may be created in the

future. In philosophical jargon, I'm roughly a negative utilitarian, which means I think

suffering is vastly more morally significant than happiness or other valuable things.

Unbearable torture cannot be "morally offset" by also bringing enough pleasure into

the world. This stance leads to a kind of antinatalism, because often the easiest way

to prevent unbearable suffering is for a being never to be born in the first place. For

example, there's an extraordinary amount of animal (especially invertebrate)

suffering occurring in nature, due to predation, disease, starvation, and so on. One

way to reduce this suffering is to reduce the amount of nature that exists. For

instance, we could cover lawns with gravel to prevent grass growth, and with less

grass to eat, there would be fewer animals. (In the long run, I would like to have a

gravel, no-grass lawn at my house. It should also reduce the risk of ticks.)

Politically my values lean toward progressive, but I think there are many real-world

complexities that make any dogmatic stances unwise. For example, increasing the

minimum wage seems noble but could also increase unemployment and force some

companies out of business (though it may still be a good policy on balance). Also,

my negative-utilitarian philosophy is sometimes at odds with progressive policies,

such as when I favor reducing rather than increasing the amount of wilderness that

exists. On issues like feminism, I'm somewhere in between the vociferous voices on

either side of the debates. Despite agreeing with social-justice advocates on many

policy stances, I can be turned off by the more aggressive forms of social-justice

activism because I prefer more respectful and nuanced discussion of these difficult

issues.

I'm an atheist, although I find it reasonably likely that we (or at least some copies of

us) live in a computer simulation of some kind.

In terms of interpersonal relationships, I think trust is fundamental. Knowing that the

other person won't do something harmful behind your back is very important. A

relationship should be a place where you feel completely comfortable in the other

person's presence and can tell him/her anything, as long as it's done in a respectful

way. For example, if one person were inclined to cheat on his/her partner, I would

favor discussing these feelings openly and seeing what could be done about the

situation. If one person feels dissatisfied about some aspect of the relationship, it's

generally better to discuss the problem and work toward solutions rather than

letting the negative feelings fester. (That said, if unhappy feelings are trivial or

transitory, sometimes it makes sense to keep them to yourself and let them fade on

their own rather than troubling the other person about them.)

Other compatibility topics

I intend to remain childfree indefinitely, because raising kids takes an enormous

amount of time that I would rather spend on my current activities. I have a

vasectomy, which combined with possibly other forms of birth control such as

condoms and the rhythm method would preclude pregnancies. I would also want to

avoid adopting kids. I dislike pets for a similar reason: they take time and resources,

they can get into trouble around the house, and I don't get much enjoyment from

being around them. Plus, I don't want to buy pet food containing animal products,

which gives some revenue to the factory-farming industry. My childfree requirement

is an absolute dealbreaker, while my anti-pet stance is merely a strong preference. If

there were an otherwise amazing match who really wanted a cat or dog, I could

probably learn to live with that.

I'm a lacto-vegetarian, meaning I'm vegan except that I eat dairy products (mostly

cheese and ice cream). I'd be happy with a partner who was vegan or lacto-

vegetarian. I also don't mind someone who eats beef on a regular basis because the

harm caused to farmed animals per calorie of food is much smaller than for other

forms of meat and because in some cases I think cattle farming may reduce wild-

animal suffering. I would probably feel dismayed to see a partner eat any smaller

animals than cows on a regular basis. (Maybe lamb would be ok too.) Eating a

serving of fish or other non-cow animals once or twice per year as a health

precaution would probably be ok, and eating meat leftovers from a social event that

would otherwise go to waste is of course fine.

I would also prefer if my partner didn't consume much honey or rice, for animal-

suffering reasons, although this is less important than not eating chicken/fish/eggs,

and if I can be convinced that rice harvesting is no more violent than, e.g., wheat

harvesting, I'd be fine with it.

I prefer to avoid non-trivially illegal activities, including illegal drugs. I also wouldn't

want secondhand smoke in the house. My main concerns with drugs like alcohol

would be whether they impair one's judgment or cause one's personality to become

more annoying. Personally I don't do any drugs (besides medical/nutritional ones)

and never consume alcohol. I even avoid caffeine, but I wouldn't care if a partner

consumed it.

I'm looking for a long-term relationship, one in which I could be best friends with my

partner for an indefinite period of time. Such a relationship could potentially last for

life, but I also recognize that statistically, even many marriages don't last, and

maybe this is a good thing, because people can change a lot over time.

If we lived together, I would imagine splitting housework in the same way that

strangers sharing a house would: we would generally each take care of our own side

of it. We could each clean our own rooms, prepare our own meals, do our own

laundry, etc. If one person wanted to do some of these things for the other person,

that would be fine (although I personally would still want to clean my own rooms and

prepare most of my own food). Some activities like grocery shopping and taking

trash to the transfer station would make more sense for a single person to do for

both of us (or we could hire a third party to do these tasks).

I would favor dividing the house between us as much as possible and letting each

person do whatever s/he wants with his/her half of the house (except in the case of

externalities like noise, secondhand smoke, jeopardizing the security of our home

computer network, etc). Our possessions would likewise be mostly our own rather

than shared. Dividing things up in this way would reduce the frequency of

disagreements about how something should be done, because there would be

fewer things to disagree about. Some rooms (like the kitchen) and possessions (like

the washing machine) would have to be shared, and in that case, we would decide

together what changes to make to them.

I think entertainment/music/etc tastes are pretty irrelevant for romantic

compatibility. For whatever it's worth, the movies/shows/channels on Netflix and

YouTube that I watch are mostly comedies, because I usually want to relax rather

than to process something emotionally heavy, though I enjoy other genres too on

occasion. Even if I lived with someone else, I would prefer to watch TV on my own

while exercising, because I only want to watch something when I'm specifically in

the mood for it rather than at a scheduled time, and I often take breaks. For

example, if I'm lifting dumbbells, I may need to take a bathroom break to wash my

hands if they've become greasy, which worsens my grip. I would prefer for a partner

to always use earbuds/headphones while watching TV or listening to music to avoid

creating noise, and I do the same.

Appearance

I think I generally look ok, but there are some parts of my appearance that may not

be very pleasant:

I have a lot of acne on my upper chest and back.

When I don't shower often enough, I develop flaky skin on my face and scalp

due to seborrhoeic dermatitis. After I wash my face with Head & Shoulders

shampoo, the areas where skin was peeled off can appear red.

I'm somewhat overweight, with most of the excess fat concentrated in my

belly. I'm 69.5 inches tall with a weight around 183 pounds, making my BMI in

the range 26 to 27.

I shave all the hair on my body fairly short, to roughly half a centimeter in length.

Having less hair just feels less messy, and it makes checking my body for ticks

easier. I fully shave my facial hair about once a week and let it grown in between

those shavings.

Following are some fairly typical photos of me, taken in summer 2020.

In the last of these photos you can most clearly see some dermatitis buildup on my

face.

For better or worse, the physical features that I find attractive in women are roughly

society's conventional beauty standards, perhaps because that's what I grew up

seeing on TV and in magazines in my childhood during the 1990s. I think

attractiveness affects male motivation for a relationship at a deep "lizard brain"

level, so it does matter to some degree, but I also prefer if a partner doesn't feel

pressure to change her appearance on account of me, because that can be

unpleasant.

The main reason attractiveness matters is not for sex; I don't care that much about

sex per se. The more significant reason is that attractiveness plays some role in the

amount of "warm fuzzies" that I feel and how much I enjoy talking with the person,

and for me, those are the main reasons to have a romantic relationship. I have

relatively little relationship experience, so maybe this view of mine is naive or would

change with time.

In general, my (possibly naive) ranked list of motivations for a relationship in

descending order of importance is

1. The feeling of warm fuzzies when spending time together (talking, doing

chores together, etc). These fuzzies are also somewhat present when we're

apart and doing our own stuff.

2. Companionship, friendship, emotional support, mental intimacy.

3. Physical intimacy (hugging, cuddling, sexual activity).

4. Helping each other out with chores/etc.

The last of these two mainly only apply to an in-person relationship rather than a

long-distance one, but they're less important to me than the first two.

Update from 2022: I hope readers don't conclude from the above discussion that

they have to be reasonably attractive in order to contact me. I care less about

attractiveness than the average man, even if I may be more honest about its role

than most men are. Since originally writing the above section in 2020, I've found

that the amount I care about attractiveness has decreased even further over time.

Traits like warmth, emotional stability, intelligence, caring about animal welfare and

reducing suffering, and being able to get tasks done in a dependable way on one's

own are all probably at least as important to me as physical attractiveness—except if

a potential partner is unusually unattractive. Roughly, I think as long as a potential

partner is above the ~25th percentile of attractiveness for her age, then I could

probably learn to live with that, especially if she would be open to sometimes using

porn together during sexual activity for extra eye candy, which I expect could go a

long way toward reducing how much I care about her own appearance.

When I was a kid, I was often told that "beauty is only skin deep" and "what really

matters is on the inside" when choosing a romantic partner. I generally assumed

that was the case, but over time I began hearing more people express a contrary

opinion that no, actually, physical attractiveness plays a big role in relationship

satisfaction. I assumed that maybe those people were right and that maybe the

messages about how beauty doesn't matter too much were sort of benign

propaganda. However, as I've continued dating and introspecting on what matters

to me, I'm beginning to think that maybe the people who said appearances aren't

that important were mostly right? I still don't have a lot of experience, so maybe I'll

change my mind yet again. If porn and masturbation didn't exist or were prohibited

by my religion, then I could imagine that the attractiveness of my partner might be

fairly important, because I would only be able to have sexual experiences with that

one person. But given that porn and masturbation do exist, maybe those already

provide a reasonable substitute for an attractive partner, especially if those

experiences can be shared with my partner.

In my opinion, looking extremely attractive is like training for the Olympics. It's cool

that some people work hard at it so that the rest of us can appreciate the fruits of

their labor. But most people don't need to be training for the Olympics nor going to

great lengths to be beautiful. Of course, even if we don't need to be Olympic

athletes, a little bit of exercise is still good, and likewise, very low-effort ways to

improve one's appearance are also welcome.

Personality

I'm introverted but also enjoy talking with people when I'm in the mood. If I get along

well with someone, I like having long, deep, and intimate discussions. Some of my

conversations with friends have gone for 6 or 7 hours. I'm fairly empathetic and

usually care about others' emotions. I sometimes try to be funny and tell "dad jokes"

(though I never want to be an actual dad). I also enjoy self-deprecating humor,

though I'm not always joking when I describe my shortcomings. :)

I'm usually in a pretty good mood and have a positive attitude, despite my

"pessimistic" negative-utilitarian and antinatalist philosophies. The reason I hold a

suffering-focused ethical view is not because I'm unhappy; I think life is sorta fun

much of the time. Rather, my reason is that some experiences of intense suffering

are so awful and morally salient that everything else seems trivial by comparison.

I'm attracted to women who are warm, supportive, considerate, funny, and (once we

know each other enough) flirty. I try to have all those attributes as well, though I may

not necessarily succeed.

I try to be non-judgmental, though I may disagree with another person's views on

something. In cases of conflict, I prefer discussing the problem, seeking to resolve

it, and trying to avoid holding grudges. I like this quote: "Holding a grudge is like

holding a hot iron—it hurts you."

I think I get angry less often than average, and when I do have that emotion, I usually

express my feelings using words rather than shouting or making insults. I would

hope for the same from a partner. I would not be able to live with someone who had

a hot temper too often.

As problems arise in a relationship, I prefer to hear about them and brainstorm

solutions together. Some polite disagreements and concerns from time to time in a

generally happy relationship are normal and manageable. However, if non-trivial

issues keep arising on a regular basis, I may prefer to give up rather than continue

trying to fix them, given that I like being single and don't need a relationship. If a

relationship is causing significant distress more often than, say, once every few

months in the long run, it seems like more trouble than it's worth. Therefore, I

wouldn't be able to provide the level of certainty or commitment that some people

might want in a relationship. That said, if the relationship seemed otherwise

extremely promising, I'd likely continue trying for a few months or maybe even 1-2

years before throwing in the towel.

I enjoy exchanging sweet sentiments with a romantic partner, but I'm not interested

in the formal romantic holidays like our anniversary, Valentine's Day, birthdays, etc.

In general, I don't celebrate holidays. I prefer to do nice things together when the

mood arises rather than on a schedule. I also am not very excited by gifts unless the

person actually needs the item that would be purchased, and even in that case,

instead of receiving a gift I would rather buy the item myself to make sure I'm

getting exactly the kind I want. I could pick out the exact item I want on Amazon and

send its URL to the other person, but that seems like unnecessary overhead relative

to just buying it myself. Instead of gifts, I prefer to show affection by occasionally

writing nice messages, making videos, helping with chores, providing reassurance,

and so on.

I dislike surprises (surprise parties, surprise gifts, etc) because I want to plan ahead

for things and discuss together whether a proposal makes sense. In general, I prefer

life to be calm and predictable rather than "exciting". Excitement can come from
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Stories from My Congress Internship

By Brian Tomasik

First written: 8 Nov 2014. Last nontrivial update: 8 Nov 2014.

Introduction

In summer 2006, I did an internship with the Washington, DC office of my home

district's Congressman. This piece describes some interesting aspects of the

experience. I won't discuss the details of the office where I worked, since that might

violate some document I signed and in any case wouldn't be very professional.

Instead I'll mainly discuss general aspects of the intern program and some fun

stories.
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Origins

In fall 2005, I realized that I ought to earn to give after college. I began researching

high-earning careers, and one interesting possibility was law. I had already been

considering a law career because I was inspired by Ralph Nader (a graduate of

Harvard Law School) and enjoyed reading technical documents.

I asked for advice on how to prepare for law during the summer after my freshman

year of college. One possibility was to enroll in summer law programs, which I

applied to, though they were expensive. Another possibility that a friend suggested

was to work in some local law offices. I called several law firms in the phone book,

but none could offer me an internship. Next I decided to try interning with the state

office of my Congressman. When I

interviewed there, the people were

quite impressed, but they suggested I

might also apply to the Washington,

DC office, where more interesting

things were going on. So I did that,

and was accepted at the DC office

too.

Just a few weeks before my internship started, I visited DC with the Swarthmore

Genocide Intervention Network to lobby for US action on Darfur. One of the offices

we tried to visit was that of my Congressman, but it wasn't open when we knocked.

During the visit, we did speak with an assistant of a senator, though.

DC housing

When I began my internship, I didn't have a place to stay in DC. Fortunately, a friend

offered to let me stay at his house for a bit until I found something permanent. My

friend didn't live in the best of neighborhoods, so I was uncomfortable walking to

and from the Metro station.

On one Saturday, I thought I locked myself out of my friend's house, which was

alarming, since I didn't want to stay outside in that neighborhood for long. I ended

up going to the house next door and asking if I could come in there for the time

being. The people who answered were reluctant to let me in, but they allowed me to

camp out on their porch, and they gave me Guns, Germs, and Steel to read. A few

hours later, one of the people in the house where I was staying returned.

In the evenings after work I looked for permanent housing. I ultimately settled on a

dorm at Catholic University of America (CUA), since it was cheaper than George

Washington University (GW) dorms, though GW was closer to my Metro stop. (I

ended up staying in a GW dorm the next summer for my internship with Watson

Wyatt.) It turned out that another Swarthmore College student was staying at CUA

as well. (And in the Congressional lunch cafeteria, I met yet another Swarthmore

student.)

CUA was nice, though it lacked a grocery store nearby. The cafeteria food was

unfortunately very pricey. Toward the end of the summer I figured out how to take

the Metro to a nearby stop that had a grocery store nearby, but it was still a struggle

to haul heavy plastic grocery bags half a mile onto the Metro station and another

half mile back to my dorm. I also lacked a refrigerator in my dorm, so I ate mostly

vegetables, bread, and canned beans—hoping they'd last long enough in the

summer heat.

Congressional buildings

My Congressman's office was in the Rayburn building. Every day I had to pass

through security scanners to enter. I wore a professional shirt and shoes in Rayburn,

and I brought a coat jacket as well because it was needed to enter the Capitol when

giving tours.

The Congressional cafeteria was

expensive like the CUA one. There

weren't many vegetarian options, so I

often ended up with a veggie burger

or bean burrito.

Sometimes I got to walk around Congressional offices to make deliveries, and

sometimes I did so just for fun during lunch break. I occasionally ran across pages

(now no longer used), who interestingly had to dress more formally than I did.

Intern duties

I don't know how much I'm allowed to say about my work, but there appear to be a

lot of public accounts of what Congressional interns do in general. For example,

here's from Paul Ryan's office:

Assisting with the research and writing of constituent correspondence

Researching issues for legislation

Data assembly and entry into Internet Quorum Government data

system

Answering phone calls

Distributing mail and informational materials

Assisting with mailing projects

Greeting constituents and guests of our office

Conducting tours in the Capitol building for constituents

Attending various lectures and classes about the political process

Monitoring floor action

Other projects as assigned

It was daunting to give tours of the Capitol building, since I didn't know that much

about it at first, but by the end of the summer I became more comfortable.

Sometimes I learned what to say by listening to other tour guides—although some

tour guides told stories that we had explicitly learned were apocryphal during our

tour-guide training session. On occasion we were allowed to visit the balcony of the

Congressional chamber while debate was going on.

This internship was the only job I've ever had where answering phone calls was a

regular occurrence. It made snacking a little more difficult, since I had to worry

about having a full mouth when someone called. When I was in high school, I

dreaded talking on the phone, but I had become more comfortable with it by 2006.

Most people who called were friendly. Some were angry and ranted about an issue,

until they realized that I was just an intern and then sometimes apologized. A few

were genuinely crazy. One time I answered when my mom called in about a

legislative issue.

Committee meetings and lunches

Congress had a number of hearings and free-lunch events, and when time

permitted, interns were allowed to attend those of interest. Sometimes I took notes,

though sometimes the material was over my head. Topics included net neutrality,

alcohol consumption during pregnancy, nuclear nonproliferation in the former Soviet

Union, avian flu, and tax reform. During one tax hearing, an economist said

something like: "One problem with current law is that it's based on economic

models for maximizing global welfare rather than US welfare."

One free lunch was sponsored by the Sci-Fi Channel about its "Countdown to

Doomsday" film describing 10 ways the world could end. The presentation was

intended to provoke serious concern for extinction risks despite having an inevitable

veneer of fiction. Ed Lu was there to speak about his B612 Foundation. I went up to

him afterward and asked him some altruism-related question.

Other events

There was also an official Congressional Summer Intern Lecture Series featuring

prominent public figures speaking to the interns. I attended speeches by John

McCain, Dennis Hastert(?), Dennis Kucinich, Ralph Nader, and others. (It was my

sixth and last time seeing Nader speak in person.) The lines for these talks were

terribly long, and sometimes we waited 30-60 minutes to get good seats. I read

Elements of the Theory of Computation while standing in line for one of the talks.

Toward the end of the work day, there were occasionally events in lobbies of

Congressional office buildings, sometimes with appetizers.

One was in support of public television. It featured Sesame Street characters

and the real Mr. McFeely in person. I thought about greeting Mr. McFeely and

telling him the impact Mister Rogers’ Neighborhood had on me as a child, but I

was too shy.

Another event was about math and science. One of the people with whom I

talked was presenting her research on combinatorial optimization. When I told

her I was planning to major in math, she said something like "We need more

science-literate people in Washington."

Walking home

One time while entering the escalator of the Metro to return home from the office,

an Asian woman handed me a newspaper about Falun Gong torture by the Chinese

government. I found it really disturbing, and it reinforced my concern for suffering. I

kept it for a long time and often thought back to it.

On another day, as I exited Rayburn, I saw Bill Nye talking with two other men on the

steps. I didn't want to interrupt them, so I walked past.

White House tour

There was a long queue for White House visits, but eventually my office's interns

got their chance to go. We walked through a few rooms, but there wasn't much to

see.

Gunshots?

On 26 May 2006, while I was in my Congressman's office, it was announced that

someone may have heard gunshots in the Rayburn garage. We were told to stay put,

as officers searched room by room to make sure everything was in order. The

officers who visited our room were holding guns as they entered. By 3:15 pm, the

situation was declared safe, and it was hypothesized that the shots came from an air

hammer. All of this is described in news articles from the time, e.g.: "Sources:

Capitol 'gunfire' likely from air hammer".

As I left for home that afternoon, stepping out of Rayburn onto the sidewalk, I saw a

camera crew ahead of me. It was two people from CNN: a male with a camera and a

female with a microphone. Apparently I was one of the first people to leave the

building after the lockdown, and the CNN woman asked if she could interview me

about the day's events. I declined because I was shy, but had I taken up the offer, I

probably would have been on national television.

Outside of work

Most of my free time I spent reading, working on math problems, creating a website

of my altruistic essays, and writing a paper about wild-animal suffering.

An Inconvenient Truth was a sensation at the time, so I saw it with a friend from

Swarthmore. I also visited the GI-Net offices and had dinner with some conservative

Christians who advocated virtue ethics.

Pay

The internship paid ~$1500/month. You can find a website with my salary

information by searching {brian tomasik congressional salary}, though you have to

pay to access the data.

Later visits to DC

In Jan. 2007, I did a week-long externship involving accounting. It was at the

headquarters of the American Board for Certification of Teacher Excellence, so by

coincidence, I ended up returning to DC for that. Then in summer 2007, I interned

with Watson Wyatt in Virginia, but I lived in DC during that internship.
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Congress-Bundestag host-family letter

By Brian Tomasik

written late 2004 or early 2005

This letter was written as part of my application for a Congress-Bundestag scholarship to pay for 

a year-long exchange in Germany. Because I ultimately didn't get the scholarship, this letter was 

never sent.

Part E — Host Family Letter

Please compose a letter on the topic described below.  Please limit your response to two 

(2) typed pages.

Think about what you would like to say to your future German host family and what you 

would like them to know about you, your family, community and life in the U.S. Keeping in mind 

that this will be the first impression they have of you, compose and type in English a letter to 

your German host family. If selected to participate on the program, this letter will be used to 

introduce you to your host family.

Dear Host Family,

Guten Tag!  My name is Brian Tomasik, and I am currently seventeen years old (though I

will be eighteen by the time you read this).  I live in the town of Knox, New York, which is near 

Albany, the state capital.

When I was little, my parents grew much of their food themselves on an organic farm.  I 

remember accompanying them to feed hay bales to the cows or to collect eggs from the chickens 

or to pick tomatoes for making sauce.  […] My only sibling is my sister, Michelle; she lived with

me and my mother until she graduated from high school two years ago and is now an 

undergraduate at Swarthmore College in Pennsylvania.  My family’s only pet is a gray and white

cat named Herky.1

I have gone to schools of the Guilderland Central School District throughout my 

educational career.  Since entering 6th grade at Farnsworth Middle School, I have taken a foreign 

language.  I chose to take German, rather than French or Spanish, because I have some German 

background:  my maternal great grandparents came from Germany, and my maternal great 

grandfather was a language professor who wrote a German-English technical dictionary and 

several textbooks.  Now that I have taken German for seven years, I am fairly good at it, but I am

nevertheless very excited about becoming much more fluent during my stay.

I am currently a senior at Guilderland Central High School.  I enjoy virtually all of my 

classes there (not just German), and I am particularly interested in math, physical science, and 

social science.  Because I enjoy so many different things, I will be going to a liberal-arts college 

after I finish my year with you.  My career path at this point is very uncertain; I may end up 

being a scientist, a lawyer, or anything in between.  But whatever I ultimately choose to do, it 

will be something that improves the quality of people’s lives and of the planet that sustains them.

1 Note from 4 Aug. 2014: I now don't support getting cats, because they cause suffering by eating meat and mice.

http://www.sccs.swarthmore.edu/users/09/btomasi1/


Environmental protection is probably my greatest passion.2  I have been concerned about 

the earth’s ecological state ever since I was little, but I became especially interested in the 

political aspects of environmentalism in 8th grade, when I heard Ralph Nader speak at a local 

college a few weeks after the 2000 presidential election in which he ran as the candidate of the 

Green Party.  (Since then, I have become very supportive of the Green Party, and I am especially

excited to find out more about the German Greens!)  I am now president of the Student 

Environmental Action Coalition at the high school.  The club carries out recycling of cans and 

bottles, invites speakers to come talk to students, writes advocacy letters to governmental and 

corporate decision makers, and volunteers at the Albany Pine Bush—a globally rare ecosystem 

that is sustained by fire.  Since tenth grade, I have been encouraging my school district to 

purchase recycled copy paper instead of virgin copy paper; I have not yet been successful, but 

the administration has at least agreed to request the prices for both types of paper in future bids.

Another environmental project that I have undertaken concerns water quality in the town 

of Guilderland.  The local Watervliet Reservoir, which supplies the drinking water for most of 

the town’s population, is overwhelmed by invasive plants during the summer.  This not only 

harms native plants and animals, but the added organic matter also leads to higher levels of 

carcinogenic chemicals forming during disinfection.  In most lakes and reservoirs, the single 

factor that determines the level of plant growth is the concentration of the element phosphorus in 

the water, and for that reason, I have on three separate occasions tested reservoir water samples 

for levels of phosphorus.  I first did this during the spring of my tenth-grade year as an extensive 

project for chemistry class, and I continued my research during the following two summers.  The

results from the last study were good enough that I wrote up a report of my findings and 

submitted it to the Intel Science Talent Search, a national science competition.

The environment is not my only concern, however; I am also currently the president of 

Youth Ending Hunger at the high school.  This club raises money to donate to hunger 

organizations, volunteers at the local soup kitchen and food bank, and holds “hunger 

banquets”—events at which people are randomly served disparate amounts of food in order to 

visually demonstrate inequality in the world.  Additionally, I am a member of Guilderland High 

School’s chapter of Kids Can Free the Children—which works to end sweatshop labor—and of 

the Political Activist Coalition—a club in which students debate current political topics.

Though I tend to focus my attention on environmental and political issues, I am interested

in other things as well.  I helped to found a Math Club at the high school; the group solves math 

puzzles for fun and participates in six statewide competitions every year.  At home, I have a big 

chalkboard on which I try to derive formulas and solve problems that I invent.  I also enjoy 

playing chess, tennis, and ping-pong with my father.  I do not often listen to music or watch 

television; instead, I prefer to read and to talk with my family members and friends.

I’m very excited to meet you and get to know you.  I am sure that my stay in Germany 

will be immensely enjoyable and rewarding, and I hope that you will feel the same way about 

having me as your guest!

Sincerely,

Brian Tomasik

2 Note from 4 Aug. 2014: This has now changed. See “Applied Welfare Biology and Why Wild-Animal 

Advocates Should Focus on Not Spreading Nature”.

http://www.utilitarian-essays.com/applied-welfare-biology.html
http://www.utilitarian-essays.com/applied-welfare-biology.html


BRIAN TOMASIK

My home page

Campus

[address]

Home

[address]

January 14, 2006

Congressman Michael McNulty

Room 2210

Rayburn House Office Building

Washington, DC  20515-3221

Dear Internship Coordinator:

It is with great excitement that I write to apply for a summer internship in Congressman McNulty’s Washington 

office.

I am a first-year student at Swarthmore College, and I have been very interested in government for many years.  I 

have written a number of advocacy letters to Mr. McNulty—on issues ranging from eutrophication in the Gulf of 

Mexico to United States foreign policy toward East Timor.  In addition, I have participated in two legislative lobby 

visits at the Albany State Legislative Office Building.  Now, I am eager to experience the legislative process from 

the other side, and I feel that I would have a number of important skills to bring to an internship position:

 I am eager to take initiative and try new things.  When I founded a Math League at my high school, joined 

the Citizens’ Budget Advisory Committee of my school district as the only student member, and submitted 

a proposal to the Board of Education requesting that the district purchase recycled paper, I was not daunted 

by lack of prior experience with these endeavors; rather, I performed research and asked others for help 

until I figured out how to proceed.

 I have experience with research of many kinds.  In addition to those written for school, I have authored 

detailed research reports on agriculture policy, the environmental benefits of recycled paper, and the 

recycling program at my high school.  I also submitted a twenty-page research report to the Intel Science 

Talent Search detailing my independent study of phosphorus loading in a local reservoir.

 I am an excellent organizer and communicator.  As president of both the Student Environmental Action 

Coalition and Youth Ending Hunger at my high school, I learned how to prepare agendas for meetings, 

keep members on task, and coordinate the logistics of hosting speakers and putting on events.  During my 

summer internship with the New York State Labor-Religion Coalition, I wrote letters to legislators and 

apparel manufacturers, contacted “sweatshop-free” clothing companies about their products, and presented 

progress reports during conference calls and staff meetings.

With these skills, I am confident that I would be able to respond to constituent mail, prepare research reports, and 

perform any other tasks that need to be done.

I would appreciate an interview and look forward to hearing from you.  Please note that I will be at college from 

January 14 to March 4 and again from March 11 to May 13.

Feel free to contact me for any further information.  I thank you very much for your time.

Sincerely,

Brian Tomasik

Enclosure: Resume

http://briantomasik.com/


BRIAN TOMASIK

Campus

[address]

Home

[address]

Education Swarthmore College, Swarthmore, PA

           Expected Graduation Date: May 2009

           GPA: all classes are pass/fail first semester

Guilderland Central High School, Guilderland, NY

           Graduation Date: June 2005

           GPA: 4.0 (valedictorian)

Skills Summary Knowledge of Microsoft Office Suite.  Familiarity with both 

Mac and Windows.  Proficiency in written and spoken German. 

Initiative.  Leadership skills.  Strong verbal and written 

communication ability.  Effective organizer and planner.

Honors/Awards National Merit Scholarship

Robert C. Byrd Scholarship

National AP Scholar Award

200-Hour Community Service Award

Harvard Book Award

SUNY ESF “Environmental Excellence” Book Award

Extracurricular Activities – 

High School

Submitted a proposal to Board of Education requesting that the 

school district buy recycled copy paper.  As a result, the 

district agreed to submit bids for both recycled paper 

and virgin paper.

Submitted a research report to the Intel Science Talent Search

President, Student Environmental Action Coalition

President, Youth Ending Hunger

Founder, Math League

Member, National Honor Society

Member, Political Activist Coalition

Member, Citizens’ Budget Advisory Committee for the 

Guilderland Central School District

Extracurricular Activities – 

College

Member, Earthlust

Member, Animal Rights Coalition

Community Volunteering ESL Tutoring

Habitat for Humanity

Guilderland Public Library

Albany Pine Bush

Regional Food Bank

St. John’s Soup Kitchen

Work Experience Summer internship with New York State Labor-Religion 

Coalition

Paid job as clerk with the Admissions Office

Hobbies Participating in lobby visit at NYS legislature.  Writing 

advocacy letters.  Tennis.  Chess.  Farming.  Amateur video 

production.
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Autobiographical Q&A

By Brian Tomasik

Written in spring 2005

When I was in high school, one of my friends was assigned a biography project for

his English class. He decided to write about me. For the project, he asked me a

series of questions. This document contains some of my answers. Certain of my

views have changed since high school, including about environmentalism.

Contents

What religion do you practice?

Have you ever held a job?

Have you ever participated in any sports?

What are your hobbies and interests?

How do you hope to influence others?

What moods have characterized your life?

What are your plans for the future?

Some things I've done

Growing up surrounded by nature

Interesting stories

Some people I've seen speak in person

Other memorable events

Footnotes

What religion do you practice?

I have no religion and do not wish to, for, to me, religion implies faith without thought

and belief without reason. I am guided instead by science—not necessarily the

specific theories that scientists have developed (as those could be wrong) but by

the scientific process, which recognizes that no knowledge is certain while at the

same time making use of empiricism to found conceptions of the world. All opinions

and beliefs should originate from demonstrable evidence. This is what makes

science unique in contrast to all other forms of belief: it is not absolute, it is founded

on rationality, and disputes can be resolved by further study (rather than by futile

arguments over one’s personal beliefs).

I do not deny that religion might be true; with the limited nature of human

knowledge, anything is possible. But because there are infinite possible forms of the

universe, and Christianity presents only one, I consider the probability that Christian

doctrine is true to be one over infinity.a

Have you ever held a job?

I have never held a paying job, but I have been involved with many community-

service activities:

Habitat for Humanity

Tutoring ESL students at school

Food bank

Soup kitchen

Guilderland Public Library: book reshelving and display preparation

Albany Pine Bush: aspen girdling and lupine-seed collection

Guilderland Study Circles: took notes on a community discussion about ways

to improve Guilderland drinking-water quality.

Have you ever participated in any sports?

I have never formally played on a sports team. However, I frequently play tennis

during the summer. I also have a ping-pong table and darts board in my basement. I

enjoy jogging in the woodsb behind my house, and—when it is too cold outside—

riding on my exercise bicycle.

What are your hobbies and interests?

I enjoy solving math puzzles and deriving formulas on my personal blackboard (and

at Math Club), as well as studying the patterns of grammar. I occasionally play chess

with my father (and at Chess Club). Especially when I was younger, I made movies

with my video camera; these ranged from puppet shows to live action to stop-

motion animation with clay figures. I enjoy baking. The only television shows that I

watch are NOW and The News Hour with Jim Lehrer, both on PBS. I often write

advocacy letters to members of Congress and other decision-makers, and I

occasionally go to protests (including the 15 February 2003 peace protest in New

York City). I mostly read nonfiction, particularly books and articles about politics.

Doing homework, also, is one of my favorite hobbies.

How do you hope to influence others?

I hope to show people the value of understanding rather than memorizing, of

learning for the sake of learning, of enjoying and marveling at life, of working hard

for what is most important, and of striving to make life better for posterity.

What moods have characterized your life?

I have always been generally happy and found life fun. But I remember that when I

was younger, I used to get upset, frustrated, and angry more easily. However, as I

grew older and was influenced by positive role models, I found this happening less

and less; at the same time, I gained a deeper realization of how amazing and

precious life is. I now consider myself to be equanimous, rational, and calm but also

joyful, optimistic, and positive. I rarely get angry or distraught, and when I do, I find a

healthy way to deal with the emotion.

What are your plans for the future?

The best answer to this is that I am not yet sure.

I have applied “regular decision” to four colleges/universities: Swarthmore, Bates,

Bowdoin, and Princeton. I have not yet made up my mind, but I am strongly leaning

toward Swarthmore.

I have also applied for a Congress-Bundestag scholarship, which would pay all of

the costs for living for a year in Germany. I don’t consider it likely that I will win this,

but if I do, I’ll defer admission to college for a year.

At college, I plan to take courses in lots of different subject areas (math, chemistry,

physics, political science, history, economics, linguistics, philosophy). I’m not sure

what my major will be, but the natural sciences or social sciences are most likely.

I intend to continue on to graduate school, though I don’t know what kind. One

possibility is to study law and become a lawyer with an environmental organization. I

don’t know what my career will be, but I do know that it will deal with environmental

and economic problems.

Some things I've done

From my earliest childhood to when I was in second or third grade, I took an active

interest in dinosaurs. I owned a dozen or two books on the subject, and the dinosaur

section was usually the first one I visited at the library. Eventually I could give the

name and geologic period for probably twenty or thirty different species, as well as

copious additional information. When I was in second grade, I wrote by hand a paper

of about fifteen pages in length describing various attributes of different types of

dinosaurs, all from memory.

I memorized pi to 231 digits (including the "3" before the decimal point). I began in

sixth grade and slowly learned groups of five numbers up through about eighth

grade. Thereafter, I continued to memorize a few more here and there.

Since the middle of elementary school, I have made home movies with the family

video camera. Many of these employed stop-motion animation (sometimes with clay

and sometimes with small toys). I also recorded our cat, birds in the sky, frogs in the

pond, and interesting domino set-ups. Soon I began to make puppet-based movies

in the style of Jim Henson. When I was in seventh and eighth grade, I made a series

of movies entitled “If You Ever Thought You Had a Bad Morning”; they were silent

movies (without dialogue but with music) that were in some ways modeled on

Jackie Chan’s action scenes. In the first episode, the protagonist met his evil twin

and ran away from himself (he and the twin obviously never appeared together in

the same shot). In addition, I wrote several movie scripts, one of which was actually

made into a forty-minute film, “Ragtime: A Fishy Tale”, in which the same actor

played all of the characters. At the same time that I was making these movies, I read

two books on the topic of how to shoot high-quality amateur films.

When I was in eighth grade, I began making “quizzes” for my Earth Science teacher

that consisted of problems that I had contrived. For example, one question read

approximately as follows: “In the Tomasik temperature system, absolute zero lies at

0°T and the boiling point of water lies at 1000°T. At what temperature in degrees

Tomasik does water freeze?”

For one of my English classes, I wrote a 19-page research paper on agricultural

subsidies, with specific focus on the 2002 Farm Bill; my teacher was so impressed

with it that he encouraged me to submit a shortened version for publication. I sent

my article to the Albany Times Union, The Nation, The Progressive, The Progressive

Populist, TomPaine.com, and other publications, but none accepted it.

Growing up surrounded by nature

Growing up on a farm in the country gave me an appreciation for the wonder of

nature and its capacity for rejuvenation (a sentiment well expressed in a quote from

Rachel Carson that I found recently: “Those who contemplate the beauty of the

earth find reserves of strength that will endure as long as life lasts.”).

Being able to wander practically anywhere I wanted on the farm property, I learned

independence and exploration. Spending time in the serenity of the outdoors

instead of watching fast-paced television may have contributed to my patience and

ability to concentrate for long periods of time.

Interesting stories

When I was very young (probably no more than six years old), I was playing

with a friend on the swing set in the yard. It had a blue slide, two regular chain-

held swings, and one metallic swing in which two people could sit facing each

other. My friend was swinging alone in the two-seated swing, while I was

climbing on the upper horizontal bar that held the parts of the swing set

together. I decided to hang upside down on the bar over the two-seated swing,

but in doing so, I apparently lost my grip and fell off. The next thing I knew, I

was sitting in the swing across from my friend, presumably having fallen in

such a way that I landed in the perfect position at the perfect time to avoid

being hurt. It was almost as if I had not fallen at all, for my body didn’t even feel

the impact of hitting the swing.

When I was quite young, a friend and I were on a suburban street in upstate

New York. We both remember seeing a man across the street standing in his

paved driveway holding a hose, with which he was “watering” two living

alligators that were lying on his lawn. I now suspect that my friend and I

somehow imagined or misinterpreted what we saw, especially since none of

the nearby adults seemed to pay an attention to it, but I still find it strange that

both my friend and I can clearly remember this incident as if it really happened.

My best guess now is that maybe the man had plastic alligators on his lawn,

which we mistook for real alligators?

Some people I've seen speak in person

Ralph Nader several times: Orpheum Theater in Boston in 2001; Hamilton

College, NY in 2004; Hampshire College, MA in 2004 (debating U.S.

Representative Ron Paul); at a peace event in Albany, NY in 2005; at a

screening of An Unreasonable Man around 2006; to Congressional interns in

the Capitol in 2006. I talked with him briefly during book signings at Hamilton

College and after the documentary screening.

Granny D at a local bookstore in 2001, promoting her book Granny D: Walking

Across America in My Ninetieth Year.

Amory Lovins and John Todd at the Twenty-First Annual E. F. Schumacher

Lectures at Amherst College, MA in 2001.

Eric Schlosser at Siena College, NY in 2001.

Amy Goodman at Rensselaer Polytechnic Institute, NY in 2001 and again in

2003.

Winona LaDuke at Siena College, NY in 2002.

Howard Zinn at Siena College, NY in 2003.

Robert F. Kennedy Jr. at Union College, NY in 2004.

Lester Brown at Union College, NY in 2005.

Other memorable events

Took part in peace protests: in Albany, NY in Oct. 2002; in Albany, NY in Jan.

2003; in NYC on 15 Feb. 2003; in New Paltz, NY in Mar. 2005.

22 Jan. 2005: Selection-committee interview for Congress-Bundestag

scholarship.

15 Feb. 2005: My district's Board of Education rejected my proposal to have

the district buy recycled paper.

Mar. 2005: I attended five meetings of the school district’s Citizens’ Budget

Advisory Committee as a participant. (I was the only non-adult participant.) At

the last meeting, we each gave brief comments on the budget, which were

broadcast on local public-access television. I made a plea against the proposal

to increase work requirements on English teachers in order to save money.

19 Mar. 2005: I won first place in the first round of a Chemistry Olympiad at

Albany College of Pharmacy. (I did miserably on the later second round of the

competition, which required experimental rather than theoretical acumen.)

Footnotes

a. Note from 2017: This reasoning by itself is poor. The same argument could be applied

to any worldview, since any worldview is only one out of infinitely many

possibilities.  (back)

b. Note from 2017: I now discourage jogging on non-paved land because doing so

crushes tons of invertebrates and occasionally even some small vertebrates like

salamanders.  (back)
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CONGRESS-BUNDESTAG-PROGRAM ESSAYS

by Brian Tomasik
written around end of 2004 / beginning of 2005

I applied for this scholarship to live for a year in Germany. I faced competition 
from a few other people in my local area, and I was ultimately rejected. I think I did 
poorly in the in-house interview, where we were supposed to interact with our fellow 
applicants and answer questions in front of a judge panel. In any case, I did get something
useful out of the experience: I applied for my first passport.

Following are some of the questions that the application included.
--Brian, 4 Aug. 2014

1. Choose one of the activities you listed on Part C and describe your participation in 
depth.  What difference has it made in your life and in the lives of others?

The most important project that I have ever undertaken has probably been my 
effort to encourage the Guilderland school district to buy recycled copy paper instead of 
virgin.  I began the project in tenth grade with the Student Environmental Action 
Coalition.  After asking the district business official about the virgin paper currently in 
use, I wrote to regional paper distributors to see how their brands of recycled paper would
compare.  I also prepared a report on the environmental benefits of recycled paper and 
wrote a draft letter describing my proposal for the district administration.  When I met 
with the district superintendent, he was very impressed by my argument and agreed to 
have the business official request prices for both virgin and recycled paper in all future 
bids.  The first bid showed a cost difference of $5,000, which was too high for the 
administration to accept.  Nevertheless, I intend to continue raising support for my 
proposal; the next step may be to present a paper-purchasing policy to the Board of 
Education.

Regardless of how the effort ends up, its impact on me has been substantial.  I 
have learned a lot, not only about recycled paper but also about how to request 
information and ask for guidance on what to do next.  And in the process of trying to 
change the school policy, I found myself becoming more paper-conscious as well.  I 
began to print less and less from the Internet, and what I did print was on scrap paper; I 
also used fewer paper towels and more cloth rags.  The effect has worn off on others, too:
both of my parents have become similarly aware of paper use, and one of my friends at 
school—who said that I have made him more environmentally conscious—told me how 
upset he was that the Albany County Legislature’s thick agenda is printed on only one 
side of the paper.  In addition, my mother has researched the possibility of conversion to 
recycled paper by the Altamont Library, while the secretary of the Altamont Reformed 
Church has already switched the church to recycled paper because of my example.  Even 
if I cannot ultimately convince the school district to buy recycled paper, these impacts on 
the attitudes of myself and others will have made the endeavor worthwhile.

http://www.sccs.swarthmore.edu/users/09/btomasi1/


[Note from 4. Aug. 2014: I no longer know whether I support recycled paper, because 

paper production may reduce wild-animal habitats. The topic is complex and should be 

explored further.]

4. Describe a non-academic situation in which you have had to face defeat or failure, or 
have made a mistake, and explain how you dealt with it.

I am unable to think of any instances of a defeat or mistake powerful enough that 
I had to cope significantly with it.  I can, however, relate a few examples of failure to do 
something or fear of doing something and how I attempted to improve.

One example is exercise.  For most of my life, I never had a regular exercise 
routine.  During the summer, I was somewhat active playing tennis, but there was nothing
that I did consistently; moreover, my activity largely stopped once winter came.  At the 
end of my 11th-grade year, I set out to change that.  By simply deciding that the present 
satisfaction and future health benefits of regular exercise were far too important to forgo, 
I motivated myself to exercise almost every day during that summer and I have continued
to do that almost as regularly now that I am back in school.

A second example of determination to change is in the area of public speaking.  
Giving a presentation, whether before the class or in a meeting, had always been one of 
my most dreaded activities, not because I did badly but because I was afraid to talk 
before a large audience.  But instead of escaping from the task whenever possible, I 
resolved to make myself less nervous by practicing it more often.  In 11th grade, I took a 
class on public speaking; it taught me not just elocutionary skills but confidence and 
calmness.  I gained further practice whenever one of my clubs hosted a speaker at the 
high school, because I always gave a brief introduction of the club before the presentation
began.  To be sure, I am still nervous before any talk in front of a large group, but I have 
done it enough that it has become more routine and less terrifying.

5. It is natural for exchange students to feel homesick during a year away from friends, 
family and school activities.  Reflect for a moment on what it will be like to live as a 
member of a family in Germany.  What problems or challenges other than language
might you expect to encounter and how might you deal with them? What is it about the 
exchange experience that appeals to you?

I do not anticipate encountering many problems during my stay in Germany.  I 
will no doubt feel some homesickness, but I am already somewhat used to not seeing 
close family members every day, especially now that my sister is away at college.  My 
current household does not really have any rules that I have to follow, but I think that I 
am flexible and tolerant enough that I would not really mind if my German host family 
did.  I consider myself to have a positive outlook, and I tend to get along well with 
practically everyone I meet.  The few problems that might arise would probably be in the 
areas of food (I am a picky eater), entertainment activities (I do not enjoy watching a lot 
of television or listening to a lot of music), and schedule (such as when the family wakes 

http://www.utilitarian-essays.com/applied-welfare-biology.html


up); however, all of these would be fairly minor difficulties that could be easily resolved 
by discussion.  I am not pretending that living in another country, attending school in a 
foreign language, and making friends all over again will be easy, but I think that the 
challenge involved with adjusting to a new lifestyle will make the experience all the more
worthwhile.  

The prospect of living in Germany is particularly exciting to me because I have 
never before traveled outside of the United States.  Being immersed in the country for a 
whole year will give me a firsthand view of the people, history, culture, and politics of 
Germany (and other parts of Europe) in a way that is not possible for tourists or 
temporary visitors.  Although I am already fairly proficient in German from school, I am 
anxious to acquire the degree of fluency that is only possible when one is surrounded by 
the language for a long time.  In addition, I hope that taking a year off from my regular 
academic work will allow me more time to open my eyes to the larger world and all of 
the possibilities that it holds.  And, after my year in Germany is over, I will be able to 
bring to college a richer understanding of what other parts of the world are really like.



Comment from Brian in 2017:

Many psychologists consider this

viewpoint a myth. :

"Punching your pillow, trashing the

room, or screaming to your heart's

content doesn't actually 'release'

your pent up rage. In fact, research

shows that venting your anger in

this way actually has the opposite

effect: The more you vent, the

worse you'll feel."

Comment from Brian in 2017:

I'm now more skeptical of the ability

of deliberate thoughts to control

emotions to this degree. I think a

decent fraction of emotion is

subject to the whims of

environmental and neurological

circumstances, unless perhaps you

spend as much time as Buddhist

monks learning to control your

mind?

Home   •   Writings

Mister Rogers speech

By Brian Tomasik

First published: 2017 Aug 06. Last nontrivial update: 2019 Jan 19.

I took a "public speaking" class in high school. This page contains the text of

the first speech I did for that class, along with my evaluation of my

performance. The speech was delivered on 2004 Feb 13.

Contents

Speech text

Delivery tips

My formal, written self-evaluation

Speech text

There are many people whom we never meet in person, whom we encounter only

through the pages of books or the light and sound emitted by a television set. And

yet, these people can have profound impacts on our lives. One of them for me is

Fred Rogers, host of Mister Rogers’ Neighborhood.

I have been influenced by Mister Rogers for as long as I can remember. Mister

Rogers’ Neighborhood is the first television program I can remember seeing. I would

always enjoy the entire show, although I distinctly remember being especially

excited whenever the trolley was brought out and entered the Neighborhood of

Make-Believe. The impact of the show continued even after the TV had been turned

off, for [one of my relatives] would vocally imitate the puppets in the Neighborhood

of Make-Believe, especially Lady Elaine. We even used our video camera in filming

two homemade imitations of Mister Rogers’ Neighborhood.

However, the biggest influence of Mister Rogers was on my attitudes toward life.

Both explicitly through his discussions and songs and implicitly through his

demeanor, Mister Rogers shaped much of my personality.

He demonstrated the importance of hard work, both through his own personal

assiduity and through his songs. One of them, titled “You’ve Got to Do It,” explains

that while it is fine to wish for or pretend something, you actually have to work to

make it happen. Perhaps even more importantly, Mister Rogers showed that hard

work can be—and, in fact, ought to be—enjoyable. He nearly always carried a

sincere smile, whether he was cleaning up a mess or walking a friend’s dog.

Mister Rogers also emphasized the value of patience. He sang a song—“Let’s Think

of Something to Do While We’re Waiting”—whenever he had to wait a minute for

something to happen. The slow, steady pace of the show, moreover, provided a

comforting break from the rushed pace of everyday life. On several occasions,

Mister Rogers would stop for a minute or two, simply to offer viewers an opportunity

for quiet contemplation.

I first learned how to manage anger

from Mister Rogers. One of his songs,

“What Do You Do with the Mad that

You Feel,” emphasized that while it is

normal to feel anger, it is important to

deal with it in a safe way, such as by

punching a bag or running a race with

friends. Whenever I am filled with rage,

I often remember this song and realize

that there are ways of relieving

negative emotion that are not

destructive.

Perhaps most importantly, Mister

Rogers helped me to appreciate the wonder of life. He was always curious about

and fascinated by new things. In almost every program, he would visit a new place—

such as a graham cracker factory—or a new person—such as a man who arranged

extensive domino paths. Mister Rogers also showed short films on how people make

flashlights or paper or balloons. One of his best songs, entitled, “Did You Know that

It’s All Right to Wonder,” declared that “there are all kinds of wonderful, all kinds of

marvelous, marvelously wonderful things.” Mister Rogers influenced me to be

fascinated, awed, and inspired by all aspects of life, from the smallest detail in

grammar to the most prodigious questions about the origins of the universe. Life

holds as much wonder as we care to find in it; Mister Rogers encouraged his viewers

to look for more.

Many of the principles that Mister

Rogers espoused may seem

unrealistically idealistic and naïve, as if

they could only work in a perfect

world. However, I have found that

these values can make a difference to

whatever extent we allow them to

make a difference. Work can be as

enjoyable as we make it; waiting is as

tolerable as we decide to think of it;

life holds as much meaning and

wonder we wish to find in it. The

practice of these ideas is not confined

to an ideal world. Much to the contrary, these principles represent valuable ways to

make the recognizably imperfect world in which we find ourselves just a little bit

better.

Delivery tips

In class, we were required to present our speech in front of a video camera and then

to watch ourselves on the television screen. While doing the latter, I took the

following notes on ways to improve my delivery of this speech in particular and of all

speeches in general.

Avoid the following:

1. Especially during the rewinding of the tape, it was apparent that I tended to

shift back and forth.

2. When I was unable to think of a word, I would shake my hands and/or my head.

3. I tended to turn down to look at my paper even when I didn’t need to; this

seems to be a bad way of distracting attention from myself.

4. I had little intonation.

5. I am often so conscious of proper word choice that I hesitate inordinately. I

need simply to choose a word and say it without concern for its perfect

appropriateness.

6. I tended to stare at one point—the camera. This will be less problematic in the

actual presentation, but I need to remember to look at the audience and not at

my paper for distraction.

7. I tended to say “really” as a qualifier; it detracted from my message.

My formal, written self-evaluation

Overall, my speech went quite well. I believe I spoke loudly enough for everyone to

hear me clearly, and my enunciation of words was good enough that the audience

could understand pretty much everything I said. I made only a few minor verbal

errors, the type that are bound to occur from time to time. When I first practiced the

speech in front of the video camera, I made several mistakes and started and

stopped abruptly because I was just becoming familiar with the material I planned to

say. By the time of the speech, however, I had practiced it several times and was

comfortable enough putting into words the ideas I wanted to convey that the speech

went rather smoothly. I did pause a few times to grasp a word at the tip of my

tongue, but I deliberately avoided filling the silence with “um” or “ah.” I also steered

away from the sudden completion of my speech with “in conclusion” or “that’s it.”

Each of these aspects of voice went quite well, but I could still use practice and

improvement in enunciation. I would also like to improve my intonation and practice

stressing those words and phrases that are meant to be emphasized.

My body language during the speech was also, for the most part, effective.

Although I used many hand motions, most of them were appropriate to the point

being made; I do not think they were overly distracting, either, since they were

largely controlled and not overly forceful. I did notice that I tended to shift around

during the speech, but I consciously strove to walk gently back and forth instead of

leaning to one side and then the other, as I often tend to do. I would like to learn to

eliminate distracting movement altogether, either by standing still or by developing a

movement technique that does not detract from—and maybe even enhances—the

presentation. I did fairly well with eye contact. I normally tend to look at my paper

more than I need to just to avoid looking at the audience, but I resisted that

temptation quite well in this speech. I found that the area of eye contact in which I

need improvement is not in looking at the audience but rather in moving my gaze

around the entire room instead of focusing on a few groups of desks.

Not only was my speech fairly well delivered; it was also well prepared. I spent a

good deal of time outlining my thoughts and organizing them into a logical

sequence. I evaluated each main point, adding details to some areas that needed

more explanation and shortening other areas that were too long. I also experimented

with different ways to express certain ideas and to catch the attention of the

audience with the lead. The well prepared content of the speech enabled me to

focus more attention on the delivery skills, including voice and body language. By

continuing to do this, I can work on improving my intonation, my shifting around, and

my eye movement.
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My Informal Will

By Brian Tomasik

First written: 19 Nov 2014. Last nontrivial update: 19 Jan 2018.

Summary

This page outlines my feelings about my end-of-life care and after-death asset

transfers. It's probably not of interest to most readers.

I know this page isn't legally binding, but I have legally binding durable power of

attorney (in general and for health purposes) given to Jonah Sinick. So at the very

least, this document can inform him. It's also possible that having a long public

record of my wishes (including on Internet Archive, assuming that still exists

decades from now) would make it harder to contest them?

Contents

Summary

Introduction

Health directive

Where my assets go

Keeping my websites online

Verification

Introduction

In 2011, I created an official will and associated documents with Lyle M. Clark, Jr.,

Attorney at Law, in Bellevue, WA, USA. I have one copy at home, and my dad also

has a copy.

I still agree with most of what that will says. The main thing that has changed over

time is the charity where I want my assets to go.

I'm unlikely to die before the second half of the 21st century, but I created the legally

valid will early just in case. It's especially important if I get into an accident or have a

sudden medical emergency that leaves me incapacitated.

Health directive

My health care directive mostly says standard stuff about favoring pain relief over

longevity if it looks like I'm pretty likely to die. This is very important to me and was

my original impetus for writing this page. I especially like this sentence from the

directive:

I request that medication be mercifully administered to me for terminal

suffering even if it hastens the moment of death.

If it's pretty certain I'm going to die, I want to just die as soon as possible, with the

primary goal of minimizing pain and the secondary goal of minimizing wasteful

hospital expenses.

In fact, when I enter old age, I plan to move to a state that allows physician-assisted

suicide to make sure I can avail myself of that option, which seems probably the

best way to die. I hope and expect more states will legalize it between now and

~2065 (a rough guess of when I might die).

I hope I would end up in a medical facility that respects my health directive, and if

not, I hope I'd be moved to one that would apply more pain relief and less life

sustenance, unless the pain costs of moving would exceed the benefits.

Where my assets go

In 2011 when I created my will, I chose Vegan Outreach to receive my assets when I

died. Since then, better charities have come along.

1. Currently I would give all my assets to the Foundational Research Institute (FRI)

if this can be done tax-deductibly through GiveWell or if FRI has a direct US

deduction vehicle.

2. If that doesn't work, and if the tax on assets left to FRI exceeds ~30% (such as

because of a high estate tax), I would instead leave the assets to the top USA-

deductible charity listed in "My Donation Recommendations" in descending

order of their "Expected impartial value" numbers. Non-taxed assets (e.g.,

below an estate-tax threshold) should still go to FRI.

3. If FRI doesn't exist at all, I would again defer to the top-ranked charity in "My

Donation Recommendations", or specifically to the top-ranked USA-deductible

charity if taxes are high for a non-deductible one.

4. If none of these charities exists by the time I die and if I haven't kept this piece

up-to-date, I would ask the person who has power of attorney (Jonah Sinick)

where I would have wanted my assets to go, considering both the value of the

charity and tax implications.

I'm sure my top charity choice will change many more times into the future, but it's

not worth the cost of changing my official will every few years because the

probability of my dying soon isn't high enough.

Keeping my websites online

One of my most important life achievements is the content I've created on my

websites, including reducing-suffering.org, briantomasik.com, my writings on

foundational-research.org, and my YouTube videos. If I die, I want someone to

continue to keep my websites online by paying the recurring fees for the domains

and hosting indefinitely. If I'm in a terminal situation, I can give someone access to

my accounts (and make sure the person can actually log in, in case there are

obstacles to logging in to the accounts from a new computer and/or new location). If

I die unexpectedly, please try to figure out how to keep the accounts going on your

own, perhaps by contacting the domain and hosting companies and explaining the

situation. In the absolute worst case, you could download the content of my sites

from the public web (or the Wayback Machine in case the live versions have

disappeared) and reupload it onto new domains that you control. Making a few

backup copies of my websites is a good precautionary measure.

Verification

I created a video in which I verify that I'm the author of this piece. It was recorded 12

Mar. 2015.

This verification doesn't confirm that I approve of changes to this page since the

verification video was recorded, so maybe I can re-record the video in the future. Or

I could speak the whole will in video format, which will be good verification until

realistic fake videos become widespread.
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Speech about an influential teacher

By Brian Tomasik

Presented on 5 Mar 2004 as the second speech I gave to my high-school "public

speaking" class.

Uploaded 6 Aug. 2017.

Speech text

You might not normally think of an hour-long class taken in addition to the regular

school day as the type of experience that would change the way you look at the

world. But for me, Earth Science in eighth grade was just that.

The reason was that I had an excellent teacher, whom I'll call Mr. X. Mr. X is a patient

and quiet man, with thick, black hair and small, round glasses; he wore an

interesting new tie every day of the year.

The ideas Mr. X introduced were always fascinating in and of themselves. But he

made the class even more enjoyable with odd references or interesting thoughts.

For instance, he carried a physically weathered pebble named “Pierre” with him at

all times (“Pierre” is French for “rock”). A character named “Agnes” seemed to

appear on almost every test, always involved in one situation or another. After we

watched a geology video, he repeatedly brought up the fact mentioned in it that

James Hutton had a dog named “Missy”: it was the answer to a multiple-choice

question on one of his tests and it was a term on one of the many vocabulary sheets

we filled out. I even managed, at his suggestion, to weave Missy into my answer to

one of the free-response questions on the Earth Science Regents exam.

Most important of these unconventional ideas was Mr. X’s ardent belief in the utter

foolishness of the English unit system and in the simple genius of the metric system.

[I ask the class:] “Would anyone from the audience like to estimate the length of this

room?” [If the answerer says “x feet”, I’ll say the following.] “I don’t think I can

accept that answer. Anyone else?” [Eventually, I would say the answer in meters if

no one else did.] That was the type of response Mr. X would give to a student who

gave him an answer in the English system of measurement. One of his classroom

walls displayed a series of pictures of Beanie Babies, each of which was labeled with

its name. Under the picture of the inchworm was written its name, “Inch,” but next to

that name was written, in parentheses, “(2.54 cm).” Mr. X even created a metric

clock with his computer, and posted a suggestion for a 13-month calendar on a

website for new ideas. All of this instilled in me an appreciation for those human

designs which are rational and avoid gratuitous overcomplication; to this day, I—like

Mr. X—refuse to make measurements in anything but the metric system. More

broadly, it was these unique traits and ideas that Mr. X brought to his subject that

showed me just how enjoyable and humorous science can be.

Mr. X is perhaps best known for the difficulty of his tests. Yet, he had good reason

for this. If the tests were easy, he would often say, students would not learn very

much and would not get better; it would be like trying to become an expert at ping

pong by always playing against your little sister. By making the tests challenging,

students are forced to make mistakes and encounter problems that expand their

scope of understanding. It was this attitude—that facing challenges is the only way

to become better at something—that converted any frustration I may have felt into

motivation to continue trying and into enjoyment of the process of solving a tough

problem.

The fostering of this interest and sheer excitement in working on a challenging

question may have been Mr. X’s most important and enduring impact on me. Mr. X

guided the class through many demonstrations of the connections between math

and science. He once asked us this question: “Which will have more air space

between the particles: a beaker filled with small, spherical particles, or a beaker

filled with large, spherical particles?” [I draw the diagrams on the chalk board to

illustrate this. Then ask the audience the following.] “Would anyone in the audience

like to offer a guess?” [If no one answers, say:] “The answer is that they have the

same amount of total air space. The amount of space between spherical particles

does not depend on the diameter of those particles.” Not only did this

demonstration encourage my love of mathematics, but it also showed me how

useful math can be in fully understanding scientific concepts.

It was, furthermore, this inquisitive spirit that impelled me to pursue challenges of

my own. Near the end of the year, during our unit on space, Mr. X mentioned a car

commercial he had seen in which a driver, after watching the sun set below the

horizon, accelerated his vehicle so quickly that the sun reappeared above the

horizon again. I soon realized that the concept could make an interesting challenge:

Assuming that the earth were completely spherical and covered entirely with flat

land, at what latitude would the driver in the commercial have to be located in order

for him to keep the sun in the same spot in the sky by driving at a constant speed of

150 km/h along one of the parallel circles of the Earth’s latitude? I finally answered

the problem with Mr. X’s help; moreover, I am convinced that had I heard about the

same commercial a year earlier, before my exposure to Mr. X’s novel ways of

thinking, I would not have even thought to contrive such a problem.

This spirit of excitedly assailing puzzles has stayed with me. In 9th grade, I helped to

found “Math Club” at the high school for this very purpose. I completed a list of

possible solutions to a “clock problem” that Mr. X first developed. I invented and

wrote tentative solutions to a “pyramid problem,” a “bingo problem,” and a problem

asking the probability that any two people in a class of twenty will share the same

birthday. I have written down questions to ask Mr. X, both puzzles I wanted him to

solve and actual questions I was curious about.

There were many aspects of Mr. X’s teaching style that shaped my approach to

learning. He emphasized the value of understanding concepts rather than

memorizing more than the basic facts. At the same time, his novel methods of

instruction and his interestingly different ideas made his class thoroughly enjoyable.

Most importantly, his example showed me that the tackling of difficult challenges—

whether in mathematics or in other areas of life—can be the most rewarding

experience of all.

Formal self-evaluation

Overall, I think the speech went quite well. I continue, however, to need the most

improvement in the area of voice. I believe I was loud enough for everyone to hear

me at all times, and I think that my water bottle did help to keep my throat moist.

Again I avoided the interjection of words like “ah” and “um” to fill silence. The

vocabulary and sentence variation of the speech were quite strong, especially since

I had practiced the speech so many times beforehand. However, I noticed that I had

a little trouble toward the end in formulating the sentences I wanted to articulate and

that many times I had to restart sentences to say them correctly; I think this was due

to mental tiredness after speaking for several minutes straight. I also failed to use

intonation to a significant extent to emphasize certain words or points. I began the

speech consciously trying to intonate as much as would seem natural, but I soon

became so involved in the other elements of delivery that I largely forgot about

intonation. I plan to practice intonation more consciously during my rehearsals of

the speech so that by the time of the actual presentation, I will not have to think

about it nearly as much.

The body language of the speech was better. As before, my hand gestures were

soft and illustrative rather than distracting. My props and use of the board seemed

to help the audience get a better sense of my subject matter, and my movement

around the circle of the room may have helped to keep the audience’s attention as

well. I tried the technique of walking to a location and then stopping there to pause

before walking again; however, I think I may have shifted a bit too much during the

pauses for this to work completely. Next time, I hope to fine-tune my movement

style so that it is engaging rather than potentially distracting.

As before, eye contact was fairly well sustained: I only looked at my outline during

natural breaks in the speech’s flow. However, I continued to notice that the area of

my eye contact was largely confined to those people in the front rather than those in

the back and off to the side. I did consciously remember to spread the eye contact

around at times, but it was probably not consistent enough for some audience

members to feel as if I spoke directly to them. As with intonation, I will consciously

practice spreading out eye contact during rehearsal so it does not require as much

thought during the presentation itself.

The content of my speech was very good. Not only did I include detailed elaboration

of several examples showing Mr. X’s powerful teaching style, but I also explained

exactly how that teaching style impacted my approach to learning. My use of

objects and my drawing on the blackboard were especially helpful in making my

statements real and understandable to the audience. I plan to continue providing full

explanations and incorporating helpful visual aids.

When I practice my next speech, I need to focus particularly on an effective

movement style, on conscious intonation, and on spreading equal eye contact to all

members of the audience.
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Short autobiography in 8th grade

By Brian Tomasik

This was a project for health class when I was in 8th grade (fall 2000).

Past

My mother said that as a young child, I was curious, creative, inquisitive, observant,

and shy. I did well in school and was especially good at math. I was interested in

Monopoly, dinosaurs, reptiles, amphibians, rocks, fossils, and other things. I disliked

many types of food, school, homework, housecleaning, and gardening. My family

and teachers have taught me many things and supported me. One of my main

accomplishments was making hours and hours of movies (although many of them

were not very good). I also memorized more than the first hundred digits of pi.

pi=3.141592653589793238462643383279502884197169399375105820974

9445907816406286208998628034825342117067982148086513

Present

Presently, I am quiet, shy, particular, attentive to detail, and responsible. I am about

16 decimeters tall. I usually wear striped shirts and sweatpants. I don’t listen to

music very often and I don’t like any band or groups. I like to watch Pokemon and

Sabrina The Teenage Witch as well as shows like Monty Python’s Flying Circus,

Fawlty Towers, Mr. Bean, and Rocky and Bullwinkle. My hobbies include

moviemaking, collecting rocks, playing Nintendo, playing chess, fishing [Brian in

2014 looks back on this with horror], and swimming. I am good at math, science,

German, and other things. Getting good grades is important to me. My family

members are most important to me because they support me and help me. Growing

up on a farm and being surrounded by nature made me love nature and learn how

hard some work is. My short term goals include getting good grades the rest of this

year, doing well on the Earth Science Regents, and making a few movies over the

summer. My long term goals include doing well in high school, getting into a good

college, and getting a fun job with pretty good pay.

Future

20 years from now, I hope to live in this area. I am an engineer, possibly designing

alternative energy sources. I will be similar to the way I was in eighth grade because

I will like math and science and I will be concerned about the environment [Brian in

2014: an update on this prediction]. I reached my long term goals because I will

have gotten good grades in high school, I will have gotten into a good college, and I

will have a fun job. I have impacted the world by helping the environment and

providing cheaper and cleaner energy, as well.

Scenario: Our engineering group has just finished an improved solar panel

technology. The president who was just elected for his second term, Ralph Nader,

has supported our group’s efforts. He is trying to make alternative energy more

widespread and efficient.
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If Humans Were Ectothermic...

By Brian Tomasik

First written: 29 Jun 2016. Last nontrivial update: 29 Jun 2016.

Summary

This piece muses on some ways in which human society and development might

have been different if humans had been ectothermic rather than endothermic.

Contents

Summary

Carrying capacity

Rate of innovation

Heat inequality

Artificial heat and cold

Carrying capacity

Most of Earth's fauna are ectothermic, and ectothermy allows for bigger population

sizes, because an organism of a given mass can be supported with less energy per

unit time. If humans were ectothermic, they would have lower per-capita resource

requirements, at least in the domain of food.

Rate of innovation

Ectotherms are less active than endotherms and so probably have fewer cognitive

cycles to waste on extraneous thoughts of the kind that might lead humans to make

discoveries and innovate. It's plausible that ectothermic humans would never have

developed agriculture, tools, etc. But in the rest of my discussion, I'll assume for the

sake of argument that humans did develop technologies like those.

Heat inequality

Insect growth and development is roughly proportional to temperature. If humans

were ectothermic, they too would presumably

be more active at higher temperatures. This

page explains: "Cold-blooded animals are

much more active in warm environments and

are very sluggish in cold environments. This is

because their muscle activity depends on

chemical reactions which run quickly when it is

hot and slowly when it is cold."

Thus, ectothermic humans would probably have remained concentrated in Africa

and other Equatorial regions of the world, with those people venturing out toward

the poles facing slower development. This book explains:

Being ecotherms, more lizard species live in the warm tropics than in

temperate zones. [...]

In Canada or Chile, or even in Virginia, it would be almost impossible

for a large lizard to ever soak up enough sun to get its motor running.

That's why you never see large lizards taking ski vacations in Colorado

or Utah. Only one lizard species—the European common lizard—

survives above the Arctic Circle.

Warmer temperatures allow for more generations per year of invertebrates:

With warming, the generations per year of a range of arthropod

vectors (mosquitoes, ticks) increase [...].

More generations per year near the Equator is also a possible reason for the higher

species diversity of the tropics.

In a world of ectothermic humans, perhaps the "developing world" would have been

toward the poles, and the Equator would have been where human society and

innovation were able to progress faster.

This page notes: "when homeotherms and poikilotherms have similar niches, and

compete, the homeotherm can often drive poikilothermic competitors to extinction,

because homeotherms can gather food for a greater fraction of each day." Likewise,

ectothermic humans near the Equator would have been able to grow food, develop

technologies, carry out research, etc. for a greater fraction of each day.

Artificial heat and cold

In a world of ectothermic humans, the invention of fire might have been an even

bigger deal than it was in our own history, since fire might have allowed for staying

warmer for longer periods. Artificial heating of buildings would have enhanced this

ability and might have led to greater separation between the "haves" (those with the

money to buy heat) and the "have nots" (those too poor to buy heat and thus too

poor to speed up their productivity). In this world, perhaps there would be political

debates about the "right to heat", similar to our own debates about the right to

health care.

If lower temperatures slowed down mental activity, then perhaps ectothermic

people would voluntarily cool themselves if they were depressed. On the other

hand, maybe this would just make their mental recoveries take longer?

People aiming to live long enough to live forever might cool themselves as much as

had been proven physiologically safe so that they would undergo less metabolism

per unit time.
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How Do Signals Evolve?

By Brian Tomasik

first written: Feb 2014. Last nontrivial update: 21 Oct 2014.

Gazelles engage in stotting, i.e., jumping into the

air, when predators are nearby. A prevailing

explanation of this behavior is that stotting is an

honest signal of the animal's fitness to run away, so

predators should not bother chasing it. This is just

one of countless examples of signaling in biology.

But I've often wondered: How does a signal get

started? It relies on a mutual understanding

between both parties about what the signal means.

Before stotting becomes an understood practice, if

a gazelle stotts one day, a cheetah doesn't know what to make of it, so the behavior

does nothing but slow the gazelle down. (I'm assuming the cheetah doesn't engage

in logical deduction about what being able to jump would imply about fitness. Even

if cheetahs can do that, we couldn't use this explanation for signaling among insects

and plants.)

The best guess I could come up with was that fitter gazelles naturally are more

"jumpy," and cheetahs would have evolved classifiers to find the weaker gazelles

using "lack of jumpiness" as a feature. Given this, fitter gazelles could look less

promising to this classifier by jumping a little more, so they would evolve toward

increased jumpiness. Then the cheetahs could pick up on the information and

update their classifiers. The cycle could continue in a feedback loop. I found one

article that affirms this idea. It calls the incidental traits associated with the property

of interest "protosignals," which then get amplified.

Of course, signaling only works when it's differentially costly between those with

and without the signaled trait. This makes some easy forms of aposematism hard to

explain: If all a frog needs to do is have a bright-red skin to look poisonous, why

don't lots of frogs engage in Batesian mimicry to get red skin? Is red skin somehow

cheaper if you're poisonous than if you're not?

Verbal signals are easy ("talk is cheap"), so there's an extensive and unsettled

debate about how honesty in human language might have evolved.
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Does DNA encode reward feature detectors? (#p5686)
by Brian Tomasik »

The following post is more cognitive‐science speculation than applied utilitarianism, but I
couldn't think of a better place to ask my questions, so here goes.

Certain stimuli are nearly universally rewarding and others are nearly universally aversive
among humans. Attraction and repulsion result when the nervous system detects features about
its environment through the senses (taste, smell, appearance, etc.) and transmits these signals
to emotional centers in the limbic system and elsewhere.

How is it that emotions get hooked up to feature detector neurons? In some cases, the
relationship is purely learned (http://felicifia.org/viewtopic.php?f=29&t=630) through classical
conditioning. For example, after I ate some bad chicken nuggets in 1999 and threw up
afterwards, I felt nauseous around the smell of chicken nuggets for several years afterward.
(The conditioned effect has since become extinct, but hey, I don't plan to eat chicken nuggets
anyway (http://www.mccruelty.com/) .) In general, many food proclivities are learned, which we
can see by the fact that some cultures love to eat cow tongues and monkey brains. There's
evidence that nutrition during pregnancy affects later taste preferences
(http://www.npr.org/2011/08/08/139033757/babys‐palate‐and‐food‐memories‐shaped‐before‐birth) .

But there are trickier cases. What about the preference for fat, sugar, and salt
(http://www.talkingscience.org/2010/08/what‐is‐responsible‐for‐our‐taste‐preferences‐and‐why‐do‐they‐
change‐with‐age/) ? Is this learned or hard‐wired? My guess is that the affective valence of these
inputs is learned but in the context of more internal cues which are hard‐wired. For example,
sugar tastes good when you're hungry but can be uncomfortable when you've eaten too much.
The body has systems to control glucose concentrations, as well as other hormonal regulators of
hunger and satiety (http://www.ncbi.nlm.nih.gov/pubmed/17212793) , and presumably these
interact with the brain to say "go" and "stop" at longer time‐scales and drive the learning of the
more immediate taste sensations.

While it's easy enough to imagine that many food preferences are learned from internal cues,
the case of physical attractiveness seems more difficult. There appear to be dozens of features
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(http://en.wikipedia.org/wiki/Physical_attractiveness) that determine beauty, and several of them
seem fairly universal across cultures. For example, "The hourglass figure is truly timeless
(http://www.newscientist.com/article/dn10927) ": "Written texts of all ages have the same drift
when it comes to the midriff ‐ they consistently describe women's thin waists as attractive. The
conclusion comes from an analysis of British, Indian and Chinese texts dating as far back as the
first century AD. According to the researchers, the finding supports the idea that we are
hardwired to prefer slender waists, which are linked to good health and fertility."

Where is this preference for a 2/3 waist‐to‐hip ratio stored? Presumably the brain has feature
detectors for curves and shapes. When certain curves and shapes fire, they pass through a
neural network with weights set to pattern‐match for a particular configuration. The output of
this neural network determines the level of activation of reward systems. But how exactly do
these weights get set? [OLD TEXT, probably wrong: This is definitely not something that can be
learned, because the outcome of a better waist/hip ratio doesn't show up until years after kids
have been born, and the influence of this single predictor on their survival is probably so small
that you wouldn't notice it even over a lifetime of having children. Nor does it seem at all
plausible that males subconsciously survey women they know and correlate waist/hip ratio
against number of healthy offspring. I would conjecture that the correlation isn't even very
strong in this age of low maternal/child mortality, yet the preference remains.] [NEW TEXT,
Nov. 2014: Attractive features can be learned not via immediate rewards but by imprinting.
Indeed, there's decent evidence for sexual imprinting, which seems more plausible to me than
that DNA stores information about optimal body shapes. Still, DNA does need to tell the
imprinting process which kinds of bodies to imprint on...]

This leads to the suggestion that the 2/3 ratio must be stored in some form within DNA (or
potentially molecular epigentics, etc.). This strikes me as incredible. DNA codes for proteins that
mix together throughout a long human‐building process to turn on and off various cellular
functions. How can DNA have enough fine‐grained control through this indirect protein‐creating
mechanism to encode the number 2/3 (poetically speaking) into the neural weights for female
body‐shape attractiveness? And this isn't a one‐off phenomenon. There are several other
(http://www.psychologytoday.com/blog/the‐scientific‐fundamentalist/200809/barbie‐manufactured‐
mattel‐designed‐evolution‐i) cross‐cultural features of attractiveness based on image feature
detection. When seeing this level of detail, my instinct is to run to the explanation of "learning,"
but I simply can't see how learning could apply in this case.

To be sure, there are plenty of cases in which the emotional salience of visual cues can be
learned. Imprinting (http://en.wikipedia.org/wiki/Imprinting_(psychology)) is a classic example.
Geese can't store their mother's appearance in their DNA (else it would change every
generation), so they have a developmental strategy to learn that the first thing they see moving
within a critical period after birth is their mother. Likewise for reverse sexual imprinting
(http://en.wikipedia.org/wiki/Westermarck_effect) . And there are all sorts of even abstract
pictures to which people learn positive or negative associations through culture, like this
(http://en.wikipedia.org/wiki/File:Flag_of_the_United_States.svg) , or this
(http://en.wikipedia.org/wiki/File:Flag_of_the_NSDAP_(1920%E2%80%931945).svg) , or this
(http://en.wikipedia.org/wiki/File:Star_and_Crescent.svg) . It should also be noted that many images
are almost universally regarded as beautiful even though they cannot have direct evolutionary
benefit, like this (http://en.wikipedia.org/wiki/File:DAPIMitoTrackerRedAlexaFluor488BPAE.jpg) or this
(http://en.wikipedia.org/wiki/File:Antennae_galaxies_xl.jpg) ; presumably these are spandrels of
more generic visual affective systems, similar to the human preference for music.
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Anyway, one area in which learning is used to perceive physical attractiveness is with
averageness preference (http://en.wikipedia.org/wiki/Koinophilia#Physical_attractiveness) . About a
gazillion and four studies have shown that "average faces" are more attractive than average [sic]
and sometimes more attractive than any individual face. You can try it yourself online
(http://www.faceresearch.org/demos/average) . The phenomenon appears to be more than mere
symmetry detection, because symmetrical faces turned upside down don't have much advantage
(http://www.faceresearch.org/students/notes/symmetry.pdf) and because averages of profile views
(where symmetry doesn't apply) are still found more attractive
(http://www.valentinemoore.co.uk/trv/Attractive.pdf) . In other words, the brain presumably
contains networks that check whether a face is close to the average of faces it has seen. Each
time it sees a new face, maybe the brain updates these weights with some learning rate. A
theoretical test for the averageness hypothesis could be to raise children within a group of
people with a particular abnormal feature (say, a really square face
(http://linsart.blogspot.com/2010/10/one‐of‐kind‐square‐face‐cabs.html) ), and upon exposing them
to a more normal face, see if they like it less (or at least prefer it less than other children do). In
any event, even if averages are learned, the fundamental algorithm of "comparing to the
average" still has to be hard‐wired. Presumably this lies somewhere in DNA as well.
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by rehoot »

The ease of conditioning a taste aversion was an important discovery in the history of
psychology. A guy named John Garcia
(https://en.wikipedia.org/wiki/John_Garcia_%28psychologist%29) did some relatively simple studies
that showed that rats can acquire an aversion to "tasty" food in as little as one event if it is
followed by negative stimuli. Animals seem to be biologically predisposed to quickly acquire
taste aversion but not acquire aversions as quickly in other domains. That suggested a biological
(largely genetic) basis for behavior as opposed to the pure conditioning basis suggested by
Skinner and the behaviorists. You can also read a bit about it here:
https://en.wikipedia.org/wiki/Taste_aversion (https://en.wikipedia.org/wiki/Taste_aversion) 

Brian Tomasik wrote:
How is it that emotions get hooked up to feature detector neurons? In some cases,
the relationship is purely learned through classical conditioning. For example,
after I ate some bad chicken nuggets in 1999 and threw up afterwards, I felt
nauseous around the smell of chicken nuggets for several years afterward.
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Geese can't store their mother's appearance in their DNA
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Correct. Memory is often distributed but relies on some key brain regions such as the
hippocampus. The geese thing is another example of a biological predisposition to be easily
conditioned to a particular type of stimuli.

The study of beauty and "liking" is quite interesting. It is also related to why people have so
many prejudices. You already posted my favorite link on the subject:
http://www.faceresearch.org/demos/average (http://www.faceresearch.org/demos/average) .
That page that shows that the average of many pictures of "average" people produces an image
that seems to be more beautiful than any of the individuals: 

The research on faces has suggested that people can detect certain features and have a
preference for them, such as symmetry, but a large part of our preference for any style or
fashion is largely influenced by mere exposure (https://en.wikipedia.org/wiki/Exposure_effect) .
Some of the studies on mere exposure show that people who wait in a waiting room and here a
song that was previously rated as "bad" by students became the preferred song when heard at a
later time. In another study, undercover experimenters sat in the back of classrooms and said
absolutely nothing for several weeks (I forget the exact amount of time) but these people were
rated as more likeable that randomly assigned strangers (who were picked as more likeable
when they were the ones sitting in the back of the room).

I will introject my philosophy here: I think that people typically err when they claim that they
like something because of the physical attributes of something. When people say that, they are
often claiming that there is objective value in the physical shape or attributes of something (you
are not saying that). I think they misunderstand the true origins of why they prefer something
because humans are not consciously aware of the unconscious processes involved with
perception and interpretation. The claim that our brains are wired to like things of a certain
shape is more plausible, but it is incomplete if it excludes consideration of all the social
influences on perception and interpretation.

Brian Tomasik wrote:
And there are all sorts of even abstract pictures to which people learn positive or
negative associations through culture, like this, or this, or this. It should also be
noted that many images are almost universally regarded as beautiful even though
they cannot have direct evolutionary benefit, like this or this; presumably these
are spandrels of more generic visual affective systems, similar to the human
preference for music.

Brian Tomasik wrote:
In other words, the brain presumably contains networks that check whether a face
is close to the average of faces it has seen.
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I'm not sure if we can draw that conclusion or if all we can say is that people can detect outliers
that are not within the norm. There is no research that I know of that people unconsciously
perform mathematical calculations to average a historical record of stimuli (even in some test in
which people are given lots of numbers and asked to average them), but they rely on heuristics
(gut feelings or impressions not based on mathematical calculations). Perception of immediate
experience might involve some responses that follow mathematical patterns (like the response
to loudness of sounds following a logarithmic curve), but this does not happen when some of the
stimuli are in the past and some are current.

What can be genetically based is a disposition to focus on differences from the norm‐‐where
differences are based on past experience‐‐ and, to some degree on some feature‐detection like
symmetry. Many animals have strong reaction to seeing snakes. There are neurons in the visual
cortex that respond specifically to motion and curvy lines that might be partially responsible for
this, but another way to view this is that the biological basis causes people to respond more
strongly to some stimuli than they do to others. 

Some people have a strong reaction to detecting differences from the norm, and then people
can vary in cognitive skill to influence how they react to the detected differences (i.e., some
people see a person of a different color and react with suspicion or violence and some with
interest).

Now consider an earlier statement:

Brian Tomasik wrote:
In any event, even if averages are learned, the fundamental algorithm of
"comparing to the average" still has to be hard‐wired. Presumably this lies
somewhere in DNA as well.

https://en.wikipedia.org/wiki/Visual_cortex wrote:
Current consensus seems to be that early responses of V1 neurons consists of tiled
sets of selective spatiotemporal filters. In the spatial domain, the functioning of
V1 can be thought of as similar to many spatially local, complex Fourier
transforms, or more accurately, Gabor transforms. Theoretically, these filters
together can carry out neuronal processing of spatial frequency, orientation,
motion, direction, speed (thus temporal frequency), and many other
spatiotemporal features.

Brian Tomasik wrote:
This leads to the suggestion that the 2/3 ratio must be stored in some form within
DNA



Can we really say that there is a preference for a 2/3 ratio as opposed to a preference for
something within the norm (perhaps influenced by what is perceived to be the norm for people
of high status/power)? I would argue that the weight of female sex symbol has changed over the
decades, as has that ratio. In the art world, there is something called the golden ratio
(https://en.wikipedia.org/wiki/Golden_ratio) . If you divide a rectangular canvas into two parts
according to the ratio, and paint them different colors, it generally looks good. That might be a
stronger case for a biological basis, but it could be related to perceived symmetry in some way. I
don't know the biological basis for this.
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Great point to add ‐‐ thanks!

Yep, agreed.

But if it were just about outliers, then why would the average face be more pretty than a non‐
abnormal face? Also, how would the brain store information about what's an outlier?

rehoot wrote:
Animals seem to be biologically predisposed to quickly acquire taste aversion but
not acquire aversions as quickly in other domains. That suggested a biological
(largely genetic) basis for behavior as opposed to the pure conditioning basis
suggested by Skinner and the behaviorists.

rehoot wrote:
The claim that our brains are wired to like things of a certain shape is more
plausible, but it is incomplete if it excludes consideration of all the social
influences on perception and interpretation.

rehoot wrote:
I'm not sure if we can draw that conclusion or if all we can say is that people can
detect outliers that are not within the norm.

rehoot wrote:
There is no research that I know of that people unconsciously perform
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Not necessarily a real mathematical average, but an implicit average built up by successive
updates to neural connection weights. Each time there's a new observation, the updated weight
is a combination of the old value with the new observation. This might be a weighted average
that decays older data. (I don't know if this is plausible biologically without studying the matter
more.)

What I'm proposing above is an average where each instance does an update. Showing people
abstract numbers wouldn't be expected to have the same effect, because who knows if symbolic
things like numbers could affect connection weights in the same way? If instead the average
were done by showing a bunch of +1's and ‐1's in some proportion, then I would expect neural
weights to track the average fairly well.

Good point! Snake aversion has to be pretty innate, because organisms don't learn to fear snakes
only after a bad encounter with one.

I think we can for waist‐to‐hip ratio more than other things, because as the article
(http://www.newscientist.com/article/dn10927‐the‐hourglass‐figure‐is‐truly‐timeless.html) that I cited
before notes, WHR preferences are surprisingly similar across cultures and historical periods. If
it were just based on norms, we wouldn't see such consistency.

The exact number may vary a bit (http://en.wikipedia.org/wiki/Waist‐hip_ratio) , but not wildly:

mathematical calculations to average a historical record of stimuli (even in some
test in which people are given lots of numbers and asked to average them), but
they rely on heuristics (gut feelings or impressions not based on mathematical
calculations).

rehoot wrote:
Many animals have strong reaction to seeing snakes. There are neurons in the
visual cortex that respond specifically to motion and curvy lines that might be
partially responsible for this, but another way to view this is that the biological
basis causes people to respond more strongly to some stimuli than they do to
others.

rehoot wrote:
Can we really say that there is a preference for a 2/3 ratio as opposed to a
preference for something within the norm (perhaps influenced by what is
perceived to be the norm for people of high status/power)?

Some researchers have found that the waist‐hip ratio (WHR) is a significant
measure of female attractiveness.[20] Women with a 0.7 WHR are usually rated as
more attractive by men from Indo‐European cultures.[21] Preferences may vary,
according to some studies,[22] ranging from 0.6 in China, South America, and
some of Africa[23] to 0.8 in Cameroon and among the Hazda tribe of Tanzania,
[14][24][25] with divergent preferences according the ethnicity of the observed
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http://www.newscientist.com/article/dn10927-the-hourglass-figure-is-truly-timeless.html
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Re: Does DNA encode reward feature detectors? (#p5787)
by rehoot »

I'm not really sure, but it could work something like this... Neurons that fire as a group
repeatedly tend to develop more physical connections between them and the probability of a
future action potential is increased (that set of neurons becomes more likely to be activated as
a group). People can often recognize a familiar face or a familiar image if it made an impression
on them‐‐this is probably related in some way to the frequency with which groups of neurons fire
and encode 'familiar' features. If I see a new person, I might recognize their general shape or
features because the neurons that fire in response to the given stimuli are well developed. If I
see an unusual looking person, I might have no memory of seeing somebody who fits that pattern
and if I consciously review the attributes of people I know, I might not be able to recall anybody
with the given features (or I might recall very few people like that). There are some processes
that work like this, and it is not exactly mathematical calculation, although there is probably a
mathematical relationship between the number and intensity of perceptual experience and the

being noted.[26][27]

Brian Tomasik wrote:

Not necessarily a real mathematical average, but an implicit average built up by
successive updates to neural connection weights. Each time there's a new
observation, the updated weight is a combination of the old value with the new
observation. This might be a weighted average that decays older data. (I don't
know if this is plausible biologically without studying the mater more.)

What I'm proposing above is an average where each instance does an update.
Showing people abstract numbers wouldn't be expected to have the same effect,
because who knows if symbolic things like numbers could affect connection weights
in the same way? If instead the average were done by showing a bunch of +1's and
‐1's in some proportion, then I would expect neural weights to track the average
fairly well.

rehoot wrote:
There is no research that I know of that people unconsciously perform
mathematical calculations to average a historical record of stimuli (even in
some test in which people are given lots of numbers and asked to average
them), but they rely on heuristics (gut feelings or impressions not based on
mathematical calculations).
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strength of connections between groups of neurons that fire in response to a particular stimuli
(behaviorists have estimate equations that describe things like the probability of a pigeon
pecking at something after it has been exposed to a known number of conditioning stimuli).

Some links
https://en.wikipedia.org/wiki/Neuroplas ... urobiology
(https://en.wikipedia.org/wiki/Neuroplasticity#Neurobiology) 
https://en.wikipedia.org/wiki/Synaptoge ... enrichment
(https://en.wikipedia.org/wiki/Synaptogenesis#Environmental_enrichment)
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Thanks for the further thoughts, rehoot!

Yep.

Yes, although the process might not actually require a lookup into memory to compute the
answer (especially not a conscious one, in view of how fast these processes are). Rather, the
past data may be implicitly stored in a "model" made up of the brain's connection weights.

For example, if I see a bunch of data points from a bell‐shaped distribution, I can fit a normal
curve to them and find a mean and standard deviation. Then, for new data points, to see how
unusual it is, I just compute its z score. I don't have to look at its distance to all the past data
points I saw. I suggest the brain might store information roughly analogous to mean/stddev in its
connection strengths.

Cf. unsupervised neural networks (http://en.wikipedia.org/wiki/Neural_network) :

rehoot wrote:
Neurons that fire as a group repeatedly tend to develop more physical connections
between them and the probability of a future action potential is increased (that
set of neurons becomes more likely to be activated as a group).

rehoot wrote:
If I see an unusual looking person, I might have no memory of seeing somebody who
fits that pattern and if I consciously review the attributes of people I know, I might
not be able to recall anybody with the given features (or I might recall very few
people like that).
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A confounder in those face‐averaging studies is that the averaging process wipes out facial
blemishes, makes skin look smoother (a sign of youth and health) and has a few other effects
that may be valued in their own right.
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Unsupervised neural networks can also be used to learn representations of the
input that capture the salient characteristics of the input distribution, e.g., see
the Boltzmann machine (1983), and more recently, deep learning algorithms,
which can implicitly learn the distribution function of the observed data.

But if it were just about outliers, then why would the average face be more pretty
than a non‐abnormal face?
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Spectroscopic Analysis of 4B, ethyl-2-methyl-4-pentenoate 

 

 

 This paper analyzes spectroscopic data for unknown compound 4B. Our proposed 

structure, ethyl-2-methyl-4-pentenoate, is shown in Figure 1. When I refer to carbons or 

hydrogen groups that are labeled in this figure, I use italics (e.g., C4). The following paragraphs 

describe the correlation between our spectroscopic data and our proposed structure. 

 MS: The M
+
 peak was at 142, the molecular mass of our compound. There were also 

significant peaks at 127 (M-15), 97 (M-45), and 69 (M- 73), corresponding to loss of CH3, O-

CH2-CH3, and O=C-O-CH2-CH3, respectively. The peak at 41 (M-101) represented loss of 

everything except the end H2C=CH-CH2 group. 

 IR: The three peaks that lie just below 3000 cm
-1—at 2980, 2938, and 2909 cm

-1—

indicated the presence of several sp
3
 C-H stretches. The peak at 3080 cm

-1
 represented an sp

2
    

C-H stretch. The IR spectrum also showed C=O, C=C, and C-O stretches at 1736, 1641, and 

1183 cm
-1

, respectively. 

 
13

C NMR: Our broadband-decoupled spectrum showed eight distinct types of carbon. 

The only signal above 165 ppm was our C=O (C1), at 176 ppm; because this carbon had no 

hydrogens, it didn’t appear in either DEPT spectrum. Between 100 and 165 ppm were sp
2
 

carbons: the DEPT-90 showed that the carbon at 136 ppm was CH (corresponding to C4), while 

the DEPT-135 revealed that the carbon at 117 ppm was CH2 (C5). The rest of the signals were in 

the range of sp
3
 or sp carbons. The CH2 carbon at 60 ppm was the most shifted, so it must have 

been the carbon attached to the oxygen (C6). C2 and C3 were slightly less shifted, at 39 and 38 



ppm, respectively. The distant CH3 carbons, C7 and C8, were at 17 and 14 ppm, although we 

couldn’t tell which was which. 

 
1
H NMR: The two groups of signals above 4.5 ppm corresponded to the double-bond 

hydrogens, H4 and H5. The group at 5.7 ppm integrated to one hydrogen (H4); the multiplet 

splitting pattern was consistent with the fact that H4 was surrounded by two groups of two 

hydrogens each. H5 at 5.0 ppm integrated to two hydrogens and showed the doublet-of-doublets 

pattern that one would expect when two distinct hydrogens are split by an adjacent hydrogen. 

The remaining hydrogens were those attached to sp
3
-hybridized carbons. The most shifted of 

these was H6, the hydrogen group next to electronegative oxygen. Falling at 4.1 ppm, it 

integrated to two hydrogens and showed the expected quartet pattern. The CH3 hydrogens, H7 

and H8, were around 1.2 ppm. Unlike the carbons to which they were attached, we could tell 

these two groups apart, because of splitting patterns. H8, split by only one hydrogen, was the 

doublet; H7 was split by two hydrogens and showed the triplet pattern. The remaining hydrogens 

were H2, H3.1, and H3.2. As H3.1 and H3.2 were diasterotopes, they must have been the two 

adjoined splitting patterns that fell around 2.5 ppm. The doublet-of-doublets patterns are 

consistent with the fact that each diastereotopic hydrogen was also split by two other, unique 

hydrogens. Finally, the single hydrogen at 2.2 ppm corresponds to H2; the splitting pattern 

resembles a sextet, which we expect from the fact that H2 is surrounded by five other hydrogens. 
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Position Paper on Depleted Uranium

Depleted uranium (DU), a form of the element uranium, is the subject of controversy 

because of its potential health and environmental impacts.  Beginning in the 1950s, the U.S. 

Department of Defense began researching the use of DU in weapons because it was dense, 

pyrophoric (capable of igniting spontaneously in the air), and highly cheap and abundant.  

Today, in fact, it is given away almost free to the U.S. military and weapons manufacturers.  DU 

is utilized in tank armor and “depleted uranium penetrators,” which break through armor 

(“What”); it is also used in missiles and projectiles, in which its high melting point and density 

are ideal (“Depleted Uranium.” January 2001).  First widely used during the 1991 Gulf War, DU 

munitions were again employed in the Bosnian military intervention of 1995 and in the Balkans 

war in 1999 (“What”).  The U.S. used over three hundred tons of DU ammunition in the Gulf 

War, while NATO used eleven tons in the Balkans in 1999 (“Depleted Uranium Weapons”).  Of 

the U.S. tanks in the Gulf War, one-third were protected with DU armor (“Scientists”).  The U.S.

has also tested DU weapons in Vieques, Puerto Rico, as well as South Korea and Okinawa 

(Colligan).  Apart from military functions, DU is used in hospitals as radiation shields, for 

transportation of radioactive substances, and as ballast in airplanes (“Depleted Uranium.” 

January 2001).  Low-level waste may also be “recycled” into consumer goods (“What”).

Natural uranium occurs in trace amounts all over the earth (Johnson); 99.3 percent of it is

the isotope U-238, 0.7 percent is U-235, and 0.006 percent is U-234.  The length of an isotope’s 

half-life is inversely related to the intensity of its radioactivity, so U-238, with a half-life of 4.5 

billion years, is the least radioactive.  U-235 has a half-life of 710 million years, while 250,000 

years are required for half of U-234 to decay.  As a comparison, the half-life of plutonium, which
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can be mortiferous in minute amounts, is 24,000 years (“Depleted Uranium Weapons”).  In order

to increase the concentration of fissionable U-235, which is used in nuclear power plants, the 

process of uranium enrichment removes from natural uranium all of the U-234 and two-thirds of 

the U-235 (“Depleted Uranium.” January 2001); the result is depleted uranium, which is 99.8 

percent U-238 (“What”).  DU is about 60 percent as radioactive as natural uranium (“Depleted 

Uranium.” January 2001).  Upon impact, about 20 percent of DU ignites to form uranium oxide 

particles in a fine aerosol smoke that can be inhaled (“Depleted Uranium Weapons”).  These 

particles, which emit alpha, beta, and gamma radiation, often travel long distances in the 

atmosphere and may present a long-term risk to health and the environment (“What”).

Internal exposure to DU, which would occur by inhalation or ingestion of these particles 

or exposure of dust and shrapnel to open wounds on the battlefield, could have chemical impacts 

on the body (“Depleted Uranium.” January 2001), because DU, like lead, is a toxic heavy metal 

(“What”).  Experimental animals exposed to uranium sometimes develop kidney damage, and 

according to the International Agency for Research on Cancer (IARC), a part of the World 

Health Organization, “some studies indicate that long-term exposure may result in damage to 

kidney function in humans.  The types of damage that have been observed are nodular changes to

the surface of the kidney, lesions to the tubular epithelium, and increased levels of glucose and 

protein in the urine” (“Depleted Uranium.” January 2001).  A 2002 report detailed the possibility

that the soldiers most exposed to DU, such as those within tanks hit by DU or those responsible 

for cleaning contaminated vehicles, could suffer kidney damage (Reaney).  

The metal may also have neurotoxic impacts, as dissolved DU often reaches the brain.  

Some have suggested that respiratory irritation from sand storms and oil fire smoke during the 

Gulf War could have weakened the nose/brain barrier in soldiers, enabling DU to more easily 



reach and impair the central nervous system.  Investigations into the records of 29 Gulf war 

veterans demonstrate a statistical correlation between DU levels and reduced performance on 

computerized tests (“Scientists”).  

Radiological effects, which are the only type of risk for external DU exposure, are also a 

concern (“Depleted Uranium.” January 2001).  However, since 95 percent of DU radiation is 

alpha (“Depleted Uranium Weapons”), which does not penetrate the skin but may cause damage 

inside the body, internal exposure is more likely to cause pernicious impacts (“Depleted 

Uranium.” January 2001).  Inhaled ceramic DU aerosols may remain in the lungs and nearby 

lymph nodes for a long time (“Depleted Uranium Weapons”), emitting alpha and beta radiation 

that can damage lung tissue and elevate the probability of lung cancer.  If DU is absorbed into 

blood, it can travel to other areas, like bones, and may increase the cancer risk there, although the

degree of danger depends on the level of exposure (“Depleted Uranium.” January 2001).

In addition to potential chemical and radiological risks of uranium, DU may also pose a 

health hazard because it can, and in the Gulf War and Balkans was suspected to, contain traces of

other detrimental substances, such as plutonium, actinides, and U-236, which is highly 

radioactive (“Depleted Uranium Weapons”).

Environmental consequences of DU occur when the uranium dust is spread through the 

air; in arid regions, it is likely to remain near the surface of the soil, while it tends to travel 

deeper in areas with greater rainfall (“Depleted Uranium.” January 2001).  It may enter the food 

chain after being taken in by plants and animals (Johnson).  Water contamination is also 

possible, and though tests in areas with DU dust have been negative, it may take years for the 

pollution to occur (Reaney).  Any deleterious impacts of DU contamination would likely be 

chemical, rather than radiological, and would put children at greatest risk because their hand-to-



mouth propensity would allow for ingestion of DU from soil (“Depleted Uranium.” January 

2001).  

Many researchers believe that DU may be a factor in “Gulf War Syndrome,” which 

affects hundreds of thousands of veterans of that war (Johnson), as well as the multiplicity of 

diseases, including leukemia, that formerly healthy U.S. and NATO soldiers returning from the 

Balkans have developed (Colligan) ---mention reasons no in s. 6??--.  A study in the medical 

journal, Military Medicine, reported that out of 27 American, British, and Canadian veterans 

with Gulf War Syndrome, fourteen still had DU in their urine nine years after the war, and a dead

Gulf War veteran had DU in his lung and bone tissue (Johnson).  Gulf War Syndrome is 

probably the result of a combination of many factors, such as the stress involved in and 

environmental exposures during the war, but because many of the symptoms are not exhibited by

veterans of other wars, there must have existed novel causes, which may include the 

unprecedented levels of respiratory irritation from smoke and sand, as well as DU (“Scientists”). 

Several doctors in Iraq and the Balkans attribute a marked increase in health problems to 

DU.  Aws Albaiti, an Iraqi doctor who worked in Baghdad from 1990 to 1999, believes that DU 

was responsible for an increase of leukemia and lymphomas twelve times in children and five to 

six times in adults (Colligan).  In southern Iraq, birth defects occurred eleven times out of 

100,000 in 1989, but by 2001, the frequency had increased to 116 per 100,000 (Johnson).  The 

deputy director of the Hospital for Maternity and Children in Basra, Abdel Karim Hassan Sabr, 

explained that in 1993, congenital birth defects occurred with 1.8 percent frequency, but by 

2000, the figure was over four percent, although the hospital hasn’t looked at statistics from 

years before or in between and those numbers don’t account for other factors.  According to 

Sabr, “Couples here are afraid of getting pregnant.  They are afraid of the birth defects” 



(Schneider).  Dr. Dragutin Ilic, who works in a hospital in Sarajevo, Bosnia, reports that 

lymphomas, leukemia, and other cancers have increased many times since the 1995 military 

intervention (Colligan).

--Military precautions

--law

The IARC fact sheet repeatedly acknowledged the inadequacy of the DU research 

performed so far:  “The World Heath Organization (WHO) does not have enough information…

to make firm conclusions [about the relationship of DU to greater incidence of leukemia in 

soldiers]….There are many gaps in knowledge about DU that need further research” (“Depleted 

Uranium.” January 2001).  Likewise, International Physicians for the Prevention of Nuclear War 

averred:  “We cannot emphasize strongly enough…that an absence of evidence about health 

effects is not evidence that there are no health effects” (“Depleted Uranium Weapons”).  Given 

the assortment of potential health and environmental effects of DU, ranging from kidney and 

neurological damage and elevated cancer risk to environmental contamination and a possible 

connection to Gulf War Syndrome and Iraqi birth defects, it would be egregiously irresponsible 

to continue the use of DU until several complete, independent, and peer-reviewed studies of all 

of the potential dangers of the metal, both short and long term, are conducted and evaluated.  The

precautionary principle, which states that if a substance is not proven safe beyond any doubt, it 

must be assumed to be harmful, should be applied to DU in establishing a worldwide moratorium

on its use that would only be rescinded were DU demonstrated through independent and reliable 

studies to be nearly harmless, although this possibility seems, at best, highly unlikely.
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Abstract 

This study examined internal phosphorus release in a thermally stratified fresh water 

body in upstate New York.  Temperature, dissolved oxygen, and total dissolved phosphorus were 

measured at regular intervals to the bottom of a shallow site and a deep site on the Watervliet 

Reservoir in mid-August 2004.  Both temperature and dissolved-oxygen readings at the deeper 

sampling location closely matched the general pattern of a thermally stratified lake.  Beneath the 

surface of the reservoir’s epilimnion, which extended from 0.0 m to 5.0 m, dissolved oxygen was 

consistently between 4 and 6 mg O2/L.  However, beginning at the metalimnion—which lay 

between 5.0 m and 6.0 m—and continuing throughout the hypolimnion—which ranged from 6.0 

m to the bottom—dissolved-oxygen concentrations fell close to zero.  The water at the shallower 

sampling location, which was not significantly stratified, did not exhibit a similar plunge in 

dissolved oxygen.  Even though metalimnetic and hypolimnetic dissolved-oxygen concentrations 

at the deeper sampling location were well below the 1-mg O2/L threshold at which sediment-

bound phosphorus typically begins to dissolve in earnest, no significant phosphorus mobilization 

was detected. 

 

Introduction 

 Thermal stratification is a natural process generally found in temperate water bodies that 

are at least 5 m to 7 m in depth.  It usually develops during the late spring and early summer, 

when direct exposure to sunlight and contact with warm air raise the temperature of water at the 

surface; meanwhile, bottom water receives little of this incoming heat.  Because the density of 

liquid water decreases with increasing temperature, the warm water remains at the top and the 

cold water remains at the bottom.  Thus, the reservoir stratifies into two distinct layers:  the 
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warmer epilimnion near the surface, which typically ranges between 20°C and 25°C, and the 

cooler hypolimnion near the bottom, which is usually between 4°C and 15°C.  In between the 

two layers is the metalimnion, a zone of rapid transition in which water temperature changes by 

more than one degree Celsius per meter of depth; this section is generally in the temperature 

range of 15°C to 20°C.  The thermocline is the specific depth within the metalimnion of 

maximum water-temperature change. 

 The mixing of water layers of different densities requires energy (usually wind energy), 

and a greater difference in density requires more energy.  Since the epilimnion is directly 

exposed to the wind, it is thoroughly mixed and well oxygenated.  However, when this mixing 

energy reaches the metalimnion, it is effectively stopped by that layer’s sharp density gradients.  

Because the hypolimnion is consequently unable to mix with the epilimnion, reoxygenation of 

the former is largely precluded. 

 The impact of this condition upon hypolimnetic dissolved-oxygen levels is relatively 

small in reservoirs that are oligotrophic, meaning that they have high water clarity and low algal 

and plant productivity by virtue of poor nutrient content.  The virtual absence of dead organic 

matter in such waters translates into minimal oxygen consumption by decomposers of plant and 

animal detritus.  However, in eutrophic reservoirs—those with low water clarity and high algal 

and plant productivity owing to rich nutrient content—the abundance of organic waste rapidly 

depletes dissolved oxygen.  Because it is unable to replenish its oxygen supply by contact with 

air and because it is often too deep for sunlight to permit oxygen generation by photosynthesis, 

the hypolimnion of a eutrophic reservoir soon becomes anoxic, meaning that dissolved oxygen 

approaches 0.0 mg O2/L.
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 Hypolimnetic anoxia generally triggers the release of nutrients—especially phosphorus—

into the water column.  Under oxic conditions, most of the PO4
3-

 in a water body is bound to 

sediment by metal cations, particularly Fe
3+

.  But when concentrations of dissolved oxygen in the 

hypolimnion drop below 1 mg O2/L, some of this Fe
3+

 is reduced to Fe
2+

, and PO4
3-

 is thereby 

released into the surrounding water. 

 Phosphorus is a macronutrient that plants must have in order to carry out a multiplicity of 

cellular processes:  genetic coding, cell division and growth, photosynthesis, respiration, and 

energy storage.  Because of its relative scarcity, phosphorus is the limiting nutrient in most fresh 

water bodies.  In other words, phosphorus availability is typically the sole factor restricting, or 

permitting, further plant growth.  Thence, when humans unnaturally augment levels of 

phosphorus in a reservoir—such as by pulp and paper production, urban storm runoff, road 

deicers, poorly sited and maintained septic systems, wastewater-treatment effluent, agricultural 

and lawn fertilization, logging, and virtually any other form of land development—the result is 

cultural eutrophication, the anthropogenic acceleration of the natural process of eutrophication 

by which the productivity of water bodies increases over time.  This occurs not only because 

phosphorus is generally the growth-limiting factor in reservoirs; it also occurs because plants are 

able to utilize more efficiently other types of nutrients when phosphorus is present.  In view of 

the close relationship between phosphorus and plant growth, Vollenweider (1975) proposed that 

the general dividing line between mesotrophy and eutrophy is a mean total-phosphorus 

concentration of 20 µg P/L for the epilimnion during the summer.  The New York State 

Department of Environmental Conservation uses this same number as its guidance value for 

lakes and reservoirs in New York (Effler and Bader 1998, p. 129). 
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 Because phosphorus is usually the limiting nutrient in a fresh water body, the 

mobilization of iron-bound phosphorus by low levels of dissolved oxygen accelerates the growth 

of algae and plants.  Such growth creates more dead organic matter that must be decomposed, 

and thus further depletes the remaining supply of dissolved oxygen.  This, in turn, triggers the 

release of even more phosphorus from the sediment.  In this way, hypolimnetic oxygen depletion 

is often a self-exacerbating phenomenon. 

 But excessive plant growth, spurred by elevated levels of phosphorus, results in other 

harmful impacts, as well.  The increased accumulation of dead organic matter accelerates the 

decline of a reservoir’s water-retention capacity—the amount of water a reservoir can hold.  

Heightened plant productivity may give drinking water undesirable tastes and smells that remain 

even after treatment.  It also creates higher levels of disinfection byproducts—chemicals that are 

formed by the reaction of organic matter in source water with disinfectants added thereto.  Two 

of the most important groups of disinfection byproducts, trihalomethanes and haloacetic acids, 

are created by the process of chlorination with either chlorine gas or hypochlorous acid.  

Prolonged exposure to concentrations of trihalomethanes and haloacetic acids exceeding EPA’s 

maximum-contaminant levels for those chemicals in drinking water may increase the risk of 

cancer, as well as the possibility of damage to the liver, kidneys, and central nervous system. 

 These potential effects of disinfection byproducts have aroused concern among some 

residents of the town of Guilderland, Albany County, New York, inasmuch as Guilderland 

drinking water, disinfected with chlorine gas, regularly contains annual-average concentrations 

of trihalomethanes and haloacetic acids that are close to, and sometimes above, EPA limits 

(Guilderland Study Circles 2003, p. 18-19).  Most of this drinking water comes from the 

Watervliet Reservoir, which lies within the western section of Guilderland.  The 2.55-square-
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kilometer water body has a capacity of 5.3 billion liters and a safe yield of 45 million liters per 

day.  A previous study by this researcher found that the Watervliet Reservoir’s epilimnetic total-

phosphorus concentrations in August 2003 averaged 19 µg P/L, putting the reservoir at the upper 

end of mesotrophy according to the Vollenweider (1975) classification. 

 

Hypotheses and Experimental Design 

The first hypothesis was that the Watervliet Reservoir, with a maximum depth of 

approximately 9 m, would be thermally stratified during the late summer at depths of at least 5 m 

to 7 m, the range at which thermal stratification generally begins to occur in temperate water 

bodies.  This was tested by observing trends of water temperature with depth to see how well 

they matched the typical patterns of a thermally stratified temperate water body. 

The second hypothesis was that the anticipated thermal stratification would have caused 

hypolimnetic anoxia.  This was evaluated by correlating trends in dissolved oxygen with 

apparent thermal layers. 

The final hypothesis was that sediment-bound phosphorus would have been discharged 

into hypolimnetic waters by consequence of the expected anoxia.  This was tested by measuring 

concentrations of total dissolved phosphorus throughout the water column.  The reason for 

measuring total phosphorus was that all three of the differentiable phosphorus forms—inorganic 

orthophosphate, inorganic polyphosphates, and organic phosphorus—have the potential to 

dissolve.  The water samples were filtered because only concentrations of dissolved phosphorus 

can reveal whether or not more phosphorus is dissolving into the water; levels of suspended 

phosphorus will not increase in the absence of oxygen and are hence unnecessary and potentially 

misleading for this purpose. 
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Materials and Procedure 

 On 17 August 2004, measurement and sample collection were performed from a rowboat 

at two sites on the Watervliet Reservoir, both of which were at its southeast end (Figure 1).  The 

purpose of Location 1 was to discover whether or not thermal stratification occurred in the 

Watervliet Reservoir and, if so, how it affected concentrations of dissolved oxygen and dissolved 

phosphorus; wherefore, Location 1 was chosen to be the deepest spot that could be found.  In 

order to make sure that any trends observed with increasing depth at Location 1 were in fact 

results of thermal stratification and were not merely inherent properties of water closer to bottom 

sediment, Location 2 was selected as a control site that appeared too shallow to stratify.  The 

proximity of the two sites was intended to maximize the likelihood that the ambient conditions of 

each would be relatively similar. 
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Figure 1:  Measurement and sample-collection sites on the Watervliet Reservoir. 

Location 1

Location 2

 

 First, the depth to the bottom of each site and water clarity at each site (Table 1) were 

measured with a 20-cm-diameter, black-and-white-quadrant Secchi disc (Lawrence Enterprises, 

http://www.watermonitoringequip.com/pages/home.html).  Next, readings of temperature and 

dissolved oxygen were taken by lowering a Dissolved Oxygen Meter (YSI Model 58, 

http://www.ysi.com/index.html) at one-meter intervals to the bottom of both sites four separate 

times; during each lowering of the probe, readings were also taken at the depth of 5.5 m at 

Location 1, after a rapid drop in both temperature and dissolved oxygen was observed between 5 

m and 6 m.  Then, a Van-Dorn Water Sampler (Wildco, http://www.wildco.com/) was employed 
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at both locations for scooping up some surface sediment, so that its general characteristics could 

be informally noted.  The Van-Dorn bottle was also used to take water samples at one-meter 

intervals at both sites; three separate samples were collected from each depth, for a total of 33 

samples.  The glass sampling bottles had previously been rinsed, once with 10% HCl and thrice 

with deionized water.  In the boat, the bottles were rinsed three times with sample water before 

the actual sample was poured in.  The bottles were then refrigerated until testing the next day. 

 

Table 1:  Physical Characteristics of the Two Sampling Locations 

 Location 1 Location 2 

Depth (m) 8.82 3.82 

Mean Secchi-Disc 

Transparency (m) 

1.53 1.49 

Observations on Water 

Clarity 

Sampling was performed one day after a large rainstorm, and the 

water itself appeared slightly more brown than usual.  Therefore, 

recorded Secchi-disc-transparency depths probably underrepresent the 

typical water clarity of the reservoir. 

Mean Air Temperature 

at the Time of 

Measurement (°C) 

21.6 20.6 

Weather Characteristics 

at the Time of 

Measurement 

Sunny.  Little wind. Sunny.  Little wind. 

Surface-Sediment 

Characteristics 

Very dark brown.  Clay and 

organic matter.  Less sand.  Slimy. 

Dark brown.  Clay and organic 

matter.  More sand.  Rough. 

 

 The water samples were analyzed for total dissolved phosphorus at the Keck Water 

Quality Research Laboratory at Rensselaer Polytechnic Institute.  First, they were filtered 

through a 0.4-µm Polycarbonate filter (Osmonics, Inc., http://www.gewater.com/index.jsp) using 

a Vacuum Pump (Welch, http://www.welchvacuum.com/) set to 15 in. Hg.  These filtered 

samples were refrigerated overnight.  The samples were then analyzed according to USEPA 

Method 365.2.  Two 8.65-µg P/L quality-control standards were made from Spex Nut-2 (Table 

5), and duplicates were made from three separate samples (Table 6). 
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Results and Discussion 

Results were analyzed with a program called JMP IN.  It was used to determine whether 

or not the apparent differences of the measurements at various depths could actually be 

considered statistically significant according to a 0.05-probability F-test ANOVA. 

 

A.  Temperature 

 Both locations exhibited a general decrease in temperature with depth (Figure 2). 

 

Figure 2:  Temperature with Depth.  (Vertical bars represent ± 1 standard deviation from the 

mean.) 
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Coefficient of variation is a measure of the variability of a set of data, and a coefficient of 

variation below 5 percent indicates good precision.  Temperature measurements at all depths 

except for the air were very precise, as coefficients of variation were consistently below 2 

percent (Table 2). 

 

Table 2:  Temperature with Depth 

Location 

Number 

Depth in 

the Water 

(m) 

Trial 1 

(°C) 

Trial 

2 (°C) 

Trial 

3 (°C) 

Trial 

4 (°C) 

Mean 

(°C) 

Standard 

Deviation 

(°C) 

Coefficient 

of 

Variation 

(%) 

(Air) Omitted 22.0 22.6 20.1 21.6 1.31 6.05 

0.0 23.3 22.6 22.8 22.8 22.9 0.299 1.31 

1.0 20.8 20.9 21.0 20.6 20.8 0.171 0.820 

2.0 20.3 20.1 20.4 20.1 20.2 0.150 0.742 

3.0 19.8 19.7 19.8 19.7 19.8 0.0577 0.292 

4.0 19.4 19.4 19.3 19.4 19.4 0.0500 0.258 

5.0 19.2 19.2 19.2 18.9 19.1 0.150 0.784 

5.5 18.3 18.2 18.4 18.1 18.3 0.129 0.707 

6.0 17.7 17.6 17.8 17.4 17.6 0.171 0.969 

7.0 17.1 17.0 17.4 17.3 17.2 0.183 1.06 

 

 

 

 

 

1 

8.0 16.8 16.5 17.0 17.2 16.9 0.299 1.77 

(Air) 22.5 19.9 20.0 19.9 20.6 1.28 6.24 

0.0 22.5 22.1 22.0 21.7 22.1 0.330 1.50 

1.0 20.5 20.4 20.3 20.1 20.3 0.171 0.840 

2.0 19.8 19.6 19.5 19.5 19.6 0.141 0.722 

 

 

2 

3.0 19.4 19.4 19.4 19.4 19.4 0 0 

 

Table 3 utilizes changes in temperature per meter of depth to classify each interval 

between measurement depths into an apparent thermal layer.  Location 1 seems to be fully 

stratified, with an epilimnion from 0.0 m to 5.0 m, a metalimnion between 5.0 m and 6.0 m, and 

a hypolimnion from 6.0 m to the bottom; the thermocline lies between 5.0 m and 5.5 m.  

Location 2 shows no signs of significant stratification. 
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Table 3:  Intervallic Changes in Temperature 

Location 

Number 

Interval Change in Mean Temperature 

per Change in Depth (°C/m) 

Corresponding Water Layer 

0.0 m to 1.0 m -2.1 Epilimnion 

1.0 m to 2.0 m -0.6 Epilimnion 

2.0 m to 3.0 m -0.4 Epilimnion 

3.0 m to 4.0 m -0.4 Epilimnion 

4.0 m to 5.0 m -0.3 Epilimnion 

5.0 m to 5.5 m -1.6 Metalimnion (Thermocline) 

5.5 m to 6.0 m -1.4 Metalimnion 

6.0 m to 7.0 m -0.4 Hypolimnion 

 

 

 

 

1 

7.0 m to 8.0 m -0.3 Hypolimnion 

0.0 m to 1.0 m -1.8 Not stratified 

1.0 m to 2.0 m -0.7 Not stratified 

 

2 

2.0 m to 3.0 m -0.2 Not stratified 

 

 

B.  Dissolved Oxygen 

 Location 1’s dissolved-oxygen levels correlate very closely to its apparent thermal layers.  

Dissolved oxygen was relatively stable throughout the epilimnion—discounting the surface 

water, which was in nearly direct contact with the air—and concentrations consistently remained 

between 4 and 6 mg O2/L (Figure 3).  However, beginning at the metalimnion and continuing 

through the hypolimnion, concentrations of dissolved oxygen fell close to zero (even far below 

the 1-mg O2/L threshold at which sediment-bound phosphorus typically begins to dissolve in 

earnest).  The relationship between thermal stratification and dissolved-oxygen depletion is 

reinforced by the fact that Location 2, which did not seem to stratify, did not experience a 

statistically significant drop in dissolved-oxygen concentrations with depth, nor was the water 

above the sediment anoxic as it was at Location 1. 
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Figure 3:  Dissolved Oxygen with Depth.  (Vertical bars represent ± 1 standard deviation from 

the mean.) 

 

 

 Precision throughout the epilimnion of Location 1 was fairly good, with coefficients of 

variation consistently below 6 percent (Table 4).  However, it worsened enormously at and 

beyond the metalimnion, where dissolved-oxygen concentrations were too low for precise 

readings by the electronic meter.  Curiously, precision remained very poor at Location 2 even 

though the measured dissolved-oxygen concentrations were close to those observed in the 

epilimnion of Location 1.  It should be noted that dissolved-oxygen concentrations of the water 

below the surface at Location 2 seemed generally to decrease more from one trial to the next 

than from one depth to the next.  These measurements were taken just as the sun was setting, and 

it appears plausible that the rapid decline in sunlight could have substantially slowed 
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photosynthesis and the attendant production of oxygen.  Substantial machine drift is another 

possible explanation. 

 

Table 4:  Dissolved Oxygen with Depth 

Location 

Number 

Depth 

in the 

Water 

(m) 

Trial 1 

(mg 

O2/L) 

Trial 2 

(mg 

O2/L) 

Trial 3 

(mg 

O2/L) 

Trial 4 

(mg 

O2/L) 

Mean 

(mg 

O2/L) 

Standard 

Deviation 

(mg O2/L) 

Coefficient 

of Variation 

(%) 

0.0 8.4 8.82 8.72 9.27 8.80 0.359 4.08 

1.0 5.8 6.20 5.75 5.90 5.91 0.202 3.41 

2.0 5.6 5.25 5.07 5.35 5.32 0.221 4.16 

3.0 6.2 6.13 5.85 5.55 5.93 0.296 5.00 

4.0 6.1 5.78 5.64 5.35 5.72 0.312 5.45 

5.0 4.6 4.71 4.29 4.46 4.52 0.182 4.02 

5.5 0.1 0.22 Omitted 0.11 0.14 0.067 47 

6.0 0.2 0.10 0.29 0.08 0.2 0.1 60 

7.0 0.09 0.09 0.09 0.06 0.08 0.02 20 

 

 

 

 

1 

8.0 0.08 0.08 0.07 0.06 0.07 0.01 10 

0.0 8.75 6.98 5.28 4.55 6.39 1.87 29.3 

1.0 5.47 4.40 4.26 3.49 4.41 0.815 18.5 

2.0 5.30 4.60 4.40 3.46 4.44 0.759 17.1 

 

 

2 

3.0 5.39 4.65 4.42 3.47 4.48 0.792 17.7 

 

 

C.  Phosphorus 

Throughout the entire measurement process for the phosphorus samples, the absorbance 

of deionized water changed only from 0.000 to –0.001, indicating that spectrophotometer drift 

was negligible.  The standard-curve equation—Concentration (µg P/L) = 166.426(Absorbance – 

Blank) – 2.0656—had a coefficient of determination (r
2
 value) of 0.998197.  Both my laboratory 

accuracy, as measured by two equally concentrated quality-control standards made from Spex 

Nut-2 (Table 5), and my laboratory precision, as measured by my duplicates (Table 6), were 

quite good, with percents error and coefficients of variation all below 4 percent. 
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Table 5:  Percent Error with Quality-Control Standards Made from Spex Nut-2 

 Measured Concentration 

(µg P/L) 

Actual Concentration 

(µg P/L) 

Percent Error 

(%) 

Quality-Control Standard 1 8.4 8.65 -2.7 

Quality-Control Standard 2 8.4 8.65 -2.7 

 

 

Table 6:  Precision of Laboratory Duplicates 

Location, Depth, and 

Trial Number of 

Sample 

Absorbance of 

Trial 1 at 885 nm 

Absorbance of 

Trial 2 at 885 nm 

Standard 

Deviation 

Coefficient of 

Variation (%) 

Location 1, Depth of 

1 m, Trial 3 

0.107 0.113 0.00424 3.86 

Location 1, Depth of 

5 m, Trial 3 

0.161 0.169 0.00566 3.43 

Location 2, Depth of 

1 m, Trial 3 

0.077 0.078 0.00071 0.91 

 

The precision of the three samples taken separately from each depth (Table 7) was generally 

much worse than the precision of duplicates made from a single sample (Table 6), in part 

because the former included field imprecision and laboratory imprecision while the latter 

measured only laboratory imprecision. 

 

Table 7:  Total Dissolved Phosphorus with Depth 

Location 

Number 

Depth in 

the Water 

(m) 

Sample 

1 (µg 

P/L) 

Sample 

2 (µg 

P/L) 

Sample 

3 (µg 

P/L) 

Mean 

(µg 

P/L) 

Standard 

Deviation (µg 

P/L) 

Coefficient of 

Variation (%) 

1.0 13 13.9 14.2 14 0.69 5.1 

2.0 16.6 17.2 15.9 16.6 0.666 4.02 

3.0 21 16.9 17.7 19 2.2 12 

4.0 18 22 18 19 2.2 11 

5.0 20. 21 20. 20. 0.84 4.1 

6.0 13.1 9.1 8.1 10. 2.6 26 

7.0 16.2 13.7 13 14 1.9 13 

 

 

 

 

1 

8.0 25 30.3 18 24 6.4 26 

1.0 10. 11 9.3 10. 0.93 9.0 

2.0 15.7 16.1 18.7 16.9 1.64 9.74 

 

2 

3.0 21 20. 19.6 20. 0.61 3.0 
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 Location 1 showed a statistically significant increase in total dissolved phosphorus from 

the top (1 m) to the bottom (5 m) of its epilimnion; similarly, total dissolved phosphorus at 

Location 2 was statistically higher at 2 m and 3 m than at 1 m.  Secchi-disc transparency (Table 

1) revealed that sunlight penetrates at least 1.49 m into the water, so the reservoir’s photic zone 

is probably just a few meters deep.  Thence, it is possible that some dissolved phosphorus in the 

upper epilimnion was consumed by photosynthetic organisms that were incapable of surviving in 

the lower epilimnion. 

 

Figure 4:  Total Dissolved Phosphorus with Depth.  (Vertical bars represent ± 1 standard 

deviation from the mean.) 
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 Even though dissolved-oxygen concentrations in the hypolimnion were well below 1 mg 

O2/L, significant internal phosphorus mobilization does not appear to have occurred.  Although 

there was a statistically significant increase in total dissolved phosphorus from 1 m and 2 m to 8 

m, this increase did not even approach the jump of at least five times, and often more than ten 

times, that is typically observed when phosphorus is released from the sediment (Kishbaugh 

2004).  Moreover, the other three depths in the epilimnion—3 m, 4 m, and 5 m—could not be 

considered statistically different from the 8-m depth in total dissolved phosphorus (though the 

conclusiveness of this fact is diminished by fairly poor precision at most depths). 

 The lack of significant phosphorus release during anoxia, while perhaps atypical, is not 

unprecedented.  Effler and Bader (1998) reported similar findings for New York’s eutrophic 

Cannonsville Reservoir:  despite the existence of deep-water anoxia through most of August and 

early September 1995 (p. 131), total-dissolved-phosphorus concentrations measured on 29 

August 1995 were virtually uniform throughout the water column (p. 136), and no major 

discharge of phosphorus from the sediments was observed during that period (p. 134).  To 

explain this, the authors cited the findings of Froelich et al. (1979) and Kelly et al. (1988):  

during anoxia, thermodynamic properties cause such electron acceptors as Mn
4+

 and NO3
-
 to be 

reduced before Fe
3+

.  Since it is the reduction of Fe
3+

 that mobilizes iron-bound phosphate, 

internal phosphorus loading should not be expected so long as the more thermodynamically 

favored electron acceptors remain.  This was indeed the case for the Cannonsville Reservoir, 

whose hypolimnetic NOx supply was never fully depleted throughout the entire period of anoxia 

in 1995 (Effler and Bader 1998, p. 134).  Whether or not this explanation applies to the 

Watervliet Reservoir, however, cannot be determined, inasmuch as its hypolimnetic Mn
4+

 and 

NOx were not measured. 
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 While no significant phosphorus release was detected in mid-August 2004, it is still 

possible that internal phosphorus loading occurred later in the summer, after sampling was 

completed, or will occur at some point in the future.  For example, if the Cannonsville-Reservoir 

conditions do in fact apply to the Watervliet Reservoir, phosphorus release could be triggered if 

electron acceptors like NO3
-
 decline in future years (Erickson and Auer 1998, p. 275). 

In spite of these limited conclusions, it is hoped that this study will provide at least 

tentative limnological information for citizens and local governments seeking to manage 

excessive plant growth on and improve the water quality of the Watervliet Reservoir. 

 

Conclusions 

  Measurements taken on the Watervliet Reservoir in August 2004 indicated the existence 

of thermal stratification at depths of at least 5.0 m and the virtual absence of dissolved oxygen in 

the hypolimnion, yet it did not appear that this anoxia triggered any significant liberation of 

sediment-bound phosphorus.  Unless a more extensive, long-term study is conducted, however, 

the possibility that internal phosphorus loading might occur at some point in the future should 

not be ruled out. 
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How I Got Started 

 My research began in tenth grade, when my Honors Chemistry teacher, Tom Mikulka, 

required each of his students to carry out a yearlong independent research project that involved 

chemistry.  From a list of 21 possible topics, I chose to measure phosphorus in the surface water 

and sediment of the local Watervliet Reservoir.  (Because it can spur excessive plant growth, 

phosphorus is a primary water-quality concern.)  Throughout the school year, I read studies on 

my topic, contacted experts in the field, formed hypotheses, designed an experiment, collected 

samples, and made arrangements to perform my lab work at Rensselaer Polytechnic Institute.  In 

June, I presented my findings, both to my chemistry class and to members of the community who 

were interested in water quality. 

 Soon thereafter, I decided that I wanted to continue my research over the summer.  Dr. 

Mikulka suggested that instead of simply measuring surface phosphorus, I should take samples 

throughout the water column to see whether or not the sediment is releasing phosphorus into the 

lower-level water.  I collected and tested new samples over the summer and analyzed the results 

with Dr. Mikulka that fall, but unfortunately, a strange pattern in my data indicated that my 

results were probably invalid.  I therefore resolved to modify the experiment and try it again the 

next summer. 

 This third study was the one that I submitted to the Intel Science Talent Search.  The 

abstract and graphs from the report are included below. 

 

Abstract 

This study examined internal phosphorus release in a thermally stratified fresh water 

body in upstate New York.  Temperature, dissolved oxygen, and total dissolved phosphorus were 

measured at regular intervals to the bottom of a shallow site and a deep site on the Watervliet 

Reservoir in mid-August 2004.  Both temperature and dissolved-oxygen readings at the deeper 

sampling location closely matched the general pattern of a thermally stratified lake.  Beneath the 

surface of the reservoir’s epilimnion, which extended from 0.0 m to 5.0 m, dissolved oxygen was 



consistently between 4 and 6 mg O2/L.  However, beginning at the metalimnion—which lay 

between 5.0 m and 6.0 m—and continuing throughout the hypolimnion—which ranged from 6.0 

m to the bottom—dissolved-oxygen concentrations fell close to zero.  The water at the shallower 

sampling location, which was not significantly stratified, did not exhibit a similar plunge in 

dissolved oxygen.  Even though metalimnetic and hypolimnetic dissolved-oxygen concentrations 

at the deeper sampling location were well below the 1-mg O2/L threshold at which sediment-

bound phosphorus typically begins to dissolve in earnest, no significant phosphorus mobilization 

was detected. 

 

Temperature with Depth.  (Vertical bars represent ± 1 standard deviation from the mean.) 

 

 

 

 

 



Dissolved Oxygen with Depth.  (Vertical bars represent ± 1 standard deviation from the mean.) 

 

 

 

 

 

 

 

 

 

 



Total Dissolved Phosphorus with Depth.  (Vertical bars represent ± 1 standard deviation from 

the mean.) 

 

 

 



COGS 001 Term Paper – Brian Tomasik

The International Association for the Study of Pain (IASP) defines pain as “unpleas-

ant sensory and emotional experience associated with actual or potential tissue damage”

[LT08]. A key part of what constitutes pain is, thus, a subjective feeling of discomfort.

This is to be distinguished from mere nociception, or the “the neural processes of encod-

ing and processing noxious stimuli” [LT08], which can occur without conscious aware-

ness. Determining whether another organism feels pain is fundamentally a philosophical

question, with the solipsists taking the extreme position that no conscious experience apart

from one’s own can be concluded to exist. A more reasonable view, I think, is to recognize

that the hypothesis of pain in other organisms can help us explain certain behaviors and

may therefore be justifiably inferred.

The important question, then, is which behaviors to look for when identifying pain.

According to [Zim86], a painful experience “should elicit protective motor and vegetative

reactions, having an adverse effect on the animal’s general behavior.” [SBG03] applied

this criterion in the case of rainbow trout, finding that injection of acetic acid or bee venom

induced anomalous rocking behavior and increased the time taken to resume feeding. A

follow-up study [Sne03] showed, moreover, that fish injected with the analgesic morphine

exhibited fewer of these reactions. Inspired by this work on fish, Barr et al. [BLDE08]

carried out a similar experiment with prawn crustaceans, demonstrating both prolonged

behavioral reactions to adverse stimuli and diminished reaction with an analgesic.

The first stage of the experiment served as a control. To the antennae of half of the

animals the experimenters applied benzocaine, while to the other half they applied only

seawater; after an observation period, they applied seawater again to a fraction of each
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type of prawn. The researchers found that the analgesic acted as an aversive stimulus,

causing increased grooming of the affected body part; however, the impact was short-lived,

disappearing after the subsequent application of seawater. Thus, the researchers suggest,

the benzocaine was not itself responsible for later adverse reactions to noxious stimulants.

Moreover, the benzocaine certainly did not decrease prawn activity, demonstrating that it

was not acting as a general anesthetic in a way that would inhibit all types of behavior.

In the second part of the experiment, the researchers divided the prawn from the first

part into four groups, receiving either seawater, sodium hydroxide, acetic acid, or a me-

chanical pinch, the latter three being negative stimuli. The treatments were applied to

only one of the antennae of each prawn, with the other antenna left alone. The researchers

found that prawn given a noxious stimulus showed significantly higher rates of rubbing the

afflicted antenna against the side of the tank compared to the untreated antenna, indicating

that the prawn correctly understood the location of the damage. In addition, the chemical

treatments (though not the mechanical pinch) caused significantly more grooming of the

treated antenna. The authors viewed this as demonstrating “prolonged location-specific

change in behavior that was not merely a reflex” (p. 5). If the prawn were capable of

only nociception, they would presumably exhibit just an immediate reaction against the

noxious treatments (such as a violent tail flick, which was also observed), not an extended

period of behavior change.

In isolation, this result might not be completely satisfying. For instance, Lynne Sned-

don of Liverpool University was quoted in a a news article follow-up to the study1 as say-

ing, “You could argue the shrimp is simply trying to clean the antenna rather than showing

1http://www.guardian.co.uk/science/2007/nov/08/animalrights.sciencenews
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a pain response.” Richard Chapman at the University of Utah added, “Even a single-cell

organism can detect a threatening chemical gradient and retreat from it.” The suggestion,

I take it, is that prawns might have some sort of “clean me off” signals triggered by the

chemical-covered antenna, and these signals could be unconscious (just as, say, human

immune responses are unconscious).

This criticism is weakened, however, by the second piece of evidence that Barr et al.

present: The rubbing and grooming actions were significantly reduced in the prawn group

receiving benzocaine relative to the group receiving seawater. Importantly, the control

from the first part of the experiment showed that this was not because the analgesic caused

a general decline in activity—indeed, prawn receiving the analgesic showed significantly

more activity in the first observation period. Rather, whatever mechanism caused the

rubbing and grooming, it could be turned off by an analgesic. It would seem a coincidence,

then, if the same substance, benzocaine, that inhibits the pain pathway in higher species

was also the substance that happened to inhibit the (presumably unrelated) “clean me off”

pathway in prawns, especially since the authors demonstrated that benzocaine did not have

a general inhibitory effect at the doses given.

Still, maybe it was a coincidence. Benzocaine acts by binding to sodium channels and

thereby inhibiting nerve firing for pain signals [Ben]. But maybe the same mechanism was

acting to inhibit transmission of the signals telling the prawn that its antenna was dirty?

One way to do disprove that possibility would be to find a chemical substance X which

induces cleaning behavior that doesn’t shut off when benzocaine is applied. Assuming the

“clean me off” signals are always transmitted by the same mechanism regardless of the

chemical applied, this would falsify the hypothesis that benzocaine merely inhibited the
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cleaning impulse. Moreover, if X was known not to cause pain in other organisms, this

result would be completely consistent with the hypothesis that benzocaine is inhibiting the

pain pathway. Unfortunately, such a substance X might not exist.

The cleaning-response hypothesis does have one piece of evidence in its favor: It pre-

dicts that the prawns will decrease their rubbing in response to benzocaine only in the cases

where chemical irritants were applied; since benzocaine is hypothesized to shut down the

“clean me off” signals, it would not inhibit rubbing that had been caused by mechanical

pinching.2 Indeed, this turned out to be the case: Benzocaine did not appear to signifi-

cantly reduce post-pinching rubbing.3 The authors explain this finding by suggesting that

benzocaine may only turn off chemical receptors, not mechanical receptors. This sug-

gests a follow-up study: See if there are analgesics that are known to target the types of

mechanical receptors found in prawn, and test whether they inhibit rubbing. This would

basically amount to repeating the study that Barr et al. already did but with a proper choice

of analgesic. Of course, I don’t know if analgesics of the desired type actually exist.

Neither of the follow-up studies mentioned in the previous two paragraphs is partic-

ularly satisfying, because both rely on finding some chemical that may or may not exist.

There’s no single variable that we can tune and get an interesting finding regardless of how

things turn out. Designing a good experiment is challenging, because as the IASP defini-

tion of pain emphasizes, unpleasant experience is fundamentally a subjective phenomenon.

For every apparent pain response, we can—at the end of the day—always hypothesize that

the response is unconscious. This reflects David Chalmers’s “hard problem”: Why is any-

2Though what does cause the pinching-induced rubbing would remain unexplained.
3Of course, failure to find a significant difference doesn’t mean there wasn’t one, though we hope that

the authors took a sample size sufficient to guarantee good power. The number of prawns pinched was 36,

half with analgesic and half without.
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thing conscious, anyway? Why aren’t we philosophical zombies? Still, we do know that

we are conscious. So maybe the more lines of evidence we have that an organism behaves

similarly to the way we would in a situation, the more confidence we can have that it’s

conscious as well.

In this spirit, Robert Elwood, the fourth author of the Barr et al. study, undertook a

follow-up investigation with Mirjam Appel [EA09] of crustacean pain. They took a new

angle, this time focused on learning and motivation. As the introduction to the study notes,

there is a wide body of literature investigating shell choice in hermit crabs. These crabs

show sophisticated ability to evaluate the quality of different shells, and are willing to incur

costs, such as fighting other members of their species [BE04], to obtain better shells. If

hermit crabs are capable of feeling pain, then unpleasant experience should be one factor

that affects their motivational tradeoffs among shells, and it was on this basis that Elwood

and Appel designed their investigation.

The authors collected a sample of 104 wild hermit crabs with varying shell sizes and

types. 49 of them were placed into a control group receiving no treatment. With the rest,

the authors drilled two small holes into their shells and inserted wires bent against the sides

of the shell. The wires were then electrified4 at a level known to be low enough that most

crabs would not evacuate their shells during the process. 20 s after shock in the treatment

group, or after just 240 s of waiting by the control group, the authors introduced a second

shell into each crab’s tank. After an initial period of hesitation, some of the crabs left their

shells to investigate the new one, and some of those moved in.

On the hypothesis that hermit crabs felt pain during the shocking process, their assess-

4I suppose this gives new meaning to the phrase “shell shock.”
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ment of the quality of their current shell should have decreased. Indeed, this appeared to be

the case, as reflected by the fact that significantly more of the shocked crabs left their shells

to investigate the new one, and those that did showed significantly less hesitation before

deciding to move in (as measured by lower approach and investigation times, as well as

less probing of the new shell with their chelipeds). Importantly, the authors note, the new

shell was not introduced until after the shocking had ended, so the change in motivation

on the part of the treated crabs must have been due to memory of the shock event. This

delay in response to the aversive stimulus makes “the findings [...] difficult to interpret as

a nociceptive reflex” (p. 4), the authors claim.

I find this point relatively convincing. Still, I can imagine a skeptical objection: Maybe

20 s of waiting after the shock wasn’t enough; perhaps the treated crabs still had uncon-

scious nociceptive signals floating around in their bodies impelling them to leave when

they got the chance. This could be tested by varying the waiting period between the end of

shock and the introduction of the new shell. As long as the period wasn’t longer than the

crabs’s ability to remember events, we would expect the same type of response. In fact,

if hermit crabs have a known maximum memory length,5 then we can examine a further

question: Do the crabs stop favoring abandonment of their old shells after roughly that

length of delay, as the pain-memory hypothesis predicts?

A second criticism I can imagine is aimed at the notion that the shock is a painful

stimulus. Maybe the crabs were just reacting to the fact that small holes had been drilled in

their shells and wires inserted. Or maybe the electricity wasn’t painful but just noticable—

like the feeling (or unconscious detection) that a small organism was crawling around the

5For instance, [JE89] suggests that crabs can remember specific shells for up to 40 min.
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crab’s abdomen. In other words, maybe the treated crabs merely felt their shells as being

physically abnormal, in the same (non-painful) way that a smooth shell might feel different

from a rough one. Elwood and Appel observed some circumstantial evidence against this

alternate hypothesis: Namely, one of the shocked crabs rubbed its abdomen against the

new shell and another groomed its abdomen, suggesting an agitating stimulus. Still, to

more soundly distinguish between the hypothesis of pain and the hypothesis of merely a

different shell feel, we could try to induce the motivational tradeoff in a way that didn’t

involve the shell directly. For instance, perhaps the crabs could be trained to prefer one

side of the tank to the other, by shocking them or applying radiation exactly when they

visit one side. If this sort of classical Pavlovian conditioning could be done successfully

(which itself would be an interesting finding), then we could place crabs alternately on one

side of the tank or the other and observe whether they escape more readily from shells on

the negatively associated side. If so, their escape would not be due to the feel of their shell

at all but rather to a higher-level understanding that their shell is associated with being

on the bad side of the tank. The motivational tradeoff would in this case not be one shell

against another but “good current shell” vs. “bad side of tank,” a more complicated cost-

benefit calculation. Another approach, inspired by the Barr et al. prawn study, would be to

apply an analgesic to some of the crabs before shocking them and see if those individuals

showed less desire to leave their old shells. Unfortunately, this approach could run into

the same objection as in the prawn study: What if the analgesic just happens to be shutting

off the non-conscious touch sensors that allow the shocked crabs to detect in a non-painful

way that their shells are abnormal? On the other hand, this approach has the virtue that it

doesn’t require full conditioning of the crabs and so might be more feasible in practice.
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Summary

This page recounts three different occasions in which, during dreaming, I've been

convinced that I wasn't dreaming because everything seemed so real to me. This

has implications for arguments that dismiss skepticism or simulation hypotheses

based on how real things seem to us.
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Epigraph

"But [my dream] was so real!" she said, calming down a bit.

"That's how it is with dreams," he said. "It's as if they're really

happening, but they're not—they're just in your mind."

--The Berenstain Bears and the Bad Dream

Introduction

Samuel Johnson famously tried to disprove Bishop Berkeley's idealism by kicking a

stone and saying "I refute it thus." Similarly, G. E. Moore attempted to refute

skepticism about the existence of the external world by noting that he had two

hands that seemed to actually exist.

Similar sentiments sometimes

appear in response to the

simulation hypothesis or other

weird ideas.

An interesting test for the

reliability of these intuitions is

the case of dreams. The

following sections describe

three dreams I've had in

which I've been convinced

that I wasn't dreaming, only to

discover that I was.

In "The Simulation Argument FAQ", Nick Bostrom says:

Consider the fact that while you are dreaming, your own brain often

succeeds in making you unaware of the fact that you are dreaming. If

your own humble brain can do this, then presumably it would be quite

feasible for some technologically super-advanced builders of

ancestor-simulations to achieve the same delusion.

This topic also has implications for other situations where we feel confident in some

statement about our subjective experiences. For example, many of us feel intuitively

that "My consciousness is obviously more than just certain complex computational

processes by my brain. I'm definitely conscious in a way that a philosophical zombie

would not be!" We can feel extremely convinced of self-evident facts that turn out

to be untrue.

Dream from 2 Nov. 2013

One time I was with my friend, riding in the car on the way to the house of someone

who lived nearby. On the way, we saw hay bales lying in a field, waiting to be

harvested, and my friend said something to the effect that "People who harvest hay

don't like their jobs."

We pulled into the driveway of the house, and as I got out of the car, I noticed a

wood-carved sign in which each letter was hollowed out, and the letters were

connected enough for the sign to hold together. The sign said something like,

"People who harvest hay do like their jobs."

I was amazed. How was it that there was a sign that exactly countered a throwaway

comment my friend had made in the car ten minutes ago? No one could have

constructed the sign that quickly, nor could the people we were visiting have heard

my friend make her comment. Yet I'd never heard of this as being "a thing" that

people talk about and make signs about. Could they have convergently thought

about the same idea? That seemed far-fetched.

I got out of the car, hopped onto the porch, and paced around (as always, scanning

the floor to make sure I wasn't stepping on bugs). I pondered about what I had seen

as I waited for the others in the car to get ready. I had the following inner dialogue

with myself:

Me1: That was really weird. How could that have happened?

Me2: Maybe I'm in a dream. That could explain seemingly supernatural

events.

Me1: Nah, can't be. I can feel that this is real life. Dreams are more

fuzzy. Take this porch. Isn't the wood here totally solid?

Me2: Yes, it does feel solid. Still, it could be a really lifelike dream. At

least you should raise your Bayesian posterior odds for that.

Me1: Hmm, fine. But I still doubt it.

I continued walking on the porch, trying to stay away from a wasp that was also

occupying it. Then I saw that the others were also out of the car and ready to go

ahead.

...And then I woke up. Indeed it had been a dream, just as my logical reasoning while

dreaming had suggested.

Dream from 10 Dec. 2014

I was in motion, in the back of a truck that no one was driving. It crashed—that was

stupid.

It got dark. I went to my house and left the truck behind. I wondered how I could

have been so stupid. I said it was as if I was dreaming? Oh well; I was stuck with my

stupidity. Darn.

I couldn't believe it. I couldn't imagine that it had actually happened.... And then I

woke up.

Dream from 27 Jun. 2016

I was wistful about an old friend. I was sitting on a bench in a house. Then my old

friend actually showed up, and we sat together, talking.

I joked that I sometimes have dreams about meeting old friends, and then I wake up

and discover they weren't real. This was a sarcastic comment, since I was sure that

this occasion actually was real. We talked some more about old times.

...Then I woke up.

Related dreams

4 Dec. 2016

I was in a series of rooms somewhere. Someone told me that there was a book that

predicted my birth name a few days before I was born. "Hm," I thought. "That's

interesting, but maybe my parents just decided my name ahead of time and told the

book author? It's not enough evidence to warrant supernatural conclusions."

Other incidents similar to that happened as well. I began to suspect that I might be

dreaming, but I wasn't sure. I wondered to myself whether there was a way I could

test that I was dreaming. I thought: "Maybe I could do a complex calculation—one

that would be too difficult to complete successfully in one's sleep. But how would I

verify the answer? I might just dream that I got the correct answer, even though I

didn't."

I spent another minute or two trying to devise ways to test whether I was dreaming.

Then I saw my mom. When she smiled, her lips unveiled a set of orange teeth.

"Aha," I thought to myself. "This must be a dream after all." I tried to wake up to get

out of the dream, and I successfully did so.

Mid-July 2018

I stood in front of two cats in a house. Suddenly, one cat turned into a small toy. I

thought, "How can that be, given that this is obviously not a dream? Maybe there

was a toy there all along, and the real cat is hiding?"
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The meaning of words is often defined by context, so censoring just a single swear

word while preserving the rest of the context may not fully accomplish the (silly)

goal of censorship.
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Introduction

Avril Lavigne's 2011 song "Smile" begins as follows:

You know that I'm a crazy bitch

I do what I want when I feel like it

All I wanna do is lose control (oh, oh)

But you don't really give a shit

You go with it, go with it, go with it

'Cause you're fucking crazy rock n' roll.

The video of a performance of the song for Walmart Soundcheck omits the three

swear words but preserves all surrounding context. Most censorship of swear words

is done the same way.

Ramsey sentences

Typically, a minority of words that humans know are learned from a dictionary. Most

of the time, we pick up the meanings of words based on context, i.e., based on the

functional role that each word plays in the sentences where we see it. Hence, we

can define new words as entities that act in such-and-such functional relationships

with other words.

This is the idea behind Ramsey sentences. For example, we might define a "shit" as

an x2 such that "But you don't really give a x2" (and such that various other

sentences containing x2 are also true; it's often hard to determine a word's meaning

based only on a single sentence).

A Ramsification of Lavigne's lyrics could be

There exist x1, x2, and x3 such that

You know that I'm a crazy x1

I do what I want when I feel like it

All I wanna do is lose control (oh, oh)

But you don't really give a x2

You go with it, go with it, go with it

'Cause you're x3 crazy rock n' roll.

We may also wish to include the way the words are spoken as part of their functional

descriptions, since often swear words are distinguished by the passion with which

they're enunciated and the heated situations in which they're deployed.

Multiple realizability

In the spirit of functionalism, the Ramsey approach to swear words shows that the

actual content of the swear words (i.e., the letters that compose them) isn't as

relevant as the way the words behave when used.

For example, the swear word "sucks" is multiply realizable in the sense that "stinks"

is an alternate collection of letters that can be used (mostly...) interchangeably with

it. Or one could invent a wholly new collection of characters like "whomps".

Why censor swear words?

I think censoring swear words is silly, even in the presence of children. But suppose

you think it's important. Even if so, the fact that the meaning of swear words is

created by context suggests that merely censoring a single word doesn't protect

innocent young ears, since the relevant parts of swearing (the surrounding words

and the passion with which they're spoken) remain audible.

Here are two possible arguments for why single-word censorship does accomplish

something:

1. Because all swear words are censored the same way (e.g., with a "bleep"),

young kids don't have different labels (x1 vs. x2, etc.) to distinguish different

swear words, so they have less information than is contained in a

Ramsification. This might somewhat confuse attempts to deduce the meaning

of any particular swear word.

2. Censoring words prevents kids from being able to look those words up and

thereby find information that wasn't contained in the original context in which

the words were used. For instance, by using a dictionary, kids could learn that

"fuck" has a meaning related to copulation, which could lead kids to learn more

about that form of animal behavior.

That said, I suspect that the main explanation of censorship for swear words (or

nudity for that matter) is that swear words (or nudity) provoke strong emotional

reactions in adults who have more context for what's being said or shown. Because

adults react strongly, they feel as though children should be protected from this

emotion-inducing stimulus. Removing just the single word may be sufficient to

reduce strong visceral reactions by adult listeners, since adult brains are already

wired to associate the single word with lots of related ideas and emotions.

But I think swear words are emotional because of the passion with which people use

them. If people commonly said "This whomps!" with a loud and angry tone, and if

people tried to cover young ears when that expression was said, then "whomps"

would probably become a swear word over time. In analogy with the euphemism

treadmill (a euphemism "rapidly takes on all the connotations of the original word or

phrase it was used to replace"), I conjecture that any word can become a swear

word if it's used in the ways that existing swear words are used. Words like "darn"

and "heck" aren't necessarily counterexamples to this conjecture, because those

words aren't seen as forbidden, and people don't usually declare them as

passionately as people declare their swear-word siblings.
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Introduction

In spring 2009, I took "Introduction to Cognitive Science" at Swarthmore College.

Most of the homework consisted of readings on which we had to comment. This

page lists many of the readings and my replies, with a few omissions. I haven't been

able to trace down the original article for some of the responses. I omit the full text

of the assignment prompts because I don't have permission to reproduce them and

in order to reduce the chance of current students copying these answers.

My views on cognitive science have changed in important ways since I took this

course, so I don't necessarily now endorse what I said here.
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AI

Article: Newell & Simon (1961), "Computer Simulation of Human

Thinking": give comments on the General Problem Solver (GPS).

The GPS has three main goals and a few methods for trying to achieve them. For

instance, given the task of transforming a to b, the machine might, following Method

1', come up with similar objects a'' and b'', figure out how to transform them, and

then apply a similar process to a and b; this models reasoning by analogy. The

machine also might, following Method 1, try to turn a into some c that's closer to b

than a was; this models reasoning by intermediate goals.

Is the theory adequate? Well, it seems to do a pretty good job of covering some of

the major ways that people solve symbol-manipulation problems. One aspect of

human reasoning that it doesn't cover is "intuition" about what the answer should

be. For instance, maybe humans are built in such a way that, given a desired

transformation, they can see automatically how to achieve it because this answer is

"hard-coded" into their brains. Or maybe they've seen the answer before and have

it cached away in their memory. In principle, a computer can exploit these

techniques too (by storing a lookup table of known answers), but the Newell &

Simon system didn't do so.

Another area of human reasoning that's much harder to model is mistakes. It's easy

enough to design a computer that will correctly carry out a computation that a

human can also do; it's much harder to design a computer that models human

thought processes so exactly that it makes the same errors humans do!

As far as describing human reasoning in general, the GPS is obviously inadequate, if

only because it can't actually carry out the types of thoughts that humans can in

other domains. In situations other than "try to reduce the difference between a and

b" or "try to turn a into b," different heuristics would probably be needed.

Article: Haugeland (1981), "Semantic Engines: An Introduction to Mind

Design".

Haugeland defines a formal system as a "game" with tokens, a starting

configuration, and rules to follow; examples include chess and manipulation of

algebraic equations. Turing machines are devices that can manipulate symbols

according to the rules of any given formal system. This is relevant to cognitive

science to the extent that psychologists may want to regard human thought as

implementing some sort of systematic, algorithmic process (under the assumption

that "Reasoning is but reckoning," as the introductory quote suggests).

Tokens lead syntactical lives as things that are manipulated according to the rules of

a formal game, and they can be anything—pegs, marbles, helicopters. Their

semantic lives are what they are taken to represent (e.g., a token in an algebra game

is taken to represent a number of units of a physical quantity). The nice thing about

computers, Haugeland says, is that they're what Dennett calls "semantic engines":

given true input, they follow formal rules that preserve semantic truth.

Artificial neural networks

Articles: Steven Pinker, neural networks. M&R, article on PDP.

As usual, I enjoyed the Pinker reading a lot. He has a knack for making very clear

ideas that would otherwise be more confusing. (However, I was familiar with neural

networks prior to reading it, so I'm not sure how fairly I can assess that in this case.)

I think Pinker's main point was summed up well in this sentence (p. 128): "Our rule

systems couch knowledge in compositional, quantified, recursive propositions, and

collections of these propositions interlock to form modules or intuitive theories

about particular domains of experience, such as kinship, intuitive science, intuitive

psychology, number, language, and law." Pinker gave some rather convincing

examples that not all human reasoning is fuzzy; there are cases (like sorites or

drinking ages) where people do draw sharp distinctions and reason as though

things are completely true or false, not merely highly probable.

Indeed, I think people do this too much: People too often feel that they either

"believe X" or "don't believe X" and aren't willing to tolerate doubt. I think Bayesian

reasoning is correct (because of, for instance, Dutch-book arguments), but I don't

think it's actually the way people reason all the time.

Both Pinker and the MRH reading mentioned two advantages of neural networks

that I found intriguing. (1) Simultaneous constraint satisfaction: Solving the chicken-

and-egg problem of not knowing what constraints to impose until you know the

answer, but also not knowing the answer until you impose constraints. This

reminded me of the general statistical concept of the EM algorithm used to model

missing data or latent variables. (I would guess that the neural networks described

actually implement the EM algorithm in some form, though I don't know the details.)

This is definitely something humans can do, as the examples of partially covered

letters in both readings pointed out. (2) Content-addressable memory. The MRH

example of Sharks and Jets made this very clear: Knowing some properties of an

object activates its other properties, causing similar items also to be brought to

mind. This does seem a rather plausible model of how the associative aspect of

memory works.

I was interested to hear Pinker mention (p. 122) that Geoffrey Hinton had developed

an approach to handle sentence concepts using an extra hidden layer. One of

Hinton's latest projects deals with "deep-belief networks" with 4+ hidden layers,

which give them more ability to model highly non-linear functions in a way that

shallow "template matchers" like support vector machines cannot. Pinker made

similar comments toward the end of his chapter, remarking on the fact that "raw

connectoplasm is so underpowered" (p. 130); but I think Pinker goes further and

argues that just adding more layers isn't enough.

Biases

Article: Heuristics and biases reading.

I really enjoyed the article, because I find this topic fascinating. In fact, one of my

favorite blogs is called "Overcoming Bias," and many of its early posts were

explicitly about the results of studies by Tversky, Kahneman, and others in this field.

Heuristics, and their attendant biases, make a lot of evolutionary sense. It's

probably easier to select for organisms that execute simple decision procedures

that happen to work most of the time than it is to design the full computational

apparatus of exact Bayesian inference. Not to mention, computation is generally

faster with simple rules. Indeed, that's one of the reasons that some machine-

learning researchers explicitly prefer rule-based systems even though they know all

about Bayes' Theorem.

I think overconfidence is the single most important bias people should be aware of.

There are so many day-to-day situations where I see it pop up for myself, such as in

assessing a subjective probability that things will go wrong, to determine whether I

need to make backup plans. It's also extremely important at a theoretical level for

assessing things like "what probability should I assign to the many-worlds

interpretation of quantum mechanics?" or "what's my probability that fish can feel

pain?" It's very easy to read a convincing argument, or a book or article that

presents persuasive evidence, and be unable to imagine that a particular conclusion

is wrong. However, this is often just because I haven't read all of the evidence

available, or perhaps because no one has yet discovered the relevant evidence.

(Nassim Taleb calls these situations "black swans.")

Neglect of prior probabilities is another important bias. As a friend mentioned to me,

it's the reason that it can sometimes be harmful for people to do medical self-

diagnosis online: They tend to judge their illness based on the likelihood term

(what's the probability of my symptoms given this disease) without regard to the

prior (what's the frequency of this disease in the general population)? Still, in some

of the experimental examples, I do wonder whether the observed responses were

partially due to miscommunication: For instance, when people tell you that Steve is

shy and detail-oriented, they usually do so for a reason. There are implicit rules of

speech (Grice's maxims of quantity and relevance) that dictate saying only what is

necessary and important to a given situation, so the implication might be "I'm being

told about Steve's librarian-like characteristics because Steve is indeed a librarian."

The same is true to an even greater extent, I think, in the case of the bank teller

named Linda.

Concepts

Article: Armstrong et al: theory of concepts.

Identification of family relations is a good example that Armstrong et al. present of

the conflict between the definitional and prototype views. What makes someone a

grandmother? On the one hand, we tend to see "kindly grey haired elderly

female[s]" who make "chicken soup" (p. 294), and the more a woman possesses

these properties, the more grandmotherly she seems. This is consistent with the

prototype view, which pictures a quintessential grandmother with all these

properties and assesses grandmotherliness in terms of distance along each of

these dimensions. On the other hand, people know that a grandmother is really just

a "mother of a parent," and in technical terms, none of the other properties matters.

To the extent people agree with this, the definitional view is favored.

I think Armstrong et al. are basically right in concluding that people have both types

of identification systems at work. While such a hypothesis is more complicated and

so less desirable a priori than the supposition that people have only one or the other

system, I think the evidence requires it; even the simple grandmother example

suggests it strongly.

I wasn't surprised by the finding that people judge 8 as "more of an even number"

than 18 or triangles as "more plane geometric" than trapezoids. If asked, I would

probably say the same. As the authors point out, this presents a fundamental

problem for studies that attempt to use such judgments to probe the nature of

concepts—since people make fuzzy judgments even about categories that they

admit (Experiment III) are not fuzzy.

The feature theory of concepts was quite familiar to me from machine learning:

Most machine-learning problems are solved by extracting a set of features from an

item, representing items as vectors in the resulting high-dimensional feature space,

and then applying a classifier or (in the case of unsupervised learning), identifying

clusters (i.e., "concepts") in feature space. (Of course, this feature approach

inherently loses information about the original items—there aren't enough

dimensions to describe everything about the original object.) In this setting, the

features are pretty well defined (often just real numbers), so that we don't usually

run into the fundamental philosophical problems that Armstrong et al. discuss

starting on p. 297 about what exactly a feature is.

Language

Articles: Anderson, Doctor Dolittle's Delusion.

Terrace et al. (1979), "Can an Ape Create a Sentence?".

I learned a lot from Anderson's piece and enjoyed the many pictorial examples he

gave, though I was slightly put off by his politically correct effort to defend sign

language in a condescending way (referring, for instance, to the "(mis)impressions"

of the "untutored eye"). I was interested by the fact that ASL, even though it spun

off of ordinary English, has developed its own set of particular conventions. An

example are the morphological rules discussed on p. 249, such as using an index

finger to indicate "you, they" and a flat hand for "your, their." It must be that these

sorts of rules, which arose out of nowhere in ASL just as in other human languages,

give the listener (or watcher, in this case) hints about what's being said. I've noticed

similar patterns even in programming languages, where styles and idioms develop

that aren't required by the language compiler but help to guide reader expectations.

A similar comment can be made about abbreviations and colloquial forms. ASL

developed a colloquial form for "house" (p. 240) that's easier to sign quickly, and

"red slice" has become its own "tomato" symbol because, presumably, that's a

quicker way to abbreviate such a common word. The same happens in programming

languages, where commands that have to be typed often are eventually come to be

given very short names.

I was surprised to learn that signs in ASL using two hands must be symmetric or

else have one hand stationary (p. 246), because it seems one could attain much

more expressive power by including signs in which each hand does something

different. I wonder if the restriction arose because it's hard to move two hands at

once in different ways (the "pat your head and rub your stomach" phenomenon)? Or

maybe it makes it easier to understand both left- and right-handed signers, as

discussed on p. 260?

Terrace et al. discussed a number of problems with the evidence that has been

cited to argue for Nim's sentence-producing ability. One of them was that a number

of the interesting artifacts of his communication could have resulted from chance.

For instance, his seemingly novel phrase "water bird" could have, with 50%

probability, been a random combination of the separate labels "water" and "bird" (p.

895), and over the course of lots of utterances, such coincidences might easily

occur. The authors make a similar comment regarding Nim's apparent tendency to

express recurrences like "more" in the first position a greater amount than in the

second position, because in fact, "more" was the only recurrence used (p. 896). In

addition, Terrace et al. point out the ambiguity in the semantic interpretation—as

agent-object, beneficiary-object, or possessor-possessed object—of statements

like "Nim banana."

My main question was: "Yes, these are certainly problems, but don't they show up

just as much in the analysis of language abilities in human children of various ages?

Are there ways people overcome these limitations in that context?" On the other

hand, we know human children eventually develop full-blown language, so maybe

we need less skepticism in their case.

Article: linguistic diversity.

One of the ways in which, the article suggested, language may impact cognition is

through rules on word use for different types of objects. For instance, p. 218

explained how number words in Cantonese must be accompanied by clarifiers like

"faai" and "gau" that describe the shape of the object. Table 7.1 on p. 221, showing

different rules for counting objects, people, and animals in the Squamish language

reminded me of the categories in "20 Questions" (animal, vegetable, or mineral).

How much do linguistic rules like this affect thought? I'm not sure. Certainly they

reflect upon what the culture that originated them found important (as is seen, e.g.,

in the fact that Nivkh has a different number words for items like batches of dried

fish, skis, and boats), and perhaps they reinforce those categories as separate

within the minds of the speakers (in the same way that dividing things into "animal"

and "plant" at the start of 20 Questions may reinforce the notion that flora and

fauna are widely separate types of things). It's also possible that the speakers just

gloss over the categories without thinking about what they mean (in the way that,

e.g., people usually gloss over the meaning of "mineral" when they assign an object

to that category during 20 Questions—except perhaps when they're first learning

the rules of the game and are confused about the fact that "mineral" really means

"everything else besides plants and animals").

I was intrigued by the Tabasaran rules shown in Figure 7.7 (p. 225). Because that

system encodes lots of information in a small amount of space using combinations

of symbols at specific locations, it reminded me very much of computer data

storage—e.g., an MP3 file header, which has specific regions of a fixed number of

bits for encoding specific pieces of information.

The Tabasaran rules themselves would be quite amenable to automatic computer

decoding. Perhaps natural language processing would be a much easier task if

everyone spoke Tabasaran!

Article: Steven Pinker, The Language Instinct, Ch. 9 ("Baby Born

Talking—Describes Heaven").

One of the challenges to language learning that Pinker cites is that the problem, like

vision, is ill-posed: There are infinitely many possible rules that could give rise to the

same finite set of observed utterances. As Pinker says on p. 293, "logically

speaking, an inflection could depend on whether the third word in the sentence

referred to a reddish or bluish object, whether the last word was long or short,

whether the sentence was being uttered indoors or outdoors, and billions of other

fruitless possibilities that a grammatically unfettered child would have to test for." To

some extent, I suspect children use Occam's razor to solve these issues: Most

logically possible rules don't apply, and it makes sense to start by assuming there is

no special rule until the evidence suggests otherwise. But there are certainly cases

where special rules have to be learned—as, e.g., the Harrison reading illustrated,

with its examples of words that applied only to certain shapes or classes of objects.

I suppose Pinker would suggest that evolution has disposed babies to be more

expectant of rules involving certain types of distinctions (e.g., people vs. animals vs.

plants) than others (e.g., whether the sentence is said indoors or outdoors).

I find it hard to imagine exactly what it looks like for linguistic predispositions to be

encoded genetically. How do you manipulate protein expression in such a way as to

cause babies to expect particular types of grammatical transformations? And yet,

we know that such feats are possible, because other obviously genetic instincts can

sometimes be similarly hard to visualize (how do you manipulate gene expression in

order to cause a baby bird to open its mouth waiting for food? or is this learned

rather than instinct?).

As far as the evolution of language, George Williams's suggestion on pp. 294-95

(that language allows parents to tell their children about danger) sounds plausible.

In general, though, language seems to me like a hard thing to evolve, because it

requires several people simultaneously to share the trait enough for them to benefit

from using it with one another. (The exception is if language arose as an accidental

byproduct of another trait, like large brains, that was selected for on an individual

level.)

Articles: Whorf, and Pullum's reply.

I think I agree somewhat with both Whorf and Pullum. Whorf is obviously correct

that language is a background assumption that pervades our thought without

necessarily being consciously appreciated, in the way that the color blue would be

an unrecognized part of the vision of the hypothetical only-blue-seers. This

probably does shape (or perhaps just reflect?) the ways that we think, reason about

problems, etc. But exactly how these influences occur seems really hard to tease

apart. I share Pullum's skepticism about creating just-so stories relating some

linguistic feature (e.g., four distinct roots related to "snow" in the Eskimo language)

to some particular aspect of culture (e.g., the supposedly obvious fact that snow is

a vital part of Eskimo life). A similarly tenuous example is the claim that the

timelessness of the Hopi language would be reflected in their culture and physics.

Pullam's parody on p. 279 is instructive: "It is quite obvious that in the culture of

printers...fonts are of great enough importance to split up the conceptual sphere

that corresponds to one word and one thought among non-printers into several

distinct classes..." As he observes, this statement is "utterly boring" and shows that

having a diversity of terms to describe specific concepts needn't be very significant

to a culture.

I appreciated Pullum's effort to correct a misconception, though his righteous

indignation was a little off-putting. In particular, I was quite skeptical of his claim that

"The prevalence of the great Eskimo snow hoax is testimony to the falling standards

in academia [...]" (p. 279). I'm sure there were plenty of hoaxes in times past as well.

Pullum makes no effort to defend this charge of "falling standards"; the statement

just makes him sound curmudgeonly.

Article: Noam Chomsky in "A Companion to the Philosophy of Mind".

One of Chomsky's themes was to point out that many of the supposed "difficult

problems" that language raises are simply ill-posed and not problems at all. As he

says on p. 154, "The belief that there was a problem to resolve, beyond the normal

ones, reflects an unwarranted departure from naturalism [...]." Examples include

such puzzles as whether Peter and Mary speak the same language, or whether a

computer really understands Chinese. These are "like asking whether Boston is near

New York" (p. 163). With all of this I agree. However, as I've noted before, I don't

think it dismisses the concerns of Searle et al. as to whether computers are

conscious, because consciousness, unlike "true understanding," is a concrete thing

that exists in the world. [Nov. 2014: For my updated views on this, see "Dissolving

Confusion about Consciousness".] Indeed, as Descartes would say, I'm more certain

that my consciousness exists than I am that the chair I'm sitting in exists.

Chomsky does address the question of "How can organized matter have these

properties?" (p. 157), suggesting that the problem may just be "cognitively

inaccessible" to us (p. 157)—this may be one of the "mysteries that will be forever

beyond our cognitive reach" (p. 156), like a rat trying to solve a "prime number

maze."

As far as the applicability of linguistics to cognitive science generally, Chomsky

seemed pretty doubtful, maintaining that language parts of the brain needn't reflect

at all upon other parts of the brain: "As far as we know, there are no 'mechanisms of

general intelligence' [...]. And if that turns out to be the case, there will be no serious

field of 'cognitive science'" (p. 162). So much for this course, I guess. :)

On p. 161, Chomsky mentions the "principles and parameters" model according to

which "Language acquisition is the process of determining the values of

parameters" within a very general grammatical framework. I would point out that, in

general, the fact that something can be described by a particular parametric model

doesn't mean that it's actually produced by that model. For instance, any periodic

function satisfying certain smoothness conditions can be described as a sum of

sine and cosine waves with certain coefficients, but that doesn't mean the function

actually arose that way. Or take the von Neumann-Morgenstern expected utility

theorem from economics: Any preference ordering over lotteries satisfying certain

axioms can be described as maximizing the expected value of some utility function,

but that doesn't mean people actually make choices that way. Still, the fact that

Chomsky's parametric model appears to have a small number of parameters is

good. (Large numbers of parameters, as statisticians and physicists know very well,

can fit just about anything.)

The last paragraph of the article made an interesting offhand remark: that "the

creative aspect of language use" is "the best evidence for the existence of other

minds for the Cartesians." I'm not sure this is what Chomsky meant, but I interpreted

his point as saying that other minds are likely to exist because if other people were

just in my imagination, how would I be surprised by the things they say? I don't think

I agree with this reasoning. Why can't the Cartesian demon just hide those novel

statements from my conscious awareness until the right time? Indeed, I'm often

surprised by what other people say in my dreams.

Mandarin time

Article: how languages describe time.

In general, I thought the study was pretty well done. I'm mildly skeptical of its

conclusions, but that's mainly because I'm somewhat skeptical about making

specific inferences from psychology studies of this nature in general, just because

the variables at play are so fuzzy and the potential for lurking variables is so great.

(By this I imply no offense to the field of psychology, which does great work.

Psychologists simply have it harder than, say, physicists, who have the luxury of

cleaner problems and more precise measurements.)

One of the weaker points of the study was that it didn't explain (at least as far as I

can recall) why English speakers and Mandarin speakers didn't show the same sorts

of trends with respect to primes. For English speakers, there was no significant

interaction of prime with target: English speakers always found the judgments easier

after a horizontal prime, presumably, so the study claims, because horizontal

conceptions of time are natural to English speakers. If that's the hypothesis, then

the prediction should be that Mandarin speakers will uniformly be faster with vertical

primes, because of "the preponderance of vertical time metaphors" in that

language. But instead, Mandarin speakers were faster with whatever prime they

were given; their response times seemed to adapt to the primes much more. Of

course, it's possible to come up with post-hoc explanations of why this would be so:

Maybe the fact that Mandarin has several horizontal time words means that

Mandarin speakers will be more flexible in their ways of thinking and so more open

to priming. Or maybe the fact that they're bilingual has that effect. (To test the latter,

one could do the same study all in Mandarin, with people who only spoke Mandarin

vs. native English speakers who learned Mandarin as a second language.)

...Upon rereading the introduction, I see that the authors did address this point after

all: On p. 5, they say, "In summary, both Mandarin and English speakers use

horizontal terms to talk about time. In addition, Mandarin speakers commonly use

the vertical terms shang and xia." So I guess the claim is that Mandarin speakers

should be more flexible in their priming, in which case the results do validate the

hypothesis.

Memory

Article: neural mechanisms of memory.

As far as neural mechanisms of memory formation, the article focused on Hebbian

learning (reinforcement of synapses that are used), particularly long-term

potentiation (LTP) as well as even longer-term morphological changes (e.g.,

increase in the number of synapses or synaptic zones).

As with the Stillings chapter on Tuesday, I liked this reading, because it presented a

lot of basic information and study results in a compact format. (This is a feature of

textbook reading in general, I suppose. I find it somewhat unfortunate that many

Swarthmore classes emphasize in-depth study of particular articles and topics over

broader textbook-style learning, because the latter really is an efficient way to learn

a lot.) The level of the material was generally appropriate, though I found some of

the discussion of neural chemistry and brain-region geography slightly more

detailed than necessary.

I was particularly interested by the theories of memory consolidation in the last

section. The analogy to computer science was striking: Computers also have

"working memory" (RAM) and "long-term memory" (hard disk), and computers also

use "pointers" to access larger chunks of memory stored elsewhere. I think

computers use the standard model for consolidating memory: That is, computers

write their pointers to disk, so that one portion of the hard disk refers to another,

and the pointers stored in memory are no longer needed. Normal RAM is volatile and

so must work this way (since it disappears when the power is turned off), but I

wonder if non-volatile RAM (e.g., flash memory) could be used to implement the

multiple-trace approach. Whether this would even make practical sense, I'm not

sure—for instance, why would there need to be multiple pointers to the same region

of hard disk, unless frequent failures were expected?

Meno (by Plato)

Articles: Socrates, Locke.

Socrates claims that humans have immortal souls and that when we learn about the

world, we are merely stirring up knowledge that our eternal souls have always

known but forgotten. He makes the argument by asking questions to an uneducated

slave boy that lead the boy to discover how to double the area of a square. By

assuming that knowledge of this sort (how to double a square) must be either (a)

taught or (b) previously known, Socrates concludes that the boy must already have

known this fact, in a previous life.

Locke takes essentially the polar opposite view. It's not that people know everything

and merely have forgotten it; rather, humans start out knowing nothing (the "blank

slate" concept or, as he calls it on p. 1, "white paper"). They acquire understanding

from two sources: "[1] Our observation employed either, about external sensible

objects, or [2] about the internal operations of our minds perceived and reflected on

by ourselves [...]" (p. 1). Locke claims that any thought a person has can be traced

back to some combination of sense perceptions and understanding of how our mind

works (though he doesn't spell out the details). He suggests that children seem to

start out without certain concepts that they develop as they get older, so that--

presumably--if they were to be shut up in the dark for their childhood, they wouldn't

acquire those concepts. Locke also suggests that babies may sleep a lot because

they don't have many ideas in their heads yet.

I don't much like Socrates's view, because I feel as though it doesn't really solve the

problem. Sure, maybe our souls already knew things and have since forgotten, but

how did the souls learn that material in the first place? The problem is just pushed

back. I suppose it could be "turtles all the way down," i.e., our eternal souls have

always known these things and never had to learn them initially (like cosmological

models in which the universe has always existed and so never needed to be

created), but this feels like an unnecessarily complex explanation. The flaw in

Socrates's argument is his false dilemma that everything known must either be

taught explicitly or recollected. This ignores the possibility that a person might

teach herself (by reasoning with existing knowledge, and possibly with the help of

Socratic questioning).

Locke's view seems intuitively plausible (though somewhat at odds with current

knowledge of genetics and neuroscience), though I would like to see more concrete

details of exactly how sensation and reflection work.

Numeracy

Stanislas Dehaene, The Number Sense, Ch. 1, "Talented and

Gifted Animals"

"Numbers in Mind: Babies' ballyhooed counting skills add up to

controversy", 2002.

I was quite interested by Dehaene's neural-network model for number recognition

(pp. 32-33). Not only does it apparently work, but it seems to correspond nicely to

observations in cats by Thompson et al. (1970), and it explains nicely why we can

immediately recognize small numbers of objects without having to count each item.

Dehaene's accumulator metaphor seemed very plausible and explains both the

distance and magnitude effects nicely (p. 30). The model is especially intuitive

because I subjectively feel as though something similar is going on in my brain

when, say, I'm thinking about the passage of time; I feel sort of a fuzzy, continuous

value for roughly how long it's been since a past event. Indeed, I wonder if the

systems are related (at least for rats), because methamphetamine increases

subjective clock speed and also increased the number of sounds rats thought they

heard (p. 31). Babies, too, seemed to show accumulator-like numerical assessment

in the study, reported in Science News, in which they looked longer at displays

alternating between 8 and 16 dots but not 8 to 12 or 16 to 24. (This is basically just

the distance and magnitude effects again.)

I found it interesting that scientists seem to take the approach of assuming the

absolute minimum possible in terms of quantitative skill, only granting more

http://plato.stanford.edu/entries/epistemology-bayesian/index.html#DutBooArg
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778755/
https://commons.wikimedia.org/wiki/File%3APET_Normal_brain.jpg
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Princeton University college application supplemental essays

by Brian Tomasik, fall 2004

Essay 1

Tell us about a person who has affected your life in a significant way.

On a chilly evening in November, I walked with my mother and sister over the damp 

lawns of a local college on the way to the auditorium, in which Ralph Nader was to give 

a speech.  I, having never heard Nader before, was uncertain what to expect, but once 

Nader stepped out onto the stage and began to speak about growing problems and 

injustices, I found myself being moved—not to anger or hopelessness, but to motivation. 

Particularly inspiring was the idea that Americans, more than anyone else, have the 

education, opportunity, and influence to significantly change the world; to ignore our 

civic obligations, therefore, is to throw away an extraordinary chance to improve the lives

of people all over the globe.

To this day, I am still inspired by the address that Nader gave more than four years ago 

and by the work that he and others continue to do.  Nader’s influence has made me more 

interested in politics, history, and learning in general; I have become a better student 

because I have seen that knowledge has real meaning, and that a detailed understanding 

of the world’s problems is essential for success in efforts to address them.  I have also 

found reason to participate in extracurricular clubs, and I have gained the courage to 

engage in discussions about these important topics.  And I have in general become more 

joyful, optimistic, and fulfilled, because there is nothing more rewarding than striving, in 

whatever way, to make the world a better place.

Essay 2

Write on any other topic of your choice or design.

All educators teach students information.  But only a few actually teach students how to 

think.

For me, one of those few was Richard Lasselle, my eighth-grade earth-science teacher.  

Recognizing that students too often view education merely as an accumulation of facts, 

Mr. Lasselle challenged my class with questions that required not just knowledge but the 

ability to combine that knowledge with common sense to solve problems that we had 

never before encountered.  At the same time, Mr. Lasselle’s policies—such as setting no 

deadlines for labs and allowing students to resubmit assignments as many times as they 

wished—reflected his belief in doing whatever would best allow students to learn, even if

it was untraditional.  Mr. Lasselle was similarly not afraid to stray from the state 

curriculum to try unique assignments, such as designing a wind-propelled vehicle or 

calculating the exact time of sunrise on any day of the year.

http://www.sccs.swarthmore.edu/users/09/btomasi1/


In these two areas, and in others, Mr. Lasselle transformed my approach to learning.  I 

now memorize only what I have to, and I conceptualize everything else.  I try to do 

whatever is most effective for understanding, not necessarily for earning the highest 

grades.  Mr. Lasselle’s class powerfully demonstrated to me that the actual material 

learned in school is ancillary, and that the paramount value of education lies in showing 

students how to think, how to learn, and how to teach themselves.

CASDA Description of Mr. Lasselle

Select a teacher who has had a significant and beneficial influence on you and explain in

25 words or fewer how that teacher has made a major difference in your education.

Richard Lasselle’s Earth-Science class showed me the value of understanding instead of 

memorizing, of thinking critically instead of passively, of asking “why” instead of 

“what.”

Summers

Please tell us how you have spent the last two summers (or vacations between school 

years), including any jobs you have held.

Summer 2003

- Collected water samples from the local reservoir and measured their levels of 

phosphorus, an indicator of water quality.

- Volunteered at the Guilderland Public Library two or three times a week.

- One-week “learn to play tennis” program at Guilderland Central High School.

- Independently wrote a report and letter to the Guilderland Board of Education about the 

environmental benefits of recycled paper.

- Attended a three-day Northeast Organic Farmers’ Association (NOFA) Summer 

Conference in Amherst.

Summer 2004

- Continued my water-quality research on the reservoir, this time measuring temperature 

and dissolved oxygen as well as phosphorus, and submitting my findings to the Intel 

Science Talent Search.

- One-week “environmental field studies” program at Southampton College.

- Volunteered with Habitat for Humanity and the Albany Pine Bush.

- Attended NOFA Summer Conference.
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Georgia Tech OMS CS application essays

By Brian Tomasik

First written: Oct 2014. Last nontrivial update: 15 Mar 2015.

Summary

I applied and was accepted to the Georgia Institute of Technology Online Master of

Science in Computer Science (OMS CS) late 2014. Following are the two short

essays I wrote as part of the application.

Note: I ended up dropping out of this program before beginning it in order to join a

startup instead. Therefore, I'm not the best person to ask with questions about the

program. :)

Contents
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Introduction

Essay 1: Background

Essay 2: Statement of Purpose

Introduction

OMS CS has negligible direct cost: slightly more than $7000 for the whole degree,

or maybe a bit more if it's done slower than average. Some doubt how credible the

degree will be, but most commentators are optimistic, since on a resume the degree

is indistinguishable from that earned by residential students. GA Tech is #9 in CS

according to US News and #6 for AI specifically. The admission rate is ~17%.

Essay 1: Background

Please describe your background (academic and extracurricular) and experience,

including research, teaching, industry, and other relevant information. Your space is

limited to 2000 characters.

When I first began my undergraduate education, I knew almost nothing about

computer science. Initially I planned to major in math. During my second semester

of college, a friend wisely encouraged me to take introductory computer science

because, she said, “You’re going to need to know this regardless of what you do.” I

took her advice. Soon I became intrigued by the power and elegance of

programming.

I continued taking computer-science courses, and a year later, I discovered machine

learning, which seemed like a beautiful amalgamation of my passion for math with

my newfound interest in computers. I decided I might want a career in machine

learning, so I created a “directed reading” course on the topic, together with another

student. I also emailed several machine-learning professors to inquire whether I

could do summer research with them, and I ultimately joined Lyle Ungar at the

University of Pennsylvania. The work with his team led to an ECML publication and

my senior undergraduate thesis. I published two other machine-learning conference

papers based on work in my senior-year courses.

When it came time to apply for jobs, I looked specifically for those with a machine-

learning focus. I asked Microsoft if I could interview with the search engine Bing for

this reason, and I gladly accepted their offer. During my four years in the ranking

division, I learned many new practical skills and academic insights, but I also gained

deeper appreciation for the process of software and what it means to work in an

organization.

I also became more aware of the unity of computer science and the importance of

understanding many components of systems—not just the learning algorithms. This

has been one of my motivations for applying to the OMS CS program: to broaden

my understanding of computer-science fundamentals at the same time as I continue

to deepen my knowledge of machine learning and artificial intelligence.

Essay 2: Statement of Purpose

Please give a Statement of Purpose detailing your academic and research goals as

well as career plans. Include your reasons for choosing the College of Computing as

opposed to other programs and/or other universities. Your space is limited to 4000

characters.

My career has revolved around computer science from two different perspectives:

firstly as a software engineer at Microsoft and secondly as an academic researcher

writing about the philosophy and social implications of computer technology. In both

cases, I realized that I would benefit from a deeper understanding of the subject of

my work—including both computer-science fundamentals like operating systems

and networks, as well as topics more specific to artificial intelligence, including

computer perception and natural-language processing.

Following graduation from OMS CS, I intend to go back to industry, probably

specializing in machine learning and data science. I may return to Microsoft

(probably working in a new division, such as the cloud data platform), or I may move

to Google, Facebook, Amazon, LinkedIn, or various other companies where Big Data

also plays a critical role. I look forward to having a deeper understanding of the

theory and best practices behind the technologies I will use and develop. In the long

run, I may also return to my academic writing, where I will benefit just as much from

a deeper insight into how computing systems work, what this tells us about the

nature of cognition, and what implications these technologies have for humanity’s

future. I think it’s great that OMS CS has a “Specialization in Interactive Intelligence”

that includes some philosophical content in addition to “hard” engineering.

I’ll be honest: One of my reasons for choosing OMS CS is the price tag. Given that

Georgia Tech is also one of the top-ranked graduate schools for computer science

(9th in US News, and 6th for artificial intelligence specifically), the package is very

compelling. I laud Georgia Tech’s innovation in creating this program. I hope the

experiment succeeds and is replicated in other departments and by other

universities.

Another benefit of OMS CS is that it allows me to study half-time, so that I can

continue managing my startup nonprofit institute before I fully transition it to its

future owners. Once this is done in the next year or two, I will be able to finish my

Master’s degree more rapidly and then return to a role as a software developer and

data scientist.

Finally, I’ve also been impressed by the caliber of the OMS CS program. When I

asked one of my former advisors for his thoughts, he said “There are certainly

plenty of excellent faculty” at Georgia Tech. Needless to say, Sebastian Thrun is one

of the big names in machine learning, and I still remember a lecture he gave in 2007

on self-driving cars. In addition to discussing technical aspects, Thrun highlighted

the significant societal benefits that such cars can bring, such as saving thousands

of lives per year from crashes. This was one of several factors that first ignited my

interest in machine learning—an interest that I hope to continue developing during

the OMS CS program.
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Bowdoin College application supplemental essay

by Brian Tomasik

fall 2004

REQUIRED SUPPLEMENTAL ESSAY FOR FIRST-YEAR APPLICANTS:

The Bowdoin College Admissions Committee requires that all applicants submit a supplemental essay 

so that we may become more familiar with your writing and learn more about your secondary school 

experience. Please reply to the following question with a one- or two-page essay.

Who is the secondary school teacher who has had the greatest positive impact on your development?

Please describe the ways in which this teacher has influenced you.

[Note: I've replaced my teacher's name with “X” in this piece for anonymity.]

It was not until I was in tenth grade that I began to fully understand the meaning of the word “science.” 

Of course, I had known for a long time that science was a systematic method of learning about the 

world around us.  Starting in elementary school and continuing into high school, I had been given 

science lessons that made use of simple demonstrations to emphasize particular concepts.  But not until

I took Dr. X’s tenth-grade Honors Chemistry course was I fully exposed to the way that science is 

really done.

In the very first week of school, Dr. X assigned a yearlong independent research project on one of a 

number of possible topics.  These were not simple, didactically contrived experiments but, rather, 

meaningful investigations into real-life problems.  For example, my project—measuring concentrations

of phosphorus in the water and sediment of the local reservoir—was meant to provide useful data on 

one of the primary causes of drinking-water degradation.

I began the project by reading published studies on my topic, in order to gain a better sense of 

phosphorus in general and my experimental approach in particular.  I then developed my own 

hypotheses and designed my own procedure.  I learned how to use controls to ensure the quality of my 

lab work and how to apply statistical analysis so that conclusions neither stretched nor ignored what my

data revealed.  Throughout the entire process, Dr. X drew on his decades of experience to direct, assist, 

and encourage my work.  In this way, Dr. X helped me to discover how much knowledge, ingenuity, 

and meticulousness real science requires.

http://www.sccs.swarthmore.edu/users/09/btomasi1/


However, the assignment did not just teach me about science; it also gave me experience with the 

process of carrying out any kind of independent project.  I called and emailed a number of scientists 

with questions about my hypotheses, experimental design, and testing procedures.  Before sampling, I 

had to get permission to use the rowboat of a resident with access to the reservoir.  I also contacted the 

director of a water-research laboratory at Rensselaer Polytechnic Institute to make arrangements for 

coming to use his equipment.  When my research was finished, I presented it first to my classmates and

then to a small group of community members interested in water quality.  Thus, the project gave me 

skills and experience in communication and coordination as well as in scientific investigation.

When I expressed a desire to continue my research over the summer, Dr. X was ready and willing to 

provide assistance.  He helped me to design a new approach to my experiment that involved testing 

phosphorus concentrations throughout the water column instead of just at the surface.  And when I 

noticed an unusual pattern in my data, he offered insight into what might have interfered with the 

results.  Before I performed the new experiment again over the next summer, Dr. X and I spent a few 

hours discussing ways to avoid that problem and to improve the overall conclusiveness of my results by

measuring dissolved oxygen and water temperature as well as phosphorus.  And when I decided to 

enter that most recent project into the Intel Science Talent Search, my former chemistry teacher once 

again provided encouragement and advice.

Dr. X’s research project did not just make me a better scientist; it also made me a better planner, a 

better organizer, a better communicator, and a better analyzer.  Moreover, it sparked an interest water 

quality, chemistry, and independent research that I have continued to pursue.  A great educator is not 

only one who teaches students but also one who provides the guidance and encouragement necessary 

for students to teach themselves.



Bates College application supplementary essay

by Brian Tomasik

fall 2004

Note: My views on wilderness have changed since writing this essay – see “Applied Welfare

Biology and Why Wild-Animal Advocates Should Focus on Not Spreading Nature”.

Topic: In addition to the Common Application essay, please respond in two or three paragraphs

to the following question:  Why, in particular, do you wish to attend Bates?

Bates is only one of a number of small liberal-arts colleges in the Northeast that offer first-rate

facilities and resources, personal relationships with professors, and a diverse student body—but

there are several distinguishing characteristics that make Bates College uniquely suited to my

passions and values.

One is its radical heritage.  Bates was founded in 1855 as a college open to students of all races,

religions, and income levels, and it was the first coeducational college in New England.  One

hundred and fifty years later, that belief in equality continues, as is demonstrated by the close-

knit  nature  of  the  student  body  and  the  widespread  eschewal  of  competition  for  grades.

(Attending a high school at which students constantly ask each other how they did on the last test

or what they got on the last research paper, I am excited by the prospect of a college full of

students who are instead motivated by the love of learning and the joy of challenge.)  Bates also

continues to live up to its abolitionist origins, through its strong sense of social justice and its

commitment to environmental stewardship, the latter of which is clearly evinced by the college’s

efforts at composting and its purchase of recycled copy paper and paper cups.

Perhaps the reason that Bates is so dedicated to the environment is that its students are very close

to nature.  The campus truly succeeds in capturing the sublime beauty of the natural world at

which I have always felt a sense of rejuvenation and awe, partly because I was raised on an

organic farm in the country.  Moreover, the fact that the Bates outing club is one of the largest in

the country means that I will not be alone in my love of wilderness.  This desire to explore and
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genuinely experience the real world has even made its way into the curriculum, in the form of

many extraordinary activities undertaken during the Short Term.

It indeed seems that the characteristics that make Bates unique, from its progressive origins to its

close connection with nature, are also the qualities that I am looking for in a college.



Why Swarthmore? College application supplemental essay

by Brian Tomasik

fall 2004

Swarthmore is only one of a number of small liberal-arts colleges in the Northeast that

offer  first-rate  facilities  and  resources,  personal  relationships  with  professors,  and  a  diverse

student body.  But, there are several distinguishing characteristics that make Swarthmore College

uniquely suited to my passions and values.

One is its progressive Quaker origins.  Though not a member of the Society of Friends, I

fervently  embrace  many  of  the  social  causes  that  Quakers  have  historically  championed:

abolitionism, religious toleration, and opposition to war, to name a few.  More importantly, this

sense of concern for other human beings remains strong among students, as efforts to provide a

living wage for all workers and to purchase a wind-power generator for electricity demonstrate.

And the Quaker belief  in equality—reflected in the absence of freshmen-only dorms and the

presence of just one dining hall—continues to foster an atmosphere of tolerance and community

by bringing people together for conversation.

This sense of connectedness is reinforced by an emphasis on mutualistic collaboration

and  an  eschewal  of  antagonistic  competition—general  attitudes  that  are  manifested  in  the

abundant  availability of tutoring services  and the lack of grades  during the first  semester  of

freshmen year.   Moreover,  the option of taking up to four additional classes pass/fail  allows

students to select courses based purely on interest, without being held back by fears of doing

poorly.  Attending a high school at which students constantly ask each other about grades, I am

excited by the prospect of a college that does not even determine class rank or GPA because it

understands that its students are instead motivated by the love of learning and the joy of self-

challenge.
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In addition to a close-knit student body, Swarthmore College has a strong connection to

nature.  Having grown up on a small organic farm in the country, I have always felt rejuvenation

and awe at the wonders of the natural world.  In the midst of a colorful arboretum set off from

major streets and urban centers, Swarthmore’s campus captures this sublime beauty. [...]

The  qualities  that  make  Swarthmore  unique,  from  its  Quaker  heritage  to  its  strong

community atmosphere, are exactly what I am looking for in a college.
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Dissolved Oxygen and

Phosphorus in the

Watervliet Reservoir

Brian Tomasik

(This document gives the text and notes of a presentation I gave to the Albany County Water

Quality Coordinating Committee in Fall 2004.)

Thank you.  I thought I would begin by explaining how I got involved in research on the

Watervliet Reservoir and then go into my findings.

When I was in tenth grade, I had Tom Mikulka as my chemistry teacher.  Dr. Mikulka

required all of the students in my class to carry out a yearlong independent chemistry research

project on any one of twenty possible topics; because it was an important concern that no one

had ever before chosen to study, I decided to measure phosphorus levels in the Watervliet

Reservoir.  To get access to the reservoir for sampling, I contacted Steve Wilson for

permission to use his rowboat.  I also arranged to test my samples at the Keck Water Research

Lab at RPI.  I finished sampling and testing in April 2003, and presented my results in June.

Since I had spent so much time learning about phosphorus, I decided that I might as well

continue my research over the summer.  So, I took another set of samples in August 2003 and

tested them at RPI as before.  Unfortunately, my summer data showed a strange pattern that

rendered them inconclusive.

For that reason, I repeated my experiment with some modifications over summer 2004, and it

was this study that provided the most useful results.
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Background

Before I get into those results, though, I’ll present a little background

information which most of you probably already know.
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Phosphorus

• Often the limiting nutrient

• Mean summer total-phosphorus

concentration above 20 ppb

generally means eutrophy

Phosphorus is a macronutrient that plants need to live and grow.  Because of

its relative scarcity, phosphorus is the limiting nutrient in most fresh water

bodies, which means that phosphorus availability is typically the sole factor

restricting further plant growth.

Many researchers have tried to identify a mean summer total-phosphorus

concentration that can be generally called the dividing line between when a

lake is mesotrophic and when it is eutrophic, but the one most often cited is 20

ppb.  This is also the guidance value set by the NYS DEC for lakes and

reservoirs in New York.
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Thermal Stratification

• Natural process that happens

during the summer

• Generally found in temperate water

bodies that are at least 5 m to 7 m

deep

One process that sometimes affects the amount of phosphorus in a reservoir is

thermal stratification.

Thermal stratification is a natural condition that develops during the late spring

and early summer in temperate water bodies that are at least 5 m to 7 m in

depth.
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This picture shows a reservoir prior to stratification.  The surface ice has just

melted and the water temperature is uniform.  Therefore, the entire reservoir is

able to mix.
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Now the reservoir is beginning to stratify, because incoming heat is quickly

raising the temperature of water at the surface but not at the bottom.
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By mid- to late summer, the reservoir is fully stratified into three distinct

zones.
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The upper layer is the warm epilimnion.  The bottom layer is the cool

hypolimnion.  The short layer in between is the metalimnion, a zone of rapid

temperature transition.
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The mixing of water layers of different densities requires energy, and a greater

difference in density requires more energy.  Since the epilimnion is directly

exposed to the wind, it is thoroughly mixed and well oxygenated.  However,

when this mixing energy reaches the metalimnion, it is effectively stopped by

that layer’s sharp density gradients.  As you can see, the hypolimnion has no

exposure to the air; hence, it is not reoxygenated.
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A eutrophic reservoir tends to have lots of dead organic matter collected at its

bottom, and the decomposition of this detritus requires oxygen.  Because the

hypolimnion is unable to replenish its oxygen supply by contact with the

surface, it soon becomes anoxic—meaning that dissolved-oxygen levels

approach 0 ppm.

One of the many consequences of such anoxia is that it often triggers the

release of nutrients from the sediment.
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This picture shows the sediment-water interface when the reservoir is fully

oxygenated.  Most of the phosphorus in the reservoir is bound to the sediment,

particularly to iron.
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However, when concentrations of dissolved oxygen in the hypolimnion drop

below 1 ppm, some of the iron is usually reduced and phosphorus is

consequently released into the surrounding water.
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In the early fall, the reservoir’s water temperature becomes uniform once more.

As the bottom water once again mixes with the surface water, some of the

released phosphorus travels to the surface, where it may exacerbate late-season

algal blooms.
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My Results

Now I’ll get into my own findings.
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Trophic Status of Watervliet Reservoir

• Mean surface-water total-phosphorus

concentrations:

– Spring 2003:  20. ppb

– Summer 2003:  19 ppb

• This places the Reservoir directly between

mesotrophy and eutrophy

The data here are from my first and second measurements on the Reservoir, in

the spring and summer of 2003.  The mean total-phosphorus concentration of

the surface water was 20. ppb in spring 2003 and 19 ppb in summer 2003.

According to the 20-ppb delineation that I mentioned earlier, the Reservoir is

right between mesotrophy and eutrophy.
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Summer-2004 Study

• Hypotheses:

– The reservoir will be stratified

– The hypolimnion will be anoxic

– Phosphorus will have been released

• Experimental Design:

– Measure temperature, dissolved oxygen, and

total dissolved phosphorus throughout the water

column at a deep site and a shallow control site

– Deep site, Location 1 = 8.8 m

– Shallow site, Location 2 = 3.8 m

Now I’ll talk about the study that I did this summer.

I’ll start with my hypotheses.  Based on the fact that the Reservoir has a

maximum depth of 9 m and the fact that stratification generally begins at 5 m

to 7 m, I hypothesized that the Reservoir would be stratified at its deepest

parts.  I also expected that this thermal stratification would have caused

hypolimnetic anoxia and that this anoxia would have mobilized phosphorus

from the sediment.

To test these hypotheses, I took measurements of temperature, dissolved

oxygen, and total dissolved phosphorus throughout the water column at a

deeper site and a shallower site.  I called the deeper site, which was 8.8 m in

depth, Location 1 and the shallower site, which was 3.8 m in depth, Location

2.  Location 2 was a control site that I expected was too shallow to stratify; its

purpose was to prove that the observed trends in dissolved oxygen and

phosphorus at Location 1 were caused by stratification and not proximity to

bottom sediment or some other factor.
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Location 1

Location 2

Sampling

performed on

17 August 2004.

Here you can see the two sampling locations.
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Temperature with

Depth

This graph shows my results for temperature with depth.  The red lines are

Location 1, and the blue lines are Location 2.  The vertical bars are + and – one

standard deviation from the mean.

Location 1 did appear to be stratified in agreement with the expected pattern.

The epilimnion ranged from 0 m to 5 m, the metalimnion, from 5 m to 6 m,

and the hypolimnion, from 6 m to the bottom.

Location 2 was, as expected, too shallow to stratify.

When I asked Scott Kishbaugh from the NYSDEC Division of Water to look

at my results, he said that stratification of the Watervliet Reservoir is fairly

weak in comparison to that of many other local lakes, which have much

steeper thermal gradients.
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Dissolved Oxygen

with Depth

Now, here is dissolved oxygen with depth.

At Location 1, dissolved oxygen remained consistently above 4 ppm in the

epilimnion.  But beginning at the metalimnion and continuing throughout the

hypolimnion, dissolved-oxygen levels fell close to zero.  Location 2, which

was not stratified, did not experience anoxia at its bottom.

Because dissolved-oxygen concentrations at the bottom of Location 1 well

below the 1-ppm dissolved-oxygen threshold at which sediment-bound

phosphorus typically begins to dissolve in earnest, I expected to see significant

phosphorus mobilization.
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Total Dissolved

Phosphorus with Depth

Here are the actual results for total dissolved phosphorus with depth.

At Location 1, there was a statistically significant increase in total dissolved

phosphorus from 1 m and 2 m to 8 m, but total dissolved phosphorus

concentrations at 3 m, 4 m, and 5 m were statistically equivalent to those at 8

m.  Scott Kishbaugh—the person at DEC whom I mentioned earlier—told me

that lakes and reservoirs in which internal phosphorus release takes place

typically have bottom-water phosphorus levels that are at least 5 to 10 times

those at the surface.  That is clearly not the case here, and therefore, it does not

appear that sediment-bound phosphorus was released to any significant extent.
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Potential Explanations

(1) The iron that was binding the phosphorus

to the sediment was not reduced.

– This would be the case if other electron

acceptors that are reduced before iron

based on thermodynamic considerations

(e.g., Mn4+ and NO
3

-)
 
were present.

(2) Weak stratification permits occasional

oxygenation of the hypolimnion.

Here are some possible explanations for that.

(1) Phosphorus mobilization occurs when iron in the sediment is reduced as a

result of anoxia.  But sometimes there are other electron acceptors present in

the water that are reduced before iron because they are more favored

thermodynamically.  These include manganese 4+ and nitrate.  If these

electron acceptors were present in the water, iron reduction—and the attendant

liberation of phosphorus—should not have occurred.  Unfortunately, I did not

measure levels of either of these ions, so I can’t say whether or not this

explanation applies.

(2) Scott Kishbaugh proposed a second explanation:  the weakness of thermal

stratification in the Watervliet Reservoir might allow some mixing and, hence,

some occasional oxygenation of the hypolimnion.
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Warner’s Lake, late August 2001

• Depth to bottom:  16 m

• Water Temperature

– Surface:  25°C

– Bottom:  6°C

• Bottom NO
3

- was depleted; Mn4+ was not

measured

• Total Phosphorus

– Surface:  8 ppb

– Bottom:  80 ppb

As an illustration of what phosphorus release typically looks like, Scott

Kishbaugh provided me with data collected on Warner’s Lake in late August

2001.

Notice how this lake was significantly stratified and how nitrate was depleted

at its bottom.  Both of these conditions are consistent with the substantial

phosphorus release that occurred.
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Future Study

• In order to definitively conclude that

phosphorus is consistently not released, my

study would have to be repeated over a

series of years.

• Any subsequent studies should measure

NOx and Mn4+ in the hypolimnion.

My study does not rule out the possibility that phosphorus release could

happen in future years.  For example, stratification may have been unusually

weak this year, or electron acceptors may have been in higher concentration

than normal.  In order to definitively conclude that phosphorus is consistently

not released, my study would have to be repeated over a series of years.

Any subsequent studies should measure NOx and Mn4+ in the hypolimnion, to

determine whether or not the electron-acceptor explanation applies to the

Watervliet Reservoir.
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Why Phosphorus Levels

May Be Irrelevant

• Aquatic macrophytes like the Chinese water

chestnut and Eurasian milfoil are more

likely to be limited by nitrogen than by

phosphorus.

• Given the abundance of nutrients in

Watervliet-Reservoir sediment, the real

limiting factors are not nutrients but light,

space, and water pressure.

I’ll end with perhaps the most important information of all.  When I was

discussing my results with Scott Kishbaugh, he told me that the Chinese water

chestnut and Eurasian milfoil—which are the invasive macrophytes that

blanket parts of the Watervliet Reservoir during the summer—tend to be

limited more by nitrogen than by phosphorus.  Furthermore, he said, because

the sediments of the Watervliet Reservoir are probably rich in nutrients, these

plants are likely not even limited by nitrogen.  Instead, light, space, water

pressure, et cetera are probably what really limit Chinese water chestnut and

Eurasian milfoil growth.

Scott stated that “A substantial reduction in phosphorus or nitrogen in the

water would not likely result in a decrease in macrophyte populations—in fact,

if light is limiting, the resulting increase in water clarity (due to reduction of

phytoplankton populations as a result of lower nutrient levels) might result in

higher macrophyte densities.”

In short, it appears that the goal of restricting macrophyte growth on the

Watervliet Reservoir must be achieved by means other than the reduction of

dissolved phosphorus concentrations.
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"Liking What One Has to Do"

By Brian Tomasik

Written: fall 2004

This is the essay that I used with the Common Application when applying to

colleges. Comments from me in 2017 are in footnotes.

When I first found a small glass jar in the back corner of my grandmother’s kitchen

counter more than four years ago, I never expected that it would change the way I

look at the world. Yet, it undoubtedly did.a The jar was filled to its brim with

octagonal labels that had been taken from Salada tea bags; on the back of each was

an anonymous, one-sentence quotation. I looked through the labels casually—

glancing at each quote for a few seconds before dropping it back into the jar—until I

came across one that has stuck in my memory ever since: “The secret to happiness

lies not in doing what one likes but in liking what one has to do.” I held the quotation

between my fingers for quite some time before I finally returned it to its container.

That evening, I started a worksheet on the battles of the American Revolutionary

War that was due the next day. However, I had barely gotten through the Battle of

Bunker Hill before I found myself unable to continue: the tedious descriptions of

generals, strategies, battle sites, and dates all seemed so meaningless. But then I

thought back to the tea-bag label I had found earlier that day, and I decided that if I

couldn’t change the assignment, I could at least change my attitude toward it. After

all, what logical purpose is there for allowing oneself to be irritated by something

that has to be done anyway? Why not instead endeavor to make the assignment

enjoyable, whether by regarding it as an exciting challenge or by viewing it as

rewarding accomplishment or simply by remembering that there is no reason that it

should not be fun? The surrender of General Burgoyne at Saratoga did not suddenly

become fascinating after these realizations, but I at least made it through the

assignment without quite so much resistance.

Since that day, the idea expressed in the tea-bag quotation has come back to me

again and again. Whether I am vacuuming my room, waiting in the dentist’s office, or

riding in the car for hours on end, I try to view the situation from a rational

perspective. Why should I be aggravated by something that I cannot change? Why

should I fill these moments with feelings of impatience and agitation when I could

instead tolerate the circumstances and adjust my emotions around them? Why not

make good use of the time to solve an intriguing puzzle or to meditate upon a

complex issue? Why not contemplate how marvelous it is that I am alive, that

nothing more than an intricate combination of atoms has the capacity to cognize its

own existence? Or why not simply use the time to relax?

This logic is not always successful. There are many times when the soundness of

reason makes no more than a small dent in our habitual attitudes. And there are

many instances in which we should not try to change our emotional state. After a

great emotional loss, for example, it is healthier to ride the course of anger and

sorrow than it is to suppress feelings of despair and distress.b

Furthermore, there are many times when annoying situations are avoidable, when

difficult tasks are unnecessary, or when troubling problems can be addressed. By no

means should we contentedly tolerate the destruction of old-growth forests, the

pollution of our air by inefficient vehicles, or the preventable annual loss of millions

of lives to hunger, malaria, tuberculosis, and AIDS. To the contrary, we should strive

to convert our outrage and concern over the world’s most pressing problems into

motivation and determination to advance effective and foresighted solutions. One

should never try to make the best of a bad situation when the situation itself can be

changed; one should never invoke the doctrine of accepting one’s misfortune as a

justification for political inactivity. Rather, it is only the inconsequential annoyances

of everyday life that one should dismiss; it is only those truly necessary obligations

that one should pursue.

Life is as enjoyable and as meaningful as we choose to find it. Yet we only have a

short time in which to experience it before it disappears forever. We can decide to

spend our precious moments in a state of anger, bitterness, and aggravation, or we

can decide to find pleasure, wonder, and purpose in what we do. Life gives us only

one chance; we must make that decision wisely.

a. This was a bit of an exaggeration for the purpose of storytelling. In reality, I

remembered the quotation, but I doubt that it, by itself, had an enormous impact on

my worldview that wouldn't have occurred otherwise.  (back)

b. This may be conventional wisdom, but I'm uncertain to what extent it's true. I think

ignoring negative emotions can often be a very successful strategy. Riding the course

of anger or sorrow is like letting a fire burn until combustible material is used up, while

ignoring such feelings can be like preventing the fire from spreading in the first

place.  (back)
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Downloading Websites for Backup

By Brian Tomasik

First written: 2016-2017. Last nontrivial update: 2019 Jan 13.

Summary

One way to back up a website—whether your own or someone else's—is to use a

tool that downloads the website. Then you can back up the resulting files to the

cloud, optical media, etc. This page gives some information on downloading

websites using tools like HTTrack and SiteSucker.

Note: Here's a list of the domains I have downloaded. Let me know if you don't want

your site to be downloaded.

Contents

Summary

HTTrack

Troubleshooting: gets too many pages

Troubleshooting: Error: "Forbidden" (403)

SiteSucker

Including redirects

Non-linked content

Images not on your site

Saving PDFs of JavaScript calculations

Compress archived websites?

Compression example with duplicate content

Security concerns?
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HTTrack

On Windows, HTTrack is commonly used to download websites, and it's free. Once

you download a site, you can zip its folder and then back that up the way you would

any of your other files.

I'm still a novice at HTTrack, but from my experience so far, I've found that it

captures only ~90% of a website's individual pages on average. For some websites

(like the one you're reading now), HTTrack seems to capture everything, but for

other sites, it misses some pages. Maybe this is because of complications with

redirects? I'm not sure. Still, ~90% backup is much better than 0%.

You can verify which pages got backed up by opening the domain's index.html file

from HTTrack's download folder and browsing around using the files on your hard

drive. It's best if you disconnect from the Internet when doing this because I found

that if I was online when browsing around the downloaded file contents, some pages

got loaded from the Internet, not from the local files that I was testing.

Pictures don't seem to load offline, but you can check that they're still being

downloaded. For example, for WordPress site downloads, look at the \wp-

content\uploads folder.

I won't explain the full how-to steps of using HTTrack, but below are two problems

that I ran into.

Troubleshooting: gets too many pages

When I tried to use HTTrack to download a single website using the program's

default settings (as of Nov. 2016), I downloaded the website but also got some

other random files from other domains, presumably from links on the main domain.

In some cases, the number of links that the program tried to download grew without

limit, and I had to cancel. In order to download files only from the desired domain, I

had to do the following.

Step 1: Specify the domain(s) to download (as I had already been doing).

Step 2: Add a Scan Rules pattern like this: +https://*animalcharityevaluators.org/* .

This way, only links on that domain will be downloaded.

Including a * before the main domain name is useful in case the site has

subdomains. For example, the site https://animalcharityevaluators.org/ has a

subdomain http://researchfund.animalcharityevaluators.org/ , which would be

missed if you only used the pattern +https://animalcharityevaluators.org/* .

Troubleshooting: Error: "Forbidden" (403)

Some pages gave me a "Forbidden" error, which prevented any content from being

downloaded. I was able to fix this by clicking on "Set options...", choosing the

"Browser ID" tab, and then changing "Browser 'Identity'" from the default of

"Mozilla/4.5 (compatible: HTTrack 3.0x; Windows 98)" to "Java1.1.4". I chose the

Java identity because it didn't contain the substring "HTTrack", which may have

been the reason I was being blocked.

SiteSucker

On Mac, I download websites using SiteSucker. This page gives configuration

details that I use when downloading certain sites.

Including redirects

I think website downloads using the above methods don't include the redirects that

a site may be using. A redirect ensures that an old link doesn't break when you

move a page to a new url. If you back up your website, it's nice to include the

redirects in the backup, in case you need to regenerate your website in the future.

I'm not sure if there's a way to download the redirects of a site you don't own; let me

know if there is. For a site you do own, sometimes you can back up the redirects by

saving the relevant .htaccess file. In my case, I use the "Redirection" plugin in

WordPress, and its menu has an "Import/Export" option; I find that the "Nginx

rewrite rules" export format is concise and readable.

Non-linked content

HTTrack and SiteSucker are web crawlers, which means they identify pages on your

site by following links. If you have content on your site that's not linked from the

starting page you provide, then I assume these programs won't download it. (I've

verified that this is true at least for SiteSucker.) If you want a page or file on your

website to be downloaded, make sure there's at least one link to it. If you don't want

the link to your content to be noticeable, you can add a hyperlink with no anchor

text, like this: <a href="my_url.pdf"></a>

I use this trick for files that I store on my sites as backups. In particular, whenever I

publish a substantive article on a website that I don't control, such as an interview

published on someone else's site, I create a PDF backup of the page because I can't

guarantee that the other person will keep the content online indefinitely. On my

page I add a visible hyperlink that points to the other person's site, but I also upload

the PDF backup to my own site in case the original content ever disappears. Since I

want these PDF files to be included in backups of my website content, I create

hyperlinks to these PDF files with no anchor text.

[Update in 2018: For content of mine that's published on other people's sites, I've

decided to stop storing PDF backups on my website, since these backup files could

theoretically still show up in Google results. Plus, if someone else takes his copy of

the content down, there's a chance he did so deliberately, and I'd want to check

with him before having a copy available on my site. My new approach is to back up

my interviews and other content that's hosted on another person's site just to my

private files—both a print-to-PDF copy and the raw HTML. If the content on the

other person's site ever goes away, I can ask that person for permission to upload it

to my own site.]

Images that are only used in the context of meta property="og:image" (for Facebook

image previews) and that aren't actually linked from the body of your HTML also

won't be captured by crawlers. Again, you can add an a href link to the image with

no anchor text to make sure the image gets downloaded.

Images not on your site

If your site has images that aren't hosted on your own domain, then crawlers won't

download those images when only downloading same-domain content. For

example, if you use the WordPress Jetpack plugin with the Photon module, then an

image that would normally be hosted at http://yoursitehere.com/wp-

content/uploads/2014/04/myimage.jpg will instead be hosted at something like

https://i0.wp.com/yoursitehere.com/wp-content/uploads/2014/04/myimage.jpg?

w=642 . As a result, a crawler won't download this image.

At least in SiteSucker, I think you can work around this problem by downloading

http://yoursitehere.com/wp-content/uploads/ in addition to

http://yoursitehere.com . The download of http://yoursitehere.com/wp-

content/uploads/ seems to pick up the images for some reason. (In fact, it picks up

multiple sizes of each image.)

Saving PDFs of JavaScript calculations

A few of the pages on my websites contain JavaScript calculators, which produce

output numbers, text, and graphs computed from inputs. For my calculators, the

JavaScript is contained within the main HTML file, so backing up the HTML backs

up the JavaScript. However, I think it's also important to save PDF backups of these

pages that show the calculated results on the default input values, because

JavaScript seems more brittle than plain HTML.

A regular HTML document is human-readable. Even if browsers 50 years into the

future can't render present-day HTML files, a human with some knowledge of

historical HTML tags could still understand 99%, if not 100%, of the HTML just by

looking at it in a text editor. However, nontrivial JavaScript calculations are harder to

understand just by looking at them. To get the results, you have to actually run the

code, and it's not obvious to me that web browsers in, say, 20 years will be

backward-compatible enough to run JavaScript that I might write today. Of course, I

could probably update my JavaScript to accommodate future changes, but this

requires constant vigilance, and there's a risk of introducing bugs along the way.

Having a static snapshot of the results of the JavaScript calculations is useful in

case the code breaks in the future and you don't have time to fix it. Plus, if you do

update the code, once it's up and running again you can check the results of the

calculations against the saved PDF files to ensure that you haven't inadvertently

messed up the code while fixing it.

Compress archived websites?

Once you've downloaded a website using HTTrack or similar software, should you

compress the website folder before backing it up to the cloud? I'm uncertain and

would appreciate reader feedback, but here are some considerations.

My impression is that plain text files (such as raw HTML files) are more secure

against format rot and bit rot, because "They avoid some of the problems

encountered with other file formats, such as endianness, padding bytes, or

differences in the number of bytes in a machine word. Further, when data corruption

occurs in a text file, it is often easier to recover and continue processing the

remaining contents." A Reddit comment says: "Straight up txt files have a very low

structural scope / over head, so unless you're doing something funky, a bit error is

limited to a character byte."

As a result, I plan to back up my own websites and other important sites mostly as

uncompressed files (with some compressed copies thrown into the mix too).

However, when backing up lots of other websites that are less essential,

compression may make sense. This is especially so if the website download has a

lot of redundancy. Following is an example.

Compression example with duplicate content

In 2017, I downloaded www.mattball.org using SiteSucker. The download had a huge

amount of redundancy using the default SiteSucker download settings, because

each blog comment on a blog post had its own url and thus downloaded the blog

post again. For example, on a blog post with 7 comments, I got 8 copies of the blog

HTML: 1 from the original post, and 7 from each of the 7 comment urls. The website

download also included an enormous number of search pages. Probably I could

prevent these copies from downloading with some jiggering of the settings, but I

want to be able to download lots of sites with minimal per-site configuration, and I'm

not sure that url-exclusion rules that I might apply in this case would work

elsewhere.

In principle, compression can minimize the burden of duplicate content. Does it in

practice? During the www.mattball.org download, I checked to see that the raw

content downloaded so far occupied ~450 MB. Applying "Normal" zip compression

using Keka software gave a zip archive of 88 MB, which is about 1/5 the

uncompressed size. Not bad. However, a "Normal" 7z archive of the raw data was

only 1.6 MB—a little more than 1/300th of the uncompressed size!

Using a simple test folder with two copies of a file, I verified that zip compression

doesn't detect duplicate files, but 7z compression does. Presumably this explains

the dramatic size reduction using 7z. This person found the same: "You might

expect that ZIP is smart enough to figure out this is repeating data and use only one

compression object inside the .zip, but this is not the case[....] Basically most such

utilities behave similarly (tar.gz, tar.bz2, rar in solid mode) - only 7zip caught me

[...]."

Security concerns?

Is it dangerous to download websites because you might make a request to a

dangerous url? I'm still exploring this topic and would like advice.

My tentative guess is that the risk is low if you only download web pages from a

given (trustworthy) domain. If you also download pages on other domains that are

linked from the first domain, perhaps there's more risk?

HTTrack's FAQ says: "You may encounter websites which were corrupted by

viruses, and downloading data on these websites might be dangerous if you execute

downloaded executables, or if embedded pages contain infected material (as

dangerous as if using a regular Browser). Always ensure that websites you are

crawling are safe."

This page says: "SiteSucker totally ignores JavaScript. Any link specified within

JavaScript will not be seen by SiteSucker and will not be downloaded." Does this

help with security? How much?

GBC (2013): "Essentially all BROWSER vulnerabilities (ie. not vulns. in plugins like

java or flash) involve and rely on JavaScript (JS) running."

Using downloads for monitoring website changes

Suppose you want to monitor what changes are done to your website over time,

such as to track what revisions your fellow authors are making to articles. While I

imagine there are various ways to do this, one relatively low-tech method is as

follows. Periodically (say, every few months, or at whatever frequency suits you)

download a new copy of your website using HTTrack or SiteSucker. Store at least

the previous download as well. Then run diff -r on your two website-download

folders to see what has changed. You could make this more sophisticated by adding

logic to ignore trivial changes or changes in files you don't care about.

Of course, you could also do a diff on the website database .sql file directly if you

can download it.
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Some tips on backing up your data

By Brian Tomasik

First published: 2016 Feb 29. Last nontrivial update: 2019 Feb 14.

Summary

This page explains how to export data for backup from Google and Facebook, as

well as how I back up my websites.
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Introduction

You've probably had the experience of writing a long, thoughtful comment on a

forum, pressing "Submit", and then finding that the comment didn't go through,

causing your work to be lost. I find that this is an extremely frustrating experience

(and one that has led me to do Ctrl+c on the text of my long comments before

submitting them, in case I need to later Ctrl+v to recover the text). Compared with

losing a single forum comment, losing your lifetime collection of writings and other

content would be many orders of magnitude worse. This is why I'm rather obsessive

about backing up content of mine that I value. (Content that I don't care about can

be deleted to reduce clutter.)

An important fraction of my extended mind is composed of information in Google

services, on my websites, etc. I expect the risk of losing such data is fairly low, but it

might happen if someone hacked the accounts and deleted the data, or if I lost all

ability to log in to the accounts, or if I accidentally deleted the accounts, or if the

sites had major data-storage failures. Since it's cheap to back up the data, it seems

reasonable to do so periodically.

Leo A. Notenboom's "You Can’t Assume the Cloud Has Your Back" is one of many

introductions to the importance of backing up your data.

Every ~6 months, I do a full backup of my important data, including Google Drive,

calendars, etc. If any files have non-public information (such as Social Security

numbers or private conversations with friends), you should probably encrypt these

files before backing them up.

I store my data both in the cloud and on discs at home for redundancy. This leaves

at least one extant copy of the data in the event of a variety of possible disasters:

house fire, theft, losing/breaking physical discs, cloud data loss, account hacking,

and so on.

Website backups

My websites are the most dense form of important data that I don't want to lose.

One copy of them lives directly on the servers. Most pages also have one or more

backups on Internet Archive. I sometimes upload new iterations of particular pages

to Dropbox, as a crude form of version control. However, it's helpful to have

additional backups besides these.

For additional redundancy, I formerly used Dropmysite, which backed up monthly all

the websites I maintained. It also allowed me to download zip copies of each site's

WordPress database file (which contains essay texts) and WordPress "uploads"

folder (which contains images and PDFs). I then uploaded these to the cloud. Note

that a WordPress database .sql file contains potentially sensitive information, so if

you do this, you should encrypt the file.

As of 2017, I've stopped using Dropmysite to save money and because I'm now just

doing website backups by hand using website-downloading tools: HTTrack on

Windows or SiteSucker on Mac. I do these downloads every few months and then

upload to the cloud. Because these copies of the websites are downloaded from the

public web, they don't contain any sensitive information and so can be stored

unencrypted (and even unzipped).

I occasionally send copies of my website backups to one or more friends for them to

back up so that even if all of my accounts went away simultaneously, someone else

would still have the data. Since these sites are downloaded from the public web,

there's no need to take precautions to keep the data private.

Finally, every few years, I plan to create paper copies of my websites, as discussed

here. I completed my first paper backup of my websites in 2017.

How to collect data for backup

This section describes how to pull your data from various places.

Google Takeout

Google Takeout allows you to download roughly all of your Google content to a

collection of zip files.

If you have multiple Google accounts (e.g., one for an organization that you're

involved with), remember to do Takeout for all of them if you have permission to do

so.

Google Takeout exports both the contents of a Google Doc (as a .docx file, or a .txt

file if you so choose) and its comment threads, including resolved threads (as an

.html file). The export doesn't seem to include version history for the Google Doc,

even though the online Google Doc does have version history.a

In addition to storing version history for Google Docs, Drive can store version history

for regular files that you upload too, if you re-upload a file with the same name as

the previous one to the same folder. You can choose for the old version of the file to

be kept for 30 days or permanently. Google Takeout appears not to export old

versions of a version-historied file—just the latest version of the file—which I tested

for myself in 2018 with a simple text file that I replaced on Drive. Thus, if you really

care about backing up file version history, you need to find another way to preserve

it, since Google Takeout won't do so. (Of course, a hacky solution that works fine if

you don't have immense amounts of version history to worry about is to datestamp

files and upload all copies, such as uploading both myfile_2014Jun11.txt and

myfile_2014Sep09.txt.)

Google Calendar is also included in Google Takeout, but if you want to download it

individually, you can go to "Settings" -> "Calendars" -> "Export calendars".

Folders/documents you don't own

I think Google Takeout only exports Google Drive documents for which you're the

owner. Unless you transfer ownership, you're the owner of the documents you've

created.

What if you want to export all documents in a given folder, not just those you own?

Or what if you want to export a whole folder that you don't own? In these cases, you

can download a folder by clicking the down arrow on the folder path name ->

"Download", which will download the whole folder as a zip file. Make sure you have

permission to store the data.

YouTube

YouTube data can be included in Google Takeout. If you want to back videos up

individually, you can download your own videos. However, if you download your

videos one by one, their size is generally several times smaller than the size you

uploaded them as. For example, I uploaded a 275-MB .mp4 video to YouTube, and

when I downloaded it back from YouTube, the .mp4 file was only 43 MB. However,

Google Takeout seems to return the original video file rather than the shrunken

version.

Personally, I prefer to store on my own the original copies of the video files I create,

rather than using Google Takeout from YouTube to get the video files. One reason is

to ensure that I have two copies of the video files on the cloud rather than only

having the single copy on YouTube. In addition, Google Takeout will refuse to export

a video that contains even a small amount of copyrighted content; you'll get a

message saying "Unfortunately the video [your video name here] was marked as

un-exportable by YouTube so Takeout was not able to include it in your export."

I still do run Google Takeout on my YouTube data periodically in order to get the

metadata about the videos, especially title and description. I upload these metadata

files to Google Drive. Your thumbnail images sadly aren't included in the Google

Takeout export, but you can download the thumbnail images based on the .json

metadata files using a script that I wrote.

Facebook

Facebook also has a takeout feature. Click the down arrow in the upper right of any

Facebook page -> "Settings" -> "General" -> "Download a copy of your Facebook

data." Facebook groups aren't backed up in this process.

GitHub

You can search for some systematic ways to back up your GitHub content, but if you

only have a few repositories, a simple solution is just to clone all of them and then

back up those folders.

Stray documents on your desktop

I try to keep all important data in the cloud in case my laptop crashes, but you can

also make sure that any data on your desktop that's not already stored with Google

gets included in your backup.

(Optional) Geomagnetic storms and EMPs

This discussion has moved to its own page.

My backup schedule

Here's a summary of how I do periodic backups.

Do every 3 or 4 months:

Use SiteSucker to download the latest versions of important websites. I enter the

following urls one by one:

- https://reducing-suffering.org/

- https://briantomasik.com/

- http://www.simonknutsson.com/

- https://foundational-research.org/

- https://casparoesterheld.com/

- http://www.wallowinmaya.com/

- http://prioritizationresearch.com/

- http://s-risks.org/

- https://was-research.org/

Once this completes, quickly spot check the downloads to make sure the needed

content was retrieved. Zip the folders, name the zip file with the date of download,

and upload to the cloud. I also keep at least one copy of my website downloads

unzipped on the cloud just in case zip files for some reason fail to uncompress in the

future. Plain text is relatively robust against data corruption.

Let me know if you'd like me to add your site to the list of sites I download

periodically.

Every once in a while, I should also export and back up the redirects for my sites.

Do every ~6 months:

Send the latest zip file of the backed-up websites to a friend for him/her to

back up as well.

Back up Google data. When doing Google Takeout, I only care about including

the following products: Blogger, Calendar, Contacts, and Drive. I also export

YouTube in order to get the metadata (as described above in the "YouTube"

section of this piece); I don't need the Takeout-exported video files

themselves, because I already back up the original version of any video file that

I create immediately after I create it.

If I've been active on other platforms recently (such as GitHub), download that

content as well.

Do every ~5 years

Create new paper printouts of my websites.

Quirks and workarounds when downloading Google Drive data

Multiple download chunks

With a default 2 GB size of download files, you may have multiple parts to your

Google Takeout download. Unfortunately, these separate chunks may confusingly

contain files from a variety of Google products and from a variety of different Drive

folders. As someone explained on the Google Drive Help Forum: "I downloaded

several folders with subfolders from Google Drive and I ended up with about 10 zip

files on my MacBook. When I extract the zip files, I see that every zip file has a few

files from each of the folders in my Google Drive."

To keep different products in separate chunks, you could export all the small

products first (Blogger, Calendar, Contacts) and then export Drive separately. Better

yet, you can use a bigger size for the download files than 2 GB so that everything

fits in one download chunk; you may need to download as a .tgz file rather than a

.zip file to make this work.

If your data is bigger than the 50 GB limit on how big a download file can be, one

solution is to arrange your Drive data into top-level folders that are each less than

50 GB in size. While by default Google Takeout exports your entire Drive, you can

also choose to export only one or a few top-level folders at a time. If each top-level

folder is within the 50 GB limit, you can do Takeout on one top-level folder at a time,

which downloads that whole folder in one piece rather than intermingled with other

folders.

Truncation of file and folder names

Another annoying quirk of Google Takeout is that (at least as of Feb. 2018) it seems

to truncate long file and folder names (those longer than 50 characters, or 54

characters if the file has 4 characters for an extension, such as the 4 characters in

.txt). I verified that this problem occurs both for .zip and .tgz Takeout export

formats. I don't think it matters how deep within Drive folders the file is, because I

get the same problem even if the Takeout-exported file is in a top-level Drive folder.

And while one might hope that Google Takeout would store untruncated file names

in the overview index.html file that links to the individual files in your archive, that's

not the case: this index.html file also truncates file names.

While file-name truncation may be merely annoying for most isolated files, it's a

more serious problem in some cases:

If you rely on a file name to encode metadata about a file that's not stored

anywhere else, then truncation may lose some of that information. If you use

Takeout to export files, you'd want to check that if truncation occurs for a given

file, the information in the truncated file name is also contained in the file itself,

so that losing the full file name is not disastrous. For example, if you have a

PDF file whose file name is the document's title, as long as the document title

is also visible in the PDF itself, then truncation isn't disastrous because you

could always reproduce the file name from the document title.

Suppose you're doing Takeout on a website folder where you have HTML files

that reference other pages or uploads with long file names. For example, your

HTML might refer to

looooooooooooooooooooooooooooooooooooong_image_file_name.jpg, but Takeout

would truncate the uploaded image file to

looooooooooooooooooooooooooooooooooooong_image_fil.jpg, which would break

the link to the file in the HTML document, causing the image not to be

rendered on the web page.

Because of truncation of folder names, you also might have a situation in which two

different folders get collapsed into one. For example, if you have a copy of the

https://was-research.org/ website on Google Drive, then there will be one folder

called analysis-lethal-methods-wild-animal-population-control-vertebrates/ and

another called analysis-lethal-methods-wild-animal-population-control-

invertebrates/. After truncation, both of these are shortened to analysis-lethal-

methods-wild-animal-population-con/. As a result, Google Takeout puts the two

index.html files for the two pages into the same truncated folder.

For some reason, Google Drive doesn't truncate file names if you right-click and

"Download" a folder rather than using Takeout. Unfortunately, folders retrieved with

right-click "Download" are limited to 2 GB, so your downloaded files will be split up

into messy, intermingled chunks unless you download individual folders that are

each less than 2 GB.

I wrote a simple Python program to search a directory recursively to find file and

folder names that I expect would be truncated by Google Takeout. You could run

this program within a folder before uploading it to Google Drive, or you could right-

click and "Download" a folder from Google Drive and run this program on its

contents to identify any files or folders that should be shortened. Of course, you can

also just accept Google Takeout's truncation, but if you shorten the names yourself,

you can make sure essential information doesn't get lost from the name, or take

corrective action if essential information will inevitably be lost. Corrective action

might include storing the information that was in the file name inside the file itself, or

in the worst case, creating a separate metadata file to store the information.

Changing some characters in file names

Drive may make a few other minor modifications of file names when those files are

downloaded in a folder, such as changing the following characters to the underscore

character (_): question mark (?), ampersand (&), semicolon (;), and apostrophe (').

These modifications occur even if you right-click and "Download" a folder, not just if

you use Takeout. These changes don't occur if you download only a single file, but

they do occur when you download two or more files at once, maybe because when

you download two or more files at once, they get zipped together?

That said, these changes are generally not too severe in terms of breaking possible

HTML links to the relevant website files, since in most cases, few core website file

names contain these characters. Plus, these modifications are minor enough that if

someone ever did have to restore a website from your website backup, that person

could probably notice these file-name modifications and fix the problem.

Potentially imperfect downloads

Google Drive's downloading of files isn't 100% flawless. One time, I downloaded a

few tens of Google Drive folders collectively containing many thousands of files. I

diffed these files against another copy of the same files that I had. Across those

numerous downloads, I found one instance where Google Drive had apparently

missed a single file (a .jpg file) from its download folder. The file was visible on

Google Drive but somehow didn't make it into the download .zip file. I tried

repeating the download, and again that file was missing for some reason. Maybe it

was a problem with the file itself, but I could download that individual file just fine;

the file just didn't show up when I downloaded a whole folder containing that file.

Maybe there was an issue incorporating that file into a .zip archive for download.

Anyway, fortunately, almost all of the folders I downloaded were apparently

completely error-free.

As another check of the completeness of downloading Drive files, in March-April

2018, I ran Takeout on three very large Drive folders and then reran Takeout a few

days or weeks later. In all cases, the Takeout-exported folders only differed in

expected ways, according to the output of diff -r. That is, I didn't see any files

unexpectedly missing from one or the other Takeout download, and the files

themselves only differed if I had edited them in between downloads or if they

contained unique per-download pieces of data. This gives some confidence that

Takeout is generally pretty consistent at downloading your data (although this test

by itself doesn't measure whether Takeout systematically misses some files).

(rare) Missing most files on a few downloads

In April 2018, I did a comparison of 41 Drive folders downloaded either by

right-click "Download" on the individual folder in Drive, or

Google Takeout of the whole set of folders.

For 40 of these 41 folders, the two download methods returned the same number of

files in each folder (although for about half of these folder downloads, the reported

disk space on my hard drive differed slightly between the two download methods

for reasons I couldn't ascertain). However, for 1 of the 41 folders, the right-click

"Download" method returned only about 12,000 files, while Takeout returned

around 114,000 files.

This was the only folder of mine that contained more than 105 files, so at first I

suspected that the problem was caused by the large number of files in the folder.

When I split up this 114,000-file folder into several smaller chunks, all of the chunks

successfully downloaded fully, except for one chunk (with ~42,000 files), which still

downloaded incompletely (returning only ~5,000 to ~6,000 downloaded files out of

the ~42,000). I've successfully downloaded other folders with more than ~42,000

files, so maybe the problem was with this particular folder for some reason, rather

than the raw number of files.

Why I avoid desktop sync

Google Drive has an option to sync files with your desktop, and I would guess that

this would mitigate some of the annoyances of doing Takeout on Drive folders.

However, I personally am afraid of desktop sync because if you or someone else

(e.g., a laptop thief) deletes the contents of the synced folder on your desktop, all

your cloud files get erased. (Thanks to a friend for this observation.) There's an

important slogan that "sync is not backup".

I haven't looked into Google sync, but Dropbox enumerates a number of ways in

which file syncing could accidentally erase your data from the cloud:

there are a few other causes of deleted or missing files:

Hard disk problems, including bad disks, or disks that are not

ready when the Dropbox program runs. If Dropbox doesn't see

known files when it starts, it will assume you removed them while

Dropbox wasn't running.

Antivirus software that quarantines files. These programs can

remove or block access to files.

Disk scanning software (for example, backup software) that locks

out Dropbox and makes it appear as if files are missing.

Programs that modify files in your Home folder, which usually

includes the Dropbox folder. Some audio and image management

software programs do this.

Multiple linked computers with the same name. Perhaps you gave

your PC to someone else to use, and they deleted some files. If

this PC has the same name as your new computer, you might not

realize a second PC is in the picture.

Scratchpads vs. archive documents

I regard email, Facebook, Slack, and other communication platforms as

"scratchpads" for temporary discussion rather than formats for long-term archiving

of information. You're unlikely to go back and revisit 99.9% of old conversations, so

if such conversations contain important insights or information, you should transfer

that information somewhere else for long-term storage while the information is still

fresh in your mind.

If the information is of general interest, I try to add it to a page on one of my

websites. Long conversations should ideally be distilled into more readable and

Googleable blog posts. Private reminders can be stored in my private todo lists. And

so on.

I don't depend on others to preserve my writings

Websites rise and fall over the years. Volunteers who maintain websites may

abandon their projects as they move on to other phases of life. Companies go out of

business. And even companies that don't go out of business may shut down

particular websites. For example, in 2019, Google+ shut down and deleted all data

on consumer accounts ( ).

In other words, there's no guarantee that a website where you contribute content

will still be online in 5, 10, or 25 years—unless that website is your own.

For this reason, I prefer to keep all of my important content on my own websites. I

can guarantee that my websites will remain online for as long as I'm alive and

healthy (and hopefully longer); I can't guarantee that for websites I don't control. If

you contribute substantive, non-throwaway content to a forum or other platform

owned by someone else, I recommend making a copy of that content on your own

website, in case the original site disappears.

You could alternatively just back up your content to your private files and wait until

the original site disappears to go ahead and publish the writings on your own site.

This works too, but you might forget or be too lazy to restore your content later on.

In some cases this approach may indeed be best, such as with video files, which are

difficult to host on your own site (Hesketh 2013-2018).

Personally, because I can't control data on websites I don't own, I prefer to write

substantive content primarily on my own sites, rather than on other platforms. Then

I can link to this content on other platforms if need be.

Why I upload old school papers

I uploaded many of my old school writings to briantomasik.com. Why? A few

reasons:

1. Some people may find them useful. For example, someone once contacted me

to ask if he/she could use one of the documents I have here. (I said yes.) Of

course, it could be bad if lazy students find my writings to copy them.

Gradually over time, I'm trying to reformat my school assignments to remove

the essay prompts, to reduce their Googleability.

2. Perhaps a tiny fraction of people who find my school papers will browse around

other parts of the site and become interested in animal suffering or other more

altruistically important topics.

3. These writings have sentimental value to me, and storing them on my site is an

organized way to keep track of these files and make sure they're backed up

along with the rest of my website. It's especially nice to have old documents

converted to HTML because HTML files are human-readable even without

browser rendering and are stored as simple text files, which means the

documents will be more future-proof against format rot than if they're stored

as, say, Word documents.

Suppose you're browsing through your old files, hoping to delete some of them to

declutter your life. When deciding which files to preserve, one possible philosophy

is that the documents that are worth saving tend to be those that you could make

public and share with others. If you can't share the documents, why hold on to

them? What value are they providing?

Of course, there are a few exceptions where it does make sense to preserve non-

public documents, such as sensitive financial/personal data, private comments from

friends that make you happy to reread, random notes and todo lists, etc.

An additional bonus of having valuable files public on the web is that they're more

secure against data loss. For example:

Imagine that you have a severe house fire, and all of your computers, paper

documents, flash drives, two-factor-authentication keys, etc. are destroyed.

Suppose further that you can't remember the password to your cloud files or

that you're locked out by two-factor authentication. If you can't plead with your

cloud provider to let you in, your private files may be inaccessible at this point,

but public files on your website should still be available. You can download your

content from the public web and thereby recreate your website.

Imagine that you suddenly die or become permanently incapacitated, and no

one else has access to your accounts. Suppose your cloud providers refuse to

let your family into your accounts. If your important files are public on the web,

your family and friends can still access them. (Hopefully the files will be

downloaded for backup before your domain and hosting expire, causing your

site to go offline. If not, most of your website content may still exist on the

Wayback Machine.)

Of course, there are other mitigation strategies against these risks besides putting

your content publicly online.

(Some of the above discussion was inspired by a comment I read long ago and can't

now find.)

Why I love plain text

When I was in high school, I heard two people at school discussing how they

enjoyed just writing in Notepad, without all the complexities of Microsoft Word. At

the time, I thought to myself that they were being stubborn and ignoring the many

benefits of Word, including the possibility of nicer formatting of text. Many years

later, I too have come to appreciate the simplicity of writing in plain text, in part

based on considerations regarding data preservation.

Text files are plausibly the most future-proof file format (other than, say, printing out

text on physical paper). Text files are unlikely to become obsolete any time soon,

and they can be easily read in raw form by a human. Wikipedia ("Plain text"): "The

best format for storing knowledge persistently is plain text, rather than some binary

format." Suchanek (2017): "There is one group of file formats that is completely

unproblematic for archiving: plain text formats. These are all file formats that you

can open with a text editor such as Notepad, VI, or TextEdit, and that are human-

readable. These include TXT-files, code files, LaTeX files, CSV files, TSV files, and

the like. There is no particular software needed to read them. They are thus

completely safe for archiving." (Suchanek (2017) adds two caveats about this

statement, though.)

In contrast, the old Word documents that I created in high school require special

software to open, and all the fancy formatting that they contain makes it something

of a chore to cleanly transfer the content to another format, such as HTML. (You can

export a Word document to HTML, but it may be cluttered with lots of CSS styling

that you mostly don't need.)

Fancy file formats are also less immediately amenable to manipulation with Unix

utilities, Python scripts, etc. For example:

Suppose you wanted to combine together all your files in a given folder into a

single file for printing out on paper. Doing this is extremely easy if the files are
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Backing Up Your Data against Geomagnetic Storms

and EMPs
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Summary

This piece describes some ways to back up your most important electronic data

against the risk of electromagnetic disasters. Since "NASA puts the likelihood of [...]

a geomagnetic super-storm at 12 percent per decade", the expected benefit of

making these backups seems worth the cost.

My current recommendation for backups:

1. Use a form of optical data storage, such as Blu-ray discs.

2. Also store the data in the cloud so that your data won't just be in one location.

3. For really important documents, also consider paper backups.

Note

I don't understand the physics of this topic, and what I write in this piece may be

misguided. I've just cobbled together some advice from various (sometimes

contradictory) sources. For now, until I learn more about this topic, I think it makes

sense to use at least one non-electricity-based form of storage (such as optical

media or paper) for important data, as a precaution. In addition, even if hard drives

and flash drives aren't vulnerable to large-scale magnetic disasters, they can still be

damaged by more mundane and small-scale electrical problems, like voltage surges

in your power lines (when connected to a plugged-in computer) or electrostatic

discharge when handling them.
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Types of disasters

Geomagnetic storm

This article reports:

According to [former Director of Central Intelligence James] Woolsey,

a solar super-storm like the Carrington Event today would “collapse

electric grids and life-sustaining critical infrastructures worldwide,

putting at risk the lives of billions.”

Of course, if a geomagnetic storm was bad enough that society collapsed, then my

writings would be less useful than in scenarios where that doesn't happen.

This article quotes "Doug Biesecker of the National Oceanic and Atmospheric

Administration’s (NOAA) Space Weather Prediction Center" as saying:

The possibility of an extreme [coronal mass ejection] CME causing a

very powerful geomagnetic storm is real. There’s considerable

uncertainty to how frequent such storms are at the level where we

worry about huge impacts on the power grid and the resulting impacts

that a lack of electricity would have. Is it a 1 in 50, 1 in 100, or 1 in 1,000

year event? We just don’t know.

Verge (2013) reports the recommendations of Eric Gallant: "For data center

providers, Gallant urges taking precautions to prevent damage resulting from small

or mid-sized solar flares. This includes installing transient voltage surge

suppression (TVSS), uninterruptible power supplies (UPS), and on-site emergency

standby generators." How common are TVSSs in data centers? Can data be lost if

they're not in place?

On the thread , some people suggest there's not much risk of

losing hard-drive data to a geomagnetic storm. One comment says: "A geomagnetic

storm powerful enough to erase a hard drive will be accompanied by a CME

powerful enough to strip the atmosphere off the Earth. [...] In order to cause

magnetic effects on a hard drive, you'd need a magnetic field at least 100,000 times

more powerful than the one that accompanied the 1989 geomagnetic storm".

Another person says: "I have a hard time taking this question seriously[...]. A flare

powerful enough to overwrite your HDD will alter Earth's magnetic field badly

enough to let solar radiation through."

EMPs

An electromagnetic pulse (EMP) attack could potentially destroy electronic

equipment in a wide region of the US. The probability of such an attack happening

in my lifetime seems pretty low but maybe not less than a few percent?

Thibodeau (2014) discusses a company opening a data center that "has been

purpose-built to protect against an electromagnetic pulse (EMP), either generated

by a solar storm or a nuclear event." This suggests that most data centers aren't

protected? Thibodeau (2014) says:

Domich said the idea for the EMP-resistant data center came from a

customer, an insurer, that wanted to protect its data from

electromagnetic pulses.

An EMP can "irrevocably destroy" data, said Domich. The magnetic

field on a disk that is used to set the data, if not maintained, or if it is

abruptly or intensely changed, will wipe out the data, he said.

EMP GRID Services describes an "EMP Resilient Center".

Almost no data centers are EMP-proof, so if Google/Facebook/etc. had only one

copy of your data (do they?) and it was stored in an affected data center, the data

would presumably be lost? Maybe this isn't true for data centers using optical

storage, such as Facebook's Blu-ray data centers (Metz 2016)? Or when most

people say data centers aren't protected against EMPs, are they merely saying that

the data-center would go offline, not that the data itself would be erased?

Google explains that "Rather than storing each user's data on a single machine or

set of machines, we distribute all data — including our own — across many

computers in different locations." But given that many of Google's data centers are

in the USA, I wonder if the replicated copies of US customers' data are all in the USA

and hence vulnerable to a USA-wide EMP?

EMPs can be worse than solar storms

Clark (2013) seems to imply that EMPs are more likely than solar disasters to

damage computer hardware:

Although direct damage to electronics in the style of an

electromagnetic pulse (EMP—one of the “side effects” of a nuclear

blast) owing to a solar flare is conceivable, it is less likely. “An EMP is a

sudden, high-intensity event, whereas a solar storm is a longer-

duration, lower-intensity event. Because of these different electrical

characteristics, solar storms will typically only generate currents in

very long (300 km+) conductors. Hence, technologies that are

vulnerable to solar-storm damage include large systems, such as

electrical grids, transcontinental pipelines and telephone systems,”

said Gallant. “As a result, the electrical and communication systems

that data centers depend on are much more likely to be affected by a

solar storm than the data center IT infrastructure itself.”

The accepted answer on Super User (2016) explains:

A geomagnetic storm shares some properties with, but it is not, an

EMP. Or better: what we think of as an EMP is a very localized

phenomenon, which at relatively close range has energies orders of

magnitude above the ones of a CM[E] that happened 150 million

kilometers away from the Earth.

So an EMP like STARFISH PRIME's would trash your equipment if it

happened within a few (tens of?) kilometers, depending on shielding. A

geomagnetic storm will induce currents that are proportional to the

length of the conductor coil. While this is very bad if you're a power

station connected to a 500 km set of wires, it is next to harmless if

you're a home PC no wider than a few tens of inches.

Hedge fund manager Paul Singer wrote in an investment-update letter warning

about electromagnetic disasters that a deliberate EMP attack "would not cause any

blast or radiation damage, but such an attack would have consequences even more

catastrophic than a severe solar storm. It could not only bring down the grid, but

also lay down a very intense, very fast pulse across the continent, damaging or

destroying electronic switches, devices, computers and transformers across

America" (Delevingne 2014).

Woolsey and Pry (2015): "Nuclear EMP is worse than natural EMP and the EMP from

[Radio-Frequency Weapons] RFWs because it combines several threats in one.

Nuclear EMP has a long-wavelength component like a geomagnetic super-storm, a

short-wavelength component like Radio-Frequency Weapons, a mid-wavelength

component like lightning--and is potentially more powerful and can do deeper

damage than all three."

Backup options

Backup across continents

For a local EMP, one solution could be to have a friend on another continent back up

an extra copy of your data. One answer on Super User (2016) recommends this kind

of solution, but only for "Events much less severe as the Carrington event".

Woolsey and Pry (2015) say "The Carrington Event was a worldwide phenomenon".

Does this mean that a Carrington-sized storm would cause severe damage

worldwide? Or would it still be mostly concentrated on one side of the planet?

Is a flash drive enough?

This article says that "A flash drive stored well away from any external electrical lines

would very likely survive an EMP strike." One commenter on this thread echoes that

"Flash drives and optical disks would be completely safe too." However, other

people on that thread use Faraday cages—is that because Faraday cages actually

are necessary to protect a flash drive?

Here are some more sources suggesting that storage media disconnected from

anything else would likely survive even an EMP:

: "Your unplugged USB stick is likely safe period, because

the short traces will not pick up much induced current-- and even if they do it

will likely be recoverable from the raw flash."

:

EMPs need a long wire to induce voltage into the object. Anything

connected to a long wire like a powerline is done. Just forget

about it.

Any device with long wires inside it is also likely to induce a very

high voltage into itself and fry its circuits, so older electronics

tend to fare very poorly.

New electronics with very short runs of wire in them tend not to

be affected. I'd guess that its very unlikely a usb has enough

wiring to actually generate a high voltage in an emp. It may

corrupt the memory or something, but physically it should be fine.

Any hard memory would be more resilient. An unplugged hard

drive would probably be completely fine.

Meanwhile, here are some sources suggesting that it's unclear if even disconnected

devices would survive:

: "even if the electronic device is NOT plugged in, it will

also be vulnerable to the effects of the EMP as the invisible pulse radiates

outwards through the air, enveloping everything in its path (except for those

items which are protected in a Faraday type cage or similar). Again, the degree

of damage will depend on your proximity, and other factors."

: Regarding the question "Can EMP damage devices that

are disconnected from their power supplies?", Christopher Mortell says: "The

working answer is simply yes. The metal in the device would act as an antenna.

Any device you want to protect should be in a Faraday cage."

: "As others have mentioned, your SSD is

susceptible to EMP while under power. unfourtunately, it looks like it is

vulnerable, in many cases, while unplugged as well."

Faraday cages

TODO: I plan to look more into how to buy a Faraday cage.

One concern I've seen discussed is that the cage itself my destroy the contents of a

flash drive. So it seems prudent to have two copies of your data: one on a flash drive

stored in a Faraday cage, and one on a flash drive not in a Faraday cage.

One answer on Super User (2016) says that for big enough geomagnetic storms:

"Theoretically, if your Faraday cage is good enough (enough layers, thick enough

conducting layers), it might pull it off. But I'm not sure if that will work with such

violent events."

Optical storage (CDs, DVDs)

Someone on this forum suggests: "Files can be put in encrypted 7z archives before

giving to friends to store. as a CD is an optical medium (hard drives are magnetic,

USB drives use 'flash memory') it can survive electromagnetic hazards better than

other types of storage, it ought to survive EMP or CME."

One answer in Super User (2016) says that CD/DVD storage is "The best solution"

and would work even for "Events similar or bigger than the Carrington event".

Many new laptops don't have CD drives, but you can buy an external USB drive.

Unfortunately, regular CDs/DVDs don't last indefinitely:

It is hard to predict exactly how long an optical disc will last since it

depends on so many different factors. Nevertheless, estimations are

floating around that predict a life span of up to 200 years for recorded

CD-Rs and Blu-Ray discs. The shortest life span with 5-10 years is

predicted for unrecorded CD-Rs and CD-RWs, followed by recorded

DVD-RWs with up to 30 years. Recorded CD-RWs and DVD-Rs have a

predicted lifetime of 20-100 years. In other words, you should not rely

on any of these media for lifelong storage of your precious data, as

they are likely to fail sooner rather than later.

M-DISC and Blu-ray

The longevity problems of regular optical disks are overcome by the M-DISC, which

claims to last 1000 years. This article says that the M-DISCs tested could be read by

6 out of 8 of the DVD drives tested. However, a comment on that article claims that

"MDISC is mostly marketing hype" and "the government recognizes that standard

Blu-Ray are just as acceptable."

This article says "If you’re worried about optical drives disappearing, know that

optical retains a very strong presence in the archival community, as well as the

enterprise, so that should give you some reassurance."

The MDISC Archive Service is one way to preserve your data on M-DISCs. For $89

per year, the service will gather your data from the cloud and send you one or more

discs containing the data every month. Since these discs are sent in the mail, you

should make sure that any sensitive data is encrypted, in case the disc gets lost in

the mail or a nosy fellow apartment dweller steals your shipmenta. While I tried this

service for a while, I later switched to manually backing up my data on Blu-ray discs

because

Creating new discs of roughly the same data every month seems excessive.

Over time, you'll have to keep track of a mounting pile of discs, and securely

disposing of them later will be a pain. I think backing up to optical storage once

every few years is sufficient.

The M-DISC shipments were sometimes "flaky": not shipping during one

month, shipping more than once during another month, not always including all

of my data on the discs, etc.

I now use this Blu-ray burner and these blank Blu-ray discs (50 GB each). [TODO: I

should probably look into buying archival-grade discs in the future.] You could also

burn to DVDs/etc, but Blu-ray discs can hold more data per disc. Even if Blu-ray

discs won't last 1000 years, as long as you're making new backups regularly, the

latest backups you make will probably last several years—long enough to get

through an electromagnetic disaster.

I wrote more about Blu-ray discs in "Archiving data on Blu-ray discs".

Printing out on paper

You can collect the texts that you most want to save and have them printed out

(probably by a professional printing service to avoid wearing out your home printer).

Printed pages can get lost, may burn up in a house fire, etc., but their risks are

pretty complementary to the risks that electronic data storage faces. (It's good to

have at least one cloud backup and at least one in-your-home backup.)

Paper is nice because it avoids "black swans" of digital preservation—not just

geomagnetic storms but also bit rot, format rot, lack of electricity, etc. Paper copies

of documents aren't as flexible as digital data, but the pages could be scanned back

to electronic format and converted to text using OCR if need be.

A Reddit comment says:

If you have data in text files that will not change, old school low tech

printing it on paper with a laser printer and NOT an inkjet printer works

great. Paper, under the proper storage conditions has been known to

survive hundreds and in some cases, thousands of years. If you need

to get it back into a computer in digital form, you can use OCR to re-

digitize it quickly and accurately.

For a how-to guide on paper website backups, see "Backing Up a WordPress

Website on Paper".

Backing up other people's websites

Internet Archive?

Usually you can get backups of other people's websites through Internet Archive.

But would Internet Archive's data survive a Carrington Event-scale geomagnetic

storm?

The answer here says "The main Internet Archive storage is a custom technology

called the PetaBox, which is now in its second generation. It’s designed and built

from the bottom up and the inside out to be pretty robust." But I'm currently not

sure whether PetaBox storage would be resistant to a Carrington Event. (I'd like to

explore this further.)

This answer, regarding Internet Archive's protection against EMPs, says Internet

Archive uses "Globally distributed backups." But I'm not sure if this is sufficient

protection against a Carrington Event.

There also remains some risk that Internet Archive will go away eventually, perhaps

due to lack of funding, though one hopes that its content would remain accessible

to those willing to pay for access. And Internet Archive doesn't always have 100%

coverage of pages on a given domain.

Doing your own backups

In order to be on the safe side, I do my own backups of websites whose content I

consider important. Many entire websites are less than 1 GB when compressed,

which makes backing up hundreds of them potentially feasible, given that the M-

DISC service mentioned above has a huge size limit: "The overall limit for our $8

[per month] plan is 1TB of data per year. If you plan to upload more than that in a

year, we suggest you consider our Pro Plan".

This page gives some details about doing website downloads to back up other

people's websites (or your own website).

Footnotes

a. M-DISC backups are occasionally sent in big packages that include "photo album"-

type holders for the discs, and at least those would probably end up in an apartment

package-pickup room rather than a personal mailbox.  (back)
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Summary

This page suggests a super simple (perhaps obvious) routine you could follow to

measure the size of your personal data over time, as a way to help detect any major

accidental data loss.
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Motivation

There are some dumb ways in which you could potentially lose large amounts of

data from your computer. For example:

If you're manipulating directories near the top of your file hierarchy, there's

some risk you'll accidentally delete a directory that contained a lot of files.

Running rm -rf incautiously could wipe out a large chunk of data.

A buggy program or script, whether written by you or someone else, could

wipe out data.

Your file system itself could conceivably lose data, though hopefully this is

unlikely if the file-system software is relatively stable.

If a directory of your data is unchanging over time, a good way to ensure you

haven't lost data is to create checksums for all the files in that directory, such as

using the shasum tool ( ). However, often your files aren't static,

and constantly updating checksums to track changes to the files would be too much

work.

A simpler, less accurate alternative is to measure the total size of your files and

make sure it doesn't change drastically over time, unless drastic changes are

expected. You can also count the total number of individual files and total number of

individual directories, and make sure those don't change drastically either, except

when you expect them to. Then, if you do notice any dramatic, unexpected data

loss, you can hopefully restore the lost data from older backups while you still have

those backups.

If you access the files regularly to use them, then you're likely to already notice any

major data loss when you try to navigate to a familiar location and don't see it. So

the sanity check I'm proposing here is mainly for data that you don't look at very

often but that isn't quite static enough for it to be convenient to use checksums to

verify data fixity.

Or, if the data loss doesn't consist in wiping out an entire large directory but rather

takes the form of losing, say, 5% of the files within your directories, you might not

notice the data loss on your own, and a check like this would be useful.

Procedure

As an example, suppose you store your data in two main directories: Desktop/ and

Documents/ . Within each directory, you can create a file called hofds.txt , which

stands for "history of file counts, directory counts, and space used". I would store

the data in this file in "comma-separated values" (CSV) format, maybe with a space

after each comma to make things more readable. The first row contains the

headers:

Date, File count, Directory count, Disk usage, Explanation for any large 

changes

Subsequent rows will contain the numbers that you measure. You can take these

measurements periodically (say, every 6 months) in order to make sure you haven't

accidentally lost a bunch of data. If you make big changes to your number or total

size of files that are expected, you can document that in the "Explanation for any

large changes" column.

First, navigate to the directory of interest—e.g., the Desktop/ directory. Then, on Mac

and Linux, you can use this command to measure file count:

find . -type f | wc -l

This command measures directory count:

find . -type d | wc -l

And this command measures disk usage:

du -sh

Of course, even without using a command prompt, you can probably find the total

size of and number of items in a directory using a GUI file manager.

You can manually copy and paste these numbers into hofds.txt . It's probably most

convenient to put the newest date first so that if you have a lot of rows in the file,

you won't have to scroll all the way down to see the latest info.

Here's an example of what your history might look like after three rounds of

measurement:

Date, File count, Directory count, Disk usage, Explanation for any large 

changes

2020-04-02, 8216, 101, 2.1G,

2019-12-14, 8148, 99, 2.0G, deleted a bunch of junk

2019-07-01, 11989, 130, 4.2G,

Of course, you could alternatively store this information in a spreadsheet rather than

a .txt file, but I like not needing to open bulky spreadsheet applications.

You could write a program to automate these measurements, but you'd still need to

manually review them, unless you set up an even fancier system to send alerts if and

only if one of the metrics decreases by more than some threshold percentage.

Including sizes of subdirectories

When you only keep track of statistics at the top level of a directory tree, you lose

granularity about what's happening in different subdirectories. As an example,

imagine that within Desktop/ you have one subdirectory for videos/ and another for

todo-lists/ . Probably the videos/ directory will be vastly larger in size than todo-

lists/ , and it may be hard to see how the size of todo-lists/ is changing because

its size is a drop in the bucket compared with videos/ .

One solution to this problem can be to track sizes of the subdirectories as well as

the top-level directory. The du utility allows you to show sizes for all subdirectories

up to a given depth using the -d option. Say you want to get sizes up to the second

level of subdirectories. You would use this command:

du -h -d 2

There's a tradeoff between tracking the size of too many subdirectories versus too

few. Tracking too many makes it more time-consuming to perform the sanity checks

making sure that you haven't lost lots of data, and you'll have more instances where

sizes drastically fluctuate if you move lots of files from one subdirectory to another.

Tracking too few subdirectories can hide potentially significant changes because

you're only seeing one aggregate metric that's dominated by the largest files.

Since the output of du -h -d 2 will likely contain several lines, you may not want to

use a CSV format to store this information, since the number of columns won't

necessarily be fixed from one run to the next, and you'd have to copy and paste a lot

of numbers by hand. Instead, you could just dump the output of the command

directly into a file. You could name this file with the date and compare it to previous

files that store the results of previous runs. You could collect all these files under a

hofds/ directory.

In fact, you could dump all the metrics into a file at once by running the following

command within the directory you want to monitor, assuming you already have the

hofds/ subdirectory set up:

(find . -type f | wc -l && find . -type d | wc -l && du -h -d 2) > 

hofds/`date +'%Y-%m-%d'`.txt

For example, if you ran this command on 2019 Sep 15, it would create a file

hofds/2019-09-15.txt . If you care to record the reasons for any big changes in

these metrics from last time, you could open hofds/2019-09-15.txt and manually

add that information to the bottom.

While you can compare a newly created hofds/ snapshot file against the previous

one by looking at the two side by side, it's easier to compare them using a "diff"ing

program, especially a graphical one. This allows you to focus just on changes:

increases or decreases in counts and sizes, addition of subdirectories, and removal

of subdirectories.

In principle, you could set the above command to run on a schedule, perhaps every

day. Then you'd accumulate a bunch of snapshots over time. This might be slightly

more helpful than just taking snapshots every once in a while, since it would allow

you to zero in on exactly when some big change took place. In principle, you could

even write a program that would parse the numbers from these daily snapshot files

and plot them as a graph to make visualization easier. I worry whether these

additional ideas would be overengineering what should be a relatively simple check,

so for now I prefer to just create and compare the snapshot .txt files by hand once

every few months. Maybe there are existing programs that already do these more

sophisticated forms of monitoring of your data size?
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Summary

This article is for people who want to prevent silent data corruption and data loss for

relatively static files on their hard drives using a beginner-friendly and transparent

procedure. If you have a Mac or many versions of Linux, this procedure requires no

new software—just the shasum tool that comes preinstalled on your computer. The

process involves storing two copies of each file that you don't want to get

corrupted, creating a list of SHA-512 hashes for the files, checking the hashes on a

regular basis, and correcting any instances of file corruption that appear over time.

Alternatively, you can do this process without creating two copies of each file on the

same hard drive as long as you have old enough external backups to restore from if

need be.

A good explanation of file fixity for absolute beginners is 

.

Note: I'm a novice on this topic, so what I write here may be naive. This article

represents my attempt to create a very simple anti-bit-rot system for people like me

who don't yet know how to use fancier tools.

The procedures discussed in this piece require some manual steps. For a somewhat

more automated approach to fixity checking, see the "Fixity checking" section of

.
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Background

Digital data can be corrupted in all sorts of ways ( ).

Sometimes the human user doesn't notice the data corruption, making it "silent".

Another name for silent data corruption is "bit rot", and I use those terms

interchangeably in this piece. "File fixity" is the opposite of data corruption—it

means a file remains bit-for-bit the same over time. One way to monitor fixity is with

file checksums. In this piece I use "checksum" interchangeably with "hash". Finally, I

use the words "folder" and "directory" interchangeably. (There's no particular

reason for using both words. I was just too lazy to edit the article to consistently use

just one word.)

For dramatic forms of data loss, such as failure of an entire hard drive, the solution

is backups: regularly create additional copies of that data to restore from in case the

master copy fails. However, what about smaller-scale data loss? For example,

suppose a portion of a single file gets messed up, preventing the file from being

able to be opened. Unless it's a file you use on a regular basis, you might not notice

the problem for many years. Therefore, unless you have intact backup copies of the

data from many years ago, by the time you notice that this file is corrupted, you may

not have any uncorrupted versions of it to restore from. This is what makes silent

data corruption in some ways more insidious than widescale data loss, since

widespread data loss is easier to notice and fix right away.

 describes his personal experience with bit rot on the Mac file system

HFS+:

I have a large collection of photos, which starts around 2006. Most of

these files have been kept on HFS+ volumes since their existence.[...]

The photos were taken between 2006 and 2011, most of them after

2008. There are 15264 files, which represent a total of 105 GiB. 70% of

these photos are CR2 raw files from my old EOS 350D camera. The

other photos are regular JPEGs which come from the cameras of

friends and relatives.

HFS+ lost a total of 28 files over the course of 6 years.

Most of the corrupted files are completely unreadable. The JPEGs

typically decode partially, up to the point of failure. So if you’re lucky,

you may get most of the image except the bottom part. The raw .CR2

files usually turn out to be totally unreadable: either completely black

or having a large color overlay on significant portions of the photo.

Most of these shots are not so important, but a handful of them are.

One of the CR2 files in particular, is a very good picture of my son

when he was a baby. I printed and framed that photo, so I am glad that

I did not lose the original.

This not an issue specific to HFS+. Most filesystems do not include

checksums either. Sadly…

In a discussion about Barthe's article, user "timothy" says: "I wish I'd lost only 28

files over the years" ( ). Indeed, 28/15264 is only

~0.2%, or 0.03% per year over the 6 years. One could imagine much worse rates of

bit rot, perhaps due to particularly faulty hardware.

There are many technical approaches to combating data corruption, such as the

ZFS file system and Parchive software. As of early 2019, I haven't yet had a chance

to explore these tools. In the meantime, I was thinking about what a poor man's

version of these tools could be, for people who are newbies to this field and have

relatively simple data-preservation needs.

Another option is to use a cloud-storage service that guarantees data integrity.

Cloud storage comes with its own set of pros and cons compared with local

storage. In this piece I'll assume you're storing files on your local computer. If you do

use cloud backup, I would think it's safer to upload the files as a one-time operation

rather than keeping them synced with your local computer, because if you

accidentally delete a local file, the cloud copy disappears too. Question: would silent

bit rot within a file on your local machine also sync to the cloud? Or not because the

file system doesn't know the file has changed? Of course, if a cloud-synced file rots

locally and then you edit it locally, at that point, the hidden rot would go up to the

cloud and clobber the unrotted version. Therefore, if you rely on the cloud for

protection against bit rot, I imagine that if you want to edit a file, it would be best to

download it, edit it, and then reupload it?

Restricting the scope of our task

One of the reasons it's challenging to combat data corruption is that if you plan to

edit the files regularly, you need a way to distinguish legitimate edits from

illegitimate corruption. The anti-bit-rot tool  does this by

storing in a SQLite database the modification time of files alongside SHA-1 file

hashes. As best I understand it, the procedure is as follows. The next time you run

the program to check file fixity, if a file has a different (presumably more recent)

modification time than the one stored in the database, then apparently the user

legitimately edited the file. A hash mismatch would of course happen, so no error is

reported, and the database is updated. However, if the modification time of the file

is the same as what's in the database while the hash still doesn't match, then that

looks like data corruption.

This is probably the "correct" way to do things, but what if you're a bit lazy? Maybe

you're not extremely worried about bit rot for most of your data. For example, if you

have MP3 songs from iTunes purchased for less than $1 each, or if you have a

library of scholarly PDF articles, then it's not disastrous if a few of these files rot

over the years, since either they can be replaced or they're not that important to

begin with. Data corruption mainly matters for files that you strongly don't want to

lose.

In my case, the files where bit rot seems most worrisome are large videos (the

originals of the videos that I upload to my YouTube channel) and zipped archives

(such as zip files of website backups). Because of their size, the probability of

corruption happening somewhere or other in these files over time seems higher

than for small files. Perhaps some bit flips in video files would be undetectable, but

it would be bad if the entire video became unable to open for some reason.

Fortunately, these large archival files are also not edited very often, meaning that if

you store hashes of them, those hashes won't need to be updated very often, if

ever.

If you only have a few tens or hundreds of files that you really want to secure against

corruption, you could do the manual file-fixity procedure that I'll describe in the rest

of this piece. I haven't actually tried it out for very long yet as of early 2019, so I

can't say for sure how well it works.

Setup for our example

In the rest of this article, imagine that we have the following file and folder structure:

-- my_static_files/

    | -- my_videos/

    |     | -- video.mp4

    |     | -- readme.txt

    | -- my_audio/

    |     | -- lecture.wav

    | -- my_websites/

          | -- a_website.zip

          | -- notes.txt

Assume we really want to protect the .mp4 , .wav , and .zip files but don't care as

much about the .txt files because they contain relatively little content.

Step 1: Duplicate the data on the main hard drive

Create a copy of each important file and store it on the same hard drive as the

original file. One approach is to create a little subfolder inside each existing bottom-

level folder to store the copies. Let's call these little folders abrc , which stands for

"anti-bit-rot copy". I prefer to add a date to the beginning of the file name of the

copy to clarify when it was copied. After this step, our files look like this:

-- my_static_files/

    | -- my_videos/

    |     | -- video.mp4

    |     | -- readme.txt

    |     | -- abrc/

    |           | -- 2017-04-18__video.mp4

    | -- my_audio/

    |     | -- lecture.wav

    |     | -- abrc/

    |           | -- 2019-08-04__lecture.wav

    | -- my_websites/

          | -- a_website.zip

          | -- notes.txt

          | -- abrc/

                | -- 2020-02-22__a_website.zip

If the abrc/ copies are date-stamped, you can add multiple versions of the file over

time there if you want.

This duplication step alone provides almost all the bit-rot protection, and you could

potentially skip the second step if you want to be even lazier. It's fairly unlikely that

any single file will get corrupted, so the probability that two will both get corrupted

is even lower. (That said, if both files are stored in a similar place on the hard drive,

maybe it's not too unlikely that corruption in one will imply corruption in the second

one...?)

Often, when people do backups, they blindly copy the latest version of each original

file to the backup medium. However, doing this means that bit rot on the original will

propagate to the backup. As user "mercenary_sysadmin" notes in :

"you'll most likely overwrite all your backups with the rotted versions of some of

your data before you realize you've got a problem." What I've proposed in this

section is different, because you have two independent copies of the file on the

original hard drive, both of which will get backed up, with neither one blindly

overwriting the other. Of course, this doubles the storage requirements for the files

that use this precaution. And it also makes editing the files more annoying, because

the same change has to be made to both copies of the file, unless you don't mind

and won't be confused by having outdated copies lying around; therefore, this

solution is most suitable for very static files.

Step 2: Create a checksums file

If you're only concerned about data corruption so severe that it prevents the file

from opening at all, then after you've done Step 1, you could theoretically check for

bit rot on your files by opening them periodically. This would tell you whether a file

had rotted and if so, whether the rot occurred on the original version or the abrc/

version. However, just being able to open the file doesn't show there wasn't any bit

rot. Perhaps some bits got changed without rendering the file too corrupt to open.

So what if you want to ensure that files don't have any bit flips at all?

One initial idea might be to diff the two files and ensure they match. However, if

they don't match, you can't necessarily tell which is the good one and which one is

corrupted, especially if they're binary files, which are harder to compare than text

files. Theoretically you could overcome this by storing at least three copies of the

file and then choosing whichever two files out of the three are the same as each

other. This is the method of Sesame Street's "One of these things is not like the

others" song.

However, the more standard method is to compute a checksum on each file and

make sure the checksum doesn't change. , p. 3: "If you have multiple

copies of digital objects and you have stored fixity information to refer to you can

refer to that information to verify which copy is correct and then replace the

corrupted digital files or objects."

You could name the checksum file as something like sha512.txt and put it in the

my_static_files/ folder. (In the "BagIt" specification ( ), this file

would be called manifest-sha512.txt , but I don't want to call it a "manifest"

because it doesn't necessarily point to all the files in the subdirectories. In our

example, I'm not storing duplicate copies or creating hashes for readme.txt or

notes.txt .)

To compute the hashes, you can use shasum , which is preinstalled on Mac and some

Linux distros as of the late 2010s. If you want to add SHA-512 hashes for video.mp4

and abrc/2017-04-18__video.mp4 to the checksums file, you can do that by typing

the following into the terminal after moving into the my_static_files/ directory:

shasum -a 512 my_videos/video.mp4 >> sha512.txt

shasum -a 512 my_videos/abrc/2017-04-18__video.mp4 >> sha512.txt

The >> operator appends output to the given file. Make sure not to type just > , since

that will overwrite the entire existing file, as user "Cyclonecode" notes in 

.

After running those commands, you'll see this in the sha512.txt file:

d78abb0542736865f94704521609c230dac03a2f369d043ac212d6933b91410e06399e37f9c

5cc88436a31737330c1c8eccb2c2f9f374d62f716432a32d50fac  my_videos/video.mp4

d78abb0542736865f94704521609c230dac03a2f369d043ac212d6933b91410e06399e37f9c

5cc88436a31737330c1c8eccb2c2f9f374d62f716432a32d50fac  my_videos/abrc/2017-

04-18__video.mp4

At any later point, you can check that the current (i.e., recomputed) hash of each file

matches the older stored hash by running

shasum -c sha512.txt

You could filter that output to show only hash mismatches as follows:

shasum -c sha512.txt | grep -v ": OK"

You could do the simpler grep -v OK , although this would also filter out lines with

files that contain "OK", such as OK_State_University.pdf .

You can add as many checksums as you want to sha512.txt and check them as

often as you want. : "Files should be checked

against their checksums on a regular basis. [...] As a general guideline, [...] checking

hard drive based systems might be done every six months. More frequent checks

allow problems to be detected and fixed sooner, but at the expense of more load on

the storage system and more processing resources." A question I have: Is verifying

checksums too frequently a bad idea because it wears down the relevant parts of

the hard drive faster? Or maybe if you're merely reading data, the amount of wear

and tear caused is negligible?

If only one of video.mp4 or abrc/2017-04-18__video.mp4 is corrupted while the other

matches the checksum, get rid of the corrupted version and copy over the

uncorrupted version again. If both files are corrupted, you could look in your backup

files to see if any of those versions are still uncorrupted.

Ideally, every time you're about to edit an important file, you'd want to verify its

checksum first, since if the file already has bit rot, that bit rot would hide amongst

the legitimate file changes that you're making. However, since this check takes time,

it seems like overkill to do it before you edit anything but your most precious files.

Adding lots of checksums at once

If you want to add a whole directory of files at once to your checksums file, you can

use the following command, which I revised a bit from the command used by 

:

find . ! -name ".DS_Store" ! -name "sha512.txt" -type f -exec shasum -a 512 

{} \; >> sha512.txt

This says to find everything recursively in the current directory that doesn't have the

name .DS_Store , that also doesn't have the name sha512.txt , that is a file (rather

than a directory, symbolic link, etc), and then execute the specified command on

each one. The .DS_Store omission is only relevant for Mac users. And omitting

sha512.txt is a hack I made up because if you don't do it, the sha512.txt file that

you're writing to gets included in the list of files that have their hashes computed,

even if the sha512.txt file didn't exist before running this command.

If you only want to match certain types of files, you can modify this command. For

example, if you wanted to match only .mp4 or .wav or .zip files (case-insensitive),

but not .txt or other files, you could run

find . ! -name ".DS_Store" ! -name "sha512.txt" \( -iname *.mp4 -o -iname 

*.wav -o -iname *.zip \) -type f -exec shasum -a 512 {} \; >> sha512.txt

Watching progress as shasum -c runs

If you have a lot of big files to check, running shasum -c sha512.txt may take a

while, perhaps several hours. You may want to watch its progress, but if you filter

out the OK lines by running shasum -c sha512.txt | grep -v ": OK" , then if all lines

are OK , you won't see any output and won't have any indication of progress until the

command finishes. One way around this problem can be to instead run this

command:

shasum -c sha512.txt | tee temp.txt

This will print progress to the screen and save it to the file temp.txt . Then, when

that command finishes, run

cat temp.txt | grep -v ": OK"

to see if there were any non-OK lines. Once you're done, you can delete temp.txt .

Choice of hashing algorithm

You could use other hash functions besides SHA-512, but since computational

speed isn't very relevant for a small number of files, I don't see much reason to use

anything less powerful. For example, if you used the weaker MD5 algorithm, there

would be an (extremely tiny) chance that a malicious actor could replace your

legitimate file with a bad version whose hash matches (see the comment by

Alexander Duryee in ). Of course, even a cryptographically safe hash

like SHA-512 is useless if the malicious actor could just edit the list of checksums to

match the newly added bad file. So in the unlikely event you have reason to worry

about this risk, you'd presumably want to store the checksums file separate from

the data files, in a place where malware or rogue employees couldn't reach it.

In 2019, I ran on my computer a simple comparison of MD5, SHA-1, SHA-256, and

SHA-512 when computing the hash for a 6.5 GB file. I ran the computations a few

times, flipping around the order on different runs. I measured the literal amount of

wall-clock time it took the operations to complete, though this of course includes

time spent on other tasks that my computer was running. The results varied a bit

from one run to the next, but a reasonable average might be that MD5 and SHA-1

each took ~2.5 minutes, SHA-512 took ~3 minutes, and SHA-256 was somewhere

in between. So differences in computational cost seem pretty negligible. In fact, it's

possible that any observed differences here were just noise. 

 claims that "bandwidth for checksum calculations is greater than your drive's

data transfer rate", which I interpret to mean that hard-drive speed is the

bottleneck?  agrees: "almost all time are on reading the file content. The

algorithms and the tools themselves are not yet the limitation. The disk I/O speed

is."

Alternative: Just do Step 2

Just as you could do Step 1 without Step 2, you could also do Step 2 without Step 1.

Rather than duplicating files on the same hard drive, you could replace files on your

main hard drive that have become corrupted using your backups on other storage

media—as long as you still have old enough backups to perform such a restoration.

For example, if you verify checksums once per year, then you should remember to

always keep old backups for at least a year, ensuring that you have a copy from

before the bit rot was introduced.  makes the same point: "You

should probably scrub your data at least as often as your oldest tapes [i.e., backup

copies] expire so that you have a known-good restore point."

As long as you have the discipline to perform checksum verifications regularly, then

doing just Step 2 without Step 1 is arguably better than doing both Step 1 and Step

2, because doing Step 2 without Step 1 saves on storage space and is easier (since

you don't have to create abrc/ folders). Of course, doing both Step 1 and Step 2

seems slightly less likely to lose data, just because you have more total copies of

the data lying around, both on your main hard drive and in the backups.

Keeping your checksums file updated

Maybe the most important thing to remember with the manual file-fixity system

outlined in this piece is that you need to keep the sha512.txt checksum file updated

with any changes in the files to which it points. If you merely move the location or

change the name of a file without altering its contents, you can just edit the

sha512.txt file directly to change the file's path. If you change the actual contents of

the file, you have to delete the old line from sha512.txt and rerun the shasum

command to add the new hash.

If you forget to update sha512.txt after editing a file, when you later run shasum -c

sha512.txt , you might mistakenly think data corruption has occurred when it hasn't.

One clue that this might have happened would be if the "Last Modified" date of the

file according to your file system is different from the date stamp in the file name of

the abrc/ version of the file. For example, suppose you create video.mp4 and

abrc/2017-04-18__video.mp4 on 2017 Apr 18. Then you mindlessly update video.mp4

on 2017 Jun 05. When you see a hash mismatch for video.mp4 , you can see that the

"Last modified" date is 2017-06-05, which differs from 2017-04-18, indicating that

video.mp4 was legitimately modified.

What if you're skipping Step 1 and don't have files in abrc/ folders? One solution

could be to keep a record of the date every time you run shasum -c sha512.txt .

Each time you run it, you should fix any issues until all the hashes match. Then,

suppose that the next time you run shasum -c sha512.txt a few months later, you

get a hash mismatch. Is it bit rot, or did you just edit the mismatching file and forget

to update its hash? To help figure this out, you can look at the "Last Modified" date

of the file and see if it's more recent than the date when you last ran shasum -c

sha512.txt . If so, then you probably just edited the file.

The annoyance of keeping the checksum file updated when you edit files to which it

points is a main reason you may not want to add checksums for simple readme.txt

kinds of files. Not only are they generally less important than the main data they

describe (meaning that the benefits of fixity checking are lower), but they're also

more likely to be edited over time than are large binary files (meaning that the costs

of fixity checking are higher).

 confirms (p. 1) the idea that renaming file or folder names can mess

up a fixity-checking system based on a file's path:

Consider the following common scenario: an archive decides to

implement a new directory standard for its digital repository, and

changes the locations of its digital assets accordingly. Most checksum

tools, which use filepaths as the unique identifier of a file, will cease to

recognize the digital objects post-move - they will report that one

object was deleted and one object was created.

 goes on to describe how the "Fixity" tool created by the firm

AVPreserve avoids this problem.

If you want to move or rename a lot of files at once, then instead of updating the

path of each file in sha512.txt , you could do the following. Run shasum -c

sha512.txt to make sure all the files are currently ok (or, if not, fix them). Then move

or rename the files, delete the old sha512.txt , and regenerate a new sha512.txt ,

since hopefully merely moving or renaming the files shouldn't have corrupted them.

(When you "move" a file on the same hard drive, the file's contents don't actually

move on the physical disk, so I assume the moving process shouldn't introduce data

corruption.) If you want to be extra sure that nothing went wrong, you could take the

list of hashes (without file paths) from the old sha512.txt file, sort them, take the list

of hashes from the new sha512.txt file, sort them, and diff the lists to ensure

they're the same, thereby showing that the files all remained the same in their

contents. Extracting just the hashes and sorting them can be done in a program like

Excel, or on the command line like this:

cut -d ' ' -f 1 sha512.txt | sort > sorted-hashes.txt

A similar idea could apply if you want to edit a bunch of files at once. First check

that all the files are ok, then make the edits, and then regenerate the checksum file

immediately afterward. In this case, the list of checksums won't be the same before

vs. afterward.

A review of the procedure

Here's a summary of how to implement this system. I'm writing it from the

perspective of only doing Step 2, not Step 1, since I like that method the best.

If you have a new file to preserve against corruption, add its hash to sha512.txt

.

If you move or rename a file, update its path in sha512.txt .

If you edit a file:

If it's a really important file, first check it against its checksum to make

sure it doesn't already have bit rot before being edited.

After the file is edited, remove its old checksum from sha512.txt and add

its new checksum instead.

If you want to delete a file because you don't need it anymore, also delete its

checksum line from sha512.txt .

Every ~6 months, run shasum -c sha512.txt to verify fixity.

If any files aren't found, see whether you moved them and update their

locations in sha512.txt . If you can't find the files on your main computer,

did you accidentally delete them? If so, see if you have them in your

backups and restore them. If you intentionally deleted them, remove their

lines from sha512.txt . After all this, rerun shasum -c sha512.txt .

If any checksums don't match, is it bit rot or an edit you made? Check the

file's "Last Modified" date against the date when you previously

successfully ran shasum -c sha512.txt . If "Last Modified" is more recent,

you probably edited the file, and you should update the file's hash in

sha512.txt . If not, it may be bit rot.

If it might be bit rot, pull some previous versions of the file off of your

backups. First, look by eye or using diff to see how the backups

differ from the non-backup version. If the non-backup version has

edits that you recognize, then you probably legitimately modified it

and forgot to update its hash.

If it really does look like bit rot, then compute checksums on the

backup versions and see if any of them match the checksum

recorded in sha512.txt . If so, copy that version of the file to your

computer, replacing the corrupted one.

If you can't find any uncorrupted version of the file, cut your losses

and pick one of the corrupted versions to be the new baseline.

Replace the original hash with the hash of that new baseline. At least

you can monitor it to prevent further corruption.

Once all the checksums match their respective files (i.e., shasum -c

sha512.txt returns all OK values), record today's date as the new latest

date when you successfully ran the check, for your reference next time.

Do regular backups of your files (including the sha512.txt file itself), and keep

old backup snapshots for at least 6 months (maybe even a year or more) in

case you need to restore files from them.

Marking files for inclusion or exclusion

In the earlier section "Keeping your checksums file updated", I explained that if you

want to move or rename a lot of files at once, rather than editing the sha512.txt file

by hand, you can run shasum -c sha512.txt to verify that all files are uncorrupted,

then move the files around, delete the old sha512.txt , and regenerate a new

sha512.txt using a command to create the whole sha512.txt file at once, as I

explained in the earlier section "Adding lots of checksums at once".

This same approach is also useful if you want to add a bunch of new files to

sha512.txt without having to append them one by one. As you accumulate new files,

you can put them in your folder system without bothering to append them to

sha512.txt individually. Instead, once every few months or whatever, you can add

the whole bunch of new files at once, by

1. running shasum -c sha512.txt to verify that all the files you're already

monitoring are uncorrupted

2. deleting the old sha512.txt

3. regenerating a new sha512.txt that includes all the files within your folder

system, both the old files and the new ones

4. rerunning shasum -c sha512.txt to make sure the new checksum file is good.

If you want, rather than deleting the old sha512.txt right away, you could rename it,

such as to sha512_old.txt , and then diff it against the new sha512.txt .

What if you want to exclude certain files from sha512.txt , perhaps because you edit

them regularly? If you're regenerating sha512.txt in bulk to include all subfiles of

some folder, you have to manually remove from sha512.txt the files you don't want

to monitor every time you regenerate sha512.txt . You could write a simple script
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Summary

This piece gives some tips on burning and storing Blu-ray discs for long-term

preservation of your data.

I'm a novice on this topic, so this page should be taken as notes to myself that I'm

accumulating as I learn, rather than as solid advice from a seasoned expert.

One reader of this page has pointed out that many of my sources of information are

random forum comments by people who may just be guessing about things without

actually knowing what they're talking about. My inclination is to say that guesses are

better than nothing, but it's worth remembering that some of the statements I quote

may indeed be guesses, and other information may contradict some of these

claims.

Contents

Summary

Introduction

Choosing a type of disc

Metal Nitride Blu-ray discs

M-DISCs?

Burning the discs

Number of files

Burn speed

Verification failures

Checking the burned files

Multiple copies

Storing the disc burner

Storing the discs

Replacement

Introduction

There are several ways to store data for long-run archiving that make sense in

different contexts. One is to burn data to Blu-ray discs. tsesow (2017): "Blu-ray is

the still the most stable media available with 50+years lifetime".

 likes using optical disks for archiving "because it decouples

the storage medium and the reading hardware (eg, at the opposite we have hard

drives, which contains both the reading hardware and the storage medium, so if one

fails, you lose both) and because it's most likely future-proof (you only need a laser,

which is universal, the laser's parameters can always be tweaked)."

Ideally you should back up data in more than one way, in case one format fails. Blu-

ray discs can be one storage method, alongside cloud storage, hard drives, and/or

something else.

Choosing a type of disc

kpmedia (2010) explains that while CDs and DVDs typically use organic dyes, HTL

Blu-ray discs are "primarily based on inorganic dyes", which don't degrade with

exposure to light. However, this may not be the case for LTH discs.

Aldershoff (2012): "In this test they tested LTH Blu-ray discs from Verbatim and JVC

and it seems the claims from the manufacturers are not valid. The tests revealed

that the overall quality of Blu-ray LTH discs is worse than normal Blu-ray (HTL)

discs. It seems that if you want to store your data for a long time, these [LTH discs]

should be avoided. The researchers recommend to use normal HTL Blu-ray discs

and rated those of Sony and Panasonic as most reliable."

Metal Nitride Blu-ray discs

Verbatim sells a type of Metal Nitride-based Blu-ray discs. How well do they

withstand light? petersmart (2014) ran a test:

Several years ago now I tested the longevity of writeable DVDs and

found that DVDs exposed to daylight and sun for 3 months on a

windowsill became completely corrupt.

Since 2011 I've been trying out a similar test on a Blu Ray disc.

On NOV 2011 I burnt a Blu Ray disc with episodes of a TV series and

also included an MD5 hash test file.

This was a VERBATIM METAL NITRIDE DISK NOT A DYE BASED DISK

since I assume such disks will still be subject to the same corruption as

DVDs since they use the same type of dye. [...]

I have now finished the longevity test and it has PASSED with flying

colours.

For the last 10 months it has been subjected to both heat (in the plastic

container) and very bright sunlight for several hours each day.

The MD5 hash has declared that all the files on the Disc are

uncorrupted and readable so there seems to be little point in

continuing the test.

So a resounding win for Metal Nitride discs in the longevity stakes.

M-DISCs?

M-DISCs claim to be able to last for 1000 years. Some people are unsure if they

offer advantages over regular HTL Blu-ray discs.

snrrub (2017a):

The selling point of M-Disc DVD was that they used an inorganic phase

change data layer instead of a organic dye. They also lacked a

reflective layer.

Regular off-the-shelf HTL BD-R already use an inorganic phase

change data layer. Plus the M-Disc BD-R do have a reflective layer

unlike the M-Disc DVD.

They also read and write in standard Bluray burners and M-Disc did

not perform any comparative testing on their BD-Rs in the way that

they did with their DVDs.

Therefore I don't believe that M-Disc BD-R are substantially different

to off-the-shelf (HTL) BD-R. Perhaps the high price gets you an AAA

grade disc.

snrrub (2017b): "M-Disc BD-R don't appear to differ in any significant way from a

regular HTL BD-R. At best they are a good grade."

totally_not_spez (2018): "get any brand of HTL 50GB discs, works with most drives,

and the HTL standard is the same as M-Disc, but not as costly."

Burning the discs

Number of files

While I may be mistaken, for now I prefer to store my data unzipped because

Zipping/unzipping data requires that the unzipping software continues to exist

and work properly on old zipped files.

Intuitively, bit rot seems less potentially disastrous on unzipped text files, since

maybe just a few characters would get messed up, or at worst, only a few files

would be lost, not the whole zip archive.

Unfortunately, my experience so far is that I wasn't able to successfully burn a disc

containing an immense (~450,000) number of individual files. When I tried this, the

disc burned and checked ok, but then it kept spinning and spinning, as if it was still

working. Half a day after I started burning, I tried to eject the disc and was told that

it was still in use. After another few hours, I force-ejected the disc. I won't try such a

large number of files again in case this process was taxing on my disc burner.

Instead, I zipped most of these ~450,000 items into a few tens of zipped files. I

actually made two different copies of zipped archives—one with regular zip

compression and one with no-compression 7z zipping—for redundancy against bit

rot and in case one of the zipping methods isn't supported in the future. For the files

I care about most, I also stored additional copies of them unzipped on the disc. As a

result, I had only about ~11,000 files I was burning. Even with this smaller number of

files, the disc still noisily spun for about 2 hours after it finished burning and

checking. Assuming this spinning time was proportional to the total number of files

burned (was it?), then maybe my disc of ~450,000 files would have finished

spinning after 2 * (450,000)/(11,000) = 82 hours? I don't know, but I don't want to

try it in case all the spinning would be taxing on my burner.

Burn speed

When burning discs, I use the slowest possible burn speed. Modelworks (2009):

"Slower burn speed creates more reliable burns most of the time. The reason is that

a disc spinning at high speed will vibrate , when the laser hits the dye within the

track it has to change that bit enough that a reader will be able to tell if it is a 0 or 1.

Slower burning and less vibration gives it more time to do that and with greater

accuracy." However, RetiredChief (2010) says: "I would think that the quality would

be best when recorded at rated speed of the Media, Not minimum speed and not

max speed of the drive."

Verification failures

Despite burning at a slow speed on a high-quality disc burner, I've found so far that

15-20% of the discs I've burned have failed the verification step of the burning

process. I didn't want to take chances with bad discs, so I threw these out and

burned again. I wonder if this failure rate is normal.

Checking the burned files

I do spot checks of the files on the disc after burning to make sure the files can be

copied back to my computer and opened properly. Before doing this, I eject the disc

and then reinsert it. I don't know if ejection and reinsertion is necessary, but the

following comment makes it sound like this is a good practice? Synetech (2014):

"You must flush the cache to force it to read from the actual disc. For optical drives

(and other removable media like flash-drives and memory-cards, simply ejecting the

drive is enough to flush the cache". On the same thread, the user Shadow Creeper

adds: "it can help to verify the contents of newly burned media by reading it from a

different drive than the one that burned it. Just in case it caches, or in case it has no

problem reading data that is just a little skewed (as it is only skewed because it

wrote it that way)."

You should continue checking that files on the disc work at regular intervals (such

as once a year), depending how important the data is to you.

TODO: I also need to look into parity-check software like Parchive.

Multiple copies

I burn two copies of my data on two different discs, labeling them as "copy_1_of_2"

and "copy_2_of_2".

In theory, it's better if "the redundant BD-Rs are from different batches, I would

assume better from different high quality manufacturers (and do your research to

make sure they're really from different factories and companies)" (hga_another

2017).

Storing the disc burner

I don't know how fragile my disc burner is, nor whether poor handling of a burner

could cause damage to discs inserted into it. But to be on the safe side, I store the

burner in its box to reduce its exposure to dust. I also avoid putting anything heavy

on top of its box or cramping it in its box.

Storing the discs

Library of Congress (n.d.) offers a number of recommendations for "Proper Care

and Handling of Audio Visual Materials". Some highlights for optical discs:

"Handle optical discs (CDs, DVDs) by the edge and center hole only"

"Allow materials from cool storage to acclimate to room temperature before

playing back"

"Store all formats upright: discs [...] on edge"

"For home collections, a cool (room temperature or below), relatively dry

(about 35-40% relative humidity or RH), clean, and stable environment (avoid

attics, basements, and other locations with high risk of leaks and

environmental extremes)"

"Minimal exposure to all kinds of light; no exposure to direct or intense light"

"Optical Discs: Jewel cases are acceptable; replacement cases should also

secure the disc by the center hub"

Rik1138 (2010) offers a "Warning about storing Blu-rays in anything other than

cases" based on his experience getting "permanent pits and marks in the read

surface of the disc" after storing discs in "white sleeves". Rik1138 (2010) advises to

"Make sure all of your Blu-ray discs (store-bought, demos/samplers, BD-Rs and I

suspect PS3 games) are stored in actual cases, and not binders/sleeves."

These Verbatim Blu-ray discs offer a similar warning on their box: "Use jewel case

for storage. Storage in sleeve cases is not recommended." The box also provides a

convenient summary of storage precautions:

Blu-ray discs are often sold in stacks. I assume this is probably fine, but to be on the

safe side as far as avoiding compaction, I move even the blank discs to cases as

soon as I buy them.

Most Blu-ray cases sold on Amazon are blue and somewhat translucent. If light

exposure might be a problem, I would hope for completely untranslucent cases? For

now, until I learn more about this, I store the cases in a box to block out light.

I've seen conflicting views on whether it's ok to write on the top of a disc with a soft

marker. To be on the safe side, I instead use a marker to write directly on the outside

of a disc's case.

Replacement

To be on the safe side, I imagine that it's best to continue burning new copies of

your data on new discs every few years, in case the old copies degrade, can't be

read, or whatever else.
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https://smile.amazon.com/gp/product/B004CJ9KYC/


Home   •   Writings

Backing Up a WordPress Website on Paper

By Brian Tomasik

First published: 2016 May 08. Last nontrivial update: 2019 May 25.

Summary

This piece describes the steps I took to back up the contents of my WordPress sites

on paper. In fact, with appropriate modifications, Method 1 would apply to pretty

much any website (whether built with WordPress or not), except for AJAX-heavy

websites where scraping the HTML content requires some extra effort.
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Motivation

Storing data digitally has many benefits over storing data on paper. However, digital

data is also more brittle in several ways. Digital files may be vulnerable to format rot

over time, and the hardware that stores digital files could break or fail to be

supported in the future. In addition, digital files require a computer and electricity in

order to be read, while plain text on paper does not. So information stored on paper

seems particularly resilient against civilizational-collapse scenarios.

Of course, paper backups are more of a pain to use for recovery than are backups

already in electronic format, but presumably paper backups could be scanned and

read back into electronic text using OCR.

In my opinion, if you back up a website on paper, you should print out the raw HTML

of each page rather than copying and pasting text directly from the web browser,

because copying and pasting text from a browser (in addition to not being scalable)

loses hyperlinks, as well as HTML comments, custom JavaScript, and other

information that you can only see in a page's markup.

Gathering the website's text

Method 1: Download website and extract relevant HTML

My preferred way to back up a website is as follows. First, download the website

using a program like HTTrack or SiteSucker. Second, run

extract_valuable_HTML_from_WordPress_site_download.py (or a similar program

of your own) on the website-download folder. For example, if the downloaded

website is in a folder mywebsite/, then put the Python program in the parent folder of

mywebsite/ and run

python extract_valuable_HTML_from_WordPress_site_download.py mywebsite

This will create a single output file mywebsite_extracted.html containing all the

interesting HTML contents from your website without most of the extra boilerplate

stuff that WordPress adds to each HTML file. You can open this .html file in a

browser to examine the contents.

extract_valuable_HTML_from_WordPress_site_download.py works for the websites

that I care about, but its simple heuristics for identifying the start and end of the

"interesting" HTML contents may not work automatically in your case. If so, play

around with the program for your situation. In the worst case, you could just collect

all the HTML text, including boilerplate, into a file for printing, though this will

increase the number of pages you have to print out.

Once you're satisfied with the precision and recall of this extraction process, copy

and paste the output .html file's contents into a word processor and convert to PDF.

This PDF will be what you print out. You might make the text size relatively small as

long as this doesn't make the printed text more vulnerable to degradation. (For

example, if the text size is too small, then ink fading or mold seem more likely to

render the text unreadable.)

Method 1 is nice for two reasons:

1. It works on any website, not just one you own.

2. All the information extracted is from the public web, so you don't have to worry

about accidentally printing out sensitive information.

Method 2: Download your WordPress database

If you have direct access to your site's WordPress database, you can get the

relevant text for printing out from there. I'll describe the steps for doing this below,

but I should point out a warning. According to some answers on Quora, as well as a

friend of mine, a complete WordPress database (a big .sql file dump) contains

some potentially sensitive information. Therefore, I assume that you should extract

from the .sql file only the text of your pages/posts and not the other database

tables. I don't know enough about WordPress to say whether this is sufficient to

remove all sensitive information, so use this approach at your own risk.

Following are the steps you can use to extract the published versions of the pages

on your websites for printing.

First, go to phpMyAdmin. For me, that's accessible through HostGator's Control

Panel page:

Then click on the circled red items in the next few screenshots:

Then I edit the SQL query as shown below to get only published posts. The reason

for this is that if you don't filter down to only published posts, you'll get several

copies of each post. In my case, I was getting 3-5 or more copies of each post,

which would have translated to an extra 1000+ pages to print out.

Once you get the results of the query, select all of the posts. To do this, I first

showed a number of rows bigger than the total number of posts:

Then I went to the bottom of the page and clicked "Check All":

Then "Export":

Then I clicked "Go" on the next screen:

This started a download of a .sql text file containing the contents of my posts. I did

spot checks to verify that snippets from various pieces on my site were indeed

contained in this file exactly once. Then the file was ready to be printed.

Formatting text for printing

I copied and pasted the file text into Microsoft Word, set the margins ("Page Layout"

-> "Margins") to 0.5 inches on all sides, and set the text size to 8. Of course, you

can choose different settings if you want.

Including PDFs

If you have some articles on your website in PDF/Word/etc. formats, make sure to

include them in the set of files to print as well, since they won't be included in the

HTML / database dump described above.

I wrote a Python script that merges all the PDFs in a website download into a

specified number of combined PDF files: find_and_merge_PDFs_in_directory.py .

For example, if the downloaded website is in a folder mywebsite/, and if you want the

PDFs merged into 5 big output files, then put the Python program in the parent

folder of mywebsite/ and run

python find_and_merge_PDFs_in_directory.py mywebsite 5

If you want all the PDFs merged into one big output file, replace 5 in the above

command with 1. I allow the option of splitting into several output files in case a

single combined PDF file would be too big. See the comment at the top of the script

file for further instructions.

A combined PDF file sometimes seems to have different length/width dimensions

for different PDFs, and some PDFs may be rotated 90°, but I found that these

irregularities are tolerated without a problem by Office Depot's printing service

(described in the next section).

For some reason, you might find that a few PDF files can't be processed properly by

my Python script. If that's the case, you'll see "ERROR" messages printed out,

saying that you need to separately add the PDFs that don't merge properly to the

list of PDFs you upload to Office Depot for printing. In my tests, I encountered two

PDF files that couldn't merge, but I was still able to upload them to Office Depot for

printing without problems. (Apparently Office Depot handles PDFs more robustly

than my program does.)

Finding a printing service

I do paper printouts using Office Depot. To do this, I go to

http://www.officedepot.com/ , log in, go to "Print & Copy", click "Document Printing

Services", and click "Manuals". If you're trying to print out more than ~500 pages

(or ~250 sheets of paper when printed double-sided), you may have to instead click

"Presentations" under "Document Printing Services" and then choose "Presentation

Binders", since binders can hold more total sheets of paper.

From here you can upload your files. There's a limit on how many files you can

upload simultaneously, so you might need to merge PDFs before uploading them if

you have lots of them to print out. You can print many hundreds of pages at once

and have them delivered to your house for less than $100.

These steps work as of July 2017 in the USA, but some things may have changed by

the time you're reading this.

Fireproofing

You may want to store the paper printouts in a fireproof safe to guard against your

house burning down. That said, in the event of most house fires, the cloud versions

of your data will still exist, so you can just make new printouts. The exception would

be if a severe disaster capable of destroying cloud data also caused widespread

fires; in this (rather unlikely) event, a fireproof container would be useful.
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Summary

This page describes various conventions and procedures I've developed for

structuring the files stored on my computer's hard drive. I also share a Python script

for automating most of the steps involved in backing up my hard-drive data to an

external drive.

This piece assumes a Mac or Linux operating system, but many of the principles

would transfer to Windows. I've optimized my approach for my own particular

needs, not really worrying about whether it's useful for anyone else. So I see this

article as mainly a possible source of ideas for readers rather than something they'd

necessarily want to imitate fully.

I remain a novice in this area, and suggestions on how to do things differently are

welcome.
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Notes about this piece

This article is a brain dump of conventions and ideas about organizing personal data

that I've accumulated over time. I often made up my own terminology and guidelines

based on my own experience and experimentation. However, I imagine that a lot of

these ideas have been invented many times before—and some of the ideas are so

obvious that there was hardly anything to invent.

Here are some limitations of the approach I present in this article:

My discussion in this piece assumes that all of your data can fit on your

computer's internal hard drive. If you have more data than that, you'd need to

do things a bit differently.

My approach assumes that you only really use one computer to access your

data. If you need to sync data across computers on a regular basis (such as

between work and home or between a desktop and a mobile phone), you

would want to add a sync solution to my approach, or else look more seriously

at storing the main copy of your files in the cloud to begin with. I don't have a

mobile phone (see "Why I never got a mobile phone" in 

), so I have the luxury of not worrying about syncing. (Indeed, one of

the many reasons I don't have a mobile phone is to reduce technological

complexity of this sort.)

In this piece, I use the terms "folder" and "directory" interchangeably, for no reason

other than that I'm not disciplined about sticking to one word.

Overview of my folder hierarchy

To start off I'll give a picture of the structure of my folder system. I'll then explain

and refer to this throughout the subsequent discussion, calling it the "overview

diagram". Folder names end with the / character. The ~ at the top is the home folder

on Mac or Linux. Indentation shows that files and folders are nested inside other

folders. Items are sorted in alphabetical order, except that all folder names sort

before all file names. I omit most of the contents of most of the folders, just showing

a few things for illustration. I made up a lot of the more deeply nested file and folder

names; I'm just using them as examples.

~/

    .bash_aliases

    files/

        debs/

            processed/

                backups_ntmc/

                    GitHub/

                        2017-04-29/

                    Google-Drive/

                        2018-08-16/

                        2019-04-03/

                    my-websites/

                    the-Wikipedia-page-on-woodlice_s2017-04-18.html

                my-YouTube-videos/

                    originals-of-individual-videos/

                        2014/

                            Artificial-general-intelligence-and-

international_trunc/

                    readme.txt

            unprocessed/

                bug-videos-to-do/

                home-videos/

        temp/

        yebs/

            processed/

                career/

                computer/

                    data-storage/

                        backups-to-external-drives/

                            dlbuod_2019-07-01_eom.txt

                    programs/

                        active/

                            7-Zip/

                                custom-settings.txt

                                installation.txt

                                notes.txt

                        no-longer-used/

                effective-altruism/

                financial/

                    taxes/

                        ESPP/

                            how-to-manually-calculate-compensation-

income_ntor.txt

                        tax-year/

                            2013/

                                charity-donation-statement_scdi2025.pdf

                        Mars-taxes.txt

                        Venus-tax-guidelines_r2018-07-02.pdf

                letters/

                    2008/

                        card-from-John-Doe_i2008-02_p2016-01-04.pdf

                    2017/

                        Question-about-insect-suffering.html

                    unknown-year/

                        birthday-card-from-grandma_npy.pdf

                medical/

                    issues/

                        active/

                            2018_dry-eye/

                                warm-compress/

                                    usage-instructions-from-Amazon_s2018-

11-03_ncsd.txt

                misc/

                    check-me-often/

                        calendar.txt

                        files-to-reopen.txt

                        important-recurring-reminders.txt

                scripts_ytmc/

                    monitor-data-changes/

                        run.py

                        ignore.txt

                    vxhx/

                        backup_vao2019-10-02T13-27.py

                        backup_vao2019-10-05T05-02.py

                    backup.py

                    create-a-version-snapshot.py

                    dir-splitter.py

                    normalize-file-and-folder-names.py

                    Swiss-archive-knife.py

                    the-actual-bash-aliases-file.txt

            unprocessed/

                documents/

                downloads/

                todos/

                    2019/

                        02a.txt

                        02b.txt

                        02c.txt

                        03a.txt

In later sections I'll explain various things to notice about this organizational system.

As you can see, I use various abbreviations when naming things. Abbreviations can

be useful to concisely describe some concept or label that you write frequently.

That said, if you use abbreviations, you'll probably want to record their meanings so

that 10 years from now you aren't puzzled by them. For me, this article serves the

purpose of documenting some of my abbreviations.

Links to my scripts

In the overview diagram, you can see a folder scripts_ytmc . It stores various scripts

I wrote, some of which I'll mention later in this article. Following are links to uploaded

versions of these scripts:

monitor-data-changes/run.py

backup.py

create-a-version-snapshot.py

dir-splitter.py

normalize-file-and-folder-names.py

Swiss-archive-knife.py

the-actual-bash-aliases-file.txt

If you were to run the scripts on your computer, they should just have the .py

extension, but my uploaded versions have a .py.txt extension so that they open in

the browser as text files that you can read, rather than causing the browser to ask if

you want to download them. If you do want to download a script, you can right-click

and save the file. Once downloaded, you can remove the .txt extension.

Keep in mind that some of my scripts are pretty hard-coded to my particular setup,

because I'm optimizing for convenience for myself and don't know if anyone else will

find these scripts worthwhile. I offer my scripts just in case there are parts of them

that you'd find useful—and so that people more experienced than I am can offer

suggestions on how to improve them.

I'm hosting my scripts here rather than on GitHub in order to keep my data all in one

place (on my website) and avoid taking a dependency on a third-party service that

might disappear or at least severely degrade in quality within 10 or 20 years. A given

script is entirely contained in one file, so downloading it from my site is trivially easy.

My .bash_aliases file

In the subsequent discussion I occasionally refer to my Bash aliases and functions,

which I explain in this section.

In the overview diagram, you can see a .bash_aliases file under the home directory.

My .bash_aliases file actually only consists of the following line:

source ~/files/yebs/processed/scripts_ytmc/the-actual-bash-aliases-file.txt

This line loads aliases and functions stored in the-actual-bash-aliases-file.txt .

The reason I point to another file rather than writing the aliases and functions

directly in .bash_aliases is that I back up files within the files/ directory but not

files outside of it, and I want my custom aliases and functions to be backed up.

When I'm setting things up on a new computer, once I have my data under files/ in

place, all I need to do is create the one-line .bash_alises file that points to the-

actual-bash-aliases-file.txt in order to make my aliases and functions work.

Rather than source'ing the-actual-bash-aliases-file.txt from .bash_aliases , you

could alternatively source it from .bashrc . However, depending on your system,

.bashrc may already exist and have code in it, while .bash_aliases is probably empty

or nonexistent by default. So by creating and editing .bash_aliases you can avoid

editing an existing file that has default contents written by other people.

In the previous section I linked to an uploaded version of the-actual-bash-aliases-

file.txt . If you read that, you can see that I put "my" at the beginning of the name

of each function, as an easy way to guarantee that their names won't collide with

existing commands, and to show that they're functions I wrote.

The last line of the-actual-bash-aliases-file.txt loads another Bash-aliases file

that stores additional Bash functions intended just for my use rather than for sharing

publicly. If you don't have this additional-Bash-aliases.txt file on your computer,

then if you use my the-actual-bash-aliases-file.txt , you'll get a warning about

not being able to find the additional-Bash-aliases.txt file. If so, you can either

create your own additional-Bash-aliases.txt file or comment out the final line from

the-actual-bash-aliases-file.txt .

Explaining the folders

The files/ directory

I use the files/ directory to hold all the data I care about on my computer, with a

few exceptions like .bash_aliases that have to lie outside it. I can ignore anything

outside of files/ when thinking about backups and what would be lost if, say, my

hard disk were to die suddenly. Ordinarily computers include built-in folders like

~/Desktop/ , ~/Documents/ , ~/Downloads/ , and so on, but I don't use them, or if I do

use them, it's only very temporarily, and then I move the files into my main folder

hierarchy. That's because data not inside files/ isn't backed up and therefore is at

risk of disappearing.

 recommends the same idea in his Tip #3. He explains his point in

the context of Windows, but the same idea applies to any operating system. He

advises: "Every data file (document, photo, music file, etc) that you create, own or is

important to you, no matter where it came from, should be found within one single

folder[...]. In other words, do not base your folder structure in standard folders like

'My Documents'. [...] If you only have one hard disk (C:), then create a dedicated

folder that will contain all your files – something like C:\Files."

Instead of the built-in ~/Downloads/ folder, I have my own downloads/ folder, as you

can see in the overview diagram. Its path is ~/files/yebs/unprocessed/downloads/ .

You can change your browser's settings to automatically save files to this folder

rather than ~/Downloads/ .

If you nest your downloads/ folder several layers deep inside files/ , navigating to it

takes longer than if it's right under your home folder. One solution to this problem

can be to create symbolic links, shortcuts, bookmarks, etc to commonly used

internal folders. Another option is to create a Bash alias or function that navigates to

the internal folder; as you can see if you open up the-actual-bash-aliases-file.txt

, this is done with the myd function. I like this latter approach because then I never

have to worry about symbolic links, which add complexity relative to a hierarchy that

only consists of files and folders. (If you browse the man pages for various

command-line utilities, you'll often see special cases where symbolic links are

involved. I prefer to avoid worrying about that altogether.)

Custom settings for programs

Your hard drive stores various settings and other files relevant to installed programs,

which are not contained in files/ . You could back up these other files and maybe

even restore them directly on a new hard drive if your current one fails, or when

migrating to a new computer or reformatting your current computer. I've never done

this because pointing a newly installed program to an old configuration file sounds

potentially brittle and error-prone? I prefer to instead manually keep a record of any

time I change the custom settings of a program I use. That way, on a new computer,

I can freshly install my programs without any legacy baggage, and I can just

reproduce by hand whatever settings changes I care about. In the overview

diagram, you can see the path ~/files/yebs/processed/computer/programs/ . This is

where I store my custom settings, installation instructions, and other information

about various programs. You can see the active/ subfolder, which houses

documentation about all the programs that I'm actively using (rather than about old

programs or programs I'm considering trying in the future). When I get a new

computer, I can carry over this folder of active/ programs and follow along the

installation.txt and custom-settings.txt files to see how to install and configure

my programs on the new machine. In the overview diagram I use 7-Zip as an

example program for which one might have those .txt files. I also show a notes.txt

file that records random other notes about the program.

In his Tip #34,  mentions the same idea of recording "Notes

you've made about all the specific customizations you have made to a particular

piece of software (so that you’ll know how to do it all again on your next computer)".

Here's an example of the kinds of instructions I have in mind that you would write in

a custom-settings.txt file for a program, which in this case we can imagine is some

particular text editor:

In File > Preferences:

* change the default text size from 12 to 16

* change the tab width from 4 to 2

In the plugins menu, remove all the preinstalled plugins except:

Foo Plugin

Bar Plugin

Baz Plugin

yebs/ and debs/

yebs stands for "yes, encrypt before saving", and debs stands for "don't encrypt

before saving". Here, "saving" means "backing up to some external location, such

as an external hard drive, a Blu-ray disc, the cloud, etc." It's good to encrypt at least

some parts of your data in case bad guys get their hands on your backups. A flash

drive or external hard drive could be lost or stolen. If you back up to a cloud service,

your account could be hacked, either in a targeted fashion or if there's a widespread

security flaw or data breach on the part of the cloud provider.

The yebs/ directory includes most of my notes on various topics, my todo lists,

documents and letters I've scanned, tax information, medical information, and a

variety of other things. By default I put files in yebs/ unless I know they don't contain

sensitive information, so that I won't have to think too much about whether they do

or not. This is similar to the idea of shredding all the letters you get in the mail so

that you don't have to think about which ones do and don't contain info that could

be used by identity thieves and the like.

Even though yebs/ is my default directory, it's pretty small—just a few gigabytes.

That's nice because then zipping and encrypting the folder only takes ~10 to ~20

minutes. If I have a large folder of data I don't access very often, I can pre-encrypt it

and then store it in debs/ , so that I don't have to re-encrypt it every time I make a

backup. I add the _ee tag to the end of files that have been pre-encrypted, so that I

can find them all in the event that I, say, need to change the password. I would find

them by going to the files/ directory and entering this into Terminal:

find . | grep _ee

(I called the _ee part of a file name a "tag" because it serves the purpose of

annotating the file. It indicates that the file has the _ee property—i.e., that the file is

already encrypted. I'll discuss various other file tags I made up throughout this

article.)

The debs/ directory is backed up unencrypted. This means it doesn't have to be

zipped up before backup, which is good because mine is over half a terabyte. Most

of that size is accounted for by video and audio, including digitized homemade

tapes from when I was a kid, originals of the videos on my YouTube channel, raw

video footage not processed yet, and so on. Data that's not personal can usually go

here, such as a music library or a collection of academic papers.

There are approaches to encryption that overcome the issue of slowness when re-

encrypting data each time it's backed up. I think there are encryption-aware sync

tools that only make updates to what has changed, even for encrypted data.

Another option is to use full-disk encryption on the external drive. Either of these

methods would avoid the need to separate yebs/ from debs/ .

Regarding the option of full-disk encryption of an external drive, I'm wary of trusting

random hardware manufacturers to the task ( ), but tools like VeraCrypt

would presumably work. I haven't yet looked into this topic in much depth, and

maybe it would make things easier. However, I'm wary of encrypting more data than

necessary because it seems to also increase the risk of making the data

unrecoverable. For example, if the external drive gets damaged or suffers bit rot,

could this prevent you from recovering any data on it, due to the full-disk

encryption? (I don't have enough expertise to comment on that.) In contrast, with

unencrypted drives, in the worst case you could probably take it to a data-recovery

service to pull the non-damaged data off the drive, including small encrypted

backup files that it may contain. Of course, one reply to this argument could be that

you should just have lots of full-disk-encryption backup drives, so that a failure in

any one or two isn't catastrophic. That works as long as the hypothetical

catastrophe for full-disk encryption isn't systematic across all instances of it.

I don't have settled views on this and may change my mind in the future as I learn

more. I'm wary of things I don't yet understand, and that includes how likely data

loss is with full-disk encryption. By the way, I think it's a good idea to use full-disk

encryption on your computer's internal hard drive. I'm not overly worried about data

loss in this case because if the full-disk encryption on your computer runs into

problems, you should be able to restore your data from backups.

Note that some of the content in debs/ , while unencrypted, might nonetheless be

zipped up, to avoid having massive numbers of individual files on your computer.

Having huge numbers of individual files is perhaps most likely if you have numerous

website or source-code backups. As an example of why this could matter, I found

that my Blu-ray burner kept spinning indefinitely when I tried to burn several

hundred thousand files to a disc ( ). Zipped files are good

candidates for files you may want to monitor with checksums (

), to ensure that bit rot doesn't render them unable to open.

Why did I include a "yes" at the beginning of "yes, encrypt before saving"? Why not

just call the folder ebs/ ? It doesn't matter much either way, but one benefit of yebs

is that it's not a substring of debs . If you used the name ebs , then when grep'ing or

Ctrl+f'ing your notes or scripts for ebs , you would also match debs . That's not true

if you use the name yebs .

temp/

Sometimes I want to play around with how a Terminal command works or write a

quick Python script to test something out. I do these things in the temp/ folder. I like

keeping those experimental activities far away from data I care about, although

maybe the risk of accidentally messing up my data is roughly the same regardless of

where I do such things.

temp/ can also be used when testing that zipped and/or encrypted files actually

open properly. For example, if you have an old encrypted archive on an external

drive, you might want to every so often make sure that you could get the data out

from it if need be. (This is similar to doing periodic fire drills, making sure your

emergency/backup system works.) To do this, you could pull the archive off the

external drive, put it in temp/, extract it, make sure it opens, spot check a few

extracted files to make sure they open, verify checksums if you have any, and then

delete both the zipped and extracted data when you're done.

temp/ is the only folder in files/ that I don't back up, and ideally it's empty most of

the time.

processed/ and unprocessed/

Many times you get a dump of files to your computer without having time to

organize them right away. For example, imagine that you scan some old paper

documents. You might create 50 scanned PDF files that you'd then need to label

and put in the right places.

My unprocessed/ folder stores various documents that are in an unpolished,

disorganized state. If and when I have time to go through and clean them up, I move

them to a final home somewhere in the processed/ folder. "Processing" a file can

include various things, such as

Adding a meaningful file name that records useful metadata, such as the

location where a video was filmed. (Or I may write an associated metadata.txt

file if the metadata can't all fit in the file name.)

Cleaning up rough, hastily written notes to make them more readable for the

long run.

Looking through a folder of old files, deciding what's worth keeping and what

you can delete.

If it seems worthwhile, redacting certain information. For example, a scan of a

certain document might contain your full Social Security number. Note that

some of the ways one might naively think of to redact a PDF don't actually

work; search for "PDF redaction" in  for details.

Cropping unnecessary parts from long videos, rotating scanned documents to

be upright, applying filters to images, or whatever else.

Files in the unprocessed/ folder are all implicit "todo" items because something

should be done with them, even if that only means moving them to an appropriate

location in processed/ .

Note that, in my way of doing things, "processed" files can also contain "todo" tasks

and reminders within them. What distinguishes processed from unprocessed todo

lists is that the processed ones are somewhat organized and somewhat readable,

while the unprocessed ones are just randomly jotted thoughts. Unprocessed items

are similar to the "capture" step (step 1) of the Getting Things Done workflow.

 discusses a similar idea as my unprocessed/ folder in his Tip #13,

calling it an "Inbox" folder. He recommends clearing it out regularly and making sure

it has fewer than 30 files in it, but for me that's impossible. I have too much backlog

of random stuff.

I generate todo items for myself faster than I can finish or even fully organize them.

(Yes, I know I have a problem...) For now I collect newly captured todo ideas in files

in yebs/unprocessed/todos/ , as you can see in the overview diagram. I create a new

.txt file for them every 1/3 of a month to avoid letting the files grow unreasonably

big. This also helps me keep track of when they were written, which can be useful

for remembering the context of cryptically written notes later on.

Scanned files, pictures, and various other non-todo-list files can await processing in

yebs/unprocessed/documents/ .

If I haven't finished processing a file but want to at least put it in its proper long-term

storage location, I save it somewhere under the processed/ folder but add to its file

name the tag _npy , which means "not processed yet". You can see an example of

this in the overview diagram: birthday-card-from-grandma_npy.pdf . To find all files

with this tag, you could run

find ~/files | grep _npy

vxhx/

If you have a particularly important file that you want to make sure doesn't get

messed up, it may be helpful to store previous versions of it, so that you can diff

the current version against previous versions to make sure all the changes made to

it were ok. This is common for code files but could also be true for certain .txt files

or for draft essays in .html files.

Ordinarily this problem would be solved by a version-control system, but I don't

have enough files like this to make it worthwhile to set up an actual version-control

system. Instead I create a poor man's version, by storing past versions of a file in a

vxhx/ folder that sits next to the current version. vxhx stands for "version history",

where I added x's after the v and h letters in order to make the abbreviation fairly

distinctive so as to avoid false-positive matches. One reason this matters is that you

might sometimes recursively grep through your folders looking for some keyword,

and you only want matches from current files, not old versions. In this case you

could type something like

grep -rin mysearchword . | grep -v vxhx

which filters out results from version-history files. If the version-history folders were

just called vh/ , there would be a lot more false-positive matches for the grep -v

part.

(You'll see that a lot of my abbreviations in this piece use collections of letters that

are unlikely to occur by chance in natural-language text. I do this for the same

reason that I added x's in vxhx : to reduce the risk of false-positive matches when

trying to search for a given abbreviation.)

The goal of filtering out version-history directories can also be achieved with a

command like

grep -rin --exclude-dir=vxhx mysearchword .

in which case it's maybe less important for the directory name to be distinctive.

The most common case where I want to search my files is to find a keyword in my

todo lists, in order to find todo items related to that word. My todo lists are almost

always in .txt format. By default, grep searches through all files, including large

binary files like videos, which can take a long time. So searching just through .txt

files can dramatically speed things up and reduce false-positive matches. You can

search through just .txt files by adding --include \*.txt in the grep command.

Typing out a grep command with all these options would be cumbersome to do on a

regular basis, so I created a Bash function called mygrep as a quicker way to do a

search with these options. You can see mygrep in the-actual-bash-aliases-file.txt
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Note:  I  sent  this  letter  to  the  Board  of  Education  of  the  Guilderland  Central  School  District,

Guilderland, NY, USA in Feb. 2005, as part of an effort to convince the Board to switch the district's

paper purchases to 30% post-consumer recycled. At present, I'm less certain what I think of recycled

paper, because less habitat can reduce the suffering of wild animals. Detailed calculations of the net

suffering impact of recycled paper are complicated, and  I don't now have a strong opinion about

whether recycled paper is good or bad on balance.

--Brian Tomasik, 3 Aug. 2014

Dear Mr. Brinkman and Board of Education:

I  am twelfth-grade student  at  Guilderland  Central  High School  and co-president  of  its  Student

Environmental Action Coalition (SEAC).  The purpose of this letter is to propose a policy regarding

the purchase of recycled paper by the Guilderland Central School District.  Enclosed is a draft of this

policy for your consideration.

The policy would require the District to purchase recycled white copy paper containing at least thirty

percent  post-consumer  waste  (PCW) content  instead  of  virgin  white  copy paper  whenever  that

recycled  paper  fulfills  the  requisite  specifications,  including  its  ability  to  perform adequately in

copiers and printers.  This PCW content is recommended by the Environmental Protection Agency’s

(EPA) “Paper Products Recovered Materials Advisory Notice II (RMAN II),” which “encourages

state and local agencies to use the recommendations in […] Paper RMAN II when purchasing paper

and paper products.”1

The policy would also strongly encourage all faculty and staff members to identify and implement,

wherever  feasible,  strategies  for  paper  use  reduction,  such as  double-siding  handouts  and other

materials.  It is hoped that the latter portion of the policy could not only augment the environmental

and human health benefits afforded by the purchase of recycled paper, but could also attenuate the

cost increase that is likely to result from the same.

The purchase of recycled paper, as this policy would require, is beneficial for the following reasons:

1.  Traditional virgin paper contributes substantially to deforestation.  In 1993, wood

pulp consumed 18.9 percent of the wood harvested globally;2 that already significant portion jumps to

41.8 percent when only “industrial” wood (that used for purposes other than fuel) is considered.

Further, the World Commission on Forests and Sustainable Development estimates that by 2050,

more than half of the industrial wood harvest will be devoted to paper.3  Overall, the wood used in

virgin pulp is 55 percent secondary-growth, 29 percent plantation-grown, and 16 percent old-growth.4

Unless it is otherwise labeled, virtually all virgin paper contains some old-growth fiber and thereby

1 This document can be found in Federal Register, 8 June 1998, Volume 63, Number 109, pages 31214-31217.

2 Janet N. Abramovitz and Ashley T. Mattoon, Paper Cuts:  Recovering the Paper Landscape (Washington, D.C.: Worldwatch, 

1999) 60 and references therein.

3
 Abramovitz and Mattoon 20, 63, and references cited therein.

4
 Abramovitz and Mattoon 21 and reference cited therein.

http://www.utilitarian-essays.com/applied-welfare-biology.html
http://www.utilitarian-essays.com/suffering-nature.html


contributes to the demise of old-growth forests, which, because they are relatively unimpacted by

humans,  contain  centuries-old  trees  and  complex  biodiversity.   These  beautiful  forests  provide

purified water, wildlife habitat, opportunities for recreation, and genetic diversity, while sequestering

carbon dioxide to help mitigate global climate change.5  It is therefore appalling that only twenty

percent of the world’s old-growth forests remain in fair condition6 and that all but five percent in the

U.S. are gone, according to the Organization of Economic Cooperation and Development.7  In fact,

natural forest cover is being lost at an annual rate of approximately 13.7 million hectares (33.9 million

acres)—or roughly the size of Greece.8  Recycled paper can alleviate this destruction of forests by

diminishing the need for virgin wood as a fiber source.  Given that the District annually purchases

approximately 2,500 cases9 of completely virgin copy paper,10 a switch to just 30% PCW copy paper

would conserve 450 trees every year.11

2.  The environmental consequences of virgin paper production extend beyond logging.

The pulp and paper industry, which consumes four percent of global energy, is the fifth greatest

industrial energy user worldwide and the second greatest in the US.  Part of the reason for such

extraordinary energy demands is that it takes at least 2 to 3.5 tons of wood to manufacture one ton of

virgin paper;12 the creation of one ton of recycled paper, in contrast, only requires slightly more than

one ton of old paper.13  This results in 35 percent energy savings of recycled copy paper over virgin,

which amount to 3.95 equivalent barrels of oil or 22.0 million kilojoules (20.8 million BTUs) per ton

of paper recycled.14  Based on these figures, the District would conserve 412 million kilojoules (390.

million BTUs) or 74.1 equivalent barrels of oil every year by purchasing just 30% PCW copy paper;

that’s 13.0 kilojoules (12.4 BTUs) each second, enough energy to continuously power 217 sixty-watt

light bulbs!

3.  While virgin paper’s massive energy consumption contributes indirectly to air pollution,

paper production entails direct air emissions as well.  A few of the pollutants released from mills

5
 Tree Free Campus:  Students Take Action to Defend Forests, Rainforest Action Network (RAN), 31 Aug. 2003 

<http://www.ran.org/ran_campaigns/old_growth/campus/campus.pdf>.

6
 Paper Campaign Facts, Forest Ethics, 8 July 2003 <http://www.forestethics.org/paper/facts.html> and reference therein.

7 Allen Hershkowitz, Ph.D., “Chapter 1 The Upstream Benefits:  Reducing Pollution and the Use of Virgin Resources,” Too Good

to Throw Away:  Recycling’s Proven Record, Feb. 1997, Natural Resources Defense Council (NRDC), 4 August 2003 

<http://www.nrdc.org/cities/recycling/recyc/recyinx.asp> and reference cited therein.

8 Abramovitz and Mattoon 20, 62, and reference cited therein.

9
 Robert Paquette, “Re:  Guilderland Paper Purchases,” Email to Student Environmental Action Coalition (SEAC), 29 

Oct. 2002.

10 Robert Paquette, Letter to the author, 24 Dec. 2002.

11
 Trees Into Paper, Conservatree, 26 Oct. 2002 <http://www.conservatree.com/learn/Enviro_Issues/TreeStats.shtml>.

12 Abramovitz and Mattoon 26 and references cited therein.

13 Abramovitz and Mattoon 37 and references cited therein.

14
 Allen Hershkowitz, Ph.D., “Tables,” Too Good to Throw Away:  Recycling’s Proven Record, Feb. 1997, NRDC, 4 

August 2003 <http://www.nrdc.org/cities/recycling/recyc/recytbls.asp>.



include acetone, carbon monoxide, chlorine compounds, hydrochloric acid, methanol, nitrous oxides,

particulates  (which  cause respiratory irritation),  sulfuric  acid,  sulfur  oxides,  and volatile  organic

compounds.  Some of these emissions exacerbate ozone depletion, while others are greenhouse gases;

kraft  pulp  mills  release  sulfur  compounds  that  are  redolent  of  addle  eggs.15  Federal  US  law

acknowledges the dangers of these emissions:  “[P]ulp and paper facilities emit significant quantities

of HAP’s [Hazardous Air Pollutants…].  Some of these pollutants are considered to be carcinogenic,

and all can cause toxic health effects following exposure, including nausea, headaches, respiratory

distress, and possible reproductive effects.”16  Recycled paper can diminish these emissions; the EPA

has estimated that each ton of 100% recycled paper precludes more than thirty kilograms (sixty

pounds) of air pollution.  However, since this figure was calculated in the 1970s, the current pollution

reductions are probably somewhat lower because of efficiency improvements at pulp and paper mills

since that time.17

4.  The manufacture of one metric ton of virgin paper requires more water–44,000 to

83,000 liters (12,000 to 22,000 gallons) in the US—than the creation of a metric ton of any other

industrial product.18  Each year, the entire US pulp, paper, and paperboard industry creates 5.871

trillion liters (1.551 trillion gallons) of wastewater.19  Based on EPA’s estimate that a ton of 100%

recycled paper conserves 37,000 liters (9,900 gallons) of water,20 the District’s purchase of copy paper

with just 30% PCW would annually save 700,000 liters (190,000 gallons) of water.

5.  Wastewater from the virgin pulp and paper industry contains thousands of types of

particles—among them, compounds that haven’t yet been identified—which can acidify, cloud, and

deoxygenate  streams  and lakes,  thereby killing  fish and other  species.21  Among  the  numerous

chemicals discharged into the water are absorbable organic halides, chloroform, methylene chloride,

pentachlorophenols, and trichlorophenols.22  The interaction of chlorine bleach and wood pulp creates

dioxins and furans,23 to which humans are predominantly exposed through food, especially beef, dairy

products, fish, pork, and poultry.24  Dioxin, the same chemical that contaminated Love Canal, New

15 Abramovitz and Mattoon 28-29 and reference cited therein.

16 “40 CFR Part 63, National Emission Standards for Hazardous Air Pollutants for Source Category: Pulp and Paper Production,” 

Federal Register 61.47, 8 Mar. 1996: 9383 and passim.

17
 Environmentally Sound Paper Overview:  Essential Issues Part III – Making Paper:  Content, Conservatree, 14 Dec. 

2002 <http://www.conservatree.com/learn/Essential_Issues/EIPaperContent.shtml>.

18 Abramovitz and Mattoon 27 and references cited therein.

19 Hershkowitz, “Chapter 1” and reference cited therein.

20 Recycled Office Products. Undated document comparing resource use and pollution generation by recycled and virgin paper. 

Compiled from U.S. EPA and the Maine Energy Education Program by Recycled Office Products Co., Inc., 44 Grove St. Bangor, ME,  

04401.

21 Abramovitz and Mattoon 29 and reference cited therein.

22 Hershkowitz, “Chapter 1” and reference cited therein.

23 Environmentally, Part III.

24 Dioxins and Furans, EPA, 4 Aug. 2003 <http://www.epa.gov/epaoswer/hazwaste/minimize/dioxfura.pdf>.

http://www.epa.gov/epaoswer/hazwaste/minimize/dioxfura.pdf


York, and Times Beach, Missouri, as well as the herbicides in Agent Orange, is classified by both the

World  Health  Organization’s  International  Agency  for  Research  on  Cancer  and  the  National

Toxicology Program of the US Department of Health and Human Services as a “known human

carcinogen.”25  Besides contributing to cancer, it has been demonstrated in animal studies that dioxins

and furans can depress the immune system, damage developing fetuses, and impair reproductive

capacity.   Dioxins and furans can also alter  hormone levels  in  animals  and humans26 and may

contribute to diabetes.27  These deleterious effects are all the more frightening because of EPA’s

warning in a 2000 draft reassessment of dioxin:  “It is likely that part of the general population is at, or

near, exposure levels where adverse effects can be anticipated.”28  Fortunately, recycled paper mills

generate fewer dioxins and furans because they utilize old paper that has already been bleached.29

6.  Paper comprises forty percent of municipal solid waste and constitutes the single

greatest portion thereof, according to EPA.30  The US throws away 40 million metric tons (44

million tons) of paper annually, which is more than the People’s Republic of China, the world’s most

populous country, consumes in a year.31  This paper ends up in landfills or incinerators, which waste

valuable fiber resources while releasing toxic pollutants.32  The manufacture of just one ton of 30%

PCW recycled paper averts the addition of two cubic meters (three cubic yards) of materials to

landfills.33

7.  Buying recycled paper augments demand for the product and increases production.

This, in turn, supports community recycling efforts and encourages mills to research and invest in

recycling  equipment—which  further  establishes  recycling  systems,  reduces  prices,  and  makes

recycled paper more available.  At the same time, the District’s termination of its purchase of virgin

paper would signal to non-recycled manufacturers that consumers are increasingly turning away from

products which place an unsustainable burden on the earth’s resources.

8.   Numerous  institutions,  organizations,  and  businesses  already  purchase  recycled

paper.  The federal government is one of them, and every state has at least one executive order or law

supporting the purchase of products, like paper, that are made with recycled materials.34  Businesses

25 What’s Dioxin?, Center for Health, Environment, and Justice (CHEJ), 26 Oct. 2002 <http://www.chej.org/dioxin.html> and 

references cited therein.

26 Dioxins.

27 What’s and references cited therein.

28 “EPA Draft Report Cites Cancer Risks From Dioxin,” CNN, 17 May 2000, 31 Aug. 2003 

<http://www.cnn.com/2000/HEALTH/cancer/05/17/dioxin.epa.02/>.

29 Environmentally, Part III.

30
 Paper and Paperboard Products, 29 Oct. 2002, EPA, August 31, 2003 <http://www.epa.gov/msw/paper.htm>.

31 Abramovitz and Mattoon 38 and reference cited therein.

32
 Environmentally Sound Paper Overview:  Essential Issues Part II – What’s Going On?, Conservatree, 14 Dec. 2002 

<http://www.conservatree.com/learn/Essential_Issues/EIGoingOn.shtml>.

33 Recycled Office Products.



ranging from Staples, Inc.35 to Raincoast Books—the Canadian publisher of  Harry Potter and the

Order of the Phoenix36—have taken steps to advance the sale and use of recycled paper.  Bates

College,37 James Madison University,38 Rutgers, the University of Virginia,39 and the University of

Vermont40 are among the many schools that purchase paper containing recycled content.

9.  It would enhance the District’s leadership role in promoting innovative solutions.  As

well as bringing the District positive publicity, the policy would provide an opportunity to educate

students about environmental issues and ways to address them.  Perhaps most importantly, the policy

would set a good example to students, parents, and citizens, both within and beyond the District, of the

importance of taking small but essential actions that help to ensure a more sustainable world for

posterity.

Thank you for your attentive consideration of this letter.

Sincerely,

Brian Tomasik

218 Old Stage Road

East Berne, NY 12059-1854

34
      Susan Kinsella, Recycled Paper:  The Best Choice, Mar. 2000, Conservatree, 26 Oct. 2002 

<http://www.conservatree.com/paper/PaperTypes/RPCrecypprFactSheet.pdf>.

35
      Cat Lazaroff, Staples Plans Move to Recycled Paper, 12 Nov. 2002, Environmental News Service (ENS), 17 July 2003 

<http://ens-news.com/ens/nov2002/2002-11-12-06.asp>.

36       Canadian Firm Prints Potter on Green Pages, 19 June 2003, ENS, 4 August 2003 <http://ens-news.com/ens/jun2003/2003-06-

19-11.asp>.

37      Bates College Lewiston, ME (Project Status, Spring 1998), Spring 1998,  National Wildlife Federation (NWF), 20 July 2003

<http://www.nwf.org/campusecology/pdfs/bates_paper.pdf>.

38      James Madison University Recycled Paper Purchasing Facilities Management Harrisonburg, VA (Project Status, Spring 1997),

Spring 1997, NWF, 20 July 2003 <http://www.nwf.org/campusecology/pdfs/jamesmadison.pdf>.

39      Tree.

40
      University of Vermont Recycled, Chlorine-free Paper Purchasing Burlington, Vermont (Status of Project, Spring 

2000), Spring 2000, NWF, 17 July 2003 <http://www.nwf.org/campusecology/pdfs/uvm_paper.pdf>.
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Suffering-Focused Ecocentrism

By Brian Tomasik

First written: 25 Aug 2016. Last nontrivial update: 25 Aug 2016.

Summary

Many ecocentric moral systems value pristine nature because ecosystems are seen

as having interests in survival and proper functioning. However, there are many

possible interpretations of what makes an ecosystem better or worse off. Those

inclined toward suffering-focused ethical views in the domain of humans and

animals may also incline toward giving more ethical weight to the "suffering" of

ecosystems than to their "thriving". In this case, it may be best to have fewer

ecosystems, exactly contrary to what most ecocentrists assume.
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About this piece

I'm not an expert on environmental ethics, and what I say here may be unoriginal.

However, I haven't yet seen someone make this point in the environmental-ethics

literature. This might make an interesting topic for a philosophy student to write

about further.

Because I haven't read many environmental-ethics writings, I'll focus on just one

paper: "The ethics of biological control" by Jeffrey Lockwood. That piece, in turn,

relies on the framework developed in Lawrence Johnson's A Morally Deep World.

If someone takes up this project further, the general idea could be applied to

biocentric and other ecocentric theories as well.

Interests in survival vs. suffering avoidance

Lockwood explains (p. 4):

Johnson reformulates

Aristotle's understanding of

Telos (the inherent nature of a

being that defines what it is and

does) into the concept of well-

being interests. To possess

interests is to have needs that

can be met or, in other words, a

condition that can be bettered or worsened in so far as the being is

concerned. Johnson argues that some interests are not a reasonable

basis for moral action (one could have an interest that was self-

destructive, being based on wrong information, addiction, or other

such conditions). As such, he narrows the scope of discussion to well-

being interests, those elements of an entity's self-identity that allow for

the general, effective, and integrated functioning of life processes.

The last sentence reveals a pro-life bias in Johnson's approach. Who's to say that

functioning of life processes is most important for well-being? Why not judge

avoidance of harm to be more important? I suggest that an ecosystem's well-being

interests should primarily be seen as the absence of "suffering", rather than the

continuation of life.

More pro-life bias on p. 6:

Johnson asserts that at least some of the interests of species and

ecosystems are based on well-being, and therefore these entities are

morally considerable. He argues that at the very least, species and

ecosystems have survival as a well-being interest. Contemporary

definitions of life include some element of self perpetuation; all other

biological functions (and morally relevant interests) are impossible if an

entity does not survive.

But avoidance of suffering is impossible if an entity does survive. So if suffering

reduction takes moral precedence, then nonexistence would seem to be in the well-

being interest of ecosystems and species.

What does an ecosystem want?

Lockwood continues (p. 6):

However, it is not just surviving that matters to these entities, but

surviving well. That is, species and ecosystems, like any other entities

with well-being interests, have an interest in maintaining themselves as

coherent, integrated, functioning, ongoing wholes with particular sell-

identities. He [Johnson] argues that a species reduced to captive

existence in a zoo will deteriorate with respect to its nature and sell-

identity. Although Johnson does not pursue this line of reasoning, by

logical extension it can be argued that ecosystems restricted to limited,

discrete, parcels of land that disconnect them from vital ecological

relationships may also lose their identity, their Telos (i.e., island-like

preserves may be the zoos of our ecosystems). In this context, Kruess

and Tschamtke (1994) have found that fragmentation of the

agricultural landscape reduces biological diversity and severely impairs

ecological function, particularly the processes of predation and

parasitism.

If one objects to zoos on the grounds that animals suffer in them, that's a good

argument. But it's less clear that something else of value is lost when an animal is

domesticated. Who's to say what's in the interest of the species? Maybe the

species was in a negative state previously and now benefits from becoming more

domesticated. Likewise, maybe the connected habitat benefitted from being broken

up. Maybe predation and parasitism were a scourge that an ecosystem is now freed

from. Without a clear theory of species or ecosystem welfare, we can't tell.

Ecosystem responses

When an animal is hungry, it eats food. When an animal is full, it doesn't eat food. In

different circumstances, animals react differently, and we generally take these

behaviors to be something the animal prefers to do.

When an ecosystem is undisturbed, predator populations are high. When an

ecosystem becomes fragmented, populations of large predators decrease. Why not

also assume that the loss of large predators is what the ecosystem prefers to have

happen in response to a change in circumstances?

Positive feedback

Another way to assess a system's welfare is to see whether it shows reinforcement.

For instance, when an animal eats a food and then comes back to eat more of the

food, we generally presume that it's in the animal's interest to eat that food. We can

generalize this to the principle that when an entity confronts a little bit of X and then

later does more of X, X is in the entity's interest.

Now consider a species that gets caught in an extinction vortex. For example:

The R vortex is initiated when there is a disturbance which facilitates a

lowering of population size (N) and a corresponding increase in

variability (Var(r)). This event can make populations vulnerable to

additional disturbances which will lead to further decreases in

population size (N) and further increases in variability (Var(r)).

After experiencing a little bit of disturbance, the species responds by getting more

and more disturbed. So perhaps it's in the interest of the species to decrease its

population size and go extinct?

Likewise, consider a so-called "vicious cycle" in an ecosystem context:

Shrub lands that used to burn every 50 to 150 years on the coast and

every 30 to 100 years inland are burning far more frequently in some

areas [due to human activity].

The chaparral and coastal sage don't have time to regrow before the

next inferno. Hillsides turn into ugly outposts of invasive weeds. [...]

The change in vegetation extends the fire season because many

invasive plants burn virtually year-round. Toss a cigarette into a stand

of [native] coastal sage in June and in most years it won't ignite. Do

the same to a bed of [invasive] red brome and it will.

The ecosystem has responded to an input (increased burning) by setting itself up to

burn even more. Hence, presumably the ecosystem prefers to burn more often and

thereby reduce species diversity?

One could try to argue that survival is inherently in the interests of a living system.

But that's not true for terminally ill people who want to euthanize themselves.

Likewise, maybe a feedback loop that results in the loss of an ecosystem is the

ecosystem's way of committing suicide.

Buddhism

Another approach to assessing a system's welfare could be to look at whether the

system is "restless" and "dissatisfied". Indeed, ecosystems are always changing,

suggesting that they're never "content" to stay the way they were. The only way for

an ecosystem to escape this suffering seems to be to cease existing.

Conclusion

Obviously, attributing desires to a species or ecosystem feels somewhat strained,

and these entities only weakly resemble an agent seeking to improve its condition,

which is why I think species and ecosystems deserve a pretty small degree of moral

weight relative to animals. But insofar as we do try to care about species and

ecosystems, there remains ambiguity about what their interests are and how to

weigh interests in survival vs. interests in not continuing to suffer.
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Encouraging My School District to Buy Recycled

Paper

By Brian Tomasik

When I was in high school, I was a strong environmentalist. The most significant

advocacy effort I undertook was aiming to encourage my school district to buy recycled

copy paper, although the effort was ultimately unsuccessful. This page links to writings

related to this project.
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Coverage by the local newspaper

Origin of the idea

Based on my interest in Ralph Nader, I heard about the book Civics for Democracy:

A Journey for Teachers and Students, which I bought. While browsing through it in

Oct. 2002, I saw on p. 253 a proposed activity of making your school a green

purchaser. One of the links given was to the Government Purchasing Project (GPP),

which I looked up online. There, I found information about chorine-free paper and

links to companies that make it. I also found a useful guide entitled “How to

Encourage Forest-Friendly Purchasing in Your Community’s Institutions.” I continued

reading and contacting people for more information.

A summary of my effort

In fall 2004, as part of the Common Application for college, I wrote the following

account in the section on extracurricular activities.

For the past two years, I have been working to convince my school district to

purchase recycled copier paper. I have been concerned about environmental

degradation ever since I was a small child, and this endeavor—more than any other

—has given me the opportunity to convert that concern into determination to make

a real and meaningful change.

In addition, this effort has shown me how things are done in the real world, outside

of the sheltered walls of the classroom. There was no teacher to assign the project

and to set a due date; rather, the task was the result of my own volition, and I moved

along at my own pace. I was not given any rubric or formally instructed in how to

proceed; instead, I found online guide articles and went for advice to parents,

teachers, friends, and even representatives from colleges and universities that

already purchased recycled paper. The activity was neither theoretical nor

contrived; to the contrary, my letters to paper retailers inquiring about their bulk

prices, my tests of the quality of various brands of recycled paper in copiers, and my

success in encouraging the administration to conduct a bid for recycled paper

alongside the usual bid for virgin paper so that actual prices could be compared all

represented concrete ways to overcome real obstacles.

And yet, none of this would have been possible without formal education. I needed

the writing skills that I had learned in English and history classes for my research

report on the environmental benefits of recycled paper and for the letter that I

prepared for the Board of Education. And I never would have been able to calculate

the exact magnitude of estimated resource savings that the school district’s

conversion to recycled paper would entail had I not taken science and math. The

lesson of this project, then, is not that theoretical instruction is a useless waste of

time but that it must be reinforced and enhanced by its application to real-world

situations.

Documents I wrote during the process

"Environmental Benefits of Recycled Paper" (a long report)

TODO: board letter

Coverage by the local newspaper

"What is the price of leadership?" (2005): an editorial in The Altamont

Enterprise in support of my effort.

"For a sustainable world take small but essential actions" (2006): another

editorial that refers back to my efforts the previous year.
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National Merit Scholarship essay

by Brian Tomasik

fall 2004

Note: My views on environmentalism have changed since writing this piece. For more 

on my current stance, see “Applied Welfare Biology and Why Wild-Animal Advocates 

Should Focus on Not Spreading Nature”.

Prompt: In your own words, describe your personal characteristics, accomplishments, 

primary interests, plans, and goals.  What sets you apart?  Your essay should be about 

500 words.

The single most important facet of our own existence is the impact that we have 

on the lives of others; the extent to which we make the world a better place is what 

ultimately matters most.

It is this belief that has driven many of my accomplishments.  I am president of 

Youth Ending Hunger, a high-school club that draws attention to and seeks to address 

the issues of hunger and poverty by organizing “hunger banquets,” volunteering at the 

local food bank, and donating money to larger hunger organizations.  I also lead the 

Student Environmental Action Coalition, a club which helped to reinstate recycling of 

cans and bottles at the high school, which hosts speakers and circulates petitions during 

“Earth Week,” and which volunteers at the Albany Pine Bush, a globally rare ecological

site.  Both with the members of these clubs and on my own, I regularly write advocacy 

letters to members of Congress, executive agencies, and corporate decision makers.

For the past two years, I have been working to encourage my school district to 

purchase recycled copy paper.  After researching brands, prices, distributors, 

performance in high-speed copiers, and environmental benefits of recycled paper, I met 

with the superintendent of schools to discuss my proposal.  Though he was unwilling to 

commit the extra money for recycled paper, the superintendent did decide to include in 

future bids a request for prices of both recycled and virgin paper so that price 

differences between the two types could continue to be compared.

My concern for the environment also extends into the realm of science.  When 

my tenth-grade chemistry teacher required his students to carry out an independent 

research project, I chose to take water samples from the local reservoir and measure 

their concentrations of phosphorus, a chemical that affects eutrophication and drinking-

water quality.  I continued this research over the next two summers, and I am now 

working it into a formal report that I will submit to the Intel Science Talent Search this 

fall.

http://www.utilitarian-essays.com/applied-welfare-biology.html
http://www.utilitarian-essays.com/applied-welfare-biology.html
http://www.sccs.swarthmore.edu/users/09/btomasi1/


This undertaking reflects my passion for the methodical steps by which a 

scientific experiment is performed; yet, my academic interests extend far beyond 

science.  I helped to found a Math Club at my high school, and I am a member of the 

Political Activist Coalition, which discusses current events.  I am an ardent supporter of 

the Green Party, and I have a special enthusiasm for the history of third-party 

movements.  In my free time, I enjoy everything from playing tennis and walking in the 

woods to deriving math formulas and learning about the intricacies of grammar.

Because I wish to continue exploring such a wide array of subjects, I will attend 

a small liberal-arts college during my next four years.  I do not yet know what type of 

graduate education I will pursue—it may be anything from physics to environmental 

law—but I do know that it will in some way serve the general good of society, for it is 

only by applying our reason, our persistence, and our alacrity for life to this purpose 

that we can truly discover the greatest depths of joy, fulfillment, and meaning.



Recycling Returns1

By Brian Tomasik

2002

What is a process that represents one of the most basic yet effective environmental 

solutions to mounting ecological devastation?  One is recycling, an indispensable process that 

not only reduces the quantity of waste in landfills or pollution from garbage incineration, but 

which also saves energy, water, and resources.  Because of its value, recycling should be 

expanded, especially in the U.S. where the potential exists to recycle much more waste that is 

currently thrown away.

For this reason, the Student Environmental Action Coalition (SEAC) became concerned 

when the recycling of plastic, glass, and aluminum cans and bottles stopped for the 2001-2002 

school year.  “Last year, there was no program for recycling incorporated into the budget,” 

explained Katy Hartman, co-president of SEAC.  “This year, after talking to the administration, 

it was put back into the budget.”

This year, SEAC is working to implement the following proposal to reinstate recycling.  

Every participating advisory keeps a box in their room in which students should dispose of 

bottles and cans.  During each advisory period, one student from each classroom carries the box 

to the east or west lobby and empties the contents in the large recycling bins there.  SEAC 

members then carry these to recycling collection bins outside the new gym, where, 

approximately each week, Accurate Disposal, Inc. picks up the recyclables, according to Robert 

Paquette, Assistant Superintendent for Business.  

Guilderland High School recycles approximately seven to ten large plastic bags full of 

cans and bottles every week, according to estimates by SEAC members.  Recycling of these 

translates into prodigious environmental benefits, including reduced incineration, energy use, 

waste accumulation, and air pollution.  

1 This article was published in the GHS Journal, the student newspaper at Guilderland Central High School, 

Guilderland, NY, USA. I don't remember the exact date, but it was probably around Nov-Dec 2002. The title was

changed for the print publication to something like “SEAC brings back GHS recycling,” but I don't remember 

the exact title, nor can I find the information online. I imagine that some of the contents of this article's body may

have been altered for publication too. I don't now (in 2014) necessarily endorse the views I held at the time of 

writing this piece.

http://www.sccs.swarthmore.edu/users/09/btomasi1/


According to the Reynolds Metal Company, the recycling of one aluminum can 

consumes one-twentieth of the energy used to produce the same can from raw materials; this is 

enough energy to power a television for three hours.  NASA reports that recycling glass 

generates one-fifth less air pollution and 50 percent less water pollution than creating new glass 

products.  

In spite of this, the United States is far behind most other developed countries in the 

quantity of products it recycles.  Of the twenty most industrialized democracies, America is 

nineteenth in glass recycling, according to a 1995 ranking by the Organization for Economic 

Cooperation and Development.  Given that, per person, Americans create more waste and air 

pollution and consume more water and energy than anyone else on earth, the United States 

government should more actively pursue the advancement of recycling programs, following the 

example of other industrialized nations.  

SEAC hopes to play a part in that by ensuring the continuation of recycling at GHS.  

“Americans are the ultimate consumers,” commented Marilyn Davis, an advisor for SEAC.  “We

use up far more than our fair share of the earth’s resources.  We live in a throw-away society 

based on our personal convenience.  The least we can do is dispose of our recyclables in a 

manner that promotes conservation of our resources.  It doesn’t take much effort on our part.”



Brian Tomasik - Summer 2001-Summer 2002

Note: I don't know if I now endorse industrial hemp – it depends on the net balance of the crop for wild-animal suffering (

http://www.utilitarian-essays.com/crop-cultivation-and-wild-animals.html ) compared against counterfactual alternatives. If hemp 

reduces deforestation to produce fiber, this might increase wild-animal suffering by preserving those forests. --BT, 1 Jan. 2014

Industrial hemp, a variety of the plant Cannabis sativa and a member of the mulberry family, has been grown for thousands 

of years, produces some of the longest and most durable fibers in nature, and has over 25,000 uses.  Even though there are hundreds of

varieties of the plant, all are classified as belonging to the same species.  Cannabis sativa contains several substances called 

cannabinoids, the two most prevalent being cannabidiol (CBD) and delta 9 tetrahydrocannabinol (THC), which is the primary 

psychoactive substance in marijuana.  Industrial hemp is a variety of Cannabis sativa that has been bred so that it produces a 

maximum fiber content, while only containing .05-1 percent THC, as opposed to the 5-20 percent THC found in marijuana.  Industrial

hemp contains such a negligible amount of THC that smoking an entire field would only give the smoker a headache, not a “high”.  In 

addition, the cannabinoid CBD, which actually reverses the psychoactive effects of THC, is present in large quantities in industrial 

hemp.  Industrial hemp usually contains over .5 percent CBD, generally creating a ratio of CBD to THC of around 5: 1.  In contrast, 

marijuana usually has less than .5 percent CBD, resulting in a ratio of CBD to THC that ranges from 1: 2.3 to 1: 7.4.  Industrial hemp, 

because of its low THC and high CBD content, has even been used to aid marijuana addicts in breaking their smoking habits.  William

M. Pierce Jr., Ph.D., Associate Professor of Pharmacology at the University of Louisville School of Medicine wrote in a 1997 letter 

that “Industrial hemp does in fact contain a psychoactive substance, tetrahydrocannabinol (THC) and thus the question [of its potential

use as a drug] appears at first reading to be a reasonable one.  Upon closer consideration, however, using the most fundamental 

principles of pharmacology, it can be shown that it is absurd, in practical terms, to consider industrial hemp useful as a drug.”  Despite

the essential differences between the two types of Cannabis, the United States Drug Enforcement Administration (DEA) classifies all 

varieties of hemp as marijuana, and therefore prohibits its cultivation in the United States.  

Despite the many promising possibilities presented by the plant, industrial hemp was largely ignored by much of the world 

during the last few decades; however, in recent years, the plant has experienced a renaissance.  Renewed interest in the plant is 

increasing its cultivation and use.  Over 30 countries have legalized industrial hemp, including Ukraine, Thailand, Switzerland, 

Russia, Romania, Portugal, Poland, Philippines, Pakistan, the Netherlands, Nepal, Korea, Italy, Ireland, India, Jamaica, Hungary, 

Germany, France, England, El Salvador, Chili, China, Canada, Belgium, Austria, and Australia, even though many of them still ban 

marijuana.  The United States currently permits the importation of products made from hemp from such countries, but US farmers are 

prohibited from growing the plant.  The augmented cost caused by importation and the possibility of seizures at the border have 

discouraged many US companies from investing in the crop.  Recently, the DEA has issued a permit to grow a test plot of industrial 

hemp in Hawaii, but the agency demands a chain-link fence with razor wire on top and a 24-hour infrared security system around the 

plants.  Such unnecessary measures, if required for all industrial hemp cultivation, would prevent the crop from becoming 

commercially viable in the US because of the extra cost of security.  

Any trained person can easily distinguish marijuana from industrial hemp.  The DEA claims that if industrial hemp were 

legalized, farmers could hide marijuana in their fields; however, the countries that have already legalized industrial hemp have 

experienced no problems of the sort.  In 1996, more than 300 of Germany’s hemp fields (over 50 percent of them) were inspected for 

the presence of marijuana, and none of the fields were found to contain the drug variety of the plant.  Also, industrial hemp is 

harvested five to six weeks before a marijuana grower would harvest his crop.  Marijuana plants require copious room to grow to 

maximize their leaves (there are usually one to two plants per square meter), but industrial hemp stalks are grown very close to each 

other (with 300 to 500 plants per square meter), to maximize the growth of the stalk.  Such an overt difference is easily visible from 
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above a hemp field, and if anyone traveled inside the hemp field to reach hidden marijuana, their path would also be conspicuous 

because of the thick density of industrial hemp stalks.  Even if marijuana plants were present in industrial hemp fields, the two 

varieties would exchange pollen.  The pollen of the industrial hemp would lower the THC content of a resulting marijuana plant, but 

the THC content of a resulting industrial hemp plant would not increase.  A marijuana grower would not be likely to plant their 

marijuana near an industrial hemp field, because, according to a Russian study, the pollen of industrial hemp spreads over 

approximately a 12-mile radius.  Additionally, all countries that currently allow the cultivation of industrial hemp use a system of 

permits, which includes requirements that farmers notify police as to which fields are used for industrial hemp.  It is unlikely that a 

marijuana grower would hide their plants in a field that is under heavy surveillance by law enforcement personnel.  

In addition to the claim that marijuana could be hidden in industrial hemp fields, critics of industrial hemp legalization have 

asserted that THC could be extracted from the plant and concentrated into high doses of THC.  However, the task would be rendered 

futile because of the enormous amounts of time, effort, and money required; it would be easier to simply find marijuana.  If one 

“cooked down” industrial hemp in an attempt to concentrate the THC, the CBD would also be highly concentrated, making the 

technique ineffective.  Robert C. Clarke, a botanist and expert on hemp, wrote that “Although industrial hemp does contain trace 

amounts of THC, it is of no practical significance.  There is also a minor percentage of precious gold dissolved in sea water, but it is 

no more economically feasible to extract than THC from [industrial] hemp.”

The cultivation of industrial hemp is fairly simple, and the plant requires only three to four months (70 to 110 days) until it is 

ready for harvest.  The crop, which is an annual, grows well in many different soil and climactic conditions, although optimal growth 

occurs in a mild, humid climate with temperatures between 60 and 80 degrees Fahrenheit and rainfall ranging from 25 to 30 inches 

annually.  Industrial hemp can resist sudden weather changes better than most other flora; small seedlings and mature plants can 

endure minor frosts for a short period without much damage, and industrial hemp is less likely to be harmed by frost than oats or corn.

The stalks grow from ten to twelve feet (three to three and two-thirds meters) high, and 400 to 2500 pounds (180 to 1130 kilograms) 

of hemp are produced per acre; in good conditions, an average of 1000 pounds (450 kilograms) per acre are yielded.  After hemp is 

harvested, a process called retting is used to separate the long bast fibers from the woody core of the stalk, allowing the fiber to be 

more easily removed later.  During dew retting, the stalks are left out in fields through freezing and thawing and they are exposed to 

the decomposing action of bacteria; this retting method is most frequently employed.

Industrial hemp, unlike most plants, leaves the soil in good condition, often better than before it was planted; if it is retted on 

the field, up to two-thirds of its organic matter can be returned to the soil.  According the 1913 Yearbook of the United States 

Department of Agriculture:  “An abundant supply of plant food is required by hemp, but most of it is merely borrowed during 

development and returned to the soil at the close of the season.”  The Yearbook also explains: 

          “Hemp cultivated for the production of fiber, cut before the seeds are formed and retted on the land where it has been grown, 

tends to improve rather than injure the soil.  It improves its physical condition, destroys weeds [by crowding them out and 

shading the ground], and does not exhaust its fertility….Hemp loosens the soil and makes it more mellow.  The soil is shaded 

by hemp more than by any other crop [which cools the ground and doesn’t kill decomposers that might otherwise be eliminated 

by the heat].  The foliage at the top of the growing plants makes a dense shade and, in addition, all of the leaves below the top 

fall off, forming a mulch on the ground, so that the surface of the soil remains moist and in better condition for the action of soil

bacteria.  The rather coarse taproots,…penetrating deeply and bringing up food from the subsoil, decay quickly after the crop is 

harvested and tend to loosen the soil more than do fibrous roots of wheat, oats, and similar broadcast crops.  Land is more easily

plowed after hemp than after corn or small grain.”  

By breaking up the soil, the deep roots allow more air into the soil and the increased oxygen helps to expedite the decomposition of 

the nutrient-rich leaves.  Because it improves the soil and eliminates weeds, industrial hemp is a beneficial crop to use in rotation, such
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as with wheat and potatoes.  It has been reported that a crop of industrial hemp has been able to completely eliminate Canadian thistle 

and substantially restrict the growth of quack grass.  Some farmers have witnessed a ten percent increase in the yield of their winter 

wheat after planting hemp on the same land.  Industrial hemp requires copious nitrogen, so it is best planted after a crop that fixes 

nitrogen, such as alfalfa.  

Industrial hemp has thousands of uses and is one of the most versatile plants on earth.  The seeds of industrial hemp, which 

are one-eighth to one-fourth of an inch (six to thirteen millimeters) in diameter, can be used to make a variety of food products.  The 

hemp seed itself contains no THC, although, during processing, some of the THC from the rest of the plant attaches to the seed; 

however, such a small amount of THC is completely innocuous.  Most workplace drug tests for people who consumed unrealistically 

high quantities of hemp seed products are not positive for THC.  In rare cases, THC has been detected, but such tests have also been 

able to detect harmless amounts of opium in subjects who had consumed poppy seeds.  Industrial hemp food products are about as 

likely to be used as a drug as poppy seed bagels or fruit juices, which contain trace amounts of alcohol.  To demonstrate the low levels

of THC present in hemp foods, the Canadian Triathlete Harry Barnes consumed inordinate amounts of HEMPOLA Cold Pressed 

Hempseed Oil during his peak training period.  He ate up to six ounces of HEMPOLA daily, which is twelve times the amount 

normally consumed, and, in addition, the athlete explained: “I’m also eating three cups of hempseed flour per week and two cups of 

HEMPOLA pancakes per week.  Plus I wash and shower using Hempola soap three or four times a day.”  After having his urine 

analyzed for the presence of cannabinoids on February 27, 2002, Harry Barnes discovered on March 5 that the results had come back 

negative.  

The seed of the hemp plant is very nutritious and contains plentiful amounts of protein, calcium, magnesium, potassium, 

phosphorus, vitamin A, and vitamin E.  Twenty-nine to 34 percent of the weight of a hempseed is its oil.  After the oil is crushed out 

of the seed, the remaining meal is about 25 percent protein and is an excellent feed for pets, cows, chickens, and other animals.  

Sterilized hemp seed is contained in most birdseed sold in the US.  The seed, which tastes better and is more digestible by the human 

body than soy, can be used to make hummus, non-dairy milk, cheese, ice cream, butter, flour, pasta, bread, chips, nutrition bars, cakes,

cereals, and cookies.  Recently, the hemp foods industry in the US has expanded from under $1 million to over $5 million.  If 

industrial hemp were legalized in the US, seeds purchased by American consumers would be fresher and would retain greater amounts

of nutrients because they wouldn’t have to be transported as far and wouldn’t undergo sterilization, a process which causes the seeds 

to become rancid sooner.  Because sterilization would be precluded, the price of the seeds would also be reduced.

The oil of hemp is very healthy and can be used in salad dressing and other food products.  Eighty-one percent of hemp oil is 

polyunsaturated essential fatty acids, the highest percentage in any known food source.  Essential fatty acids (EFAs) are beneficial to 

the body, yet the body cannot produce them on its own and must obtain them from outside sources.  Hemp oil is also high in a few 

essential amino acids.  The oil contains only eight percent saturated fat, which is sticky and can cause blood clotting.  Flax is also a 

good source of essential fatty acids, but it doesn’t contain as many as industrial hemp seed oil.  Many people don’t like the taste of 

flax oil; most people prefer the taste of hemp oil.  Fifty-four to 60 percent of hempseed oil is linoleic acid (LA), which is an omega-6 

unsaturated fat.  It is converted into prostaglandin E1, which regulates several metabolic functions.  LA helps to decrease blood 

clotting, inflammatory cholesterol, and helps to stabilize blood sugar.  Industrial hemp seed oil also contains 15 to 20 percent linolenic

acid (LNA), an omega-3 fatty acid that 90 percent of Americans do not receive enough of in their diets.  The ratio of LA to LNA in 

hemp seed oil is 3 : 1.  The World Health Organization (WHO), Health Canada, and scientists in Sweden and Japan have 

recommended that humans consume those two fatty acids in a ratio of 4 : 1, and the ratio in hemp oil is closer to this 4 : 1 ratio than in 

any other naturally occurring oil.  In flax, that ratio is almost inverted, with only 14 percent LA and 58 percent LNA.  Essential fatty 

acids form longer chain fats such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are also found in some 

cold-water fish.  The omega-3 fatty acids in these chain fats reduce blood clotting and lower cholesterol, thereby reducing the risk of a
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heart attack.  They have also been shown to lessen arthritis and autoimmune disorders because they have an anti-inflammatory effect.  

Hemp seed oil also contains the rare fat, steridonic acid (SDA), as well as one to four percent gamma-linolenic acid (GLA), a rare 

omega-6 fatty acid also present in black currant, primrose oil, borage, and mother’s milk.  GLA may be involved with the growth of 

hair and nails, and it is important in regulating T-lymphocyte functions as part of the body’s immune system; this fatty acid is also 

involved with the growth and metabolism of cells.  GLA reduces the risk of coronary heart disease and decreases blood clotting, 

cholesterol, triglycerides, and inflammations in joints.  It has been able to alleviate diabetes, acne, hyperactivity, alcoholism, pre-

menstrual tension (PMT), and several other disorders.  Given hemp oil’s superior nutritional content, it is little wonder that Dr. Udo 

Erasmus, a nutritional expert on fats and oils, has written in his book Fats that Heal – Fats that Kill: “Hemp seed oil may be nature’s 

most perfectly balanced oil.” 

Industrial hemp oil can also be used for soap, lotions, massage oil, shampoo, conditioner, moisturizer, lip balm, and other body-care 

products.  The essential fatty acids of the oil made from the hemp seed are easily absorbed into the skin and help to moisten it.  When 

mixed with herbs, salves made from hemp oil can treat skin irritation, small cuts, and insect bites.  Hemp oil and oil produced from 

flax (Linum usitatissimum L.) blends easily with other substances, making it ideal for nontoxic and biodegradable varnishes, shellacs, 

resins, paints, and inks.  The oil in hemp paints soaks into the wood and helps to preserve it.  Inks, such as those made from hemp, can

also be produced from soybeans, but because industrial hemp contains higher levels of linoleic acids, the ink requires less processing.  

About 70 percent of the hemp stalk is short core fiber (called hurds), which is ideal for packaging and can be used as bedding

for animals, including horses and rabbits.  Cat litter containing hemp hurds is currently sold in Germany, France, and England.  

Industrial hemp hurds are preferred for bedding over cheaper materials because they absorb more moisture, so the animals are less 

likely to become infected with diseases.  It is up to twice as absorbent as wood chips or straw and also lasts longer and decomposes 

more rapidly.  

The fiber of industrial hemp can be used for strong ropes and sails as well as many textiles.  Hemp fiber can produce 

blankets, backpacks, carpeting, bedspreads, drapes, mattresses, sheets, tents, and upholstery.  The absorbing quality of the plant makes

it ideal for towels and the like.  The fiber is longer and stronger than cotton, but a “cottonization” process can be used to convert long, 

thick fibers into cotton-like bundles allowing the fiber to be processed on existing cotton equipment and to produce clothing that feels 

like cotton.  Fabrics with the quality of linen can be produced from industrial hemp.  The textiles can endure harsh conditions, are 

more absorbent and more resistant to mildew than cotton, and are better insulators than most fabrics, keeping the wearer cool in the 

summer and warm in the winter.  Also, according to the Chinese Academy of Sciences, fabrics made from at least 50 percent 

industrial hemp fiber block the sun’s ultraviolet rays better than normal fabrics.

Hemp, as well as other plants such as corn, can be converted into ethanol, which can be used in cars instead of gasoline and 

releases less pollution.  However, the burning of ethanol destroys the nutrients that were in the plant, it causes extra farmland to be 

used, which creates more space where native species are replaced, and is a completely renewable source, unlike oil, so its use might 

lessen the urgency for completely environmentally benign automobiles.  Better alternatives exist, such as hydrogen-powered cars, 

which contain hydrogen fuel cells.  These cars harness the energy released when hydrogen is exposed to oxygen, and instead of 

releasing exhaust, the car releases water formed by this reaction.  The hydrogen could be potentially created with clean energy, such as

from the sun or wind.  Hydrogen-powered cars are very powerful yet very quiet and get excellent fuel mileage.  In addition, if all 

vehicles ran on hydrogen, engineer Amory Lovins estimates that these hydrogen-powered vehicles could produce enough excess 

electricity (which could be sold back to the power grid) that they would replace all existing power plants by five to ten times.

All products made from industrial hemp, including plastic, are biodegradable.  Industrial hemp plastics can be made new or 

combined with recycled plastics.  The short core fibers of the plant can be utilized in the production of cellophane for packaging, as 

well as a biodegradable Styrofoam-like substance.  Industrial hemp’s long fiber can be used to create a biodegradable replacement for 
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fiberglass; this substance is of a superior quality to fiberglass produced from flax.  Regular fiberglass breaks down only if it is broken 

into small pieces, which are dangerous if inhaled.  Many wind power generators are currently constructed partially from fiberglass, but

they could have less of an environmental impact if they instead used industrial hemp fiberglass.  Industrial hemp plastic can create car 

bodies that are lighter yet stronger than steel and that will not rust; they also insulate well against cold or heat and sound.  In the 

1940’s, Henry Ford experimented with using hemp plastic for fenders and car doors.  Ford explained his desire “to grow automobiles 

from the soil.”  His car, which was produced partially from and fueled by industrial hemp, was able to withstand impacts ten times as 

great as normal automobiles, yet it’s weight was only two-thirds as much as normal.

One of the most important uses for industrial hemp is for making paper, primarily because no trees are required.  The plant’s 

longer fibers are used for books, stationary, and magazines, while the shorter fibers are better for tissues, packaging materials, and 

newspaper.  Paper made from hemp can be recycled more times than paper made from trees.  Hemp paper lasts longer than wood-

based paper and doesn’t yellow, making it especially preferable for printing Bibles and other such books.  The world’s paper use has 

burgeoned in the last century from 14 million tons in 1913 to over 250 million tons in the 1990’s, over a 1600 percent increase.  The 

proliferation of the use of paper has accelerated in recent years; from 1985 to 1996, production of paper products worldwide has risen 

from 193.3 to 284 million tons, an average increase of 7.5 million tons every year.  Worldwide demand for fiber is enormous; in the 

US, the need for fiber is greater than the demand for steel and plastic combined.  In the fall of 1994, two paper companies, 

International Paper and Champion International, faced such shortages that they were forced to declare weeklong moratoriums on new 

orders of paper.  As a result of the world’s ravenous demand for fiber, forests all over the world have been cut down and only four 

percent of the old growth forests in the US remain today.  Trees are needed to provide habitats for many plants and animals, to 

improve the quality of water in watersheds that are near forests, for recreation, to prevent soil erosion, to produce oxygen and 

sequester carbon dioxide, as well as myriad other reasons.  Industrial hemp yields 3 to 8 tons of dry fiber per acre, which is four times 

what an average forest can yield per acre.  Although industrial hemp can’t completely prevent the use of forests, it could drastically 

reduce our dependence on trees if it were grown on a large scale.

Paper made from industrial hemp is processed with fewer chemicals.  Tree fibers contain at least 25 percent of the plant glue, 

lignin.  Plants such as kenaf, wheat, corn, and hemp have lignin contents of less than 10 percent.  This reduced lignin content entails 

the use of fewer chemicals and could reduce the energy used by paper mills.  Industrial hemp paper is naturally brighter than wood-

based paper and therefore can be more easily bleached without the use of chlorine, a chemical process that produces dioxin.  The US 

Environmental Protection Agency (EPA) has stated that even minute amounts of dioxin can cause cancer and birth defects.  Dioxins 

disrupt the human endocrine system, which causes endometriosis, diabetes, and immune suppression, among other problems, and they 

can also cause behavioral and learning disorders, sperm loss, decreased testosterone, metabolic changes, liver damage, and a skin 

disease called chloracne.  Dioxins bioaccumulate in the food chain and 90 percent of the human exposure to them is from meat and 

fish.  The burning of chlorinated wastes, such as plastic, produces 95 percent of dioxin, but a substantial amount does come from the 

bleaching of paper.  Therefore, the use of industrial hemp for paper could help to reduce the creation of this dangerous chemical 

pollutant.

The use of industrial hemp and other non-wood plants could also help to address a significant disadvantage experienced by 

many poor countries which lack abundant forest resources.  In the report “Cannabis as a Licit Crop: Recent Developments in Europe”,

G. Mignoni describes this problem: “Countries with large forestry resources by force of circumstance monopolize the market to the 

detriment of those countries completely lacking in that form of natural resource.  It should also be borne in mind that pulp—or 

finished paper products—are paid for in hard currency and are therefore subject not only to varying market price trends but also to 

variations in exchange rates for the dollar.  The negative impact of these factors affects poorer developing countries where the product 

paper = culture and knowledge = development.”  If, however, fiber crops like industrial hemp were grown and processed to produce 
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paper, the report further explains that “Raw material would most probably be more abundant and no longer need to be imported but 

could instead be produced in their own national or regional territories.”

In addition to decreasing the use of trees for paper, industrial hemp can help to reduce the use of trees for building materials.  

This plant can be used in the creation of medium-density fiberboard, oriented strand board, studs, posts, beams, trusses, and paneling, 

and it can be substituted for wood into existing composite mills without many machinery changes.  A test by Washington State 

University’s Wood Composite Laboratory found that medium-density fiberboard produced with industrial hemp is twice as strong as 

fiberboard made from wood.  The lab director of that study, Tom Maloney, concluded that “The use of hemp fiber in multidensity 

fiberboard and other composites looks very promising.”  Industrial hemp can be used for insulation, and has an average R-value of 3.5

per inch of thickness.  It can replace fiberglass insulation, and it is safer and easier to install.  The French firm La Chanvriere de 

l`Aube makes hemp hurds into a fiber insulation that can be blown or placed into walls.  Hemp hurds can be mixed with lime to form 

a cement-like plaster, used for the walls and floors of a house, that is stronger yet five times lighter than concrete.  It insulates well, is 

fire-retardant, less brittle than concrete, waterproof, resistant to mold and insects, easy to work with, and can sometimes save the 

builders money compared with using conventional materials.  It is also more flexible than concrete, so as to give the house in which it 

is used a slightly better chance of standing through an earthquake.

Apart from being extremely versatile, industrial hemp provides numerous environmental benefits.  Industrial hemp grows 

closer together than most other crops and yields more fiber per acre than most crops (about 2.5 times as much fiber per acre as cotton 

and about 6 times as much fiber per acre as flax) so it requires less water and uses up less land for farming that would otherwise 

contain native species.  The many products made from hemp are biodegradable and more environmentally benign than most synthetic 

products.  

Industrial hemp also requires very few, if any, chemicals to grow, apart from some fertilizer that might be added.  No 

pesticides are needed for hemp because it is naturally pest-resistant, and the shade from the leaves and the tight spacing of the stalks 

kills all weeds, obviating the need for herbicides.  The plant can become infected with over 100 diseases, but less than a dozen are 

serious, and fungicides are rarely, if ever, employed.  Industrial hemp could significantly reduce or even potentially eliminate the need

to grow cotton, a plant that often uses enormous quantities of chemicals which are detrimental to farm workers, consumers, and the 

environment.  In the US, cotton is grown on less than one percent of the farmland, but 25 percent of the pesticides are used on the 

crop.  According to the June 1994 issue of National Geographic, California in one year uses 6,000 tons of defoliants and pesticides on 

cotton.  The Wall Street Journal has reported that some cotton farmers in Asia apply seven times the recommended dose of pesticides 

to their fields.  A 1996 report by Agricola Partners of Davis, California, entitled “Pesticide Use in Cotton Growing” stated: 

          “These chemicals account for more than 50 percent of the total cost of cotton production in much of the world….

               In 1992, a total of 71.5 million pounds of pesticides were applied to 11.1 million cotton acres in the United States.  That 

indicates a national average of 6.43 pounds of pesticides applied per cotton acre.  In California, an average of 12.8 pounds of 

pesticides per acre were applied to cotton in 1993 and 1994.       

               It is widely documented that pesticides can affect the nervous, endocrine, immune, and reproductive systems, and that they 

pose heightened threats to infants, children, the unborn, and other subpopulations especially susceptible to toxic pollutants.  The

best documented and most visible environmental impact of pesticide use has been from toxic effects on wildlife, especially 

birds, fish, and other aquatic organisms.  Aerial drift, runoff from treated fields, application error, food-chain contamination, 

and industrial accidents are the principal means by which pesticides end up damaging wildlife populations.  Numerous studies 

have documented these effects….
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              Due to historically high pesticide use, insect resistance to commonly used pesticides is widespread in cotton.  This means that

pesticides are progressively less effective in controlling cotton pests.  Cotton growers must then increase the amount and/or 

combinations of pesticides to get the same results.”

The legalization of industrial hemp in the US may be able to succor farmers financially, help diversify farming, and possibly 

bring more people back into the realm of agriculture.  It would present farmers with more to grow than simply food, and, as Erwin 

Sholts, the chairman of the North American Industrial Hemp Council (NAIHC) points out: “You aren’t going to solve the corn-,  

soybean-, and wheat-price problems so long as we’re producing far beyond our needs and the needs of the world.  What this country 

deeply needs – in terms of agricultural development and price stabilization – is an alternative crop of significant acreage that works 

well in the rotation, which industrial hemp does.”  The crop would also return larger revenues to the farmers than most other crops.  In

1999, the Institute for Local Self Reliance reported that industrial hemp yields an average of 800 pounds (17 to 22 bushels of grain) 

per acre, which results in a gross product of $308-410 per acre.  This is considerably greater than the revenue generated by wheat and 

canola, which average a gross of $103-137 per acre.  A 1998 estimate reported that if industrial hemp were cultivated in North Dakota,

it would return an average of $74 per acre to the farmer, compared with an average of $38 per acre for corn or a meager $.86 per acre 

for sunflowers.  Industrial hemp fiber is bulky and hard to transport long distances, so it is easiest processed locally; apart from 

conserving oil because of less long-distance transportation, this would hopefully help to stimulate local businesses within 

communities, rather than large corporations that extend all across the country.  If growing, processing, and manufacturing of industrial

hemp were all performed locally, it would create many good-paying jobs within the community and circulate money locally.  Many 

Native American groups, such as the Navajo Nation, are interested in growing industrial hemp, as are many others throughout the 

United States.

Hemp is by no means a new crop.  It is thought to be one of the first crops ever grown by man.  Sand pottery dating back to 

around 10,000 BC has marks on its surface created by hemp cords, and near this pottery, archaeologists have discovered a rod shaped 

stone utilized for pounding the hemp and separating its fibers.  Materials made from hemp have been found in tombs dating from 7000

to 8000 BC, and a piece of hemp cloth from Mesopotamia is 10,000 years old.  The plant was originally cultivated in China around 

4000 to 3000 BC, and findings of hemp used for fiber and textiles date back to 1500 to 1000 BC.  The oldest known paper ever found, 

which was created in China in the first century BC, was made of hemp fiber.  A writing from the Han dynasty, Si Min Yue Ling, by 

Cui Shi Han provides detailed explanations of cultivation techniques for hemp.  Xia Xiao Zheng, the oldest Chinese treatise about 

agriculture, which was written by Guy Shi Xian within the time period of the Northern Wei dynasty (AD 386-534), describes hemp as 

one of China’s primary agricultural crops.  From China, hemp spread to Korea in the third century BC and then traveled to Japan.  It 

later traveled from Asia, through the Mediterranean, and into Europe, probably traveling with Scythians moving from the northern 

regions of the Black Sea.  The Etruscans played an important role in introducing the crop to Italy in the sixth and fifth centuries BC, 

and the Roman Empire helped spread hemp throughout Europe.  Near Stuttgart, Germany, hemp fabric and rope have been discovered

that date back to 400 BC.  Hemp was discussed by the Greek historian Herodotus (484-408 BC) when he wrote about the expeditions 

of Dario I in Thrace (which is present-day Bulgaria), and in the first century BC, Pliny mentioned hemp used for cordage and hunting 

nets.  The Egyptians used hemp rope in the construction of their enormous pyramids.  Hemp and flax constituted the major fiber crops 

in Asia, Europe, and North America from the 1500’s until the 1700’s, and hemp was Russia’s primary trading crop in the 18th and 19th 

century.  

 Hemp was a commonly used plant, particularly for textiles, ropes, cables, and sails.  The fiber was preferred for marine 

cordage because of its strength and durability and because it resisted corrosion in salt water better than other natural fibers.  Many 

maps and Bibles, including the first Bible printed by Johannes Gutenberg in the 1400’s, were printed on hemp paper, and hemp oil 

was used to grease some machines and as fuel for lamps.  Artists, including Rembrandt and van Gogh, painted on canvas made from 
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hemp, using paints that contained hemp oil.  The Spanish required that a certain amount of hemp be grown throughout their colonies 

in “New Spain”, unless climactic conditions were prohibitive.  Britain also required American and later Australian colonists to 

cultivate the plant.  In 1640, the governor of Connecticut ordered everyone to grow hemp, to provide enough fiber for marine cordage.

The colony of Maryland in 1671, in order to increase its production of hemp as well as lessen imports, rewarded a pound of tobacco to

anyone who could produce a pound of hemp that had not been imported.  In some areas, hemp was used as a substitute for money, 

both to promote the expansion of the crop and to compensate for the shortage of printed money.  George Washington and Thomas 

Jefferson both grew hemp, and Ben Franklin owned a mill that produced hemp paper.  The first two drafts of the Declaration of 

Independence were written on paper made from hemp.  Betsy Ross supposedly sewed the first American flag from hemp thread.  

Abraham Lincoln supported the cultivation of hemp in the US.  Dozens of American towns have been named after hemp, including 

Hemphill, Texas, and Hempstead, New York.  Hemp sailcloth was used to produce the original Levi’s jean that were manufactured for

people involved in the gold rush in Sierra Nevada.  Most of the Conestoga wagons that traveled west before 1860 were covered with 

hemp canvas, and, in fact, the word canvas originates from the Arabic word for hemp.  

 Hemp production in the United States flourished for many years, particularly in Kentucky, but several factors caused it to 

decline, particularly in the latter part of the 19th and early 20th centuries.  The cotton gin allowed cotton to be processed much more 

quickly, while, at the time, there was no machine that would harvest or process hemp with the same speed and efficiency.  

Approximately 80 percent of the hemp that was still used in the US in the 1800’s was imported, largely from Russia.  The serfs there 

were paid such low wages that it was often cheaper to import the hemp than it was to grow it domestically.  Also, domestic hemp was 

produced with dew-retting while Russian hemp was water-retted, which creates a superior quality fiber, and after the Civil War, hemp 

production in the US became even harder because slave labor was no longer available.  The increased use of trains (and later cars) 

reduced the use of ships for transportation, thereby limiting the use of hemp for marine cordage.  Several chemical companies began at

this time, and their synthetic fibers, such as Rayon (which was invented in 1884 in France), sometimes replaced hemp fiber for ropes 

and textiles.  In 1917, George W. Schliten presented a patented decorticating machine for hemp, meaning it would separate the fibers. 

Before this invention, only about 25 percent of the hemp stalk was usable, and the remaining inner hurds of the plant were often 

burned in the fields because they were unusable.  The decorticating machine allowed for the use of about 95 percent of the stalk, in 

addition to greatly reducing labor costs, but, unfortunately, hemp was not widely produced at this time, and the machine had little 

impact.

During the 1930’s, hemp acquired a very negative image.  The film Reefer Madness demonized marijuana, and many 

newspapers, particularly those owned by William Randolph Hearst, published propaganda about violent acts committed under the 

influence of the drug, with titles such as “Killer Weed, Marijuana, the Greatest Menace to Society Ever Known”.  In August of 1930, 

the Federal Bureau of Narcotics (FBN), which was the precursor of the DEA, was formed with the help of the Treasury Department.  

Andrew Mellon was the Secretary of the Treasury and was also a banker for large chemical companies, such as DuPont, and several 

timber companies.  He appointed his son-in-law, Harry J. Anslinger, commissioner of the FBN.  In 1937, Congress passed an act that 

placed a high tax on “marihuana” (the old spelling of marijuana), possibly, in part, to target blacks and Hispanics, who were usually 

more associated with marijuana.  In addition, after the end of Prohibition in 1933, government agencies and workers who had 

previously enforced the ban on alcohol may have needed another drug ban to enforce.  These factors may have been influential in the 

decision to pass the Marihuana Tax Act of 1937, which placed large taxes on the cultivation of “marihuana”.  It passed with a large 

majority and was signed into law by Franklin D. Roosevelt on August 2, 1937.  The members of Congress never intended for the law 

to affect industrial hemp; in fact, before the act passed, Anslinger assured the Senate Committee that industrial hemp farmers “are not 

only amply protected under this act, but they can go ahead and raise hemp just as they have always done it.”  However, after the law 

was passed, Anslinger unexpectedly included industrial hemp in the same category as marijuana, thereby creating so much 
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bureaucratic red tape that the cultivation of industrial hemp was rendered impossible.  It is theorized that William Randolf Hearst may 

have conspired with Anslinger in the hopes of eliminating industrial hemp as a competitor.  Hearst owned large amounts of forest land

and probably hoped to eliminate hemp as a competitor with timber.  Anslinger was related to Mellon, who had ties with chemical and 

logging companies.  DuPont in particular would have been adversely affected if hemp had not been prohibited, as the company had 

patents on nylon and plastic and made chemicals like pesticides.  Nylon would have been in competition with hemp fabric and hemp 

grows well without any pesticides, herbicides, or fungicides.  Hemp can also be made into a plant-based plastic, which could have 

been in competition with DuPont’s plastic.  The steel and oil companies may also have opposed industrial hemp because it can be used

to make ethanol (a replacement for oil), and hemp plastic is lighter and stronger than steel. 

Although US industrial hemp production virtually ended after the Marihuana Tax Act of 1937, it experienced a brief 

resurgence a few years later.  During World War II, imports of the fiber plant, abaca, from Japan were halted and hemp exports from 

Russia and Italy abated; exports of abaca from the Philippines were terminated after Japan gained control of the area in 1942.  The US 

needed industrial hemp the most at this time for blankets, parachutes, ropes, sails, and various other equipment.  Consequently, the 

United States Department of Agriculture (USDA) and US Army initiated a “Hemp for Victory” campaign in 1942, which encouraged 

farmers to grow large amounts of the plant.  Germany printed a book urging its farmers to do the same.  The USDA gave out 400,000 

pounds of hemp seeds, and by 1943, 100,000 acres of industrial hemp were grown domestically in the US.  Cultivation of industrial 

hemp peaked from 1943 to 1944.  After the war ended in 1945, however, the US government cancelled almost all permits to grow 

industrial hemp and the remaining plants were destroyed.  

In 1945, Virginia Congressman A. Willis Roberts introduced HR 2348 which dealt with the “Coverage of Certain Drugs 

Under the Federal Narcotics Laws”.  It gave the treasury secretary the power to decide if new drugs should be considered opiates and 

regarded the same way as cocaine and morphine.  Senator Robert La Follette of Wisconsin urged that an amendment be added to the 

bill that would protect industrial hemp.  He said that “[hemp is] not [a] large [industry] but [a] very essential industry….I feel that it is 

important for the country to preserve the hemp industry.”  The amendment was passed, but hemp production continued to decline.  

In 1961, the Senate ratified and adopted the United Nations Single Convention on Narcotic Drugs, which attempted to 

organize the international efforts to control narcotics, including marijuana.  The US acted in accordance with most of the treaty by 

reorganizing some of its drug laws and transferring enforcement from the Treasury Department to the Justice Department.  However, 

one of the provisions of the treaty stated that “this Convention shall not apply to the cultivation of the Cannabis plant exclusively for 

industrial purposes (fiber and seed)”.  The US still disregards this provision by continuing to prohibit the domestic cultivation of 

industrial hemp.

The current drug-control law, the Comprehensive Drug Abuse Prevention and Control Act (CDAPCA) was passed in 1970.  

It replaced the Federal Bureau of Narcotics with the Drug Enforcement Agency and stated that drugs “will be controlled in conformity

with the treaty or other international agreement obligations” of the US.  It also repealed the Marihuana Tax Act of 1937, but retained 

that act’s definition of marijuana. 

The president requires the DEA to report any large drug-producing countries to Congress, so that economic sanctions may be 

imposed on the country.  Even though the DEA classifies industrial hemp as marijuana, it hasn’t reported England, Australia, China, 

or any other countries that have legalized industrial hemp as large producers of marijuana. 

 To this day, the cultivation of industrial hemp remains illegal in the US.  Any American president has the power to write an 

executive order that would allow the USDA (not the DEA) to arrange regulations for licensing hemp farmers.  The public 

misunderstanding, however, might cause some politicians who support its legalization to be labeled “soft on drugs”.  Also, continued 

eradication of hemp by drug enforcement authorities helps to maintain large budgets in those areas, especially since over 90 percent of

the hemp plants destroyed in the US are wild industrial hemp plants, called “ditch weed”, which often contain very low levels of THC.
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American farmers may not yet be able to cultivate industrial hemp, but support in the US is growing.  Legislation involving 

industrial hemp has been introduced into several states, and Hawaii has begun test plots.  Sales of industrial hemp products totaled $25

million in 2000, a dramatic increase from sales around $1 million in the early 1990’s.  A 1995 University of Kentucky poll found that 

77 percent of the Kentucky citizens interviewed wanted hemp farmers to be licensed.  After a 1996 bill involving industrial hemp in 

Vermont, the University of Vermont conducted a poll of 770 random Vermont citizens and reported that 37 percent would pay more 

for hemp jeans than for cotton jeans, 54 percent would pay more for hemp jeans if the two kinds of jeans were close in price, 69 

percent would pay more for hemp-based paper if it weren’t too expensive, and 67 percent would pay from 2.5 to 10 percent more 

money for writing paper made from hemp.  It is likely that support will continue to intensify as more and more citizens become 

informed about the issue.

Legalizing industrial hemp would be a step in the right direction towards sustainability.  The plant’s thousands of uses, long 

history, and environmental and economic benefits, including a decrease in the consumption of forests, lowered petrochemical use, 

greater amounts of biodegradable materials, and possible expansion of local businesses, ensure that the crop will only become more 

widespread.  Many of the seeds, processing procedures, and much of the equipment used to grow and harvest the crop are old and 

obsolete, because the plant had been neglected and ignored for so long by much of the world, but as industrial hemp burgeons, better-

adapted seeds and processes will be developed.  The legalization of industrial hemp in the US would almost certainly accelerate this 

process as well as further the crop’s use.  It would increase the availability, reduce long-distance transportation costs, and lower the 

price of hemp products in the US, thereby enabling the many benefits of industrial hemp to be further expanded and explored.  

“The oldest cultivated fiber plant, one for which the conditions in the United States are as favorable as anywhere in the world, one which properly 

handled improves the land, and which yields one of the strongest and most durable fibers of commerce, is hemp.”

-Lyster H. Dewey from the 1913 Yearbook of the United States Department of Agriculture

“…American agriculture [at this time] faces enormous challenges and opportunities.  New crops will be vital to the profitability and sustainability of 

America’s land resources, and the cultivation and utilization of industrial hemp could yield substantial benefits to American farmers, manufacturers, 

and consumers…If we are to build a hemp industry, there is much ground to be made up.  A growing number of agricultural, manufacturing, 

academic, financial, and environmental leaders are urging that we move to commercialize this potentially valuable crop…”

-Erwin A. Sholts, Economist, director of Agricultural Development and Diversication, part of the Wisconsin Department of Agriculture for 

Trade and Consumer Protection, and chairman of the North American Industrial Hemp Council

“In recent years, industrial hemp has been viewed worldwide as a versatile and environmentally friendly plant that has many industrial applications.  

Although it is currently grown in many European and Asian countries and even in Canada, industrial hemp is still prohibited from being grown in the

United States.

    This situation exists even though the current consumer and business environment in the United States may make industrial hemp cultivation and 

processing commercially feasible.  Many consumers are starting to prefer products made from natural materials.  The industrial hemp plant is a good 

source of natural raw materials for a number of products and is a superior source in some cases.  Moreover, many farmers in Kentucky and 

throughout the nation are looking to alternative crops to replace their current crops, and some have touted hemp as an excellent rotation crop with 

much potential for agriculture.”

-From a July 1998 report entitled “Economic Impact of Industrial Hemp in Kentucky”

“We must have diversity and crops like hemp that grow without pesticides.”

-Jeff Gain, Chairman of the board of the USDA’s Alternative Agricultural Research and Commercialization Corp.
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“The trend in consumer demand for natural products that are environmentally and economically sustainable favors opportunity for industrial hemp.  

The durability of industrial hemp is complemented by its biodegradability and recycling properties….[The] production and processing of industrial 

hemp has the potential to be a viable industry in the United States.”

-From a July 23, 1998 study entitled “Industrial Hemp as an Alternative Crop in North Dakota”

“Why use up the forests, which were centuries in the making and the mines which required ages to lay down, if we can get the equivalent of forests 

and mineral products in the annual growth of the fields?”

-Henry Ford

“Hemp, the strongest of vegetable fibers, gives the greatest production per acre and requires the least attention.  It not only requires no weeding, but 

also kills off all the weeds, and leaves the soil in splendid condition for the following crop.  This, irrespective of its own monetary value, makes it a 

desirable crop to grow….When markets have been developed with the products now being wasted…hemp will prove both to the farmer and to the 

public, it is the most profitable and desirable crop that can be grown and one that can make American mills independent of imports.”

-George Lower, from an article entitled “Flax and Hemp, From the Seed to the Loom”, which appeared in the February 1938 issue of 

Mechanical Engineering

“In an age increasingly interested in sustainable agriculture and crop diversification, hemp offers attractive possibilities.  It is exceptionally disease-

and herbivore-resistant, can be easily grown in a wide range of agricultural systems, and is an excellent rotation crop that eliminates weeds.”

-Agriculture and Agri-food Canada’s December 16, 1994 Bi-weekly Bulletin (which is printed on hemp paper)

“United States hemp-growing restrictions were set aside to meet material shortages during World War II.  They should now at least be modified to 

meet pending shortages of fiber, energy, and environmental quality.  Tradition, if not federal law, is on the side of hemp.”

-Jim Young, technical editor of Pulp and Paper, in a June 1991 editorial titled “It’s Time to Reconsider Hemp”

“American farmers are promised a new cash crop, all because a machine has been invented that solves a problem more than six thousand years old.   

The machine which makes this possible is designed for removing the fiber from the rest of the stalk, making hemp fiber available for use without a 

prohibitive amount of human labor.  Hemp is the standard fiber of the world.  It has great tensile strength and durability.  It is used to produce more 

than five thousand textile products ranging from rope to fine laces, and the woody ‘hurds’ remaining after the fibers have been removed can be used 

to produce more than 25,000 products, ranging from dynamite to cellophane.  It can be grown in any state of the Union.”

-From a 1938 Popular Mechanics article entitled “New Billion Dollar Crop”

“For at least 12,000 years, hemp has been grown for fiber and food….Although hemp is taxonomically classified under the same name as marijuana, 

Cannabis sativa, industrial hemp has less than one percent THC….Hemp’s versatility and the fact that almost the entire plant can be used has made it

a thriving crop throughout the world….Hemp fiber is considered useful for many products, ranging from car parts to rope to alternatives to 

gasoline….Decriminalizing industrial hemp is the way of the future.”

-Winona LaDuke, Green Party Vice-Presidential Candidate for the year 2000

“Industrial hemp is one of the longest and strongest natural fibers in the plant kingdom.  It is also one of the most versatile plants, with approximately

25,000 uses – ranging from paper to textiles to cosmetics….Industrial hemp is not a drug.  The DEA’s intrusion into the realm of agriculture is 

preventing American farmers from growing a crop that has the potential to help address the global depletion of forest resources, the harmful effects 

of petrochemicals, the excessive use of pesticides for fiber crops, and the economic depression of farming communities.”

-Ralph Nader, Green Party Presidential Candidate for the year 2000
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Bt corn 

Brian Tomasik 

Spring 2002 

 

[Disclaimer: I now, as of 2012, don’t support use of Bt whether in GMO form or by organic 

farmers, because I think it brings about a rather inhumane death to the insects. That said, pesticide 

use in general can be a good thing if it reduces insect populations.] 

 

 Bt corn is a genetically modified organism (GMO) meaning it has DNA that was inserted 

from another organism.  The naturally occurring bacteria Bacillus thuringiensis (Bt) produces a 

protein, called the Bt delta endtoxin, that is toxic to caterpillars, butterflies, and moths, and can be 

used to kill the European corn borer.  A few minutes after an insect consumes this protein, it 

attaches to the gut of the insect, and after a few hours, the gut wall of the insect is destroyed.  The 

bacteria in the gut then spread throughout the body, and the insect dies of septicaemia, which is 

when bacteria get into the blood and multiply.  The gene for this Bt delta endtoxin was isolated and 

then inserted into a corn plant, so the corn would produce the protein in all of the cells of its body, 

including its pollen.  Along with the gene itself, a promoter sequence of DNA was inserted to 

activate the gene and determine where and when it will be expressed, and marker genes were 

inserted so scientists could determine if the gene had been inserted properly.  The use of Bt corn has 

grown considerably, and in the year 2000, 6.2 million hectares of Bt corn were being grown in the 

US.   

 A few benefits of Bt corn exist, such as having reduced levels of the carcinogenic 

substances, mycotoxins, which are created by a fungal disease called fusarium that enters the corn 

through openings created by insects.  However, the majority of the impacts of Bt corn are negative.  

One such adverse impact is the creation of insects that are resistant to the Bt toxin.  Because insects 

will be exposed constantly to the toxin, it will kill many of the insects in the cornfields; however, 

those few insects with a mutation to resist the toxin will survive, reproduce, and pass that beneficial 

mutation on to their offspring.  Many insects have already become resistant to the Bt toxin.  This 

will not only render the Bt corn less effective, but it could also destroy one of the most important 

tools for organic farmers to deal with large pest invasions.  The Bt bacteria is used by organic 

farmers as a natural, harmless insecticide; it is harmful to only caterpillars, butterflies, and moths 

(not humans), and it is destroyed by the sun’s ultraviolet rays, so it disappears quickly.  The bacteria 
has been used for over 50 years and has been used sparingly, so resistance did not develop.  Bt corn 

constantly exposes insects to the toxin so resistance builds up much more quickly. 

 The biotechnology industry has claimed that because the Bt toxin is inserted into the corn, 

the harmful affects of insecticides are avoided.  This, however, is not very accurate.  Insecticides are 

rarely used on regular field corn to kill corn borers, and even the farmers that use them usually only 

apply them to the fields during years when insect populations are high.  According to estimates in a 

report that was sponsored by the Biotechnology Industry Association, Bt corn caused a reduction in 

insecticide use on only 2.5 percent of the US farmland used for corn in 1998.  United States 

Department of Agriculture (USDA) data shows that in 1997, in the Heartland region of the US, 

levels of insecticide use to kill corn borers were only slightly lower on Bt corn than on regular corn, 

and levels of insecticide use targeting any pests except the corn borer were equal for both varieties 

of corn.   

 Bt corn may also have adverse impacts on non-pest organisms, such as the monarch 

butterfly.  Before approving Bt corn, the US Environmental Protection Agency (EPA) performed no 

tests on its impact on any butterflies or moths other than those it is meant to kill, although other 

tests have demonstrated that such impacts need to be taken into consideration.  A study performed 

by John Losey and others at Cornell University, which was published in May 1999 in the magazine 

http://www.utilitarian-essays.com/humane-insecticides.html


Nature, found that pollen from Bt corn was harmful to monarch butterflies.  Milkweed plants, the 

only food source for the larvae of monarchs, sometimes grow near or in corn fields.  For the 

experiment, the scientists put monarch larvae on leaves of milkweed that had been sprinkled with 

pollen from Bt corn plants at about the concentrations that would be present near the fields of corn.  

They also put larvae on milkweed leaves that had been sprinkled with regular corn pollen and on 

leaves that hadn’t been sprinkled with pollen, as a control group.  After four days, 44 percent of the 

larvae on the leaves that had been sprinkled with Bt pollen had died, while none had died on the 

leaves with normal pollen.  Also, the surviving larvae on the leaves with Bt pollen grew more 

slowly, ate only about half as much, and were only half as large as those on the leaves with normal 

pollen.  Another study, performed by John Obrycki and Laura Hansen at Iowa State University, 

actually used milkweed that was growing near corn fields.  After two days of feeding on the leaves, 

19 percent of the larvae on the milkweed with Bt pollen died, while none of those on the leaves with 

normal pollen died, and only 3 percent of those on leaves without any pollen died.  Given this 

evidence, monarchs migrating north from Mexico could be negatively impacted because about half 

of the monarchs going north pass through the Midwest, which is the largest area of corn cultivation 

in North America.  It is hardly surprising that Bt pollen is harmful to monarch larvae, considering 

the toxin is meant to kill the European corn borer, which is the caterpillar of a moth.  Bt corn pollen 

could also harm many other types of butterflies and moths, including 19 that are on the US 

endangered species list as endangered or threatened, such as the endangered Karner Blue Butterfly.   

 Apart from harming butterflies and moths, Bt corn could also adversely impact species that 

feed on insect pests in cornfields, such as the green lacewing.  Researchers at the Swiss Federal 

Research Station found that 60 percent of lacewings fed European corn borers that had eaten Bt 

corn died, but less than 40 percent of the lacewings fed European corn borers that had eaten regular 

corn died.  The researchers concluded that the deaths were “directly associated with [Bt]-related 

factors”.  In addition, lacewings fed European corn borers that had eaten Bt corn required an 
average of three more days to reach maturity, which scientists thought was due to the decreased 

nutritional value of the corn borers after they had eaten Bt corn.    

 Bt corn may also harm organisms in the soil.  The toxin can get into the soil through the 

roots of the plants, through leaves that might fall down, and when parts of the plant are tilled 

underneath the soil.  A 1999 Nature article reported a study that showed that Bt from the roots of 

the corn plants can travel into the soil, and within five days, 90 to 95 percent of the insect larvae 

exposed to it were killed.  Guenther Stotzky and his colleagues at New York University found that 

the toxin can kill beneficial soil organisms needed to aerate the soil, that decompose organic matter, 

and which perform various other functions.  They found the Bt toxin can bind to particles of clay 

and humic acid, which allows them to remain active for at least seven months.  The normal toxin 

produced by the Bt bacterium are called protoxins because they remain inactive until they are 

activated by being dissolved in the gut of certain organisms.  The toxin in Bt corn is already 

activated so it could harm organisms in the soil that wouldn’t normally be hurt by the toxin 
produced by the bacterium. 

 Bt corn may have a few positive aspects, but the majority are negative, such as harm to non-

pest butterflies and moths, harm to soil microorganisms, and the creation of Bt-resistant insects.  As 

with any new technology, the impacts of Bt corn must be fully assessed and tested to determine if it 

is safe.   
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Report on Food Irradiation

By Brian Tomasik

I think this was written in early 2002

Note: I don't know if I agree with the conclusions in this paper anymore. My sources were clearly 

biased to one side. I haven't explored the issue since and so don't have firm opinions.

Food irradiation is the use of radiation to kill pathogens in foods.  It has only recently been 

used to sterilize food, but was previously used more often to sterilize products, such as medical 

supplies.  About 40 countries allow the irradiation of food, but few of them use it often (Hauter).  

China is currently the leader, performing 90 percent of the world’s irradiation, while Russia is 

second (Hauter).  Although the US Food and Drug Administration (FDA) has approved the 

irradiation of several types of food, almost no properly conducted studies regarding the safety of 

irradiated foods have been performed and there is considerable evidence that several perils to 

workers, consumers, and the environment result from the irradiation of food.  Because irradiated 

food presents many dangers and unknown possibilities, we must fully test the technology and also 

eliminate our need for it by cleaning and making our farms and food processing plants healthier.

The irradiation of food is used to preserve the food, to kill pests in grains and spices, and to

kill pathogens in the food (Bloomfield).  Food is exposed to radiation, in the form of x-rays, 

gamma rays, or accelerated electrons (“An Idea”), and often colbalt-60 or cesium-137 are used for 

radioactive radiation (Bloomfield).  The radiation possesses enough energy to hit electrons off of 

atoms or molecules, which creates a charged particle, or ion, which is why irradiation is 

occasionally called ionizing radiation (“The ABCs”).  The radiation can disrupt the DNA of 

microorganisms in food, which either kills them or keeps them from reproducing (“Electrifying”). 

A kiloGray (kGy) is enough radiation to increase a food’s temperature .43 degrees Fahrenheit and 

http://www.sccs.swarthmore.edu/users/09/btomasi1/
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approved radiation levels for food range from about one kGy for fruits and vegetables to 30 kGy 

for spices and herbs (Priesnitz).  Electron beam radiation, which involves sending vivacious 

electrons at the food, does not penetrate the food as deeply as x-rays and are used more for thinner 

foods (The ABCs).  The radiation leaves the food quickly, so very little radioactivity remains, and 

a day after food is irradiated, radioactivity is undetectable (Bloomfield).  Irradiation does destroy 

many microorganisms, but not all of them are killed, some obstinately remain, and in order to 

destroy them all, radiation doses would be so high it would damage the food (Hunter, “Food”).  It 

also doesn’t eradicate any pathogens that might infect the food after it had already been irradiated 

(Papazian).

Using radiation to kill pathogens has existed for several decades.  It first began to be 

promoted with President Eisenhower’s Atoms for Peace Program (Hauter).  Back then, its 

principal purpose was to sterilize medical products, including syringes and bandages (Papazian).  

After being approved in 1963, wheat and wheat powder became the first foods to be irradiated, 

and NASA experimented with the technology to sterilize meat for its astronauts (Gillette).  

However, the first commercial facility for the irradiation of food did not open until 1992; the 

facility in Florida irradiated foods such as strawberries (Gillette).  Throughout the 1990’s, the 

FDA approved the irradiation of several types of food, including fruits, vegetables, pork, poultry, 

spices, and grains (Priesnitz).  The FDA requires the labeling of irradiation on whole packages of 

meat, but not on foods that might contain some irradiated ingredients, such as soups that might 

contain irradiated chicken (Gillette).  Recently, the tractable FDA, after strong lobbying from 

cunning corporations, who are not willing to capitulate and accept labeling, attempted to terminate

the labeling requirement, as consumers are less likely to buy food if they know it has been 

irradiated (Hauter).  
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While many consumers are apprehensive about purchasing irradiated foods, supporters of 

irradiation are trying to convince them that irradiation is needed.  Proponents are claiming 

irradiation is needed to help prevent the 33 million food-related illnesses (Gillette) and 9,000 

American deaths from foodborne illnesses each year (Scott).  However, better alternatives exist, 

such as cleaning up our processing plants and farms, and this does not involve the many dangers 

of irradiated food (“Nuclear Lunch”).

The many possible dangers of irradiated food have never been tested adequately to ensure 

the safety of consumers (Bloomfield).  Before approving irradiation, the FDA reviewed 441 

studies claiming the safety of the technology, yet only five of those studies were considered by the

FDA to have been “properly conducted, fully adequate by 1980 toxicological standards, and able 

to stand alone in support of safety” (“Nuclear Lunch”).  The Department of Preventive Medicine 

and Community Health of the New Jersey Medical School has said that two of the five studies 

were flawed (“Nuclear Lunch”).  Two more of the studies were done with radiation doses below 

the normal levels, and the last of the studies actually showed negative effects (“Nuclear Lunch”).  

It was upon this type of evidence that the FDA justified its decision to allow the irradiation of food

(“Nuclear Lunch”).  John W. Goffman, M.D., a researcher of radiation, expounds about why the 

testing of irradiation has been exceedingly inadequate: “To really be able to say whether the 

technique [of food irradiation] has serious adverse effects on humans would require 

epidemiological studies of 20 to 30 years on 100,000 or more subjects.  That study has not been 

done.  It’s not likely to be done.  For someone to say that irradiated food is a safe product to eat is 

disingenuous.  We don’t know what the long-term safety is” (Hunter, “Hidden”).  He clearly 

elucidates that the safety of irradiated foods cannot be assured until enormous studies are 

performed.
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Indeed, such studies are badly needed, as several dangers to human health are already 

associated with irradiated foods.  One of these is the creation of new substances in the foods, some

of which we can’t even identify (Gillette).  Irradiation disrupts bonds between molecules and can 

free unstable parts, creating “free radicals” (Papazian).  Most of the time, these free radicals 

recombine with their original molecule, but occasionally, they form new substances called 

radiolytic products (RPs) (Papazian).  Many RPs are created from cooking or conventional 

preservation methods, but some unique radiolytic products (URPs) are formed only from 

irradiation (Hunter, “Hidden”).  Very little is known about the safety of these chemicals, but the 

FDA has stated that there may be enough created in certain foods “to warrant toxicological 

evaluation” (Hunter, “Hidden”).  Irradiation can result in the creation of formaldehyde, a 

carcinogen, formic acid, which can cause mutations (Papazian), and quinines, which are also 

damaging to human health (“Nuclear Lunch”).  Benzene, a known carcinogen, was found to be at 

seven times the levels in cooked, irradiated beef than it was in cooked, non-irradiated beef.  Also, 

chemicals from the plastic that foods are wrapped in during irradiation could potentially travel into

the food itself (Hunter, “Hidden”)

Apart from the formation of new chemicals, irradiation also lowers the nutritional content 

of foods (Bloomfield).  Irradiation can destroy vitamins A, C, E, B1, B6, B12 (Hunter, “Hidden”), 

D, K (Bloomfield), carotene, amino acids such as cysteine, tryptophan, and methionine, and other 

essential nutrients (Hunter, “Hidden”).  A loss of 20 to 80 percent of vitamins, amino acids, or 

essential fatty acids is common (“Nuclear Lunch”).  At radiation levels of under 10 kGy, 22 

percent of the thiamine can be lost from oats; 20 to 63 percent of it from wheat; 40 percent of it 

from bacon; 60 percent of it from trout; 25 to 85 percent from milk (Pattern 2) (Bloomfield).  An 

issue of Nutrition Action, which is published by the Center for Science in the Public Interest, 

reported on a study which found that with normal doses of radiation, 50 percent of the vitamin C 
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in potatoes was lost, at radiation levels three times less than those allowed by the FDA, 17 percent 

of the thiamin in pork was lost, and chicken lost vitamin E and 9 percent of its thiamin when it 

was irradiated at normal levels (Burros).  Potatoes lose 28 to 56 percent of their ascorbic acid after

irradiation (Bloomfield).  Animal tests have shown problems that resulted from decreased 

nutritional content: due to a lack of vitamin E, rats fed irradiated foods had reproductive trouble 

and muscular atrophy, and rats fed irradiated beef got haemorrhagic diathesis as a result of 

reduced levels of vitamin K (Pattern 3) (Bloomfield).  Nutrient losses are also caused by the 

normal processes of cooking and storage, but irradiation would only contribute to the total nutrient

losses (Burros).  Also, many irradiated foods, such as fruits, would be eaten raw, and wouldn’t 

lose nutrients from cooking (Bloomfield).  Irradiation might also exacerbate normal losses; for 

example, when normal wheat and oats were stored for eight months, they lost 25 to 26 percent of 

their vitamin E and thiamin, but when irradiated wheat and oats were stored for eight months, 67 

to 85 percent of the thiamin and vitamin E was lost (Bloomfield).  Because irradiated foods last 

longer, they may be stored for longer periods of time, which would only further decrease the 

nutritional value of the food (Bloomfield).

Besides the creation of new chemicals and the depletion of nutrients, several other possible

health problems are associated with irradiated foods.  Irradiation kills harmless bacteria that 

naturally produce smells that indicate that the food is spoiled, making it harder for the consumer to

detect if a food has gone bad (“Nuclear Lunch”).  Irradiation doesn’t kill all bacteria, and if some 

of the harmful ones survive, they could multiply (Hunter, “Food”).  For example, irradiation 

doesn’t kill Clostridium botulinium, which produces the botulism toxin, so when other innocuous 

bacteria, such as yeasts and molds, are killed, this bacteria would flourish without competition 

from other bacteria (Hunter, “Food”).  If a bacteria produces a toxin that is harmful to humans in 

the food before irradiation, that toxin will remain in the food after the bacteria that produced it is 
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killed (Hunter, “Food”).  When food is constantly exposed to radiation, most of the pathogens will

be killed, but those with a mutation to resist radiation will survive and reproduce, and this could 

potentially create bacteria that are resistant to radiation (Gillette).  Researchers at Louisiana State 

University have already identified a bacterium, D. radiodurans, that is resistant to up to five times 

the radiation levels allowed for beef (Priesnitz).  Irradiation may also increase the levels of 

aflotoxins, which cause liver cancer in mammals (Hunter, “Food”).  Aflotoxin levels in highly 

irradiated rice were found to be 50 times those in non-irradiated rice, and similar results were 

obtained when grains and vegetables were irradiated (Hunter, “Food”).  There is evidence that 

irradiated foods may lead to increased infant mortality, chromosomal damage, testicular damage, 

and cancer (Hunter, “Food”).  Twelve tests performed by Raltech Scientific Services, Inc., found 

that animals fed irradiated chicken had increased levels of damage to chromosomes, kidney 

disease, fibroplasias, cardiac thrombus, and immunotoxicity (“Nuclear Lunch”).  Rats fed 

irradiated food experienced an increase in testicular and kidney damage and an increase in 

testiculat tumors (“Nuclear Lunch”).  A controversial study in India in the 1970’s found that some 

rats, mice, monkeys, and children fed freshly irradiated wheat developed polyploid cells (Hauter), 

a chromosomal abnormality often associated with cancer (“Nuclear Lunch”).

Irradiated foods may have several adverse effects on human health, but the facilities where 

food is irradiated also pose many dangers, such as to workers who may be exposed to radiation 

(Gillette).  In June 1988 in Decatur, Georgia, the radioactive waste cesium-137 leaked, 70,000 

products that had touched the radioactivity were sent out and only 900 were recalled, and the 

accident cost taxpayers $30 million to clean up (“The Dangers”).  At a facility in Parsippany, New

Jersey, in June 1974, a worker, William McKimm, who was sterilizing medical supplies, was 

exposed to a large dose of radiation that almost killed him and sent him to the hospital for a month

(“The Dangers”).  At the same facility in 1976, radioactive water was flushed down the toilet into 
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public sewers (“The Dangers”).  In Rockaway, New Jersey, in 1977, Michael Pierson, a worker at 

an irradiation facility, was almost killed from a dose of radiation, and that same facility also 

ignominiously violated over 30 rules of the Nuclear Regulatory Commission (NRC), such as when

radioactive garbage was thrown away in a normal trash bin (“The Dangers”).  In 1989, three 

worker in El Salvador experience burns after exposure to colbalt-60; one worker died and the 

other two had legs amputated (“The Dangers”).  The NRC reports that, since 1974, there have 

been 54 accidents at irradiation facilities all over the world, but the actual figure is probably higher

(“Nuclear Lunch”).  

With possible adverse health effects and dangers from irradiation facilities, it is easy to 

understand why the most of the public tries to avoid irradiated foods (Hunter, “Food”).  An 

August 1997 CBS news poll found that 77 percent of Americans wouldn’t eat irradiated food, and 

that 73 percent of Americans were opposed to irradiated food (“Nuclear Lunch”).  An April 1999 

poll by the American Association of Retired Persons and the Center for Science in the Public 

Interest found 88.6 percent of consumers wanted irradiated foods labeled (Hauter).  Food 

irradiation is an easy fix for diseases caused by poor factory farm conditions and unsanitary meat 

processing plants, at which diseases are rampant and spread quickly (“Nuclear Lunch”).  Factory 

farms involve crowded, stressful feedlots, which are often unprotected from the weather, and 

slaughterhouse operations are very fast and dangerous (“Nuclear Lunch”).  They can process over 

300 cows per hour, and this rapid pace is the reason workers at these plants have the fifth most 

dangerous job in the United States (“Nuclear Lunch”).  The poor quality of the meat produced is, 

in part, due to the fact that only three meat corporations, Iowa Beef Processors (IBP), Cargill, and 

ConAgra (Hauter), control 77 percent of the market, instead of many more small businesses, 

which almost always provide a better quality meat product (“Nuclear Lunch”).  The main 

economist for the US House of Representatives Committee on Small Business from 1979 to 1987, 
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Dr. John W. Helmuth, explained why large meat corporations produce a lower quality product: 

“When a few large firms buy, slaughter, and sell the meat products from most of the livestock 

produced by farmers, those few firms are in a position to control the price they pay for livestock, 

control the quality of the meat product, and control the price of the meat products they sell.  Such 

firms are motivated to pay the lowest possible price for farmers’ livestock, [and] produce the 

minimum quality meat product consumers will accept….” (Hauter).  Improving our farms and 

processing plants could prevent many of the diseases irradiation is supposed to eradicate.  This 

would not only be more beneficial to the livestock, farmers, consumers, workers, and the 

environment, but it would prevent all of the negative impacts of irradiating food.  Michael 

Jacobson, Executive Director of the Center for Science in the Public Interest, eloquently 

articulated this beneficial solution as compared with irradiation: “Irradiation is no silver bullet for 

improving the safety of meat products.  It is a high-tech end-of-the-line solution to contamination 

problems that can and should be addressed earlier.  Consumers prefer to have no filth on meat than

to have filth sterilized by irradiation” (Priesnitz).  Theresa Carbrey, who works for the New 

Pioneer Coop in Iowa City as its education director, expressed a similar view: “We should not put 

a bad food technology on top of bad food handling” (Scott).  Better alternatives to irradiation 

exist, which entail additional benefits without the many risks and dangers of irradiated food.  

Because of inadequate safety testing by the FDA and possible dangers, including the 

creation of URPs, decreased nutritional content, the creation of radiation-resistant bacteria, higher 

aflotoxin levels, possible chromosomal and organ damage, and many other adverse human health 

effects, food irradiation must be banned in the United States until complete and meticulous 

research is performed by independent scientists over a long period of time to ensure the safety and 

quality of the food.  Overall, we need to reduce our use of irradiation because of facility dangers, 

possible harm to workers and the environment, and other reasons.  Instead, we must focus on 
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cleaning up squalid meat processing plants and sordid factory farm conditions, so the process will 

be safer for livestock, farmers, workers, consumers, and our environment.
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Notes, written 4 Aug. 2014:

• Since composing this piece, I've become more convinced that there are two sides to the GMO debate.

I think each side doesn't realize that the other has some legitimate points. I haven't formed firm 

opinions on the topic because I don't find it to be the most pressing issue to study.

• This piece was written on the assumption that environmental preservation is good. I now realize that 

this isn't always the case, although it's important to evaluate policies on a case-by-case basis. For 

instance, does Bt corn cause lots of suffering to insects? If GM crops are more targeted than broad-

spectrum insecticides, does this keep non-pest insect populations higher and therefore result in more 

natural insect suffering? Does increased herbicide use with Roundup Ready varieties reduce plant 

biomass and thus insect suffering? Questions like these should be explored further.

The original paper:

Biotechnology is something that can, and will, change the world forever.  One aspect of it, genetic 

engineering involves the insertion of genes from one organism into another.  While there may be benefits, 

many of the effects could turn out to be negative, especially in the areas of human health, the environment, 

and society.  Corporations such as DuPont, Upjohn, Bayer, Dow, Cib-Gegy, Rhone-Poulenc, and Monsanto, 

which are currently involved in biotechnology, at one time promised great things with chemicals.  The Many 

of these promises led to problems in human health and environmental damage.  Now those same 

corporations are making similar promises similar with biotechnology.  A certain indication of the danger of 

biotechnology is that insurance companies will not back up biotech corporations because the risk is too great.

The many ethical concerns are valid, but the majority of the concern should come from facts and research.  

What little research has been done has been enough show us that we need to slow the technology way down 

and, at least temporarily, confine it to laboratories.  Biotechnology, of any technology yet, has the greatest 

potential to enormously disrupt, and possibly destroy human civilization.

Genetic engineering allows humans to take genes from certain organisms and put them into other 

organisms.  Unlike what the biotechnogy industries claim, genetic engineering is not an extension of 

breeding and artificial selection because species boundaries that were never possible in nature can now be 

crossed.  For such a powerful technology, very little regulation has taken place, especially in the US.  No 

section of the government has been set up to deal with genetically modifies organism (GMOs).  The Food 
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and Drug Administration (FDA) says that genetically modified (GM) food will not be treated any differently 

than conventional food and will not be labeled, even though consumers should have the right to be aware.  A 

1997 public opinion poll of Americans showed that 93% would prefer mandatory labeling of genetically 

engineered (GE) food.  Other studies have had similar results (usually 85-90 percent of consumers).  GE 

foods are already labeled in the European Union, Japan, Russia, Australia, New Zealand, and South Korea.  

Thailand banned GE crops on April 6, 2001, and Sri Lanka did the same on May 1, 2001.  China banned 

growing GM rice, corn, soy and wheat on April 18, 2001, for fear of losing export markets.  In 1992, the 

FDA said that it would find GM food as “generally recognized as safe” (GRAS) unless the producer said 

otherwise.  The only time it would label the food was when there were reasons “to which the consumer must 

be alerted”, such as peanut genes because many are allergic to peanuts.  The FDA also discourages the use of

labels such as “biotech free” because the administration claims that those GE-free foods may be 

contaminated with a small amount of genetically engineered material.  They also claim that it is misleading 

because it makes organic foods sound superior.  The United States Department of Agriculture (USDA) also 

fails to adequately regulate genetic engineering.  This department requires field testing for crops considered 

plant pests (organisms that can harm plants) before commercial planting, but according to an article in 

American Scientist, the information submitted to the USDA by biotech corporations is written in a way so 

even if hazards exist, they are not revealed in the report.  Organic farming, which we should be concentrating

on, receives less than 1% of the $2 billion spent by the USDA on agricultural research annually.  

Corporate pressure on the government is responsible for the lack of safety measures and labeling, as 

it would greatly decrease GE food sales.  Scientist working for industries will often hide or alter their 

findings.  Forty-one percent of biotech firms said they had at least one trade secret associated with their 

research.  In the National Academy of Sciences (which advises Congress about scientific issues), 37% of the 

scientists admitted to having “industry affiliations” with biotechnology.  Independent groups, of which there 

are currently very few, should be carrying out the research for such a potentially devastating technology.  

Similar to the way industry affects research was a comparison of studies of cancer drugs funded by drug 

companies and by independent groups in the October 20, 1999 issue of the Journal of the American Medical 

Association.  The study found that industry is 8 times more likely to change the results to benefit the 

industry.  

Charles Margulis, a GE campaigner for Greenpeace, made the point that nobody has “really been 

looking for them [problems or risks with genetic engineering] yet.  There’s not really much monitoring of 

this technology once it’s released into the environment or into the food supply.  Any epidemiologist will tell 

you the first rule of evidence is that evidence lacking is not lack of evidence.” 

The amount of GE crops has greatly increased in the past decade.  From about zero acres in 1994 the 

number grew to 70 million in 1999.  About 500,000 cows have rBGH, a bovine growth hormone.  The US, 

Argentina and Canada currently grow 99% of GE crops, and the US alone grows 72%.  Corn, soybeans, 



potatoes, squash, tomatoes, chicory, papayas, and dairy products are a few of the GM foods grown in the US.

Tofu and 60% of processed foods contain soybeans, which could be genetically engineered.  Some predict 

that almost all food will be genetically modified within the next 5-10 years.  Within 10-15 years, some 

scientist predict that all major crops in the world will be genetically engineered to resist herbicides, pests, 

viruses, bacteria, fungi, and stress.

Many people would consider gene coding and insertion as discovery, not invention and shouldn’t be 

patentable.  However, one Supreme Court case made the patenting of life forms legal.  The case, Diamond 

vs. Chakrabarty, in 1980 started when a microbiologist form General Electric, Ananda Mohan Chakrabarty, 

developed a bacterium that could take in oil.  When the microbiologist applied for a patent, the Patent and 

Trademark Office (PTO) said that life couldn’t be patented.  General Electric sued and won the case 5 to 4.  

The dissenters wrote that it was the job of Congress, not the Supreme Court, to change patent laws.  The first

animal (a transgenic mouse) was patented on April 12, 1988.  Many patents are granted even though only a 

few genes in an organism are changed.  The US company, Biocyte, was able to patent all blood cells that 

came from the umbilical cord of a newborn, simply because scientists were able to deep-freeze the cells 

without even changing them in any way.  The cells are useful in marrow transplants and with a patent, you 

have to pay to use them.  The company, Myriad Genetics, patented a gene that causes breast cancer in some 

women with a history of breast cancer in their families.  Many feared that a patent would increase the price 

of screening tests and prevent more research because the price of getting access to the gene might be too 

great.  Some patents are so broad, corporations can have monopolies over an entire species.  Dr. Geoffrey 

Hawtin, director general of International Plant Genetic Resources Institute stated that the “granting of patents

covering all genetically engineered varieties of a species…puts in the hands of a single inventor the 

possibility to control what we grow on our farms and in our gardens.  At the stroke of a pen, the research of 

countless farmers and scientists has potentially been negated in a single, legal act of economic highjack.”  

Many biotech corporations are looking all over the world for useful genes, as they cannot create new genes 

in the laboratory.  They will often exploit indigenous people by taking genes from plants whose abilities 

were discovered through many generations of trial, and pay little in return.  They may also take genes from 

people in certain areas with unique physical characteristics.  

With these many genes, scientists create a multitude of GMOs, with many different purposes.  While 

many of them have too many problems and risks already identified, some have the potential to be 

worthwhile.  Some may be engineered to remove hazardous waste with “bioabsorbtion.”  We may also be 

able to produce new medicines, measure the breakdown of pollutants, and create mosquitoes that do not 

transmit diseases.  It is probable that problems will arise as these GMOs are used, so we must carefully 

regulate and study these organisms before they are used.  

Cloning is another aspect of biotechnology that promises some benefits.  A scientist can grow tissue 

in a laboratory, which could then be transplanted to someone in need of tissue.  The grown tissue would 



match perfectly and would not be rejected by the body.  Grown bones and joints would not loosen, would not

cause infection, and would merge with the surrounding tissue.  “Therapeutic” cloning (where human 

embryos are destroyed after 14 days) should always be used.  By 2020, 95% of body parts may be able to be 

grown in labs for transplantiation.  With cloning, too, we need to be careful and cautious, although the risks 

are not as great, because nothing is uncontrollably released into the environment.  

The ethical issues about cloning mostly concern the cloning of humans, for which there is not really a

pragmatic purpose.  Endangered animals should also not be cloned.  The majority of those created have 

premature ageing and birth defects, such as being larger, having underdeveloped lungs, and getting bacterial 

infections within weeks.  Baby clones are also 3 times as likely to die.  Because clones have no genetic 

diversity, they are easily killed.  If one animal were infected with a disease, the whole group of animals 

would die, because they wouldn’t have different genes to prevent them from getting the virus as well.  Also, 

these animals could probably only live in zoos because their natural habitat was destroyed.  Instead we 

should focus on preserving habitats so wildlife does not become endangered in the first place.

There are several ethical concerns also involved with genetic engineering.  Animals with deformities 

form experiments go through life suffering.  A few years ago, a human growth hormone was inserted into pig

embryos with hopes of producing fast growing and large pigs.  Instead, it resulted suffering because of 

abnormalities, including too much hair, arthritis, lethargy, and being cross-eyed.  There are over 200 “freak” 

animals waiting to be patented by the government.  Without labeling, followers of certain religious and 

vegetarians will not be able to tell if what they are eating contains genes from animals, including humans.  If 

genetic information got into the wrong hands, it could create a new kind of genetic discrimination.  For 

example, employers could choose workers based on the information and health insurance companies could 

deny insurance to certain individuals.  

Without such a new technology, it would only seem logical that there is uncertainty involved.  There 

are various methods of putting genes into cells.  Recombinant DNA  involves inserting a gene into a virus or 

plasmid (which is a small ring of DNA) and then inserting that into a cell.  Electro and chemical poration is 

when pores are made in the cell membrane and the gene is put through.  The bioballistics technique involves 

shooting a sliver, that has a gene on it, into a cell.  With all methods of insertation, it is impossible to control 

where the DNA goes in the cell.  It may not work or may even cause other side effects.  Genes that do a 

certain task in one organism may work very differently in another.  When a gene for red color from corn was

inserted into petunias it decreased fertility, gave the plant more resistance to fungi, caused the roots and 

leaves to have defects, and turned it white.  A salmon with a growth hormone grew too quickly and turned 

green.  These effects are known as pleiotropic effects.  Molecular biologist, Dr. Michael Antoniou, explained

that the “function of a given gene in a group is dependent on all the other genes that are present within the 

same family [group of DNA].  Furthermore, the genetic activity in one family of genes can affect the 

function of genes in other groups of genes.  It is also clear that genes and the proteins that they give rise to, 



have co-evolved together to form an extremely intricate, interconnected network of finely balanced 

functions, the complexities of which we are only just beginning to understand…”  On March 6, 1992, the 

FEDA microbiologist, Louis Pribyl, stated that the FDA “reads very pro-industry, especially in the area of 

unintended effects… This is industry’ pet idea, namely that there are no unintended effects that will raise the 

FDA’s level of concern.  But time and time again, there is no data to back up their contention, while the 

scientific literature does contain many examples of naturally occurring pleiotropic effects.  When the 

introduction of genes into [a] plant’s genome randomly occurs, as is the case with the current technology 

(but not with traditional breeding), it seems apparent that many pleiotropic effects will occur.  Many of these 

effects might not be seen…[u]ntil more of these experimental plants have a wider environmental 

distribution…”  A virus or bacterium is often inserted as a “promoter” into a cell to start a gene working.  It’s

possible that the promoter will force genes to produce things at 10-1000 times their normal levels.  

Something that is normally harmless in small levels could become toxic.  For example, when yeast was 

genetically engineered for increased fermentation, enough methyl-glyoxal was produced (about 30 times 

normal levels) that it became toxic.  As evidence of more uncertainty, newspapers recently reported that 

Roundup Ready soybeans (those that could survive being sprayed with Roundup) contained extra genes, at 

which the engineers were not aware were in it.  

Biotechnology also affects farmers themselves.  Farmers do not gain extra revenue from GE crops 

and many fear losing money from export markets to Europe and Japan (which banned GE imports).  

Biotechnology also drives small farmers out and produces more large plantations and monopolistic and 

oligopolistic corporations.  Small farms, apart from helping to protect rural America, often are more diverse 

and more productive.  In Syria, farms between 1 and 2.5 acres were an average of three times more 

productive than a 37 acre farm and farms between 12 and 17 acres in Peru were an average of four times as 

productive as a 37 acre farm.  With the patenting of GMOs, farmers may have to lease plants and animals 

from corporations and pay royalties.  Farming could possibly eventually be moved into industrial factories 

owned by biotech corporations.  Right now, many biotech corporations are buying small seed companies that

could potentially be competitive, in an effort to further their monopolistic control.

Biotechnology is likely to lead to a decrease in genetic diversity.  With only the crops with desired 

genes grown, many others will die out.  About 30,000 species go extinct every year.  A study by the UN 

Food and Agricultural Organization showed that we have lost 75% of genetic diversity in farming since the 

beginning of the century.  Decreased species diversity apart form harming the environment, leads to 

increased risk of disease spreading, because the similar varieties have no unique protection.  The Irish potato 

famine in the 1840’s was caused by limited genetic diversity.  In 1970, 15% of US corn was destroyed by a 

virus.  Eighty percent of the US corn has been standardized to make cross-breeding easier, so the virus 

spread quickly.  Eventually, the virus spread to 581 countries and 28 states.  J. Browning of Iowa State 

University said that such “an extensive, homogeneous acreage of plants… is like a tinder-dry prairie waiting 



for spark to ignite it.”  Author Jeremy Rifkin, in his book, The Biotech Century, points out that by, “focusing

on short-term market priorities, the biotech industry threatens to destroy the very genetic heirlooms that 

might one day be worth their weight in gold as a new line of defense against a new resistant disease or super 

bug.”

One of the most frightening things that will come out of biotechnology research is biological 

weapons.  They are outlawed for offense by an international treaty but the US and other countries continue to

build them for “defense” (even though they are the same for defense and offense).  Being developed are 

bacteria that do not resist antibiotics, more deadly and longer-living viruses, organisms immune to natural 

human resistances or vaccines, pathogens that disrupt hormones to the point of death, and harmless bacteria 

can be turned into deadly ones.  Some experts say that it’s possible that pathogens are being designed to 

target only specific racial groups.  Biological weapons can also be used to destroy certain plants and animals 

used for farming, to weaken the economy of a certain country.  These weapons are very powerful, as seen by 

a report by the US Office of Technology Assessment in 1993.  It said that 3 million people could be killed 

from a mere 220 pounds of anthrax spores released over Washington D.C.  The possible damage companies 

with nuclear weapons, although biological weapons are much easier and cheaper to create.

The biotech industry is spending billions of dollars on propaganda to convince the public that 

biotechnology is a perfect solution.  One of their main points is that with better crops, they will be able to 

“feed the world.”  However, when you look past the superficial message, you can see why it is propaganda 

and not fact.  

Terminator technology is one of the main restrictions keeping poor, third world farmers from 

benefiting.  The Terminator gene in plants causes them to sterilize themselves, so instead of saving seeds 

from year to year (which most farmers do), they must go back and buy new ones.  Corporations claim that it 

would be like copyright infringement to copy seeds.  Since it’s patenting on March 3, 1998, Monsanto has 

declared that it will not use the technology.  However, the USDA continues to promote and develop it.  

About half of the world’s farmers rely on saving seeds to provide food for about 1.4 billion people.  They 

cannot afford to pay extra for new seeds.  Camila Montecinos of Centro de Educacion y Technologia (CET) 

of Chile, describes terminator technology as “an immoral technique…The sole purpose is to facilitate 

monopoly control and the sole beneficiary is agribusiness…[I’ve] talked to a number of crop geneticist who 

have studied the patent.  They’re telling us that it’s likely that pollen from crops carrying the Terminator will

infect the fields of farmers who either reject or can’t afford the technology… This is the neutron bomb of 

agriculture.”

GE seeds are also more costly to buy, and those farmers without enough money for food will not be 

able to buy expensive seeds.  A study by the Research Foundation for Science, Technology, and Ecology 

(RFSTE), based at New Delhi showed that Indian farmers, if they switched to Bt-cotton seeds would pay up 

to 9 times what they have to pay for normal crops.  GE crops generally also produce lower yields compared 



with normal crops.  Studies have shown that Roundup Ready soya produce 5-10 bushels fewer per acre.  A 

1997 University of Purdue study found that, in the same growing environment, GE soya yielded 12-20% 

less.  In 1997 and 1998, the National Institute of Agricultural Botany (NIAB) in the UK performed trials 

which showed that GE winter oilseed rape and GE sugar beets yielded 5-8% less than normal varieties.  A 

study performed in 1999 by the University of Wisconsin showed the levels of GE soya in 21 locations, in 

northern states, in 1999 as compared with 1998.  In all but 4 of the locations, less was produced by the GE 

soya in 1999.    

  Overpopulation may be the most prominent and threatening problem facing the world today, as it 

has an enormous impact on the environment.  The population increases by 263,000 each day!!  When the 

standard of living of families increases, the number of children usually decreases.  However, because the 

standard of living is so poor in third-world countries, they have many children as well as little money and 

little food.

To eliminate hunger we should concentrate on reallocation of resources to third-world countries.  

Unlike the biotech corporations want us to believe, there is enough food already produced – enough to feed 9

billion people.  Many of the starving people live in countries with enough food, except most of it is exported,

and without money, the people in the countries can afford very little.  A study by the United Nations revealed

that in the early 1990’s 78% of undernourished children in the developing world under the age of five, lived 

in countries with food surpluses.

Poverty also decreases the health care of those in third-world countries.  Diarrhea, for example, 

(which is caused by an unsanitary water supply) prevents a person from absorbing some nutrients in their 

food.  The more education and status people have, the better their standard of living and the less their hunger.

A 1999 study of hunger in 63 countries showed that better health, better women’s education, and better 

women’s status accounted for ¾ of improvements in hunger since 1970.  The last ¼ was due to increased 

amounts of food.  Pedro Sanchez, the Director General of the International Centre for Research in 

Agroforestry (ICRAF) made the point that, “third World farmers don’t need improved seeds, but rather 

improved natural resource management, including soil and water management, crop rotations, and nitrogen-

fixing crops.”  This has very often proven to be true.  In Latin America, green manures and cover cropping 

have increased corn yields from 1-1.5 tons/hectare to ¾ tons/hectare.  Over 300,000 farmers in southern and 

western India tripled sorghum and millet yields to 2-2.5 tons/hectare by improving soil and water 

management.  About 200,000 Kenya farmers used soils and water conservation to more than double their 

production of corn to 2.5-3.3 tons/hectare as well as improve their vegetable production.  Pedro Sanchez 

pointed out that neither GM nor regular crops can be taken full advantage of until these problems are solved. 

Farmers should also reduce nutrient losses, prevent runoff and erosion, maintain plant cover, improve 

nutrient recycling, disturb the soil as little as possible, and plant different types of crops together.  Author 

Luke Anderson explained that these “sustainable agricultural systems are able to provide substantial 



increases in yields whilst encouraging the use of local resources and helping communities become more self-

reliant.  In contrast, multinational corporations, who are in the business of selling seeds, fertilizers, and 

chemicals, aim to tie farmers to external inputs, which come only from them, at their price.  Such 

corporations are naturally reluctant to acknowledge the potential of agricultural systems that are outside their

control.”  Brian Halweil, a researcher at Worldwatch Institute, summarizes the solution by arguing that “…

[I]f we are interested in eradication hunger and poverty in the developing world, there are approaches other 

than investment in biotechnology that are better understood, less risky, and which may ultimately prove more

effective.”

Genetically engineered crops may also have damaging effects on human health.  With little regulation 

and testing, consumer are the “guinea pigs” who will have to find those health threats.  In 1989, a GE brand 

of L-tryptophan (a dietary supplement) caused the death of 37 American and gave 5,000 others the 

potentially deadly blood disorder, Eosinophilia Myalgia Syndrome (EMS).  1500 others had permanent 

disabilities, including chronic neurological problems, swelled and cracked skin, heart trouble, and paralysis.  

Because the supplement was not labeled as genetically modified, it was hard to find what caused the 

outbreak.  When GE potatoes with snowdrop lectin were fed to rats, those animals showed sign of viral 

infection, a decreased immune system and decreased organ weight.  A US Government memo from 1993 

talked of an experiment where 4 out of 20 female rodents who were fed a GM tomato, FlavrSavr (owned by 

Monsanto) had stomach lesions.  Another study by a Scottish scientist showed the rats fed insect-resistant 

potatoes suffered growth problems damaged immune systems and shrunken brains.  Cows with the bovine 

growth hormone, rBGH have 4-5 times the amount of insulin-like growth factor (IGF-1), which increases the

risk of breast, prostate, and colon cancer.  The European Unions banned rBGH in 1994, Canada did the same

in 1999, and now the US is the only industrialized country in the world still to use it.  In 1998, British 

scientist, Arpad Pusztai, found that after rats were fed transgenic potatoes, they had worse immune systems 

and halted growth. The effects in humans wouldn’t be the same as a rat’s but could be similar.  After Pusztai 

made an appearance on television about his findings, he was fired.  In 1999, he theorized that the health 

effects might not have been from the potatoes, but from the process of genetic engineering itself.  If this 

theory turns out to be true, similar health effects could occur in all GE foods. 

Other various health risks also exist with genetic engineering.  GE foods can have lowered nutritional

value.  The FDA declared Monsanto’s soybeans “substantially equivalent” to regular soya, but some tests 

have shown the GE soybeans have less protein and less of the important amino acid, phenylalanine.  Test 

have also shown that the soybeans have 27% more trypsin inhibitor, which can be an allergen, can cause 

problems, with protein digestions, and has been known to cause extra large pancreases in rats.  GE soybeans 

have also been proven to have very different levels of isoflavones, which are thought to have benefits to 

human health.  Monsanto may begin to sell RoundupReady grass, which will increase the use of the 

herbicide Roundup, which can cause cancer of white blood cells and has caused disruption of sex hormone 



production in mice.  As for pesticide producing plants, the EPA has no limit of how much pesticide can be in

a plant, even though there is a limit on the amount allowable on food.  A plant, which normally produces 

toxins in a non-edible part but not in the edible part, could be a danger if it was genetically engineered.  

Because an inserted gene has unpredictable effects, insertational mutagenisis (unpredictable effects form 

insertion) could cause the toxins to be produce in the edible part of the plant.  On May 2, 2001, scientists in 

the Toronto Globe and Mail Newspaper warned that if plant material form plants in the open environment 

that were genetically engineered to produce medicines or chemicals, drifted into and contaminated plants 

grown to eat, the consumers of the contaminated food could be ingesting medicines or chemicals.  In 

September of 2000, a GE type of corn, that was permitted for cows to ingest but not humans, found it’s way 

into Taco Bell tacos.  This mishap shows how easily mistakes with this kind of consequence can occur.  

Some genetic engineering removes parts of a plant, such as caffeine from coffee.  Often these are essential 

parts of the plant and, without these, plants may not be able to protect themselves as well against fungi, 

which may cause toxins, including afloatoxins.  Caused by fungus spores on grains and vegetables, 

afloatoxins form the most in hot and humid climates.  Because afloatoxins contribute to liver cancer, there is 

a limit as to the amount that can be on foods.  In 1999, researchers in Corpus Christi, Texas, found afloatoxin

levels on Monsanto’s Bt-producing corn were alarmingly high and much higher than levels on normal non-

Bt corn varieties.  If these GE crops were grown in places such as Latin America, where it is even more 

humid and hot, the afloatoxin levels would undoubtedly be even higher.  In the biotech propaganda, golden 

rice is usually used as a way that genetic engineering will aid the hungry and malnourished.  Golden rice is 

rice that has been genetically modified to produce vitamin A in its starch.  Especially in poorer countries, 

people are going to have little variety in their diet.  Many malnourished people will probably rely on golden 

rice for a large portion of their diet, and get vitamin A toxicity.  Municipal sludge is being used as a fertilizer

but often contains toxic metals making it unusable.  Some plants may be genetically engineered to remove 

metals (such as mercury) form the sludge and store them in parts of the plant, which are not consumed.  

Problems would arise if the metals were not fully prevented from entering the edible portions of the plant.  

Apart from potentially impacting human heath, ecological problems as to the disposal of the plant could be 

unsafe.

Many are concerned about the effects GE foods could cause as allergens.  GE foods may contain 

genes from other substances and new proteins may be formed, which could cause allergic reactions, and, 

without labeled foods, the consumer has no way of figuring out what substance in the food caused the 

reaction.  For just the currently know allergens, 8% of children and 2% of adults have food allergies.  A 

study by scientists at the University of Nebraska of Lincoln in March of 1996, found that soybeans 

containing proteins from Brazil nuts could set off a potentially deadly reaction in those allergic to Brazil 

nuts.  All known allergens are proteins and many GE foods contain proteins from bacteria and other such 

organisms.  None of these proteins have ever been in the human diet, so the effects are virtually unknown.  



Dr. Marion Nestle of NY University said that it “is in everyone’s best interest to develop regulatory policies 

for transgenic food that include premarketing notification and labeling.”

GE plants may have genes, which could render antibiotics ineffective.  Oftentimes scientists will use 

antibiotics as a marker to determine which cells are genetically engineered (the GE cells are the ones that 

survive).  Many plants still contain antibiotic resistance although it does not absolutely need to be used.  

There are ways to find genes without antibiotic resistance are it is possible to remove that resistance once it 

is in.  With many of the plants grown, many genes will be dispersed into the environment, which could be 

taken in by animals and humans.  Tests have shown that antibiotic-resistant plants can transfer their genes to 

the soil and even other organisms in the soil.  Some say that eating foods with antibiotic resistance could 

create resistant bacteria in the gut.  Already, mainly due to simply overusing antibiotics, more are killed 

every year from an antibiotic-resistant bacteria than from automobile accidents.  A gene in GM corn, which 

was grown in Europe in 1998 (called the bla gene) is resistant to Ampicillin, Penicillin G, Amoxycillin and 

Phenoxymethypenicillin.  These antibiotics are often used, and in 1996, they were prescribed 12 million 

times, just in Germany alone.  They are used for tonsillitis, whopping cough, pneumonia, scarlet fever, 

inflammation of the middle ear, and other ailments.  Certain potato plants contain the nptlll gene, which is 

resistant to Amikacin, a backup antibiotic which is used as little as possible to prevent resistance to it.  In 

1999 a report by the British Medical Association, a leading British association of doctors, said that there 

“should be a ban on the use of antibiotic resistance marker genes in GM food, as the risk to human health 

from antibiotic resistance developing in microorganisms is one of the major public health threats that will be 

faced in the 21st century.  The risk that antibiotic resistance may be passed on to bacteria affecting human 

beings, through marker genes in the food chain, is one that cannot at present be ruled out.”

Probably the most justified concern about genetic engineering is its impact on the environment.  

Jeremy Rifkin, an author and president of the Foundation on Economic Trends in Washington, DC, makes 

the point that there “ is not a single instance in history in which the introduction of a major technological 

innovation has had only benign consequences for the natural world.  New technologies allow human beings 

to exploit and expropriate nature for short term gain, but always at the expense of polluting, depleting, and 

destabilizing some portion of the biosphere in the process.  The power to transform, remake, and exploit 

nature in wholly now ways virtually guarantees that the biotech revolution well inflict its own from of 

damage on the earth’s environment.  Indeed, genetic pollution is likely to pose at least as significant a threat 

to the biosphere in the coming century as petrochemicals have in the current [20th] century.

One of the concerns is the possibility of the creation of new, more powerful viruses.  Some GE plants

are resistant to viruses and it’s possible that protein genes could combine with viruses in the plant to create 

viruses that never before existed.  Experiments have shown that a virus-resistant tobacco plant produced a 

new virus by recombination, which is when virus genes become mixed up and form new combinations.  If 

“super viruses” were created, crops over whole continents could be destroyed.  Author Luke Anderson points



out: “It is argued that genetically engineered crops are no more likely to generate new viruses than any plant 

that has been infected by two or more different viruses at the same time…Transgenic virus-resistant crops, 

however, will contain viral genes in all of their cells all the time they are growing; this, together with the fact

that virus-resistant crops are so soon to be released over millions of acres, increases the probability that new 

viruses will be generated.”  Papaya and squash plants have been genetically engineered to resist viruses.  In 

the US, there are permits granted or pending for virus resistance in beets, cucumbers, lettuce, melons, 

peppers, potatoes, sunflowers, tomatoes, and watermelons.  Virus resistance has been working, but it has the 

potential to cause environmental and ecological problems.  Charles Margulis offers a better solution:  “What 

farmers around the world have seen is that, when you plant mixed plant varieties, even just two varieties 

instead of one, you’ll see the spread of the disease slow down incredibly.  The more varieties you plant, [the 

more] you tend to see the disease slow down… What tends to happen in nature is that a virus will infect one 

variety, maybe two, but certainly not three or more.  That’s the ecological approach to that problem [of 

viruses], which…could be successful in the long run as opposed to a genetic fix, which may have a very 

short life.”

Another concern with GMOs is that genetically engineered genes, such as those that are resistant to 

herbicide, could spread to weedy or other closely related plants, possibly causing the weedy relatives to 

become resistant to the herbicide, which is called horizontal gene transfer.  The genes are likely to spread 

from pollen but may spread in other ways as well.  A study with GM potatoes showed that genetic pollution 

can travel up to 1.1 kilometers away from the original crops.  As well as herbicide resistance, pest resistance,

virus resistance as well as other things such as terminator genes could transfer, which would cause ecological

disaster.  In October of 2000, German researchers found that a sugar beet designed to resist one herbicide 

acquired resistance for two.  A 1996 study by a Danish research group found that when a GE oilseed rape 

plant was grown next to eh weedy relative, Brassica compestris, the two cross pollinated and 42% of the 2nd 

generation of weeds contained genes of herbicide resistance.  Many GE fields grown near organic crops are 

polluting the organic crops with GE genes.  In developing countries, where many biotech corporations hope 

to collect lots of revenue, there is more biodiversity and most cultivated crops are planted closer to native 

plants so the chances for gene spreading are even greater and more threatening.  Also, studies have shown 

that, contrary to the biotech industry’s claims, wild plants with genes from GM plants do not die out because 

they cannot compete, but often do very well.

Plants that are resistant to herbicides (such as Roundup Ready soybeans) pose another major 

environmental threat.  Over 50% of GE crops are developed to be resistant to herbicides.  The same 

companies that produce herbicide-resistant plants also produce herbicides (such as Monsanto).  This is an 

easy method for farmers to use because the crops are not damaged by the herbicides and therefore it occurs 

more frequently.  The corporations would not make herbicide resistant crops if it lowered the use of 

herbicides.  In 1999, in the Midwest, the amount of herbicide used on GM soybeans was 2-5 times high than 



that of normal soybeans.  Another study this year found that ½ pound of extra herbicide per acre was put 

onto Roundup Ready soybeans – which amounts to about an extra 20 million pounds this year.  Because of 

the extra pesticides used, Monsanto has requested an increase in the allowable limit of herbicides on food 

from 6 parts per million to 20 parts per million.  With more herbicide used, it is more likely that weeds will 

become resistant to it.  Australian reports show that the common weed, ryegrass, may have developed 

resistance to Roundup from only ten sprays of it over 15 years.  Once resistance is developed, new herbicides

will be needed, and the whole time, the large amounts of chemicals will be damaging the environment.  One 

of the main chemicals in Roundup, glyphosate, is very damaging to beneficial soil bacteria, as well as other 

organisms.  Glyphosate can kill fish in concentrations as low as 10 ppm and the US Fish and Wildlife 

Service has found that 74 endangered plants may be damaged by too much use of it.  AgrEvo’s herbicide, 

glufosinate, contrary to the industry’s claims, is not ‘environmentally friendly’, as it is very toxic and 

damaging to animals, including humans, and mainly damages the nervous system.  Glufosinate is soluble in 

water, which means it can easily find its way into water and affect marine organisms.  The EPA has 

identified it as toxic to water organisms, even in very low concentrations.  Many weeds that exist today were,

at one time, introduced purposely.  If, at one point in the future, a plant with herbicide resistance became a 

weed, it would be very hard to get rid of.  Margaret Mellon, from the Union of Concerned Scientists, 

explained: “Sooner or later, weeds will begin to develop resistance to Roundup [and other herbicides] and 

more applications of the herbicide will be required.  Increasing use of Roundup, of course, will likely 

increase the rate of herbicide resistance development and pretty soon, farmers will again have lots of weeds 

and even fewer weed control options.”

Plants are also genetically engineered to produce their own pesticides.  The biotechnology companies

claim to be helping the environment by using less pesticide, and, while less pesticides are used, these plants 

are far form environmentally friendly.  The main pesticide used is called Bacillus thuringiensis (Bt), which 

the GE plant produces in every cell of its body for its whole life.  It has been used for over 50 years by 

farmers as an organic pesticide because it is only affects caterpillars, it wears off in the sun and does not get 

into the ground.  As a pesticide, it is used sparingly and not often.  Many scientists fear that insects will 

become resistant to plants producing Bt, rendering it ineffective.  Two of the main factors that cause 

evolution to occur very rapidly are if the organism trying to adapt has a short life span to produce many well-

adapted generations and if environmental conditions change drastically enough to greatly influence the 

survival of the species.  For insects eating Bt crops, both of these factors are present and abundant.  A recent 

study, reported by the Australian Broadcasting Corporation, found that insects were becoming resistant to 

Monsanto’s Ingard Cotton.  In a field test of GM crops, about 20% of bollworms survived the pesticide 

produced which means that 20% would reproduce their resistant genes to subsequent generations.  In 1998, 8

major insect species had acquired resistance to Bt, including the Colorado potato beetle, the diamond back 

moth, and the tobacco budworm.  The EPA in 1999 predicted that many of the insects targeted by BT crops 



will become resistant within three to five years.  To help deal with the problem of resistance, farmers are 

supposed to grow refuges, sections of non-Gm plants, around their GM crops to slow down resistance.  

However, most farmers do not take the time or spend the resources to grow these refuges, as they are not 

heavily monitored.  Jeremy Rifkin also says that “[t]his refuge idea won’t stop insects from moving across 

boundaries…[I]nsects will pass through refuges at will.  The idea that you can restrain them is absolutely 

absurd.”  In July of 2000, it was discovered that refuges were not working because non-resistant insects from

the normal crops would not mate with more resistant insects form the GM crops. Because of resistance that 

has and will develop to Bt, organic farmers will no longer be able to use Bt as a natural, harmless pesticide.

Bt plants can and already have hurt other organism in the environment.  The pesticide is in the pollen 

and when the pollen spreads, it can kill other organisms.  A study by John Losey at Cornell University 

involved monarch caterpillars on milkweed leaves, one with Bt pollen on it and the other withtout it.  After 4

days, none of the caterpillars on the normal leaf had died, but almost half of the caterpillars on the leaf with 

Bt pollen had died, and the survivors on the Bt leaf grew more slowly, as well.  An Iowa State University 

study found that almost 20% of monarchs on mildewed leaves, taken from fields of crops that produced Bt, 

died but none on normal leaves died.  A predator feeding on prey affected by Bt may also suffer harm, such 

as a lacewing eating smaller organisms.  Bt may also hurt the endangered Karner Blue Butterfly, and there 

are many other species of threatened or endangered butterflies and moths, which could also be hurt from Bt 

pollen.  It also has the potential to be harmful to other organisms including ladybugs, bees, possibly birds and

beneficial soil organisms.  

There are still many more environmental concerns about GMOs.  If laboratory experiments managed 

to escape, it could be devastating to the environment as well as to human health.  In the late 1980’s, there 

was much justified concern when the AIDS virus was injected into mice, because if one of the mice escaped 

and mated, it would produce a whole population of mice with AIDS.  Although there is a possibility of 

GMOs escaping from a laboratory, the real danger lies in purposely releasing them into the environment.  

They are alive and therefore much more unpredictable than things such as petrochemicals.  Once an 

organism is released, it is nearly impossible to recall it.  Laboratory work on genetic engineering should 

continue, but we should stop releasing GMOs into the environment until we are absolutely sure they are safe,

which should take years and years to determine.  Independent researchers should then have them closely 

monitored and stop any release if any, even potentially harmful situation is discovered.  Field tests, to 

determine how a GMO will affect its environment, are too often too inaccurate.  Most of the time, scientists 

working for industry will change the data, and when the tests are done by reliable scientists, they still do not 

show how the GMO will react on a larger scale, over longer periods of time, or in many different 

environments, with different ecosystems, organisms, soils, weather, climates, and other factors.  Observing 

horizontal gene transfer, weed and insect resistance, and other problems is much less likely.  Researchers 

from the Scottish Crop Research Institute found that more pollen was escaping from GE oilseed rape than 



was found with small scale tests, and that the pollen was able to fertilize plants 2,500 meters away.  Jeremy 

Rifkin makes the point that “ if the field tests are designed in such a way as to reveal little or nothing of the 

potential risk that might occur in large scale commercial releases, then the exercise is little more than a 

regulatory farce, an elaborate fiction given the appearance of scientific legitimacy without the substance.”

Another environmental concern is that of GM fish, which could alter ecosystems and cause 

extinction.  GM fish (which would be much larger than normal) would use up much more food and could 

cause smaller fish of the same species to die of starvation.  Also, when a larger GM fish mates with a smaller

fish, the survival rate of offspring is much lower.  Some biotech corporations say that they will sterilize the 

fish and confine them so they do not escape, but sterilization is not 100% effective and if one fertile fish 

escaped, it could cause disaster.  Even if the escaping fish were sterile, they could still crowd out smaller 

fish.  Pacific salmon are being genetically modified so that they can mate and reproduce in the ocean without

traveling upstream.  This could cause a disruption of the ecosystem upstream, including the predators, such 

as bears, that need the fish migrations.

Another concern deals with the GE bacterium, Pseudomonas syringae (ice minus) that creates ice 

crystals on plants.  The bacteria normally produces ice crystals, but researchers were able to use recombinant

DNA to remove the part of the bacteria that creates ice.  It was hoped that if this was sprayed onto crops, it 

would prevent natural frost, but the spraying of ice-minus could disrupt precipitation and global climates 

because of its ice-making ability.  There was more concern over a GM organism that has the ability to 

destroy lignin (the substance that makes wood hard).  It could be used to clean up effluent left over form 

paper manufacture or could decompose organic materials for energy.  However, if these organisms escaped 

and were successful, forests all over the world could have their lignin eaten. 

Other environmental threats may result because of disruption in the food chains or ecology due to 

GMOs.  GMOs that produce such things as plastics could be harmful to animals that consume them.  Other 

species may die out for various reasons as well.  Researchers from the Scottish Crop Research Institute found

that ladybugs that ate aphids that had eaten GE potatoes, suffered form reproductive problems and died 

sooner (the females lived about half as long as normal ladybugs).  The females eating the GE material had 

their egg production lessened by 1/3 and when males from the GE group mated with females from the 

normal group, there were 4 times as many unfertilized eggs.  About 3 times the number of eggs from females

in the GE group died before hatching.  With a lower population of one species, the predators that normally 

eat the species would also die out.  If the species that is reducing in numbers from genetic engineering is a 

predator, its prey will overpopulate and die off from lack of food afterwards.  Genetic engineering could 

throw off millions of years of evolution and ecological balance. 

GMOs may also increase the number of invasive species.  With new traits, a GMO might be able to 

live in a new habitat and could be invasive.  GE fish that are engineered to be able to live in colder water 

could move to colder habitats.  Salt-tolerant rice could spread to estuaries and drive out many native species.



If genetic engineering will not work without consequences, we have another option of concentrating 

only on organic agriculture.  It is the better of the two options as it is safe to humans and does not damage 

the environment (except in the way that all agriculture does because it involves planting non-native species). 

Biotech corporations are saying that crops that produce pesticides are better than spraying pesticides, but 

with organic food, you do not have the problem of either form of pesticide.  David Pimentel, Professor of 

Ecology and Agricultural Sciences at Cornell University, said that, “[a]lthough pesticides are generally more 

profitable, their use does not always decrease crop losses.  For example, even with the 10-fold increase in 

insecticide use in the US form 1945 to 1989, total crop losses form insect damage have nearly double from 

7% to 13%.”  A study in the November 11, 1998 issue of Nature, showed that yields of organic crops 

equaled normal crops after 4 years.  It also said that with organic food, quality increases and more crops are 

yielded during droughts.  Jeremy Rifkin said that, “[w]e could use this same [genetic] information we’re 

learning on [the] genomic nature of our plants and our ecosystems to create a sophisticated, market-driven, 

cheap, efficient organic-based approach to agricultural production in the 21st century…[in which] there’s no 

gene splicing between species.  Instead, we upgrade classical breeding with state-of-the-art genomic 

science…  The environment’s not the enemy.  The environment’s the partner…  Instead of playing God and 

being an architect and creating a second genesis, and trying to rearrange millions of years of genetic 

blueprints, what we ought to be doing is understanding the genomic makeup of the world around us and how 

genes interact with environments and ecosystems.”

Biotechnology is very dangerous and has destructive potential.  Unlike most other industrialized 

countries, the US has very little regulation and does not even require labeling.  There are a few possible 

benefits that may come out of this technology, but unless we use it very carefully, the destruction will 

definitely outweigh the benefits.  We need more time to research and think before unleashing such a 

devastating technology.  We can already see myriads of ways that GMOs can disrupt human health.  There is

much uncertainty with insertion, and, unlike the propaganda claims, GE food will not end hunger.  It may 

actually cause more starvation because poor farmers will not be able to afford it.  The problems identified are

only those currently known.  Many worse effects may not have been sufficiently tested or may take longer to

have visible impacts.  We should stop the release of GMOs into the environment until meticulous, 

independent tests show them to be absolutely safe.  If it becomes apparent that the GMO will have even a 

chance of negative effects, it should not be released into the environment.  At the very least food needs to be 

labeled so consumers con know what they’re eating.  However, violent methods, such as burning down 

buildings an destroying GM crops, should not be used.  They are not productive and give a bad message to 

the public about the protests of genetic engineering.  Similar tactics to genetic engineering were made by 

similar companies in the past and caused much damage.  This time the outcomes will be much more serious, 

unless something is done about it.  America should be the country leading the way in regulation and caution, 



not lagging far behind.  After all, the effects of genetic engineering will last practically forever, in terms of 

human existence.



“Up until now, living organisms have evolved very slowly, and new life forms have had plenty of time to settle in. 

Now whole proteins will be transposed overnight into wholly new associations, with consequences no one can foretell,

either for the host organism, or their neighbors.  It is all too big and is happening too fast…[G]oing ahead in this 

direction may be not only unwise, but dangerous.” 

-Dr. George Wald, Professor Emeritus in Biology from Harvard University and Nobel laureate in medicine

“Herbicide-tolerant crops perpetuate and extend the chemical pesticide era and its attendant human health and 

environmental toll.  Crops genetically engineered to resist herbicides, insects, and virus diseases, like chemical 

pesticides, will be sold to farmers as single, simple-to-use products to control pests and sustain continuous 

monoculture.  They are being developed to fit immediately and easily into conventional agriculture’s industrialized 

monoculture.  Biotechnology is being developed with the same vision that promoted chemicals to meet the single, 

short-term goals of enhanced yields and profit margins.  This vision embraces a view of the world characterized by 

beliefs that nature should be dominated, exploited and forced to yield more; by preferences for simple, quick, 

immediately profitable ‘solutions’ to complex ecological problems; by ‘reductionist’ thinking that analyzes complex 

systems like farming in terms of component parts, rather than as an integrated system; and by a conviction that 

agricultural success means short-term productivity gains, rather than long-term sustainability.”  

-Jane Rissler, Union of Concerned Scientists

“The perception that everything is totally straightforward and safe is utterly naïve.  I don’t think we fully 

understand the dimensions of what we’re getting into.”

-Professor Philip James, Director of the Rowett Research Institute, Aberdeen

“The genetic modification of food is intrinsically dangerous.  It involves making irreversaible changes in a random

manner to a complex level of life about which little is known.  It is inevitable that this hit-an d-miss approach will lead 

to disasters.  It must disrupt the natural intelligence of the plant or animal to which it is applied, and lead to health-

damagine side-effects.”

-Dr. Geoffrey Clements, leader of the Natural Law Party, UK

“I see worries in the fact that we have the power to manipulate genes in ways that would be improbable or 

impossible thourgh conventional evolution.  We shouldn’t be complacent in thinking that we can predict the results.”

-Colin Blakemore, Waynflete professor of physiology at Oxford University and President of the British 

Association for the Advancement of Science.

“The FDA has place the interest of a handful of biotechnology companies ahead of their responsibility to protect 

public health.  By failing to require testing and labeling of genetically engineered foods, the agency has made 

consumers unknowing huinea pigs ofr potentially harmful, unregulated food substances.”

-Andrew Kimbrell, Executive Director of the International Center of Technology Assessment



“Information provided to governments and food suppliers by the biotechnology industry is not fully representative 

of the technical limitations of genetic engineering, and therefore does not give a complete picture of the potential 

dangers in is use.”

“Once released into the environment, unlike a BSE epidemic or chemical spill, genetic mistakes cannot be 

contained, recalled or cleaned up, but will be passed on to all future generations indefinitely.”

-Dr. Michael Antoniou, senior lecturer in molecular pathology from London

“There are still hungry people in Ethiopia, but they are hungry because they have no money, no longer because 

there is no food to buy …we strongly resent the abuse of our poverty to sway the interests of the …public.”

-Tewolde Berhan Gebre Egziabher of the Institute of Sustainable Development in Addis Ababa

“At the moment, as is so often the case with technology, we seem to spend most of our time establishing what is 

technically possible, and then little time trying to establish whether or not it is something we should be doing in the 

first place.”

-HRH the Prince of Wales 

“My worry is that other advances in science may result in other means of mass destruction, maybe more readily 

available even than nuclear weapons.  Genetic engineering is quite a possible area, because of these dreadful 

developments that are taking place there.”

-Joseph Rot blat, British physicist and winner of the 1995 Nobel Prize after years of battling against nuclear 

weapons

“We do not believe that such companies or gene technologies will help our farmers to produce the food that is 

needed in the 21st century.  ON the contrary, we think it will destroy the diversity, the local knowledge and the 

sustainable agricultural systems that our farmers have developed for millennia an that it will thus undermine our 

capacity to feed ourselves.”

-Statement by 24 leading African agriculturalists and environmental scientists representing their countries the 

UN in response to claims by Monsanto that GM crops will help fee the world’s growing population.

 

“Today the vast majority of foods in super markets contain genetically modified substances whose effects on our 

health are unknown.  As a medical doctor, I can assure you that no one in the medical profession would attempt to 

perform experiments on human subject without their consent.  Such conduct is illegal and unethical.  Yet 

manufacturers of genetically altered foods are exposing us to one of the largest uncontrolled experiments in modern 

history.”

-Dr. Martha R. Herbert, pediatric neurologist



“An ecosystem-you can always intervene and change something in it, but there’s no way of knowing what all the 

downstream effects will be or how it might affect the environment.  We have such a miserably poor understanding of 

how the organism develops from its DNA that I would be surprised if we don’t get one rude shock after another.”

-Richard Lewontin, Professor of Genetics, Harvard University

“[A] complacent attitude toward the risks of GM foods and crops arises from an approach which tends to equate 

‘no evidence’ with ‘no risk’…the complex interactions which take place in the environment and the difficulties of 

‘managing’ or ‘controlling’ them in the real world are not fully acknowledged by the current risk culture.”

-Julie Shepherd from the UK Consumers Association

“We are confronted with what is undoubtedly the single most potent technology the world has ever known - 

more powerful even than atomic energy. Yet it is being released throughout our environment and deployed with 

superficial or no risk assessments - as if no one needs to worry an iota about its unparalleled powers to harm life as we 

know it - and for all future generations.”

-Nathan B. Batalion

“When the day arrives- and it’s likely to come sooner rather than later- ‘genetic pollution’ will take its place 

alongside petrochemical and nuclear pollution as a grave threat to the Earth’s already beleaguered environment…We 

are flying blindly into a new era of agricultural biotechnology with high hopes, few constraints, and little idea of the 

potential outcomes.”

-Jeremy Rifkin

“I have the feeling that science has transgressed a barrier that should have remained inviolate…you cannot recall a 

new form of life…It will survive you and your children and your children’s children.  Anirreverasble attack on the 

biosphere is something so unheard of, so unthinkable to previous generations, that I could only wish that mine had not 

been guilty of it.”

Erwin Chargaff, Professor Emeritus of Biochemistry, Columbia University

“Genetic engineering of food has far outrun the science that must be its first governing discipline.  Many 

unknowns attend the insertation of genes across species, from ecological risks to food allergies.  These unknowns beg 

for investigation.  About 90 percent of the public wants labeling of genetically engineered foods…[We need] 

mandatory labeling of all foods containing genetically modified organisms (GMOs) as well as comprehensive safety 

testing to be carried out by the FDA and USDA…The regulatory budget for environmental and human health safety 

assessments has been tiny in comparison to research and other monies budgeted to aid industry aims…This decision 

[to have inadequate regulation] represents a staggering failure by the [Food and Drug] Administration to recognize the 

precautionary principle and protect human health and the environment…[Biotechnology] is the least regulated, most 

tumultuous technology ever unleashed on the planet…We have to impose the precautionary principle, and you need a 



public body to do that in Washington…[We also need to] free our scientific…colleagues so they can speak freely 

without having confidentiality agreements and proprietary restrictions…A new science that has such a pretentious 

impact on the world has to have free exchange of scientific peer review…[Biotechnology] involves issues of privacy 

invasion, enormous databases on genetic profiles…can be whirling around the world…[and] can be used…to the 

disadvantage of the people…Are we ready for the government misuse…of this information?  Are we ready for…a new

form of genetic determination or discrimination?  We don’t have an ethical, legal, or regulatory framework, and we 

don’t have free scientific peer review…Let’s put a higher burden of proof on the industry before it’s allowed to go 

forward.”

-Ralph Nader 
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Within a tiny village called Calmioo, 

which sat in the middle of three hills,  

lived a small creature called Geschöpfchen, 

who every day would work in 

a field which he yearly tilled. 

In this garden, Geschöpfchen grew 

sweet corn, carrots, tomatoes, 

squash, berries, and potatoes, 

with which he made pies and stew. 

 

However, Geschöpfchen was not content. 

When he watched his neighbors do garden work,  

which they did at twice his rate,  

while growing crops whose size was great,  

Geschöpfchen felt an awful feeling lurk: 

he did not seem good enough at present. 

He continued to feel depressed,  

as his appearance did suggest 

when his eyes drooped and his neck downward bent. 

 

Finally, Geschöpfchen decided to act. 

He visited the village elder, Dirubble 

to request some helpful advice. 

Finding the door, Geschöpfchen knocked twice. 

The elder came and asked, “What is the trouble?” 

Geschöpfchen replied, “I am not good enough, to tell you the fact. 

I was hoping you might have a potion or cure 

that would make me a better gardener, for sure. 

Please show me the solution that I have thus far lacked.” 

 

Dirubble responded, “It will require that you do 

look far and wide to find these plants: 

eaccncaetp, ecconnefdi, and ysteicru 

Returning here with these plants will do wonders for you. 

Where you find them, though, will be determined by chance.” 

Encouraged and determined, Geschöpfchen said, “Thank you.” 

His only fear was that he didn’t have the strength or ability 

to find and return with the plants, especially not all three. 

Nevertheless, he headed for the mountains as the wind gently blew. 

 

Geschöpfchen climbed the mountain for a day and a night. 



As he neared the top, he began to see 

several creatures jumping on rocks  

or clinging to flowers by grasping their stalks. 

Geschöpfchen thought, This is strange to me, 

but I will try to fit in with this group if I might. 

So Geschöpfchen began to hop on rocks, as well,  

though the purpose of it he could not tell,  

and even though this imitation did not seem quite right. 

 

After jumping and climbing for a long while,  

Geschöpfchen decided to search for the plants. 

He continued to climb up the mountain slope,  

as the many types of flowers he saw gave him hope 

that he would reach his goal.  Suddenly, after a quick glance, 

Geschöpfchen spotted the ysteicru plant, coming out of some rocks collected in a pile. 

He approached the small plant and picked it with care, 

and while tucking it away he was suddenly aware 

that he had achieved a part of his goal, a thought that made him smile. 

 

Leaving behind the mountain at which the first plant was found, 

Geschöpfchen headed next for a forest below. 

Walking through the dense, tall trees 

a sight ahead caused him to freeze: 

seven round, white creatures rolled around in a pile of blue snow. 

Not wishing to anger the white balls, Geschöpfchen likewise rolled around, 

but after a few minutes, he began to get cold. 

Geschöpfchen decided to make a move that was somewhat bold: 

he stopped imitating the creatures and walked on, leaving behind the snow mound. 

 

Geschöpfchen proceeded with majestic trees all around, 

as the sun shone brightly through the leaves and branches. 

He soon neared a wide oak with a hole in the middle, 

and though the dark opening frightened him a little, 

Geschöpfchen decided to look inside and take his chances. 

He poked his head inside the hole and found 

the ecconnefdi plant that he had been searching for. 

He thought to himself, I just need one more! 

Geschöpfchen exited the forest, walking briskly over the leaf-covered ground. 

 

Geschöpfchen headed next for a cave, one that was quite small, 

in which he hoped to find the last plant of the three. 

He went through the entrance and proceeded ahead 

until he heard a strange noise that filled him with dread. 

Walking slowly closer, he was able to see 

ten tall, green creatures hitting their heads on the cave wall. 

Geschöpfchen was about to join in  



until he came to the realization 

that he didn’t need to imitate others for them to respect him at all. 

 

Geschöpfchen continued down the cave, even as it grew cold. 

The damp rock walls grew even more tight, 

and the cave would frequently twist and bend. 

Finally, he felt a wall before him, indicating the cave’s end. 

Disappointment filled him, forcing his hope out of sight. 

He walked slowly out of the cave as the green creatures behind him rolled. 

Geschöpfchen decided that the only thing to do 

would be to return to his village of Calmioo, 

which would be a welcome sight to behold. 

 

When Geschöpfchen returned and visited Dirubble, he found him outside. 

Geschöpfchen explained, “Dirubble, I searched all around  

for the plants you sent me to look for. 

I was able to get two of them, but I need one more. 

The third one, however, cannot be anywhere found, 

even though I searched far and wide.” 

Dirubble responded, “It is actually not the plants that you needed.  No. 

It was the quest to find them that allowed you to grow. 

Your journey gave you strength, wisdom, confidence, and self-acceptance, for which you merely 

need to look inside.” 
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"Write!" shouted the guard. Nairb raised his head.

"Now?" Nairb asked.

"Write!" the guard bellowed again, its voice echoing through the damp chamber

walls.

Nairb picked himself up from the ground and proceeded to extract a notepad and

pen from his pocket.

"Let's see," he said to himself. He peered into the long passageways of the cave,

remembering fond moments of bicycling with his trilobite friends, before he

dismissed the thoughts and returned to the pad of paper before him.

"Well, I think the first suggestion of the council was to follow up with Victoria," he

thought to himself. "It seems our crew had made an attempt to send her a message

about our plans, but we never heard a reply." Nairb etched a note on his pad of

paper.

Nairb felt a drop of water fall onto his hair. It had come from an inchoate stalactite

on the ceiling. "Another 50,000 years," he said, "and you'll be all grown up like your

cousins."

"Thanks!" the stalactite replied in a small voice.

Nairb was glad to give encouragement to his fellow cave-mates. It had only recently

been discovered that stalactites possessed a sophisticated social structure and

were consciously aware of their emotional states. While there was debate about

exactly when stalactites began to feel happiness and suffering, it was clear that this

one was at a stage where it would be pleased by his encouragement.

"Next," Nairb said to himself. "I recall that we needed to acquire a book from a

nearby building. According to legend, this book contains valuable secrets about the

laws of our land." He paused, then scrolled down "library" on his notepad.

"Third," Nairb said. "What was third?" He tapped his finger on his elbow for a

second as he tried to recollect the discussions in the council chambers.

"Telephone," he realized. Nairb scribbled "phone calls" onto his paper.

He gave a sigh of relief. These were the main instructions that the council had given

him. Now he could rest assured that he wouldn't forget the council's exhortations,

so he let the original memories of the council meeting drain from his head,

collecting the contents into a cup before tossing it into a large puddle beside him.

Nairb prepared to sit down on the floor of his cave when he noticed a worm; he was

glad he had checked where he was about to recline before doing so. The worm

meandered past him as he watched it carve a trail through the slime of the moist

floor.

After an hour, the guard returned. "Done?" it asked, leering its large head over his.

"Yes," said Nairb. He quickly produced the sheet on which he had written his

instructions.

"Naargh," growled the guard. "You haven't started!"

Nairb flashed a face of concern before he recovered enough to protest. "Look here,"

he exclaimed. "These are the three urgent requests from the council." He held the

paper in front of the guard's four yellow eyes.

"Blank!" yelled the guard. And as Nairb turned the paper so that he could see it, he

realized that the guard was right. The page contained no inscriptions at all.

"No!!!" Nairb cried. A feeling of panic overcame him as he understood what he had

done. He had written his notes in mobile ink, the latest cost-saving innovation from

the Cavernous Supply Service. Unfortunately, mobile ink only stays on a sheet of

paper for only 45 minutes before it gets bored and walks off.

"Fetch!" the guard told him. Nairb knew the guard was right. His only hope now was

to catch the ink before it had wandered too far. Fortunately, the slime of the cave

floor was sufficient to record footprints conveying the ink's path. But mobile ink was

well known for its locomotive speed, so Nairb knew he would have to run like the

wind to catch it. He dashed off into the darkness of the cave.

"Good luck!" said the stalactite.
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Summary

Applied welfare biology involves assessing how environmental policies affect net

wild-animal suffering. This research is important and should be pursued, and I

outline some interesting questions in this field for people to study. That said, applied

welfare biology has some risks, including encouraging policies that are unpopular

and whose implementation could slightly increase international conflict. Therefore, I

think the first priority of animal advocates should be to argue against future projects

to spread wilderness into space or computational systems. Not expanding wild-

animal suffering is an easier case to make and is ultimately more important in

expectation.

See also the list of research topics for the "Animal Ethics Essay Prize".
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Footnotes

Introduction

Yew-Kwang Ng established the field of "welfare biology" in his classic 1995 paper:

"Towards Welfare Biology: Evolutionary Economics of Animal Consciousness and

Suffering." He proposed to systematically research how we can improve the welfare

of wild animals, which is a topic that has so far been largely neglected in the fields

of ecology and animal welfare.

Applied welfare biology involves analyzing the sign of net impact for various

environmental policies on wild-animal suffering. Small, short-lived species that have

many offspring dominate numerically

among wild animals, and given that almost all of

their babies die shortly after birth, they produce far

more suffering than happiness. Thus, the question

of reducing wild-animal suffering will often boil

down to a question about reducing populations of

these r-selected organisms over the long run.a The

best way to do this can be to examine the growth-

limiting factors for an ecosystem (plant energy, dissolved oxygen, moisture,

temperature, etc.) and then evaluate how a given environmental change impacts

those factors.

Why animal advocates should focus on the future

Applied welfare biology typically targets short-term wild-animal suffering on Earth.

Present-day suffering in nature is tragic, and our heart strings are tugged to try to

do something about it now. And indeed we should explore to some extent what we

could do to reduce the atrocities in the wild in the near term, even if only by modest

amounts. However, I think that overall, animal advocates should focus on averting

future wild-animal suffering, which could vastly dominate that in the present. I

explain the main reasons below.

Global stability

In most cases, the conclusion of applied welfare ecology is that more habitat

destruction is better, to avert future births of animals that will almost all die painfully

shortly after coming into existence. Unfortunately, in many cases, habitat

destruction runs contrary to another important variable: Global peace and stability.

For instance, in "Crop Cultivation and Wild Animals," I discuss how topsoil loss

seems likely to decrease primary productivity in the long run but may also

exacerbate future wars. The same could be said for other resource shortages—in

water, biodiversity, and so on—that may also be accentuated by habitat degradation.

Human conflicts matter a lot because they could lead to wars, arms races, and

failures of compromise that in expectation plausibly increase future suffering. Even

very small changes in prospects for international cooperation could translate into

vast numbers of additional suffering organisms in the far future.

This doesn't mean we should abandon applied welfare ecology entirely. There may

in fact be cases where wild-animal welfare and future stability align. For instance,

I'm very uncertain about the net impact of climate change on wild animals in the

short and medium terms, but if climate change proved to be net harmful for wild

animals, then we would have two reasons—wild-animal welfare and global stability—

for opposing it. However, it's too early to reach such a conclusion now, and it may

very well turn out that climate change is net positive for wild animals, in which case

we would have a similar tradeoff as appears for topsoil erosion or biodiversity loss.

There's also a risk that others who take up the mantle of applied welfare biology will

ignore considerations of global stability and focus exclusively on short-term benefit

to wild animals, which could cause net harm depending on the magnitudes of the

different effects at play.

Habitat destruction is unpopular

Concerns about global stability are reasons that even pure suffering reducers

acknowledge as directly relevant. However, many other people object to

environmental degradation on a more visceral and simple basis: They like

ecosystems and don't want them destroyed. Justifications for this view include

Aesthetic appreciation of nature's beauty and balance

Feeling that nature is special because it's millions of years old

Avoiding hazards to human health caused by pesticides and herbicides

Desire to preserve biodiversity for discovering new medicines, finding useful

genes, and other scientific discoveries

Keeping the option open to preserve nature in case we later decide wild-animal

lives are net positiveb

Wanting to avoid unforeseen ecological or economic consequences.

I personally suspect that raw beauty may be a strong driver behind

environmentalism, but presumably this intuition is encouraged and fortified by the

more "solid" economic and scientific reasons.

Regardless of motivations, many people care about ecological conservation and are

upset when it's suggested that eliminating ecosystems would reduce wild-animal

suffering. There's a risk that by promoting the habitat-destruction agenda too

aggressively, wild-animal advocates may turn people away from caring about wild

animals, possibly permanently. We wouldn't want our movement to do for the cause

of helping wild animals what animal-liberation terrorists have done for the cause of

anti-vivisection, namely, arousing public opposition that delays acceptance of the

problem.

This is especially important given that most of the expected wild-animal suffering in

humanity's future lies ahead of us, even though nature on Earth continues to shrink.

We don't want to kill the goose laying golden eggs by prematurely turning people

against us and tarnishing our movement for when it matters most down the road.

Arguing against spreading wildlife is easier

Future wild-animal suffering might take a few forms:

1. Spreading plants and animals to Mars or other planets for terraforming

2. Disbursing seeds of life into the wider galaxy in the project of directed

panspermia

3. Simulations of evolution or virtual-reality wilderness that are sophisticated

enough to contain conscious suffering.

Unlike wildlife on Earth in the near term, these forms of wilderness are all basically

optional. Perhaps terraforming will one day be widely seen as important for

beginner-level space colonization, but at least presently, few people would complain

if these projects were not pursued, and some object to them on grounds other than

wild-animal suffering. So it should be relatively easier to convince people that

spreading the cruelties of nature in these contexts would be morally objectionable,

since most people are already not that supportive of them.

Other reasons it's easier to argue against spreading wildlife:

1. Status-quo bias is on our side. People want to preserve existing nature but

don't feel an obligation to create it de novo. Indeed, some deep ecologists feel

that we should keep planets unpopulated because this is their natural state.

2. We can appeal to "problem of evil" intuitions. Since we would be actively

bringing about new wildlife, we have to ask why supposedly good creators are

giving rise to so much suffering by innocent animals. (Thanks to a friend for

originally proposing this angle.)

Some principal drawbacks of focusing on not spreading wildlife:

1. The scenarios sound like science fiction to most people.

2. Some might say it's too early to talk about this because nothing can be done

now. (Of course, this isn't true. What we can do now is make the argument

more widely recognized so that the ground is laid before the technological

capabilities arrive.)

3. Applied welfare biology has concrete action recommendations like

vegetarianism does, while for averting future wild-animal suffering, the actions

are more fuzzy, like research and outreach.

The bias for short-term action is a main reason that applied welfare biology feels so

pressing. If we care about wild-animal suffering, the natural assumption is that we

should focus on it in the present. It's possible that even if we focus on future wild-

animal suffering, others will apply those principles to the present day. Of course,

this can be a good thing, but it just requires caution about not stepping on toes, as

discussed previously.

Some arguments for applied welfare biology

With the aim of presenting both sides of the debate, here are some reasons we

might think applied welfare biology is important in the short term.

It has potential direct implications for our daily behavior (e.g., should we

recycle?).

It defuses the "humans are helpless to do anything" objection to reducing wild-

animal suffering. In fact, each human affects thousands of wild animals every

day by his or her environmental choices. Governments spend major resources

on environmental policies that affect trillions of animals.

Like vegetarianism, it can give people something concrete they can do about

wild-animal suffering, rather than feeling hopelessly depressed and giving up.

The practice of doing this analysis may one day spill over into the actual

academic discipline of welfare biology, and we can help set the foundation for

that.

The analytical framework of reducing r-selected populations as much as

possible can shape people's thinking about the problem in general. For

instance, in macroeconomics, the task is to evaluate the net impact of various

factors on GDP, and this may cause people unconsciously to come to believe

that GDP is an important thing to optimize. Sometimes the analysis shapes

people's goals, rather than the other way around.

The topic is really interesting, so it may organically bring in new people to the

issue for whom mere speculative philosophy isn't so compelling. It also

involves more "hard science" and demonstrates that advocates for wild

animals aren't hopelessly naive about how nature works.

Luke Muehlhauser gives similar reasons for why he thinks his organization, MIRI,

should work on object-level research in addition to just public outreach.

Topics in applied welfare biology

I think it's good to work on applied welfare biology as long as we keep in mind the

caveats discussed previously. If we can find policies that both help wild animals and

align with global stability (and as a bonus, people's ecological sentiments), these

could be win-win-win solutions and should be promoted.

In the remainder of this piece, I discuss some topics in applied welfare biology and

sketch some of my speculations about them. Note that I wrote this section earlier

and thus have not in this section given much consideration to effects on

international peace or avoiding clashes with other value systems, and these factors

should be introduced into the analysis.

Types of interventions to explore

The basic argument why we should address wild-animal suffering can be made at a

philosophical level: Wild-animal suffering matters, there's an extraordinary amount

of it, and research on how to reduce it has high expected value. Even failing that, we

should work to make post-humans less inclined to spread wildlife into space and

sentient simulations.

This point is solid, but many people seem to find it too abstract and still get hung up

by the idea that "We can't do anything to help wild animals, so we can ignore the

issue." Largely I think this sentiment reflects either (a) an attempt to resolve

cognitive dissonance between caring about animals and not wanting to worry about

suffering in nature or (b) lack of interest in high-risk high-potential-reward

strategies like long-term research and moral edification. A friend of mine suggested

that in order to "break the ice" for people who feel this way, it would help to have a

few clear examples of "bulletproof" interventions to help wild animals that (1) clearly

reduce wild-animal suffering (2) at low cost (3) without risk of significantly

impinging upon human interests. These interventions needn't be the most cost-

effective; rather, the point is to provide an existence proof for our ability to do

something to help wild animals.

Trivial cases

There are some trivial examples of clearly good ways to help wild animals, like when

people at the Kapani Safari Lodge in Zambia saved a mother and baby elephant

from sinking in deep mud in 2011. The CNN article on the rescue actually states

explicitly the point that we want to make: "Most conservationists would agree that

you should not interfere with mother nature. But there are exceptions to every rule."

Of course, we hope that people will accept more and more exceptions to this

unfortunate principle of not interfering with nature as time goes on.

A similar rescue happened in Kenya in 2012. Saving elephants seems good naively,

but it's probably also good from a more sophisticated perspective that considers

smaller organisms like insects, because elephants consume lots of plant biomass

that would otherwise support many more little animals.

Systematic safe bets

The trivial examples can help in philosophy arguments, but they still don't illustrate

the idea that larger-scale interventions are possible. It would help to explore more

efforts of this latter type. A few ideas:

Humane insecticides: See this section.

Eliminating predators of large herbivores: See

below for details. This intervention has the

benefit of seeming good on the surface to naive

animal advocates (since you're saving

herbivores from predation) as well as being

good from a more sophisticated viewpoint that is concerned with small

organisms (because big herbivores eat food that would have been consumed

by many more smaller, more r-selected animals). The main drawback here is

that humans may not be happy with this intervention—e.g., people complain

about deer overpopulation—but at least we could defend killing predators in

cases where farmers favor it to protect their livestock or where humans drive

out predators by development.

Parking lots, buildings, and sprawl: Parking lots and building construction seem

like some of the most clear ways to reduce wild-animal suffering insofar as

they prevent plant life on a region of land for decades into the future without

many obvious drawbacks for animals elsewhere. Problems with this approach

are that (a) it's opposed by conventional animal-rights people because you're

just preventing animal life with no other justification for doing so and (b) it's

opposed by ecology supporters. Even when this example doesn't work from a

public-relations standpoint, we can know privately that it's one of the "safe

bets." And there are arguments to be made for how it benefits humans—the

same arguments that building developers make when justifying their projects.

Messier but most important cases

In addition to trivial cases of intervention and more systematic "safe bet" cases, we

should also explore areas that we think likely have the highest leverage for actually

making a difference to wild animals, even if the details are more messy and

speculative. These are what we would focus on if our goal was to prevent as much

wild-animal suffering as possible on Earth in the near term, rather than proffer

examples for making a philosophical point. Below in the "Research topics" section I

enumerate some top priorities for areas that makes a large-scale difference to wild

animals.

Eco-friendly interventions?

People cite various reasons against changing human environmental policies to

reduce wild-animal suffering, but fundamentally, one of the biggest motivations for

opposition is that people find nature beautiful and don't want to mess with it.

Therefore, if we could identify environmentalist policies that also happen to benefit

wild animals, these would be an easier sell and would help to break the idea that we

shouldn't try to consider wild-animal suffering in our policy choices.

The danger here is that we might in the process reinforce the assumption that "the

best way to help wild animals is to reduce human interference in ecosystems."

Indeed, many environmentalists believe that wild animals would suffer less if

humans backed off from nature, which is in fact probably wrong: It's likely that

humans have, on the whole, prevented more suffering in nature than they have

caused. This makes me worry that, unless our rhetoric was very clear to defuse the

environmentalist assumption, we might primarily reinforce ecological tendencies if

we promote an intervention to help wild animals that's consistent with nature

preservation.

Research topics

What's the net impact on wild-animal suffering of various human activities?

Net impact of crop cultivation [high priority]

See "Crop Cultivation and Wild Animals" for

details.

Net impact of pasture grazing [high priority]

Here are some articles on this topic.

Even more land is used for grazing (3.2-3.6 billion hectares) than for growing crops.

Which plant foods are best to eat? [high priority]

In addition to asking whether crop cultivation is net good or bad in general, we can

further ask which types of foods are better than others, where "better" mostly

reduces to meaning "prevents the most insect experiences of death per calorie of

human-consumed food."c I drew a rough sketch of what this kind of analysis could

look like in a section titled "Ranking foods".

Global warming [high priority]

See "Climate Change and Wild Animals" for details. The topic has broad

implications, because almost every environmental choice involves a difference in

energy consumption.

Biofuel

Biofuel releases stored plant energy without powering creatures that suffer. From

this perspective, it seems promising. Of course, its production entails similar

consequences as crop cultivation in general, so the net balance of those effects

would need to be worked out further. My main concern is that fertilizer and irrigation

might increase crop yields so much (at least for crop cultivation in wealthier

countries) that even after accounting for lost biomass for biofuel, there might still be

an increase in net primary productivity. However, assuming that a large portion of

the plant is used for biofuel production, maybe this worry is implausible.

In addition, biofuel is sometimes a political ploy to subsidize farmers in the

Midwestern US and may actually require more energy to produce than it yields. If so,

it contributes to climate change, and those effects need to be considered.

The impact of biofuel might be substantial. Human appropriation of net primary

production is predicted to reach 27–29% of potential plant biomass by 2050 but

could reach 44% with greater use of bioenergy. This study says:

According to our results, humans today already harvest over 8 Pg C/yr.

This biomass amounts to an approximate gross calorific value of ≈300

exajoules (EJ) per year, of which some 35–55 EJ/yr are used for the

provision of energy services (35). Prominent studies suggest that the

use of biomass for energy generation could grow to 200–300 EJ/yr in

the next decades (32, 35). The additional harvest of 4–7 Pg C/yr

needed to achieve this level of bioenergy use would almost double the

present biomass harvest and generate substantial additional pressure

on ecosystems.

In cases where biofuel does actually reduce climate change, perhaps pushing for it

could even be seen as socially/environmentally positive.

Some have proposed biofuel from algae. Tradeoffs here are similar as for land-

based cultivation of biofuel. I'm not sure if harvesting algae would kill more or fewer

small animals than harvesting corn.

This paper sadly proposes to generate biofuel from "zooplankton in aerated

wastewater treatment lagoons". This would involve painfully killing huge numbers of

zooplankton. It's much better to produce biofuel from plants before that plant food

is eaten by animals. While one could argue that burning zooplankton lipids is better

than letting those zooplankton be eaten by predators, since doing so would bring

into existence additional predator animals, the problem is that biofuel production

creates pressures to increase yields, i.e., to create more zooplankton than would

have existed naturally, such as by increasing algae production in a given water body.

In other words, biofuel production that extracts lipids from zooplankton may

increase rather than decrease the total number of animals created.

Wood

Some wood—such as that used in "doors, window frames, crates, coffins, furniture,

plywood sheets, chopsticks, household utensils and other items"—is harvested in

the rainforest, which degrades some of the most animal-rich ecosystems on the

planet and thereby prevents a lot of suffering in the long run. However, other wood

comes from sustainable harvesting of forests or from tree farms, and the net impact

of these on wild-animal suffering is not clear.

Logging on US federal lands

This page discusses the debate in the US over whether to increase logging of US

federal lands. On balance, I suspect that more logging would be beneficial, since

forests tend to have higher net primary productivity than other land types. However,

there are some potential counterarguments:

1. Less imported timber: Increasing the supply of US timber might slightly reduce

pressure for imports, including some imports from tropical countries where one

hectare of deforestation probably reduces more total wild-animal suffering.

However, increasing the supply of US timber would probably expand the total

amount of timber used, and the reduction in imports might not be that huge?

One would have to study the details of the timber markets to evaluate this

better.

2. Uncertain impact of forest fires: It's claimed that logging forests reduces risk

of forest fires. As is discussed later, forest fires have both positive and negative

consequences for wild-animal suffering and might be beneficial overall.

Recycling paper

In 2005, before I thought about animal suffering, I lobbied my school board to

switch to using recycled paper for its copy machines. At the time I approached the

question from the standpoint of benefiting future humans by reducing negative

externalities. Now I can consider the question from the standpoint of impact on

wild-animal suffering.

On balance, I tentatively still support recycling paper (and do so myself), though I

haven't explored the topic in much depth from the perspective of wild-animal

suffering.

The net impact of recycling paper on the amount of suffering in nature involves

many considerations, although probably just a few of them dominate:

If non-recycled fiber is sourced from tree farms, then using virgin paper

instead of recycled paper means more tree farms need to displace native

vegetation. So we need to ask whether the annual net primary production

(NPP) that will eventually be made available to animals to eat is higher on the

native vegetation or on tree farms. This paper says regarding "Forest

management and wood harvest" that "juvenilization can increase forest NPP, in

particular NPP allocated to stemwood growth". And even though some of this

NPP is harvested for wood and fiber, that wood and fiber will eventually

decompose, sometimes in ways that will feed animals.

Non-recycled paper uses more energy, contributing to global warming.

Non-recycled paper adds more chemicals to water. The sign isn't clear,

because some of them (e.g., dioxins from bleaching) may reduce fertility

(which can be good or bad depending on the species affected), but others may

merely cause acute harm without reducing populations.

Contrary to popular perception, it seems most virgin fiber in the US these days

doesn't come from old-growth forests:

Much paper now comes from sustainable forests. These sustainable

forests are essentially "tree farms," where trees are grown as a crop,

just like broccoli or wheat. [...]

Overall, one-third of the fiber used to make paper comes from wood

chips and sawmill scraps; another third comes from recycled paper.

Recycling cans and bottles

I haven't looked into the details of the environmental impacts of non-paper forms of

recycling, but my impression is that one of the main reasons to recycle is to save

energy. If climate change is at least as likely to increase wild-animal suffering as to

decrease it, then saving energy is at least neutral in expectation and maybe positive.

Combined with a default stance in favor of socially acceptable behaviors, this

consideration leads me to recycle cans, bottles, and plastic containers. But as I

mentioned, I haven't really researched this topic.

Humans have begun finding organisms that can eat plastic, and it's plausible this

trend will continue. Perhaps within a century, many types of plastic waste that

humans produce will be eaten by bacteria or other life forms? If so, then creating

more plastic from oil / natural gas might increase the total amount of life that's

brought into existence, thereby increasing suffering. In contrast, recycling plastic

would prevent new plastic from being created.

Power plants killing fish

A power plant kills possibly millions of fish and many more fish eggs per year (Sierra

Club 2011, p. 3) Fish deaths by "impingement" and by "entrainment" seem

intuitively very agonizing. These deaths have a number of complicated side effects

on populations of other ocean life. Some of these side effects probably reduce

suffering and some probably increase suffering.

Urbanization and sprawl

According to Vaclav Smil, major cities cover 500 million hectares, an area 50%

bigger than India. Earth's total land area is ~15 billion hectares. So major cities cover

~3% of Earth's land area. (In comparison, agricultural crops cover "10.9% of global
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Jokes

This page collects jokes I made up and other frivolities.

Contents

Jokes

Lyrics

Games

Peach cake is weird monkeys

Emoji abbreviations

Jokes

From 2020 Aug: What do you call it when the lead actress from Xena: Warrior

Princess is about to perform a scene? Answer: imminent Lawless action.

From 2018 Nov 8: A newspaper that's written with ink and paper could be called a

"paper paper", as distinguished from an "online paper". If you pay for each copy of

the newspaper purchased, you pay per paper paper. (When spoken aloud, that

sounds like "paper paper paper".)

From 9 Sep. 2016: "Memetic children" are people whom your ideas influence. Of

course, these people can go on to influence you as well, making you their memetic

child. As a result, you can be your own memetic grandpa (or grandma).

From 2013 Feb 10:

Ruairi: "I don't know nuthin' about crabs!:O"

Brian: "Oh, don't be crabby, Ruairi. You have lobs-ter talk about. Don't

clam up your knowledge and cl-oyster your ideas. That would be

shellfish of you. You're usually not prawn to shyness."

From 2013: Sometimes when I was eating cucumbers fresh out of the fridge, they

would make me cold. (This is true.) One might say that while eating them, I became

"as cool as a cucumber".

From 2012: What do you call someone who can’t wait to leave the hospital after an

operation? An impatient inpatient.

From 2012: Sometimes when I try to take a nap, I fail to fall asleep. We might call this

a NAP Error.

From 10 Oct. 2011: Bacteria were looking for a new

home. They came across maize kernels that had

been spilled on the floor. One said to the others:

"Let’s all live in hominy together."

From circa 2001: What's the word that refers to the

process of taking off one's winter jacket? Answer:

anticodon ("anti coat on")

Lyrics

While playing Super Mario Bros. 3 in the 1990s, I could hear in the back of my head

lyrics to one of the songs from World 1 of the game. These lyrics are simple, but

they're what I felt like the music was saying:

That's the beauty, of our system.

That's the beauty of ours.

That's the beauty, of our system.

That's the beauty of our system, today.

That's the beauty of

That's the beauty of

That's the beauty of

That's the beauty of

That's the beauty of

That's the beauty of

That's the beauty of our system, today!

Games

Peach cake is weird monkeys

When I was about ~8 years old, I often visited the house of some friends. One of the

many games we played was something we apparently invented (though probably it

has been invented many times). The idea was to take a chain of N people and

generate an N-word sentence. The first person invents a word. S/he whispers it to

the second person, who then picks a word that could naturally follow the first word

in a sentence. For instance, if the first word is "Peach", the second could be "cake"

to make the phrase "Peach cake". The second person whispers only his/her word to

the third person, who picks a word that could follow only the second word, without

knowing the first. For instance, if the second word is "cake", the third word could be

"is" to make "cake is". And so on. On our first round of the game, we produced the

sentence "Peach cake is weird* monkeys", and that's what we named the game

thenceforth. (*Actually, the word wasn't "weird" but something else that's not very

politically correct.)

This game can be seen as generative sentence production from a bigram language

model in which each successive word is picked to have a high value of P(next_word |

previous_word).

Emoji abbreviations

In chats with close friends, I like to use emojis in place of certain words or phrases

for humorous effect. The below table lists many of these abbreviations. An example

statement using some of these abbreviations would be the following:

 for . I'm  to reply now, but I  your day goes .   

Emoji
Short

code
Meaning Explanation

:pig2: sorry

A mother pig is called a "sow". Therefore, this

emoji could be said to be "sowwy", which is a

baby-talk way of saying "sorry".

:turtle:
being

slow

Turtles are known for being slow. (In college, a

friend said that I'm "slow like a turtle" when

thinking and speaking.)

:snail:

being

extremely

slow

Snails are even slower than turtles.

:sheep: bye
A sheep says "baa", which can sound like a silly

way of saying "bye".

:cow: mood A cow says "moo", which sounds like "mood".

:chicken:

dick (e.g.,

"I'm

being a

dick")

An adult male chicken is called a rooster or cock.

"Dick" is another word for "cock".

:frog: hope

Frogs hop, and the word "hop" looks like "hope".

I originally got this substitution of "hop" for

"hope" from the book Lyddie by Katherine

Paterson.

:rabbit: being late

The White Rabbit from Alice's Adventures in

Wonderland says: "Oh dear! Oh dear! I shall be

too late!"

:deer: dear "Dear" sounds like "deer".

:bicyclist: too tired

There's a famous joke: "Why did the bicycle fall

over? Because it was two-tired." The joke is more

effective when spoken rather than written so that

there's ambiguity between "two-tired" and "too

tired". This joke is great because bicycles really

do fall over due to having only two tires.

:hole:

well (e.g.,

"I hope it

goes

well")

This emoji is the closest I could find to something

that looks like a well for drawing up water.

:bed:

I'm going

to bed

now

This can be useful to let people know my current

sleep rhythm.

:radio:
over and

out

I use this symbol to indicate that I'm done writing

messages for now and won't reply again until a

future time. People normally write something like

"Bye" for this purpose, but there's always a

possibility that the other person will write a

further message after "Bye" and expect a

response. The "over and out" message (which

can be abbreviated as "oao" if emojis are hard to

write) provides a definite end marker, so that I

don't have to stick around in a chat to see if the

other person will reply again. This avoids possible

hurt feelings if I leave the chat while the other

person wasn't quite done and expected a

response. The "oao" message indicates that all

messages are really done for now, so I'm leaving

the chat, and don't feel offended if I don't reply

again any time soon.
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 Froge and Clifford were trying to write a story.  Froge 

wanted to write about the moon, but Clifford wanted to write 
about dogs.  They decided to write about dogs on the moon.  Here 
is their story: 
 

 The dog jumped 10 meters in the air and barked even though 
there was no sound.  The doge sat down and went to sleep. It 
sleept until the moon got very cold.  The dog dug a hole in a 

crater that went to the center of the moon.  The dog made so 
many tunnels that the moon cllapsed and orbited closer to the 
Earth.  The moon then split into two satellites, and eventually, 
they crashed into each other.  Then the dog floated on a piece 

to pluto.  THE END!!!! 
 
 Clifford and Froge sold the story for and were able to buy 

a box of cereal. 
 
 
 

 
 
 
 

noun      bear  
noun  Herkys   
noun  cynobacteria 

adjective  cereulean  
noun  supplication 
verb  teeming 
noun  temperature   

verb  transport 
noun  chair 
noun  peridotitie 

noun  halite 
 
 
When the _____________  woke up it realized that there were two 

__________ in the ___________.  Why is there a _________ picture 
in the _________?  I hope that I can ___________.  Four days ago 
there was a _________ __________.  It came to the earth and 

________ for the rest of _______.  This __________ has no 
____________. 
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Erik and the three-eyed blobs

By Brian Tomasik

First published: 2019 Apr 25. Last nontrivial update: 2019 Apr 25.

This is a story I wrote for my 6th-grade English class. The original title was

just "Erik". I salvaged this text from an old floppy disk in Dec 2018. The date

written in the original file was 1999 Apr 26; I'm not sure if this is the date I

wrote it or the due date. When I uploaded this piece, I made a few

fixes/improvements for writing conventions, added italics to book and movie

titles, and tweaked a few words, but otherwise the text is the same as when I

first wrote it.

Despite what you might assume, Erik is not a reflection of myself. For

example, I had at the time of writing this never seen The Simpsons, never

read Star Wars books, never ridden a go-kart, never gone to Paris, etc.

Erik started doing his homework when he got home from school. He was half

figuring out 82 divided by 16 and half imagining that he had his very own go-kart

and paintball gallery. When he finished his homework, he decided to walk to the mall

to play one of his favorite games, laser tag.

As Erik was walking down his driveway, a giant hole opened up in front of him! He

didn't see the hole until he had fallen in. The hole, after swallowing Erik, closed back

up at the top while Erik kept falling. He finally landed in a big pool of water.

Suddenly a big light turned on so Erik could finally see. A huge group of gray, three-

eyed blobs with long curly tails were all staring at him. They slowly oozed up to Erik

and carried him away. As the blobs were walking, they squirted a strange liquid out

of their tails. When the liquid hit Erik, he slowly drifted off to sleep.

When Erik woke up, he was lying on a small table. As he got up, he felt dizzy. He

looked around the room. In a small corner, a few blobs were fiddling with a control

board. Not knowing what had happened after he had fallen in the hole, Erik asked

the blobs what was going on. To his surprise, the blobs—confident that their plan

would work no matter what—answered him. They told him that their plan was to get

rid of humans by getting rid of things humans liked, and keeping those they didn't

like, which they hoped, would drive humans crazy. Erik was to be the first human in a

series of tests to find out what humans like and dislike. While he was asleep, the

blobs had read his mind and found out that Erik's least favorite movie is Mother and

his least favorite show is Barney & Friends. They also found out that Erik likes

paintball, go-karts, laser tag, a book called Star Wars: The Swarm, basketball, The

Simpsons, submarine sandwiches, and going to Paris. The blobs typed all of Erik's

favorite things into their control board so that if a big green button was pushed, it

would rid the world of those things!

At Erik's house, his parents had gotten worried about him. Five hours had passed

since Erik had left. His parents decided to try looking at the mall. They got into their

car and drove over the hole Erik had fallen in, but they were going so fast that the

soil didn't fall until they were past it.

In the hole, Erik saw a bottle of the same strange liquid as the blobs had squirted on

him. He snatched the bottle and threw it on the blobs. The blobs were stunned, but

didn't fall asleep. Erik looked around again. On another wall was an extension cord

going from a wall socket to the machine. Erik pulled the cord out and broke it in two.

When the power was disconnected, the screen on the computer blanked out and all

the information was lost.

The blobs kept oozing closer. There were two doors that Erik might be able to

escape from, but he couldn't decide which one to open. Since the blobs were

coming from the right, he ran up to the left door and opened it. Inside, all Erik saw

was darkness, but the blobs were too close to hesitate, so Erik ran in. He kept

running through the dark tunnel until he felt water and saw light. Erik was back

where he had fallen in and the hole was open again. On one side of the wall was a

gigantic ladder. Erik climbed it until he was outside again.

Just then his parents pulled in the driveway and stopped in front of the hole. Erik ran

up to the car and quickly told them the whole story. Erik's parents didn't believe him

until they looked down into the hole and saw the blobs trying to get up. Erik's

parents got a board to cover the hole temporarily and the next day they had it paved

over so that no one would ever fall in again.
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DER FROSCHKÖNIGS WUNSCH 
BRIAN TOMASIK* 

 
Es war einmal ein Froschkönig, der ein kleines 

Königreich hatte.  Die Frösche in dem Königreich 
waren sehr glücklich und freundlich, aber sie hatten 
auch viel zu tun.  Im Sommer und Herbst, mussten sie 
jeden Tag Fliegen fangen und in den Kühlschrank 
stecken, denn sie brauchten Essen für den Winter.  Die 
Arbeit war schwer aber nötig. 

Eines Tages, schwamm der Froschkönig in seinem 
Teich.  Er war fast schlafend, als er eine grosse Fliege 
sah.  Die Fliege hielt auf der Froschkönigs Nase an und 
erklärte, >>Grüss dich!  Ich bin eine zauberhafte Fee, 
und deshalb, werde ich dir einen Wunsch geben.<< 

>>Das ist sehr toll!<<, sagte der Froschkönig.  
>>Ich wünsche, dass die Frösche in meinem 
Königreich nicht mehr arbeiten mussen, weil wir 
unsere Fliegen schon in unserem Kühlschrank haben 
werden.<< 

>>Ich kann das machen<<, sagte die Fee. 
>>Dankeschön<<, antwortete der Froschkönig, 

als die Fee wegflog. 
Der Froschkönig sprang von dem Teich und 

rannte zurück zu seinem Schloss.  Er ging in die 
Küche, und er öffnete die Tür von dem Kühlschrank.  
Sie war ganz voll mit frischen Fliegen.  Der 
                                                
*
 Written for German class, fall 2004. The German is not guaranteed to be correct! 



Froschkönig war so begeistert, dass er seinen Helfer 
rief. 
 >>Schauen Sie!<<, sagte er.  >>Wir müssen nicht 
mehr arbeiten!<< 
 Die Helfer waren erstaunt, weil sie noch nie so 
viele Fliegen zusammen sahen.  Sie tanzten und sangen 
mit Freude. 

Das ganzes Königreich war überglücklich.  
Jedermann dachte nach was er oder sie mit mehr Zeit 
machen konnte:  Karten spielen, lesen, fernsehen, und, 
natürlich, faulenzen.  Die Frösche wurden sehr 
gemütlich und zufrieden. 
 Jedoch, sahen die Frösche etwas nicht voraus:  die 
neuen Fliegen schmeckten schrecklich!  Als der 
Froschkönig einen Biss von einer Fliege ass, wurde sein 
Gesicht blau und rot; er spuckte den Biss aus und 
sagte, dass er nie wieder eine Fliege essen würde. 
 >>Wir müssen Fliegen wieder fangen<<, sagte 
der Froschkönig mit Verzweiflung.  >>Wir haben 
keine andere Wahlmöglichkeit.<< 
 Er schickte seine Helfer weg.  Sie suchten und 
suchten, aber sie konnten nicht eine Fliege finden.  
>>Wo sind die Fliegen?<<, fragten sie sich.  Aber sie 
konnten nicht antworten. 

Als die Helfer zurück ins Schloss kamen, wurde 
der Froschkönig zornig:  >>Was?  Fandet ihr nichts?  
Seid ihr unfähig?<< 



 >>Es tut uns leid, aber es gibt keine Fliegen.  Alle 
sind schon in unseren Kühlschränken<<, sagten die 
Helfer. 
 >>Ist das wahr?<<, fragte der Froschkönig.  
>>Was können wir machen?  Wir werden alle 
hungern!<< 
 >>Seid ruhig!  Seid ruhig!<<, befahlen die Helfer.  
>>Wir haben eine Idee.  Vielleicht können Sie die Fee 
wieder finden.  Dann, können Sie Ihren Wunsch 
äussern.<< 
 >>Ich werde das probieren<<, sagte der 
Froschkönig, als er nach draussen ging. 
 Der Froschkönig wartete und wartete für die Fee.  
Endlich, als er fast seine Hoffnung verlor, kam die Fee. 

>>Was wollen Sie jetzt?<<, fragte sie.  >>Ich gab 
Ihnen schon Ihren Wunsch.<< 
 >>Ich will meinen Wunsch zurücknehmen<<, bat 
der Froschkönig.  >>Meine Frösche können deine 
Fliegen nicht essen.<< 
 >>Ich kann Ihren Wunsch zurücknehmen, aber 
sind Sie sicher?<< 
 >>Ja, ich bin sicher.  Nichts ist mehr wichtig als 
Essen.<< 
 >>Ich nehme Ihren Wunsch zurück.<< 
 >>Ich bin dir sehr dankbar<<, sagte der 
Froschkönig. 



 Der Froschkönig ging zurück zum Schloss, wo 
seine Helfer auf ihn warteten.  >>Ich hatte Erfolg!<<, 
sagte der Froschkönig. 
 >>Wir müssen feiern<<, sagten die Helfer. 
 Dann waren die Frösche im Königreich wieder 
glücklich.  Sie mussten wieder Fliegen fangen, aber die 
Fliegen schmeckten prima. 
 So lernte der Froschkönig, dass man nur mit 
Arbeit wirklich froh sein kann. 
 



Marlene Dietrich 

Spring 2004 

 

Sie war Marlene Dietrich, und sie ist am 27. Dezember 1901 in 

Schöneberg geboren.  Ihre Eltern waren Louis und Wilhelmine Dietrich.  

Nach ihrem Vater in 1907 gestorben ist, heiratete ihre Mutter Edouard 

von Losch.  Marlene hatte ihre erste Rolle in 1922 in „Der 

Widerspenstigen Zähmung,“ und sie hat am 17. Mai 1923 geheiratet.  In 

1930, ist Marlene nach die Vereinigten Staaten gegangen, wo sie einen 

Vertrag mit „Paramount Pictures“ gemacht hat.  Später, hat sie Filme für 

Joseph Goebbels und die Nationalsozialisten nicht gemacht.  Ihre letzte 

grosse Rolle war in „Judgement at Nuremberg“ in 1961; sie hat eine 

Witwe gespielt.  Marlene hat Memoiren geschrieben, die hiessen „Ich 

bin, Gott sei Dank, Berlinerin.“  Am 6. Mai 1992, ist sie tot geworden.  

Ich würde Marlene gerne kennen lernen, denn ich habe ihren Film, 

„Judgement at Nuremberg,“ gesehen und sie war eine interessante 

Person. 
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"My daybook" journal (in German)

"Mein Tagebuch"

by Brian Tomasik

Written in 2001 for German class.
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Donnerstag Der 3 Mai

Freitag Der 4 Mai

Samstag Der 5 Mai

Sonntag Der 6 Mai

Montag Der 7 Mai

Donnerstag Der 3 Mai

Am Morgen, war ich sehr mude.

Zum Fruhstuck, habe ich Brotchen gegessen.

Mathe und Sozi war so-lala, aber sie sind nicht langweilig gewesen.

Ich bin zum Zahnarzt gegangen.

Ich habe Fisch und Pommes frites gegessen. [Brian in 2014: I regret eating fish]

Freitag Der 4 Mai

Ich habe um halb elf im Bett geschlafen.

Ich bin nach draussen gegangen.

Ich habe photographieren gemacht.

Ich habe meine Hausaufgaben gemacht.

Ich habe Wassermelone gegessen, und sie hat sehr gut geschmeckt.

Samstag Der 5 Mai

Ich habe in Altamont einkauft.

Ich habe Pizza gegessen.

Ich habe fern gesehen.

Ich habe „Set“ gespielt.

Ich habe ein Buch gelesen.

Ich habe „Risk“ gekauft.

Sonntag Der 6 Mai

Ich habe Tennis gespielt.

Ich habe meine Schwester mit ihre Hausaufage geholfen.

Ich bin zum Einkaufszentrum gegangen.

Ich bin mit meinen Kater gewesen.

Ich habe zur meine Grossmutter geschrieben.

Ich habe fur ein Examen studieren.

Montag Der 7 Mai

Ich bin zum French’s Hollow und Thatcher Park gegangen.

Ich war sehr durstig!

Ich habe eine mathematische Probleme gemacht.

Ich bin in eine Hohle gegangen.

Zum Abendessen, habe ich Brot mit Kase gegessen.

Ich habe Mein Tagebuch geendet.
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Arm numbness while sleeping

By Brian Tomasik

First published: 2019 Jun 16. Last nontrivial update: 2020 Aug 31.

Summary

This page describes my experience with frequent arm numbness during sleep,

starting in fall 2018.

I'm writing this page mostly as a record for myself, but maybe some other people

will find it useful. I began writing this piece while in the process of trying to figure

out my problem. Therefore, some of my early hypotheses are likely to prove wrong

in retrospect, similar to how some suspects in a mystery novel later turn out to be

red herrings.
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The numbness

It's common for an arm or leg to "fall asleep" when you lay on it for too long. This

can cause a "pins and needles" sensation, whose technical name is paresthesia. I've

experienced this on random occasions throughout my life, most often when I find

myself sleeping on an arm.

In fall 2018, my arms began falling asleep during sleep more and more often. When I

woke up in the middle of the night, I would sometimes find that one or both arms

were numb. However, often I didn't have a "pins and needles" feeling so much as

just numbness—feeling as though the arm didn't have circulation, without any "pin

prick" sensations. But like the ordinary "pins and needles" feeling, this numbness

faded within ~5 to ~30 seconds as I began moving my arms. (I noticed the

difference in feeling between this numbness and an actual "pins and needles"

sensation when I had actual "pins and needles" in my right arm during the night on

2019 Jun 13.)

I sleep on my back, in the so-called "soldier" sleep position. One reason for this is

that side sleeping is not really possible when you're wearing earmuffs, and I

sometimes need to wear earmuffs during part of my sleep to block out noise. The

soldier position also helps reduce acid reflux. And it presumably reduces the risk of

sleeping on an arm in a bad way. Still, on about ~1/4 of nights, I do end up sleeping

on an arm anyway due to unconscious shifting during sleep, either tilting to the side

or putting my hands behind my head. Arm numbness in these cases is not

unexpected.

What was weird about my numbness beginning in fall 2018 was that I often got it

even if I maintained my soldier position, with my hands at my side or on my

stomach. Numbness didn't happen every night, and sometimes I would go for

several nights without it. But on average it did seem to happen on about ~1/2 of

nights.

As far as I recall, this frequency of arm numbness had never happened before fall

2018, which seemed to rule out explanations like "it's just due to something

correlated with the onset of winter weather, such as using a heavier blanket or

wearing a sweatshirt".

When I'm very tired, I tend to sleep more intensely and don't wake up as much

throughout the night. I noticed that my arm numbness was more likely in this case,

presumably because my body was less responsive to discomfort signals. I guess

this was a mild, alcohol-free form of "Saturday night palsy".

The numbness didn't hurt, nor did it wake me up. But I wanted to investigate and

resolve the issue because it seemed it might be a canary in the coal mine for an

underlying problem, possibly one that could cause lasting damage. 

says: "Anyone with ongoing paresthesia should see a doctor, especially if the

symptoms are new, constant, or not attributed to anything else."

The next section reviews some ideas I had about what might be causing my

symptoms.

Possible causes

Arm exercise

When I read about possible causes of paresthesia, I found carpal tunnel syndrome

or cubital tunnel syndrome to be some of the more plausible. Even though I have a

"desk job", I doubt that my computer work would contribute too much to carpal

tunnel, because I stand while working, move around a lot, take lots of breaks, and

spend vastly more of my time reading rather than typing. When I do type, it's usually

only a sentence or two at a time after which I pause to reread what I've written or

decide what to say next, and during those pauses, I move my hands away from the

keyboard (partly just to avoid accidentally hitting a key).

I thought a more likely culprit might be arm exercise with dumbbells. I began using

dumbbells in 2013. (Before that I had mainly exercised just my legs, with running,

walking, or stationary biking.) Because I'm lazy, I use dumbells mainly in a "cardio"

way rather than for building strength: I lift the dumbells up and down for a few

minutes at a time, and then set them down for a few seconds before starting again. I

do this for ~30 to ~120 minutes—as long as I can go until I feel worn out.

Since ~2011, I haven't done much jogging, and cardio-style dumbbell lifting has

replaced it as my most intense form of exercise. (Walking on my treadmill is my less

intense supplement.) I use the same motion the whole time, bending my elbow to

bring the weights closer to my chest and then back down. So it's plausible that this

creates some kind of repetitive-motion stress on something.

If the culprit is dumbbell exercise, one question is why the arm numbness at night

didn't really start until late 2018, more than five years after I began the habit. The

weight of my dumbbells and the duration of exercise had remained roughly constant

since 2014.

Dumbbell exercise is central to my physical and mental health because it's how I get

my most intense cardio workout. Therefore, I haven't yet (as of mid-2019)

experimented with giving it up for a long period of time in order to see if my arm

numbness at night improves. Maybe I should do that at some point. What I have

observed is that if I take a break from dumbbells for two to three days in a row, there

doesn't seem to be much correlation with whether I'll get numbness at night.

Sometimes I get strong numbness the night after long workouts. But sometimes I

get strong numbness when I haven't lifted any weights for a day or two.

Posture

The other hypothesis that I thought was most plausible was that my nerves were

strained by some kind of posture problem. Maybe posture while standing, but more

likely posture in bed, since I only ever had arm numbness during sleep.

Of course, as with dumbbell lifting, this explanation raised the question of why the

symptoms only started in fall 2018, given that my sleeping posture hadn't changed

for many years.

I wanted to experiment with my mattress in case that was relevant. In Jun 2019, I

dusted off a miniature mattress that I had slept on from 2011 to 2014. I laid it on top

of my usual mattress. The first night I tried it, I still had arm numbness, so that

experiment seemed not to be very promising. However, I tried the mini mattress

again the next night, and this time I didn't use any pillow, in case that was straining

my neck. This night I had no numbness. And that no-numbness trend continued for

the next few nights, except on one of the nights when I turned sideways onto my left

arm during sleep.

Creatine withdrawal

When I reflected on what had changed in fall 2018, one weird hypothesis came to

mind: I had stopped taking creatine supplements. I had been taking a capsule

containing 0.7 g of creatine almost every day from fall 2014 until fall 2018. Creatine

is sometimes recommended for vegetarians like myself, although there's also

speculation about possible health downsides ( ).

Since learning about the possible health risks of creatine, I had been thinking about

discontinuing it, because it wasn't obvious that I was any better off taking it than I

had been before taking it. However, because the decision was very unclear, I

continued taking creatine regularly during the period 2014 to 2018, allowing me to

avoid temporary withdrawal effects from going off of creatine, such as muscle

achiness. Finally, in fall 2018, I happened to stop taking creatine for a few days, and I

found I didn't have muscle achiness, so I decided to persist in not taking the

supplement. This continued until around the beginning of 2019.

Because going off of creatine was the only physiological kind of change I could think

of that coincided with the onset of my arm numbness, I decided to try taking

creatine once again in Jan 2019. The night after I took my first creatine capsule, my

arm numbness completely vanished. Even without taking any more capsules on

subsequent days, the numbness didn't come back.

I thought it was odd that creatine withdrawal could be the culprit, because when I

searched the web for {creatine paresthesia}, I found nothing relevant. On the other

hand, creatine seemed to be working to banish the arm numbness. In early 2019,

when I found my numbness creeping back at night, I took a creatine capsule, and

the problem seemed to disappear again for a few days. That said, I didn't keep any

rigorous records, and it's possible that this correlation was just in my imagination.

In Mar and Apr of 2019 I was taking a 0.7-gram creatine capsule about once every

~5 days, whenever it felt like my numbness was getting more pronounced again. It

felt like the creatine also influenced my body in other ways. One night in Apr 2019

when I took a creatine capsule with a meal, I became tired and took a long nap that

helped catch me up on sleep debt I had accumulated during the preceding few

days. It felt subjectively like this nap was partly caused by the creatine. When I

awoke from the nap, it seemed as though blood was flowing throughout my body to

a degree that I hadn't felt in a while.

However, by late spring 2019, the hypothesis that creatine withdrawal was

responsible for my numbness began to weaken. I stopped observing much of a

correlation between taking creatine and eliminating my numbness that night.

Sometimes I took creatine and still had numbness, and sometimes I didn't have

numbness despite not having taken creatine in a while.

If there was any real correlation between creatine and reduction in my symptoms

back in Jan 2019, my best guess would be that it was because creatine affects

muscles, blood flow, etc, and probably that's somehow related to whatever the root

problem is.

Earmuffs

I sometimes wear earmuffs to block out noise so that I can fall asleep. While wearing

earmuffs when awake doesn't cause any symptoms, wearing them during sleep

sometimes seems to restrict blood flow in my body. I can tell this because I

sometimes feel blood flowing more strongly again when removing them from my

head. Sometimes this restricted blood flow coincides with arm numbness that

dissipates when the earmuffs are removed.

(This restriction of blood flow seems worrisome from a health perspective even

without accompanying arm numbness. As of 2019 I'm still working on finding

alternatives to earmuffs... Earplugs combined with background noise sometimes

work, but they don't reduce sound as well as earmuffs do.)

While earmuffs seem to be an exacerbating factor, I still can have arm numbness

even on nights when I don't use them, so I don't think they're the whole story, unless

using them somehow caused a more permanent problem with my body.

Vitamin B12 and thyroid

In Apr 2019, I asked about my problem on the site JustAnswer. Anonymized versions

of the questions and answers are published afterward, and you can see mine here:

. Two of the possibilities the neurologist mentioned were as follows:

One more possible cause can be deficiency of Vitamin b12 which is

essential for normal nerve functioning.

Hypothyroidism is another possible cause and can be tested for by

using blood test to look at thyroid function.

I scheduled my annual physical with my primary-care physician in May 2019, and I

mentioned these as two blood tests we could do, just in case they might be relevant.

I doubted that vitamin B12 would be relevant because I take a B12 supplement. And

indeed, my blood test for vitamin B12 came back as 935 pg/mL, which is slightly

high relative to the reference range of 213 to 816.

As for thyroid, the measurements of TSH, free T3, and free T4 all came back near

the middle of their reference ranges.

Visiting doctors

I first discussed my issue with my primary-care physician, and then I was referred to

an orthopedic doctor.

Both of these doctors asked me to rotate my neck and arms. Because I was able to

do so without pain, that ruled out some possibilities. They also both measured my

hand and arm strength by having me push, pull, grab, etc on them in various ways. I

was able to pass those tests easily.

I told the orthopedic doctor that not using a pillow might have improved my

situation. This, combined with the fact that my numbness was in both arms, made

him suspect that it might be a neck issue. He had me do four neck X-rays, and a few

minutes later, we came back to examine the results. He found that indeed I had a

few things slightly off with my neck bones (although I unfortunately wasn't fast

enough to write down or remember any of the technical details).

Regarding treatment, the orthopedic doctor recommended beginning with physical

therapy, an anti-inflammatory prescription, heating pads, etc. No injections or

surgery for now. He said posture in bed and maybe also while awake can help.

The numbness faded

Within roughly the week after visiting the orthopedic doctor, my arm numbness

faded to essentially nonexistence. This wasn't because of the doctor; he had just

taken X-rays and given suggestions. Rather, it seems, the improvement was due to

the new miniature mattress that I was using on top of my regular mattress. This new

mattress was firmer and didn't bend as much, which I assume put me in a better

posture during sleep.

Between the end of June 2019 and when I'm writing this paragraph (2019 Oct 01),

my former arm numbness has basically gone away. Maybe my arms have been

somewhat numb during sleep roughly once a month, though I don't think they've

ever been severely numb.

I should ideally still see a physical therapist some time because of the small problem

in my neck, but at least that now seems less urgent.

The following paragraph is an update from 2020 Aug 31. For the past year, the

numbness has continued to be basically gone, even though I haven't yet done any

of the things recommended by the orthopedic doctor. I think mild numbness

occurred at most a few times during the last year. Even when I stop using my

miniature mattress and sleep directly on my main mattress, the numbness doesn't

come back. I wonder if whatever strain was causing the problem has healed

somewhat? (As a comparison, in summer 2006 I slept on a couch for two weeks at

the start of an internship, and for a few weeks thereafter, I had back pain. It

gradually went away on its own once I started sleeping on a real bed again.)
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My Very Mild Tinnitus

By Brian Tomasik

First published: 2017 Jul 13. Last nontrivial update: 2019 Jun 19.

Summary

This piece describes my history with an extremely mild case of tinnitus and my

experiences seeing doctors about it.
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History

I'm told that I had several ear infections around 1 to 2 years of age. I was given

amoxicillin for them.

I remember being given ear drops around age ~7, though I don't recall why.

Throughout my life I've generally avoided too much loud noise. For instance, I never

played music too loud like some teenagers do. I may have had some abnormal levels

of noise exposure when helping out with house construction (both my own houses

and Habitat for Humanity houses), but these occasions weren't extremely frequent.

In summer 2002, when I was sick at home with esophagitis, I read, among other

things, a book about noise pollution and hearing loss.

As a teenager and young adult, I tended to pick out the "gunk" (dry, dead skin and

wax) in my ears with my fingers, because doing so felt satisfying. At the doctor's

office, I was sometimes told I had infected external ears, and in retrospect I suppose

this was probably due to my picking gunk out. At the time I didn't care much about

this issue, assuming it was harmless.

Once during college I went to the campus health clinic

for a checkup. The one thing they flagged to me was

that my hearing was worse than expected. They

referred me to an Ear, Nose, and Throat (ENT) doctor.

At the visit with him, he found that I had lots of earwax

and cleaned it out. I think he used pressurized water,

but I don't remember with certainty. I do remember that

the process was mildly painful, and I wondered whether

I should worry about long-term ear damage from the

water pressure. The procedure took several minutes,

and afterward, I observed a marked improvement in my hearing. A friend who had a

similar procedure done told me that after his treatment, he could (figuratively) "hear

ants walking on the sidewalk".

Earwax and swimmer's ear in 2014

Ever since I started college, I've kept earmuffs at my bed in case I want to block out

noises at night. This is very helpful when living with other people, or when there are

loud street noises outside. A downside of earmuffs is that they prevent air

circulation, which can leave one's ears more prone to swimmer's ear. Mayo Clinic

Staff (2016):

Swimmer's ear is an infection in the outer ear canal, which runs from

your eardrum to the outside of your head. It's often brought on by

water that remains in your ear after swimming, creating a moist

environment that aids bacterial growth.

Putting fingers, cotton swabs or other objects in your ears also can

lead to swimmer's ear by damaging the thin layer of skin lining your ear

canal.

In 2014, I found this problem to be particularly acute. On some mornings I woke up

with an ear that was wet, presumably from infection? A possible aggravating factor

for this problem may have been that my earmuffs were old and had past ear gunk on

the soft inside part. I got new earmuffs in 2014, which may have improved the

situation a bit. I also noticed that scratching wax out of my upper ears with my finger

may have contributed to the problem.

In summer 2014, my hearing had become noticeably worse. The summer humidity

probably didn't help. Around this time, I also learned that using Q-tips is actually

bad for one's ears, so I stopped using them. Eventually, my hearing improved a bit,

perhaps as humidity waned in the fall?

Tinnitus in 2015

In Nov. 2015, I went to my high-school 10-year reunion. Unfortunately, it was in a

very loud nightclub, which made it hard to hear other people talking. The noise also

made my ears hurt a bit. I don't think I had ever been to a nightclub before (at least

not for very long), and I intend to avoid them in the future.

After the event, I became curious how bad nightclub noise is for one's hearing and

looked it up online. Some articles I read mentioned tinnitus, "the club disease",

which I hadn't known about before.

Later that month, at night when there were no other sounds, I noticed a soft, high-

pitched ringing in my ears. It was a constant high-note tone. I don't know when it

started. I suspect that it had been present for years, and on the rare occasions when

I noticed it, I probably assumed that it just "the sound of silence" that one's ears

naturally make, in a similar way as you can "see" weird colors moving around when

you close your eyes (which we might call "the color of darkness"). It's also possible

that the noise started more recently. I can't remember.

The noise was never bothersome, and I often couldn't hear it unless my environment

was perfectly silent. But given that tinnitus is often correlated with hearing loss, I

worried whether the tinnitus indicated a deeper problem.

Seeing doctors

I waited a few months, and the tinnitus continued. It was stronger in my right ear

than my left, and I noticed that my hearing was also worse in my right ear, since

when I switched a single earbud from my left ear to my right, I couldn't hear the

sound as well.

I figured it was time to consult professional advice. I began by asking a doctor on

justanswer.com, since this allows one to cheaply get answers to medical questions

with a time delay of minutes rather than the time delay of weeks or, often, months

for in-person doctors. The doctor I called said my ears were probably fine, given

that I'm young and am not exposed to loud noises. But he agreed it would be best to

see someone in person just in case.

I called some audiologists, but most of them told me I needed to get a referral from

my primary-care physician (PCP). I hadn't set up a PCP yet, and doing so took a

while. Eventually, a few months later, I went to my PCP and talked about my

situation. My PCP observed earwax buildup and tried irrigating my ears (much more

gently than the ENT I saw during college had done). That removed some earwax,

but more remained. So I was also told to use Debrox drops for about a week to

soften the wax and then come back for another visit.

I still had some tinnitus after the first visit. So at the second visit, my PCP irrigated

my ears again and got more wax out. She also referred me to an ENT to check my

hearing. I did a quick hearing test at the PCP's office, which was fine, but I still went

to the ENT about a month later.

ENT visit in 2016

Interestingly, 1-2 weeks after the second PCP visit, my tinnitus had become

inaudible. Maybe the second irrigation cleaning had done the trick. But I still went to

the ENT appointment just to ask their thoughts on the history of the situation and to

get a more comprehensive hearing test.

Upon arriving at the ENT doctor's office, I had to fill out paperwork because I was a

first-time patient. Ordinarily this involves a few sheets of paper, but at this office, I

filled out something on the order of ~20 sheets of paper, including a tinnitus

questionnaire, two different medical-history questionnaires, and various statements

requiring my signature. It seemed like overkill for what would probably be a one-time

visit.

ENT doctor

Eventually I got to see the doctor. He was a man, which is generally a slightly bad

sign because male doctors on average seem to be less gentle. That proved to be

the case here. The doctor listened to me briefly explain my situation in about 40

seconds, after which he seemed to get impatient and immediately started looking in

my ears.

He had a camera hooked up to a TV screen on the wall. He saw that a lot of earwax

remained and began using an instrument to remove it. Unfortunately, rather than an

ear irrigator, he used a metal(?) thing to take out wax. In principle this doesn't seem

so bad, but in the process of scraping, it felt subjectively like he sometimes dug into

my ear tissue, which was astonishingly painful. The pain was enhanced by my

concern that he might be doing damage. (I think Julia Galef once remarked on a

Rationally Speaking episode that pain can feel worse when one worries one is

injured, rather than when one knows the pain doesn't indicate any actual tissue

damage. I agree.)

The first time the doctor poked my ear sharply, I winced and made a noise, as a way

to tell him that he probably had poked too far. However, as the removal continued, I

kept getting poked, which made me think this was a normal part of the process (or

that he was a bad doctor). So I soon stopped signaling the pain and put up with it.

Cleaning out both ears took 5-10 minutes.

Painfulness

The pain was quite intense. It was probably the most intense pain I had felt in a few

years and may have been the worst bout of pain lasting more than a few seconds

that I had felt since my esophagitis days in 2002 (although the peaks of nausea I

had occasionally experienced since 2002 had also been pretty bad in a slightly

different way). I didn't cry out or tear up, but my fight-or-flight response was

triggered, and by the end, I found myself quivering a bit due to stress hormones.

I thought to myself that this experience might be comparable to a warm-up exercise

for someone torturing a person strapped to a chair (though I wasn't strapped down).

The pain was surely far less bad than full-blown torture; indeed, I checked at the

end that my ears weren't bleeding, so the doctor probably didn't even pierce skin.

But the pain was beyond what we ordinarily experience in everyday life.

Thinking about magnitudes of pain and tradeoffs among types of pain is part of my

"day job", so I found this experience enlightening. My ear pain wasn't unbearable in

the sense that I would have done anything to make it stop. (Indeed, I voluntarily

stayed in the doctor's chair the whole time.) But it was bad enough that I would

probably experience the pains of ordinary life (hunger, tiredness, itches, etc.) for an

extra ~6 months rather than redo the ear procedure.

Based on Yahoo! Answers (2008), it looks like some other people agree that earwax

removal with an instrument can be painful. One person on that thread apparently

had a worse experience than I did:

Not sure what the ENT did removing my ear wax, but I was screaming

in excruciating pain. Like having a tooth pulled w/o Novocaine! I didn't

even go in with ear trouble. He wanted to do the other ear and I said no

way!!! He insisted and it hurt like a mother too. Never experienced this

in my life (59) didn't seem right!!!

Another person on Yahoo! Answers (2008) had bleeding, which I didn't have:

If, however, your doctor was like mine and uses a plastic extraction

device to scrape hard wax that is deep within the canal, that will hurt

more than anything and will cause bleeding to the point of having to

keep a cotton ball in your ear.

allnamesfckintaken (2017) extols earwax removal, noting that the process is

"painless and quick". In the comments, someone describes his/her own experience

getting earwax removed by an ENT using "a special expensive microscope and

suction":

It started out ok, but as he started to get deeper in, it started to HURT.

I have a decent pain tolerance, but this shit felt like he was scraping my

brain. It fucking hurt. I couldn't help myself, my body reacted by jolting

away. I know he's got this thing in there and I'm fighting as hard as I

can to not jolt but my body is saying fuck this MOVE.

He gets one ear done and starts in on the 2nd and I couldn't make it

through. I'm sweating and cussing pretty loudly at this point. Probably

scaring some other patients thinking I'm being tortured in the next

room.

Hearing test

After the earwax removal, I waited for a few minutes for an ear test. The test

involved clicking a button when I heard noises of various volumes and pitches. The

noises seemed to occur fairly regularly, so I wondered whether some people cheat

by just guessing when the noises are supposed to happen. However, this cheating

approach wouldn't work for the next part of the test, which involved speaking back

words that the experimenter said at various volumes through earphones.

The last part of the test involved putting an instrument into my ear that measured

the ear's reactions to sounds, without any effort on my part.

After the test, the computer printed some results, and they were given to my ENT

doctor. A few minutes later, he came back in and said that my hearing was good,

although I had a "4K notch", which is a sign of mild hearing damage. I don't know

what would have caused that.

I asked whether my tinnitus was due to earwax, and the doctor said probably not

because that's not typical. (Some web pages say tinnitus can be caused by earwax,

but I don't have statistics on what fraction of tinnitus cases are so caused.) He just

said that I was fine and should use ear protection. In retrospect, I should have asked

whether the tinnitus might be due to swimmer's ear, rather than just earwax, but I

didn't really diagnose my problem as swimmer's ear until later.

After the ENT visit

Since my tinnitus had basically gone away after my second PCP visit, I figured it

would really be gone after the ENT visit, since even more wax was removed there.

However, to my surprise, my tinnitus was louder after the ENT visit than before. It

remained as strong as ever during the rest of 2016. That said, I didn't mind it, and I

could go weeks at a time without noticing it.

I don't plan to go back to that ENT doctor, because apart from the pain, I worry

whether aggressive wax removal could damage my ears. I'll be careful before letting

an ENT doctor perform a similar procedure again.

Ear shower covers and air conditioning

One of the main reasons my ears were so wax-filled in the past was that they always

got waxy when I showered. In early 2016, I found a solution to this problem:

"Disposable Clear Shower Water Ear Protector Cover". These almost always keep

my ears dry in the shower, and when they do occasionally leak a bit around the

edges, it's rarely a cause for concern.

Wax buildup at night due to my earmuffs is worst in the summer on account of

humidity. Air conditioning helps reduce this problem. (Lowering humidity also has

the benefit of limiting populations of dust mites.)

Revisiting the problem in 2018

Toward the end of 2017, I noticed that hearing in my right ear had gotten

substantially worse. When I moved an earbud from my left ear to my right ear, the

volume seemed to drop at least 10 times. When I used earbuds to listen to videos,

the right ear was basically useless, and I only bothered putting an earbud in it to

give the right earbud somewhere to go, rather than because I could hear much in

that ear. My right ear was the same ear that had shown more hearing loss and

tinnitus in 2016.

My guess is that the resurgence of hearing loss in my right ear was contributed to

by occasional swimmer's ear brought on by humidity and wearing earmuffs at night.

In 2018, I realized that I should take the situation more seriously in case there was a

chance of permanent ear damage due to the continued problem, and I began

learning more about swimmer's ear.

I noticed empirically that there tended to be a correlation between cleaning gunk out

of my ears with my fingers and getting swimmer's ear the following night. This

relationship was confirmed by what I read about swimmer's ear online. For example,

Mayo Clinic Staff (2016) says: "scratching inside your ear with a finger, or wearing

headphones or hearing aids can cause small breaks in the skin that allow bacteria to

grow." So I resolved to try to stop putting my fingers in my ears at all going forward,

other than to gently feel them or remove earwax chunks almost ready to fall out. The

classic saying "don’t put anything in your ears that’s smaller than your elbow"

seems correct. (And of course, I wouldn't put your elbow in your ear either with any

amount of pressure, to avoid damaging things.)

One night in April 2018, even after resolving not to pick gunk out of my ears, I

scraped some gunk out without really thinking about what I was doing. Right on

schedule, that night I had the first instance of swimmer's ear in several weeks,

contributed to by wearing earmuffs at night during humidity that preceded some

rain.

I tried putting a silica gel desiccant in my earmuffs to reduce humidity, and while this

seemed to maybe help a bit, it did very little or nothing to help on a particularly

humid night. So instead, I ordered a dehumidifier to use in my room during months

when it's too cool to have my air conditioner on. I think the dehumidifier helps a bit,

though the air inside my earmuffs still becomes somewhat wet on humid nights.

I unfortunately can't stop wearing earmuffs altogether, because sometimes when

I'm sleeping there's bothersome noise. One reason for this is that my waking hours

move around such that I sometimes sleep during the day. However, as of April 2018,

I was able to reduce my earmuff use, both by tolerating some increased risk of

being woken up by noises and by occasionally using other noise sources to block

out soft sounds. And a few weeks after doing this, I found that I could hear slightly

more in my right ear, though it sounds were still very muted. It's possible that the

onset of spring weather also played some role, since my ears were less dry and

flaky as the air became more humid.

Historically I've avoided earplugs because I'm nervous about putting things far

enough into my ears to block sound. And an ENT doctor confirmed to me that

earplugs would tend to just push wax into my ears.

ENT visit in 2018

Since I wanted to confirm that there wasn't a risk of permanent hearing damage

from wax and swimmer's ear in my right ear, I agreed to see an ENT again, although I

specifically asked my PCP to refer me to a different ENT this time, given my

unpleasant experience with the previous ENT.

Before my ENT appointment, I asked on the site JustAnswer the following question:

"Two years ago I went to an ENT doctor, who removed my earwax. The process was

extremely painful. It felt subjectively as if the doctor was digging into my ear,

although there was no blood. I was wondering if this degree of pain is normal and if

there's a chance that poorly done earwax removal can cause lasting damage to

one's ears." Within a few minutes, an ENT doctor on JustAnswer replied. He said

that some people's ears are more sensitive, so that earwax removal is painful for

some people. He also recommended using Debrox drops for a week or two before

the ENT visit to soften the wax and make it easier to remove. I ended up using

Debrox two days before and on the day of my visit.

At the ENT office, I was seen mostly by an assistant. He did a quick test with a

tuning fork placed at a few different locations by my ears. Then he looked inside and

said he would remove earwax. Fortunately, the removal process was vastly less

painful than the last time. I only experienced about 3 total seconds of the strong

pain that I had felt for much longer periods at the previous ENT. Some possible

reasons why this earwax cleaning was much less painful:

I had used Debrox before the visit.

I only had an accumulation of 2 years of earwax, while with my previous visit,

wax had accumulated for 7-8 years since it had last been cleaned out.

The 2018 ENT laid me down in a chair, which allowed him to carefully position

his instrument and hold it still. In contrast, the previous ENT had, if I recall

correctly, extracted the earwax while standing up, without stabilizing my head

against anything?

Perhaps the 2018 doctor was more gentle, used a different instrument, or

something else.

I asked the 2018 ENT if I had a punctured eardrum, and he said no. I also asked if my

past swimmer's ear might cause permanent damage, and he said in 99% of cases,

it's just a temporary infection that clears up.

What about my tinnitus? Could the earwax have caused that? I was told that tinnitus

is caused by other things, although earwax can sometimes make it louder by

blocking out background noises. Oddly, I was told I had more earwax in my left ear,

even though the tinnitus and hearing loss were stronger in my right ear. (Earwax

removal also took longer from the right ear. Is it possible the ENT assistant just

mixed up left vs. right, or meant "his left" rather than "my left"?) To further

investigate the tinnitus, and because my previous hearing test found a 4K notch, we

scheduled a new hearing test.

After the earwax removal, I could hear much better in my right ear, almost as well as

I could hear in my left ear (as measured by swapping a single earbud between left

and right ears). One or two nights after the procedure, I felt like my tinnitus was

barely audible even in complete silence, although a few nights later, it seemed a bit

louder again.

Hearing test in 2018

A few weeks after I saw the ENT for earwax removal in 2018, I did a hearing test. I

don't know the formal name for the person who administers this test, so I'll call

him/her a "specialist".

The specialist began by asking about my history.

Did I have ear infections as a child? I said yes, though I couldn't remember any

details about them.

Did I ever have exposure to loud noise? Not significant amounts, which is why

I'm confused about the tinnitus. I was exposed to some loud farm equipment

as a kid, some loud hammering and other construction noises, and so on,

though I don't know if they were too much out of the ordinary.

Did I play an instrument? Not myself, no.

The specialist inspected my ears and noted that my eardrums were in perfect

shape. Next was a test that measured something or other for which I just sat still.

The remaining tests were in a soundproof booth. The specialist said that sometimes

those tests are done using headphones, but in my case, the specialist stuck little

microphones into my ears, they way you would stick earplugs into your ears. I

listened for a series of three beeps, pressing a button as soon as I heard them.

Different beep triplets had different volumes and pitches. I did this first without and

then with a metal thing on my head. I also listened to words of varying volumes and

tried to repeat them back.

The specialist said that three beeps were used instead of one beep because

sometimes people with tinnitus have trouble distinguishing a single beep from their

tinnitus background noise. I can't remember if my 2016 hearing test also used three

beeps or only one beep.

At the end of the test, I was told that I had perfect hearing. But why did my 2016

hearing test find a 4K notch? The specialist wasn't sure, but maybe the previous

hearing test had faulty equipment. I suggested another possibility: the previous

hearing test was done right after earwax removal, whereas this one was done a few

weeks following earwax removal. The specialist agreed this was also a possible

explanation. A third possibility that I'm inventing while writing this is that maybe the

2016 hearing test only used one beep instead of three, making the beeps harder to

distinguish from tinnitus noise?

If my hearing was perfect, why do I have tinnitus? The specialist said that

sometimes noise exposure can cause tinnitus before it causes hearing loss. Maybe

farm and construction noise in my past caused it. Another possibility is genetics.

(Note to self: Googling {tinnitus without hearing loss} is a way to explore this

further.)

I mentioned that I use iPod-style earbuds to listen to things, both on my iPod and on

my computer. However, I keep the volume relatively low, about as loud as a typical

conversation. The specialist mentioned that in addition to intensity, the duration of

listening to sounds of this sort can also cause hearing loss.

Even though it wasn't strictly relevant, I took the opportunity to ask the specialist

whether painful earwax removal by an ENT has a risk of causing hearing damage.

The specialist said that was rare because ENTs know what they're doing.

The specialist suggested a follow-up test in 2 years to monitor the situation.

Follow-up to the hearing test

A few days after the hearing test, I saw my ENT to discuss the results. He told me

that my hearing was great—as good as the hearing of most kids.

Because of my tinnitus, he suggested scheduling a follow-up hearing test in a year

to see if things change.

Updates from 2019

Following the ear exam in 2018, my ears situation remained roughly constant for the

rest of 2018 and into 2019. In fact, I think the amount of gunk and infection in my

ears actually lessened, perhaps based on the following changes in behavior that I

tried.

In the past I had tried to avoid getting shower water in my ears, and I sometimes

wore ear shower covers, as mentioned earlier in this article. I did this with the aim of

reducing wax buildup. However, in late 2018, I instead decided to try allowing water

into my ears and then scrubbing out my outer ears (which are technically called the

auricles) with a towel afterward, to preemptively remove the flakes/gunk that tend to

build up there.

To help with this gunk removal, I decided to try adding a bit of Head & Shoulders

shampoo to my ears, in case this would help remove the ear gunk. I already used

Head & Shoulders on my face to treat seborrheic dermatitis, and I wondered if that

skin condition might be responsible for the ear flakes too. While I don't have any

hard data, it does seem like using Head & Shoulders in the ears helps keep the ear

flakes away.

After trying this for several months, I decided to look up whether anyone else does

this. I found the blog post Anders (2015-2019), which says: "To use an anti-dandruff

shampoo or conditioner for seborrheic dermatitis in your ears, simply apply a pea-

sized amount to the ear. Once applied, leave it on for 3-5 minutes and rinse off with

water." Note: That blog post also mentions honey as a possible treatment. I

discourage using honey because of the harm that bees may suffer during its

production ( ).

Another change that I think improved my ears situation was that I was more strict

about not using earbuds within ~2 hours after showering, in order to give my ears

the opportunity to fully dry out. One time in Jun 2019 I didn't follow this rule, putting

in earbuds about 20 minutes after showering. The next day I found a little bit of

slimy, crusty stuff in my ears, which I assume was due to using earbuds too soon.
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The mystery of my scratchy eyes

By Brian Tomasik

First published: 2018 Jul 09. Last nontrivial update: 2021 Feb 01.

Introduction

In April and May 2018, I began having problems with my eyes. I felt as though I

would often get specks in them, I occasionally got hairs in them, and my eyes felt

scratchy at night. This page describes my efforts to figure out what was going on.

I wrote this page mainly as a record for myself, but maybe someone else will also

find my story useful.

This story contains a number of speculations I generated as the events were

unfolding about what the cause(s) of my eye woes might be. I don't necessarily now

agree with all of these speculations in hindsight.

[spoiler] Answer to the mystery: My problem turned out to be dry eye and

blepharitis. I was able to reduce the symptoms by taking an omega-3 supplement

every day.
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Hairs in my eyes

Around 2014 I began using a haircutting razor to cut my own hair, rather than going

to a barber or hair salon. I cut my hair very short for several reasons:

It's easier to cut your own hair if you cut it short, because you don't need to

check that different parts have been cut to the same length. The razor itself

can let you feel that different parts are cut to the same length. In my case, I

often cut my hair as short as is possible with the razor, which ensures that

different parts are cut fairly uniformly.

Short hair is easier to wash.

Short hair allows your scalp to breathe better.

Short hair keeps you cooler in the summer. And in the winter, you can just wear

a hat.

With very short hair, you can check your scalp for ticks, which is quite

challenging when you have longer hair.

One downside of cutting your hair short is that it increases the risk of getting small

hairs in your eyes, because most of the hair pieces that you cut are short rather than

long. In addition, you have to cut your hair frequently, so there are more total

occasions when you might get hairs in your eyes. Getting these small hairs in eyes

has happened to me a few times over the years. I bought safety goggles to wear

during activities that have risk of getting stuff in my eyes, but since the goggles

wrap around my head, I can't wear them when shaving my head itself (only while

shaving other places). Plus, I sometimes get the hairs into my eyes when washing

them off in the shower.

I've become more careful to avoid getting hairs in my eyes when shaving my hair. I

now wash my hair-covered hands immediately after I finish shaving, before touching

other things. And I use a mirror to inspect my head and preemptively remove hairs

that look like they might fall into my eyes in the shower.

Dunking eyes in water

One night in spring 2018, a few hairs found their way into my eyes. While I managed

to remove two visible hair pieces from my eyes, I continued to feel little invisible

specks of something around the edges of my eyes while sleeping for the next two

days. After consulting some online advice, I decided to slowly dunk my eyes into a

plastic container full of water and then open my eyes as wide as I could. Doing this

provided instantaneous relief, and the specks seemed to be gone. The next night I

had one or two more remaining specks, but dunking my eyes again seemed to fix

the problem.

While I'm not an expert on this topic, I intuitively prefer dunking my eye in water

rather than putting my eye under a running faucet because with the dunking

method, it seems less likely that a lodged object will be pushed into bad places by

the pressure of the water.

Continuing to feel stuff in my eyes

Given that the trick of dunking eyes in water seemed to work, I

began using it on further occasions when I felt something or

other in my eyes, even if I couldn't see anything stuck in my

eyes. However, I also found that I was needing to dunk my eyes

a lot, sometimes once every day. Why did it seem like I was

getting stuff in my eyes all the time? Was I just more aware of

my eyes now, so that minor things bothered me more than they used to?

Most of the time, I couldn't see anything in my eyes, so it was possible that I was

just imagining or noticing problems more than before. However, in a few cases, I did

indeed find hairs on my lower eyelid, which meant that the situation wasn't entirely

in my head.

What could have caused the hairs to get stuck? Was I doing something different

now that I didn't used to do? Maybe dunking my eyes itself caused hairs to get

stuck? Dunking my eyes in water did sometimes cause my upper eyelashes to point

in slightly different directions than they normally would, and maybe they were being

stuck in odd directions that bothered my eyes?

At the time, I was using a sleep mask to block light while sleeping. I bought a mask

that bent upward in the middle so that it wouldn't touch my eyes. Still, I wondered

whether it might be causing problems, perhaps trapping eyelashes that were

supposed to fall out in the night? So I tried sleeping without the mask, which I could

do if my window was sufficiently well covered to block light.

Still, most of the times when I felt stuff in my eyes, it wasn't accompanied by visible

material stuck in the eyes. However, I felt like there really were things (dust

particles?) getting into my eyes because

the sensation of something in my eye was always pretty localized to one side of

one eye

it tended to happen when dust was flying, such as when I moved a blanket or

inverted my socks (although it's possible I was just imagining it happening due

to expecting it more when dust was flying).

Scratchy eyes at night

In addition to feeling specific specks in my eyes, I noticed that my eyes were often

"scratchy" during sleep, feeling kind of like there were miniature pebbles in my

eyelids. The problem could be worsened or improve by blinking several times. In

general, my eyes have always been different when I wake up from sleep than during

the day: they're harder to open and more bloodshot. But the scratchiness seemed

different than I was used to.

I also noticed that I was getting a lot of rheum in the corners of my eyes and on my

upper eyelashes. It seemed to be considerably more than normal. Alternatively,

sometimes I would wake up with wet eyes, which was usually a relief because my

eyes were less scratchy in that case.

I looked up a bit about scratchy eyes, and it seemed that one common cause of that

sensation was dry eye. That seemed possible, though I was confused by the

suddenness of the onset of the symptoms. I planned to find an ophthalmologist

whom I could ask about my eye woes.

When my eyes were scratchy, it was often slightly painful to move my eyes back and

forth too far. I worried whether eye movements during REM sleep could damage my

eyes, though I couldn't easily find information about this concern online.

sarahknowseyes (n.d.) does say: "Some Dry Eye sufferers will experience dry,

irritated or sore eyes on waking, possibly with some crusty 'sleepy dust'. During

rapid eye movement (REM) sleep, our eyes can dry out very quickly and being

asleep, it’s difficult to put your drops in."

Bathroom vs. kitchen water?

In my house, the bathroom sink's water seems to have more stuff dissolved in it

than the kitchen sink's water. I can taste the difference when drinking it, which is

why I always try to fill my water bottle from the kitchen sink. Bathroom City (n.d.)

offers one possible explanation for this: "According to Dee Valley Water, the H2O

you find in your bathroom taps has usually been stored in a tank in the loft. This

means that it isn't fresh from the mains like the water in your kitchen tap and has

probably been hanging around there for a while." However, someone familiar with

my house thought it was unlikely that there was such a storage tank in the attic.

Another possibility could be that the pipes going to the bathroom are longer or more

voluminous than the pipes going to the kitchen, so that it takes longer to flush out

the old water from the bathroom-sink pipes?

For reasons of convenience, I had always been dunking my eyes in water from the

bathroom sink, but one day in late May 2018, I went to the kitchen instead. When I

dunked my eyes in that water, it felt more satisfying than the bathroom-sink water,

and I felt an almost instantaneous sensation of relief in my eyes. And sure enough,

my eye problems basically disappeared for the next two days or so, with no feelings

of stuff getting stuck in my eyes, and little rheum produced at night.

About two days later, I dunked my eyes in water (from the kitchen sink this time), in

case I had gotten some stuff in them from my fingers. I didn't wait for the water to

get super cold, and the water felt less clean than the previous time. Right on

schedule, I had a lot of rheum that night.

Even before I had tried the kitchen sink, I knew that warm water from the bathroom

sink stung my eyes a lot more than cold water. I was already trying to use water that

was as cold as possible from the bathroom sink, since it would presumably have

less dissolved stuff. O'Connor (2008): "hot water dissolves contaminants more

quickly than cold water". However, I hadn't figured out that even if I let the water get

pretty cold from the bathroom sink, it would still be less pure than cold water from

the kitchen sink.

(Sadly, running water often kills zooplankton. My water as of 2018 comes from

several hundred feet underground, so in my case, I'm less worried about killing extra

animals by letting it run longer.)

At this point, I thought that maybe the mystery was solved. Perhaps my eye

problems were mainly caused by residual dissolved stuff from the bathroom-sink

water staying in my eyes after rinsing them. Perhaps this stuff caused dry eyes, or

maybe it was directly causing irritation. Perhaps the dissolved stuff got worse in

April and May because the weather got warmer, allowing more stuff to dissolve in

the water. (I could already notice this difference as the temperature warmed in

terms of how stinging the water felt to my eyes and how long I needed to run it to

get it cold.)

Why did I feel like my eye problems were localized? If it was irritation due to

dissolved stuff, shouldn't that have been uniform throughout my eyes? Maybe the

dissolved stuff made my eyes more dry or sensitive in general, so that I could feel

dust in my eyes that I previously wouldn't have noticed?

What caused the more frequent hairs in my eyes? My guess is that those were

exacerbated by dunking my eyes in water. There have been a few times when I've

dunked my eyes in water to help with one eye irritant, and then a few seconds or a

few minutes later, I feel a different eye irritation that turns out to be a stray eyelash.

Presumably dunking my eyes in water causes some lashes to fall out and then get

stuck.

Was rheum to blame?

Unfortunately, it turned out that dunking my eyes in kitchen water didn't solve my

eye woes, although it may have ameliorated the situation. I continued to

occasionally feel stuff getting in my eyes and continued to have rheum at night.

I came up with a new hypothesis: maybe most of the specks that I felt in my eyes

weren't dust but rheum. This would explain why I tended to feel like they were in

corners of my eyes, as well as why they tended not to be visible: maybe they

dissolved on their own over time. According to this theory, maybe dunking my eyes

in water kicked off my increased rheum, and then the feelings of rheum in my eyes

kept me using water, which continued the rheum production?

However, after devising this theory, I noticed at least two instances where the cause

of eye irritation was clearly dust, because it happened exactly when I happened to

kick up some dust around my face (such as when adjusting the covers on my bed). I

didn't used to have such a problem with dust in my eyes, so it seemed unlikely that

rheum was the only thing that had changed since before my eye woes began.

Orange balls on lower eyelid

Twice while inspecting my eyes for things that might be in them, I noticed an orange

sphere on the lower eyelid that was the size of an extremely tiny raindrop. I couldn't

dislodge it with my finger, but it seemed to disappear on its own within a day or two.

I didn't know if it was related to my other eye issues or if I just noticed it because I

was checking my eyes in mirrors way more than before.

Getting an eye exam

I finally scheduled a visit with an ophthalmology office. I was seen by an optometrist

for a general eye exam and to discuss my scratchy-eyes problem.

The eye exam included the following parts.

I read a chart of letters on the wall with one eye covered, and then again with

the other eye covered. I could make out most of the letters except those in the

bottom row. (Since my college years I've known that I'm a bit nearsighted and

would probably have to wear glasses if I drove a car, but since I don't drive, I

don't ever wear my glasses.)

I sat my chin on a platform while instruments shined light across my eyes. If I

recall correctly, this was done both before and after dilating my pupils with

eyedrops. In addition to looking straight ahead, I was sometimes asked to look

left, right, up, and down.

The optometrist used a Q-tip to pull down my lower eyelids a bit to look there.

This didn't hurt at all.

The optometrist measured my eye pressure with a small cylindrical instrument

held in front of my eyes.

The optometrist grabbed a tiny sample of tears from the corners of my eyes. I

wasn't sure if this would feel like a poke, but the tip of the instrument was very

small and the optometrist was gentle, so I didn't feel anything.

Following is a stylized re-imagination of what I discussed with the optometrist after

the exam. It's likely that none of these are exact quotes, and I'm just using a

dialogue format to make exposition easier. There's a chance that I misremember

some of the information, so obviously don't take this dialogue as professional

medical advice for yourself.

OPTOMTRIST

Your eyes are in good shape, except that they're dry. In

particular, it seems that your oil glands aren't working

properly to coat the eyes. There are many possible causes

of this: diet, environmental factors, genetics, and so on.

It's unknown what the cause is in your case.

M

Interesting. Could the eye dryness be exacerbating dust,

rheum, and other eye irritants?

OPTOMTRIST

Yes, those irritants might directly cause a scratchy feeling,

and by irritating the eye, they might cause a continued

scratchy feeling even after they're removed.

The optometrist prescribed the following:

oil-based artificial tears, taking one drop several times per day

at least one of

warm compress: daily for 10 minutes

omega-3 supplement: 1000 to 2000 mg/day

I had further questions:

M

What about the orange spheres I occasionally had on my

lower eyelid?

OPTOMTRIST

Those were probably due to dried-up oil glands—a sign

that the oil glands aren't working properly. The warm

compress should help with this.

M

If I get something in my eyes going forward, should I still

lower my eyes into water in order to remove the irritant?

OPTOMTRIST

The artificial tears should generally be sufficient.

M

But wouldn't the tears push the lodged stuff into my eyes,

while lowering my face into water would help get the stuff

out?

OPTOMTRIST

Tears and blinking naturally remove stuff from the eyes

pretty well.

M

How bad is it to get eyelashes in my eyes? Is there a risk of

them scratching and causing long-term damage?

OPTOMTRIST

This isn't a big deal unless you have a severe and

prolonged ordeal, or if something like a piece of metal is

stuck.

M

What if I splash a bit of soap-filled water into my eyes

while washing my hands? Should I rinse out my eyes then,

even if I don't feel anything from the soap?

OPTOMTRIST

There's no need to rinse something out unless it's

bothering you.

M

So painfulness is a pretty good sign of a harmful chemical

in the eyes?

OPTOMTRIST

Yeah. If you don't feel it, it's probably fine.

M

What about the hard water at my house? Is that harmful to

the eyes?

OPTOMTRIST

Hard water isn't necessarily worse than soft. The main

thing I would worry about is if you have untreated well

water, which can contain bacteria and parasites. If

parasites get into your eyes, they can be harmful even

without your noticing them.

M

I see. I have untreated well water, though it comes from a

few hundred feet below ground.

OPTOMTRIST

There's still a possibility of parasites, so I would avoid

dunking your eyes in tap water if you don't need to.

M

What about getting water in my eyes from the shower?

OPTOMTRIST

That's probably ok. Just don't get more water in your eyes

than necessary.

Further information on dry eye

During further reading following the optometrist visit, I discovered the phrase

"foreign body sensation", which seems to perfectly describe my main symptom.

Hylo© Eye Care (n.d.) explains:

Sometimes your eye is itchy or feels scratchy – you have the sensation

that a foreign body, such as a grain of sand, is in your eye. [...]

Quite often it is a dysfunction in the lubrication which is the cause for

the foreign body sensation – the eyes are simply too dry. [...]

Help can only be obtained by restoring the volume of the tear film. The

natural fluid lubrication of the eye is restored with the aid of lubricating

eye drops and the tear film is sustainably stabilized. Irritation should

also diminish as should the feeling of having a foreign body in the eye.

[...]

Dry eyes also lead to a foreign body sensation in another way: due to

the lack of lacrimal fluid, many of those who are affected wake up with

incrustations on their eyes which lead to having real foreign bodies in

the eye.

Dr. Axe (2018): "dry eyes put you at a heightened risk for certain eye problems

including eye infections, corneal ulcers and other vision problems." Fortunately,

Sumers (2014) says that "dry eye doesn't cause blindness", and Zocdoc Answers

(n.d.) confirms that "Blindness would be an extremely rare result of dry eyes

themselves or even of any of the complications dry eyes could bring on."

A diary of events after the eye exam

A few days after the eye exam, and before I got a chance to start using the artificial

tears, the weather was rainy. I noticed that I didn't have much dry eye during those

days, nor much rheum at night, presumably due to the humidity. This seems

consistent with what online articles say about dry eye—namely, that it's exacerbated

by low humidity.

I ordered these omega-3 supplements, which have 700 mg of Algal Oil per capsule.

Around 2018 Jul 2, I took my first capsule. After I woke up the next morning, I found

that I had a long strand of goop in the corner of my left eye, similar to a wet booger.

Since I can't recall having such a thing before, I assumed it was probably due to the

omega-3 oil. Fortunately, my eyes felt pretty good.

My dry-eye symptoms were basically absent for the next few days. I hope this was

partly due to the omega 3, but it's difficult to say for sure, because these couple of

days were the hottest so far this year and were extremely humid. When the weather

became cooler and less humid around 2018 Jul 5, my dry-eye issues returned. I

hadn't yet taken a second omega 3 capsule, since I wanted to ease into them, so it's

possible that my resurgence of symptoms was also partly due to the first capsule

wearing off.

Around 2018 Jul 5, I felt like there was something minor in my left eye, although I

couldn't see it in the mirror. I took this as an opportunity to try the artificial tears for

the first time. I dropped two of them into my left eye, although each time, about half

of the tear dripped down below my lower eyelid. The tears felt fine, but I didn't really

notice any improvement. Maybe I didn't apply enough. Like with the omega 3, I

wanted to ease myself into using the tears.

I took a second omega-3 capsule on 2018 Jul 5. Once again, I had wet eye boogers

that night, though they were smaller than the first time. My eyes felt pretty good for

the next few days, though again, it was hard to tell if it was due to the omega 3,

since the weather was also warming up again. I noticed that I still had red, bloodshot

eyes in the middle of the night. Is that bad or pretty normal?

I took my third omega-3 capsule on 2018 Jul 8. That night, I had essentially no

rheum at all in the corners of my eyes and no gritty feeling. When I woke up during

the night after the first few hours of sleep, I noticed that my eyes were still

bloodshot, as usual. I also tried moving my eyes around in various directions to test

whether doing so was painful. It seemed subjectively as though there was more

"friction" against moving my eyes than normal. Moving my eyes wasn't painful, but it

just seemed a bit harder to do than I was used to, maybe because my eyes weren't

watering as much? The "friction" decreased as I kept moving my eyes for a few

more seconds. Then I went back to sleep.

2018 Jul 9: Eyes were great. No dry-eye symptoms.

2018 Jul 10: Some minor irritation sensations. Had a bit of rheum in the corner of

one eye following a nap. Possibly eyes were worsened by poor sleep the previous

night? At the end of the day, I took another omega-3 capsule.

2018 Jul 11: No problems other than getting an eyelash in my eye during the shower,

which I had to remove with the help of a mirror after the shower.

2018 Jul 12: Irritation in left side of my right eye, possibly due to an upper eyelash

that points somewhat inward? Took omega-3 capsule at night.

Eventually I stopped recording my day-to-day progress and figured I would wait and

see how things progressed in the coming weeks.

Resolution of symptoms

By the end of July 2018, my dry-eye symptoms were basically gone! I assume this

was mostly or entirely caused by taking an omega-3 capsule every other day. The

only time my dry-eye symptoms began to re-emerge was when I was a day late in

taking an omega-3 capsule, and the symptoms resolved again as soon as I took the

capsule. I no longer had appreciable rheum at night, nor did the omega-3 capsules

cause soupy eye boogers anymore. My eyes were no longer scratchy at night, and I

didn't have foreign-body sensations. I still got eyelashes in my eyes after showering

about once every few days, but even these didn't hurt as much as they did before.

I tried the eye drops about twice more, but they didn't seem to do much, and they

were no longer necessary due to the omega 3.

Interestingly, I had already started taking omega-3 capsules a few years earlier, in

2015, for general health reasons. However, I stopped bothering after going through

two bottles of them because they were somewhat expensive, and they became

rancid during the summer by being left in my room at room temperature. Now that I

was taking omega-3 capsules again in 2018, I kept them in the fridge.

Spraying water instead of dunking

During summer 2018, on those occasions when I still needed to rinse out my eyes, I

realized that instead of dunking my eyes in a bowl full of water, I could use another

method. The kitchen faucet can detach from the sink, allowing you to spray

wherever you want. Therefore, I could spray water upward into my eyes, creating an

effect similar to the spraying water in professional eyewash stations. With this

method, I didn't need to go get my bowl and wait for it to fill with water.

Follow-up optometrist visit

In fall 2018, I went back to the optometrist's office to check on my progress. I was

seen by a different optometrist this time. The following dialogue sketches some of

what we discussed. As before, this is written in dialogue form just to make

exposition easier, not because these are even close to exact quotes.

M

After the first visit, I tried omega-3 capsules, and they

seemed to dramatically improve my dry-eye situation. I

also tried artificial tears a few times, but they didn't seem

to do much, so I haven't continued them. I haven't tried a

warm compress yet because it didn't seem necessary. I

still have occasional incidents of foreign-body sensation or

scratchiness, but they're not very common.

OPTOMTRIST

Based on looking at your eyes, I see you still have dry-eye

symptoms. I notice that you have a build-up of eyelid

bacteria. These bacteria can contribute to dry eye, and

they could cause ulcers, which aren't fun. In addition to

the previous recommendations about artificial tears, warm

compress, and omega 3, I'm prescribing "lid scrubs". Use

either Avenova or Cliradex.

M

Ok. Given that my dry-eye symptoms already seemed

90% better with just omega 3, how will I tell if the new

treatment helps?

OPTOMTRIST

Hopefully the occasional dry-eye symptoms that you still

have now will diminish. And you'll come back to get your

eyes examined.

M

By the way, when I look at my eyes immediately when I
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 Throughout its history, the American political system has seen the emergence of 

numerous third parties—from the Liberty Party of the 1840s to the People’s Party of the 1890s to 

the Socialist Party of the early twentieth century to the Green Party of the present day.  One of 

the most significant American third-party candidates was Robert “Fighting Bob” La Follette, a 

courageous politician and stalwart reformer who ran on the Progressive Party ticket in the 

presidential election of 1924.  His campaign was surprisingly successful in view of the daunting 

obstacles it faced.  And although La Follette failed to win the presidency, his effort was not in 

vain, as it laid the groundwork for the later implementation of several of his reform proposals as 

components of the New Deal. 

 Fighting Bob’s 1924 campaign was the culmination of decades of public service and a 

lifetime of political commitment.  Robert Marion La Follette was born in Primrose, Wisconsin, 

on 14 June 1855.1  He graduated from the University of Wisconsin in 1879 and earned a law 

degree by 1880.2  After serving four years as the district attorney of Dane County, Wisconsin, La 

Follette was elected as a Republican to the United States House of Representatives in 1884, 

where he served three terms.  La Follette ran for governor of Wisconsin in 1896 and 1898, but 

not until 1900 did he finally succeed.3 

 During his six years as governor, La Follette proved prodigiously successful in 

implementing a whole series of progressive reforms that collectively came to be called the 

“Wisconsin Idea.”4  He instituted open direct primaries to curb the power of political bosses and 
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“big money.”5  He reformed the civil-service system.6  He imposed controls on lobbying 

activities.7  He won regulation of banks, insurance companies, utilities, and railroads, while 

doubling taxes on the last.8  La Follette protected forestland, secured the rights of workers, 

battled monopolies, and aided small farmers.9  He created “brain trusts”—groups of academic 

professionals assigned the task of utilizing their own intellectual expertise in the design of 

rational public policies.10  By having experts set tax rates and engineer sanitation measures, La 

Follette hoped to limit the corrupting influence of special interests.11 

 After election to the United States Senate in 1906, La Follette continued to fight for 

progressive reforms, though his success was more limited.12  He did, however, support 

strengthened railroad regulation and the rights of labor unions.13  He was one of the few 

Republicans in the Senate to vote against the 1909 Payne-Aldrich Tariff Act, and he filibustered 

the 1908 Aldrich-Vreeland bill, which altered the nation’s banking system, on the grounds that it 

would only serve to enrich the bankers themselves.14  By 1911, Fighting Bob had become “the 
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acknowledged Congressional leader of the progressive wing of the Republican Party.”15  He was 

seen as a possible candidate for the 1912 Republican presidential nomination, but he was 

ultimately rejected by progressives in favor of Theodore Roosevelt, who was considered more 

likely to beat William Howard Taft.16  La Follette excoriated Roosevelt throughout the remainder 

of the campaign, claiming that the Bull-Moose candidate was abusing genuine progressive ideals 

in the pursuit of his own political ends.17  Wherefore, even though La Follette agreed with most 

of the principles contained in Roosevelt’s platform, he privately supported the Democratic 

candidate, Woodrow Wilson.18 

 Yet La Follette soon became disillusioned with Wilson also, as the Wisconsin senator’s 

unpopular stance on US entry into World War I illustrates.19  Denouncing the war as a pretext for 

the enrichment of corporations on the backs of the poor soldiers forced to fight, La Follette led 

opposition to American involvement.20  During the debate over the issue, La Follette proposed a 

nationwide referendum to let the people have the final say, and when the actual declaration of 

war came before Congress, Fighting Bob single-handedly delayed it by 24 hours.21  La Follette’s 

antiwar stance provoked outrage in the establishment press:  the Boston Evening Transcript 

proclaimed him “the Man without a Country,” while the cover of Life magazine pictured him 
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unflatteringly next to the German Kaiser.22  His situation was not improved by his attacks on war 

profiteers and his defense of incarcerated dissidents.23  Many claimed that Fighting Bob had 

permanently destroyed any chances of his reelection, but the Senatorial race of 1922—in which 

La Follette won more than seventy percent of the vote—proved otherwise.24 

 La Follette’s unwavering opposition to World War I revealed much about his beliefs.  

Inspired by Thomas Jefferson, Abraham Lincoln, and Chief Justice Edward Ryan of the 

Wisconsin Supreme Court, Fighting Bob inveighed against what he saw as imperialism and 

monopolistic corporate power, declaring that “Free men of every generation must combat 

renewed efforts of organized force and greed to destroy liberty.”25  He often placed moral 

conviction above political pragmatism, believing that an enlightened American people would 

prefer radical change to moderate compromise.26  It was with this philosophy and background 

that La Follette declared his intention to enter the presidential race of 1924. 

 La Follette was driven by the widespread hardships for laborers and farmers that he felt 

lurked below the supposed prosperity of the 1920s.  While Secretary of the Treasury Andrew 

Mellon promoted tax cuts for the wealthy, labor unions faced waning membership and defeat 

after defeat.27  Farm prices had declined by one-third between 1920 and early 1924.28  Moreover, 

the secretary of agriculture reported at the time that since 1920 in just fifteen chief wheat-

growing states, 108,000 farmers had lost their land to bankruptcy or foreclosure, 122,000 had 
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given up their land without legal compulsion, and 375,000 had held on to their land only because 

their creditors had been lenient; these 600,000 farmers amounted to 26 percent of the total.29 

Yet, neither major party offered an alternative to the status quo; indeed, President Calvin 

Coolidge—famous for his statement that “The chief business of America is business”—stood as 

the quintessential symbol of contentment with the existing order.30  Progressivism, however, was 

not dead, La Follette maintained; it was merely in need of rejuvenation through intensified 

political activity, in particular, a progressive presidential bid.31  An April 1924 article in the 

Philadelphia North American identified one of the senator’s motives:  “He is sixty-eight years 

old and not in robust health; lacking faith in the Republican party as now managed, he realizes 

that if it gains a lease of power for another four years his legislative program will be deferred 

until he is no longer able to fight for it.”32 

 After Wisconsin Republicans chose La Follette as their presidential nominee (as they had 

done every four years since 1908), the senator sent delegates to the Republican National 

Convention in Cleveland in June 1924.33  Though La Follette captured only 34 votes to 

Coolidge’s 1,165, the Wisconsin delegation took the opportunity to present La Follette’s 

platform as a minority report that would be heard by radio listeners across the country.34  The 
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Democratic convention at Madison Square Garden saw a vicious stalemate between Alfred E. 

Smith and William G. McAdoo that went on for 103 ballots, until a compromise candidate was 

chosen:  John W. Davis, a lawyer with a Wall-Street firm whose clients included the J. P. 

Morgan Company.35 

The protracted battle in New York overshadowed another convention meeting on 4 July 

1924 in Cleveland:  that of the Conference for Progressive Political Action (CPPA).36  The 

CPPA was originally formed in February 1922 in Chicago by members of farm and labor groups, 

liberal Christian organizations, and other progressives dedicated to election reform and 

opposition to monopoly power.37  Though it eschewed the label of a party organization, 140 

members of the Congress elected in November 1922 either enjoyed official CPPA endorsement 

or at least backed its platform.38  By 1924, the CPPA had resolved to nominate a presidential 

candidate of its own if neither of the two major parties selected a progressive.39 

Meeting in Cleveland’s Public Hall, the CPPA convention included representatives from 

labor organizations, farm cooperatives, women’s groups, college political clubs, the National 

Association for the Advancement of Colored People (NAACP), and the Food Reform Society of 

America; in all, there were 1,200 delegates and 9,000 onlookers.40  What the convention lacked 

in funds it made up for with its wealth of prominent progressive speakers:  Andrew Furuseth, 
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Edwin Markham, Peter Witt, Fiorello La Guardia, William Pickens of the NAACP, and Jacob 

Coxey of Coxey’s Army.41 

Robert M. La Follette (“Old Bob”) did not attend the convention; he stayed in 

Washington while his eldest son, Bobbie La Follette (“Young Bob”), delivered his father’s 

speech and presented his father’s platform.42  Denouncing both the Democratic and Republican 

conventions as conservative opponents of progressive reform, La Follette’s statement proclaimed 

that “[t]he time has come for a militant political movement, independent of the two old party 

organizations, and responsive to the needs and sentiments of the common people.”43  On 5 July 

1924, the convention nominated Old Bob as its presidential candidate; it was decided that the 

national committee would select the vice president.44  After Supreme Court Justice Louis 

Brandeis declined the position, La Follette settled on Democratic Senator Burton K. Wheeler of 

Montana, who had played a key role in the revelation of the scandals of the Warren G. Harding 

administration.45  Wheeler urged his fellow Democrats to follow his lead by rejecting both the 

“reactionary standpat policies” of the Republicans and the “Wall Street Democrat” who 

represented “the House of Morgan” in favor of the only candidate with “fidelity to the interest of 

the people.”46 

 When the Wisconsin delegation had propounded La Follette’s platform to the Republican 

convention in June, it had been vociferously defeated; when Young Bob presented the same 
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platform to the CPPA convention in July, it was wholeheartedly embraced.47  The platform 

opened by outlining La Follette’s view on the current state of the nation: 

 
The great issue before the American people today is the control of government and industry 

by private monopoly. […] 

The people know they cannot yield to any group the control of the economic life of the nation 

and preserve their political liberties.  They know monopoly has its representatives in the halls of 

Congress, on the Federal bench, and in the executive departments; that these servile agents barter 

away the nation's natural resources, nullify acts of Congress by judicial veto and administrative 

favor, invade the people's rights by unlawful arrests and unconstitutional searches and seizures, 

direct our foreign policy in the interests of predatory wealth, and make wars and conscript the sons 

of the common people to fight them.48 

 

 

“In order to destroy the economic and political power of monopoly, which has come 

between the people and their government,” the platform set forth twelve “principles and 

policies.”49  First, it demanded “a complete housecleaning” of executive-branch departments, 

particularly the Department of Justice and the Department of the Interior.  Second, it called for 

the “recovery of the navy’s oil reserves and all other parts of the public domain which have been 

fraudulently or illegally leased, or otherwise wrongfully transferred, to the control of private 

interests,” as well as “vigorous prosecution” of those responsible.  Third, it demanded that 

railroad rates be set according to “actual, prudent investment and cost of service.”  Furthermore, 

it supported eventual nationalization of railroads “as the only final solution of the transportation 

problem.”  While condemning Mellon’s tax cuts for the rich, the fourth plank demanded tax 

relief for “moderate incomes” and “legitimate business” through the reduction of such federal 

expenditures as “the eight hundred million dollars now annually extended for the army and navy 
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in preparation for future wars” and through expanded taxation of inherited estates and “excess 

profits.”50 

The fifth, and probably most controversial, plank favored a Constitutional amendment 

allowing Congress to override judicial-branch decisions, as well as the direct popular election of 

all federal judges.51  This demand was a reaction to the repeated reversal by the Supreme Court 

of progressive legislation passed by Congress, such as in the 1922 case of Bailey v. Drexel 

Furniture Company, which invalidated the Child Labor Tax Law.52  La Follette’s platform 

regarded “the present exercise of legislative power by the federal courts” as “a plain violation of 

the Constitution,” because “[t]he Constitution specifically vests all legislative power in the 

Congress […].”53  Fighting Bob summarized his rationale succinctly in a statement made on the 

floor of the Senate:  “Which is supreme, the will of the people or the will of the few men who 

have been appointed to life positions on the Federal bench?”54 

The sixth plank of La Follette’s platform called for agricultural relief in the form of 

“drastic” cuts to the “exorbitant” Fordney-McCumber tariff and the reduction by the Interstate 

Commerce Commission of freight rates on farm commodities and agricultural equipment.55  The 

seventh plank defended the right of farmers and laborers to organize and deplored the use of 

injunctions against union activity, while the eighth supported S. 1898, a “postal salary 

adjustment measure,” because “a prompt and dependable postal service is essential to the social 
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and economic welfare of the nation.”  The platform’s ninth component demanded “adjusted 

compensation” for the veterans of World War I, “not as charity, but as a matter of right,” and its 

tenth advocated the creation of “a deep waterway from the Great Lakes to the sea” that would 

allow for the easy shipment of cargo from “the northwestern states” to the ocean.  The eleventh 

plank affirmed the possession of ultimate power by the people:  “Over and above constitutions 

and statutes and greater than all, is the supreme sovereignty of the people, and with them should 

rest the final decision of all great questions of national policy.”  Concretely, it called for the 

direct popular election of the president, the institution of initiatives and referenda on a national 

level, and a requirement for a plebiscite before any future wars, “except in cases of actual 

invasion.”  The final paragraph of the platform fulminated against “the mercenary system of 

foreign policy,” by which “financial imperialists, oil monopolists, and international bankers” 

seize control of the State Department to take actions “contrary to the will of the American 

people, destructive of domestic development, and provocative of war.”  In addition to calling for 

the revision of the Treaty of Versailles “in accordance with the terms of the armistice,” the 

twelfth plank supported sound international agreements to “drastically reduce land, air, and naval 

armaments” and to “outlaw wars.”56 

 The overwhelming approval by the CPPA of La Follette and his platform may have been 

helpful to the Wisconsinite, inasmuch as it seemed a united alternative to the division of the 

Democrats.57  Fighting Bob’s personal charm and energy, too, stood in positive contrast to his 

bland opponents.58  Additionally, the Progressive campaign enjoyed the fervent support of a long 
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list of famous reformers:  Jane Addams, Florence Kelley, John Dewey, Helen Keller, Ernest 

Gruening, Frederic Howe, Norman Thomas, Morris Hillquit, Arthur Garfield Hays, Oswald G. 

Villard, John Haynes Holmes, and Felix Frankfurter.59  Female activists from Zona Gale to 

Harriet Stanton Blatch exhorted women to apply their newly acquired voting power to the 

worthwhile cause.60  Even though La Follette did not specifically target black support, he was 

endorsed by W. E. B. Du Bois and the African Methodist Episcopal Church’s Bishop Hurst, as 

well as by Colonel Roscoe Conklin Simmons, who called Old Bob “the hope of the Negro 

race.”61  In fact, so many African Americans volunteered that campaign managers were unable to 

effectively organize their assistance.62  Progressive Republican Harold Ickes, meanwhile, 

became so disgusted with Coolidge that he became La Follette’s campaign manager for the 

Midwest.63  Fighting Bob was the first independent presidential candidate endorsed by the 

American Federation of Labor (AFL); however, Samuel Gompers confided that he had only been 

“forced to turn to La Follette” because of the utter worthlessness of the other two candidates.64  

Similarly, the American Socialist Party’s official endorsement of La Follette marked the first and 

only time it has ever fused with another presidential campaign.65  Old Bob—whose admiration 

for academic expertise extended as far back as his Wisconsin brain trusts—was also backed by 
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63 economics and sociology professors and 150 professors of agriculture, anthropology, history, 

language, law, literature, psychology, and religion.66 

 In addition to prodigious support from prominent progressives, La Follette benefited from 

his own oratorical mastery.  Having delivered thousands of talks at lyceums and Chautauquas 

throughout his career, Fighting Bob was widely considered one of the nation’s most powerful 

elocutionists.67  La Follette could speak for almost fifteen hours every single day for two months 

at a time during his campaigns.  Accustomed to large crowds, La Follette spoke with a 

passionately stentorian voice and moved in a vivaciously theatrical manner.68  Old Bob was 

usually advised to speak for no more than an hour, but he enjoyed the ebullient support of his 

audiences so much that he often went on for two or more.69 

 La Follette’s extraordinary oratorical style was seen across the country when De Forest 

Phonofilm, utilizing new sound-film technologies, recorded brief speeches of the three main 

presidential candidates in August 1924.70  Fighting Bob’s address, “On Responsible 

Government,” warned of “an impending crisis” that threatened “the representative character of 

the government itself.”71  Big business, asseverated La Follette, violates the law with impunity 

from the courts, demolishes “equality of opportunity,” crushes “the pursuit of happiness,” and 

                                                
66 Unger, 293. 

 
67 “‘Fightin’ Bob’ LaFollette,” PBS, 2000, 

<http://www.pbs.org/greatspeeches/timeline/r_lafollette_b.html> (8 Apr. 2004). 

 
68 “‘Fightin’ Bob’ LaFollette.” 

 
69 Unger, 295. 

 
70 Unger, 293. 
71 Unger, 293; “Senator Robert LaFollette Warns of the Perils of ‘Passive Citizenship,’ during the First 

Sound-Film Recording, Washington, D.C., August 11, 1924,” PBS, 2000, 

<http://www.pbs.org/greatspeeches/timeline/r_lafollette_s.html> (8 Apr. 2004). 

 



Tomasik 14 

corrupts and manipulates the very “government that guards and protects its rights.”72  This crisis, 

La Follette declared, “does not sound a call to arms,” but rather “a call to patriotism” in the form 

of “higher ideals in citizenship.”  La Follette concluded with a ringing affirmation of civic duty: 

 
Mere passive citizenship is not enough.  Men must be aggressive for what is right if 

government is to be saved from those who are aggressive for what is wrong. […] 

There's work for everyone.  The field is large.  It is a glorious service, this service for the 

country.  The call comes to every citizen.  It is an unending struggle to make and keep government 

representative.  Each one should [count it] a patriotic duty to build at least a part of his life into the 

life of his country, to do his share in the making of America according to the plan of the fathers.73 

 

While film was able to capture much of La Follette’s passionate energy, another medium 

of mass communication could not:  the radio.  The early microphones of the time allowed La 

Follette neither to raise his voice nor to walk back and forth.74  The rigid timing of radio 

broadcasting clashed with the length and spontaneity of La Follette’s delivery.75  And, in the 

absence of a visible audience, La Follette was unable to address the specific concerns of his 

listeners.  What was more, the primarily middle- and upper-class consumers able to afford a 

radio were probably the least likely people to welcome the Wisconsin senator’s message.76 

 Yet, the constraints of radio were the least of the Progressive candidate’s concerns.  The 

third-party movement had no broad, established base of organizers as the Democrats and 

Republicans did; indeed, La Follette’s best campaign assistants were his two sons, Young Bob 

and Phil.77  Nor did it have the funds.  La Follette had a budget of only $240,000, in contrast to 
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Davis’s $820,000 and Coolidge’s $4.3 million—in part because the AFL donated less than one 

percent of the $3 million it had promised.78  At some speeches, the old senator had to charge 

money for seats and even pass around a hat for the collection of enough pocket change to enable 

him to make it to one more stop.79  Although Fighting Bob campaigned extensively in the East 

and Midwest—from Boston to St. Louis—he was unable to make it farther west than 

Minneapolis, Des Moines, and Omaha; he delivered speeches in only twenty states.80 

To make matters worse, La Follette—like all third-party candidates since the 

inauguration of the secret Australian vote—was forced to expend substantial campaign funds 

toward the collection of petition signatures and other complicated requirements to appear on 

state ballots.81  He succeeded, miraculously, in each of the 48 states except Louisiana, though his 

name appeared next to one of four different parties—Progressive, Socialist, Farm-Labor, and 

Independent.82 

 Not only did the campaign suffer from its own lack of resources, but it also faced brutal 

attacks from numerous opponents.  Socialist Party support may have helped to organize voters 

and get on the ballot, but it also opened the campaign up to “red baiting”—claims of association 

with dangerously far-left radicalism.83  La Follette openly repudiated communism; his public 

letter refusing nomination by a 17 June 1924 Farmer-Labor meeting, on the grounds that 

communists would be present, had declared the goal of “a dictatorship of the proletariat” to be 
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“absolutely repugnant to democratic ideals.”84  Even so, some mainstream reformers were turned 

off by La Follette’s Socialist endorsement.85 

 The Progressive campaign also faced criticism from much of the establishment press on a 

number of fronts.  Some newspapers condemned the fifth plank of La Follette’s platform as an 

assault on the Supreme Court and brought up his alleged disloyalty during World War I.86  

Others claimed that La Follette could not view situations objectively and that his policies would 

never work.87  The Outlook charged that La Follette was too provincial to tackle national 

problems, that he was too mired in insignificant details to be able to see the larger issues.88  A 

writer for the Fairmont (Minn.) Independent, meanwhile, mocked Fighting Bob’s entire 

presidential bid as an impossible dream:  “How in the name of the pink-toed prophet can an 

intelligent person expect La Follette to succeed where Roosevelt failed [as a third-party 

candidate]?”89 

 However, there were some who thought that La Follette might succeed.  The 

Philadelphia North American suggested that if the Wisconsin senator could carry enough states 

in the Northwest, neither major-party candidate would win a majority of electoral votes.90  In 

such a case, the election of the vice president would go to the Senate and the election of the 

president would go to the House of Representatives, where anything might happen.91  The 
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Republicans alleged that such an outcome would rack the nation with so much nervous 

anticipation that the economy might fall to pieces; the choice was “Coolidge or Chaos,” they 

claimed.92  The Democrats, meanwhile, argued that since only Davis had a real chance of beating 

the incumbent, a vote for La Follette would be tantamount to a vote for Coolidge.93 

 In the weeks before the election, several adscititious factors further militated against the 

La Follette campaign and led to a sharp decline for La Follette in the polls.  One was a typical 

symptom that afflicts most minor-party candidates:  some voters toyed with the idea of 

supporting the third party throughout most of the election, but when last-minute pressures made 

the race seem a choice between the only two candidates who stood a chance of winning, those 

voters cast their ballots for one of the major parties.94  Another was a marked increase in 

agricultural prices resulting from bad harvests in other countries, including Canada, and recovery 

from the postwar depression.95  A few Americans were genuinely supportive of the status quo; 

they were glad that the progressive reforms of the first two decades of the twentieth century had 

curtailed the worst of the corporate abuses, but they were now content to watch business flourish 

without further restraint.96 

 In view of all of these obstacles, it is indeed surprising how successful the Progressive 

campaign actually was.  Approximately 28,649,709 votes were cast in the presidential election of 

1924, in which barely more than fifty percent of eligible voters participated.97  La Follette won 
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4,822,319 votes, or 16.8 percent of the total; more of these came at the expense of Davis than at 

the expense of Coolidge.98  Fighting Bob only received Wisconsin’s 13 electoral votes, while 

Davis garnered 136 and Coolidge took 382.99  But Old Bob placed second, ahead of Davis, in 

seven states in the West and four states in the Midwest; this is particularly impressive 

considering his inability to campaign further west than Nebraska.100  La Follette’s popular vote 

averaged 30 percent in the Pacific and Mountain states and 24 percent in the nation’s ten largest 

cities.101  Half of La Follette’s voters were farmers, one-fifth were union members, and one-fifth 

were socialists.102  Some of Fighting Bob’s strongest support came from Germans and 

Scandinavians; he also did well in working-class Jewish and Italian sections of New York 

City.103  Yet, even though many prominent blacks had endorsed La Follette, most African 

Americans ultimately voted for their usual parties.104 

 La Follette earned more than five times as many votes as any previous candidate 

endorsed by the Socialist Party.105  It is on this basis that some consider Fighting Bob’s 1924 bid 

“the most successful leftwing Presidential campaign in American history.”106  And since 1924, 

                                                                                                                                                       
 
98 Unger, 297. 
 
99 Weisberger, The La Follettes of Wisconsin, 271. 

 
100 Gillespie, 89; Weisberger, “A Wasted Vote?” 

 
101 Unger, 297-298. 

 
102 Unger, 297. 

 
103 Unger, 298; Nichols. 

 
104 Unger, 298. 
 
105 Nichols. 

 
106 Nichols. 

 



Tomasik 19 

only one presidential candidate outside of the Democratic and Republican parties has ever 

exceeded La Follette’s popular-vote percentage:  Ross Perot, who took 18.8 percent in 1992.107 

 The magnitude of this electoral achievement is even more evident when viewed from the 

perspective of campaign spending.  La Follette’s budget of $236,963 amounted to 9.2 percent of 

the average spending by the two major parties, yet he earned 40.5 percent of the average number 

of votes taken by the two major parties.108  Dividing his campaign funds by his vote total, La 

Follette spent 4.9 cents per vote.  In the 1912 election, by contrast, Roosevelt’s budget of 

$665,420 amounted to 60.3 percent of the average spending by the two major parties.  Roosevelt 

received 84.2 percent of the average number of votes garnered by the two major parties, and he 

spent 16.2 cents per vote.109  In fact, according to the standard of votes earned per dollar, 

Fighting Bob in 1924 surpassed every other third-party candidate of the twentieth century, 

including Henry Wallace and Strom Thurmond in 1948, George Wallace in 1968, John Anderson 

in 1980, and Ross Perot in 1992.110 

 Old Bob may not have won the presidency, but he was as determined as ever to keep 

fighting.  In a November 1924 editorial for La Follette’s Magazine entitled “Forward 

Progressives for Campaign of 1926,” Fighting Bob affirmed that “the Progressives will close 

ranks for the next battle.”111  He intended to build his party up to the national level by starting at 

the state level in Wisconsin.112  Unfortunately, his failing health interfered.  In spring 1925, La 
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Follette endured a series of severe heart attacks; by June 1925, the family gathered to see him in 

his final days.113  On 18 June 1925, just four days after his seventieth birthday, Fighting Bob 

reached his end.114 

 Old Bob may have died, but the legacy of his 1924 campaign lived on to influence 

policies a decade later.  Most third parties in American history have succeeded not in winning 

elections but, instead, in laying the groundwork for later reforms by raising new issues, by 

energizing political activists, and by forcing the entrenched parties to grant concessions to voters 

they had previously been able to take for granted.  The Progressive movement of 1924 was no 

exception, as Republican Senator James Watson noted twelve years later in his 1936 memoir: 

 
If one will take the trouble to examine the platform of 1924 on which Robert M. La Follette ran 

[… one] will find very many of the identical propositions embodied that are now being put into 

execution by the administration of Franklin D. Roosevelt, and, furthermore, a closer examination 

will reveal the fact that many of the very men who are now engaged in aiding President Roosevelt 

were in Wisconsin at that time helping La Follette.115 

 

Following La Follette’s death, many of his formerly Republican supporters went to the 

Democratic Party.116  One of them was Harold Ickes, Sr., Fighting Bob’s midwestern campaign 

manager.117  As secretary of the interior from 1933 to 1946, Ickes worked energetically toward 

the same goal that La Follette had set forth in plank two of his 1924 platform:  “permanent 

conservation of all the nation's resources […] in the interest of the people.”118  Ickes supported 
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the expansion of National Park Service lands from 8.2 million acres in 1933 to more than 20 

million acres in 1941, and he attempted—unsuccessfully—to change the Department of the 

Interior into a Department of Conservation that would take over the Forest Service from the 

Department of Agriculture.119 

 In addition to conservation, the second plank of the 1924 platform had supported “public 

ownership of the nation’s water power and the creation and development of a national super-

water-power system, including Muscle Shoals, to supply at actual cost light and power for the 

people and nitrate for the farmers.”120  Nine years later, the Tennessee Valley Authority Act, 

passed by Congress on 18 May 1933, did just that.121  The basin of the Tennessee River had long 

been one of the most backward and impoverished regions of the country.122  Crop yields there 

suffered from soil exhaustion and erosion, and the best timber had already been harvested.123  

The Tennessee Valley Authority (TVA) sought to change the situation.  It replanted trees, 

controlled forest fires, reduced malaria, and improved habitats for fish and wildlife.  It attenuated 

erosion, created fertilizer, and taught farmers how to make their farms more productive.124  And, 

most importantly, TVA built hydroelectric dams to provide cheap electricity, and it completed 

the federal electric power plant at Muscle Shoals, Alabama, which had lain dormant since the 
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end of World War I.125  In 1933, only two percent of farm families in the Tennessee Valley had 

access to electricity; by 1945, with the intervention of the TVA, that figure had grown to 75 

percent.126  This not only made life easier for farmers, but it also enabled industry, and hence 

new types of jobs, to move into the region.127  In addition to generating power, the TVA’s dams 

minimized flooding and facilitated river transportation.  The TVA Act was introduced by 

Republican Nebraska Senator George W. Norris—known as the “Father of TVA”—after whom 

Norris Dam was named.128  Like Ickes, Norris had endorsed Fighting Bob’s third-party bid in 

1924.129 

 Norris was joined by Republican New York Representative Fiorello La Guardia—who 

had also backed La Follette in 1924—in the fulfillment of another portion of the Progressive 

Party platform:  plank seven, which had demanded “abolition of the use of injunctions in labor 

disputes […].”130  The Norris-La Guardia Act, passed by Congress on 23 March 1932, forbid 

courts to issue injunctions in response to conflicts with workers, except under certain 

conditions.131  The act also prevented national courts from enforcing “yellow-dog contracts”—

agreements compelling employees not to join labor unions.132  This second portion of the law, 

too, was consistent with the seventh plank of La Follette’s platform, which had also “declare[d] 
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for complete protection of the right of farmers and industrial workers to organize, bargain 

collectively through representatives of their own choosing, and conduct without hindrance 

cooperative enterprises.”133 

 Such language was astoundingly similar to that of another worker-related law, the 

National Labor Relations Act (NLRA), commonly known as the Wagner Act.134  Sponsored by 

New York Senator Robert R. Wagner and passed by Congress on 5 July 1935, the act affirmed 

“the right [of employees] to self-organization, to form, join, or assist labor organizations, to 

bargain collectively through representatives of their own choosing, and to engage in other 

concerted activities for the purpose of collective bargaining or other mutual aid or protection.”135  

Enforcement of these rights was the duty of the five-member National Labor Relations Board, 

which served as an arbitrator of labor-management disputes when negotiations stalled and which 

supervised elections for the determination of union representation.136  It also punished employers 

or unions engaging in unfair labor practices, such as obstruction of employee self-organization 

and collective bargaining, discrimination against workers for involvement in unions, exorbitant 

or discriminatory union fees, and the refusal of either side to bargain collectively.137  The 1937 

United States Supreme Court case of National Labor Relations Board v. Jones and Laughlin 

Steel Corp. upheld the NLRA as a Constitutionally acceptable exercise of Congress’s authority 
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to preclude interference with interstate and foreign commerce.138  The NLRA expanded the 

political and economic clout of unions and increased participation therein.139  Part of that growth 

was a surge in female membership:  between 1929 and the late 1930s, the number of women in 

unions tripled to 800,000.140 

 The final component of the seventh plank of La Follette’s platform had demanded the 

abolition of child labor:  “We favor prompt ratification of the Child Labor amendment and 

subsequent enactment of a Federal law to protect children in industry.”141  That “Federal law” 

took the form of the Fair Labor Standards Act (FLSA)—also called the Wagner-Connery Wages 

and Hours Act—which was passed by Congress on 25 June 1938.142  The act defined “oppressive 

child-labor” as the employment of any person under the age of sixteen years in any job by any 

employer other than his or her own parents or guardians, though exceptions were made for child 

actors and for farm helpers laboring when school was not mandatorily in session.143  The FLSA 

made it illegal to “ship or deliver for shipment in commerce” products made within the United 

States from factories that employed oppressive child labor within the last thirty days.144  In 

addition, the FLSA required all industries involved in interstate commerce to pay a minimum 

hourly wage of forty cents and to employ no workers for more than forty hours a week.145 
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 Even La Follette’s tax proposals were implemented to some degree.  Both his fourth and 

ninth planks had advocated progressive income taxes—which, in the words of the platform, are 

“taxes laid upon wealth in proportion to the ability to pay […].”146  In other words, those with 

higher incomes pay a greater percentage in taxes than those with lower incomes.147  The Revenue 

Act of 1935 created the Wealth Tax, a highly progressive tax that required those with annual 

earnings of more than $5 million to pay rates of up to 75 percent.  In addition, the Revenue Act 

of 1937 was passed in an effort to curtail tax evasion.148 

 Some elements of La Follette’s platform never came to fruition, among them, restrictions 

on the power of the Supreme Court and the extension of the initiative and referendum to the 

national level.  But a substantial number of them did:  efforts to conserve the nation’s natural 

resources, public generation of hydroelectric power, recognition of the right of workers to 

organize and bargain collectively, the abolition of child labor, and the enactment of a highly 

progressive tax on large incomes—all during the period of the New Deal alone.  This was a 

remarkable success for a campaign that enjoyed no established base of voters or party organizers, 

that suffered from a severe shortage of funding, that was forced to overcome an array of ballot-

access hurdles, and that faced excoriating charges of communist sympathy and regionalistic 

myopia from much of the press, not to mention condemnation by both major parties.  The same 

resolve that Fighting Bob had demonstrated in his indefatigable efforts to reform Wisconsin and 

in his staunch opposition to World War I were revealed more strongly than ever in his 
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determination to compete in the 1924 election in spite of these daunting obstacles and his own 

failing health.  And although La Follette died less than a year after his final campaign, the 

progressive reformers it inspired and the political pressure it imposed on the established parties 

contributed to legislative achievements whose impacts endure to this day. 
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Cases (confirmed + probable) per year (average

of years 2008 to 2014)

P County population in 2013

N = C/P
Naive annual infection probability (cases per

100,000 per year)

R (actual cases) / (reported cases) 13

M Risk multiplier for your particular case 1

A = N * R *

M

Actual annual infection probability (cases per

100,000)

Expected productivity loss from Lyme disease

Variable

symbol
Parameter name Value

p1m Prob(symptoms last >= 1 month) 1.0

p3m Prob(symptoms last >= 3 months) 0.35

p6m Prob(symptoms last >= 6 months) 0.25

p1y Prob(symptoms last >= 1 year) 0.109

p5y Prob(symptoms last >= 5 years) 0.070

p10y Prob(symptoms last >= 10 years) 0.063

p20y Prob(symptoms last ~20 years) 0.008

S1m
(your productivity with symptoms) / (your regular

productivity) during first month of Lyme
0.3

S1y

(your productivity with symptoms) / (your regular

productivity) during first year of Lyme after the first

month

0.5

S>1y
(your productivity with symptoms) / (your regular

productivity) during PTLDS after first year of Lyme
0.75

La Expected productive years of life lost per infection

A * L
Expected days of life lost per year (i.e., risk of infection

per year times expected cost of infection)

Time spent checking for ticks

Variable

symbol
Parameter name Value

T Minutes lost to check for ticks once 5

Y

Number of times you check for ticks per year (probably

<365 because there aren't many ticks in winter—see

"Cases by Month" here)

200

H
Number of hours per day during which you get things

done (not sleeping, showering, etc.)
14

D = Y *

(T/60)/H
Days spent checking ticks per year

Total time cost per year

Expected days lost per year due to morbidity and checking ticks = .

Explanation of the parameters

Risk

C

The data on cases of Lyme disease by

state and county are taken from

CDC's website, namely, this data set,

which I copied onto my own site in

case the original disappears. It

provides counts of Lyme-disease

cases by county from 2000 to 2014.

By comparing the 2014 case counts to

statewide totals, I deduce that these

are counts of confirmed + probable

cases (at least starting in 2008 when

CDC began counting probable cases). I deduce this because the statewide totals

page gives 25,359 confirmed and 8102 probable cases, which adds to 33,461,

which exactly matches the 2014 total (summed over all counties in all states) in the

county-level dataset.

Rather than just counting 2014 cases (the most recent year available), I took an

average of cases between 2008 and 2014, in order to get a bigger sample over

time, since some counties have no cases in 2014 but a few cases in previous years. I

could have gone all the way back to 2000, but since incidence of Lyme disease has

been growing/changing rapidly in recent decades, I didn't want to go back too far.

If you live in a small county, the sample size might still be rather small, so you could

also look at statistics for neighboring counties. Likewise, because I didn't spend a

lot of time cleaning the data, there may be a few counties missing data. If that's true

for you, you too can look at neighboring areas to get a guess about your risk, or look

at CDC's map.

P

Incidence proportion is (new cases per year)/population. So to calculate Lyme-

disease risk, I needed the populations of US counties. I tried to get this information

from the US Census website, but downloading the data was taking forever and

seemed stuck. So instead I used data from Wikipedia. I copy-pasted Wikipedia's

table into a text file and uploaded it to my site.

There are a few counties for which my calculator doesn't work, usually due to edge

cases of formatting in the input files. In such instances, you can look up the

numbers manually.

N

Based only on the C and P parameters, we would naively calculate the incidence

proportion as C/P. As the CDC does, I show this number in cases per 100,000

people in the population per year, which is a layperson-friendly way of saying that

the number should be multiplied by 10-5 to get the actual probability.

If you compute values of N for various counties within a state using this calculator,

the average of the results tends to be somewhere in the ballpark of the statewide

average incidence rate as reported here, which gives some confidence that my

calculations aren't way off due to an error. Of course, if you find particular numbers

that seem weird, let me know.

R

CDC reports 25,359 confirmed and 8102 probable cases of Lyme disease in 2014,

or a total of 33,461. CDC's page of caveats about the data mentions that "Not every

case of Lyme disease is reported to CDC". In fact, it looks like this is quite an

understatement. Another page on CDC's site explains that, using alternate methods

of assessing Lyme incidence, "the number of people diagnosed with Lyme disease

each year in the United States is around 300,000"—almost 10 times higher than the

cases reported to CDC.

The 300,000 number is based on an estimate of "people who tested positive for

Lyme disease" and an alternative estimate of "people diagnosed with Lyme

disease". But of course, both of these measures may also underestimate the true

number of infections, since some people may never see a doctor.

Tests may have false negatives (though they may also have false positives).

Regarding Lyme testing: "The overall rate of false positives is low, only about 1 to

3%, in comparison to a false-negative rate of up to 36% in the early stages of

infection using two-tiered testing.[97]" Assuming that, of those people who get

tested, the fraction who actually have Lyme disease isn't very close to 0%b, this

suggests that more people wrongly test negative than wrongly test positive.

Presumably this should somewhat increase our estimate of the actual number of

infections, though I haven't delved into the fine print of this research enough to

know the answer.

To correct for these problems, I multiply the naive incidence proportion by a factor

of R to get the true incidence proportion. This is a hacky correction, but it probably

preserves some truth when comparing different regions of the US, because CDC

says that underreporting of Lyme cases

do[es] not affect our understanding of the geographic distribution of

Lyme disease. Lyme disease cases are concentrated in the Northeast

and upper Midwest, with 14 states accounting for over 96% of cases

reported to CDC. The results obtained using the new estimation

methods mirror the geographic distribution of cases that is shown by

national surveillance.

My calculator doesn't consider other tick-borne diseases besides Lyme, since

"Other pathogens are much more rare" than the bacterium that causes Lyme

disease. As a kludgey way to account for other tick-borne diseases, I slightly

increased R, but I don't know how much of an increase is appropriate. This section

reports: "Among early Lyme disease patients, depending on their location, 2–12%

will also have HGA and 2–40% will have babesiosis.[65]" Are the symptoms of

these coinfections included in the symptomatology that people report for Lyme-

disease cases, in which case the harm caused by these coinfections is "already

counted" by reports of what some Lyme patients experience? Or are the effects of

these coinfections reported separately, in which case I should add on their expected

harm to the expected harm of Lyme itself in my calculations? Of course, in cases

where non-Lyme tick-borne infections occur without Lyme, the afflictions caused by

non-Lyme diseases aren't "already counted" in reports of Lyme symptoms.

One person who lives in Albany County, New York told me in 2017 that she knows of

~5 people who have gotten Lyme disease in the last ~5 years, and she probably

would know whether someone had gotten Lyme disease for ~100 of her friends.

That suggests roughly a 1%/year risk of Lyme in this area. And indeed, my calculator

reports that N * R for Albany County, New York is about 1000 cases per 100,000, or

about 1% per year.

Olivier (2017) reports:

Holly Ahern, an associate professor of microbiology at the State

University of New York (SUNY) Adirondack[...] figures new cases of

Lyme disease are more likely [...] closer to 700,000 per year. She says

that's because the blood tests for Lyme, upon which the CDC’s

statistics are based, have a sensitivity rate of less than 50 percent.

"This means that for every two people who have Lyme disease, only

one person will be diagnosed as having it. This leaves the other 50

percent without a diagnosis, and therefore without effective

treatment," Ahern says. "It is not just the fastest growing vector-borne

disease, it is already the second most common infectious disease,

right after chlamydia, and ahead of gonorrhea."

I've stuck with a lower R value to be conservative, but if Ahern is right, it should be

higher.

M

Your personal risk of Lyme disease may be many times different than your county-

wide risk. You can express information about this in the M parameter, since the final

risk amount, A, is computed as N * R * M.

Your risk is higher if you

Go outdoors often, especially in tall grass or woods. (Walking outside crushes

tons of bugs, so I discourage walking outside anyway.)

Live in a rural area, surrounded by lots of vegetation. (In particular, M is bigger

if you live in a more rural area than average in your county. If you live in a rural

area but a less rural area than most other people in your county, your M might

need to be less than 1.)

Have a pet who might bring ticks inside.

Don't check for ticks very often.

I live almost entirely indoors, which helps lower my risk, but as of 2016, I live in a

very secluded, woody area, which is teeming with ticks. In fact, one morning in July

2016, I walked onto the wooden step outside my front door, and within ~15 seconds,

I had a tick crawling up my leg. My housemate spends a lot more time outside and

finds 0-2 ticks on their body each year. Two close relatives of mine who live nearby

(one of them being my dad) have both been given antibiotics in response to tick

bites in the last few years. So Lyme disease is far from a theoretical risk for me,

which is why I wanted to research it more in the first place.

I've found about one tick crawling on me each year since I've been in Albany County,

New York, but fortunately "Only 1% to 2% of people who are bitten by a tick are at

risk for getting the disease." Wikipedia echoes that "transmission is quite rare, with

only about 1% of recognized tick bites resulting in Lyme disease." This page reports

that "In most places in the US, 30-50% of deer ticks will be infected with Borrelia

burgdorferi (the agent of Lyme disease)." Seeker (2015): "According to Paul Mead,

Chief of Epidemiology & Surveillance Activity at the CDC, one out of every four or

five ticks might be infected in areas where the disease is very common" (0m39s

into the video).

Expected productivity loss from Lyme disease

This section includes parameters to roughly specify a probability distribution for

how long Lyme symptoms last. I unfortunately don't have great data on this, so I'm

making up several of the estimates, but I'm trying to fit them within a few data

points that I do have information about.

p1m

Lyme-disease "Treatment is usually for two or three weeks.[1]" I rounded this up to

one month and assumed that symptoms last during this time period, though

obviously this varies from person to person.

p6m

Wikipedia explains: "Despite appropriate treatment, about 10 to 20% of people

develop joint pains, memory problems, and feel tired for at least six months.[2][3]"

This is what's called Post-Treatment Lyme Disease Syndrome (PTLDS). This is a

condition recognized by mainstream medicine, in contrast to "Chronic Lyme

disease".

This article reports:

Early investigators observed that patients with early or late-stage Lyme

disease may have lingering symptoms after completion of antibiotic

therapy, despite prompt administration of effective antibiotic therapy

and resolution of the physical findings of infection.5–7 The frequency

of PTLDS among such patients has been found to differ between 0%

and 50% in published studies, and is likely related to variability of

study design and enrollment criteria of the sample populations

used.5,8 Reports of long-term follow-up in patients with early

presentation and treatment of EM have generally shown excellent

long-term outcomes.1 In the most recent treatment trials of EM

conducted in North America, rates of PTLDS are approximately 10% to

20%.3 However, rates may be 50% in the community practice of

medicine, where delayed diagnosis and treatment may be more

common and classification of symptoms attributed to Lyme disease

less certain.9,10

This study found that out of 74 patients with confirmed Lyme disease, 43 (60%)

returned to their usual health within 6 months of treatment, 20 (28%) "had either

residual symptoms or functional impact, but not both, and did not meet criteria for

PTLDS", and 8 (11%) "met our operationalized definition of PTLDS, which included

self-reported symptoms of fatigue, widespread musculoskeletal pain or cognitive

complaints, and functional impact".

This study found that after Lyme treatment:

At 6 months, 36% of patients reported new-onset fatigue, 20%

widespread pain, and 45% neurocognitive difficulties. However, less

than 10% reported greater than “minimal” depression across the entire

period.

This study says

In 8 studies of patients with EM, the frequency of PTLDS at ≥6 months

after treatment varied from 0% to 40.8%, with a median value of 11.5%

[2]. In an unknown proportion of patients, such symptoms are so

severe that they interfere with functionality, which has been referred to

by some authorities as post-treatment Lyme disease syndrome [1].

This page says:

Up to one third of Lyme disease patients who have completed a course

of antibiotic treatment continue to have symptoms, often termed

"post-Lyme syndrome", such as severe fatigue, sleep disturbance,

unconsciousness, and cognitive difficulties, with these symptoms

being severe in about 2% of cases.[8][9]

p1y, p5y, p10y, and p20y

This study followed 128 patients "with culture-confirmed early Lyme disease" (p. 1)

prospectively for many years. "Fourteen (10.9%) were regarded as having possible

PTLDS" (p. 1). The following table shows what happened to these 14 patients.

From the "Duration of Persistent Symptoms" column, we can calculate duration

probabilities. All cases lasted at least a year, so p1y = 14/128 = 0.109. Assuming

symptoms for case no. 6 lasted at least 5 years, p5y = 9/128 = 0.070. p10y = 8/128 =

0.063. And p20y = 1/128 = 0.008.

Apart from the qualifiers that this study itself gives, I have two caveats about these

numbers, both of which suggest that my p1y, p5y, p10y, and p20y parameters might

be somewhat too low:

1. The overall fraction of patients with possible PTLDS (10.9%) is on the low end

relative to the numbers in my above discussion of the p6m parameter. Patients

in this study had pretty early treatment: "The mean ± SD number of days of

illness until the baseline visit was 5.44 ± 6.69 days (median = 3 days; range =

0–42 days)" (pp. 2-3). So PTLDS outcomes were probably better than usual.

Hence, it might make sense to inflate the p1y, p5y, p10y, and p20y numbers

somewhat to account for the fact that, in practice, not everyone gets treated

so early. I haven't inflated these parameters because I'm unsure how much to

inflate them, but keep in mind that they may be too low.

2. 6 of the 14 patients with possible PTLDS continued to have symptoms as of

the last follow-up (p. 4), though not functionally impairing symptomsc. My

impression is that the histories of these patients is cut off because the authors

wanted to publish this study rather than continuing to wait and see what

happened. Hence, I think the "Duration of Persistent Symptoms" values are too

small for these 6 people.

S1m

I assume that Lyme disease is fairly debilitating during the first few weeks.

My dad gave me permission to quote his account of Lyme disease (personal

communication, 15 Aug. 2016):

I had Lyme disease in late June 2009. I developed symptoms such as

high fever, dizziness, disorientation and blurred vision. It was very

scary, unlike anything I had ever felt with any other kind of fever or flu. I

think I then went online to check for Lyme symptoms because I had a

hunch, and they were consistent with what I had. Then I looked below

my left shoulder and saw the red spot, an oval approximately 3 cm in

diameter. This was on a Friday night. I went to the doctor the next

morning and the doctor confirmed my case on the basis of my

symptoms. He did a blood test, but told me that if this was my first

case of Lyme disease, the results would not likely be positive because I

had not had sufficient time to produce the antibodies. He started my

on a month-long course of doxycycline. My symptoms were alleviated

only slightly over the course of the next few days but within a week I

was able to move around more freely. My eyesight was still blurry and I

could only move around for a little while without need to sit, but after a

couple weeks I was able to travel to Washington, DC, where we spent

the 4th of July. I went back to work after we got back from vacation - a

total of about three weeks out of work. That was the only time I

experienced Lyme disease and I don't think I have experienced any

lingering symptoms from that episode but it's hard to tell if some aches

and pains I have (occasional sore left shoulder for example) might be a

lingering symptom or just old age.

S1y and S>1y

This article explains:

There is a large spectrum of illness severity in PTLDS, from minor

symptoms to a more severe illness that has been characterized by

declines in health-related quality of life and mild to moderate cognitive

deficits in some patients.23–25 In antibiotic treatment trials of ideally

diagnosed and treated early Lyme disease, only 10% of patients were

found to have low health-related quality of life,26 which may be related

to fatigue.27 However, in patients identified after treatment in the

community setting, the impact of PTLDS on health-related quality of

life was much higher.24 The more severe end of this illness spectrum

has been described in population-based studies, where patients often

had delayed treatment, initial misdiagnosis, or nonideal initial

therapy.9,11,16

This study has several big caveatsd and so should be taken with salt. It refers to

PTLDS as chronic Lyme disease (CLD). The paper reports:

CLD patients reported the following ten symptoms as severe or very

severe: fatigue (48.3%), sleep impairment (40.8%), joint pain (39.1%),

muscle aches (36.1%), other pain (34.4%), depression (33.8%),

cognitive impairment (32.3%), neuropathy (31.6%), headaches

(22.7%) and heart-related issues (9.6%). [...]

In March 2013, 81.0% of the general population ages 25–54 were

employed, compared with 45.9% of CLD respondents in that age range

[...]. Approximately 42% of respondents reported that they stopped

working as a result of Lyme disease (with 24% reporting that they

received disability as a result of CLD), while 25% reported having to

reduce their work hours or change the nature of their work due to Lyme

disease. These figures compare with 6.3% of the USA population that

is unable to work due to health problems and 3.1% that are limited in

work due to health problems [...]. Those respondents who were able to

continue working reported missing 15 days of work during the

preceding 240-day work year, and they reported an inability to

concentrate while at work (so-called presenteeism) during 42 days of

work in the preceding year due to illness. [...]

Approximately 75% of survey respondents reported severe or very

severe symptoms related to fatigue, joint pain, headaches, other pain,

muscle aches, neuropathy, cognitive impairment, sleep impairment or

mood impairment, and 63% reported more than one symptom as

severe or very severe [...].

This study found 6 patients with persistent Lyme symptoms in their last follow-up

visits, 11-20 years after initial treatment. The health outcomes were pretty good (p.

6):

None of the 6 subjects with persistent symptoms at their last visit had

evidence of functional impairment caused by the symptoms and thus

did not meet criteria for post–Lyme disease syndrome [1]. For 5 of

these 6 subjects who provided their own assessment of their overall

health status at their last visit, 3 stated that their health was very good

or good. The single individual who stated that his health status was

poor had multiple comorbidities that likely contributed to this

assessment as the visual analogue scale score for the single residual

symptom (ie, difficulty concentrating) was only 2.2 out of a maximum

value of 8.

Consistent with these results, in prior analyses of several other

measures of health status in our prospective study, the health-related

quality of life of the 100 individuals who were assessed by the [36-item

short-form General Health Survey version 2] SF-36v2 at their final

study visit, including 5 of the 6 subjects with residual symptoms from

PTLDS at that visit, was comparable with that of the general population

[6].

The same study says (pp. 5-6):

For the 11 subjects with PTLDS who had a symptom severity score

recorded at both the last visit and at the first visit that the symptom

occurred, the mean ± SD score at the last visit was 2.89 ± 1.84 with a

range of 0.3–6.6 based on a visual analogue scale (with possible

scores of 0 to 8), compared with 3.35 ± 2.20 with a range of 0.6–7.1 (P

= .54) at the first visit. [...]

Based on the first question on the SF-36v2 that 12 of the subjects with

PTLDS completed, 9 (75%) characterized their health as good to

excellent at that visit. Of the 3 subjects who characterized their health

as fair to poor at their final visit, 1 did not have any symptom

associated with their PTLDS at that visit, and for the other 2 the level of

severity of the post-treatment Lyme disease symptoms was 2.2 and 6.1

(out of a maximum of 8), respectively. The first subject of the latter 2

also had a number of serious comorbidities, including post-traumatic

stress disorder and a colovesical fistula.

Lyme disease may lower IQ. There are many anecdotal accounts of this, though I'm

unsure what fraction of Lyme patients experience long-term IQ reductions. I worry

whether, in addition to noticeable reductions in cognitive function accompanying

severe cases of PTLDS, there are milder reductions in IQ that accompany other

cases of Lyme? I also worry that if I were to get Lyme and then recover, I would have

a nocebo effect in which I would wonder whether my IQ had been slightly impacted,

which might itself affect my cognitive performance. Hopefully such a nocebo effect

could eventually be overcome.
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Summary

This page collects some health and life guidelines that I find important enough to

keep in mind. I made it mainly as a reminder for myself, but perhaps others will also

benefit. I haven't done quantitative cost-benefit calculations for most of these

points because data are often hard to find. In many cases, just following a

precautionary rule is less work than researching the topic in enough depth to

calculate how important it is to actually follow the rule.

This page omits many obvious points (e.g., wash your hands, get enough sleep, eat

fruits and veggies) and shouldn't be considered exhaustive.
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Footnotes

Supplements

I currently take the following:

Multivitamin

It's not clear whether multivitamins make any difference to health, but it seems

plausibly safer to take them, and they're so cheap that cost shouldn't be a relevant

factor. My current choice is Centrum Men's Multivitamin/Multimineral Supplement,

but I haven't done much research. I don't know if multivitamins specifically for men

are better than generic adult multivitamins.

Vitamin D and K2

Multivitamins don't have enough vitamin D. Typically they contain 400 IU, which is

called "100%", but this is inadequate in my opinion. A recent analysis suggested

that the current RDA for vitamin D may be 10 times too low and recommends 7000

IU/day. I don't know how to square this with existing recommendations against more

than 4000 IU/day for adults. Currently I get 2900 IU per day: 400 from a

multivitamin and 2500 from taking half of this vitamin D and K2 (MK7 form)

supplement. I chose that supplement specifically rather than a vitamin-D-only

supplement because some people recommend taking K2 with vitamin D: "For every

5,000–10,000 units of D3 being recommended and tested for, we are

recommending 100 mcg of K2 mk7 to be sure and prevent the inappropriate

calcification that higher doses of D3 alone could cause." Some claim the MK7

supplement form of K2 is better than the MK4 supplement form, while others

contend that MK4 has more evidence of bone-health benefits.

Vitamin B12

B12 is especially important for vegans. This piece recommends:

1. Eat fortified foods two or three times a day to get at least three

micrograms (mcg or µg) of B12 a day or

2. Take one B12 supplement daily providing at least 10 micrograms

or

3. Take a weekly B12 supplement providing at least 2000

micrograms.a

The relationship between dose size and time between doses is very nonlinear. Let t

be the time interval between doses in days, and let m be the mcg required per dose.

I don't know the exact shape of the curve for t as a function of m, but here are some

possibilities, fit to the data points that t(10) = 1 and t(2000) = 7:

Curve type Fit equation
How often to take a 1000-mcg

tablet?

Logarithmic t(m) = 2.1215 * log10(m - 7.04) every 6.4 days

Square root
t(m) = 0.14437 * sqrt(m) +

0.54345
every 5.1 days

Generic

power
t(m) = 0.42927 * m0.36727 every 5.4 days

All told, taking a 1000-mcg tablet every 5-6 days seems good.

Currently I take Jarrow Formulas Methyl-B12, 1000mcg, 100 Lozenges about once

every 5-6 days. I chose a methylcobalamin supplement rather than a more common

cyanocobalamin one because some people say methylcobalamin is better, and I

haven't found anyone saying it's worse. This post reports that an average daily

cyanide intake of Norwegians is 95 mcg/person, while "The amount of cyanide in a

1,000 microgram cyanocobalamin is 20 micrograms." That statement was intended

to show that the cyanide from cyanocobalamin is unlikely to be problematic, and

that seems probably true, but since 20 is not completely trivial compared with 95,

and since some claim other benefits to methylcobalamin, it seems perhaps worth

spending an extra ~$10/year on more expensive methylcobalamin supplements?

Creatine

See "My history with creatine".

Omega 3 capsules

It's important to get capsules with EPA and DHA, rather than just ALA. I currently

use Nature Made Omega 3 Vegetarian Softgels, 540 mg rather than fish oil because

(1) it's vegetarian and (2) it seems a priori less likely to have mercury contamination.

Make sure not to leave them out in very hot weather or else they'll go bad.

Foods to eat

Eat mostly raw and unprocessed foods, except when cooking increases nutrient

availability.

Eat many colors of fruits and veggies.

Don't go on diets, except for obvious "diets" like eating less or no junk food. Don't

actively try to lose weight, since your body is likely to rebound afterwards. If you

lose weight at all (which is unlikely), it should happen naturally as part of your

regular lifestyle.

Food precautions

Avoid burned toast, french fries, etc. "Acrylamide can form in some foods when

they are fried or baked. These foods include potatoes, cereals, coffee, crackers,

breads, and dried fruits, according to the FDA. [...] The agency also advised

consumers to avoid crisping or burning sliced potatoes and to toast bread and

bagels to a light brown rather than dark brown color. Potatoes should be stored in a

dark pantry — rather than the refrigerator — to reduce the amount of acrylamide

formed during cooking." (source)

Avoid nutmeg (or eat only small amounts). "It takes a fair amount of nutmeg —

two tablespoons or more — before people start exhibiting symptoms." (source)

I try to spit out apple seeds, but eating a few is ok as long as they're not

chewed. Chewing and swallowing lots of apple seeds is unhealthy. Eating a bowl of

apple seeds is dangerous.

See other poisonous foods: "Top 10 Poisonous Foods We Love To Eat".

Chemicals in foods/drink

Minimize food eaten from cans because of BPA.

Avoid plastic water bottles to reduce chemical leaching. I'm not sure how much

difference this makes, but it seems worth a few dollars to buy a stainless steel water

bottle. In the past I didn't use glass bottles out of concern that if the bottle cracked

imperceptibly, I might swallow a small piece of glass; however, it seems swallowing a

tiny glass piece is unlikely to cause major harm. This page agrees that stainless

steel bottles are best. This page reviews pros and cons of different bottle materials.

This page notes some things to watch out for when buying metal water bottles and

recommends Klean Kanteen.

Pesticides (TODO: I should add stuff here). The choice between organic vs.

conventional crops has implications for insect suffering as well as health. I weakly

suspect that organic farming is worse for insects all things considered, but I remain

very uncertain. If that's true, then the reasons to buy conventional are (1) better for

insects and (2) cheaper, while the reasons to buy organic are (1) plausibly slightly

healthier in general.

Exercise

I find that along with sleep, exercise (including some amount of intense exercise) is

as close to a health panacea as there is. Both my physical and mental health decline

significantly when I can't exercise.

Consider a treadmill desk. I hate sitting or

standing still all day. My treadmill desk improves

my quality of life by more than any other item on

this list. Walking allows me to feel less fidgety, less

stressed, less full after a big meal, and more alert.

You can wear earmuffs on the treadmill if the noise

is bothersome. If you live in an apartment, you may

want to seek a first-floor room in case your walking

on the treadmill disturbs downstairs neighbors. I

had this experience once in a third-floor

apartment, though I think it was due to my running

on the treadmill rather than just walking slowly. An

alternative—and one that doesn't make any noise

for downstairs neighbors—is to use a desk attached to a recumbent bike. (I don't

like bike desks as much as treadmill desks because I get sweaty where my body

touches the bike, and my posture feels better standing up.)

Pair intense exercise with something rewarding, such as watching a movie. If

you feel mentally as though you can only watch movies/TV when exercising, you'll

want to exercise more. (Thanks to a friend for this suggestion.) The power of plain

old classical conditioning is impressive. (Though don't take it to extremes.) As

another example, I only listen to music when I'm doing "boring" tasks, and this

makes those tasks more enjoyable. This particular pairing is unintentional, though.

Music, especially when it has lyrics, disrupts my ability to process language

(presumably because music and language involve similar brain regions), so I can

only listen to music while doing "menial" tasks, like managing my todo list or

checking my Gmail spam folder for false positives.

Weights can be an alternative to jogging. When I first started exercising daily, I

jogged outside. Unfortunately, this has several drawbacks:

Walking or running outside on non-paved areas crushes lots of possibly

sentient invertebrates under your feet.

In some places, you could get ticks on you by running outdoors in grassy or

wooded areas.

Sometimes it's too cold to run, and cold air hurts your lungs. Other times it's

too rainy. Other times it's hot and humid, and you may get sunburned.

An alternative is to run indoors on a treadmill, but I'm made nervous when I do this

because when running too fast, there's always a chance my foot will land in the

wrong place, causing me to fall. (I'm not worried about the same for walking. I've

walked almost every day on a treadmill for 7+ years and have never come close to

falling.) I find that lifting dumbbells can require as much exertion as running, but it

can be done silently indoors. Compared with running on a treadmill, lifting weights

makes watching TV easier because your head doesn't bounce as much, earbuds are

less likely to fall out, and there's no background noise. If you're worried about

annoying roommates or apartment neighbors by exercising late at night, weights are

a great solution.

Dental

Don't share toothbrushes. "brushing sometimes causes the gums to bleed, which

exposes everyone you share your toothbrush with to blood stream diseases.

Therefore, by sharing a toothbrush, the couples are actually sharing blood, which is

a lot more risky than just sharing saliva." (source)

Avoid carbonated drinks, since they cause tooth decay.

Brush before eating, or wait ~20 minutes to brush after eating. I typically floss

after a meal and then brush 20-60 minutes later. At first it felt weird not to brush

immediately after eating, but I've gotten used to it. Now it actually feels slightly

unpleasant to brush immediately after eating, which I only do if I need to leave the

house immediately. I prefer to brush after eating rather than before because I want

to remove the food taste from my mouth.

"Brush longer, not harder." "Children and adults tend to spend less than one

minute at a time brushing their teeth, even though removing plaque from the mouth

requires at least two to five minutes of brushing at least twice a day." (source) I

brush and floss while reading at my computer. This means I waste no time brushing.

It also makes it trivially easy to brush for a long time.

Consider getting a dental-floss holder. I use Flossaid Dental Floss Holder-Single

Handle. It makes flossing effortless, allows me to floss with one hand, and keeps my

fingers from getting saliva on them.

Skin

(doesn't apply to most people) For a few years, I had seborrhoeic dermatitis,

especially on either side of my nose and between my eyes. Then one dermatologist

gave me a simple solution. He suggested to get Head & Shoulders shampoo and, in

addition to using it in my hair, I could rub it over the affected parts of my face (being

sure to keep my eyes closed to prevent shampoo in the eyes). Within a few weeks,

my seborrhoeic dermatitis was much improved, and after a few months, I think it

had essentially gone away. (The same dermatologist had also recommended

prescription treatments, but I didn't bother with them because of cost and hassle.

They proved unnecessary anyway. In general, my experience with dermatologists

has been that they often try to sell you on prescriptions you don't need.)

Ears

Don't use cotton swabs (aka Q-tips) to remove ear wax. "The use of cotton

swabs in the ear canal is associated with no medical benefits and poses definite

medical risks. [...] the American Academy of Family Physicians, among many other

professional medical associations, recommends never placing cotton swabs in the

ear canal." (source) See also "Stop Cleaning Inside Your Ears: It’s Bad for You" and

"The health benefits and dangers of earwax, from the Harvard Health Letter".

Marcus (2017) presents guidelines for "dealing with earwax", including: "DON’T

over-clean your ears. It may irritate the ear canal, cause infection, and even increase

impacted wax."

Eyes

Get regular eye exams. One reason is to check for early signs of glaucoma. In

(2018):

Sometimes symptom-free, it is often diagnosed too late[...].

This leading cause of irreversible blindness in the city affects three per

cent of Hongkongers aged 40 or over[...].

[Professor Clement] Tham urges people to get their eyes checked

every year from the age of 40. This disease tends to run in families, so

if your blood relative has it, your risk of glaucoma dramatically

increases, he says.

Avoid putting pressure on your eyes. UNSW (2008) gives some examples and

recommendations. I wrote a subpage about "Sleep masks that don't press on your

eyes".

I prefer to cut my fingernails underneath clothing or a blanket to prevent

fingernail fragments from flying up near my eyes, which happened to me

occasionally in the past. You can also just close your eyes, but trimming nails under

something allows you to keep your eyes open and read while doing the task.

Covering your hands also helps keep fingernail fragments contained for easier

cleanup.

Never put food in your mouth while holding a sharp knife, to avoid the risk of

accidentally sticking the knife in your face. While I've never poked myself in the face

doing this, I've occasionally come close, so I aim to remember never to do this

again.

Sanitation

It seems plausibly better to avoid sharing bar soap. "The Centers for Disease

Control recommend using liquid soap over bar soap to prevent a MRSA infection,

noting that antimicrobial soap is unnecessary. If you still want to use bar soap, do

not share it, and leave it somewhere where it will dry off easily after use." (source)

Body checks

Check your body for ticks after every time you go outside in grass, forest, etc. You

can check your own back using a combination of two handheld mirrors at once, one

in front of you and one behind you. A strong, movable light helps you see your skin

better. Some parts of the USA have low incidences of tick-borne illnesses, making

this precaution less necessary in those areas.

Check your moles every so often. "Everyone should check their moles, at least

every 3 months. But if you have developed new moles or have a close relative with a

history of melanoma, you should examine your body once a month." (source)

Because I have so many moles, I see a dermatologist annually to take records of

how my moles look. I had a few of the most worrisome moles removed.

(for men) Check testicles for bumps every so often.

Around the house

Check your house for radon. Test the room(s) where you spend the most time. I

use the First Alert RD1 Radon Gas Test Kit.

Check that your smoke alarm works every few months.

If you have a home built before 1978 in the USA, get it tested for lead,

especially if you have children.

Avoid open CFL bulbs

Some CFLs emit harmful levels of UV:

The Health Protection Agency of the United Kingdom has conducted

research concluding that exposure to open (single envelope) compact

fluorescent lamps (CFLs) for over 1 hour per day at a distance of less

than 30 cm can exceed guideline levels as recommended by the

International Commission on Non-Ionizing Radiation Protection

(ICNIRP). [...]

close proximity to bare skin can result in exposure levels similar to

direct sunlight. The Health Protection Agency of the United Kingdom

recommend that in situations requiring close proximity to the light

source, open (single envelope) CFLs are replaced with encapsulated

(double envelope) CFLs. [...]

Ultraviolet radiation emitted by fluorescent lighting can increase an

individual's exposure to carcinogenic radiation by 10 to 30 per cent per

year, with an associated increased probability of contracting squamous

cell carcinoma by 4 percent.

The Wikipedia article has pictures of single- vs. double-envelope CFLs.

"Ultraviolet Leaks from CFLs":

UV radiation from CFLs can often, but not always, be avoided by

purchasing “double-envelope” bulbs in which the spiral tube is

enclosed in a glass or polycarbonate cover resembling a standard

incandescent bulb. The U.S. Food and Drug Administration and Health

Canada advise that single-envelope CFLs should not be used at

distances closer than about one foot.

"Can Compact Fluorescent Lightbulbs Damage Skin?":

at close range, around a foot or so, CFL exposure is "the equivalent of

sunbathing at the equator." This may not be cause for alarm for those

who have CFLs mounted in ceiling fixtures, but it should be a concern

with desk or table lamps. The researchers recommend avoiding CFLs

at close range and placing them behind glass barriers or enclosures.

However, there are alternatives in energy-efficient lighting now that

LEDs are dropping in price and manufacturers are making more

efficient versions of incandescents.

"LED and incandescent light bulbs have no emission in UV range;

therefore, they do not pose any risk,"

"Energy-Efficient Lightbulbs May Have Dark Side When It Comes To Health":

"There is no UV component to LEDs, as far as I know," says Terry

McGowan, director of engineering and technology for the American

Lighting Association.

Cree reports: "Unlike incandescent and fluorescent light sources, Cree LED Lighting

Products produce virtually no light in the Ultraviolet (UV) or Infrared (IR)

spectrums." Similarly: "an employee from EnergyCircle said that most residential

LED bulbs give off almost no UV light. [...] Consumer LED bulb maker Pharox

advertises its bulbs as having no UV, so it's something worth checking when you're

shopping around."

Personally I've switched to LED lights. Note that while these don't have significant

UV risk, they are still toxic if broken:

If any LEDs break at home, Ogunseitan recommends sweeping them

up while wearing gloves and a mask, and disposing of the debris — and

even the broom — as hazardous waste.

Using LEDs at night may also interfere with melatonin production.

The particular LED lights I bought also have the problem that they have an outer

bulb with holes in it, which bugs can get trapped in, presumably causing them

suffering. To solve this problem, I initially put Scotch tape over the holes, but I found

that bugs still got in. After that, I taped plastic wrap over the metal light holders that

contained the bulbs, and this has worked well.

Lightning storms

Consider unplugging computer cables during a lightning storm if it's at close

range. "If your computer is plugged into a wall socket that's switched on, even

when it's in standby or sleep mode, it's vulnerable. That's because the lightning

current can travel through the power cord or any other cable connected to your

computer" (Toan Phung, summarized by Graham 2013). I learned this the hard way

when, during a particularly intense lightning storm around my house, lightning

traveled through wires (perhaps my ethernet cable?) and fried my computer. I was

able to recover the hard-drive data by going to a hardware-repair shop, but the

computer itself was destroyed.

While the risk is small, I prefer to avoid showering or otherwise using water or

electrical appliances for more than brief periods if a lightning storm is close by.

O’Connor (2006): "Ron Holle, a former meteorologist with the National Oceanic and

Atmospheric Administration who tracks lightning injuries, estimates that 10 to 20

people in the United States are shocked annually while bathing, using faucets or

handling appliances during storms." National Weather Service (2001-2005): "A

house is a safe place to be during a thunderstorm as long as you avoid anything that

conducts electricity. This means staying off corded phones, electrical appliances,

wires, TV cables, computers, plumbing, metal doors and windows. Windows are

hazardous for two reasons: wind generated during a thunderstorm can blow objects

into the window, breaking it and causing glass to shatter and second, in older

homes, in rare instances, lightning can come in cracks in the sides of windows."

Risky physical activities

Some physical activities are too risky for my taste. It's now well known that many

NFL football players develop brain injuries from their sport. This suggests that

playing football in a serious way for long periods of time is probably unwise.

Professional boxing and similar sports are likewise dangerous.

I also feel that some much more low-key activities plausibly aren't worth the risk.

For example, I used to occasionally go to a roller-skating rink with a community

group. One time, one of the people I went with fell on his back side and caused an

injury that was non-trivial. I imagine that similar risks are entailed by ice skating,

skateboarding, aggressive mountain biking, etc. The same amount of exercise can

be attained from less risky activities. I don't claim that roller skating is very risky and

should be avoided by everyone; I'm just noting that relative to my own taste, such

activities seem to have no real upside but non-negligible downside.

When I was in school, one of the sports we had to play was volleyball. A physical

education teacher mentioned that people sometimes break blood vessels when

hitting the ball, and I noticed that I sometimes bruised my arms when playing. This

raises the obvious question: why? Why would I play a sport that requires me to get

at least mildly injured? I would rather play a sport like (non-aggressive) tennis or

ping pong where a racket/paddle hits the ball, not my arms.

Pregnancy prevention

Don't use just condoms. The failure rate for even perfect use is 2% per year. Over

10 years that's about 18%. Use an additional form of birth control as well. (But still

use condoms, because they're important for STI prevention.)

Consider getting a vasectomy. I did.

Sexually transmitted infections (STIs)

Use condoms / dental dams for oral sex. Several STIs can be passed by oral sex.

Genital herpes is carried by 15-20% of Americans. It's usually not a huge deal

medically, but there's a big social stigma against it, so it might permanently hinder

your dating prospects. It can come from oral herpes (which 50-80% of Americans

have) during unprotected oral sex, which means that even if you're with a partner

who has been tested for most STIs, there remains a risk of getting genital herpes

from oral herpes during oral sex. I assume the risk is somewhat low, but "HSV-1 [oral

herpes] is a fast-growing cause of genital herpes."

Keep a list of all your STI vaccinations, such as for HPV or hepatitis A / B.

Get STI checks with each new sexual partner. Wikipedia has a helpful chart of

which STIs to worry about depending on the type of sex being done. See also this

excellent article. Condoms help a lot but don't guarantee 100% protection against

HIV, HPV, syphilis, etc.

HIV testing usually has a 3- to 6-month "window period", which means that

unless you think condoms are sufficient protection, it's ideal if your partner hasn't

had risky sex for ~6 months before being tested.

Not all STIs are tested for at routine screenings. "make sure to ask which STIs

your health practitioner is testing for you. Some infections like HPV, genital warts,

and herpes are not routinely tested." (source)

Some STIs can be spread just by skin-to-skin contact. "transmission of STIs

such as herpes, HPV, syphilis [rare but dangerous], pubic lice, or scabies [not so

bad because it's treatable] can occur even if a condom is used." (source)

STIs and pregnancy risk are non-prudish reasons to be cautious about casual sex. (I

would conjecture that disease transmission and pregnancy were two of the big

reasons for social stigmatization of casual sex prior to 20th-century medicine?) In

light of the hedonic treadmill, I wonder whether sex improves long-run happiness at

all relative to just masturbation and outercourse.

Don't start addictions

"I wish I'd never started" is a common refrain among smokers and other addicts. It's

so easy to not start an addiction compared with kicking an active addiction. It seems

clear that one should generally try to start as few addictions as possible (except for

mild addictions to productive activities, like exercise or learning).

It seems advisable to eschew not only exotic drugs but also socially acceptable

drugs like caffeine and alcohol. Caffeine is very addictive, and a small portion of the

population finds alcohol very addictive. Even if a drug isn't addictive, I doubt that it

improves long-term happiness in view of the hedonic treadmill. So there seems little

point in taking drugs unless you're already addicted and can't stop. Drugs cost

money, take time, may harm your health, probably don't increase long-run

happiness, and may cause long-run trouble if addiction develops. (There are

obviously some exceptions here. For example, drugs to treat psychiatric conditions

plausibly do increase long-run happiness when they're effective.)

Alcohol interferes with the development of young brains, even up to age ~25. Beer

and related beverages also fill their drinkers with empty calories. And drinking
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THE PRESENTATION 

 

Biographical Information 

 

Which resident of Schenectady, New York, was considered the greatest electrical 

engineer of his time and could picture third-degree equations in his head? 

Charles Proteus Steinmetz, who was actually born in 1865 in Breslau, Germany, now part 

of Poland.  Although he initially had difficulty in math, he became one of the school’s best 

students by age ten.  After graduating from the gymnasium, he entered the University of Breslau 

in 1883, where he memorized logarithmic tables in order to perform problems in his head in a 

matter of seconds.  He was attracted to socialism as a means of redistributing wealth to the poor, 

but the antipathy of German Chancellor Otto von Bismarck toward socialists forced Steinmetz to 

flee to Switzerland and then, in 1889, to the United States.  There, he found employment with the 

Osterheld and Eickenmeyer Company in Yonkers.  He later moved to Massachusetts and then to 

Schenectady, New York, to work as an advisor for General Electric, where his problem-solving 

ability earned him the reputation of being the “supreme court” of answering questions.  In 1902, 

Steinmetz became president of the American Institute of Electrical Engineers.  Between 1902 

and 1913, he led Union College’s School of Electrical Engineering and continued to teach there 

until his death in 1923. 

 

Accomplishments 

Soon after his arrival in America, Steinmetz—working for Rudolph Eickemeyer—

designed a more powerful motor for Otis’s elevators.   



After Thorburn Reid presented a paper entitled “The Armature Reaction of Alternators,” 

Steinmetz was critical of Reid’s failure to discuss third harmonics.  Steinmetz later presented his 

own paper to the American Institute of Electrical Engineers explaining his theory of third 

harmonics.  Reid and Steinmetz subsequently became great friends. 

While endeavoring to discover how to prevent trolley car motors from overheating when 

alternating current was used in the place of direct current, Steinmetz arrived at a mathematical 

solution called the “Law of Hysteresis” or “Steinmetz’s Law.”  When the forces, especially the 

magnetic forces, affecting a body are changed, the delay in the reaction of the body to that 

change is called “hysteresis.” 

He also developed the Theory of Electrical Transients, and his work with electrical 

transients led to a greater understanding of how lightning impacted AC systems, which in turn 

led to better lightning arrestors. 

Steinmetz invented an AC rectifier that allowed AC systems to incorporate magnetic arc 

lamps which ran on DC.  The rectifier also proved useful in using AC to charge storage batteries.  

For their breakthroughs on the magnetic arc lamp, Steinmetz and his associates were given the 

Franklin Institute’s certificate of merit in 1908. 

In addition, Steinmetz devised practical formulas for alternating current.  The previous 

ideas concerning AC had been so complex that scientists had been forced to resort to observation 

and graphs to approximate values.  Because of his experience with complex numbers, however, 

Steinmetz was able to develop a series of simple calculations for AC that removed the function 

of time and made the algebra as simple as that for DC.  The discovery was explained in three 

papers and a later textbook, “Alternating Current Phenomena,” as well as in his lectures at Union 

College.  It was these advancements in AC that allowed the generation and distribution of 



electric power to overcome the obstacles posed by the previous empirical and graphical methods 

of analysis, which allowed for the expansion of electric power in the US. 

Steinmetz once said that “absolutely all the success I have had has been due to my 

thorough study of mathematics.” 
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CAUSE OF THE GREAT DEPRESSION #4— 
DECLINING EXPORTS

@
 

 

Reasons that European Imports of US Goods Declined in 

the late 1920s 

REASON #1—INCREASING PRODUCTIVITY IN EUROPE  
1) European industry and agriculture was becoming 

more productive (Brinkley 677). 
 
REASON #2—TARIFFS 
 1) BEGINNINGS IN THE 1920S:  During the 1920s, the 
government had advanced policies to favor business, one of 
which was high tariffs to protect domestic industry.  This did 
help manufacturers, but it blunted international trade (Newman 
and Schmalbach 494). 
 2) EFFECTS OF TARIFFS:  The refusal of the US to 
purchase products from Europe rendered Europe unable to 
purchase products from the US 
(http://www.gusmorino.com/pag3/greatdepression/). 
 3) EXAMPLE:  In 1925, states in central and eastern 
Europe began to impose tariffs to close their markets to foreign 
goods (Spielvogel 784). 
 4) INCREASE UNDER HOOVER:  Hoover signed into law 
the highest tariff rates in history with the 1930 Hawley-Smoot 
Tariff, which set tax increases ranging from 31 percent up to 
49 percent on foreign imports.  Although US business leaders 
supported it, hoping it would protect their markets from foreign 
competition, European countries retaliated by enacting higher 
tariffs of their own against US goods.  The effect was reduced 
trade for all nations (Newman and Schmalbach 494).  
 
REASON #3—FINANCIAL DIFFICULTIES IN EUROPE 
Some countries in Europe, especially Germany under the 
Weimar Republic, were experiencing financial difficulties that 
prevented them from purchasing goods from overseas.  The 
international debt structure, moreover, destabilized the 
European economy (Brinkley 677). 
 1) STEP 1—TREATY OF VERSAILLES:  Article 231 of the 
Treaty of Versailles, also known as the War Guilt Clause, 
declared Germany and Austria responsible for starting the war 
and ordered Germany to pay reparations for all the damage to 
which the Allied governments and their people were subjected.  
The treaty established not the amount to be paid but left that to 
be determined later by a reparations commission (Spielvogel 
776 – 777). 
 2) STEP 2—REPARATIONS:  

1) 
When WWI had ended, 

all the European nations that had been allied with the US now 
owed large sums of money to American banks, sums much too 
large to be repaid out of their shattered economies.  

2) 
That was 

one reason that the Allies had insisted, over the objections of 
Woodrow Wilson, that Germany and Austria pay reparations:  
the Allies thought that reparations payments would provide 
them with a way to pay off their own debts (Brinkley 677 – 
678).  

3) 
In 1921, the Allied Reparations Commission settled on 

a sum of 132 billion marks ($33 billion) for German 

                                                 
@ This document contains the information I used to support my assigned position in a 27 February 2004 class 
debate on the causes of the Great Depression.  Out of five possible positions, I was given the fourth:  declining 
exports from the US. 

reparations, payable in annual installments of 2.5 billion (gold) 
marks (Spielvogel 782). 
 3) STEP 3—FINANCIAL DISASTER:  

1) 
Allied threats to 

occupy the Ruhr valley—Germany’s chief industrial and mining 
center—led the new German republic to accept the reparations 
settlement and make its first payment in 1921.  

2) 
Germany 

experienced 
a) 

rising inflation 
b) 

domestic turmoil 
c) 

lack of 
revenue due to low taxes.  

3) 
By 1922, therefore, Germany 

announced that it was unable to pay any more (Spielvogel 782). 
 4) STEP 4—FRENCH OUTRAGE:  An outraged French 
government sent troops to occupy the Ruhr valley; since the 
Germans would not pay the reparations, the French would collect 
reparations in kind by operating and using the Ruhr mines and 
factories (Spielvogel 782). 
 5) STEP 5—EVEN WORSE FINANCIAL DISASTER:  

1) 
The 

German government adopted a policy of passive resistance that 
was largely financed by printing more paper money—which only 
intensified the inflationary pressures that had already appeared.  
2) 

The German mark soon became worthless:  
a) 

In 1914, $1 = 4.2 
marks.  

b) 
By 1 November 1923, $1 = 130 billion marks.  

c) 
By the 

end of November 1923, $1 = 4.2 trillion (Spielvogel 782 – 783). 
 6) STEP 6—THE US INTERVENES:  The 1924 Dawes Plan 
1) 

reduced reparations 
2) 

stabilized German payments based on 
Germany’s ability to pay 3) 

granted an initial $200 million loan 
for German recovery, which opened the door to heavy US 
investments in Europe that helped create a new era of European 
prosperity between 1924 and 1929 (Spielvogel 783). 
 7) STEP 7—THE INTERNATIONAL DEBT STRUCTURE:  
Now the international payment system was a big cycle.  

a) 
The 

US gave loans to Germany.    
b) 

Germany used those loans to 
rebuild and to repay the Allies.    

c) 
Britain and France use that 

money from Germany to repay loans to the US  
 8) STEP 8—DESTABILIZING FACTORS:  In the late 1920s, 
and particularly after the US economy began to weaken in 1929, 
Europe found it more difficult to borrow money from the US.  At 
the same time, high American protective tariffs made it difficult 
for them to sell their goods in US markets (Brinkley 678). 
 9) STEP 9—THE COLLAPSE OF THE INTERNATIONAL 

CREDIT STRUCTURE:  
1) 

The decline in foreign exchange broke off 
the cycle.  

2) 
Without any source of foreign exchange wherewith 

to repay their loans, they began to default (Brinkley 678). 
 10) STEP 10—EFFECT ON EXPORTS:  

1) 
The US depended 

on European purchase of its goods in order to prosper.  By 1929, 
10 percent of the US GNP went into exports.  

2) 
But, Europe 

depended on US loans to buy these US exports.  
3) 

Thence, when 
the destabilized European economy was less able to purchase US 
goods, US exports fell 30 percent immediately.  Between 1929 
and 1933, then, the US lost $1.5 billion in foreign sales.  This is 
equivalent to 1/8 of all of the US sales lost in the first years of 
the Great Depression 
(http://www.gusmorino.com/pag3/greatdepression/). 



Brian Tomasik 

Civil War Debate Paper 

December 2, 2003 

 

 

 The Civil War, which lasted four long years and killed more than 618,000 Americans, 

was the product of many factors, including myopic political actions, territorial expansion, moral 

opposition to slavery, and economic differences between the North and South.  However, the 

central point of controversy, the one encompassing all of the others, was a fundamental 

disagreement over the interpretation of the Constitution in regard to states’ rights. 

 The quarrel over tariffs—which reflected the contrasting economic activities in the two 

sections of the nation—was but a portion of a much larger controversy:  nullification.  In 

response to the economic burdens the 1828 “tariff of abominations” was inflicting on his state, 

John C. Calhoun predicated the doctrine of nullification in his “South Carolina Exposition and 

Protest.”  Drawing from the Virginia and Kentucky Resolutions and his interpretation of the 

Tenth Amendment, which reserves to the states and people all powers not specifically delegated 

to the federal government, Calhoun asserted that because the federal government is nothing more 

than a creation of the states, the ultimate decision as to the constitutionality of federal laws lies 

with the states—not courts or Congress.  The theoretical concept became a genuine crisis when a 

South Carolina convention voted to nullify the 1828 and 1832 tariffs and prohibit the collection 

of duties.  The nullification doctrine served as a prelude to another interpretation of the 

Constitution:  the doctrine of secession.  Indeed, it was South Carolina—the center of 

nullification—that was first to secede from the Union on December 20, 1860. 

 The South was outraged not only by tariffs but also by abolitionists, whose actions 

likewise involved Constitutional interpretations of states’ rights.  Moderate abolitionists won the 

1842 Supreme Court case Prigg v. Pennsylvania, which declared that states were not compelled 



to adhere to a 1793 law requiring the capture and return of fugitive slaves.  Southerners were 

further enraged by the passage, in many Northern states, of “personal liberty laws,” preventing 

state officials from assisting in the return of escaped slaves.  It was these assertions of states’ 

rights that impelled southerners to support the Compromise of 1850, inasmuch as it included a 

more stringent Fugitive Slave Law.  Yet, even after its enactment, several Northern states 

continued to exercise individual authority by prohibiting the return of runaway slaves.  Thus, 

claims of states’ rights by both the South and North intensified sectional animosity. 

 Constitutional disputes connected to poor political decisions and westward expansion, as 

well.  As the United States acquired vast new territories, several positions emerged on the fate of 

slavery within them.  President Polk supported the extension of the Missouri Compromise line, 

36º30’, to the Pacific; Free-Soilers opposed any slavery in the territories; the solution of popular 

sovereignty was incorporated into both the Compromise of 1850 and the 1854 Kansas-Nebraska 

Act.  However, all three of these positions were challenged by Chief Justice Taney’s 

interpretation of the Constitution in Dred Scott v. Sanford (1857).  In his ruling, Taney argued 

that whereas slaves are a form of property and whereas the Fifth Amendment prevents Congress 

from interfering with property without “due process of law,” Congress has no right to prohibit 

slavery in any federal territory.  By infuriating northerners at the same time it elated southerners, 

the decision only exacerbated the sectional discord that would soon sunder the Union. 

 Controversy over the interpretation of states’ rights in the Constitution was the principle 

cause of the Civil War because it was the culmination of other tensions.  Southern antipathy 

toward tariffs produced the influential doctrine of nullification.  Abolitionist activity, by 

asserting the rights of Northern states to resist fugitive slave laws, outraged the South.  And the 



politically unwise Dred Scott decision, which interpreted the Constitution as forbidding Congress 

to limit slavery in the territories, was one of the paramount factors in precipitating the Civil War. 



Brian Tomasik 

Fictional Jackson Impeachment Speech 

November 12, 2003 

 

 

 Honorable members of the United States Senate, we have heard the testimony of 

numerous witnesses discussing the entire spectrum of Andrew Jackson’s conduct in office over 

the last eight years, yet all of it points unequivocally to a single resolute conclusion:  our 

president, the man of humble background, the former military hero and Indian vanquisher, the 

man called “Old Hickory” by his troops and the “Hero of New Orleans” following his victory in 

that battle, is guilty of four principal charges that the prosecution will presently summarize. 

 First, gentlemen, his rash and uncompromising actions have jeopardized the economic 

stability of our nation and triggered an economic downturn that is projected to become a 

depression of unprecedented proportions; Mr. Jackson’s obliteration of the Second National 

Bank of the United States is the first of these.  After its creation by Congress in 1816—a few of 

you, respectable Senators, voted for it—the National Bank served functions indispensable to the 

stability of our national economy:  it furnished credit to incipient business ventures, it restrained 

the excesses of state banks by preventing their issuance of unsound notes, and it printed its own 

stable, uniform currency.  Most recently headed by Nicholas Biddle—that most dedicated 

witness whom you yesterday heard—this bank stood as the preeminent symbol of America’s 

firm commitment to a robust and unified national economy.  Not only did Mr. Jackson scoff at 

the bank, foolishly maintaining that gold and silver specie should be the only basis of currency, 

not only did Mr. Jackson veto the 1832 bill to re-charter the bank that Congress—and therein, the 

American people—so passionately countenanced, not only did Mr. Jackson dispose of two 

treasury secretaries, who refused accedence to his mad ideas of weakening the national bank 

before its natural expiration by depositing federal funds in pet banks, before the third, Roger B. 



Taney, carried out orders, but, gentlemen, Mr. Jackson went further still, commanding his 

obsequious treasury secretary to actually siphon federal deposits out of the national bank and into 

a hodgepodge of state banks, to which the poor Mr. Biddle—as he explicated so clearly 

yesterday—was compelled to respond in the most prudent fashion:  raising interest rates and 

calling in loans with the purpose of imploring Congress to renew the charter of this most 

essential institution of our national economy; needless to say, his noble efforts were unsuccessful 

in the face of Mr. Jackson’s perverse obstinacy. 

 But, my good men, Mr. Jackson’s assaults on the American economy do not end there.  

Following the death of our beloved John Marshall—Chief Justice of the United States Supreme 

Court—in 1835, our president installed one of his most servile, sycophantic supporters:  Roger 

Taney.  In his 1837 ruling in Charles River Bridge v. Warren Bridge, Mr. Taney blatantly 

contradicted Mr. Marshall’s sapient decisions—in such cases as Fletcher v. Peck and Dartmouth 

College v. Woodward—establishing the irrefrangibility of contracts.  This morning, Mr. Taney 

told you that he allowed the violation of a contractual monopoly on the basis of his ridiculous 

belief that a government has the authority to revise a contract for the common good.  This is 

nonsense; Mr. Taney’s ideologically driven ruling will bring economic chaos, for the sanctity of 

contracts and monopolies is not secure as long and Mr. Jackson and Mr. Taney remain in power. 

 However, gentlemen, our president’s issuance of the 1836 “specie circular” may yet 

prove the most economically detrimental of all.  In his testimony this afternoon, Mr. Jackson 

speciously told you that his action will help the federal government by requiring all payments for 

western lands to be in the form of gold and silver or in currency firmly backed by the same.  

What he insidiously neglected to mention was that his order is straining banks by overwhelming 

them with requests for the exchange of bank notes with specie.  Already many banks and 



businesses have failed, unemployment has risen, prices have plummeted—and economists 

predict that this is just the beginning.  Good gentlemen of the Senate, I consider it tenable to aver 

that any president who annihilates a National Bank, who supports Supreme Court decisions that 

vitiate contracts and destroy monopolies, and who plays a central role in the origins of an 

impending economic depression deserves nothing less than immediate impeachment. 

 And yet, the crimes of Mr. Jackson do not end there, inasmuch as his responses to the just 

assertions of the state of South Carolina amount to nothing less that tyranny.  Mr. Calhoun 

yesterday explained so cogently the sources of his state’s discontents.  Paramount among them is 

the exorbitantly high 1828 “tariff of abominations,” which protects northern manufacturers from 

foreign competition at the same time that it harms the South, both by raising the prices of 

manufactured goods and by fomenting the resentment of foreign countries, which are now less 

inclined to purchase southern agricultural commodities.  These consequences come on top of 

enormous economic troubles already suffered by the South:  it has not yet recovered from the 

Panic of 1819, farmers are faced with high production costs and low prices, and the southern 

monopoly on crop production is being challenged by the West.  This situation, moreover, 

aggravates sectionalist tensions, as southerners are burdened with the fear that, since Congress 

approved a tariff to benefit the North at the expense of the South, it might do the same 

concerning the issue of slavery. 

 As you recall, Mr. Calhoun then proceeded to eloquently exposit his doctrine of 

nullification, which he based on the Virginia and Kentucky Resolutions—written by Thomas 

Jefferson and James Madison in response to the 1798 Alien and Sedition Acts—as well as the 

Tenth Amendment to our glorious Constitution, which reserves for the states and the people any 

powers not delegated to the federal government or forbidden.  He argued that because the federal 



government is a creation of the states, it is they—not the Supreme Court and not Congress—that 

are the final arbiters of the constitutionality of federal laws.  Endowed with this power, they 

reserve the right to convoke special conventions for the purpose of nullifying an offensive or 

pernicious law within their boundaries. 

 In response to Mr. Calhoun’s honest assertion of the wishes of the people of South 

Carolina, Mr. Jackson regarded him with hostile contumely.  Because Mr. Jackson supported the 

Union over the rights of individual states, he grew increasingly alienated from Mr. Calhoun, and 

by 1831, he selected Mr. Van Buren over Mr. Calhoun as his successor.   

However, my fine gentlemen, our president’s harsh treatment of a dutiful representative 

of the people is not the worst of it.  In 1832, South Carolina finally did call together a convention 

that advanced the interests of the people by nullifying the 1828 and 1832 tariffs.  Mr. Jackson—

supposedly an advocate of the “common man”—declared this democratic expression of the 

popular will to be treason in his Proclamation to the People of South Carolina.  He furthermore 

persuaded Congress to approve a force bill, allowing the president to deploy military force to 

prevent the just exercise of the practice of nullification!  Faced with this excessively bellicose 

response, poor Mr. Calhoun was compelled to compromise the good of the people by accepting 

Henry Clay’s settlement, whereby the tariff would be gradually lowered to approximately the 

original 1816 level by 1842. 

Consider it, gentlemen.  The president has not only employed coercion to maintain a 

tariff that continues to harm the economy of the South.  Far worse, he has in effect eviscerated 

the system of federalism (a division of power between the federal and state governments) on 

which our magnificent country was founded.  An action any worse can hardly be imagined. 



And yet, gentlemen, Mr. Jackson has perpetrated still more baleful actions, one of which 

is his contradiction of the principles of equality, life, liberty, and happiness proclaimed in our 

glorious Declaration of Independence.  Our president, in his eight long years in office, has not 

found time to address the brutal working conditions and penurious food, clothing, and shelter 

situations endured by so many immigrants, blacks, and others.  He has not found the time to 

address rampant discrimination against Irish immigrants on account of their willingness to work 

cheaply, their dilapidated housing, their Roman Catholic faith.  He has not found the time to see 

that the Mormons and their leader, Joseph Smith, secure a location for a community of “saints” 

that is able to practice polygamy and rigid social control free from harassment.  And he has not, 

in eight years, found the time to extend suffrage to women or the overwhelming majority of free 

blacks who currently lack it.   

What then, I ask you, has Mr. Jackson done in his eight years in office?  He has further 

contradicted the Declaration of Independence by infringing upon the life, liberty, and happiness 

of Indians.  From 1831 to 1832, our government, under his leadership, defeated the Sauk and Fox 

Indians of Illinois with exceptional brutality in the Black Hawk War; white military leaders even 

attacked Indians attempting to surrender!  Mr. Jackson, moreover, approved the 1830 Indian 

Removal Act, furnishing federal assistance to negotiations aimed at relocating southern tribes.  

He then oversaw the removal of two of the Five Civilized Tribes to the Indian Territory in the 

West:  the Choctaws in 1830 and the Creeks in 1836; he also set the stage for future removal of 

the Chickasaw and the Cherokee.  In fact, Mr. Jackson dispatched an army of 7,000 men under 

the leadership of General Winfield Scott to forcibly uproot the Cherokees from their homes, 

claiming that a corrupt treaty signed in 1835, to which no representatives of the Cherokee Nation 

acceded, could legitimize a gratuitous violation of individual rights.  As if this were not enough, 



gentlemen, Mr. Jackson sent troops to Florida, as well, in a futile effort to remove the Seminoles 

from their own land; many of the Indians, led by Osceola, resisted this display of force. 

In his testimony this afternoon, you will recall that Mr. Jackson strove to justify his 

brutality by claiming that the removal was necessary to ensure the protection of the Indians; a 

more disingenuous sophism could not be contrived.  Mr. Jackson’s true motives are to clear 

valuable land for white settlers, to minimize Indian raids across the border, and to subjugate a 

people whom he considers a “savage” race.  The extirpation of the tribes is anything but humane; 

indeed, thousands have died in the long, cold, inhospitable treks over hundreds of miles.  Our 

Declaration of Independence is perhaps the quintessence of American democracy, and to 

blatantly and repeatedly violate its core principles is to deserve no less than immediate 

impeachment. 

Great leaders of this nation, I have thus far spoken about Mr. Jackson’s economically 

devastating actions, his obliteration of the federal system of government, and his policies 

contrary to the ideals of equality and happiness.  There remains one last area in which our 

president has transgressed the boundaries and duties of his office:  the separation of powers of 

the federal government.  Time after time, Mr. Jackson has demonstrated his willingness to 

exercise executive power with abandon.  His reckless use of force against Indians and South 

Carolina and his transfer of federal funds out of the National Bank and into pet banks—as I 

described previously—are but three of many instances. 

As you Senators know all too well, Mr. Jackson has used and abused his veto power to 

excess.  Our current president has vetoed more of your carefully deliberated bills than all 

previous presidents combined!  Among them were the 1830 bill to provide federal subvention to 

Kentucky’s Maysville Road and Mr. Clay’s compromise regarding land policies.  You heard Mr. 



Clay yesterday tell of the time and effort he applied to reaching an agreement by which the 

federal government would supervise the sale of western lands while the states would receive the 

proceeds therefrom.  The latter portion of the compromise was intended to satisfy those who 

favored the sale of western lands by the states themselves, but Mr. Jackson thoughtlessly 

rebuffed the entire proposal, thus leaving the land issue unsettled.  Of course, the veto of the 

1832 bill to re-charter the Second National Bank—of which I earlier spoke—represents just one 

more of the copious instances of Mr. Jackson’s excessive use of the presidential veto. 

While Mr. Jackson’s overly frequent vetoes have curbed legislative power, his disregard 

for decisions of the Supreme Court has likewise diminished the influence of the judicial branch.  

In the 1831 case of Cherokee Nation v. Georgia, the late Chief Justice Marshall ruled that Indian 

tribes are non-foreign nations that have the right to sue in federal court.  His subsequent decision 

in Worcester v. Georgia invalidated a Georgia law restricting access to Cherokee lands and 

declared Indian tribes to be “distinct political communities,” just like the states, with sovereign 

authority.  Mr. Jackson, however—desirous of the removal of the Cherokees in spite of these 

rulings—impudently declared:  “John Marshall has made this decision.  Now let him enforce it.”  

In blatant disregard for his duty as the leader of the executive branch, Mr. Jackson refused to 

enforce the decision of the Supreme Court!   

Good men of the Senate, I have presented to you the dishonorable, disingenuous, 

destructive, detrimental, and downright dangerous deeds done by President Andrew Jackson.  He 

has jeopardized the national economy by his elimination of the National Bank, his support of 

Supreme Court rulings that undermine monopoly and contract law, and his issuance of the specie 

circular.  He has damaged the system of federalism through his dismissive and even belligerent 

response to a righteous assertion of state power.  He has contradicted the ideals of life, liberty, 



and happiness contained in our Declaration of Independence in his neglect of numerous 

injustices and his coercive removal of the Indians.  And he has transgressed his rightful executive 

authority by his unwarranted use of vetoes and his refusal to enforce rulings of the judicial 

branch.  Honorable gentlemen, these actions constitute nothing less than tyranny, the very nature 

of autocracy from which the brave men of the American Revolution hoped to free America 

forever.  It is for their sake that I exhort you to cast off our fetters of oppression and renew the 

checks and balances, the federalist system, the economic prosperity, and the justice for all that 

will make this nation a glorious gift to our posterity.  It is for their sake that I implore you—

depose King Andrew I! 
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Brian Tomasik 

13 February 2002 

East Timor, Its Invasion, and the Aftermath 

 In the mid-1970s, the Republic of Indonesia invaded East Timor, an area then controlled by Portugal.  The 

invasion, and the subsequent occupation of East Timor by the Indonesian military, had a devastating impact on the 

East Timorese.  The Indonesian soldiers carried out numerous human rights abuses, and destroyed property and 

culture in East Timor. 

The island of Timor, which is divided into East Timor and West Timor, is on the eastern tip of the Sonda 

Archipelago.  The island is about 2000 kilometers from Jakarta, Indonesia (Magalhaes 15), about 645 kilometers 

from northwest Australia, and about 1600 kilometers from the southern part of the Philippines.  The island is almost 

19,000 square kilometers in area, which is slightly larger than the state of Maryland (Jardine 5).  Before the 

Portuguese landed on the island in the early 1500s, Timor was part of the Javanese empire.  However, the culture of 

the East Timorese was relatively unaffected by the rest of the empire, because Timor was not as connected to the 

empire as most of the other islands (Magalhaes 17).  During this time, the people of Timor had no written alphabet 

and were mainly animistic, meaning they believed that natural objects had souls.  Although they traded with other 

countries, they didn’t adopt any of the larger religions, such as Buddhism, Hinduism, or Islam, and they had a very 

individual political system and way of life.  This, however, was greatly disrupted when Indonesia began an invasion 

in 1975. 

 Indonesia was a country composed of about 17,000 islands.  Its capital, Jakarta, was on the large island of 

Java, which held about 60 percent of Indonesia’s almost 200 million people, as of the mid-1990s.  Indonesia’s 

population was only surpassed by that of India, China, and the United States.  In 1965, Indonesia was taken over by 

the dictator Suharto, in a coup that lasted a few months and killed about a million Indonesians, who were alleged to 

be enemies to Indonesia (Jardine 6).  During his decades of rule, Suharto carried out many atrocities, including the 

invasion of East Timor in the 1970s, which cost thousands of lives and hurt many more. 

 The invasion and genocide that took place in East Timor from the 1970s forward had negative effects on 

the people of the area, and its aftermath is still affecting people today.  Before the invasion and genocide, the people 

of East Timor had a very primitive yet interesting lifestyle. 
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The indigenous political system of Timor involved several different villages, each ruled by a headman and 

a council of elders.  Above these villages were princedoms and above those, kingdoms, governed by rulers who 

possessed an aristocratic status (Taylor 7).  Goods were often given to the headman of an area; for example, in the 

Wehale Kingdom, the ruler allocated land in return for a rent token (Taylor 6).  Each group of Timorese paid tribute 

to the kingdom to which it belonged, and the groups also traded with each other.  The Timorese raised animals such 

as pigs, goats, buffalo, and sheep and grew several crops, including rice, maize, sweet potatoes, cassava, yams, and 

fruits (Taylor 5-6).  Food was sometimes exchanged between groups at markets, but much of it was produced and 

consumed locally.  In their society, the Timorese distinctly separated the roles of men and women.  For example, 

women would plant rice and men would harvest it; women would weave and men would make tools (Taylor 6).   

The people of Timor were able to live well in this independent society, but in the 1500s, they began to trade 

with the Dutch and Portuguese sailors (Taylor 2).  The Timorese received such goods as cloth, iron tools, and guns, 

in return for honey, wax, and especially sandalwood, among other materials (Taylor 2-3).  Before settling on Timor 

itself, the Portuguese colonized various other islands.  On the island of Solor, the Portuguese intermarried with the 

women there, creating “Topasses” or “Black Portuguese” (Taylor 3).  However, the Dutch forced the Portuguese, 

along with the Topasses, out to the island of Larantuka in 1613.  Although the Portuguese had already settled on 

Timor, the island remained rather undisturbed until 1642 when the Portuguese invaded in an attempt to control the 

island’s inner trade.  The Portuguese attacked the kingdom of Sonbai and its parent kingdom, Wehale, which was 

the principal political and religious center of Timor (Taylor 4).  After the attack, Portugal conquered Timor and the 

Topasses became the dominant group of the area.  However, Portugal never gained full control of the territory 

because of the attacks and resistance of the indigenous people; thus, unlike most colonies, Timor was rather 

unaffected by the Portuguese, and the Timorese maintained much of their original way of life.   

Long after the Portuguese settled in East Timor, the Dutch took control of the western half of Timor in 

1651 (Magalhaes 18).  Before the 1500s, the island had already been divided into two major sections: the 

Confederation of Serviao in the western part and the Confederation of Belos on the eastern part, and this preexisting 

division allowed for the territory to be more easily separated by the colonists (Magalhaes 17).  The Sentenca Arbital, 

a treaty that divided the island into Portuguese Timor and Dutch Timor, was agreed upon by the Portuguese and 

Dutch in 1913 (“Crimes”) and signed in 1915 (Taylor 12).   
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Although East Timor was largely unaffected by Portuguese control, near the end of the 1800s, Portugal, in 

the hopes of developing and industrializing, began to exploit and extract resources—including raw materials and 

cash crops—from its colonies.  At the time, Portugal was mainly an agriculturally based country while other 

European nations had become more industrialized.  East Timor, which had previously been little more than a trading 

post for Portugal, was now used for gaining raw materials and planting cash crops, such as coffee and copra (the 

dried meat of coconuts).  A system of roads was built with forced labor from 1884 to 1890, and in 1899, a company 

named Sociedade Agricola Patria e Trabalho (SAPT) introduced coffee plantations to Ermera (Taylor 11).  In 1908, 

Portugal levied a tax on all males between 18 and 60 years of age, and between 1911 and 1917, copra was 

introduced as a cash crop.  The exploitation of the people of East Timor caused an uprising between 1910 and 1912, 

led by a local ruler.  Portugal sent in African troops from its colony of Mozambique to suppress the rebellion 

(Jardine 20) and 3000 Timorese were killed and 4000 captured (Taylor 11).  Portugal acquired direct control of its 

colonies with the Colonial Act of 1930, which established legislative councils so that the interests of those with 

power—including the church, the army, those in control of the colony, and the plantation owners—were represented 

(Taylor 12).  The act also segregated the people of East Timor into two classifications: “assimilated” and 

“unassimilated.”  Those who were categorized as assimilated were required to be able to speak Portuguese, support 

their family, and possess good character, although individuals involved in administration were not required to meet 

these standards.  Only a minority of the population was assimilated and only those who were assimilated could vote 

in elections (Taylor 13). 

During World War II, the Allies used Timor to keep Japan from advancing southward, although Portugal 

objected to this because Portugal was a neutral country.  By December 17, 1941, about 400 Allied troops had landed 

in Dili and in February of 1942, Japan invaded Timor.  The Japanese quickly forced the Dutch out of West Timor, 

but a few hundred Allied troops and the people of East Timor were able to resist 20,000 Japanese soldiers for almost 

a year.  However, by 1943, the entire island had succumbed to Japanese control.  By the time Japan surrendered, 

about 60,000 East Timorese—13 percent of the population—had been killed, and many towns had been destroyed.  

In 1945, the Dutch East Indies became Indonesia, and West Timor became a part of it along with the other islands 

(Magalhaes 18).  Portugal continued exploitation of the colonies after the war, but a feeling of nationalism also 

began to develop in East Timor, with such changes as increased newspaper publications and education, assisted by 

the Catholic Church (Jardine 23).  In April of 1974, a relatively nonviolent coup took place in Lisbon, Portugal, in 
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which the fascist government was replaced by democracy.  This allowed for all of Portugal’s colonies to choose 

independence and for political parties to form in East Timor (Magalhaes 19).  

Several political parties began to form in 1974 in East Timor, although only two of them were broadly 

supported.  The first party, called the Timorese Democratic Union (UDT), was formed on May 11 and advocated 

democracy, social justice, and human rights.  Originally, it had supported ties with Portugal, but it soon changed to 

promote self-determination for East Timor (Magalhaes 20).  The second party, the Timorese Social Democratic 

Association (ASDT), was formed on May 12; it supported a government that involved both socialism and 

democracy and hoped to get rid of colonial ties (Taylor 27).  In the beginning, UDT was more popular.  A smaller 

third party, originally called the Association for the Integration of Timor into Indonesia, was formed on May 25, 

largely with the help of Indonesia.  The name was soon changed to the Timorese Popular Democratic Association or 

APODETI.  This party promised to advance human rights, freedom, fair income levels, free education, and free 

medical treatment, but because it supported the integration of East Timor into Indonesia and mandating that the 

Indonesian language be taught in schools (Taylor 28), it never received more than a few hundred members (Jardine 

26).  Three additional parties were also formed, but they acquired even less support than APODETI.  The three 

parties were the Klibur Oan Timur Aswain (KOTA), which means “Sons of the Mountain Warriors,” the Partido 

Trabalhista, or the Labor Party, and the Associacao Democratica Integracao Timor-Leste Australia (ADLITA).  

ADLITA promised integration with Australia, but the party declined even further after Australia rejected the 

proposal for integration at the end of 1974 (Taylor 28).  On September 12, 1974, members of ASDT held a 

conference in Dili, at which they modified the party and transformed it into Frente Revolucionara do Timor Leste 

Independente (FRETILIN).  FRETILIN’s main objective was to achieve independence through decolonization 

(Taylor 33).  With the changes in the party, FRETILIN gained popularity and soon surpassed UDT, which was seen 

as more conservative.  FRETILIN also gained support by traveling throughout East Timor and helping people in 

various ways, such as teaching them to be literate, helping to start labor unions and cooperative gardens, and by 

spreading and encouraging the culture of the East Timorese (Jardine 27).  Given the enormous support for UDT and 

FRETILIN, it is clear that the majority of the people supported and hoped to achieve independence. 

In mid-January of 1975, UDT and FRETILIN formed a coalition to attain independence for East Timor; 

APODETI refused to join.  The coalition agreed on “total independence, rejection of integration, repudiation of 

colonialism, and recognition of decolonization” (Taylor 39).  It had proposals for a transitional government, which 
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included the establishment of an assembly in October 1975, with representatives elected by the people, and proposed 

that elections for a National Constituent Assembly take place in November 1976.  They hoped East Timor would 

gain its independence after the first meeting of that assembly.  In March, however, UDT leaders were persuaded to 

support Indonesia, and by May 27, UDT left the coalition, thereby accomplishing part of Operasi Komodo, the 

Indonesian operation to integrate East Timor.  At the end of May, it was announced by the Lisbon Decolonization 

Commission that a conference would be held in Macao in mid-June and that all of East Timor’s parties, the 

Portuguese Armed Forces Movement (AFM), and the Portuguese government could attend.  Indonesia also planned 

on being present at the conference to monitor how the decisions would affect Indonesian interests (Taylor 47).  

FRETILIN decided not to attend the conference in Macao but nonetheless retained its widespread popular support.  

At the conference, it was decided that elections would be held in October 1976 for a Popular Assembly of Timor, 

which would decide the future of East Timor.  A transition period would then follow and colonial control would end 

in October 1978 (Taylor 201).  These events were carefully planned, but they never took place because of Indonesia 

and Operasi Komodo. 

In July 1975, agents of Operasi Komodo spread rumors that FRETILIN was attempting to take over the 

government and that it was receiving weapons from China (Taylor 49).  On August 6, 1975, UDT leaders, after 

returning to Dili, heard rumors that FRETILIN troops describing themselves as communists were blocking the 

roads.  On August 9 and 10, UDT members held demonstrations insisting that “communists” be removed from the 

country.  On August 10, UDT attempted a coup of Dili by capturing the Portuguese police chief and threatening to 

kill him if the police didn’t help UDT.  UDT also gained control of several other important areas, including the 

airport.  On August 11, it was reported to some outside the country that UDT was simply trying to prevent a 

communist massacre (Taylor 50).  A civil war soon broke out between UDT and FRETILIN, and with the help of 

the army, FRETILIN gained control of Dili on August 27; by early September, it had gained control of several other 

regional areas.  After FRETILIN had regained control, UDT troops traveled west until they were trapped at 

Batugade, which borders West Timor.  The 500 soldiers, 2500 refugees, and 19 Portuguese troops were able to cross 

the border on September 24, but only after they signed a petition demanding the integration of East Timor with 

Indonesia (Taylor 51).  About 1,500 had died in the civil war, and FRETILIN gained more support after the coup 

because UDT had lost followers on account of backing Indonesia and attempting to take over the country 

(Magalhaes 31-32).  
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Indonesia had hoped that this coup attempt would cause enough violence to justify sending Indonesian 

troops to East Timor, which could have helped with the forceful integration of East Timor.  Although the conflict 

subsided too soon to do so, the CIA reported that “Jakarta is now sending guerilla units into the Portuguese half of 

the island in order to engage FRETILIN forces, encourage pro-Indonesian elements, and provoke incidents that 

would provide the Indonesians with an excuse to invade should they decide to do so” (Taylor 58).  

At this point, it was quite clear that Indonesia was at least preparing to invade East Timor, although this 

hadn’t been so apparent a few years or even months beforehand.  Back in the 1950s and 1960s Indonesia may or 

may not have wanted to annex East Timor.  During the 1970s, some unofficial statements were in support of 

integration, but Indonesia officially stated that it had no interest in doing so until the mid-1970s (Taylor 23).  By 

mid-1974, the Indonesian Military Co-ordinating Agency (BAKIN) had developed plans—called Operasi Komodo 

or “Operation Komodo”—for integration, though they were not supported by other military agencies and few in 

Parliament openly defended them.  By the end of 1974, however, more and more leaders came out in support of 

integration, as did Australia.  Indonesia had probably always wanted to annex East Timor but didn’t openly admit it 

until then.  In late 1974, Suharto allowed for Operasi Komodo to commence, and on February 18, 1975, Indonesia 

held practice landings on Dili Harbor and a simulation air attack on Baucau in order to warn the East Timorese and 

Portuguese that they ought to consider Indonesia’s interests (Taylor 24, 40).  These military simulations were 

noticed by some Australian journalists, who reported in the Australian press that Indonesia was planning to conquer 

East Timor (Taylor 40).  Support continued to build in Indonesia, and at the beginning of July 1975, Suharto 

declared that “East Timor is not viable” and needed to become a part of Indonesia to economically sustain itself 

(Taylor 46).  After the attempted coup by UDT, Indonesian forces were sent across the border to create the 

appearance of a resurgence of conflict between UDT and FRETILIN.  The Indonesian newspapers rarely reported 

accurately the situation in East Timor, and Indonesia even went so far as to murder journalists who attempted to 

investigate the issue (Taylor 60-61), such as when five Australian reporters were killed by Indonesian forces 

(Magalhaes 32).  In mid-November, Indonesia launched a land, air, and naval attack on Atabae, which is to the north 

of Maliana and is an advantageous area from which to move east to Dili.  After some conflict, Atabae was 

conquered.  The invasion of Dili then seemed near, so FRETILIN, by itself, declared the Democratic Republic of 

East Timor an independent nation on November 28, 1975.  FRETILIN hoped that an independent nation would have 

a better chance of a successful appeal at the United Nations; it also reasoned that if East Timorese were going to die 
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fighting, they would rather die for an independent country (Taylor 63).  Indonesia planned to initiate its invasion on 

December 4 but was delayed until President Gerald Ford left Jakarta (Taylor 64).  The United States had a major 

influence on Indonesia, and it is likely that President Suharto wanted to make sure he had American support.  On 

December 7, 1975, Indonesia commenced an invasion of East Timor (Mackie). 

At 2 a.m. on December 7, 1975, the invasion of East Timor began with naval bombardments, and by 5 a.m., 

airplanes were dropping paratroopers.  This first series of operations involved almost 10,000 troops (Magalhaes 36).  

A radio broadcast from FRETILIN in Dili on the day of the invasion declared:  “The Indonesian forces are killing 

indiscriminately.  Women and children are being shot in the streets.  We are all going to be killed.  I repeat, we are 

all going to be killed […].  This is an appeal for international help.  Please do something to stop this invasion” 

(Jardine 31).  The former bishop of East Timor, Mgr Costa Lopez, described the attack on Dili on December 8, 

1975:  “The soldiers who landed started killing everyone they could find.  There were many dead bodies in the 

streets—all we could see were the soldiers killing, killing, killing” (Taylor 68).  As a result, 2000 people in Dili died 

within the first two days of the invasion (Jardine 34).  The soldiers targeted FRETILIN supporters, and in the 

villages of Remexio and Aileu, everyone above the age of three was shot because “they were infected with the seeds 

of FRETILIN” (Taylor 70).  Indonesian soldiers near the ocean would round up a group of East Timorese, force 

some of them to face the ocean, shoot them into the water, and require the remaining East Timorese to push the 

bodies into the water (Taylor 68).  The Timorese women were raped and abused by the soldiers.  Many of them were 

arrested and jailed, with FRETILIN supporters often receiving the worst treatment.  On occasion, the fathers or 

husbands who attempted to protect the women were killed (Jardine 34).  The soldiers also looted whatever they 

could find, including furniture, cars, and windows (Jardine 33).  On December 10, 1975, Indonesia initiated a second 

attack near the second largest city of Baucau, which involved similar atrocities (Magalhaes 38).  

On account of the carnage in East Timor, the United Nations General Assembly on December 12 approved 

a resolution deploring the invasion, ordering Indonesia to remove its armed forces from the area, and upholding the 

right of the East Timorese to self-determination.  A similar Security Council resolution was passed on December 22 

(Jardine 36), yet with little effect, as seen by the fact that on December 25, 10,000 to 15,000 more Indonesian troops 

landed in Dili, Liquiba, and Maubara (Magalhaes 38).  Naval and aerial forces continued bombardment with 

incendiary bombs and toxic sprays.  By February 1976, about 60,000 Timorese (Jardine 35)—roughly 10 percent of 

the population—had been killed (Taylor 71).  This figure, which was later confirmed by relief workers, indicates 
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that the proportion of East Timorese who died in the first few months relative to the total population is almost equal 

to the proportion of all Soviet deaths in World War II compared to the population of the Soviet Union at that time 

(Jardine 10).  Other human rights abuses occurred throughout 1976, including the use of chemical weapons, the 

murder of 67 boys in Suai in mid-May, and the burning of six villages and the killing of hundreds of villagers in an 

area near Zumalai in early August (Taylor 71).   

Despite such great atrocities, Indonesia often lied about its actions and involvement in East Timor.  Until 

the end of March 1976, it didn’t even admit that troops were present in the area.  Instead, the country claimed that 

the Indonesians there were helping the UDT and APODETI against FRETILIN (Taylor 72).  Indonesia also used a 

puppet assembly to declare formally that East Timor was part of Indonesia.  On December 18, 1975, the Indonesian 

Minister of Foreign Affairs announced the establishment of a “provisional government” in Dili.  No elections were 

held for this government, as Indonesia claimed that there was overwhelming support for integration in East Timor. 

May 31, 1976 saw the convocation of a “Representative Popular Assembly” of unelected members handpicked by 

Indonesia; it unanimously approved a petition allowing the integration of East Timor into the Republic of Indonesia 

(Magalhaes 39).  After the petition was given to Suharto, the Parliament accepted it on July 16 and Suharto signed it 

the following day.  Suharto then declared that East Timor was Indonesia’s 27th province, although it wasn’t 

recognized as such by the United Nations (“Crimes”).  

In the first few months of the invasion, the Indonesian forces had captured mainly the large cities, not the 

more rural areas where most of the population resided.  FALINTIL, FRETILIN’s military section, had been able to 

maintain strength.  In the first few weeks, about 450 Indonesian soldiers had been killed, and after the first four 

months of 1976, about 2000 may have died (Jardine 50).  In some areas, East Timorese were able to live relatively 

undisturbed lives because FRETILIN had been able to maintain some control of East Timor.  Accounting for its 

success were the facts that it had expected the invasion, it had moved the East Timorese into the interior of the 

island, it had a number of fighters (especially after the civil war with UDT), it had weapons left by the Portuguese, 

and its troops knew the territory well (Jardine 50-51).  However, this relative control of the island was soon 

diminished when, in September 1977, Indonesia began an “encirclement and annihilation” campaign (Jardine 51). 

With this campaign, Indonesia hoped to force FRETILIN fighters into the center of East Timor to be 

captured or killed, with the goal of driving the East Timorese to lower land where they could be more easily 

controlled (Jardine 51).  In September 1977, bombing was used to clear paths for troops and to defoliate forests, and 
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chemical sprays were used to kill crops and livestock, causing famine (Taylor 85).  Tens of thousands of troops were 

involved, as were napalms, F-5 jets, A-4 bombers from the United States, Hawk aircraft from Britain, and Bronco 

aircraft, which are ideal for use on the uneven ground of East Timor (Jardine 51).  One letter described the bombing 

of the village of Zumalai: “Many elements of the population were killed under inhuman conditions of bombardment 

and starvation […].  The waters of the river were filled with blood and bodies” (Taylor 85).  A priest from Dili 

recalled, “After September [1977] the war was intensified.  Military aircraft were in action all day long.  Hundreds 

of human beings die daily, and their bodies are left as food for the vultures.  If bullets don’t kill us we die from 

epidemic disease; villages are completely destroyed […].  The barbarities, the cruelties, the looting, the shooting of 

people without any justification are now part of everyday life in Timor” (Taylor 86-87). A report on chemical use in 

the early part of the 1977 bombing stated: “In some places, a day or two after a bombing raid, maggots (ular kecil) 

would emerge and destroy the crops.  Another experience was that after bombing raids, a large number of people 

would get violent attacks of diarrhea and vomiting from the drinking water.  This happened in Zumalai, Matabea, 

and many other places” (Taylor 85). 

After bombing, Indonesian soldiers entered the impacted areas and performed horrible atrocities.  

According to a 1982 report by a missionary, “On 23 November 1978 on the mountain of Uadaboro, in the Matebia 

Range in the eastern part of the island of Timor approximately 500 persons were machine-gunned, including 

pregnant women, children of all ages, and adults and elderly people, when they came to surrender […].  The same 

occurred in Taipo, where 300 persons were killed in the same way, and in other parts of the province, although few 

in number” (Magalhaes 48).  Between April and May of 1979, 97 were killed in Lospalos, and 118 were killed on 

Mount Matebian between April 15 and April 17 (Taylor 88) (see Fig. 1).  The report continued: “Young women, 

single and married, were taken to huts and sexually abused by [Indonesian] soldiers.  When they resisted they were 

stripped naked and burned with lighted cigarettes.  Most of them, as they did not give in to torture, were raped and 

shot.  Several married women were tied and bound with their husbands, raped in front of them, and then all were 

killed” (Magalhaes 48).  Men and women were tied together and then shot, children were killed in front of their 

parents, and the elderly were burned alive in their houses (Taylor 88).  When the East Timorese were captured or 

surrendered, they were sometimes taken to the island of Atauro (Jardine 53) or, more frequently, to “resettlement 

centers,” where hunger and death were rampant (Magalhaes 64).  By the time the “encirclement and annihilation” 

campaign ended in March 1979, thousands of civilians, as well as many FRETILIN leaders, were dead.  About 90 
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percent of livestock had been killed, and FALINTIL had lost 90 percent of its weapons and 80 percent of its troops 

(Jardine 54).  By 1980, the population of East Timor was about 425,000, compared with 700,000 in 1975, meaning 

that, after accounting for error, about 200,000 East Timorese had died—about a third  

 

 

Fig. 1.  Boy at Graves on Mount Matebian from Richard Tanter, Mark Seldon, and Stephen R. Shalom eds, Bitter 

Flowers, Sweet Flowers: East Timor, Indonesia, and the World Community (Lanham: Rowman, 2001) 196. 
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of the population (Magalhaes 56). 

Despite such massive losses, including to FALINTIL, FRETILIN was able to regain some strength in 

smaller units, and by March 1981, the units were able to communicate well enough to hold a conference, at which 

Xanana Gusmão was elected FRETILIN’s leader.  Due to FRETILIN’s resurgence of strength, Indonesia, in mid-

1981, initiated Operasi Keamanan (“security”), or Operasi Kikis (“final cleansing”), in which East Timorese men 

from 8 to 50 years of age were forced to form human chains around the island, in the hopes that FRETILIN 

members would be trapped and then captured.  The 80,000 men involved created a “fence of legs” or shield in front 

of the Indonesian soldiers.  However, the men involved were taken without prior notification and were allowed very 

little food, so many starved.  The troops also attacked during the harvesting and planting seasons, so many East 

Timorese all across the island had very little food (Jardine 55).  Indonesia provided some famine relief in 1982, but 

in minimal amounts; often the food and aid were not properly distributed. 

Several FRETILIN leaders and supporters had been killed or had surrendered during Operasi Keamanan, 

but many survived and were able to reorganize.  By late 1982, FRETILIN was relatively strong and was able to 

initiate attacks throughout East Timor.  This led to the proposal of national ceasefire talks in March 1983; on March 

23, 1983, a ceasefire agreement was signed.  However, it was unilaterally broken when on August 17, 1983, 

Indonesia’s independence day, Indonesia launched a new attack called Operasi Persatuan (“unity”), which involved 

more ground troops and air and naval attacks.  Indonesia continued to launch strikes against East Timor after the 

ceasefire, such as one in February 1984 during which the number of Indonesian troops in East Timor increased from 

14,000 to 20,000 and the “fence of legs” method was again used (Taylor 151).  After bombing in this attack, troops 

were dropped from helicopters to finish up by burning villages; food stores were destroyed and crops burned. 

Concomitant with such military operations were some appalling atrocities and human rights abuses.  

Imprisonment could happen at any time for any reason, and no trials were held until 1984 (and even then, only for a 

few people in Dili).  A sentence could be for any length of time, and a prisoner could be killed by troops at any time 

(Taylor 104).  The people in East Timor lived in constant fear of being captured and taken away for supposedly 

supporting the guerillas.  In Dili, the police looked for small groups on the streets and broke them up, those who 

listened to broadcasts from outside the country were arrested, mail was censored, and speaking Portuguese was 
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forbidden (Taylor 110).  Some FRETILIN supporters, as well as their families, were taken to the island of Atauro, 

which is north of the Dili coast.  The island was first used as a prison in 1977, but it wasn’t until 1980 that large 

numbers of Timorese were transported there.  Most of those incarcerated on the island had only one set of clothes. 

Hunger prevailed, and an average of two people died there each day (Taylor 106).  When the East Timorese were 

captured or surrendered, they were often interrogated and then disappeared, especially in the period from 1979 to 

1980.  FRETILIN supporters and those who were more educated were targeted in particular (Taylor 101). 

After interrogation, people were killed in large numbers at sites called killing grounds.  In the Village of 

Kraras, 200 people were burned alive inside their houses, and in September 1981 in Lacluta, at least 400, mostly 

women and children, were murdered (Taylor 101).  Killings there were described by an eyewitness:  

          Indonesian soldiers took hold of the legs of small children and threw them around in the air a number of times 

and smashed their heads against a rock.  There was a woman who asked that one of the children be given to 

her after the mother had been killed.  At the time, the soldier permitted the woman to take this small child, but 

a few minutes later he grabbed the child and killed him.  The poor woman was not so wise, because she too 

was then killed. (Taylor 101-102) 

One of the many massacres occurred in August 1983 in the village of Malim Luro, when Indonesian troops, as 

described in a report transmitted on FRETILIN radio during February and March of 1985, “after plundering the 

population of all their belongings, firmly tied up men, women, and children, numbering more than sixty people.  

They made them lie on the ground and then drove a bulldozer over them, and then used it to place a few centimeters 

of earth on top of the totally crushed corpses” (Taylor 103, 111). 

Apart from being terrorized, captured, and murdered, some Timorese, especially FRETILIN supporters, 

were brutally tortured, often during interrogation or for confession.  At first, beatings, burning the skin with 

cigarettes, and sexual abuse were the primary means of torture, but the Indonesian military soon progressed to 

electricity, breaking limbs, and skin cutting, along with other methods (Taylor 107).  A missionary in 1982 

described:  

          There are several types of torture, and they are unbelievable: burning iron rods, electric chairs, lighted 

cigarettes, pulling out fingernails with pliers, being slashed with razor blades, putting fingers under the legs of 

heavy loaded tables, etc., in order to obtain information or make them betray those who remain faithful to 
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their patriotic ideals […].  During torture sessions, the victims are naked and are burned all over their bodies, 

mainly on the genitals. (Magalhaes 49) 

One Timorese who was part of the Red Cross before fleeing from Dili in 1987 said:  “I was beaten with rifle butts 

and sticks.  I was then tied hand and foot and hung up by the feet; my head was plunged into a tank of cold water.  

After about two minutes, I was hoisted up and interrogated.  They repeated the procedure until I confessed” (Taylor 

108).  A Timorese refugee named Andre Faria recalls:  

          They put me with my back to the wall, stretched my arms out like a cross and began hitting me again.  I 

received so many blows to my head and other sensitive parts of my body that even today I still ask myself 

how I managed to survive it all.  Blood began to trickle from my mouth, nose, ears, eyes, and from my toes 

which had been crushed repeatedly under military boots […].  They wanted me to denounce other people 

whose names they gave me.  They tortured me until well into the night, and led me to a cell […].  For three 

days we were woken at 2 a.m. with buckets of cold water that they threw on us in the cells.  An hour later 

some policemen burst into the cells, began to beat us up, and made us go into the yard where we were obliged 

to crawl and do physical exercises.  While we did these, they beat us, especially on the joints and other 

sensitive parts of the body.  They used chair legs, broken benches, sticks, lengths of bamboo, and even stones.  

This pattern lasted for three days and nights. (Taylor 107-108) 

Apart from such horrific human rights atrocities as murder and torture, the people of East Timor also 

endured a pernicious process of “Indonesianization,” which was the long-term goal of Indonesia.  During this 

process, Indonesia tried to “civilize” the people of East Timor with the Indonesian culture (Jardine 57).  The first 

step towards “Indonesianizing” the East Timorese was to control the population by confining it to “guarded camps,” 

which were described by a FRETILIN radio broadcast in April 1976.  It was estimated by the American agency 

USAID that 300,000 were present in these camps eight months after the September 1977 encirclement and 

annihilation campaign (Taylor 88).  A July 1979 report written by the Australian Council for Overseas Aid stated 

that there were fifteen camps containing 318,921 people, and that the Indonesian soldiers moved people from their 

villages into one of the camps in order to weaken FRETILIN and gain more control over the population.  This 

technique was also used in Rhodesia, Vietnam, and Malaysia (Jardine 57-58).  Forced labor was relatively common 

at the camps; it could include building roads, cutting timber, building houses, and cultivating export crops like sugar, 

coffee, and rice (Taylor 94).  Diseases, including tuberculosis, were rampant in the camps, and hunger was 
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ubiquitous because the land available for growing crops was meager, with the same ground being used continuously 

until its fertility was exhausted.  The families in the camps were confined and could not go very far to tend to crops, 

and this also meant they couldn’t gather many wild fruits, leaves, and roots to eat.  Each family was only given 100 

to 200 square meters on which to farm, which was not nearly enough space to grow a sufficient amount of food 

(Taylor 93).  A delegate from the International Committee of the Red Cross, after visiting a camp where 80 percent 

of the 8,000 East Timorese there were malnourished, thought the situation was “as bad as Biafra and potentially as 

serious as Kampuchea” (Jardine 58).  The East Timorese in these guarded camps were moved to “resettlement 

villages,” and during the transition, the Indonesians purposely separated Timorese who had lived together in the 

same village, so that it would be harder for resistance to develop.  Several resettlement villages existed; for example, 

in 1979, over 50 were present near Baucau.  Their purpose was to keep the East Timorese away from the FRETILIN 

fighters, but those forced into them had to give up their land, ancestors, and things that were sacred.  Again, hunger 

and sickness were rampant at the camps, and those who transgressed the boundaries of the camps were suspected of 

trying to contact FRETILIN guerillas and would be shot, killed, or imprisoned (Jardine 58, 59).  This was the first 

main step towards Indonesianization, but it was not the only one. 

Another aspect of Indonesianization was to control the economy of East Timor.  Land was taken by 

Indonesian authorities, and, despite a shortage of food felt by many East Timorese, they were forced to grow cash 

crops, including cloves, peanuts, coconuts, sugar cane, cinnamon, and rubber (Taylor 125).  Companies were 

established to control the distribution of the crops, such as the military monopoly, P.T. Denok Hernandes 

International, which was established by General Benny Murdani and others soon after the invasion.  This company 

controlled the growing and export of coffee, which hurt the incomes of many coffee farmers.  One of the company’s 

subsidiaries, P.T. Scent, had a monopoly on sandalwood.  These companies possessed so much control, one 

Indonesian academic said they virtually controlled the economy of East Timor (Jardine 60). 

Indonesianization also involved control of East Timor’s educational system.  The students in the Indonesian 

schools received a very limited education and learned about East Timor only when Indonesia approved of what was 

taught.  The Indonesian language, Bahasa Indonesia, was the only language taught, the schools focused on military 

activities, including physical education, and students were forced to memorize the Pancasila, which is supposedly 

the ideological basis for Indonesian society.  They also learned many songs, especially those that involved 
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patriotism towards Indonesia (Jardine 62).  Indonesia claimed that they were helping the East Timorese by 

establishing schools, but in 1989, the illiteracy rate of the population remained very high, at 92 percent (Taylor 129). 

Apart from these methods of Indonesianization, a “family planning” program, to limit the birthrate of the 

population, was expedited after the encirclement and annihilation campaign.  Contraceptives were given out 

carelessly, and some claimed that sterilizations occurred without the consent, and occasionally even the knowledge, 

of the person being sterilized.  A 1986 letter explained that “officials of the state planning program are present in 

every little village and hamlet to make people limit their number of children, and each family is only allowed to 

have three children.  In the interior the military force our women to receive injections, and pills are being distributed 

to them for the same effect.  All the women are being forced to take part in this.  It is one way the enemy has to 

make our ethnic identity disappear” (Taylor 159).  Indonesia alleged that they were improving the quality of life of 

the East Timorese by reducing family size, but at the same time, they were actively encouraging Indonesians on 

other islands such as Java and Bali, which had large populations and were very crowded, to transmigrate to East 

Timor, so that those Indonesians could spread the Indonesian culture and so they could assist the military in East 

Timor.  The land on which transmigrates settled was either taken forcibly from an East Timorese, without payment, 

or it was land that Indonesia called “underutilized,” and was also taken without payment (Jardine 63). 

Indonesia continued to terrorize and kill East Timorese throughout the 1980s.  From June 1986 to May 

1987 and in the fall of 1987, Indonesia again used the fence of legs method in Operasi Kikis.  Beginning in May 

1988, Indonesia launched Operation Clean Up, and after October 1988, Indonesian soldiers began to use a “fortress 

system,” which involved sealing off large areas of land where FRETILIN was suspected to be and then organizing 

troops to search for the FRETILIN members (Taylor 161).  During this time, no substantial international policy 

changes towards Indonesia occurred until 1991.  On November 4 of that year, a parliamentary delegation was 

expected to arrive from Portugal to be the first genuine investigative group to visit East Timor.  It was hoped by the 

East Timorese that the visit could initiate more serious United Nations involvement in the area.  On October 27, 

however, the trip was cancelled because of opposition from the Indonesian military, and when this happened, those 

who had been preparing for the arrival were more exposed.  The Indonesian military surrounded the Motael Church, 

into which 30 independence supporters had fled.  One student, Sebastio Gomes, was killed, and 25 more were 

arrested.  A memorial service for Sebastio was held on November 12 in the Motael Church, and after the service, a 

large group walked to the Santa Cruz cemetery to place flowers on his grave.  While the crowd marched through 
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Dili, some members began shouting and holding up banners demanding independence.  By the time the crowd 

reached the cemetery, 3000 to 4000 people were part of it.  At the cemetery, the crowd encountered Indonesian 

troops who, without warning, opened fire on the crowd, killing many dozens of East Timorese.  Indonesian soldiers 

took those who were injured to a hospital in Dili, where they were beaten or killed.  After it was over, 273 East 

Timorese had been killed (Taylor xiii).  The Santa Cruz massacre was nothing new in East Timor, but, unlike other 

massacres, this one was videotaped and smuggled out of the country to be shown worldwide.  With the enormous 

public reaction caused by the massacre, many governments felt more compelled to support independence than they 

had previously (Cotton).  With the public pressure from the Santa Cruz massacre, the United States Congress, in 

September 1992, terminated the International Military Education and Training (IMET) program worth $2.3 million 

to Indonesia; this was the first time aid to Indonesia had been reduced since the invasion.  Despite the ban, however, 

a loophole allowed training to continue, and documents released in 1998 showed that some United States Army and 

Marine staff had continued to train Indonesian soldiers, including the KOPASSUS, under the Joint Combined 

Exchange Training (JCET) program.  After the Pentagon discovered the JCET program, though, the program ended 

for Indonesia in May 1998 (“Background”).   

The independence movement in East Timor gained strength after the Santa Cruz massacre and it was also 

encouraged when on October 1, 1996, the Nobel Peace Prize Committee announced that it would give the peace 

prize to the head of the Catholic Church in East Timor, Bishop Belo and to Jose Ramos-Horta, who was an external 

representative of the East Timorese (Taylor 219).  Major-General Prabowo, a son-in-law of Suharto, was active in 

the 1990s as the leader of KOPASSUS Group 3, which attempted to stop the independence movement by targeting 

individuals and groups, with tactics such as using groups dressed in black (“ninja” gangs) to abduct people in the 

middle of the night.  However, the conditions in East Timor were largely the same throughout most of the 1990s, 

until 1998.  In that year, Indonesia’s economy plunged, and many Indonesians blamed the Suharto regime for the 

situation.  On May 20, 1998, Madeline Albright, the United States Secretary of State, called for Suharto’s 

resignation so “a democratic transition” could take place (Tanter 140).  This, combined with student protests and a 

demand for political reforms, caused Suharto to resign on May 21, and power was transferred to his successor, B.J. 

Habibie.  After Suharto’s resignation, Indonesia became much more open and democratic, new political parties 

formed, some of the worst members of Suharto’s administration resigned, and national elections were scheduled for 

June 1999 (Taylor xv).  These were to be the first democratic elections in Indonesia in 40 years (United, Political 1). 
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On June 9, 1998, President B.J. Habibie offered the people of East Timor a special status agreement, 

allowed them to choose to maintain partial control over their country if they agreed to be recognized as a part of 

Indonesia; however, many independence leaders in East Timor rejected this proposal.  On January 27, 1999, 

Indonesia announced that if the East Timorese didn’t accept the special status offer, the Indonesian government 

would ask the National Consultative People’s Assembly to “let East Timor go” (Taylor xv).  Although this wasn’t 

very specific at first, it was later decided that a referendum would be held, and the people of East Timor would be 

able to vote on whether they wanted to accept the special status offer or gain independence from Indonesia.  The 

United Nations Assistance Mission to East Timor (UNAMET) was formed to supervise the ballot.  At this news, 

pro-integration militias, largely trained, armed, and abetted by the Indonesian military, began a massive campaign of 

violence and threatened to attack anyone who voted for independence (Cotton).  On May 12, 1999, pro-

integrationists attacked and killed many independence supporters in Dili.  In the spring of 1999, Kofi Annan, the 

United Nations Secretary-General, requested that Indonesia stop arming the militias and allow peacekeeping troops 

into East Timor.  Indonesia rejected this, and 300 unarmed police officers were sent by the United Nations, instead.  

Between the announcement of the referendum and the vote itself, the pro-integrationist paramilitary groups had 

killed 5000 to 6000.  The referendum was originally scheduled to take place on August 8, but because of the 

paramilitary violence, Kofi Annan delayed it to August 21, and then again to August 30.  Despite pro-integrationist 

threats, 98.6 percent of registered voters took part in the referendum (United, Political 3), and on September 4, it 

was announced that 344,000 East Timorese, 78 percent of those who had voted, rejected the special status offer and 

chose independence (Taylor xxiv). 

After the announcement of the referendum results, paramilitary violence exploded, with villages being 

burned, belongings and property being looted or destroyed, killings, abductions, sexual assault, torture, and assault 

against children.  Soon after the referendum, the United Nations estimates that 1500 had been killed, that three 

fourths of the population had been displaced, and that 60-80 percent of all property had been destroyed or at least 

damaged (“Background”).  UNAMET, which had promised to stay in East Timor after the referendum ended, was 

forced to leave Dili on September 10, leaving only a few dozen staff members, because of the carnage that took 

place.  About two weeks after the referendum, 150,000 East Timorese had been moved, mostly by force, across the 

border into West Timor, and 330,000 had fled to the mountains of East Timor (Taylor xxvii-xxviii).  Those in the 

mountains had little food and medical treatment, and thousands faced starvation even though copious food existed in 
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warehouses in Dili.  By the end of September, about 230,000 East Timorese were in West Timor, and there they had 

been forced to live in concentration camps (United, Humanitarian 13).  The militia in West Timor had lists of 

independence supporters, and they tried to execute those that they could find.  Some of the camps in which the 

refugees stayed had fair conditions with ample water and food, but many others were unsanitary and had little food 

and water.  Amnesty International reported that the East Timorese in West Timor “were trapped in makeshift camps 

and living in a state of constant fear under the rule of the militia groups that destroyed East Timor, […] often 

intimidated, harassed, extorted, and in some cases sexually assaulted and killed” (Tanter 128-129).  Many of the 

refugees were also threatened with being forced to move to other parts of Indonesia.  By the end of September 1999, 

7000 to 20,000 had been killed since the referendum (United, Humanitarian 103). 

Because of all of the violence that took place after the referendum, President Bill Clinton on September 9 

stopped all training and military support for Indonesia and also helped to suspend any World Bank or IMF funds for 

Indonesia (“Background”).  At first, Indonesia was reluctant to allow a United Nations peacekeeping force to enter 

East Timor, but international pressure and the threat of economic sanctions by the United States may have pushed 

Habibie to authorize the force on September 13.  On September 20, the first 1,190 of the Australian-led 

peacekeeping troops landed in Dili, and within 24 hours, 2,300 had been sent (Taylor 229).  The peacekeeping force 

was helpful, but it was sent a little too late to help many of the Timorese from some of the worst violence caused by 

the pro-integration militias. 

Over two years after the referendum, East Timor is now a peaceful country again.  It is currently under the 

supervision of the United Nations Transitional Administration in East Timor (UNTAET).  Many of the East 

Timorese are taking part in their new government, and many others are finishing their education.  On August 30, 

2001, the second anniversary of the referendum, 91 percent of the population elected a Constituent Assembly, in a 

fair and peaceful election.  The Constituent Assembly, which wrote East Timor’s constitution in three months, is 

composed of about 27 percent women, almost twice the percentage of women in the United States Congress.  

However, almost 10 percent of the population could not vote for the Constituent Assembly because about 80,000 

East Timorese still remain in camps in West Timor, where disease, hunger, violence against women, and other 

problems are present (“East”).  In East Timor, poverty, poor education, and inadequate health care are widespread.  

Hopefully, with the work of citizens everywhere, these problems will be resolved.  Finally, after centuries of 
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Portuguese control and decades of violence and oppression caused by Indonesia, East Timor, the world’s newest 

nation, is expected to gain its independence on May 20, 2002. 

There are several ways that the invasion and occupation of East Timor harmed the people of the area.  The 

massive atrocities that were carried out by Indonesian soldiers resulted in the death of over 200,000 East Timorese, 

as well as widespread torture, sexual assault, famine, and other horrific effects.  The violence also caused damage to 

property, such as buildings and belongings in East Timor.  Today, some East Timorese remain in West Timor, and 

many others are still dealing with the terror and grief caused by the genocide.  It is clear that the invasion and 

genocide that took place in East Timor from the 1970s forward had negative effects on the people of the area, and its 

aftermath has had repercussions up to the present day.
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Benjamin Banneker, a brilliant African American, was born on November 9, 1731, near Baltimore, Maryland.  

During this time period, African Americans were brutally oppressed as slaves, often on large cotton plantations in the 

South.  They had none of the rights that white citizens had, including the right to vote and were viewed by many as 

many as inferior.  Despite this, Benjamin Banneker overcame the inequality and was able to make extraordinary 

achievements in the areas of mathematics, inventing, astronomy, and surveying.   

He was born a free African American to Mary and Robert Bannak (the name was later changed to Bannaker).  

He learned to read at an early age and went to a Quaker school, where he excelled in mathematics.  At about the age of 

nineteen, he designed and carved the first clock in the United States out of wood; its completion took nearly two years, 

but it kept almost exact time for over 40 years.  He also made significant achievements in the area of astronomy, 

correctly calculating a solar eclipse on April 14, 1789, despite differing predictions by two other astronomers.  In 1791, 

after a decision to transfer the capital of the United States from Philadelphia to Washington D.C., President Washington 

put Bannaker on a team of civil engineers designing the new capital.  When the head of the group of engineers, Pierre 

Charles L’Enfant, abandoned the project and took the plans for the city with him to France, Bannaker was able to 

recover the work from memory.   Starting in 1792, Banneker wrote almanacs that included the dates of holidays and 

eclipses, information about medicine and the weather, and the times of sunrise and sunset.  The almanacs also included 

poems and essays opposing slavery, demonstrating his sympathy towards humans as well as his scientific genius.  

Bannaker also used his almanac to prove that African Americans could be just as intelligent as anyone else if they were 

educated.  In addition, he proposed other governmental reforms apart from the abolition of slavery, including the 

abolition of the death penalty, free education for all children, and the formation of a Department of Peace.  After his 

death on October 25, 1806, his advancements in science and mathematics and calls for positive social reforms lived on. 

Benjamin Banneker, despite the oppressive treatment of African Americans in his society, was able to achieve 

several accomplishments in science, mathematics, and justice.  His suggestions for social reform, especially for the 

abolition of slavery, showed his wisdom and compassion towards others.  These demonstrate his belief that African 

Americans were equal and that he was able to overcome the difficulties felt by his race.  Several of his achievements, 

including his assistance in the design of Washington D.C., still impact us today.  Had Benjamin Banneker been a white 

man, he probably would be better known today; his life deserves wider recognition and appreciation. 

 

Altman, Susan. Extraordinary Black Americans. Chicago: Childrens, 1989. 
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        Cultural Exploration Assignment: Part I 

 

 The Incas Remembered is an informative but entertaining video that shows both the past 

Inca civilization and the present-day culture.  I chose this activity because I had always thought the 

Incas were interesting and there weren’t any other activities about the subject.  We will be studying 

the Incas this year in Global History and Geography I.  The video allowed me to see many buildings 

and artifacts without actually visiting the place.  I was able to borrow it from the Guilderland Public 

Library, which is on 2228 Western Avenue in Guilderland, NY. 

The Incas, who lived in present-day Peru, Ecuador, Chile, and Bolivia from about 1200 to 

1535 AD, were able to accomplish a great number of achievements, including digging large terraces 

for farming, using a massive system of roads on which runners relayed information from one part of 

the empire to the other, keeping track of numbers using knotted ropes, developing a very precise 

calendar, performing brain surgery with simple tools of silver and copper, and being able to fit 

thousands of colossal stones into each other so well that a blade of grass cannot be stuck between 

them.  The Incas used a cooperative system of farming, where the crops were divided and shared.  

In addition to terraces, the Incas had an impressive irrigation system.  They grew several crops 

including corn, beans, squash, and tomatoes.  They also grew potatoes, which they were able to 

freeze-dry for preservation.  About seventy percent of the food crops that exist today came from that 

area.   

Despite the fact that the Incas had no wheel, they were somehow still able to lift rocks, many 

weighing several thousands of tons, up hills and on top of each other.  They were able to fit the 

rocks closely together without the use of iron or steel tools.  The most famous of the large cities 

constructed with large boulders is Machu Picchu. 

Several roles existed in the Inca civilization, the simplest being a farmer.  There were some 

positions of royalty, which were passed on to their children.  Gold, which was plentiful and 

considered as divine, was often used by royalty, usually for decoration.   

Most of the ceremonies, rituals, feasts, and fasts of the Incas took place because of religion.  

They had several gods, including a god of the sun, moon, stars, earth, and sea and a main god called 

Viracocha.  Human sacrifices did take place, but not nearly as often as in the Mayan culture.  The 

Incas had a game similar to that of the Mayans and Aztecs (which was like basketball), but this, too, 

was for religious purposes. 



The video also details what brought about the end of the Incan civilization.  Spanish 

conquistador, Francisco Pizarro, and his men arrived in South America in 1532.  The Incan leader, 

Atahualpa, didn’t fear Pizarro at first, but Pizarro soon captured him.  He demanded an enormous 

amount of gold in return for freeing the Incan leader.  After the gold was given to him, Pizarro 

murdered Atahulapa.  Pizarro knew that if the leader were killed, the rest of the civilization would 

be easier to conquer.  The Incas were also fighting a civil war at the time, and their energy was not 

fully focused on defending themselves.  In addition the guns, metal swords, and horses of the 

conquistadors enabled them to quickly overpower and kill many Incas. 

In the present-day, many Incan descendents still exist and live around the Andes Mountains.  

However, many of them are poor farmers and are looked down upon.  The Spanish are the dominant 

culture in the area, and Spanish is the language primarily spoken.  In addition, the area has been 

affected by the culture of America and many European countries.   

The video, in addition to verbally conveying facts, shows the places, artifacts, and buildings, 

allowing the viewer to get a more complete sense of the civilization, both ancient and 

contemporary.  I also interviewed Mrs. Mackey about the Incas, asking questions about their 

calendar, distribution of power, terraces, their language, crops, and present-day Incas, among other 

things.  This documentary is a great learning opportunity and should be shown to all students 

studying global history.  The photography of the structures and artifacts were some of the best parts 

of the video.  It could have, however, presented more information while the pictures were being 

shown.  It would be very cheap and easy to show, for all the school would need would be the video.  

From this experience, I may decide to read a book or watch another video about the Incas.  The 

video can make people better world citizens by teaching them to respect other cultures and to 

realize the devastating effects that imperialism can have on other cultures. 
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Contents: 

A. It is hard to believe that as late as the 1980’s, Blacks were being brutally oppressed.  The 

book Kaffir Boy takes place in Alexandra, South Africa, in the 1960’s and 1970’s.  At the time, 

South Africa separated Blacks and Whites in what was called apartheid.  Blacks lived in 

cramped, unsanitary, and impoverished conditions.  Many black families were lucky to be able to 

rent a shack and buy just a little food and clothing.  Worse than this were “tribal” reserves, where 

different ethnic groups of blacks lives, such as the Venda and Tsongas.  Meanwhile, most Whites 

lived in wealthy, suburban homes and had one of the highest standards of living anywhere in the 

world. 

 Whites often claimed that they knew what was best for Blacks. They argued that 

apartheid gave Blacks a better life, but this was far from true.  Blacks dealt with disease, hunger, 

a police force that enforced apartheid called the Peri-Urban, gangs, prostitution, a feeling of 

anger and hopelessness, and various other troubles.  At the time, Blacks did not have the right to 

vote that Whites had and were subjected to countless laws, over which they had no say.  These 

laws regulated many aspects of life for Blacks, including where blacks could live, work, have a 

family, and be buried.  The laws also separated families, moved communities from their native 

lands, and caused oppression.  Despite many protests, both by Blacks in the country and other 

nations around the world (such as when some other nations did not participate in South African 



tennis tournaments), change was slow, as many of the Whites did not want to share their power 

with the “kaffirs” (infidels).   

B. Mark Mathabane lives with his mother, father, younger sister, Florah, and younger 

brother, George.  The ghettoes in which they live are frequently raided by the Peri-Urban, who 

use sjamboks (whips) and sticks while attacking.  They would aggressively and belligerently raid 

the area about once a week at unforeseen times.  They would check the passes (papers of 

information about the people, received at the age of sixteen) of the Blacks in the area and arrest 

those without the passes “in order”, meaning that the passes weren’t kept up or showed that the 

Blacks were in some way breaking the law. 

 Father becomes unemployed and is heading to get a permit for a job when he is arrested 

for not having a job.  He is gone for nearly a year, and the family has no source of income, 

therefore, very little to eat.  Mark will resort to almost anything for food, including begging or 

stealing.  Mark’s maternal grandmother is able to provide the family with a little money and a 

garbage dump that opened nearby is able to provide some food as well.  After father’s return, the 

family is able to eat a bit more, but is by no means well fed. 

 After moving to another part of Alexandra, Mother enrolled Mark in the Bovet 

Community School.  The school has very little money and a high dropout rate.  Mark often 

receives whips with canes for not having the proper materials or uniform, because his family is 

so short on money.  Even so, Mark comes out at the top of his class.  Mother believes that 

education is needed for more opportunity, but Father thinks it is a waste of time and money, and 

is the White man’s way of keeping Blacks down, because he thinks they don’t learn anything 

important.  After learning to read in school, Mark fostered a love of reading, and he would read 

anything he could. 



 Mark began receiving comic books and games from a white woman, Mrs. Smith, who 

Mark’s grandmother did gardening for.  Because he had been raised with the attitude that all 

Whites were cruel, Mark could not comprehend why a white woman would give him gifts.  

When he visited the Smith’s house, he discovered that some Whites could be benevolent.  Mrs. 

Smith treated Mark well, although her son, Clyde, disliked Mark.  In school, Clyde had been 

taught that Blacks are naturally stupid and inferior. 

 After several years in school, Mark begins to play tennis and finds a coach, Scaramouche.  

Mark became captain of his school team and spends much of his time practicing.  His father 

objected to tennis, calling it a “sissy sport”.  After meeting a tennis player named Tom, Mark 

joins a tennis ranch run by a German liberal, Wilfred Horn.  Although the others at the ranch 

were white, they still respected Mark, providing more evidence that not all whites were 

malicious.  Arthur Ashe, a black American tennis player who condemned apartheid, soon 

became Mark’s hero.  After much hard work, Mark began to compete in and win more 

professional championships, such as the Alexandra Open. 

 In 1976, the Department of Bantu Education mandated that all schools had to teach 

courses in Afrikaans, the language of the Whites of South Africa, instead of English, which most 

students though was easier.  Black students felt this was the last straw after many previous laws 

affecting and regulating the education of Blacks.  The action sparked a nonviolent protest of ten 

thousand students in Soweto, South Africa on June 16, 1976.  They marched through the streets 

until they encountered a line of police, who began firing at the students and killed many children.  

The news of this prompted many more demonstrations, including one at Mark’s school.  The 

police used guns and tear gas to try to control the protesters.  The violence created large riots, 

which lasted for several weeks.  The White areas were protected with increased security while 



fighting, destruction, burning and looting of buildings, and carnage existed throughout the 

ghettoes.  After the rioting subsided, Mark returned to the tennis ranch, where the Whites insisted 

that Mark explain the truth about what had occurred, as the media had censored and suppressed 

most of the facts.  It claimed that the violence had been provoked by “a ‘terroristic’ Communist 

movement out of touch with the aspirations of blacks” that had attempted to disrupt the 

“Christian, civilized, peace-loving, multinational democracy...” (pp. 273).   

 Mark had heard about the freedom and equality in America and hoped more than 

anything that he could get a tennis scholarship to an American college.  While playing in the 

South African Breweries (SAB) Open, Mark gained valuable experience, despite losing the 

match.  Soon afterwards, Mark met Stan Smith, an American Wimbledon champion and became 

good friends with him.  Mark asked Stan to try to find an American college that would accept 

Mark.  At the age of eighteen, Mark was finally employed.  He worked at Barclay’s Bank and 

earned a salary which was three times the combined income of his mother and father.  Even with 

this well-paying job, Mark still dreamed of traveling to America.  After a long wait, he received 

several letters from various universities, including Princeton, awaiting his reply.  He responded 

to a few and decided to go to Limestone College in Gaffney, South Carolina.  After obtaining a 

passport and saying goodbye, Mark set out on his way to the “Promised Land” (pp. 292). 

C. Apartheid, one of the core subjects of the book, had very apparent and pernicious effects 

on the Blacks of South Africa.  The most conspicuous of the effects was the abject poverty in 

which the majority of the black people in the country were forced to live.  While most Whites 

enjoyed wealth and opulence, most Blacks could barely survive with the paltry wages paid to 

them for their long, hard work, often mining gold.  Most of the Blacks were uneducated and 

many wasted their precious income on alcohol and gambling.  Rent for the dilapidated buildings 



and shacks in which Blacks lived further drained the money needed for food, clothing, and health 

clinic visits.   

 The lack of money for food caused some to steal or eat from garbage dumps, just to stay 

alive.  Hunger can cause atrocious effects, including lethargy, coughing, sores, hair color 

changes, fainting spells, vomiting the food that is eaten, decreased defense by the body against 

diseases such as chickenpox.  Even the excretion of live worms from bloody stools is possible, as 

Mark saw happen to Florah and George.  Apart from physical pain, hunger brings mental pain, 

such as hatred, anxiety, and hopelessness.  

 The poverty in which Blacks lived also caused ghettoes to be unsanitary.  With 

excrement all over, few baths, few health clinic visits, hunger, stress, little sleep, and cramped 

living areas, diseases like tuberculosis were bound to spread rapidly.  Animals such as red ants, 

scorpions, bed bugs, and lice were ubiquitous, and it was not uncommon to find a rat chewing on 

one’s hands or feet during the night. 

 Apartheid also instilled a constant feeling of apprehension and trepidation in Blacks, 

resulting from raids by the Peri-Urban.  These raids occurred without warning, forcing Blacks to 

always be alert and vigilant.  During the raids, passes were checked, and those with passes that 

weren’t in order were often forced to hide until the Peri-Urban left.  If caught, these Blacks were 

treated harshly and arrested.  They were walked through the streets, often naked, and the family 

of the victim was not informed of when the arrested person would return.  The anxiety caused by 

the raids was often exacerbated by extreme poverty.  Many families had some money with which 

to bribe the Peri-Urban officers, but those who were completely broke had no alternative other 

than being arrested. 



 Apartheid also created a large, confusing bureaucracy, often with complex and arbitrary 

rules, which Blacks had to deal with.  The workers at various offices were not lenient and often 

demanded every paper or form that was required, such as a birth certificate.  Since most Blacks 

were illiterate, they often had to return to the office several times, hoping they had the correct 

papers.  The bureaucrats also made important decisions based solely on their mood and what 

they felt like doing.  For example, a poor black man had to visit a superintendent’s office for 

violating the Influx Control Law, which separated many black workers from their families.  The 

man would have gotten into deep trouble if Mark had not accompanied him.  Mark spoke to the 

superintendent in Afrikaans, and since the superintendent loved Afrikaans, he simply let the man 

go, without any real reason.  There are also several procedures to be followed that make it nearly 

impossible to get things done.  When Mark’s mother attempted to get him a birth certificate so he 

could attend school, the health clinic that she went to instructed her to got to another office first.  

After waiting in line for several hours before that office opened, the white man who worked 

there arbitrarily decided to go home early, and she was not able to see him.  The second time she 

went to the office, the man was able to see her, but he insisted she needed papers from the clinic 

first.  She beseeched him to give her a note to show the clinic that would explain the problem.  

He gave her a note (which she couldn’t read, as she was illiterate), but it merely stated that she 

had a problem.  Back at the clinic, the note was worthless.  The only way Mark’s mother was 

ever able to get Mark’s birth certificate was by telling a sympathetic white nurse about the 

difficulty. 

 Apartheid brought much violence to the ghettoes, much of which was caused by poverty 

and oppression.  Apart from the police raids, riots occasionally sparked up, such as after the 1976 

protest in Soweto.  Many gangs were present all over the city.  They primarily stole food and 



belongings, but occasionally caused violence.  One night, Mark saw tsotsis (thuggers and 

gangsters) sadistically and cruelly stab a black man so that he bled to death.  They took his 

belongings and left.  Mark later asked his mother why the police did not pay much attention to 

murders.  His mother replied that policemen don’t care if Blacks kill other Blacks.  South 

African ghettoes had one of the highest murder rates in the world, as well as a very large number 

of people in prisons.   

 Most Blacks in South Africa had a prejudicial hatred of Whites because of apartheid.  

The oppression that Blacks felt created an initial hatred, and because Blacks and Whites rarely 

mixed, most Blacks did not meet kind whites.  Usually those Whites in the ghettoes were with 

the Peri-Urban or worked in bureaucratic offices, so the prejudices of Blacks that all Whites were 

bad was not proven wrong.   Mark, himself, believed this prejudice until he met Mrs. Smith.  

Once he began playing tennis at the ranch, most other Blacks hated him for it and called him 

“Uncle Tom” (a Black who associates with Whites).  He received several threats, which caused 

him to worry a bit.  One night, a group of Blacks went so far as to try to murder Mark on his way 

home from tennis; he barely escaped with his life. 

D. I would recommend reading this book for a variety of reasons.  It informs the reader 

about apartheid and its effects, especially poverty and hunger.  It details the white supremacy and 

the enmity present between Blacks and Whites at the time.  The book shows how different 

people interact and how decisions can greatly affect one’s life (such as deciding to go to school).  

Most of all, the book documents injustice and motivates the reader to help put an end to such 

injustices all over the world.  

Most people would probably appreciate the book, but it probably appeals most to adults 

and a few teens who are interested in apartheid and want to learn about injustice.  Those 



interested in political science would enjoy the book because it explains much about South 

Africa’s political system, the power of whites, and how laws affect the people of a country.  

People concerned about racism and discrimination would also like the book, as it details how 

most Whites and Blacks had prejudiced, stereotypical beliefs about each other and how these 

feelings came about (possibly because of education in white schools or the parents of Whites or 

Blacks prejudicing their children).  Those interested in history would also find the book 

appealing because apartheid was a major part of South Africa’s history and the book cites many 

historical events, such as the 1976 protests and riots and the death of Martin Luther King Jr. 

A person would like this book because it is informative, yet not dull and tedious.  It is 

written in a captivating way and leaves the reader with a memorable and influential feeling.  

Those who prefer non-fiction should like this biography because it falls into that category.  

However, those who prefer fiction should also find it enjoyable because it has dialogue and a 

captivating story, making it seem like, at times, a fiction book.  The book opened my mind and 

gave me another view with which to look at the world. 



[Fictional immigrant letter, spring 2001] 

 

 

Dear Gunther,  

 

 It’s been a year since I moved from Germany to America.  While my stay has had 
unpleasant times, I would still urge you to come to America and get away from Nazi 

Germany.  Although Hitler has been able to help the economy of Germany by rebuilding 

factories and providing jobs, the other actions he has taken are horrendous.  Jews and 

minorities are being taken away to concentration camps and Hitler has seized absolute control 

of the government.  His troops apprehend anyone who protests or rebels.  The Gestapo can 

arrest anyone, at anytime, without any reason.  Even though we were discreet about our 

opposition to Hitler, it was very hard to keep it quiet.  Neighbors and friends could not be 

trusted, as they feared that they could be caught for hiding secrets.   

 The boat ride over to America was not a pleasant trip.  To conserve money, I traveled 

in steerage, which was noisy and dismal.  Upon arrival, I was excited to be off the horrible 

boat and filled with trepidation about what was to come.  The physical exams at Ellis Island 

were the worst part of arrival.  We were checked for diseases and other health problems and 

those who did not pass were not allowed to stay so some were forced to separate from their 

family.  I immediately began looking for a job, which was certainly not easy.  My education 

and job skills that I acquired in Germany helped me to find a job.  Many others in America 

were not so lucky.  The job pays very little, however, and I do not have much money.  I was 

lucky enough to find a tenement, which I share with many other Germans.  The conditions are 

awful and it is unsanitary, but it is better than living on the street. 

America is not an easy place to live, especially for German immigrants at this time, but 

it is safer than Germany.  In the United States, we are allowed the freedom of speech and 

(usually) are not punished for having different opinions.  There are not hundreds of armed 

soldiers patrolling the streets and there are no concentration camps.  Many Americans are 

angry about German concentration camps and Hitler’s breaking his promises with the Allies.  
Whenever I am confronted by one of these people, I am looked-down upon by them for 

simply being German.  They don’t seem to realize that I left because I didn’t agree with what 

Germany was doing.  Even though things are not easy here, you cannot stay in Germany.  You 

could stay with me.  Having already gone through everything first, I could tell you what to 

expect.  We will be able to get through things more easily together.  Please write soon. 

 

         

    Sincerely, 

 

 

    Fredrick Heissenbergerlichlebenswagenschirmermann 



Brian Tomasik 
Nixon and Vietnam Essay 
Spring 2001 
 
 
 The Cold War Era, as frustrating and damaging as it was, offers us many lessons that are 
taken for granted today.  From assassinations to all out war, our history can teach us how to change 
our lives for the better, both individually and as a society.  The Nixon Administration had a major 
impact on the Cold War, especially in dealing with Vietnam.  It offered us reasons that we should 
carefully watch and react to our government leaders and not naively assume they are making the 
most prudent and beneficial decisions for the people. 
 President Richard M. Nixon campaigned with a “peace with honor” plan towards Vietnam, 
consisting of several parts.  The President was in favor of the removal of American troops, but did 
not want it to be seen as a sign of defeat.  When Nixon was inaugurated in 1969, there were over 
540,000 troops in Vietnam.  By 1970, the number was reduced to 334,000, and by 1971, about 
60,000 remained.  In 1969, Nixon called for Vietnamization, which called for more training of 
Vietnamese troops and less responsibility placed on the Americans.  The draft was also reformed so 
that only 19-year olds could be drafted, college students could no longer be drafted, and draftees 
would be randomly selected by birth date.  Nixon also called for an increase in bombing of enemy 
hideouts and supply routes in Laos and Cambodia.  The Administration was not reluctant to 
announce the draft reforms and withdrawal of troops, although the bombings in these countries were 
kept private.   
 During the Nixon Administration, there was much justified protest to the President’s policies 
and the continuation of the war.  In October of 1969, 300,000 participated in an antiwar protest in 
Washington D.C.  Peace talks were tried by Nixon’s national security advisor, Henry Kissinger, 
who represented America in the peace talks in Paris.  During the talks, the US continued to bomb 
North Vietnam, hoping it would cause them to comply with America’s demands.  North Vietnam, 
however, was not quick to meet the settlement terms, hoping the war opposition in the US would 
cause the US to retreat.  At the same time, a civil war between Communist and anti-Communist 
forces was being fought in Cambodia.  In April of 1970, Nixon sent troops to destroy Communist 
bases in Cambodia.  Opposition said that Nixon had transgressed his Constitutional powers as 
President by invading a neutral country.  This invasion triggered many new antiwar protests, most 
of which were peaceful.  However, at Kent State University in Kent, Ohio, four students were killed 
and thirteen others were wounded.  After students had burned a military building on campus, the 
governor of Ohio declared martial law on the campus and 3,000 National Guard troops were sent 
there, which resulted in the violence.  A commission investigating the events at Kent State later 
found that the shootings were unjustified.  More violence took place at Jackson State in Mississippi, 
when, after violence the night before, two students were killed at the school, which mostly consisted 
of blacks.  Witnesses claimed that police had shot recklessly in the residence hall.  Student strikes at 
many colleges followed the violence and many colleges were forced to suspend classes or shut 
down. 
 Despite the many peace talks, an agreement between the US and North Vietnam took awhile 
to come.  In March of 1972, North Vietnam launched a major offensive attack on South Vietnam.  
Because few American troops remained, Nixon, instead, increased bombing and had mines planted 
in North Vietnamese harbors.  The President also stopped forcing North Vietnam to remove all of 
their troops before all American troops withdrew.  Just before the presidential election, Kissinger 
had reached an agreement and claimed: “Peace is at hand.”  However, the agreement soon failed 
due to the South Veitnamese’s president’s objection to any North Vietnamese troops remaining.  
After Nixon was reelected, he launched the largest bombardment of the war on North Vietnamese 



cities, an action that provoked international outrage.  With American pressure on the South 
Vietnamese, a peace agreement was finally signed on January 27, 1973.  The United State’s 
involvement in the war had ended, all American troops were withdrawn, and North Vietnam agreed 
to release all American prisoners of war.  However, in 1975, North Vietnam launched an offensive 
attack on the south, in hopes of unifying Vietnam.  South Vietnam was weak and easily collapsed.  
Within weeks, tanks had reached South Vietnam’s capital and many Americans or Vietnamese who 
supported the US fled to the United States.  On April 30, 1975, Saigon fell and South Vietnam 
surrendered soon after.  The war did not end without grave consequences.  Between 1965 and 1975, 
about 1.4 million Vietnamese had been killed and over 58,000 Americans were dead.  The US also 
wasted over $150 billion in the conflict. 
 The Cold War, and the Vietnam War in particular, offers us many valuable lessons, one of 
which is that we must never expect our leaders to make the right decisions.  We must be influential 
in our government and carefully monitor its actions.  Many of the decisions made by the Nixon 
Administration were not beneficial to the majority of the people.  The bombings of Cambodia and 
Laos were not told to the public and the President overstepped his power by invading the neutral 
country of Cambodia.  The police violence, at the two protests that resulted in death, were also 
unjustified and may have been a threat to future protests.  These events show the need for citizen 
participation in order for a democracy to function.   



 The Holocaust was an appalling time in the history of the world.  The person probably most associated with it 

is Adolph Hitler, the leader of Germany at the time.   He used force, propaganda, and the current economic conditions to 

gain power.  With that power, he created a totalitarian state.  Millions of innocent people were needlessly killed and 

executed because of concentrated power in the hands of the few.  Because of the strength of the militaristic society, it 

took a world war to end this event, along with German invasions of other territories.  By studying what led up to the 

Holocaust, we can hopefully prevent a similar event from occurring in the future. 

The future leader of Germany, Adolph Hitler, actually started out as a poor and unhappy child.  Born on  

April 20, 1889, in Braunau-am-Inn, Austria, his father died when he was 14.  Although he was not German nor pure 

Aryan, he thought of himself that way.  A poor student, he blamed many of his teachers and dropped out of school at 

age 16.  Hitler, who had a talent for painting, was rejected at an art academy at age 19.  Afterwards, he was poor and 

homeless.  He also read many books dealing with German philosophy, German history, and anti-Semitism (Resnick 13). 

 During this time period, Germany experienced many horrible economic conditions.  The Treaty of Versailles 

(signed after World War I) greatly reduced the size of the military, forbid Germany from uniting with Austria, gave 

German land to other countries (Alsace-Lorraine was returned to France, Malmedy was given to Belgium, Posen and 

sections of Prussia were given to Poland, the Tyrol region was given to Italy, and the Sudenland border area was given 

to Czechoslovakia), and Danzig was made a free state.  In addition to this, the Allies demanded reparations.  About 38% 

of Germany’s total capital was lost for payments, which was an average of 1,350 marks per person (Schlesinger, Jr. 40, 

41).  The Great Depression, as well, was responsible for Germany’s economic conditions.  Due to inflation, one mark 

before World War 1 was equal to one billion afterwards.  Factories shut down, life savings were gone, and 6 million 

Germans were unemployed.  Many more than that number were unable to buy food. 

 Hitler’s involvement in politics started in Munich, where he went to political meetings of different groups 

planning to take control of the government.  He took information learned there and relayed it to army officers who 

wanted government control, as well.  In 1919, Hitler, while spying on members of the German Workers’ party, decided 

that he agreed with their opinions.  He joined the group as spokesman, due to his ability at public speaking.   

Germans at the time wanted a leader who could get them out of the depression and Hitler was able to convince 

them that he could do it.  Along with plans to stimulate the economy, he included his own ideas (Resnick 15, 16, 21).  

Hitler wanted gleichschaltung (complete uniformity) in Germany (Friedman 110).  He blamed the poor economy on the 

Allied nations (Resnick 16) and said that Germany was unfairly defeated and “stabbed in the back” by Communists and 

Jews (“Holocaust Timeline”), whom he called the “evil partners” of the Allies.  Many international bankers and 

merchants were Jews and Hitler claimed that they had sold Germany out to the enemies (Resnick 16).  He also blamed 

Jews for the loss of German land (Altman 37).  Hitler called Germans masters of the Aryan race (an Aryan is a white, 



non-Jew and a pure Aryan appears Nordic or Scandinavian, has a long head, is tall, blonde, and has blue eyes).  Because 

many Germans were Aryan, Hitler gave them pride and a feeling of superiority (Resnick 20).  His first anti-Jew speech, 

“Why We are Against the Jews,” on August 13, 1920, attracted a good amount of attention (Altman 40).  Along with 

Jews and Communists, gypsy’s, Jehovah’s Witnesses, homosexuals, blacks, and Arabs were targeted (Friedman 7, 25, 

47, 91). 

In 1921, the Workers’ Party became the Nazi Party (Resnick 16), (short for the Nationalsozialistische Deutsche 

Arbeiterparte [NSDAP] or National Socialist German Workers’ Party) (http://versaware.kidsreference.lycos.com).  

Members consisted primarily of unemployed veterans and belligerent rogues.  The party’s symbol was the swastika, a 

design with four black bands pointing in four directions to symbolize the four corners of the world.  The swastika was a 

symbol of world conquest and anti-Semitism.  “One People, One Government, One Leader” was the Nazi slogan. 

On November 8, 1923, Hitler tried to overthrow the government in what was called the Beer Hall Putsch.  He 

failed, however, and was sent to jail, although his sentence was shortened considerably.  During his sentence, Hitler 

wrote Mein Kampf (My Struggle), which told of his life and personal views (Resnick 16, 19, 22).  After he was let out 

of prison on December 20, 1924, Hitler was, for a time, not allowed to make public speeches.  However, his book 

became widespread and helped gain popularity for the Nazi Party.  From 1926 to 1928, members of the Nazi party 

doubled from 50,000 to 100,000.  The party continued to grow, and in the 1930 election, the party got 6 million votes 

(18%) and 107 members in the Reichstag (a type of parliament).  In 1932, the party got 33.1% of the votes (Altman 46, 

50). 

Propaganda was one of the Nazi’s main methods to gain power.  Joseph Gobbels was employed as propaganda 

minister for Hitler.  He was able to use mass media to encourage persecution and public support (Resnick 22).  Nazi 

marches, flags, swastikas, and salutes (Altman 59, 60) were used not only to increase popularity, but also to make the 

party appear larger than it was and make people take it seriously (Schlesinger 41).  Posters displaying Nazi pictures or 

slogans such as “Die Juden sind unser unglucklich” (“the Jews are our misfortune”) were hung all over (Friedman 98).  

Hundreds of thousands entered the military and Aryan women were rewarded for having many children (Resnick 23).  

Teachers were forced to teach Nazi principles in schools and if they refused, they were fired (Friedman 97).  

Organizations such as the League of German Maidens and the National Socialist Women’s Organization also 

encouraged Nazi support (Altman 46).  Eight million boys ages ten to eighteen were forced to join the Hitler Youth 

Movement, in which members showed their support for the Nazi party and even spied on their parents and teachers.  All 

communication was censored and only German culture was allowed in the media (Resnick 23, 24).  Textbooks were 

rewritten to show Jews as sub-human, only certain types of art were displayed, and newspaper reporters were told what 



to write without asking any questions (Friedman 97, 98).  Books with Jewish authors, favoring Jews, or other “unfit” 

books were burned, often in large bonfires, and religious groups lost their freedom of speech (Resnick 25). 

The Nazis often used force to get what they wanted and to stop such things as protests.  They got rid of 

members who they thought might be disloyal to the party.  The Sturmabteilung, or SA, (the members were called storm 

troopers or brownshirts) (Altman 40, 41), was often sent to break up meetings of Communists and other Nazi-opponents 

and also to convince the public of Nazi power.  By 1923, the number of storm troopers was over 10,000.  The 

Schutzstaffel (SS) was a security squad (Resnick 17, 27), and the Sicherheitsdienst (SD), established by Reinhard 

Heydrich, found dissenters in the Nazi party (Altman 63).  Heinrich Himmler was in charge of the police and the 

Gestapo (secret police) (Resnick 22).  The Gestapo targeted “enemies of the Reich” and could arrest anyone without 

questioning or following any laws (Altman 64).  Members of this secret police banned protests, eliminated about one 

thousand dissenters, and beat, jailed, and tortured any opposition (Resnick 22). 

In the 1930’s, Hitler’s power continued to increase.  President Paul von Hindenburg, who narrowly defeated 

Hitler in the 1932 election, did not think it wise to appoint Hitler as Chancellor, as he was untrustworthy.  Instead, Franz 

von Papen was appointed to the position.  Papen wanted the support of the Nazis and offered to appoint Hitler to Vice 

Chancellor in return for their support.  Hitler declined the offer, saying he would only offer support if he became 

Chancellor.  The Nazi media and Nazi followers attacked Papan, forcing him to abdicate.  His successor, Kurt von 

Schleicher, resigned on January 28, 1933, leaving Hitler with the position (Schlesinger 60, 61, 62, 63).  On February 27, 

1933, a fire destroyed the Reichstag building.  Marinus van der Lubbe, a claimed Communist sympathizer, was accused.  

The Nazis jumped at the opportunity to say that Communists were overthrowing the government.  The President signed 

a decree, which, along with many other parts, gave the Chancellor increased power and had many Communists and 

Socialist Democrats thrown in jail.  On March 24, 1933, the Reichstag, with a two-thirds majority (Altman 52, 53) of 

441 to 84, passed the Enabling Act (“Nazi Germany”), which gave the Chancellor the power to pass any law he wanted.  

The Nazis in the Reichstag supported it, along with Socialist Democrats (SPDs).  The reason for their support was that 

they feared Communists and thought that, although he wasn’t great, Hitler wasn’t as bad as a Communist (Friedman 

111).   

As Chancellor, Hitler did many things and passed many laws to favor the Nazis.  On April 1, 1933, Hitler 

declared a one-day, nationwide boycott of all Jewish businesses.  Hitler banned Jews from any government employment 

seven days later.  The Nazis also targeted labor unions.  Hitler proclaimed a Day of National Labor, to celebrate “unity” 

between workers and the government.  A rally was held on May 1, 1933, at which several hundred thousand workers 

attended.  Its purpose was to increase German loyalty and to tell of the “dignity” of labor.  One day later, The SS and 

SA arrested labor leaders, closed labor union offices, and stopped the labor press.  Low-positioned workers were forced 



to join the German Labor Front, agricultural organizations were replaced with the Reich Nutrition Estate, and the 

Chamber of Industry and Commerce was replaced by Estates of Trade and Handicraft.  By doing this, the Nazis brought 

the power of big business into their group of supporters.  On June 22, 1933, Socialist Democrats were removed from the 

Reichstag and the party was outlawed.  By July 14, the Nazi party had become the only legal party in Germany.  The 

same day, the Law for the Protection of Genetically Diseased Offspring (also called the Sterilization Law) was passed.  

It called for the sterilization of anyone with mental retardation, mental illness, brain disorders, blindness, deafness, and 

chronic alcoholism.  Sterilizations often occurred unknown to victims and occasionally, sterilizing chemicals were 

injected during medical appointments.   

By 1934, Ernst Roehm (head of the SA) wanted the SA to completely control the German army.  Hitler still 

depended on the support of the normal army, and, therefore, was forced to limit the SA’s power.  On June 30, 1934, 

Hitler ordered SS members to murder or execute SA members without a trial.  On what was called the “Night of Long 

Knives” at least one hundred members died.   

On August 2, 1934, President Paul von Hindenburg died.  Hitler combined the offices of chancellor and 

president so he was able to command the Wehrmacht (all of Germany’s armed forces) as well as keep the position of 

Chancellor (Altman 64, 65, 66, 67, 68, 71, 72). 

On September 15, 1935, a set of laws that restricted the rights of Jews was passed.  In these Nurmberg Laws, 

newborn Jews were forced to have ID cards with the letter J (for Jude) and wear stars.  The middle name for all boys 

had to be Israel, and, for all females, the name had to be Sarah (Resnick 28).  The Law for the Protection of German 

Blood prohibited intermarriage of Jews and non-Jews.  Also, non-Jews who were able to have children could not work 

as domestic servants for Jews and Jews could not display the flag.  On November 14, 1935, Jews lost their citizenship, 

which included their right to hold public office and their right to vote. 

Hitler continued to use his power and soon began to invade other European nations.  This brought about World 

War II, in which millions died, and near its end, Hitler killed himself before he was captured.  The Nazis used economic 

conditions, persuasiveness, propaganda, a fear of Communism, and force to gain power.  With power, Hitler tried to 

establish a German empire, along with persecuting entire races of people.  We need to understand how this came about 

so that we can make sure it does not happen again. 

 

“Power tends to corrupt and absolute power corrupts absolutely.” 

    -John Lord Acton, 1887 (Altman 66, 70) 
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Major Work Review 

It is not often that one finds a book that is both exciting and profound, 

simultaneously full of adventure and full of meaning.  But one novel that does fit this 

description is A Connecticut Yankee in King Arthur’s Court by Mark Twain.  At the same 

time that protagonist Hank Morgan narrowly escapes executions and performs heroic 

deeds, he ponders timeless questions about society, politics, and human nature, and at the 

same time that Hank determines to establish a democratic republic, his darker side is 

revealed in his equally strong thirst for power.  In its combination of adventure and social 

commentary, A Connecticut Yankee is similar to Twain’s The Adventures of Huckleberry 

Finn.  But A Connecticut Yankee—in its more poignant depiction of human suffering, its 

narration by an adult closer in personality to Twain, and its deeper moral complexity—

gives the reader an additional layer of insight and thought provocation that Huck Finn 

does not.  Because it is a stronger and more powerful novel, but one that still exhibits 

Twain’s characteristic humor and satire, A Connecticut Yankee should replace Huck Finn 

in the AP-English course.  

 Though his focus is social commentary, Twain begins A Connecticut Yankee with 

a touch of science fiction.  Hank Morgan, a factory superintendent and loyal citizen of 

Connecticut, is transported from the nineteenth century to 528 A.D. after being hit over 

the head with a crowbar.  As Hank awakens, he is captured by an armored knight and 

taken to Camelot, where he is brought before King Arthur’s court as a prisoner.  From his 
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dungeon cell, Hank talks with a page named Clarence, whose superstitious nature gives 

the Yankee an idea for escape.  As guards lead Hank to the place of his execution, he 

proclaims himself a wizard before the crowd at exactly the same moment that a solar 

eclipse begins to darken the sky.  Filled with consternation, King Arthur hastily agrees to 

the Yankee’s demands that he be freed and made the king’s advisor.  As the eclipse starts 

to fade, Hank shouts, “Let the enchantment dissolve and pass harmless away!” (Twain 

44). 

 From this point on, Hank enjoys great esteem in his position as “The Boss” of 

England.  Determined to transform the sixth century with the institutions and technology 

of the nineteenth, Hank establishes factories, public schools, telegraph and telephone 

systems, and even a West Point military academy, all of which are supervised by 

Clarence.  But the influential Yankee is still subject to the king’s will, as is seen when 

Arthur orders Hank to embark on a quest with a woman whom Hank calls Sandy to 

rescue four dozen maidens from a castle guarded by ogres (as it turns out, the maidens 

are actually pigs trapped in a pigsty).  The king insists on joining Hank on his next 

journey—visiting peasant villages in disguise so as to better understand the common 

people; while Hank enjoys the king’s companionship, Arthur’s inability to convincingly 

play an ordinary peasant eventually leads him and Hank to be sentenced to death, an 

ordeal from which they are narrowly saved by Launcelot and five hundred other knights 

on bicycles. 

 Throughout these adventures, England steadily continues to modernize.  Hank 

eventually marries Sandy and has a child, and he introduces the game of baseball to 

supplant jousting tournaments as a way for the nobles to let off steam.  But events soon 
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take a turn for the worse.  While Hank is away, a civil war breaks out, and King Arthur is 

killed.  When the Catholic Church turns most of England against modernization, Hank, 

Clarence, and sixty other young men who remain committed to the Republic flee to a 

cave that Clarence has armed for war.  In the ensuing Battle of the Sand Belt, the 

republican forces massacre 25,000 opposing knights with bombs and electricity, but the 

encircling miasma created by the mass of putrescent corpses soon threatens to kill the 

Yankee’s own men.  At this point, Hank falls into a thirteen-hundred-year sleep that 

returns him to his own century. 

 The conclusion to the novel is unsettling, but it illustrates one of A Connecticut 

Yankee’s strongest aspects:  presentation of troubling ethical situations that provoke the 

reader to contemplation.  The Battle of the Sand Belt dramatically illustrates the brutality 

that sometimes accompanies the single-minded pursuit of a noble goal, such as Hank’s 

dream of establishing a republic.  Although Twain published his novel in 1889, this 

tendency—and the mass destruction that is its consequence—could easily be applied to 

the two world wars of the twentieth century (Inge xv), as well as to American 

engagements in the Philippines, Vietnam, and Iraq. 

Another intriguing idea is raised when Hank and Sandy meet farmers on their 

journey to rescue the maidens.  The feudal obligations that these “freemen” endure 

remind Hank of the seigniorial system in pre-Revolutionary France, an observation that 

prompts the Yankee to proclaim that “There were two ‘Reigns of Terror,’ if we would but 

remember it and consider it” (Twain 91).  The first was the feudal oppression of millions 

of peasants over the centuries, and the second was the execution of ten thousand people 

during the radical phase of the French Revolution.  Hank continues: 
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[O]ur shudders are all for the “horrors” of the minor Terror, the 

momentary Terror, so to speak; whereas, what is the horror of swift death 

by the axe compared with life-long death from hunger, cold, insult, 

cruelty, and heart-break?[…]  A city cemetery could contain the coffins 

filled by that brief Terror which we have all been so diligently taught to 

shiver at and mourn over; but all France could hardly contain the coffins 

filled by that […] unspeakably bitter and awful Terror which none of us 

has been taught to see in its vastness or pity as it deserves. (Twain 91-92) 

While readers may not agree with Hank’s defense of the Reign of Terror, they must at 

least admit that he makes a powerful argument challenging conventional views of the 

French Revolution.  The language of Hank’s statement might also provoke discussion of 

current issues, such as whether America’s focus on terrorism diverts attention and 

funding from poverty, hunger, and AIDS, which take millions of lives every year. 

 The Battle of the Sand Belt and Hank’s “Two Reigns of Terror” speech do not 

just encourage thought in the reader; they also reveal the complexity of the story’s 

protagonist, another major strength of Twain’s work.  At the beginning, Hank rests his 

hopes in bloodless change, such as his creation of a “Man Factory,” to which he sends 

promising citizens for training in the practice of democracy.  Moreover, Hank favors 

gradual reform to rapid revolution:  “I was not going to do the thing in [a] sudden 

way.[…]  No, I had been going cautiously all the while” (Twain 70).  But Hank begins to 

have second thoughts when, during his quest with Sandy, he frees wrongly held prisoners 

only to see them feel no resentment toward their oppressors: 
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This was not the sort of experience for a statesman to encounter who was 

planning out a peaceful revolution in his mind.  For it could not help 

bringing up the un-get-aroundable fact that […] no people in the world 

ever did achieve their freedom by goody-goody talk and moral suasion:  it 

being immutable law that all revolutions that will succeed, must begin in 

blood[…]. (Twain 141) 

Though Hank continues to attempt his peaceful reforms, this gradual change in his 

attitude may explain his eventual ruthlessness at the Battle of the Sand Belt. 

 Hank’s ambivalence between bloodless change and violent revolution is 

paralleled by an internal conflict between democratic egalitarianism and enlightened 

despotism (Royal).  Hank repeatedly objurgates the institution of nobility:  “small 

‘independent’ farmers, artisans, etc. […] were about all of [the population] that was 

useful, or worth saving[…]; and to subtract them would have been to subtract the Nation 

and leave behind some dregs, some refuse, in the shape of a king, nobility, and gentry” 

(Twain 89).  Hank quotes with pride the constitution of his home state:  “‘all political 

power is inherent in the people, and all free governments are founded on their 

authority[…]” (Twain 93).  But at the same time, the Connecticut Yankee displays some 

antidemocratic sentiments.  Upon first discovering that he had been transported back to 

the sixth century, he determined to “boss the whole country inside of three months” 

(Twain 19).  Hank later welcomes the lofty title of “The Boss,” saying “There were very 

few THE’s, and I was one of them” (Twain 59).  When the Yankee, at the end of his 

travels with Sandy, restores a holy fountain before a massive crowd, “the populace […] 

fell back reverently[…], as if I had been some kind of superior being—and I was.  I was 
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aware of that” (Twain 176).  The Yankee supports the common people—but only when 

they agree with him; when virtually all of England rises up against the Republic at the 

Battle of the Sand Belt, Hank refuses to relinquish his own position. 

 Hank’s character includes another contrast:  ambivalence between progressivism 

and capitalism (Royal).  Hank bitterly denounces the wealthy elites of society and 

political policies that unfairly advantage them.  One picture in the book depicts a 

capitalist “oppressor” next to a slaveholder and a king (Twain 222).  Yet at the same 

time, Hank intentionally brings capitalism to the sixth century.  He dispatches knights 

with sandwich-board advertisements into the countryside to promote new products, he 

turns the Round Table into a stock market, and he makes use of a hermit’s incessant 

bowing for prayer to power a sewing machine.  Hank even speaks with the language of 

business, as when he refuses to take over a task originally given to Merlin the magician:  

“It will not answer to mix methods[…]; neither would it be professional courtesy.  Two 

of a trade must not under-bid each other.  We might as well cut rates and be done with 

it[…].  Merlin has the contract; no other magician can touch it till he throws it up” 

(Twain 159).  The epitome of Hank’s bifurcated ambition is his Man Factory, which 

employs the efficiency of a production line to produce citizens devoted to liberal 

democracy (Royal). 

 These apparently contradictory facets of Hank’s character, far from weakening 

the novel, actually enhance it.  A Connecticut Yankee was the first major work in which 

Twain expressed multiple impulses and beliefs in one single character; his previous 

novels relied on interaction between characters to create disagreement (Royal).  
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Complexity makes Hank seem more like a real person who is capable of making mistakes 

and deviating from a set ideology. 

Simultaneously, Hank’s contradictions provide insight into Twain’s own beliefs.  

Like his protagonist, Twain changed his mind on the wisdom of violent revolution, as he 

explained in an 1887 letter to William Dean Howells:  “When I finished Carlyle’s French 

Revolution in 1871, I was a Girondin; every time I have read it since, I have read it 

differently […] & now I lay the book down once more, & I recognize that I am a 

Sansculotte!—And not a pale, characterless Sansculotte, but a Marat!” (qtd. in Inge xiv).  

Twain also embodied his Yankee’s dual nature as progressive and capitalist.  At the same 

time that he denounced wealthy robber barons, Twain invested $150,000 in James W. 

Paige’s typesetting machine (Royal) and established his own publishing firm, Charles L. 

Webster & Co. (Inge vii).  Thus, A Connecticut Yankee illuminates the personality not 

only of its fictional protagonist but also of its author. 

In addition to its thought-provoking situations and complex main character, A 

Connecticut Yankee is set apart by its humor.  Twain uses absurd extremes to satirize 

everything from the established church and aristocratic privilege to superstition and 

gullibility (Inge xvi).  Particularly incisive is his attack on the Arthurian legends 

themselves.  Merlin, for example, is presented as a fake magician desperately trying to 

defend his reputation.  When Hank is sent off on his journey with Sandy, he is forced to 

wear ungainly armor that prevents him from scratching himself, reaching his 

handkerchief, or mounting a horse without help, and when he tries to sleep at night, bugs 

crawl inside the armor for shelter. 
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Perhaps the funniest aspect of the book is its juxtaposition of nineteenth-century 

American English with that used in the original King Arthur stories (Baxter).  While 

Sandy is nonplussed by “knock off,” “dunderhead,” “shut up shop,” “draw the game,” 

and “bank the fires” (Twain 164), Twain’s readers find amusement in “clave” (Twain 8), 

“holpen,” “strake” (Twain 9), and repeated use of “smote.”  Additionally, Hank chides 

Sandy for the monotony of her stories:  “Sir Marhaus the king’s son of Ireland talks like 

all the rest; you ought to give him a brogue, or at least a characteristic expletive[…].  You 

should make him say, ‘In this country, be jabbers, came never knight since it was 

christened, but he found strange adventures, be jabbers.’  You see how much better that 

sounds” (Twain 106). 

While most of Twain’s humor is harmlessly enjoyable, some of it actually 

detracts from the novel.  For example, when Hank and Sandy visit Morgan le Fay, a 

brutal queen who routinely kills her servants, Hank does not wish to upset his hostess by 

interfering with her execution of a bad composer.  “I therefore considered the matter 

thoughtfully, and ended by having the musicians ordered into our presence to play that 

Sweet By and By again, which they did.  Then I saw that [Morgan] was right, and gave 

her permission to hang the whole band” (Twain 118).  Later, Hank rather carelessly 

describes his bombing of two knights:  “Yes, it was a neat thing, very neat and pretty to 

see.  It resembled a steamboat explosion on the Mississippi; and during the next fifteen 

minutes [the king and I] stood under a steady drizzle of microscopic fragments of knights 

and hardware and horseflesh” (Twain 217).  In these instances, Twain merely meant to 

create humor through absurd exaggerations that were not actually intended to reflect on 

Hank’s character (Inge xii).  But in a meaningful novel like A Connecticut Yankee—one 



Tomasik 9 

that also starkly depicts human cruelty and suffering—such grotesque humor is out of 

place. 

 An additional weakness of Twain’s novel is the resort to unrealistic means of 

saving characters from dangerous situations.  Hank knew that the eclipse of the sun that 

could prevent his execution would occur on the day following his imprisonment, but 

because the king feared the spell that Hank warned he would cast on that day, the king 

made the execution a day earlier.  However, as Hank was about to burn at the stake, the 

solar eclipse he had expected for the following day took place.  As it turned out, Clarence 

had gotten the date wrong, thinking that it was June 20 when it was in fact June 21.  A 

similarly contrived escape is found later in the book, when the Yankee calls Clarence to 

request that he send Launcelot and his boys to rescue King Arthur from execution.  After 

Hank is himself caught by authorities and the execution is scheduled a day earlier, Hank 

fears that Launcelot’s men on horseback will not arrive in time.  But the men do make 

it—just as the king is about to be hanged—because they rode newly invented bicycles 

instead of horses.  These two escapes are unlikely, uncreative, and anticlimactic, and they 

represent one of the poorer aspects of Twain’s work.  

 Despite its occasional resort to deus ex machina, A Connecticut Yankee includes 

some good adventure and excitement, and in this respect it may be considered similar to 

Twain’s earlier novel, The Adventures of Huckleberry Finn.  Huck’s journeys with Jim, 

the king, and the duke—like Hank’s travels with Sandy and Arthur—take the story’s 

characters to new situations and predicaments.  The characters in Huck Finn, as those in 

A Connecticut Yankee, at times rely on unrealistic escapes from tough situations (such as 

when Huck just happens to arrive at Aunt Sally’s house at the end of his journey and Jim 
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just happens to be hidden in Aunt Sally’s shed).  In addition, the quick lies that Hank 

must occasionally devise to explain why he does not always use his claimed magical 

powers are redolent of the stories that Huck repeatedly contrives to cover up his 

accompaniment of an escaped slave.  And both of Twain’s books satirize superstition and 

established religion while condemning slavery and cruelty. 

 Perhaps the most apparent similarity between the two books is the way in which 

the main characters add “style” to their schemes.  The Connecticut Yankee orchestrates 

an elaborate display of his “magical powers” by planting in Merlin’s tower blasting 

powder that is set off by a lightning storm.  And although Hank uses only simple 

plumbing to restore the holy fountain, he puts on a spectacular display of its renewed 

operation for the crowds, complete with fire, rockets, and mystical words.  Similarly, 

when Huck ran away from his father’s cabin, he did not just steal a canoe and float down 

the river; he also killed a hog and spread a trail of flour to create the appearance that the 

cabin had been robbed and Huck had been murdered.  In freeing Jim from his shed, Tom 

Sawyer and Huck do not simply steal the key and unlock the door; instead, they dig a 

tunnel, bake a rope into a pie, design a coat of arms for Jim to inscribe, fill the shed with 

snakes and spiders, and pretend to capture Jim as part of an Indian raid.  Hank thus spoke 

for Tom Sawyer as well as himself when he said that “I never care to do a thing in a quiet 

way; it’s got to be theatrical or I don’t take any interest in it” (Twain 247). 

 A Connecticut Yankee and Huck Finn are very similar in content, tone, and 

purpose, but in a few respects, A Connecticut Yankee is the stronger novel.  Though Huck 

and Jim generally mature as their voyage progresses, neither displays the complexity of 

character that Hank does, nor do they as closely resemble Twain’s own personality.  



Tomasik 11 

While Huck Finn and A Connecticut Yankee both condemn irrational religion, slavery, 

and cruelty, the latter work does so far more extensively and powerfully.  For example, 

Huck Finn’s criticism of slaveholding is largely limited to its description of Jim’s escape 

and the breakup of the Wilks family’s slaves.  A Connecticut Yankee, in contrast, paints a 

horrific picture of a slave chain:  “They had slept in these chains every night, bundled 

together like swine.[…]  Their irons had chafed the skin from their ankles and made sores 

which were ulcerated and wormy.  Their naked feet were torn, and none walked without a 

limp” (Twain 153).  The book goes on to describe one young woman who, upon 

stumbling “giddy with fatigue,” was thrown on the ground to “expose her body” while 

the slave master “laid on with is lash like a madman till her back was flayed, she 

shrieking and struggling[…]” (Twain 154).  A Connecticut Yankee is thus far more 

moving in its portraits of injustice, as well as being more complex and thought-

provoking.  And because it still captures equally well the humor, adventure, and style of 

Twain’s other work, A Connecticut Yankee should replace Huck Finn in the AP-English 

course. 

 A Connecticut Yankee does contain some weak points, including contrived 

escapes and instances of humor inappropriate to the message of the work.  But it is 

overall a strong novel, particularly in the complexity of its protagonist, the effectiveness 

of its satire, and the provocativeness of its ethical situations, some of which are 

applicable to the present day.  A Connecticut Yankee displays great similarity to Huck 

Finn in that both books combine adventure with social commentary and feature 

resourceful characters who cannot resist flashy presentation.  Yet the greater depth and 
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impact of A Connecticut Yankee make it in general a more powerful book, one that 

should take the place of Huck Finn for AP English. 
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Response to Question 2 

 Every chronic illness is at once very similar to and very distinct from every other. Arthur 

Kleinman illustrates this point well in The Illness Narratives: Suffering, Healing, and the Human 

Condition. By relating a number of diverse personal stories of chronic illness, Kleinman 

demonstrates that each disease is uniquely molded by an individual’s personal, social, and 

cultural surroundings. Yet at the same time, the narratives connect to one another and evince 

patterns that are characteristic of most, if not all, experiences with chronic illness. 

 This is demonstrated well by the parallels that may be drawn between Kleinman’s stories 

and the second given illness narrative about a student’s mother, Melissa. There are many 

elements of Melissa’s story upon which Kleinman touches: headaches, guilt, and depression 

(chapter 6), the notion that illness represents God’s punishment (chapter 7), and the search for 

alternative treatments outside of the medical establishment (chapter 16). However, the parallels 

are especially striking for one of Kleinman’s narratives in particular—that of Antigone Paget 

(chapter 6). 

 The most obvious similarities between Melissa and Antigone are probably their 

circumstances and the symptoms from which they suffer. Both of them appear, at least from the 

information given, to be middle-class American women in their fifties. Moreover, both of them 

endure similar afflictions. Melissa’s condition is characterized by a general sense of “exhaustion, 

debilitating headaches, feelings of guilt, extreme depression, [and] overwhelming pessimism.” 

Melissa and her doctors have not definitively identified any specific physical cause of the 



suffering. Antigone’s pain, in contrast, does have a direct source: stiffness of the neck resulting 

from a car accident. But her illness, too, has expanded to encompass a wide range of other 

emotions: 

[Antigone] feels troubled, frighted about the future, blocked in getting things 

done, and blue; she has lost a sense of ‘pleasure or interest in things.’ The pain 

also [...] contributes to a constant sense of tension. And it leaves Mrs. Paget weak, 

exhausted by the end of the day. (89) 

Even though the physical causes of these two illnesses probably differ (if Melissa’s illness even 

has a physical cause), the overall psychological consequences for the two women are very much 

the same. 

 Moreover, the illnesses may not be due entirely to physical factors. In each case, 

uncomfortable family situations may trigger and exacerbate the pain. Melissa, for example, is 

troubled by her divorce and “her failure to keep the family together.” In addition, when she 

begins furnishing her house with religious items, her children have “a negative response to this 

suffocating environment,” and are thus reluctant to visit home. As a result, Melissa feels like a 

“failure as a mother” and becomes more depressed than before. Antigone’s illness also includes a 

troubling family situation. She feels oppressed by an overbearing husband who “expect[s] his 

wife to defer to him” (94). Antigone realizes that “she had not individuated, had not developed a 

strong enough self-identity when she married” (93). Thus, when her accident occurs, Antigone’s 

“physical pain […] carrie[s] another significance—of inner pain” that results from her 

dysfunctional marriage (94). She decides to leave her husband, but upon doing so, her children 

become upset and request that she return him. Thus, Antigone is torn between divorce and 

reunification; in Kleinman’s interpretation, this is “a decision literally too painful to make.” 



Antigone’s neck pain is something that allows her to put off “making this ultimate decision about 

marriage” (95). While the exact details of family interaction differ in these two cases, the general 

trend is the same: in each story, a difficult family situation makes the illness sufferer feel guilty 

and trapped, which exacerbates the tensions and uncertainties that she was already experiencing 

from the disease itself. 

 In addition to symptoms and family contribution to illness, there is a third similarity 

between Melissa and Antigone: both women incorporate religion into their perceptions of the 

illness, although they do so in different ways. Melissa “sees her illness as punishment from 

God,” and consequently she adorns her home with “crosses, statuettes, prayer books, shrines, and 

nonsensical religious babble.” She also consults her priest for help, and he includes her in prayer 

every Sunday. Antigone, too, is devoutly religious, but she does not respond with such 

pronounced efforts toward God. For her, religion takes on a more symbolic role in giving 

meaning to her illness. Describing her history of religious belief, Antigone relates that “I was 

trained to believe in the reality of sin, in the need for self-control and penitence and God’s grace. 

[…] I remember how college changed all that. Now those ideas became metaphors” (93). 

Kleinman includes one of these metaphors in his narrative, when Antigone uses the image from 

“the great Renaissance and medieval paintings of Christ hanging there limp on the cross” to 

describe the position in which her neck pain is most severe (91). Thus, Antigone incorporates 

religion into her understanding of her illness, though in a very different way from Melissa. 

 Religion takes on another significance in Melissa’s story. The student author feels that 

“Religion has become the center of Melissa’s life” to such an extent that Melissa doesn’t trust 

anything other than “superstitious hocus-pocus” to help her. “I personally think that the 

treatments fail,” the student notes, “because Melissa expects them to fail.” The student goes on to 



argue that Kleinman’s approach would be misguided in his mother’s case, since it would only 

reinforce her perception that she can’t get better through medical efforts. However, this argument 

is predicated on a misinterpretation of what Kleinman actually advocates. The student correctly 

notes that Kleinman wants physicians to “address[…] illness in the context of the meaning it 

carries for the sufferer and his or her family.” But there’s a big difference between addressing an 

illness in context and unequivocally accepting the belief system of the ill person. 

 Looking at the context of an illness means taking the time to understand how the sick 

person and her family understand the disease, and how it affects their everyday lives. The doctor 

is not compelled to approve of that interpretation, however. In the case of Mrs. Flowers (chapter 

7), for instance, Kleinman certainly would not have urged that Dr. Richards support her 

consumption of pickle juice, even though it was part of her understanding of the illness. Rather, 

Kleinman would have urged that Dr. Richards take the time to understand what Mrs. Flowers 

was telling him and then to explain what the confusion was. In this case, looking at the illness in 

context is actually the opposite of giving endorsement to the patient’s view: only by 

understanding more fully Mrs. Flowers’s situation could Dr. Richards have helped her to realize 

why taking pickle juice was a bad idea. The same is true in Melissa’s case. Only if her doctors 

took the time to become aware of her religious beliefs about the illness would they be able to act 

on that knowledge. This is not to suggest, of course, that they ought to respond in the same way 

that Dr. Richard’s responded—that is, by ordering Melissa to abandon her religious belief 

system. However, they might have been able to modify the way they interacted with Melissa to 

take into account the fact that she didn’t trust biomedicine. A deeper understanding on the part of 

the doctors can only help the situation, not make it worse. 



 Melissa’s story shares many similarities with that of Antigone Paget. Both women come 

from similar life circumstances and suffer similar symptoms. Their illnesses are both exacerbated 

by hard family situations, and religion plays a significant role in the interpretations that both 

women create. Yet there are also differences. For Antigone, chronic neck pain takes on an 

additional meaning as something that prevents her from making a painful choice between 

divorcing her husband or returning to him; for Melissa, the pain is part of a feeling of “failure” at 

marriage and motherhood. In addition, while Antigone uses religion for metaphorical 

interpretation of her illness, Melissa takes religion literally and correspondingly appeals to God 

for help. Thus, although the women’s experiences parallel each other in many ways, they are still 

distinct. This fact illustrates Kleinman’s observation that chronic illnesses never quite “fit the 

mold”; because it encompasses the sufferer’s personal, familial, and cultural understandings, the 

illness experience is always slightly unique for each individual. 



Home   •   Writings

Analyzing Time Lapse from the Perspective of

Fixed-Point-Finding Algorithms

By Brian Tomasik

First published: 2016 Sep 06. Last nontrivial update: 2016 Sep 06.

This commentary on the 2014 film Time Lapse contains spoilers.

Time Lapse explores the ideas

of predicting the future and

fatalism. This is an old theme

in literature, including in

ancient works like Oedipus

the King, as well as in the

2009 movie Timer, which I've

also reviewed.

Elsewhere I've suggested a

non-confusing way to think about moving backward in time, such as what occurs in

the Terminator movies: Imagine the ordinary world as one simulation that runs until

the time travel happens. At the point of time travel, take the characters who enter

the time machine from the first world and stitch them into a new simulation that's at

an earlier point in history. The new simulation, running at an earlier date but with the

time travelers now inserted, will diverge from the old simulated history because of

the influence of the time travelers.

Situations where the future is predicted are a bit trickier, because rather than just

running the simulation forward with new initial conditions, we require that when the

simulation does run forward, its output matches what was predicted. In the case of

Time Lapse, this means that when the characters see a photo of the next day, the

future must unfold such that what's in that photo actually comes to pass. Suppose

it's day 1. Designate the contents of the photo predicting day 2 as p. (For instance, p

could be the binary representation of a JPEG scan of the photo that predicts what

happens on day 2.) Let x be all other state variables for day 1 (e.g., where the

characters are, what they know, what the weather is like outside, etc.). Let P be a

function that, given p and x, uses the laws of physics to perfectly predict what day

2's photo will look like. This is the function that Mr. Bezzerides's machine

supposedly computes in the movie. Then, in order for the prediction to be accurate,

it must be that P(p,x) = p. In other words, p must be a fixed pointa of the function P(

,x).b In general, it's probably very hard to find a fixed point like this for a system as

complex as humans interacting with their environment, including the knowledge of

what the next day's photo should be. However, Mr. Bezzerides's machine manages

to get all its predictions correct in the movie, which is quite an accomplishment.

One way in which getting

predictions right can be made

easier is via self-fulfilling

prophecies. Except for the

initial prediction of knocking

over a coat rack, the

characters in the film always

tried to make sure the

prediction came true (for fear

of what would happen if it didn't). And, as we learn at the end, even the coat rack

falling over was intentional, since Callie told herself to do it. (We never see how

Callie first learned to trust the machine's abilities, though. Maybe seeing tomorrow's

photo of herself giving herself instructions was enough? Or plausibly she discovered

what the machine was designed to do in Mr. Bezzerides's scientific journal, which

she read aloud to Finn and Jasper when they first found the machine.)

It's tempting to wonder whether the machine wasn't actually capable of prediction

at all but merely invented scenarios that the characters felt obligated to make come

true. Maybe Callie never tested out whether the machine actually got predictions

right on its own before she began to feel compelled, based on Mr. Bezzerides's

journal, to make the machine's predictions happen. Maybe Callie's instructions to

her yesterday self were ideas that the machine invented and that Callie just went

along with. However, the hypothesis that the machine is just exploiting the "power of

suggestion" doesn't explain the machine's ability to predict tomorrow's winners in

the dog races. So—unless the dog-race results are also influenced by the machine's

predictions via self-fulfilling prophecy, or unless the machine's predictions and the

dog-race results are both controlled by some mastermind troll—it seems the movie

is committed to a somewhat supernatural interpretation of the machine's abilities

(or at least to the machine having insane amounts of computing power with which to

simulate the dog races in enough detail to predict them accurately).

The film never shows us what happens when one of the machine's predictions fails,

since they never do fail. The characters fear that they'll be killed if they don't act out

what's in the photo, but we don't know if that fear is accurate. Maybe nothing

significant happens when the machine gets a prediction wrong, in the same way as

nothing significant happens when Gmail misclassifies an email as spam. If so, the

characters' behavior can be seen as superstitious: They believe they have to carry

out the ritual or else something bad will happen, and they're too scared to test out

whether this assumption is wrong. (Similarly, the ancient Maya preferred to ritually

sacrifice prisoners of war rather than test out whether the gods actually wanted

human blood.)

However, it seemed to me as though Callie may have believed that if the prediction

is wrong, then the day gets reset (a la Groundhog Day), until a fixed point of the

prediction function is found. Maybe this explains how the predictions are

consistently right: The simulator of the characters' world runs through tons of

photos p for them to observe, most of which fail to materialize on the next day, and

then the simulator keeps resetting the simulation and trying a new photo, until a

photo that actually comes true the next day is found. We can imagine two different

algorithms to search for fixed points.c One possibility, which I'll call Algorithm 1, is

that new pictures are tried at random until a fixed point is found. Let X(p,x) be the

function that runs the simulation on the picture and state variables for one day and

returns the state variables for the next day.

// assume we start with some initial picture candidate p0 and 

initial conditions x0

p = p0

x = x0

while True:

   q <- P(p,x) // run the simulation one day forward given p 

and x and see what picture q gets taken

   while(q != p): // the machine's prediction that the picture 

would be p was wrong

      p <- new_random_picture() //randomly pick a new picture 

to present to the characters

      q <- P(p,x)

   x <- X(p,x) // advance to the next day; the Groundhog Day 

loop is broken for this day

   p <- new_random_picture()

The other possibility, which I'll call Algorithm 2, is that if the machine's prediction is

wrong, the machine tries the picture that was actually taken as the new fixed-point

candidate. This is called fixed-point iteration.

p = p0

x = x0

while True:

   q <- P(p,x)

   while(q != p):

      p <- q

      q <- P(p,x)

   x <- X(p,x)

   p <- q

It's possible that the inner "while" loops in both of these algorithms will run forever if

there are no fixed points, but Algorithm 2 is especially vulnerable to infinite loops

because there might be a cycle like this: Given some initial picture a, P(a,x) is some

picture b, and then P(b,x) is a. Algorithm 2 would cycle forever between a and b.

That said, Algorithm 2 has the nice property that you can pass your own custom

message to the next iteration of yourself on the previous day, rather than being

given a random message (or, most likely, no written message at all) with Algorithm 1.

With Algorithm 2, you can make the machine's picture wrong (q != p) and also give

your own message (in the picture q) to the next trial.

If Callie believed that either Algorithm 1 or 2 was in operation, it might explain why

she thought it was fine to shoot Finn at the end: She thought that as long as the

photo at 8 pm didn't match the prediction (an empty room with police tape), the day

would reset to 8 pm of the previous night, which would give her a chance to prevent

the carnage that happened earlier in the morning.d And if Algorithm 2 in particular

was in operation, her message to herself saying "Don't get caught at window" would

be available for the next iteration of herself to learn from. This interpretation of

Callie's behavior works, but I'm doubtful whether it's what the film's writers

intended, since it involves a lot of theoretical extrapolation on my part.

At the end of the film, Callie tries to send a message to herself on the previous

morning, telling herself to avoid getting caught by Finn so that her relationship with

him would work out. However, this wasn't the ordinary 8 am photo, because the

camera already flashed at 8 am when Callie told herself to "Swap photo with

charade night" and "Kill Japser to save Finn". So how did she intend to send herself

another message to the previous day? At the end of the movie, the camera takes

another picture, which we assume was right after Callie got caught. This is off of the

normal 8 am / 8 pm schedule. Presumably this was the one-off photo that Mr.

Bezzerides received over a week earlier, and the blood-spattered room at the end of

the movie matches with the photo that Dr. Heidecker shows Jasper. (This photo was

taken in addition to all regular 8 am / 8 pm photos because it was one-off, not

recurring on schedule.) But did Callie know when this one-off photo would be

taken? Or was she just trying to influence the 8 pm photo? But in the latter case,

why did she put up the "Don't get caught at window" sign so early, rather than

waiting until almost 8 pm to put it up?

Also, it seems like she was banking on the idea that contradictions set back the

clock—i.e., that because her "Don't get caught at window" sign was up but hadn't

been predicted by any previous photos, the clock would be reset 24 hours. But she

had no precedent for believing that this Groundhog Day effect would work. (Even if

she had already experienced countless Groundhog Day resets before, she wouldn't

remember any of them, since she should only remember the times when she didn't

get reset—unless she's like Bill Murray's character in being the one person who

does remember all the resets.)

Anyway, even if I'm correct that Callie had flawed (or at least tenuous) reasoning

about what would happen, it doesn't mean the film overall is flawed, since it's easy

to imagine that Callie was just confusede in her own reasoning. (We might call this a

"lapse" in her reasoning about time, with reference to the film's title.) If so, and if

time actually doesn't reset when the machine's prediction is wrong, then it wouldn't

have mattered whether the "Don't get caught at window" sign fell down at the end

or not, since her deeds would have been done and couldn't have been undone.

Overall, Time Lapse is an excellent movie. Not only is it intellectually stimulating, but

the cinematography is pleasantly artistic. For example, the opening shot features a

swirling red liquid, which we assume is just an abstract image until a paint brush is

stuck into the water.

Footnotes

a. For more on fixed points in the context of physical causation, see, e.g., pp. 1-3 of this

paper.  (back)

b. Here I'm ignoring the fact that there are actually two photos taken within a day.

Incorporating that into my formalism would be tricky.  (back)

c. Fixed-point-finding algorithms provide an answer to the bootstrap paradox, which

asks, for example, how Finn first got ideas for his paintings, given that he painted what

the picture showed, and the picture showed what he painted. The answer is that the

fixed-point search algorithm stumbled upon a picture (containing a painting) that

made the future consistent with that picture.  (back)

d. This commenter seems to have had the same idea: "They basically are in a time loop

until they get the picture right, So theoretically, if the picture stays up on the window,

then she would see that instead of the picture of the police tape and she would, not

knowing why, changed her future by not getting caught and not killing her BF."  (back)

e. This comment agrees with me: "In the end, she makes a mistake and it is a little

unclear as to why (I think). She thinks she can go back in time, like physically back in

time to before she shoots Finn. This hasn’t ever happened in the movie where a

character actually goes into the future or past. Why would she think she could go back

in time? [...] Maybe she was confused [...]."  (back)

Home   •   Back to top   •   About   •   Privacy   •   Search

https://en.wikipedia.org/wiki/Time_Lapse_(film)
http://reducing-suffering.org/eternalism-and-its-ethical-implications/#Time_travel
https://en.wikipedia.org/wiki/Novikov_self-consistency_principle
https://en.wikipedia.org/wiki/Fixed_point_(mathematics)
https://en.wikipedia.org/wiki/Human_sacrifice_in_Maya_culture
https://en.wikipedia.org/wiki/Fixed-point_iteration
https://www.reddit.com/r/movies/comments/2mcd5j/time_lapse_2014_can_someone_explain_the_ending/cnt4u2s
http://www.astronomytrek.com/the-bootstrap-paradox-explained/
https://www.reddit.com/r/movies/comments/2mcd5j/time_lapse_2014_can_someone_explain_the_ending/cok57ic
https://www.reddit.com/r/movies/comments/2mcd5j/time_lapse_2014_can_someone_explain_the_ending/cngfwah


Home   •   Writings

Tangled Webs: Comments on Pretty Little Liars

By Brian Tomasik

First written: 15 Apr 2016. Last nontrivial update: 18 Feb 2018.

Contents

Introduction

General comments

Humor

Comments on the series finale

Footnotes

Introduction

On the night of 10 July 2014, I began exercising while watching Netflix before bed. I

picked out a TV show from near the top of Netflix's recommendations, figuring I'd

watch one episode. By the time the first episode closed, I said to myself, "This is

intriguing. Just one more episode." Unfortunately, like Frog and Toad eating cookies,

I didn't stop after just one more. I continued on for several more episodes until I

became so tired that I couldn't stay awake.

That dangerously addictive show was Pretty

Little Liars (PLL). [Note: This review contains

no spoilers.] Among fiction I've encountered,

PLL may be rivaled only by Harry Potter in

terms of its ability to draw the audience deep

into an extended thicket of interwoven

mysteries and puzzles. (That said, I don't

consume as much fiction as many people do, so my ability to make comparisons is

limited.)

General comments

Many TV shows start a new conflict each episode and resolve that conflict by the

end. They have to return the situation of the characters back to the way things were.

There may be exceptions for special episodes where new permanent developments

unfold, but most episodes of such TV shows are self-contained and independent of

other episodes.

In contrast, PLL isn't divided into independent parts. It's one long, interconnected

story, where every new event depends on the entire history of the show up to that

point, and every little detail may (or may not) turn out to be relevant later. It's

impressive that the PLL writers are able to craft such a tightly woven storyline

despite having different people write different episodes and not being able to go

back and revise episodes that have already aired.a

Unlike with most other shows, I found myself thinking about PLL even when I wasn't

watching it. I kept mulling over the puzzle pieces and the various theories that they

suggested while brushing my teeth or going to bed. This is, of course, a common

experience among PLL viewers, and it explains why fans have written so much

about the show on the web. PLL is one of the most Tweeted shows of all time. There

are at least ~5 podcasts devoted to analyzing PLL on iTunes. Of course, similar

points can be said of other complex TV shows as well:

the Web has created a forum for annotation and commentary that

allows more complicated shows to prosper, thanks to the fan sites

where each episode of shows like "Lost" or "Alias" is dissected with an

intensity usually reserved for Talmud scholars.

But PLL is not just a mystery. I also appreciate the drama and romance, although it

can be predictable at times. It's nice that PLL's characters are often more realistic

than those in many other TV shows, although there are plenty of exceptions to this

statement, such as the fact that the residents of the town where PLL takes place

aren't more suspicious of all the strange events that occur. Some of the motivations

of the characters are also a bit strained at times.

One of the goals of PLL's writers seems to be introducing the show's mostly

teenage audience to classics of literature and film, from To Kill A Mockingbird in

season 1 to Twelfth Night in season 7. In interviews with PLL's writers and directors

on the Bros Watch PLL Too podcast, we learn that a number of the scenes and

visual framings of the show are inspired by old movies, especially those of Alfred

Hitchcock. The writers and directors are film buffs and artists who appreciate

getting to express themselves, even if it's through what many write off as "just a

teen show".

When I was in middle school, I wanted to become a director of photography

because I was fascinated by interesting camera angles in movies and how they

could help tell a story nonverbally. The hosts of Bros Watch PLL Too do a nice job of

dissecting PLL shots, and their interviews with PLL's directors confirm that many of

those interesting shots were done intentionally.

Podcasts like Bros Watch PLL Too and Taking This One To The Grave remind me

how enjoyable it can be to analyze literature: characters, themes, symbolism, and

theories about how the story will unfold. I haven't done this much since high-school

English class. Literary analysis is sort of a Rorschach test, where the interpreters

see connections that the author probably didn't intend. It can be frustrating when

literary analysts assume that they're uncovering the true intentions of the writers,

since that's often not the case unless the symbolism is very strong. But seeing

connections between concepts in a work of literature, whether intended or not, is

just fun and expresses creativity.

PLL's theme music is "Secret" by The Pierces. That song includes this line: "No one

keeps a secret". That's a central theme of the show—that the truth has a way of

making itself known eventually. Most of the drama of PLL could have been avoided if

people hadn't told lies in the first place. Thus, PLL is, in many ways, an elaboration

of the famous lines:

Oh, what a tangled web we weave

When first we practise to deceive!

Of course, in the real world, not all (or even most) secrets are exposed, but the

lesson remains instructive.

Humor

While PLL is typically characterized as a thriller, drama, or mystery, the show is also

filled with levity, including both deliberate comic relief from characters like Hanna

and implicit absurdity from the crazy events that occur.

I notice that one of the best predictors of whether I'll finish a movie or TV show is

whether it contains some amount of lightheartedness. While the Netflix series 13

Reasons Why is seemingly quite similar to PLL (both are mysteries about a girl's

death and what happens afterward), I haven't yet gotten around to finishing 13

Reasons Why, probably in part because it's too serious.

In contrast, the Scream movies, while seemingly horror films, contain a fair amount

of humor, including laughing at themselves, which makes them more digestible.

Comments on the series finale

This section has no explicit spoilers but might still give away some information.

The 1.5-hour series finale of PLL was possibly my favorite episode of the show,

because it was at times sweet and at times crazy, in classic PLL style. It was clear

that showrunner I. Marlene King was able to play around and have fun with the

episode. The finale also did wrap up many of the mysteries of seasons 6 and 7

elegantly.

However, many of the comments on Twitter and YouTube were very negative, with

some people saying they wasted 7 years of their lives waiting for answers that never

came. It's true that some answers remained unresolved. The writers are not perfect

(though they come pretty close). Personally I'm not very bothered by unanswered

questions because I can make up my own answers, which keeps the mystery alive.

Plus, in real life, most of life's little mysteries are never resolved. It's unsurprising

that the PLL characters wouldn't unpack every last mystery either.

I don't understand why viewers would be so negative about about a work of fiction.

The purpose of fiction is to have fun, and taking a negative attitude makes things

less fun. Why not appreciate how amazing the TV series was, rather than focusing

on a few points that you feel were its flaws (and that others may not consider to be

flaws)? Benjamin Light of Bros Watch PLL Too expressed a similar sentiment: "I feel

bad about the kind of narrow way that some people watch a show. [...] It just seems

like not a fun way to watch a show, personally."

I try to avoid reading negative comments on PLL because they make me feel

somewhat disappointed, and there's no reason for that. In domains like politics or

science, negative criticisms are important for improving the accuracy of one's

beliefs, but in the realm of fiction, there's no similar reason to bring everyone's

mood down. The ideological echo chamber that's common in politics actually does

make sense for matters of taste that don't have real-world consequences.

Footnotes

a. I wonder if mysteries look harder to create than they actually are. Maybe if you have

the full story arc mapped out, it's not that hard to keep feeding the audience new

tidbits of information over time, although writers have to be careful to remember what

audiences know and don't know at any given point, especially when trying to misdirect

audiences toward false conclusions. Writing a mystery might be like creating a jigsaw

puzzle, just slightly harder: You start with a finished picture, carve it into chunks of

information, and let the audience slowly put together the pieces. However, whereas

you can usually tell what a puzzle will turn out to be a picture of with only a fraction of

the pieces in place, a mystery needs to avoid spilling the beans until the very

end.  (back)
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Summary

Children cannot always clearly distinguish fiction from reality. Even adults are

influenced by fiction, in both positive or negative ways. Popular media can cause

harm by inspiring dangerous behavior, including unsafe sex and risky stunts. Horror

movies may traumatize some people, and there's debate about whether media

violence encourages more real-world aggression. Reform is not just an obligation for

media producers because consumer demand drives many of the darker sides of

entertainment. Education, parental supervision, and constructive outlets for thrill-

seeking would also help. While this issue is important to think about, reducing harm

from media influences probably doesn't rank at the top of a list of altruistic priorities

for most activists, relative to more neglected topics like animal welfare and far-

future suffering.

Update (May 2018): Since first writing this piece, I've become somewhat less

concerned about harms caused by fiction, and I think it's often good to let people

enjoy the fiction they enjoy without trying to police everything. I worry that free

speech and libertarianism on social issues are already somewhat at risk in the age

of Puritanical social justice warriors, and I don't mean to amplify that trend. I merely

think the possible side effects of messages in entertainment should be one of many

considerations when producing such content.
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Disclaimer

I enjoy consuming some popular culture. While this essay points out several

negative aspects of certain forms of entertainment, fiction also can make people

more compassionate and tolerant. Society would benefit from shifting media more

toward positive directions and downsizing its most harm-provoking elements.

Fictional persuasion

Movies, TV shows, and other forms of fiction are often regarded as a chance for

people to escape from reality. It seems clear enough to most of us that what we see

on the screen isn't real, and so it shouldn't have an impact on our real-life choices,

right?

Several studies have shown that fiction can persuade people in subtle ways. From

"Persuasive Effects of Fictional Narratives Increase Over Time":

Fact-related information contained in fictional narratives may induce

substantial changes in readers' real-world beliefs. [...] beliefs acquired

by reading fictional narratives are integrated into real-world

knowledge.

There's further literature on the subject of fictional persuasion, such as

"Fictional narratives change beliefs: Replications of Prentice, Gerrig, and Bailis

(1997) with mixed corroboration"

"The power of fiction: Determinants and boundaries"

"Evoking the Imagination as a Strategy of Influence".

It's unclear how much the population at large is swayed by elements in fiction. And

of course, this persuasion can be positive as well as negative, such as the anti-

homophobic effects of Will & Grace. Unfortunately, in some cases, fictional

persuasion leads to life-threatening outcomes. For instance:

"9-year-old Damori Miles dies in jump off Brooklyn apartment, may have been

imitating video game"

various reports (some perhaps apocryphal) that people have jumped off

buildings trying to imitate Superman.

Influencing what we think about

We humans are impressionable beings. This is why advertising works. Even just

controlling what we think about has a massive impact on us. How can I burn calories

and lose weight? How can I get bigger muscles? Should I wear make-up and shave

my legs? Are romantic relationships and parenting the most important parts of life?

How can I be more cool like the people I see on TV?

Other questions that could be asked include: How can I best help others? What

matters most in life? How can I challenge my conventional ways of thinking? And so

on. Yet these latter questions appear less often in popular media. Of course, partly

this is because these questions may be inherently less interesting. Popular media

are heavily optimized toward what people like, especially in this age of big data.

Personal issues with immediate emotional appeal will naturally draw more attention.

At the same time, part of what we find emotionally engaging is what we're already

interested in. If society placed more emphasis on altruism, we would likely see it

reflected in popular culture.

Merely increasing the salience of negative behaviors can increase their prevalence.

Think of copycat suicide. Almost everyone knows about suicide already, but the

copycat effect occurs because suicide becomes a center of attention. Maybe

reading about suicide inclines people to imagine themselves carrying it out;

imagination is the first step of action. Or maybe suicide encourages more thinking in

a "to be or not to be" framework rather than using other cognitive strategies to cope

with their problems. Similar principles can operate with other harmful role modeling

in popular media.

Setting bad examples

There are many instances where fiction seems to encourage unsafe behavior.

Probably the most notable is with violence. There's some evidence that media

violence seems to play a causal role in real-world violence (including in the case of

video games), though other studies find no effect. This has been discussed by

many others, so I won't explore it further here, but it may rank at the top of the list of

harms caused by media influence—at least in expectation given factual uncertainty

about correlation vs. causation.

While almost everyone knows that violence in media is fake and not to be imitated,

some of what's depicted on TV and in films is not obviously bad and hence can set

a really dangerous example to people who don't know better. Just a few examples:

One episode of the TV show Newton's Apple featured a host having her feet

covered with cement, under the pretense that criminals would toss her into a

lake. The set-up aimed to provide an exciting opportunity to discuss how

cement worked, but the implicitly suggested behavior was very dangerous.

What if someone were to actually try that?

In The Parent Trap (1998), one the Lindsay Lohan twins pierces the other's ear

by herself using a piece of metal found in the camp lodge. This is not safe. How

many kids tried their own ear piercings after this? Perhaps some of them got

infected?

The list could go on. Fiction is rampant with demonstrations of unsafe behavior.

While it's easy enough to shrug them off and leave it up to viewers to distinguish

fact from fiction, the reality is that many viewers don't. When kids watch 5 hours of

TV per day, there's no way they can check on the factual accuracy of everything

they see. Rather, entertainment producers should take some responsibility to think

about the implications when millions of people watch what they create.

Desensitizing violence

In violent movies, dozens of "bad guys" may be killed painfully without giving

viewers any time to process the awfulness of their suffering. If I see someone

getting injured or killed on the news, I often pause for a few seconds to feel dismay

and remorse at the tragedy that occurred. In violent action movies, there's typically

no time to feel sad for all the people getting hurt, unless those getting hurt are

protagonists. I feel like this encourages me to stop feeling bad about violence more

generally, since it trains away thoughtful, emotional reactions to seeing violence.

Unsafe sex

Most sex scenes in movies don't mention condoms, STI status, or sexual history.

Presumably that would break the drama or passion of the moment. But this sends

precisely the wrong message: that condoms and safety considerations are lame and

take away the appeal of sex. I wonder how much sexual safety would increase and

teen pregnancy would drop if in every sexual encounter in entertainment, the actors

took precautionary steps first. After all, these are role models for many teenagers

and even adults. My impression is that some modern movies and TV shows discuss

condoms more, but I don't have data on the details, and the prevalence of such

considerations is still far too low.

The situation is at least as bleak with porn, which almost never involves condoms

and never raises issues of STIs or pregnancy prevention. Behind the scenes, porn

actors in the US are quite vigilant about STIs and typically get tested at least once a

month. Yet a 2010 study found that 28% of porn actors in Los Angeles County had

one or both of gonorrhea and chlamydia, and there have been 8 instances of HIV

among porn actors since 2004.

But the main problem is not STIs for the porn actors, who mostly know what they're

doing; it's the influence that depictions of unsafe sex have on those who watch it—

which includes many teenagers who may not know much else about sex. Lorelei Lee

defends porn by claiming that "the overwhelming majority of porn is fiction, and the

world it portrays is one of fantasy. I have to believe that most people who encounter

porn know this." But I don't think everyone does. Debby Herbenick reports that

many of her students don't realize the ways in which porn is distorted from reality,

especially students who have had little sex ed. Meghan Murphy replies to Lee more

forcefully:

Seriously? SERIOUSLY?? Are we really still trying to make the argument

that pornography is fiction and that this supposed "fantasy" has no

impact on real life or on people's real life ideas about sex and

sexuality? Is pornography somehow exempt as a form of media?

[...]

I’d be willing to bet that if porn portrayed condom use as, simply, as a

regular old part of sex, people who watched porn would probably also

think that condom use was a regular old part of sex.

It's not clear whether we can improve the situation using legislation like Measure B,

which requires condom use in porn filmed in Los Angeles. Female performers

legitimately complained that condoms would cause terrible friction because

shooting scenes can take hours. If legislation is merely local, it's also likely to move

porn production elsewhere. The fundamental issue is on the demand side: As long

as people insist on condom-free porn, it'll come from somewhere.

So why the demand for condom-free performances, both in regular movies and

porn? Maybe people find condoms less pleasant in real life and hence wish to

indulge in condom-less fantasies. But part of the issue may be culturally

constructed: Popular actors and porn movies don't use condoms, so people assume

that's the more hip way for things to be. Whatever the reason, it seems that the

primary vehicles for addressing the problem are education and cultural movements

that make condoms and STI safety more "cool".

Similar comments apply for other parts of porn that may encourage unhealthy

behaviors by viewers, including male aggressiveness.

Dangerous stunts

There are few things that make me viscerally angry.

One of them is reality TV shows like Jackass or

Fear Factor in which people hurt themselves—

physically, emotionally, or both—for the

amusement of viewers. Knowingly harming yourself

or inducing others to harm themselves makes my

skin crawl. My aversive reaction to this is perhaps

out of proportion to the actual harm incurred,

relative to other terrible things in the world, but this

doesn't trivialize the harm that reality TV does

cause.

Bigger than the direct pain that actors and contestants suffer may be the injury by

those who try the stunts "at home". Some examples:

Daniel Fox killed himself in a Jackass-style bike stunt, and Ben Trew was

hospitalized for several months.

Michael Smith killed Cameron Bieberle in a stunt that the fathers insist was

inspired by Jackass.

Tobias, a member of the "Bavarian Dumbasses" group, killed himself when he

was thrown off a spinning carousel.

Vaikoon Boonthanom in Bangkok died when trying to replicate a Fear Factor

stunt.

Edward Archbold died from an insect-eating contest.

This last example reminds us that people are not the only ones hurt by reality TV.

Animals involved in the stunts are also hurt—especially insects that are eaten alive,

such as the worms and cockroaches that Archbold scarfed down. Or the goldfish

swallowed alive during a Perrysburg High School basketball game. Or the countless

bugs and other creatures eaten alive during jungle-adventure shows. The fake

website of the Society for the Prevention of Cruelty to Insects makes a real point

when it decries the "untold suffering" caused by eating live insects on Survivor.

Stupid stunts are not just popularized by formal media but also by social media.

Young men on Instagram try to acquire followers by posting photos of themselves

climbing city structures. The "Fire Challenge" on YouTube and Facebook has left

one Texas boy dead and others with "Weeks if not months of rehab, lifelong scarring

and disfigurement and movement loss [...]." Even the seemingly harmless "Ice

Bucket Challenge" has directly caused one death and inspired another deadly stunt.

I'm less viscerally outraged by stunts performed in action movies and TV shows by

trained stuntpeople, since injury rates are lower, and such stunts are less likely to

inspire copycats at home. Still, there were 17 stunt-related deaths between 1980

and 1987. And these death rates are higher than necessary because "Prior to the

push for realism of the last couple of decades, many such stunts would have been

faked without anyone being able to tell the difference." Wikipedia has a sad list of

film accidents.

When I was a pre-teen, I loved movie stunts, explosions, etc, and my taste for such

things wasn't satisfied by drama, romance, or comedy. Now that I'm older, I find the

so-called "higher" pleasures of movies/TV to be more rewarding. I enjoy skillful

development of personal relationships, mysteries, or hilarious scenarios by the

writers of a movie or show. In my opinion, a screenplay determines 70% of the

overall value of a movie/show, even though writers aren't usually glorified with that

level of esteem.

Horror movies and anxiety disorders

People differ significantly in their reactions to horror movies. Some children have

developed post-traumatic stress disorder (PTSD) from horror films. There are

anecdotal reports along these lines as well:

One man was terrified to sleep for years after watching The Shining at age 6.

One 14-year PTSD sufferer dry-heaved after a horror film.

One woman's lifelong panic disorder began while watching a horror movie as a

teenager with friends.

Holly Ketchum:

As I began recalling childhood memories and experiences, I could see

links between scenes in horror movies, my childish reactions to those

scenes, and the damage I was discovering in my life. [...] I must

conclude, therefore, that the symptoms I observed in my life were

indicating a damage caused by such early exposure to horror movies.

The 1992 program Ghostwatch led several children to be diagnosed with PTSD.

After an initial paper on the subject, "several other cases were published as replies

to these initial reports producing a small case series of PTSD caused by the TV

show." Due to a revision in the DSM-5, "electronic media, television, movies, or

pictures" are now omitted from the PTSD definition. This seems stupid to me. A

disorder is characterized by the harm it causes, not where it originates.

The Calm Clinic claims that

It's highly, highly unlikely that TV can create an anxiety disorder. There

are a few exceptions - some people do develop fears and phobias

because of television - but in general you are likely to already have

anxiety in some way and television simply makes it worse.

But we still have to ask: Why cause any potentially lifelong disorders with horror

movies? Of course, one hopes that those averse to horror films will avoid them, but

social pressure may sometimes make that difficult, or perhaps people don't discover

the trauma they'll suffer until the movie is over.

Is the pleasure of the horror enthusiasts worth this cost? Many would say yes. But in

light of the hedonic treadmill, it's not clear that the enjoyment of horror fans leads to

long-term improvements in welfare relative to the counterfactual. In addition, one

has to wonder what impacts horror films have on empathy for real-world suffering.

The demand side of the equation

While I've been pointing to harmful influences in media, responsibility for changing

the situation does not rest only with content creators. As noted before, media

production is heavily influenced by what sells. Many people have natural thrill-

seeking instincts that incline them toward violence, risk, and rubbernecking. These

are not modern phenomena; just think of gladiator fights in the Roman Colosseum

or the spectacle of public executions throughout history.

So in many cases modern media are merely tapping into these strong, animalistic

cravings. If people weren't watching dumb stunts on TV, they might be doing their

own in real life. There may be a legitimate argument that media can serve as an

outlet for these drives. On the other hand, it seems very plausible that depictions in

media encourage more of these behaviors in real life. The net balance is unclear a

priori. Contrary to the "hydraulic theory", emotions are not fluids that build up until

released. For instance, expressing anger tends to elicit more anger. At the same

time, some drives may demand attention until satisfied; this is clearly the case for

hunger, for instance (at least until fat-burning ketosis sets in). The difficult debate

over whether porn increases or decreases sexual violence is an example of the non-

obviousness of these questions.

Because much harmful media content is driven on the demand side, legislation is

not the only answer. The situation is not just the fault of the media creators—they're

following incentives set by people's tastes. Discussion and education can also help.

So can creating new activities for young people to pursue as outlets for their energy

and status-seeking inclinations. Testosterone-driven risk-taking in the realm of

activism is much more constructive than in the realm of daredevil home videos.

Professor Lou Manza at Lebanon Valley College hypothesizes that stunt

performances are efforts to "break up the monotony" of everday existence: "We're

striving for something that gives life meaning, something beyond the ordinary."

Altruism can also give deep meaning to life. How sad that meaning-seeking urges

end up hurting people and animals rather than helping them.

While the demand side of media is important, changes on the supply side can make

a difference as well. Fred Rogers was inspired to go into television after seeing TV

violence, and in so doing, he helped millions of people become more emotionally

positive and compassionate. Many other admirable media producers have strived

for similar outcomes. When healthier content is available, it can be consumed more.

Putting priorities in perspective

The influence of media on behavior is a salient topic because most of us see and

read popular media on a regular basis. As a result, issues like I've been discussing

here receive a lot of attention already—much more than other ethical questions

concerning the Third World poor, livestock on factory farms, wild animals being

eaten alive by predators, and suffering sentient beings of the future.

I doubt that activism to change norms about media portrayals of risky behavior is

the most effective use of one's resources, unless one is already heavily engaged in

this topic or otherwise extremely passionate about it. I think my aversion to reality

TV is excessive relative to harms that animals endure every second of every day in

other ways. Nonetheless, media plays a massive role in the lives of most people in

rich countries, which makes it a powerful force for shaping social trajectories.

Warnings versus censorship

I think censorship of speech makes sense only in a very limited number of cases,

such as to remove obvious spam or malware, to prevent doxing, and to discourage

publishing without permission someone else's private data in ways that have no

journalistic merit (such as the 2015 Ashley Madison data breach). In narrow

discussion fora, one may also wish to filter content based on topic and quality. For

example, if someone posts about knitting in a forum devoted to basket weaving,

removing that post is not censorship. And if an academic journal rejects a poorly

done study, this isn't usually censorship.

I think modern court rulings on the First Amendment to the US Constitution

generally do a pretty good job carving the boundary between acceptable and

unacceptable speech. Some European countries allow for greater state control of

speech in ways that I find disturbing.

Allowing a powerful entity to choose which opinions are acceptable and which aren't

seems very dangerous, and we should maintain an allergy to that practice when it's

done not only by governments but also by large public platforms like social-media

companies. Plus, censorship may often backfire anyway, because forbidding a

viewpoint can make that viewpoint more interesting and tempting to explore. I once

read a comment that said something like: "When Facebook bans someone, that's

when I know the person is worth paying attention to." I tend to feel sympathy for the

underdog, so when mainstream orthodoxy takes action against someone for

expressing unpopular opinions or uttering Words That Must Not Be Named, I find it

makes the person seem more like a martyr, even if I still strongly disagree with that

person's actual beliefs.

One argument in favor of censorship that makes sense to me is that some readers

and viewers of content may not have enough background knowledge to

contextualize what they're presented with. For example, some people who watched

Alex Jones on YouTube may have believed everything he said, due to not being

exposed to enough information to know that many of his ideas were ungrounded.

Another example is that people who watch movies showing inappropriate behavior

may not know exactly which behavior is inappropriate. I've noticed that many

movies and TV shows, not just from the old days but even from the late 2010s,

include scenes in which one person immediately kisses the other person without

obtaining affirmative consent. Presumably the director feels this makes the kiss

more "romantic" and "passionate", but it sets a bad example that should not be

imitated in real life. It's plausible that many young men watch these scenes without

realizing that the behavior depicted is inappropriate. This is in contrast to, say,

murder scenes, since basically everyone already knows that murder is wrong.

To the extent there is demand for inappropriate behavior in media, I think a plausible

solution could be to include warnings to explain that such things should not be

imitated. This avoids censorship but also helps reduce the problem of people taking

what they see at face value. It's essentially the idea common among free-speech

advocates that the solution to "bad" speech is to counteract it with "good" speech.

The Magic School Bus TV show did something like this: the last few minutes of each

episode were devoted to explaining what parts of the story had been made up, in

order to help kids distinguish fact from fiction.

I guess this is kind of what parents are supposed to do when they watch movies

with their kids. Parents can put things in context and explain which depicted

behaviors were right and which were wrong. But in practice, parents aren't always

around to do that, so having it baked in to a movie directly could be useful. Movies

sometimes try to subtly convey this information via dialogue or the way the story

unfolds (such as when those who have misbehaved are the ones who get killed), but

this might be too subtle to be understood by the people who most need the

warnings.

Some possible problems with my proposal:

Perhaps most people would skip over the post-movie warnings and

commentary, but at least people who sincerely want to learn about such things

could do so.

Maybe adding a warning about some behavior X would just make X more

enticing to rebellious people, in a similar way as censorship makes the

forbidden content more interesting.

Who gets to decide what's inappropriate or not? This is similar to the problem

of who decides what to censor or not. Perhaps if the post-movie warnings took

the form of a discussion with people from diverse viewpoints, including

viewpoints outside of prevailing orthodoxy, this problem could be mitigated.

See also

Michael Bitton's thesis "Fiction, Fast and Slow: Narrative Media As A Tool For

Social Change"
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Response to Rosencrantz and Guildenstern are Dead

by Brian Tomasik

1 April 2005

Throughout the absurdity of Tom Stoppard’s 1967 Rosencrantz and Guildenstern 

are Dead two ideas recur:  the inevitability of the protagonists’ fate and the consequent 

futility of their existence.

The first point is perhaps best emphasized by the play’s title, which, in giving 

away the ending, causes the audience not to wonder how the characters will end up but 

merely how the action will arrive at the specified ending.  The audience thus shares the 

attitude that Ros and Guil convey of merely waiting for things to happen.  Guil states this 

sentiment explicitly:  “There’s a logic at work—it’s all done for you, don’t worry.  Enjoy 

it.  Relax.  To be taken in hand and led, like being a child again […]” (40).  For them, life

is like a script that they merely have to follow, without improvisation or independent 

thought.

Probably because of this realization, the protagonists accomplish little more than 

futile persiflage.  Though they may attempt to reach a goal—such as accounting for the 

improbable run of heads or discerning what afflicts Hamlet—they never really succeed, 

and their discussion merely dissolves into useless absurdity.  This idea is illustrated in 

one exchange between Ros and Guil:

GUIL.  Words, words.  They’re all we have to go on.

ROS.  Shouldn’t we be doing something—constructive?

GUIL.  What did you have in mind? … A short, blunt human pyramid …? (41)

When Ros attempts to point out the uselessness of verbal banter, Guil simply responds 

with more of it.
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These two characteristics—fatalism and futility—do not apply to humanity as a 

whole.  Fate does not exist in the real world (and even if it does to the extent that 

materialistic determinism is accurate, it is impossible for anyone to know it).  As a result, 

real individuals are not constrained by a predetermined future and can take actions to 

change its actual course.  Certainly, if people choose to believe that they have a particular

destiny and are helpless to change it, their existence may resemble that of Ros and Guil.  

Others may adopt the play’s attitude of futility as a means of escaping responsibility.  But

humanity does not have to trap itself in such a mentality, for—unlike Ros and Guil—real 

people can choose how they live their own lives.



HUCK FINN:  REASON VERSUS RELIGION

by Brian Tomasik

The following is the script to the stop-motion animation movie Brian made on Sunday, 16

January 2005 and Monday, 17 January 2005 for 12th-grade AP Literature and 

Composition. I moved around toy characters to act out these scenes, and later I added 

the text below in between the stop-motion segments. Each (a), (b), etc. line was one 

screen of text.

Huck sits next to the Widow Douglas after supper (Page 2):

(a) After supper she got out her book and learned me about Moses and the Bulrushers, 

and I was in a sweat to find out all about him; 

(b) but by and by she let it out that Moses had been dead a considerable long time;

(c) so then I didn’t care no more about him, because I don’t take no stock in dead people.

Huck and Miracles (Pages 10 to 11):

(a) Miss Watson she took me in the closet and prayed, but nothing come of it.

(b) She told me to pray every day, and whatever I asked for I would get it.

(c) I set down one time back in the woods, and had a long think about it.  I says to myself,

if a body can get anything they pray for, why don’t Deacon Winn get back the money he 

lost on pork?  Why can’t Miss Watson fat up?

(d) No, says I to myself, there ain’t nothing in it.

Huck with the Grangerfords (Page 109)

(a) Next Sunday [the Grangerfords] all went to church […].  The men took their guns 

along, […] and kept them between their knees or stood them handy against the wall.  The

Shepherdsons done the same.

(b) It was pretty ornery preaching—all about brotherly love, and such-like tiresomeness; 

but everybody said it was a good sermon, and they all talked it over going home […].

The king scams the camp-meeting crowd (Pages 131 to 132)

(a) [At the Pokeville camp meeting,] the preacher begun to preach, […] and went 

weaving first to one side of the platform and then to the other, […] and shouting his 

words out with all his might […].

(b) Well, the first I knowed, the king got a-going, […] he went a-charging up onto the 

platform, and the preacher he begged him to speak to the people, and he done it.

(c) He told them he was a pirate—been a pirate for thirty years out in the Indian Ocean—

[…] and, poor as he was, he was going to start right off and work his way back to the 

Indian Ocean, and put in the rest of his life trying to turn the pirates into the true path 

[…].

(d) [S]omebody sings out, “Take up a collection for him, take up a collection!”  […] So 

the king went all through the crowd with his hat, swabbing his eyes, and blessing the 

people […].

Tom’s Religion (Pages ?)
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(a) Huck:  Well then, if we don’t want picks and shovels [for digging out Jim], what do 

we want?

(b) Tom:  A couple of case-knives.

(c) Huck:  To dig the foundations out from under that cabin with?

(d) Tom:  Yes

(e) Huck:  Confound it, it’s foolish, Tom.

(f) Tom:  It don't make no difference how foolish it is, it's the right way—and it's the 

regular way. And there ain't no other way, that ever I heard of, and I've read all the books 

that gives any information about these things.

Ending quote:

Ours is a terrible religion. 

-Mark Twain, 1906



“Heart of Darkness” and Apocalypse Now

by Brian Tomasik

fall 2004(?)

What follows is an outline which I prepared for an in-class response to this question:  “Is 

Apocalypse Now a modern-day adaptation of ‘Heart of Darkness,’ or is it merely a series of 

allusions thereto?”

Thesis:  The film is an adaptation of the story, but a very loose one.

There are several overt allusions:  (1) imperial control of savages in the jungle (2) 

protagonist pursues Kurtz on a ship that traverses a serpentine river (3) savages kill a crew 

member (4) blow siren to scare away savages (4) Kurtz’s native followers, raggy 

man/photojournalist, skulls on posts (5) Kurtz is poetic and revered as a God; people don’t talk 

to him but rather, listen to him (6) Kurtz, skilled at what the establishment had wanted him to do,

is now called unsound by the establishment (7) Kurtz dies, “The horror” (8) narrator hates lies.

But there are also many parts of Apocalypse Now that contrast with or seem completely 

disconnected from “Heart of Darkness”:  (1) Willard sent involuntarily to kill; Marlow goes 

voluntarily and is driven by curiosity and awe at Kurtz’s eloquence (2) movie has nothing to do 

with ivory, starving African, sick African, lying to Kurtz’s wife; story has nothing to do with 

bombing Vietnamese village, massacre of the Vietnamese on the boat, Playboy bunnies, 

firework-like shootout (3) Marlow watches Kurtz die; Willard murders Kurtz.

Those factors are what make the story only a loose, liberal remake.  But it is a remake 

because it does not just involve allusions of characters, settings, events, but also themes and 

moods:  (1) The central theme of both is the dark side of the human heart.  Both endeavor to 

show how isolation from society, the carnage of war, and the “darkness” of the jungle can 

transform a person from kindly to savage.  Both Kurtzs started out normal, but through the 

senselessness of war and brutality of the jungle, they end up the conceited rulers of a group of 

natives who revere them as Gods.  Both also flatter themselves with heads on sticks, showing 

that they have lost their sense of moral repugnance.  By the end, both see the best solution as 

killing all of the natives, not transforming them for the better.  The horror that both Kurtzs see as 

they die is the horror in their own hearts of darkness, as they realize the terrible side of all human

souls.  (2) The film is a journey for the protagonist to confront this and to be driven onward.  

They are afraid of what they will find, but they are impelled by a need to confront him.  (Could 

this be similar to man’s need to confront his inner fears and his inner evil?)  The protagonists 

think that they might succumb to Kurtz’s power, and they find that they themselves harbor some 

darkness (Willard when he kills Kurtz as savagely as Kurtz kills others; Marlow when he lies?)  

(3) In their main theme—the dark side of human nature—both works capture the same idea.  

This fact is enough to justify the label of adaptation for Apocalypse Now, because it makes the 

movie more than simply a collection of allusions as mere inclusion of factual references would.

http://www.sccs.swarthmore.edu/users/09/btomasi1/


Brian Tomasik 

Essay on Owen Meany 

14 October 2004 

 

 

 There are two principal attitudes that people can adopt toward the events that impact their 

lives.  The first is to actively respond to one’s circumstances, by striving to change unfavorable 

conditions and to participate in meaningful pursuits.  The second is to view oneself as a passive 

spectator who can simply wait for others to get things done.  John Irving contrasts these two 

positions in his novel, A Prayer for Owen Meany; in contributing to activities, responding to 

injustice, and even fulfilling one’s own fate, Owen is clearly an active leader while John is 

consistently a passive follower. 

 Though he is a short, mouse-like boy with an unusual voice, Owen Meany—the son of a 

granite quarrier and the friend of John, the narrator—takes charge from the beginning of the 

novel.  Throughout preparations for the annual Christmas pageant, Owen voices his opinions 

forcefully and effectively on everything from who should play the part of Mary to what animals 

should be present in the manger; John merely accepts the part of Joseph that Owen recommends 

for him.  Owen likewise takes center stage in the Gravesend production of A Christmas Carol, 

even though he only plays the small part of the Ghost of Christmas Yet to Come; John, on the 

other hand, merely watches the rehearsals.  Sneaking into the Gravesend-Academy dorm rooms 

during winter break and trying on the “beetleskins” is Owen’s idea; John just goes along with 

him.  Owen helps John with his homework, teaches John to overcome his dyslexia, and even 

writes many of John’s papers, all at the same time that he himself excells to the position of 

valedictorian.  With Owen always in charge, John has little need or opportunity for learning to 

act on his own. 



 The sharp contrast between the characters is further evident in their responses to policies 

that they dislike.  Through his editorials for The Grave, Gravesend Academy’s student 

newspaper, Owen succeeds in effectuating one change after another, from the serving of non-fish 

meals on Fridays to the eventual removal of the new headmaster, Mr. White.  He is not afraid to 

protest the transfer of morning meetings from Hurd’s Church to The Great Hall by putting Dr. 

Dolder’s car on the stage, or to demonstrate the effect of his dismissal with the headless statue of 

Mary Magdalene.  All the while, John does nothing to impact Gravesend Academy, nor does he 

bring about any policy changes later in life.  Indeed, in Canada, John reads the news as if it were 

a dangerous addiction, as if he were helpless to do anything but watch the actions of the Reagan 

administration.  Not once does John decide that he will endeavor to change the policies that he 

despises, to take whatever steps he can to make things better. 

 The same sort of resistance to action that inhibits John’s political efforts is also central to 

his conception of fate.  John seems to think that foretold events will occur all by themselves 

without his involvement.  This at least appears to be the case, given that John is lackadaisical 

even in his efforts at finding his own father.  Indeed, it is Owen who leads the search, finding out 

about The Orange Grove and talking with the former singing instructor for John’s mother.  Owen 

applies even greater sedulousness to ensuring that his dream, saving Vietnamese children at the 

expense of his own life, comes true:  in spite of physical barriers and the opposition of John and 

Hester, Owen succeeds in being assigned to Vietnam.  Unlike his supine friend, Owen believes 

that predestined events do not happen all by themselves, that people have to actively strive to 

make them come true. 

 Near the end of the book, John explains that he loves the study of literature because it 

only requires listening to what other people have to say; in fact, that idea of merely looking at 



what others are doing could describe John’s whole life.  He does not assume leadership in 

activities, he does not involve himself in reforming the political policies that he detests, and he 

does not act to ensure that predicted events actually come about.  Instead, John largely just 

watches Owen as Owen succeeds in accomplishing all of those things and more.  In illustrating 

this sharp contrast between his two main characters, Irving encouraged his readers to think more 

deeply about the extent to which they themselves are passive or active toward their lives. 



Brian Tomasik 

Literary Analysis of “Bartleby the Scrivener” 

14 September 2004 

 

 

 Death is one event that everyone will eventually face.  Yet, people have adopted a 

number of different attitudes toward it.  Some choose to forget about it; others constantly fear it.  

Some regard it as a reminder to live every day to the fullest; others consider it a reason to stop 

caring.  That last position was the one accepted by Bartleby, one of the central characters in 

Herman Melville’s short story, “Bartleby the Scrivener.”  Through his descriptions of Bartleby’s 

behavior and possible former occupation, Melville suggests that Bartleby’s aberrance stems from 

an overpowering belief that nothing in life actually matters. 

 The most solid evidence as to the origin of this apathy comes from the rumor that the 

narrator relates at the end of the story:  Bartleby reputedly worked in the Dead Letter Office in 

Washington, where he burned mail that could not be delivered or returned.  The dead mail might 

include “a bank-note sent in swiftest charity—he whom it would relieve, nor eats nor hungers 

any more; pardon for those who died despairing; hope for those who died unhoping; good tidings 

for those who died stifled by unrelieved calamities.  On errands of life, these letters speed to 

death” (994).  Melville’s examples illustrate the impact that the Dead Letter Office may have had 

on Bartleby:  day after day, he saw how all of the “errands of life” that people work so hard to 

carry out become meaningless once death arrives.  Thence, Bartleby would have concluded that 

it is foolish to lead an active life when everything that we could ever accomplish will be nullified 

by death. 

 In view of this explanation, Bartleby’s manner of “pallid hopelessness” (994) begins to 

make more sense.  Bartleby lives in the narrator’s office (980), and “he never went anywhere” 

(977).  “[H]e eats nothing but ginger-nuts,” notwithstanding the “hot, spicy” nature of ginger 



contrasts sharply with his “passive” personality (977).  Bartleby will not check the documents 

that he transcribes (975), and he soon refuses to even copy documents, because his eyes have 

become “dull and glazed” (984).  Whenever the narrator beseeches Bartleby to perform his 

duties as a scrivener, the reply is invariably, “I would prefer not to” (975).  Bartleby’s 

eccentricities are the symptoms of an overwhelming indifference toward life; during his “dead-

wall reveries” (982), Bartleby stares out of a window at a blank wall, simply waiting for death to 

come. 

 Melville intimates that Bartleby’s reported service in the Dead Letter Office led to his 

withdrawal.  From his bland diet to his refusal to move out of the narrator’s office, Bartleby’s 

behavior evinces a fundamental lack of excitement or concern for the “errands of life” that, he 

believes, will not matter after death.  While the story’s narrator did not appear to accept 

Bartleby’s hopeless view of life, he did ultimately recognize the inevitability of death for us all 

when he cried, “Ah, Bartleby!  Ah, humanity!” 



Literary Analysis of “The Chrysanthemums”

by Brian Tomasik

14 September 2004

The weather, like human emotion, is universal and omnipresent.  Just as attitudes can 

change in different settings, the weather can vary from one place to another.  John Steinbeck 

recognized these parallels in his 1937 short story, “The Chrysanthemums,” when he used the 

foggy winter weather of the Salinas Valley to mirror Elisa Allen’s inner feelings.

Those feelings are predominantly ones of loneliness and isolation.  Elisa lives on a ranch 

with a husband, Henry, who does not understand her sentiments; for example, when Elisa shows 

Henry her chrysanthemum plants, he does not praise her flowers but instead wishes that she 

would apply her gardening abilities to the orchard (1224).  This husband is Elisa’s primary 

source of human interaction, for most of the visitors to the remote ranch—including the Western 

Meat Company men—speak with Henry, while Elisa watches from her garden (1223).  Elisa 

indicates her desire to travel beyond this lonely place when she tells the traveling tinker that “I 

wish women could do such things” as moving from town to town and sleeping in one’s wagon 

(1228).  The tinker’s visit gives Elisa a taste of life beyond the ranch, making the Salinas road on

which the tinker travels represent to Elisa the outside world, full of new people and new 

experiences.  

Elisa’s attitudes toward these two places—her ranch and the Salinas road—is reflected in 

and reinforced by the weather.  Elisa sees the ranch, which lies within the Salinas Valley, as 

enclosed by drabness:  “The high gray-flannel fog of winter closed off the Salinas Valley from 

the sky and from all the rest of the world.  On every side it sat like a lid on the mountains and 

made of the great valley a closed pot….[T]here was no sunshine in the valley…” (1223).  In 

contrast, the Salinas road’s “willow-line was still yellow with frosted leaves so that under the 

http://www.sccs.swarthmore.edu/users/09/btomasi1/


high gray fog there seemed a thin band of sunshine.  This was the only color in the gray 

afternoon” (1229).  Furthermore, the tinker described his life of travel as being guided by the 

“‘aim to follow nice weather,’” to which Elisa affirmed, “‘[t]hat sounds like a nice kind of way 

to live’” (1225).  This desire to follow bright and colorful weather is the same as the desire to 

seek out new and interesting experiences.

Elisa is tired of her monotonous and isolated ranch life and dreams of new experiences—

which she begins to find in the tinker’s brief visit.  Steinbeck illustrates the drabness of the 

Salinas Valley by describing it as enclosed by fog; meanwhile, he reinforces the attractiveness to 

Elisa of a life of travel in depicting the Salinas road as the only source of bright color.  Elisa’s 

sentiments are reinforced by their illustration in a similar phenomenon, the weather, that is 

familiar to us all.



Review of Silas Marner 

Brian Tomasik 

Summer 2004 

 

 The purpose of required reading assignments is to introduce students to works of writing 

that they would not otherwise be likely to explore.  Silas Marner:  The Weaver of Raveloe 

(1861), written by Mary Anne Evans under the nom de plume of George Eliot, is one such work.  

The novel’s age and reputation for dullness may inhibit many potential readers from absorbing 

the book’s unique setting, literary creativity, and hopeful message, thence making Silas Marner a 

good choice for mandatory reading. 

 Eliot’s work is probably best known for its demonstration of the difference between 

perceived and genuine happiness.  The protagonist, Silas Marner, grew up in Lantern Yard, 

where he was an active and respected member of a religious community.  However, after being 

framed for a theft and refusing to admit his culpability, Marner is forced to leave Lantern Yard.  

He heads for the rural village of Raveloe, where he becomes a solitary weaver, aloof from his 

neighbors and his past.  With nothing else to fill his emotional hollowness, Marner begins to 

obsessively crave the gold that he earns from his work, and he counts it every night after dark.  

When the gold is stolen, Marner’s perceived emotional fulfillment collapses, and his actual 

internal barrenness is once again exposed.  Marner might have remained in this state for the rest 

of his life were it not for a child that appeared on his hearth.  By adopting the young girl, Marner 

connected to his neighbors, regained his sense of religious faith and purpose, and restored the 

genuine happiness that he had not felt since his days at Lantern Yard.  Thus, Eliot’s novel leaves 

readers with a spirit of hope, by exhorting them to seek out those aspects of life that truly matter 

and by reminding them that it is never too late to change and grow. 



 In addition to an inspiring message, Silas Marner offers readers fascinating insights into 

the society of England in the early 1800s.  The novel portrays the superstitions and beliefs of the 

rustic lower class, such as widespread distrust of foreigners, apprehension over the influence of 

the devil, and unshakable faith in the rightness of God.  Also evident is the marked contrast 

between the rich and the poor, which manifests itself in disparate levels of education, forms of 

dress, and modes of speech.  Even transportation is a sign of class, as the wealthy Dunstan Cass 

was embarrassedly aware when his horse was killed and he was temporarily forced to walk on 

foot. 

The feature of nineteenth-century England that the book demonstrates most strikingly, 

however, is its grandiloquence, at least among the aristocracy.  Eliot’s sentences routinely exceed 

one hundred words, and her patterns of expression often seem intentionally prolix.  For example, 

instead of simply explaining that Dunstan lied just for fun even when he was not likely to be 

believed, Eliot wrote that his “delight in lying, grandly independent of utility, was not to be 

diminished by the likelihood that his hearer would not believe him…”  Similarly, Eliot gave the 

age of the Raveloe parish clerk not as “86” but as “fourscore and six.”  This writing style, while 

verbose, permits enjoyable creativity in expression that is largely absent from the concise prose 

of the present day.  And Eliot’s creativity is also evinced by the wealth of figurative language 

that she invents.  For example, Marner’s surprising entrance into the local bar is illustrated by the 

statement that the men’s “long pipes gave a simultaneous movement, like the antennæ of startled 

insects.”  Eliot likewise employed an effective simile in explaining the personality of Squire 

Cass:  “he made resolutions in violent anger, and he was not to be moved from them after his 

anger had subsided—as fiery volcanic matters cool and harden into rock.” 



 Some students may not enjoy Eliot’s creative and challenging use of language, but her 

style is one with which everyone should at least be somewhat familiar.  In addition, Silas Marner 

offers rich historical insight into life two hundred years ago, as well as the lesson that it is never 

too late to reform oneself.  Therefore, Silas Marner should be a mandatory book, so that students 

who would not otherwise consider reading it will have exposure to those aspects that make it 

unique and worthwhile. 



Task 

 Please write a short (but detailed) review of this novel (about two typed pages) in which 

you address this question:  “Should this novel be mandatory reading for next year’s AP class?” 



Brian Tomasik  

Final Project Presentation Text 

Spring 2004 

 

Task 

 Prepare a five-to-seven-minute presentation on stanzas 86 to 89 of 

the Fifth Edition of Edward FitzGerald’s translation of Rubaiyat of 

Omar Khayyam. 

 

 

Presentation Text 

 What’s the first thing that comes to your mind when you see clay 

pots?  Chances are, it isn’t the Rubaiyat of Omar Khayyam. 

 But stanzas 82 through 90 of that poem by Edward FitzGerald are 

all part of an extended metaphor involving pottery.  The “potter” 

represents God, and the clay “pots” are God’s creations.  These symbols 

obviously operate upon the idea that God shapes and molds human 

beings according to His own plans.  But they also play off of a 

secondary meaning of the word “clay”:  the mortal human flesh as 

distinguished from an immortal spirit or soul, a body that is considered 

to serve the purposes of a divine creator. 

 Stanza 86 makes use of this metaphor by introducing an 

“ungainly” vessel that leans “awry”—in other words, a clumsy pot that 

is twisted to one side.  It wonders if the “Hand […] of the Potter” was 

shaking when it was made, meaning that God accidentally deformed one 

of His creations.  The pot in stanza 88 seems to go further with this idea, 

relating rumors that God will send to hell “The luckless Pots he marr’d 



in making.”  However, this pot soon dismisses the idea, on the basis that 

God is a “Good Fellow” who would never do such a thing.  This 

reassurance may follow from the conclusion in stanza 85 that God would 

never “destroy” a person that he spent so much time creating. 

 This discussion of God and His creations is irritating to the pot in 

stanza 87, which asks, “Who is the Potter, pray, and who the Pot?”  This 

question may make more sense upon closer examination of the pot that 

proposed it, which the poem describes as a “Sufi pipkin.”  A “pipkin” is 

a small, earthen pot; a “Sufi” is a member of an ascetic Muslim mystical 

sect.  The word “Sufism” (SOO fizm) comes from the Arab word suf, 

meaning “wool,” the material the early Muslim mystics used for their 

clothing.  The movement emerged out of a desire to maintain a personal 

relationship with Allah (ALL uh), and its ultimate goal is to reach fana 

(fih NUH), an ecstatic state of union with God.  This is achieved through 

the extirpation of one’s own desires in favor of the divine will.  (Now, 

I’ll illustrate this with a symbolic demonstration.  The water in this glass 

represents God; each granule of brown sugar represents a Sufi on the 

path of unity with his or her creator.  When the sugar crystals are stirred 

with this spoon, they are excited into a state of ecstasy that leads them to 

“dissolve” into the greater divine being.)  In addition to stressing 

mysticism, Sufism holds that all people and all aspects of nature are 

direct reflections of their heavenly creator.  Based on these beliefs, then, 

when the pipkin asked who is God and who are His creations, it may 



have been suggesting that it is impossible to distinguish one from the 

other, for both are part of the same, unified whole. 

 This idea of losing one’s individuality during moments of ecstasy 

is an important part of those qualities attributed to Dionysus.  Sufism is 

Dionysian in other ways, as well:  it emphasizes emotion and intuition 

and the guidance of inner light, and it rejects adherence to the dictates of 

tradition or reason.  Omar Khayyam himself was a devout Sufi, and his 

Dionysian tendencies are evident throughout the poem.  For example, in 

stanza 55 Omar Khayyam declares that he “Divorced old barren Reason 

from my Bed, / And took the Daughter of the Vine to Spouse.”  In other 

words, he gave up the rational restraint of Apollo and embraced 

Dionysus—who was, after all, the god of wine. 

 The pot in stanza 89 expresses similar Dionysian desires.  It 

explains how its age and impending death have drained it of energy and 

strength but also how it “might recover by and by” if it were filled “with 

the old familiar Juice.”  Here, the word “Juice” takes on two meanings.  

First, it implies “essence” and “vitality,” as in “the juice of life.”  

Second, it refers to alcohol.  Thus, the pot in stanza 89 wishes to drink in 

its final days of existence in the same way that Omar Khayyam requests 

in stanza 91 that someone “with the Grape my fading life provide.” 

 All four of these pots made some kind of statement about the 

nature of the “potter.”  The “ungainly” vessel from stanza 86 showed 

that not all of God’s creations are perfect.  The pot from stanza 88 



reassured itself with the idea that God was a merciful being who would 

not destroy his mistakes.  The pipkin from stanza 87 rejected distinctions 

between God and the world He created.  The pot from stanza 89 made 

no direct reference to its creator, but its age and weariness might suggest 

that God does not want people to have eternal youth and vitality.  The 

issues that the pots raise are not trifling details; to the contrary, these 

very questions have been debated by theologians from every religion 

throughout history.  

 



Brian Tomasik 

Analysis of Two Movies 

Summer 2004 

 

 Our lives are shaped by our definitions of what is important.  The decisions we make, the 

priorities we set, the opinions we hold, and the lifestyle we adopt all stem from our own 

conceptions of what is most worthwhile.  This idea is demonstrated in two black-and-white 

movies from roughly the same time period:  Mr. Smith Goes to Washington (1939), directed by 

Frank Capra, and Citizen Kane (1941), directed by Orson Welles.  In each film, a central 

character spends most of his life concerned with wealth, prestige, and power—only to realize 

that, in the end, it is concern for one another that truly matters. 

 In Mr. Smith Goes to Washington, that character is Joseph Paine, an inveterate senator 

from Montana.  Though he entered Washington with idealistic hopes for change, Paine soon 

found it necessary to bow down before the interests of political-machine boss Jim Taylor if he 

wished to preserve his Senate seat from ruthless assault by the newspapers and radio stations that 

Taylor controlled.  Paine supports the appointment of boy-scout hero Jefferson Smith to fill the 

seat of his recently deceased Senatorial companion, in the hopes that Smith’s inexperience and 

naïve patriotism will prevent him from discovering Taylor’s plan for graft on Montana’s 

Willamette Creek.  When Smith happens to introduce a bill for the construction of a boys’ camp 

on that very same creek, Taylor forces Paine to bring falsified charges of corruption against 

Smith, who filibusters in order to delay his expulsion from the Senate and tell his side of the 

story.  Near the end of his protracted speech, a haggard Smith reminds Paine of his youthful 

conviction that “lost causes” are the only causes worth fighting for.  After Smith collapses on the 

floor of the Senate chamber, Paine’s guilt and mercy overcome him, and he runs out of the room, 

loudly proclaiming the veracity of Smith’s charges against him. 



 Up until this point, Paine was mostly concerned with himself:  he knew that the 

elimination of Smith was the only way to protect his own power and reputation against Taylor’s 

falsified propaganda and against Smith’s truthful allegations.  But the sight of Smith—weary and 

exhausted, yet determined to continue—was so moving to Paine that he was forced to change his 

priorities.  Whether he maintained his Senate seat or lost it was inconsequential, he realized, by 

comparison to the to the lives of thousands of boys who would be profoundly impacted by his 

actions.  Whether his reputation was preserved or tarnished was trivial, he realized, when 

compared against the ability of dedicated citizens to succeed in the face of corrupt special 

interests.  It was the inspiring spectacle of one man with the courage to stand up against all odds 

that finally allowed Paine to understand that it was Smith’s cause that was truly important. 

 Citizen Kane involves a similar realization.  To an even greater extent than Paine, this 

film’s protagonist, Charles Foster Kane, devotes his life to the pursuit of power and prestige.  He 

is able to mold public opinion through the broad readership of his New York Inquirer.  He plays 

an instrumental role in the American declaration of war on Spain in 1898.  He dominates his 

second wife, Susan, and forces her to become an opera singer against her will.  And he orders the 

construction of Xanadu, a colossal palace filled with rare animals and works of art.  Yet, Kane 

remains unhappy and restless, and every new attempt to seek fulfillment leaves him feeling even 

more hollow inside. 

As he dies alone in his bed, Kane utters one last word—“Rosebud,” the name of the sled 

he owned as a small child before his parents sent him away to boarding school in the East.  It 

was at this moment that Kane realized what had been most important in his life and what he had 

been missing all along:  his sled and all that the sled represented—love and attention from his 



parents, freedom from obligation, and a place where he could truly belong—all of which had 

been taken away from him at an early age. 

Both Mr. Smith Goes to Washington and Citizen Kane involve the discovery that a 

meaningful life comes not from power or fame or wealth but, rather, from love and family and 

concern for something higher than oneself.  And while each film was uniquely extraordinary in 

portraying this, I preferred Capra’s style.  Welles conveyed his message with a dark and dismal 

tone, and he seemed to imply that one cannot understand the valuable parts of life until it is too 

late, until the moment of death has arrived (indeed, the living reporters had no more luck in their 

search for the meaning of “Rosebud” than Kane himself did during his lifetime).  Capra, in 

contrast, demonstrated that there is still time for people to change.  Instead of leaving viewers 

pessimistic, Mr. Smith Goes to Washington is inspirational in its message that political reform 

will come only from the hard work, persistence, and motivation of aroused citizens. 



Brian Tomasik 

Due:  2 April 2004 

 

 

THE PROMPT 
 Discuss your reaction to 1984. What commentary does the book have to make on modern 

American society today?  

 

 

THE JOURNAL ENTRY 

There are countless elements of George Orwell’s 1984 that could serve as 

the basis of interpretation and discussion, from the erasure of history to the 

indifference of the proles to the elimination of sexual pleasure.  One category ripe 

for analysis is the extent to which the tactics of control employed by the Party exist 

in our contemporary society—whether it’s the deliberate evocation of fear and 

hatred of an enemy or the maintenance of “perpetual war” at the expense of the 

material comfort and standard of living of the general population.  However, I 

intend to focus this discussion on two instances of Orwell’s apparent rejection of 

modern, liberal, or radical ideas in favor of traditional beliefs and established 

practice. 

The first is Orwell’s seeming defense of absolute rather than relative truth.  

Winston—and, by extension, Orwell—adamantly defended the objective existence 

of reality (until his experience in the Ministry of Love, of course).  Two plus two, 

maintained Winston, must always equal four.  O’Brien, on the other hand, 

expressed the (ostensible) relativism of the Party when he declared that reality 

exists only in the mind, not concretely in space.  By rejecting objective truisms in 

favor of subjective judgments, Orwell seemed to be saying, the Party was able to 

portray its own assertions as reality. 

This attack on the relativism of truth is, however, fundamentally flawed.  

Genuine belief in the relativity of truth inherently entails the understanding that no 

single doctrine can be regarded as absolute, that differences in perception lead to 



differences in belief.  Even the most seemingly universal of human values is 

recognized by true relativists as the result of the nearly identical environment, 

genetics, and biology that all humans share; for example, the truth of the 

expression 2 + 2 = 4 is only widely accepted because almost everyone adheres to 

the same conception of numbers and addition.  Consequently, when the Party 

enforces its dogma with unyielding severity, as in the Ministry of Love, it is 

demonstrating anything but the toleration and open-mindedness that must 

invariably accompany relativism.  Indeed, its actions evince a rigid adherence to 

absolutism of truth—perhaps not the instinctive, seemingly self-evident truisms 

defended by Winston, but absolute truth nonetheless.  O’Brien states this very 

explicitly:  “Whatever the Party holds to be truth is truth.  It is impossible to see 

reality except by looking through the eyes of the Party” (205).  Thus, where Orwell 

condemns relativism, he should actually be inveighing against the dangers of 

corrupted, perverted absolutism. 

The second instance of Orwell’s repudiation of modern ideas is his assault 

on the rationalization of human-designed systems of expression.  Winston 

sympathized with the old prole man in the bar who asked for a pint instead of a 

liter or half liter (75), indicating Orwell’s contempt for the metric system.  Orwell 

more extensively assails the simplification of the English language in the form of 

Newspeak.  I wholeheartedly agree with Orwell’s caution against chipping away at 

the number and complexity of words, for it is precisely the rich vocabulary of 

English that makes it such an expressively powerful language.  But Orwell was 

mistaken to tie the reduction and sterilization of vocabulary with other aspects of 

Newspeak that make rational sense and do not restrict the range of potential 

thought.  The sensible replacement of “bad” with “ungood,” for example, is really 

a harmless change.  All that the switch has to entail is an alteration of spelling; all 

of the complexity and depth of meaning associated with the old word could ideally 



be transferred to the new word.  And the change could come without 

compromising the wealth of synonyms that the original word possessed.  

Furthermore, such standardized grammatical rules as pluralization exclusively 

through the addition of “-s” or “-es” (so that, for example, “women” would be 

expressed as “womans”) would involve no constriction of thought capacity or 

expressiveness whatsoever.  I understand that the purpose of Newspeak as Orwell 

described it is, indeed, to strip away complex meaning and “superfluous” 

synonyms in order to render thoughtcrime impossible.  But Orwell’s sweeping 

assault on language simplification in all forms seems to ignore the potential 

benefits that certain aspects of it could have.  By making spelling, grammar, and 

words themselves more systematic and logical—without diminishing vocabulary 

or complexity of meaning—it might actually become easier to express intricate and 

heretical ideas, inasmuch as the broad spectrum of verbal choices would become 

more readily accessible. 

1984 is one of my favorite novels of all time.  It is replete with ideas of 

amazing insight and novelty that a reader cannot help contemplating.  This 

criticism of two of my interpretations of Orwell’s ideas is but one example of this 

fact. 

  



Brian Tomasik                    

Due:  1 June 2004 

 

 

THE PROMPT 

Write about one of the Cyrano de Bergerac quotes given out in class 

Thursday.  You may write about more than one if you wish. 

 

 

THE JOURNAL ENTRY 

 The version of Edmond Rostand’s Cyrano de Bergerac from which I took 

my quote was translated by Gladys Thomas and Mary F. Guillemard; I found it 

online within the Project Gutenberg website (http://www.gutenberg.net/).  It was 

not the translation we read in class, but it seemed quite well written nevertheless.  I 

chose a passage from Act 1, Scene IV, in which Cyrano argues with “The Bore” 

over the length of his nose.  After the desperate Bore calls Cyrano’s nose “small, 

quite small—minute!” Cyrano fumes at the poor man: 

 

 'Tis enormous! 

   Old Flathead, empty-headed meddler, know 

   That I am proud possessing such appendice. 

   'Tis well known, a big nose is indicative 

   Of a soul affable, and kind, and courteous, 

   Liberal, brave, just like myself, and such 

   As you can never dare to dream yourself, 

   Rascal contemptible!  For that witless face 

   That my hand soon will come to cuff—is all 

   As empty. . . […] 
 —of pride, of aspiration, 

   Of feeling, poetry—of godlike spark 

   Of all that appertains to my big nose,  

 As. . .what my boot will shortly come and kick! 

 

 



 It is ironic that Cyrano calls himself “affable, and kind, and curteous” at 

the very moment he is punching and kicking someone and hurling cruel invectives.  

Cyrano’s perception of himself as a noble and righteous man at the same time that 

he is nasty, insulting, and gratuitously abusive to those he meets is, I find, one of 

the most aggravating and dislikable aspects of his personality. 

 

 Yet, however hypocritical he may have been when he uttered it, Cyrano’s 

statement contains a large degree of truth.  The “big nose” of which Cyrano speaks 

should not be interpreted in the literal, physiological sense.  Rather, it should be 

understood to mean those hardships which arise from the possession of such an 

“appendice,” namely teasing, social rejection, and—in Cyrano’s case—the 

inability to attract women.  A person with a large nose understands how it feels to 

be mocked and disrespected, and it is this understanding that should (theoretically) 

cause the person to act with kindness and courtesy.  A person with a large nose has 

had to learn to defend himself or herself, instilling a degree of bravery and pride 

that would not have otherwise existed.  A person with a large nose has sunken to 

the lowest depths of despair but has also risen to the greatest levels of joy, for it is 

only by enduring pain or anger or sadness that one can feel comfort or sympathy or 

happiness.  Such breadth of emotion imbues one’s soul with “feeling, poetry,” with 

the ability to see each day not as one more dull, monochromatic experience but as 

a series of lively, colorful events—whether painful or joyous.    

 

It is unfortunate that Cyrano does not display many of the positive qualities that he 

professes to have.  Perhaps the hardship of wearing an enormous nose has been 

outweighed by other, enviable characteristics:  consummate swordsmanship and 

eloquence, for instance.  Yet, Cyrano’s distress at being unable to woo Roxane is 

one time when his pride is challenged.  And, one might argue—based on Cyrano’s 



respect toward Christian, in spite of his envy—that it was precisely when Cyrano 

was humbled that he acted with greatest nobility.  

 



Brian Tomasik                

Due:  3 March 2004 

 

 

The Prompt 

Give your initial reactions to 1984. What connections do you see between the 

world today and the world Winston inhabits in the novel? 

 

 

The Journal Entry 

 Ultimately, a powerful novel is created not so much through particulars of 

setting, characters, or events; it is created through those themes or implicit 

messages that transcend time and place.  George Orwell’s 1984 is continues to be 

popular (it has long been one of my favorite novels) not because it has become 

literally true:  the world has not become three colossal nation-states, our lives are 

not constantly monitored through telescreens, the government is not a vast 

totalitarian conspiracy that vaporizes anyone who has a rebellious thought.  

Instead, it is the overriding commentary on human nature and the natural 

tendencies of governments revealed through these details that make 1984 such an 

enduring work. 

 

One ubiquitous theme throughout 1984 is how easily most people will accept 

whatever they are told.  Most of the Party members, Mr. Parsons for instance, are 

awed by the statistics of the Ministry of Plenty on the amazing surpluses achieved, 

yet they fail to combine this with their own experience of inadequate rations and 

shortages.  The proles do not even require impressive data to remain pacified; they 

are content with the coarse pornography and violence provided to them by the 

Ministry of Truth.  It is a natural human tendency to wish to remain content in 

ignorance, one that transcends culture and historical period.  And even though this 

ignorance in our society is not the result of a massive government plot to 

tranquilize the masses, it has similar effects. 



 

Another element of reality that Orwell understood well is the potential for 

governments to use fear and hatred to inspire blind “patriotism.”  In the Two 

Minutes Hate, the telescreens warn of the organized threat of one man—Emmanuel 

Goldstein—and his Brotherhood to the peace and security of the people of 

Oceania.  The fear and outrage incited in viewers is then channeled into comfort 

and love for the leader capable of protecting them—Big Brother.  Orwell 

recognized the universal power of fear and hate to seize control of people’s actions 

and the almost irresistible temptation of governments to take advantage of that fact.  

The current threats posed by international terrorism are certainly not completely 

baseless, but the way the Bush administration has amplified the concern far beyond 

its real level demonstrate that it, too, understands the capacity of fear to create 

impulsive support for the person in power. 

 

One other interesting aspect of Orwell’s novel is the way the government of 

Oceania attempts to pretend that its alliances have never changed—that Eurasia has 

always and will always represent pure evil and that Eastasia has been and will 

always be an ally.  Although the US government made no orchestrated effort to 

burn all historical records and rewrite the recent past, it was conspicuously silent 

on the fact that the US had allied with—and allowed its corporations to sell 

weapons to—Iraq throughout the 1980s, when it was our ally against Iran.  When 

Bush declared US intentions to begin military operations in Iraq, he spoke as if 

Iraq was, and had always been, our avowed enemy.  This idea relates to a concept 

Noam Chomsky (who was highly influenced by Orwell) has articulated to explain 

such ignorance of the past even by intellectuals who should know better:  the 

“doctrine of change of course.”  Chomsky argues that this theory is invoked every 

few years by ruling elites to claim that because we are entering a new and 



enlightened period, we can forget all of our mistakes in the past.  It may not be the 

complete destruction of all past records as in 1984, but the basic purpose is the 

same:  to discourage people from learning from the past in shaping the future. 

 

This is one more example of the way George Orwell’s novel endures not because 

of its accurate portrayals of the specific details of modern society but because those 

specific details outline a broader, universal view of the nature of people and 

politics.  
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An Abridged Version of the First Half of George Orwell’s 1984α 
 

ONE 

 

SUMMARY:  Description of surroundings, government, and telescreens.  Winston begins a 

journal.  Winston recollects an event at the Minitrue in which, after the Two Minutes Hate, he 

met eyes with O’Brien.  Winston has committed thoughtcrime and hears a knock on the door. 

 Winston Smith, 39, lives on the seventh floor of Victory Mansions (5).  Because of his 

varicose ulcer above his right ankle, he had to climb the stairs slowly (5).  On the walls of the 

building are huge posters of a black-mustachio’d face, captioned with “Big Brother Is Watching 

You”; the eyes follow anyone walking past (5). 

 In his flat, Winston has a telescreen, which can be turned down but never shut completely 

off (5 – 6).  The telescreen babbled about pig iron production and the overfulfillment of the 

Ninth Three-Year Plan (6).  Because the telescreen simultaneously transmitted both ways, any 

sound Winston made above a whisper was picked up by it, and so long as he remained within its 

field of vision, he could be seen as well as heard (6).  “There was of course no way of knowing 

whether you were being watched at any given moment […].  You had to live—did live, from 

habit that became instinct—in the assumption that every sound you made was overheard, and, 

except in darkness, every moment was scrutinized” (6 – 7). 

 He lives in “London, chief city of Airstrip One, itself the most populous of the provinces 

of Oceania” (7).  Winston is unable to remember his childhood and thus whether or not things 

had always been this wretched (7). 

The apparatus of government is divided into four Ministries (8).  
1) 

The Ministry of 

Truth—Minitrue in Newspeak (the official language of Oceania) (7) concerned itself with news, 

entertainment, education, and fine arts (8). Winston works at the Ministry of Truth (7). 
2) 

The 

Ministry of Peace—Minipax in Newspeak—concerned itself with war (8).  
3) 

The Ministry of 

Love—Miniluv in Newspeak—maintained law and order (8).  
4) 

The Ministry of Plenty—

Miniplenty in Newspeak—was responsible for economic affairs (8). 

The Minitrue building displays the three slogans of the Party: 

 

WAR IS PEACE 

 

FREEDOM IS SLAVERY 

 

IGNORANCE IS STRENGTH (7). 

 

 “He had set his features into the expression of quiet optimism which it was advisable to 

wear when facing the telescreen” (8). 

                                                
α Brian Tomasik, February – March 2004.  These notes on the first half of 1984 fall somewhere between 

being an abridgement of the original text and a summary of it. I make no claims to the originality of the language 

used.  The notes are divided up by book chapter, and each statement includes, in parentheses, a page number or page 

numbers whence the information came (like in-text citation).  In order to enable readers to easily locate characters if 

they have forgotten who the characters are, the character names are underlined the first time they are mentioned in 

this summary. 

 The particular version of the book on which this document is based is a Signet Classic with a bibliographic 

entry as follows:  Orwell, George. 1984. New York: The New American Library, 1949.  This is the 34
th

 printing of 

the book.  The Afterword by Erich Fromm is copyright 1961. 
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 Winston has such scarce food he has to drink disgusting “Victory Gin” to assuage his 

hunger (8). 

 Unlike most, Winston’s living room had a little alcove in which he could remain hidden 

from the telescreen (9).  He had illicitly bought, from a crumby junk shop, a notebook which, by 

its excellent quality, he could tell was more than forty years old (9).  Now, he hid in his alcove in 

order to start a diary; this was not illegal “(nothing was illegal, since there were no longer any 

laws),” but if he was caught, he would face death or at least 25 years of forced labor (9).  He 

quivered briefly:  “To mark the paper was the decisive act” (10).  He wrote the date as “April 4
th

, 

1984,” but he wasn’t sure it was exactly that year; he just estimated (10).  He had always 

expected it to be easy to write, but now he couldn’t think of what to say (10).  But he suddenly 

began writing out of panic; he described how the audience had laughed at violent war films (11). 

As he wrote down a stream of rubbish, another memory clarified itself in his mind; it was 

the memory that had prompted him to want to write the diary (12).  Winston had been in the 

Records Department of the Minitrue and people were preparing for the Two Minutes Hate (12).  

Two people came into the room (12).  
1) 

The first was a girl whose name he knew not but who he 

knew worked in the Fiction Department (12).  She wore a narrow sash, the emblem of the Junior 

Anti-Sex League (12).  Winston disliked her atmosphere of clean-mindedness (12).  He always 

had an uneasy sense of fear, mixed with hostility, whenever he passed this girl (12).  
2) 

The 

second person was a man named O’Brien, a member of the Inner Party (12).  Winston was 

always attracted to O’Brien because of a secretly held belief (or at least hope) that O’Brien’s 

political orthodoxy was not perfect (13).  “[H]e had the appearance of being a person that you 

could talk to, if somehow you could cheat the telescreen and get him alone” (13).  The Two 

Minutes Hate began with “a hideous, grinding screech […] that set one’s teeth on edge and 

bristled the hair at the back of one’s neck” (13).  “As usual, the face of Emmanuel Goldstein, the 

Enemy of the People, had flashed onto the screen” (13).  Goldstein had once been one of the 

leading figures in the Party, almost on a level with Big Brother himself (13 – 14).  But after he 

had engaged in counter-revolutionary activities, he had been condemned to death (14).  He 

mysteriously escaped and disappeared, however (14).  All other resistance was traced back to 

Goldstein’s teaching (14).  “Somewhere or other he was still alive and hatching his conspiracies 

[…]” (14). 

“Goldstein was delivering his usual venomous attack upon the doctrines of the Party—an 

attack so exaggerated and perverse that a child should have been able to see through it, and yet 

just plausible enough to fill one with an alarmed feeling that other people, less level-headed than 

oneself, might be taken in by it.  He was abusing Big Brother, he was denouncing the 

dictatorship of the Party, he was demanding the immediate conclusion of peace with Eurasia, he 

was advocating freedom of speech, freedom of the press, freedom of assembly, freedom of 

thought, he was crying hysterically that the revolution had been betrayed […]” (14).  People 

were exploding with “uncontrollable exclamations of rage” (15).  Despite his ludicrousness, 

Goldstein “was the commander of a vast shadowy army, and underground network of 

conspirators dedicated to the overthrow of the State.  The Brotherhood, its name was supposed to 

be” (15).  There was also reputed to be a titleless book, called simply the book, that was 

circulated around clandestinely (15).  Winston even found himself, unstoppably, joining in with 

the hate (16).  But because the rage was undirected, Winston found himself hating the Party and 

Big Brother (16).  At the next moment, however, Winston was at one with the people around him 

in loathing Goldstein and adoring Big Brother (16).  Winston then directed his hatred toward the 

young girl:  “He hated her because she was young and pretty and sexless, because he wanted to 
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go to bed with her and would never do so […]” (16).  Finally, the screen was filled with Big 

Brother’s face, restoring confidence; that faded out and was replaced with the “War is Peace, 

Freedom is Slavery, Ignorance is Strength” slogans (17).  The audience chanted “B-B!…B-

B!…B-B!” (17); “it was an act of self-hypnosis, a deliberate drowning of consciousness by 

means of rhythmic noise” (18).  Here was now the significant thing that happened:  Winston 

caught O’Brien’s eye, and “there was a fraction of a second when their eyes met” and Winston 

knew that O’Brien was thinking just what he was thinking (18).  As soon as the flash of 

understanding ended, “O’Brien’s face was as inscrutable as everybody else’s” (18).  Winston 

was not even sure the event had occurred (18).  “But even that was a memorable event, in the 

locked loneliness in which one had to live” (19). 

Winston discovered that while he had sat musing, he had also written, in large neat 

capitals, “DOWN WITH BIG BROTHER” many times over (19). 

Winston realized that “Whether he went on with the diary, or whether he did not go on 

with it, made no difference.  The Thought Police would get him just the same.  He had 

committed—would still have committed, even if he had never set pen to paper—the essential 

crime that contained all others in itself.  Thoughtcrime, they called it.  Thoughtcrime was not a 

thing that could be concealed forever.  You might dodge successfully for a while, even for years, 

but sooner or later they were bound to get you” (19).  People guilty of it were snatched from their 

bed and taken away in the night, with all records of their existence destroyed (19 – 20). 

There was a knock at the door (20).  “Already!”  He got up to answer it (20). 

 

II 

 

SUMMARY:  Repairs a sink for the Parsons and comments on monstrous kids nowadays.  

Continues his diary and remembers another incident with O’Brien. 

At the door is only Mrs. Parsons (20), the wife of Tom Parsons (21), a neighbor on the 

same floor (20).  She asked Winston to come across and look at the kitchen sink (20).  Repairs 

are almost a daily occupation for Winston because Victory Mansions is falling to pieces (21).  

The filthy Parsons flat, like the rest of the building, has a boiled-cabbage smell (21). 

Tom Parsons works with Winston at the Minitrue; he is one of those imbeciles who is 

unquestioningly loyal and is proud of his service at the Community Center (22).  A young boy 

and girl, both members of the Spies, greet Winston by pretending to aim pistols at him (22).  

Winston had an uneasy feeling that “so vicious was the boy’s demeanor, that it was not 

altogether a game” (22 – 23).  The children are upset that they can’t go to see the hanging (23).  

The boy shoots Winston in the back of the head as Winston leaves (23). 

Returning to his flat, Winston observes that “Nearly all children nowadays were horrible.  

What was worst of all was that by means of such organizations as the Spies they were 

systematically turned into ungovernable little savages, and yet this produced in them no tendency 

whatever to rebel against the discipline of the Party” (24). 

Returning to his diary, Winston remembers a dream from years ago in which someone said 

to one side of him as he passed, “We shall meet in the place where there is no darkness” (24).  

He only later realized that it had been O’Brien (24).  Winston knew not whether O’Brien was 

friend or foe, only that they had some link of understanding (25). 

The telescreen announced a victory in battle, followed by a brief announcement of a 

reduction in the chocolate ration, and then a patriotic song (25). 
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Winston wonders if there is anyone like him, if the Party will ever come to an end (25).  

Winston again wonders why he is writing the journal, for it will never be read by anyone but the 

Thought Police before they annihilate it (26).  He decides that the purpose is not to write for the 

past or the future but to keep himself sane (26).  He writes a message to an age wherein men are 

free and different and wherein what is done cannot be undone (26 – 27).  It was foolish to hide 

the book, but to determine whether or not someone would open it, he put a speck of dust on the 

corner that would be removed if the book were to be opened (27). 

 

III 

 

SUMMARY:  Winston thinks about past memories and how it is impossible to prove that 

history has been altered because no evidence exists. 

Winston recollects his parents, who “must evidently have been swallowed up in one of the 

first great purges of the Fifties” (27 – 28).  He has a memory that his mother and sister were 

sacrificed—sinking in the water—in order to save his own life (28).  The type of tragedy and 

complex emotions involved in this would be impossible in the present day and age (28).  

Winston next pictures a sunny field in the “real world” that he calls Golden Country; the dark-

haired girl approached him and threw her clothes away in a disdainful fling (29).  Winston was 

not interested in her sexually; he was concentrating on the way her careless swing of her arm 

seemed to defy the entire Party all in one move (29). 

Winston gets up, has a coughing fit, and prepares for the morning Physical Jerks (29).  As 

he does the exercises, Winston thinks about how he can’t be certain about any of his memories 

(30).  He couldn’t remember with certainty any time when his country wasn’t at war, although he 

thinks he can remember going into a bomb shelter when the atom bomb was dropped on 

Colchester (30).  It is impossible to trace history because no records exist to reveal anything 

except the fact that Oceania had always been allied with Eastasia and at war with Eurasia; no one 

would admit that the alliances had ever been otherwise (31). “The enemy of the moment always 

represented absolute evil, and it followed that any past or future agreement with him was 

impossible” (32).  Iraq comes to mind.  Only Winston knows the lie, and once he is extirpated, 

the lie will become truth, with no records to prove otherwise (32).  “’Who controls the past,’ ran 

the Party slogan, ‘controls the future:  who controls the present controls the past’” (32). 

Winston thinks about the word “doublethink,” which means to think two self-contradictory 

things at the same time, “consciously to induce unconsciousness, and then, once again, to 

become unconscious of the act of hypnosis you had just performed” (32 – 33). Winston tries to 

recall the date when he first heard of Big Brother but can’t remember with certainty (33).  All 

that most anyone knows about the Revolution is in Party histories, which pushed back the date 

farther and farther (33).  Ingsoc was “English Socialism” in Oldspeak (33). 

The instructress on the telescreen tells Winston to bend lower (34).  He must be careful to 

avoid giving himself away (34). 

 

IV 

 

SUMMARY:  Winston works in his Minitrue job, forging documents of the past. 

 Winston at his job has three orfices for papers (34); the main one is the memory hole in 

which any documents for destruction or even scrap paper is thrown to be burned in the giant 

furnaces (35).  His job is to follow instructions for “rectifying” (i.e., altering) news items in the 
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Times (35).  He just corrected old reports so that the predictions of Big Brother or the ministries 

would conform to the way things actually happened (35 – 36).  Then, new copies of the 

newspaper were made to replace the old in the archives (36).  Even the message Winston 

receives indicate not any intent to falsify; they call and change an error that must be corrected in 

the interests of accuracy (37).  Furthermore, most of the original statistics themselves were made 

up, so it didn’t much matter (37).  “Everything faded away into a shadow-world in which, 

finally, even the date of the year had become uncertain” (37). 

 Across the hall works a small man named Tillotson (38).  A few cubicles away was a 

dream character named Ampleforth who altered politically offensive poems (38).  Winston 

barely knew the people with whom he worked even though he passed them every day (38).  The 

Records Department is vast, yet it is only one part of the Ministry of Truth, which didn’t just 

falsify but also put out entertainment for people (39).  In addition to this is a whole different 

branch devoted to entertainment for the proletariat—rubbishy trash, including Pornosec 

containing the most degrading pornography imaginable (39).  It details a particular lie about Big 

Brother’s Order for the Day on 3 December 1983, which had praised Comrade Withers—a 

decorated person at the time but now an unperson (meaning, a dead person); he made up a new 

Big Brother speech about a heroic Comrade Ogilvy (40 – 42).  “Comrade Ogilvy, who had never 

existed in the present, now existed in the past, and when once the act of forgery was forgotten, he 

would exist just as authentically, and upon the same evidence, as Charlemagne or Julius Caesar” 

(43). 

 

V 

 

 SUMMARY:  At lunch, Syme tells Winston about the ultimate goal of Newspeak.  Parsons 

comes and discusses triviality until an announcement on the telescreen declares 

overproductivity.  Winston feels trepidation over the dark-haired girl. 

 At lunch, Winston runs into Syme, who worked in the Research Department as a 

philologist—a specialist in Newspeak (43).  He was currently helping to compile the Eleventh 

Edition of the Newspeak dictionary (43).  Syme was “venomously orthodox”; he loved to go on 

about executions, torture in the Miniluv, and he asked Winston if he had seen the hanging (44).  

The trick was to get him to talk about the technicalities of Newspeak; then he was fascinating 

(44).  They have disgusting lunches (44 – 45).   

 Syme says the new Eleventh Edition is the final shape of Newspeak—the shape it will 

have when no one speaks anything else (45).  “You think, I dare say, that our chief job is 

inventing new words.  But not a bit of it!  We’re destroying words—scores of them, hundreds of 

them, every day.  We’re cutting the language down to the bone” (45).  Not only are they 

destroying synonyms, but also antonyms, turning “bad” into “ungood,” which is actually a better 

word because it is the exact opposite while “bad” is not (46).  Syme tells Winston that he fails to 

appreciate Newspeak, that his rectified articles are merely translations of the Oldspeak that 

Winston prefers (46).  Explained Syme, “’Don’t you see that the whole aim of Newspeak is to 

narrow the range of thought?  In the end we shall make thought-crime literally impossible, 

because there will be no words in which to express it.  Every concept that can ever be needed 

will be expressed by exactly one word with its meaning rigidly defined and all its subsidiary 

meanings rubbed out and forgotten […].  The Revolution will be complete when the language is 

perfect [...].  In fact there will be no thought, as we understand it now” (46 – 47). 
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 Winston listens to a man at a nearby table (47).  The words coming out of his mouth are 

almost completely incomprehensible gibberish, but by the tone of his speaking, Winston knew he 

was a believer in the orthodoxy (48).  It really mattered not whether he was praising Big Brother 

or denouncing thought-criminals; the content was the same:  thoughtless, unconscious babble 

(48).  Syme calls this duckspeak, “to quack like a duck” (48). 

 Winston is certain that Syme will soon be vaporized, not because he is unorthodox—he is 

one of the most devoted men there—but because he knows too much, says things that shouldn’t 

be said, and frequents the Chestnut Tree Café (48 – 49).  “Zeal was not enough [to avoid 

vaporization by the Thought Police].  Orthodoxy was unconsciousness” (49). 

 Parsons comes over to them (49).  He is a pudgy man who sweats uncontrollably (49).  

Parsons gets a donation from Winston for Hate Week to have flags on the whole street (50).  

Parsons further tells Winston how his little daughter caught an enemy agent by his 

unconventional shoes (50). 

 The Ministry of Plenty came on the telescreen to announce impressive figures of surplus 

production, et cetera (51).  It furthermore declared that spontaneous demonstrations occurred all 

over to thank Big Brother for raising the chocolate ration to 20 grams per week, even though 

Winston remembered it being lowered just yesterday from 30 grams per week (51 – 52).  Parsons 

and even Syme bought the lie:  “Was he, then, alone in the possession of a memory?” (52). 

 Winston thinks about the terrible squalor, misery, dearth, and grime of everyday life—

experiences he has endured for as long as he could remember (52).  I was about to say that if he 

had known nothing different, he probably would not find it so bad, but then the text confirmed 

this:  “Why should one feel it to be intolerable unless one had some kind of ancestral memory 

that things had once been different?” (52). 

 Winston believes that he can tell exactly who will be vaporized (Syme, Mrs. Parsons, 

himself) and exactly who will survive (Mr. Parsons, the dark-haired girl, the man uttering 

duckspeak, the beetle-like little men of the Ministries (52 – 53). 

 Winston fears that the dark-haired girl is following him to scrutinize his loyalty (53).  It is 

dangerous to think disloyal thoughts in public, for your face can betray you; facecrime, it was 

called (54).  The men return to work (55). 

 

VI 

 

SUMMARY:  In writing about his experience with an old prostitute, Winston remembers his 

wife and reflects on the Party’s attitude toward sex. 

 A horrible memory haunts Winston, making him want to hurt something (55).  Your 

nervous system is your worst enemy, for it can betray you—through unconscious twitches or, 

worst of all, through talking in your sleep (56).  Recollecting a meeting with a prostitute, 

Winston remembers his own wife, Katharine (56).  As far as he knows, he’s still married to her, 

for he thinks not that she is dead (56).  He had never divorced but was long separated (57).  

Winston hated his wife’s utter stupidity and gullibility to the Party line (58).  The worst part was 

that whenever Winston tried to touch her intimately, she would wince and pull back (58).  She 

insisted that they continue to try, for it was their “duty to the Party” to produce a child (58).  

Eventually it failed and they separated (58). 

 Prostitution, though forbidden, is not punishable by death, only five years in forced labor 

(56); the Party actually tacitly encouraged it as a harmless way to satisfy sexual urges (57). 
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 The Party discourages marriage not so much because it could lead to loyalties other than 

to the state, but more because they wanted not to have people enjoy the act (57).  Sexual 

intercourse was supposed to be seen as a disgusting minor operation whose only purpose was to 

beget children (57).
 

 Winston hopes, pessimistically, that some member of the Party must not be indoctrinated 

by the Party (59).  “And what he wanted more even than to be loved, was to break down that 

wall of virtue, even if it were only once in his whole life.  The sexual act, successfully 

performed, was rebellion” (59). 

 Winston scribbles in his journal that the prostitute he had gone to a basement with was 

old and had no teeth (59).  But he did it anyway (60). 

 

VII 

 

SUMMARY:  Winston continues in his journal.  He declares that all hope lies in the proles.  

He thinks how it is impossible to know the past, but he remembers one definite act of falsification 

by the Party.  He wonders how he can be certain that the most basic truisms are true, but affirms 

that they must be! 

 “If there is hope [wrote Winston] it lies in the proles” (60).  They make up 85 percent of 

the population of Oceania (60).  The best Party members can do in rebellion is to wink or utter a 

word here or there; proles, if they were somehow awakened, could openly revolt and destroy the 

Party tomorrow (60).  It must happen eventually, he thought (60).  However, he remembers an 

incident in which prole women had fought over frying pans, wasting their energy on aimless 

conflict (60 – 61).  “Until they become conscious they will never rebel, and until after they have 

rebelled they cannot become conscious,” wrote Winston (61). 

 Little attention was spent on the proles; they occupied themselves like animals, with 

hedonistic, mindless entertainments (61 – 62).  They were not indoctrinated by the Party 

ideology, for there was no need to make them politically minded; they just needed occasional 

patriotism to distract them (62).  The Party slogan is that “Proles and animals are free” (62).  

Winston copies into his journal a passage from a Party textbook that portrayed life before the 

Revolution as miserable; the greedy capitalists with top hats and coats were demonized (62 – 

63). 

 “It struck him that the truly characteristic thing about modern life was not its cruelty and 

insecurity, but simply its bareness, its dinginess, its listlessness” (63).  The Party always cites 

statistics to show that quality of life, in every way, has improved since the Revolution, but to 

determine the truth is impossible:  “It was like a single equation with two unknowns” (64). 

 Winston can remember at least one instance of undeniable falsification by the Party (64).  

After the great purges, in which the original Revolution leaders were killed, three men—
1) 

Jones 
2) 

Aaronson 
3) 

Rutherford—were arrested, vanished, reappeared to denounce others as traitors, 

and were eventually freed, given sinecures (65).  Winston once saw the men in the Chestnut Tree 

Café; he had picked Rutherford out in particular (65).  The telescreen had suddenly played a 

song about a chestnut tree, and Rutherford began to cry (66).  Years later, Winston got a bunch 

of papers at his job, in which was an article showing the three men in New York, even though 

their confession had admitted to being in Eurasia on the same date; the only conclusion was that 

their confessions had been lies (67).  He had always assumed that many of the confessions were 

untrue, but this was important because it was real, concrete evidence of it (67).  At the time, he 

had thrown the evidence down the memory hole, but if it had happened today, he would have 
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kept it (68).  The problem is, even if the evidence could be resurrected from ashes, the current 

enemy and all other dates and occasions were rewritten as well (68).  Winston can’t seem to 

understand why the Party bothers to go through so much trouble falsifying things (68). 

 Winston wonders whether he is a lunatic; maybe a lunatic is a minority of one (68).  

Sooner or later, the Party would have to declare that 2 + 2 = 5 (69).  “Not merely the validity of 

experience, but the very existence of external reality was tacitly denied by [the Party’s] 

philosophy.  And what was terrifying was not that they would kill you for thinking otherwise, but 

that they might be right.  For, after all, how do we know that two and two make four?  Or that the 

force of gravity works?  Or that the past is unchangeable?  If both the past and the external world 

exist only in the mind, and if the mind is itself controllable—what then?” (69). 

 Winston suddenly realizes that O’Brien is on his side; his journal is like one long letter to 

O’Brien (69).  Winston stiffens his resolve:  “They were wrong and he was right.  The obvious, 

the silly, and the true had got to be defended” (69).  He set forth an important axiom:  “Freedom 

is the freedom to say that two plus two make four.  If that is granted, all else follows” (69). 

 

VIII 

 

SUMMARY:  Winston skips a Community Center meeting to walk among the proles.  He 

first visits a pub and attempts, unsuccessfully, to extract from an old man there whether or not 

life was better before the Revolution.  Winston then visits the pawn shop whereat he bought his 

journal.  He befriends the old man, Mr. Charrington, and buys a glass paperweight.  As he 

leaves, he sees the dark-haired girl and is convinced that she is a spy.  Upon returning home, he 

contemplates his capture by the Thought Police. 

 The Party expects people to always interact with others except in bed (70).  Called 

ownlife in Newspeak, individual solitude is considered highly dangerous (70).  Instead of 

attending the Community Center meeting, Winston decides to circumambulate in the streets (70). 

 Winston notes the proles he sees on his way:  two old women arguing, for example (70–

71).  The proles look at Winston, with his blue Party uniform, in a strange way, for it was 

uncommon for Party members to go this way (71).  A “Steamer” (rocket bomb) lands and 

demolishes a group of houses; the proles always had an instinctive sense of when the Steamers 

would land (71–72).  Winston kicks a severed hand into the gutter (72).  “Within three or four 

minutes [...] the sordid swarming life of the streets was going on as though nothing had 

happened” (72). 

 Three men argue about Lottery numbers (72–73).  “The Lottery, with its weekly pay-out 

of enormous prizes, was the one public event to which the proles paid serious attention” (73).  

Even the dumbest proles were able to do intricate calculations and feats of memory when the 

Lottery was the issue (73).  The prizes were mostly imaginary, the big winners all nonexistent 

persons (73). 

 Winston sees an old man—eighty at least—enter a pub (74).  Winston has the urge to go 

in and ask the man what things were like before the Revolution, whether the textbook told the 

truth, whether the Party was indeed better than capitalism (74).  Winston is weary not because it 

is against the law but because it is a very unusual action (74).  The minute he walked into the 

pub, the volume dropped off as people stared at his blue overalls (74).  The old man asks the 

bartender for a pint; the barman says they only have liter and half-liter, no pints (75). When 

Winston asks the old man about life in the old man’s childhood (75), the old man says that the 

beer was better and cheaper (76).  Winston describes the conditions depicted in Party 
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textbooks— hunger, capitalists, top hats (76).  The man remembers top hats being worn fifty 

years ago, but he says they are gone now (76).  Winston tries to get the man to focus on the 

general conditions of capitalism, but the man consistently fails to speak until Winston mentions 

some trifling detail—top hats, lackeys (76–77).  The man comments on the picayune item but 

misses the bigger picture entirely (77).  Winston finally asks the man if he can recollect being 

obliged to tip his hat or being pushed into the gutter by the rich (77–78).  The man remembers 

instances of both but only stories, not analysis (77–78).  “A sense of helplessness took hold of 

Winston.  The old man’s memory was nothing but a rubbish heap of details” (78).  All existing 

survivors of the age before the Revolution are incapable of providing answers that address the 

basic question of whether life was better before or after the Revolution (79).  These old survivors 

are “like the ant, which can see small objects but not large ones” (79).  Once these remnants of 

memory are gone, there will be no way to determine even slightly whether or not the Party 

history is true (79). 

 Winston left the bar and walked until he found himself in front of the shop whereat he 

had bought the diary (79).  He enters the shop, which is run by an old man of about sixty (80).  

The man tells Winston how the antique business is declining, since there is neither demand nor 

supply of old things (80). 

 Winston considers most of the stuff to be junk, but one object—a hemisphere of glass 

with coral inside—is so old that Winston buys it; it is an object from an age quite unlike the 

present (80-81). 

 The old man takes Winston upstairs, where Winston sees a large room meant to be lived 

in; it has a large bed with a mattress (81).  Winston flirted with the idea of renting the room but 

dismissed it as crazy (82).  Nevertheless, the place evoked a memory of the way things were 

(82).  Winston remarks aloud that there is no telescreen (82).  Winston looks at the bookshelf but 

realizes that all books written before 1960 have long since been burned (82).  The old man 

remembers part of a rhyme about a church named St. Clement’s (83).  Winston observes how 

architecture, like everything else, has been systematically altered by the Party to avoid any 

discerning of history from it (83). 

 Winston talked to the man some more and learned that his name was Mr. Charrington 

(84).  As he leaves, Winston determines to return in a month or so, to buy more rubbish, to get 

the complete rhyme out of Mr. Charrington (84). 

 Suddenly on the street, Winston sees the dark-haired girl from the Fiction Department 

(85).  She looks straight at him and then walked on as if she had not seen him (85).  Winston is 

convinced that she is spying on him and deliberately followed him (85).  He considers chasing 

the girl to kill her but feels so tired he only wants to go home (86). 

 Returned to his flat, Winston takes out his journal and ponders suicide; most of the 

disappearances, he thinks, are actually suicides (86).  Winston thinks about how pain, fear, et 

cetera disable the body at exactly the moment when it most needs strength (86).  When you are 

being tortured or when you are in danger, all of the values you are fighting for are subordinated 

to immediate physical needs “because the body swells up until it fills the universe” (86). 

 Winston wants to write in his journal but thinks about his impending capture; why, he 

thinks, do the Thought Police have to torture if you will be dead in a few weeks anyway (86-87). 

 He recollects O’Brien’s message about meeting where there is no darkness (87).  Winston 

thinks that the place without darkness is the imagined future that he will never see but that they 

can mystically share (87).  “But with the voice from the telescreen nagging at his ears he could 

not follow the train of though further” (87). 
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TWO 

 

SUMMARY:  Passing the dark-haired girl in the hallway, Winston gets a note telling him “I 

love you.”  Winston tries time and time again to meet with the girl.  He is finally successful at the 

canteen; she tells him to meet in Victory Square.  There, she gives him detailed instructions for a 

new meeting place. 

Winston passes the dark-haired girl in the hallway on his way to the bathroom (88).  The 

girl has a cast on her arm; she falls in the hallway on the arm (88).  “A curious emotion stirred in 

Winston’s heart.  In front of him was an enemy who was trying to kill him; in front of him, also, 

was a human creature, in pain and perhaps with a broken bone” (88).  When he saw the girl fall, 

Winston had felt a pain as if he himself had fallen (89). 

The girl gets up and walks briskly away as if nothing had happened, a manner which was 

the expected, and thence nearly habitual, practice (89).  But the girl had slipped a small note into 

his hand as he helped her up (89).  When Winston returns to his desk, two possibilities enter his 

head:  
1) 

the girl is an agent of the Thought Police informing him of his death 
2) 

the girl is a 

member of the Brotherhood; he desperately wants to believe the latter (90).  When he gets a 

chance to read it, he sees that it says, “I love you” (90).  He is stunned and agitated the rest of the 

morning, since he only wishes to be alone (90). 

Winston finally attends the Community Center meeting, for the note suddenly heightened 

his desire to stay alive (91).  In bed, Winston is finally able to contemplate the problem of how to 

meet with her (91-92).  “But the physical difficulty of meeting was enormous.  It was like trying 

to make a move at chess when you were already mated.  Whichever way you turned, the 

telescreen faced you” (92). 

After considering many possibilities, Winston decides to meet her in the canteen (92).  

But for the next week, he is unable to do so; every minute is therefore a kind of torment (92-93).  

One day, when he finally sees the girl at an empty table and is about to meet her, a young man 

named Wilsher tells him to come sit at his table; he has no choice but to accept the offer (92). 

One day, Winston is finally, by a stroke of luck, able to sit at a table with the girl alone 

(94).  He is suddenly feared with fear, but the sight of Ampleforth—a hairy-eared poet bound to 

sit with Winston—forced Winston to speak while he had the chance (94).  Winston exchanges 

furtive conversation with the girl about meeting at Victory Square at 19 hours (94-95).  The girl 

then leaves as if they were strangers (95). 

At the square, Winston finally sees the girl (95).  Suddenly, the crowd moves to make 

way for  a convoy of Eurasian prisoners, and Winston is blocked by a prole and his wife (95-96).  

Finally reaching her, Winston is told by the girl to meet her on Sunday (96).  The girl gives him 

directions with military precision that he says he will follow (96). 

The crowd looks with curiosity on the prisoners, for they literally never saw Eurasians or 

Eastasians for that matter; the crowd looked at the prisoners like strange animals (97).  The girl 

gave Winston’s hand a parting squeeze (97).  From the ten seconds that he held it, he felt as if he 

could have recognized it instantly by sight, since he became so acquainted with it (97).  Winston 

realizes that he knows not the color of the girl’s eyes (97). 

 

II 
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SUMMARY:  Winston meets the girl, Julia, in the countryside as planned.  They talk and 

embrace.  They walk around and hear a bird sing.  They make love and fall asleep.  Their act, 

Winston remarks, is a rebellion against the Party. 

Winston takes the train into the countryside (98).  The country is not necessarily safer 

than the city, for even though it lacks telescreens, there are often hidden microphones (98). 

While Winston picks flowers, the girl approaches and signals for him to follow her into a 

clearing (99).  Winston fears that the girl will be revolted by his dusty, sooty body that has been 

stuck in the city too long (99).  The girl assures him that the area is safe, as the trees are too small 

to hide microphones in (99). 

Winston takes the girl’s hand and notices that her eyes are brown (100).  When he asks 

whether she still likes him knowing that he has varicose veins, that he has false teeth, and that he 

has a wife he can’t get rid of, she says she cares not at all (100). 

Suddenly, Winston is in the girl’s arms and they are kissing (100).  Yet, Winston has no 

sensation other than of regular physical contact and of pride; he is too used to living without 

women (100).  The girl tells Winston that her name is Julia (100).  Winston confides his original 

impression of and hatred toward Julia; she merely laughs at her good disguise (101).  Julia gives 

Winston a piece of black-market chocolate that reminds him of the old times by its richness 

(101).  Julia tells him that she really behaves like a loyal Party member:  “’Always yell with the 

crowd, that’s what I say.  It’s the only way to be safe’” (101). 

Julia speaks about the Party, especially the Inner Party with a vicious coarseness; 

Winston minded it not, and saw it as a kind of healthy response to bad conditions (102). 

As they walk along, Winston recognizes the field (102).  He almost thinks it might be the 

Golden Country, but dismisses the idea (103). 

The two hear a bird sing (103).  It goes on for minutes without repetition of its song 

(103).  Winston wonders what makes a bird just sing, without a mate, without a rival:  “What 

made it sit at the edge of the lonely wood and pour its music into nothingness?” (103).  The 

combination of the sunlight and song make Winston stop thinking; he only feels (103). 

They returned to the hideout, and with the same careless dismissal of civilization as he 

had pictured in his dream, Julia cast off her clothes (104).  Julia told him that she had done it 

scores of times with Party members, giving Winston hope that the professed virtue of the Party 

might be tainted by corruption (104).  Winston relished in Julia’s admission that she loved sex in 

and of itself:  “Not merely the love of one person, but the animal instinct, the simple 

undifferentiated desire:  that was the force that would tear the Party to pieces” (105).  As Julia 

sleeps, Winston looks at her body, thinking how he had no pure desire as men had in the past:  

“No emotion was pure, because everything was mixed up with fear and hatred.  Their embrace 

had been a battle, the climax a victory.  It was a blow struck against the Party.  It was a political 

act” (105). 

 

III 

 

SUMMARY:  Winston continues to meet with Julia, often in brief, cut-off conversations in 

crowds.  They discuss the Party’s attitude toward sex and differing attitudes toward the ultimate 

aim of rebellion:  Julia merely wants to have fun while she can, but Winston hopes that the Party 

can be ultimately overthrown. 
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When Julia wakes up, she draws from great experience in telling him how they must 

leave to avoid suspicion (105-106).  Julia leaves before Winston; she has to put in hours for the 

Junior Anti-Sex League (106). 

In the weeks to follow, Winston and Julia make love only once more, this time in a 

church belfry (106).  Most of the time, they simply meet in the streets and talk inconspicuously 

on and off, cutting off conversation whenever necessary; Julia called it “’talking by 

installments’” (107).  Meetings are very difficult because Julia is so involved in Party activities; 

she even persuades Winston to join a munitions volunteer group to mislead any suspicion (107-

108). 

Winston discovers that Julia is 26 and does work in the Fiction Department (as he had 

hypothesized); her department produces novels like any other “commodity that had to be 

produced, like jam or bootlaces” (108).  Julia even worked in the Pornosec (108).  She said that 

they mostly employ girls for that, since the sex instincts of girls are thought to be more 

controllable than those of men (109). 

Julia saw the Party as a force whose purpose was to restrict your pleasure; thence, it is her 

purpose to circumvent those restrictions (109).  “She hated the Party, and said so in the crudest 

words, but she made no general criticism of it.  Except where it touched upon her own life she 

had no interest in Party doctrine [...].  Any kind of organized revolt against the Party, which was 

bound to be a failure, struck her as stupid.  The clever thing was to break the rules and stay alive 

all the same.  He wondered vaguely how many others like her there might be in the younger 

generation—people who had grown up in the world of the Revolution, knowing nothing else, 

accepting the Party as something unalterable, like the sky, not rebelling against its authority but 

simply evading it, as a rabbit dodges a dog” (109). 

Winston tells Julia of his wife’s rigidity during sex (110).  Julia explains the Party’s 

reason for its position on sex:  “It was not merely that the sex instinct created a world of its own 

which was outside the Party’s control and which therefore had to be destroyed if possible.  What 

was more important was that sexual privation induced hysteria, which was desirable because it 

could be transformed into war fever and leader worship” (110).  Sex, she said, uses up energy 

and makes people indifferent to the Party; the Party avoids that at all costs (110-111).  The Party 

has turned the sex instinct into a force of loyalty that serves its own ends (111). 

Winston tells Julia of a memory of eleven years ago (111).  He had gone on a community 

hike with Katharine, but the two became separated from the group (111).  They went over to a 

cliff edge and Winston pointed out flowers (112).  Katharine agitatedly wished to return, but 

Winston had realized how perfectly alone and isolated they were, free from all detection (112).  

Julia tells Winston he should have pushed Katharine off the cliff (112). 

Julia is young, and somehow thinks that she can live in a secret world of her own design, 

doing as she pleased (113).  “She did not understand that there was no such thing as happiness, 

that the only victory lay in the far future, long after you were dead, that from the moment of 

declaring war on the Party it was better to think of yourself as a corpse” (113).  Julia rejects 

Winston’s attitude that it was only a matter of time until they were dead (113). 

 

IV 

 

SUMMARY:  Winston decides finally to rent the room upstairs from Mr. Charrington.  

When Julia comes, she brings real food and wears real makeup.  Winston has a terrible memory 
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when a rat appears in the wall.  Before they depart, Winston and Julia discuss the church 

rhymes. 

Winston has finally rented the upstairs room of Mr. Charrington’s shop (114).  Mr. 

Charrington was glad for a few extra dollars (114).  Furthermore, Mr. Charrington respected 

Winston’s privacy:  Winston had rented the room for the purposes of a love affair, and Mr. 

Charrington believed in minding one’s own business (114).  Winston hears a woman outside 

singing one of the songs that had been generated wholly without human involvement; yet, the 

way she sang it made it sound almost pretty (114-115). 

Winston regards the rented room as complete and utter folly; they would be captured in a 

matter of weeks (115).  Nevertheless, the desire for a room of their own had been too much 

(115).  Ever since the second love making in the church belfry, Winston had felt not only the will 

of rebellion but actual sensual passion (115).  Now he came to feel that Julia was a physical 

necessity to whom he had a right (115).  Winston sits on his upstairs bed, waiting for Julia and 

thinking about the sheer lunacy of doing something that would bring the inevitable trip to the 

depths of the Ministry of Love just a little bit closer (116). 

When Julia arrives, she brings real sugar, real coffee, and real tea obtained from the Inner 

Party (116-117).  “‘There’s nothing those swine [in the Inner Party] don’t have, nothing,’” said 

Julia (117). 

Julia tells Winston to turn around for a few minutes (117).  He had expected to see her 

naked, but instead he saw her with makeup all over her face (118).  Julia vows to wear a frock 

and high heels (118).  “‘In this room I’ going to be a woman, not a Party comrade,’” declared 

Julia (118). 

They stripped themselves and got into bed (118).  After sleeping a while, Winston lies in 

bed, thinking how it could not ever have been usual for a man and a woman to lie in bed just 

listening to the world outside, without cares or obligations (119).  As they plan to leave, Julia 

throws a shoe at a rat (119).  She is rather indifferent, inasmuch as London is full of them, but 

Winston is shocked and horrified (120).  The rat awakened in Winston a terrible nightmare that 

had recurred from time to time throughout his life:  
1) 

he stood before a dark wall 
2) 

on the other 

side of the wall was something  unendurable, something too dreadful to be faced 
3) 

in the dream, 

he felt like he was deceiving himself because he actually did know what was behind the wall 
4) 

with a “deadly effort, like wrenching a piece out of his own brain, he could even have dragged 

the thing into the open” 
5) 

he woke up before he found out what it was (120). 

When Julia looks at the paperweight Winston had bought, Winston tells her that he likes 

it because it has no apparent use at all:  “It’s a little chunk of history that they’ve forgotten to 

alter.  It’s a message from a hundred years ago, if one knew how to read it” (121). Julia looks at 

the picture on the wall, and Winston tells her that it used to be St. Clement’s Dane church (121).  

When Winston recalls some of the church rhyme, Julia adds another line she learned from her 

grandfather, who was vaporized when she was eight (121). 

Winston compares the enclosed world of the paperweight to his own enclosed world; 

Julia and he are the coral inside (122). 

 

V 

 

SUMMARY:  Syme is vaporized.  Preparations for Hate Week intensify.  Life becomes more 

tolerable for Winston.  Winston and Julia further debate resistance:  Julia cares about the 
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present, Winston hopes to sew seeds for the future.  Julia is unconcerned with the Party’s 

fabrications or alterations and cannot understand the complexities of the Party edifice. 

Syme disappeared (122).  A few people noticed it the day after, but everyone soon forgot 

(122).  Checking the list of the Chess Committee members, Winston found that Syme had never 

existed (122). 

Preparation for Hate Week made everyone busy preparing various items (122-123).  

Rocket bombs fell oftener than usual (123).  A “Hate Song” was played everywhere (123).  A 

poster of a Eurasian soldier whose gun pointed at you from whatever angle you looked was 

plastered throughout London (123). 

Winston and Julia meet often in the upstairs room (124).  Winston found that he needs 

not to drink gin at all hours of the day, and his varicose ulcer has subsided:  in short, “The 

process of life had ceased to be intolerable” (124). 

Winston often talked to Mr. Charrington, who lived a ghostlike existence as more of an 

admirer of old things than of a seller (125).  Winston extracted more of the rhymes from the old 

man (125). 

Winston sometimes felt one of two ways about the present situation:  
1) 

it was a deadly 

experience that would soon end when they were caught 
2) 

the room was a sanctuary, like the 

paperweight, inside which they were safe and time stood still (125). 

Winston told Julia about his interpreted encounter with O’Brien (126).  She thinks it 

perfectly reasonable to assume that he could be trusted on the basis of an eye glance, especially 

since she believes that almost everyone secretly despises the Party (126).  However, Julia denies 

the possibility that organized resistance—the Brotherhood—actually exists (126).  To Julia’s 

young perspective, the Party is permanent and unalterable (127).  Organized resistance is futile; 

“[y]ou could only rebel against it by secret disobedience or, at most, by isolated acts of violence 

such as killing somebody or blowing something up” (127). 

Winston was amazed by Julia’s sense of the Party’s lies, such as her idea that the 

government isn’t really at war but only drops bombs to make the population believe it (127).  

“But she only questioned the teachings of the Party when they in some way touched upon her 

own life.  Often she was ready to accept the official mythology, simply because the difference 

between truth and falsehood did not seem important to her” (127).  It surprised Winston, for 

example, when Julia had not realized that the enemy of Oceania had four years ago been not 

Eurasia but Eastasia:  “It was true she regarded the whole war as a sham; but apparently she had 

not even noticed that the name of the enemy had changed” (127).  Winston tries to convince Julia 

of the importance of the Party’s obliteration of the past, but she seems not to care at all (128). 

Winston wants to leave a legacy of resistance that might grow with future generations; 

Julia tells him, “‘I’m not interested in the next generation, dear.  I’m interested in us” (129). 

Whenever Winston tries to tell Julia about the alteration of objective reality, Newspeak, 

doublethink, or Ingsoc, she falls asleep (129).  “In a way, the world-view of the Party imposed 

itself most successfully on people incapable of understanding it.  They could be made to accept 

the most flagrant violations of reality, because they never fully grasped the enormity of what was 

demanded of them, and were not sufficiently interested in public events to notice what was 

happening.  By lack of understanding they remained sane.  They simply swallowed everything, 

and what they swallowed did them no harm, because it left no residue behind, jus as a grain of 

corn will pass undigested through the body of a bird” (129). 

 

VI 
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SUMMARY:  O’Brien meets Winston in the hallway and suggests that Winston come to his 

place to pick up a Newspeak dictionary.  Winston sees this as confirmation of his suspicions 

about O’Brien’s disloyalty.  At the same time, he knows he is one step closer to his inevitable fate 

in the Ministry of Love. 

Winston finally meets O’Brien face to face in the hallway (130).  O’Brien comments on 

Winston’s dexterity with Newspeak, and mentions talking to a friend of Winston’s about it (130).  

This small act of thoughtcrime—referring to an unperson—made Winston and O’Brien 

accomplices (130). 

O’Brien tells Winston that he would like to offer him an advance copy of the tenth 

edition of the Newspeak dictionary (131).  O’Brien gives Winston his home address so that 

Winston can come by to (supposedly) pick up the dictionary (131).  The note was written in full 

view of the telescreen (131).  Winston is convinced that it was a signal and that the conspiracy 

does really exist (131-132). 

Winston realizes that, starting with the journal, he has entered a pathway of resistance 

that will lead inevitably to the Ministry of Love:  “The end was contained in the beginning” 

(132).  “Even while he was speaking to O’Brien, when the meaning of the words had sunk in, a 

chilly shuddering feeling had taken possession of his body.  He had the sensation of stepping into 

the dampness of a grave, and it was not much better because he had always known that the grave 

was there and waiting for him” (132). 

 

VII 

 

SUMMARY:  Winston recollects the last time he saw his mother.  He realizes that she had 

been human, for when all else was lost, when there was no real hope for survival, she still made 

small, materially useless gestures out of her human emotions.  Winston realizes that the Party 

has drained this impulse away, that only the proles remain human in this sense.  He anticipates 

his and Julia’s fates in the Ministry of Love, but he asseverates the inability of the Party to 

extinguish his love for Julia, his emotional humanness. 

Winston has a terrible dram and memory connected with it (132).  “The dream had also 

been comprehended by—indeed, in some sense it had consisted in—a gesture of the arm made 

by his mother, and made again thirty years later by the Jewish woman he had seen on the news 

film, trying to shelter the small boy from the bullets, before the helicopters blew them both to 

pieces” (132).  Winston now remembers his last glimpse of his mother and the events that were 

associated with it (133).  When his father died, Winston remembers, his mother had done things 

in a detached, emotionless manner; she had sat still for hours, nursing her ailing daughter (133).  

The family had scarce food, and Winston would always demand a larger portion than that given 

to his mother or younger sister (134).  He knew he was starving them, but he also felt justified in 

doing so, as if the hunger in his belly gave him the right to do so (134).  At one point, after a 

chocolate ration was issued, Winston was given ¾ of the bar (134-135).  His sister was allowed 

the remainder, but Winston greedily snatched it from her and ran away (135).  As he left, he 

could see that his little sister was dying  (135).  Winston devoured the chocolate but soon 

returned home (135).  He found that his mother and sister had vanished, with all of their 

belongings in place (135).  He knew not for sure that they were dead; his mother could easily 

have been sent to a forced labor camp and his sister might have been taken to a place for 

homeless children (135). 
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Winston next recollected a different dream of two months ago (135).  “exactly as his 

mother had sat on the dingy white-quilted bed, with the child clinging to her, so she had sat in 

the sunken ship, far underneath him and drowning deeper every minute, but still looking up at 

him through the darkening water” (135). 

Julia is unmoved by Winston’s story (135-136).  Winston remembers his mother further:  

“He did not suppose, from what he could remember of her, that she had been an  unusual 

woman, still less an intelligent one; and yet she had possessed a kind of nobility, a kind of purity, 

simply because the standards she obeyed were private ones.  Her feelings were her own, and 

could not be altered from outside.  It would not have occurred to her that an action which is 

ineffectual thereby becomes meaningless.  If you loved someone, you loved him, and when you 

had nothing else to give, you still gave him love.  When the last of the chocolate was gone, his 

mother had clasped the child in her arms.  It was no use, it changed nothing, it did not produce 

more chocolate, it did not avert the child’s death of her own; but it seemed natural to her to do it.  

The refugee woman in the boat had also covered the little boy with her arm, which was no more 

use against the bullets than a sheet of paper.  The terrible thing that the Party had done was to 

persuade you that mere impulses, mere feelings, were of no account, while at the same time 

robbing you of all power over the material world.  When once you were in the grip of the Party, 

what you felt or did not feel, what you did or refrained from doing, made literally no difference 

[...].  [T]he people of only two generations ago […] were governed by private loyalties which 

they did not question.  What mattered were individual relationships, and a completely helpless 

gesture, an embrace, a tear, a word spoken to a dying man, could have value in itself” (136). 

Winston realizes that the one group that had retained this instinctive reaction was the proles 

(136).  “The proles had stayed human” (136). 

Winston thinks how it would be best if he and Julia never saw each other again, for if 

they continue their risky lifestyle, they will be captured and never see each other again (137).  

Once they are captured, said Winston, “‘Nothing that I can do or say, or stop myself from saying, 

will put off your death for as much as five minutes […].  The one thing that matters is that we 

shouldn’t betray one another, although even that can’t make the slightest difference’” (137).  

Julia tells him that everyone confesses under torture (137).  Winston replies that by betrayal he 

meant not confession but the cessation of his lover for Julia:  “If they could make me stop loving 

you—that would be the real betrayal’” (137).  Julia concurs:  “‘They can make you say 

anything—anything—but they can’t make you believe it.  They can’t get inside you’” (137).  

Winston declares, “‘If you can feel that staying human is worth while, even when it can’t have 

any result whatever, you’ve beaten them’” (138).  The torturers in the Miniluv could extract any 

fact or detail or admission out of you; “but the inner heart, whose workings were mysterious 

even to yourself, remained impregnable” (138). 

 

VIII 

 

SUMMARY:  Winston and Julia visit O’Brien.  They declare their intention to join the 

Brotherhood.  O’Brien describes the Brotherhood and exactly into what they are getting 

themselves.  Julia leaves, O’Brien relates the entire rhyme Winston had been seeking, and 

Winston leaves. 

Julia and Winston visit O’Brien (138).  Winston was frightened coming there (138-139).  

He notes the unusually exquisite surroundings of a house of an Inner Party member (138-139).  

As O’Brien came to them, he turned off his telescreen (140).  After a long silence, Winston 



                                 * 17 * 

admits outright that he and Julia are there as enemies of the Party, hoping to take part in 

resistance to it (140). 

Martin, O’Brien’s servant, enters (140).  O’Brien tells Martin that this is official business 

and that he can stop playing a servant for ten minutes (141).  The four drink real wine to their 

leader, Goldstein (141).  O’Brien tells Winston that Goldstein is real and living somewhere 

(141).  The Brotherhood, too, is real (141). 

O’Brien asks Winston and Julia what they are prepared to do:  Are you prepared to 

murder, to betray your country, to die (142).  Winston responds affirmatively, until O’Brien asks 

“‘You are prepared, the two of you, to separate and never see one another again?’” (142).  Julia 

cries, “‘No!’” (143).  O’Brien says that’s an important fact for him to be aware of (143).  

O’Brien asks if Julia could accept the possibility that Winston might be irrevocably altered in 

personality, mind, spirit, or appearance; Julia finally concedes that she could accept that (143).  

Winston realizes that Martin, the Mongolian-faced servant, must have a fake face of the kind 

O’Brien described (143). 

O’Brien describes just exactly what Julia and Winston are getting themselves in to (144).  

Winston perceives O’Brien with an air of awe at his power and seeming invincibility (144-145).  

O’Brien explains how Winston and Julia will never know more than a few other Brotherhood 

members (145).  It is impossible to know the size of the Brotherhood because even Goldstein 

himself knows not all of its members (145).  The members act in virtual isolation so that even if 

they are caught and confess, they cannot betray more than a few other people (145).  Thus, the 

Brotherhood cannot be destroyed because it is not an organization in the normal sense (145). 

Julia must leave (145).  Before she does so, the three take a toast, “‘To the past,’” as 

Winston declares. 

O’Brien tells Winston how he will obtain the book, of which there are very few copies 

(146).  Before Winston leaves, O’Brien asks him if he wants to know anything else (147).  

Winston inquires as to whether O’Brien knows the “Bells of St. Clement’s” rhyme; O’Brien 

recites it in its entirety (147).  Winston leaves, with a tablet to disguise the taste of wine in his 

mouth (147). 

 

[This summary was never finished.] 
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A Summary of Sophocles’ Antigoneα 
 

CHARACTERS 

1. Antigone—a daughter of Oedipus 

2. A boy leading Teiresias 

3. Chorus—Theban elders who embody the views of the people of the city 

4. Creon—the King of Thebes 

5. Eurydice—the wife of Creon 

6. Haemon—the son of Creon 

7. Ismene—a daughter of Oedipus 

8. King’s attendants 

9. Messenger 

10.   Queen’s attendants 

11.   Sentry 

12.   Soldiers 

13.   Teiresias—a blind prophet 

 

PROLOGUE 

 Antigone has brought Ismene outside to avoid being heard (127).  Antigone tells her 

sister how Creon has give funeral honors to one of their brothers, namely, Eteocles, but only 

shame to the other, namely, Polynices (127).  “It is against you and me [Creon] has made this 

order,” said Antigone (127). 

Antigone then beseeches her sister to assist her in burying Polynices against the order 

(127).  Ismene expresses disbelief and unwillingness to violate the law, explaining that their 

father, their mother, and their two brothers had all destroyed themselves and “what will be the 

end of us, / If we transgress the law and defy our king?” (128).  She further argues that  “we are 

women; it is not for us / To fight against men” (128).  But Antigone insists that she herself will 

never desert her brother.  Antigone maintains that Creon “has no right to keep me from my own” 

(128).  An angry Antigone tells Ismene to forget about it, for she will bury Polynices herself 

(128)!  Antigone yells at her sister to “Live, if you will; / Live, and defy the holiest laws of 

heaven,” (128) indicating her belief that the laws of heaven call for the burial of Polynices.  

Despite Antigone’s anger, Ismene is scared for her sister and urges her to be careful and discreet 

(128 – 129).  Ismene goes into the palace, while Antigone leaves (129). 

 

PARADOS 

The Chorus recounts how the army of Polynices had swarmed on the city and how 

Polynices had been forced to flee before he could damage the city (129).  The Chorus describes 

the Father of Heaven as having had smote the invader to the ground (130).  Now, says the 

Chorus, is the time to celebrate, “to fill the temples / With glad thanksgiving for warfare ended” 

(130). 

 

EPISODE ONE 

The Chorus wonders why Creon has called it to gather for his special proclamation (130).  

Creon enters and addresses the Theban elders (130).  Creon—averring, “No man who is his 

                                                
α By Brian Tomasik, February – March 2004. Numbers in parentheses refer to pages in a particular (now unknown) 

edition of the play I from which I was reading. 
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country’s enemy / Shall call himself my friend”—announces his proclamation concerning the 

sons of Oedipus (131).  The Chorus obediently tells Creon that whatever he decrees for the dead, 

and for those still alive, is the law (132).   

As Creon turns to go, the Sentry enters (132).  The Sentry is somewhat comical in his 

statements.  For instance, he informs Creon that he is out of breath not because he has been 

running—to the contrary, he loitered on the way (132).  The Sentry finally tells Creon that 

someone has buried the corpse in the holy ceremonial way and gone (133).  The Sentry doesn’t 

know who might have done it—perhaps a pious passerby? (133).  The men he had been with had 

accused each other, but all denied it (133).  One man declared that the act must be reported to the 

king, so the group drew lots and the present Sentry was chosen (133).  He was frightened 

because “A bringer of bad news expects no welcome” (133). 

The Chorus suggests that it might have been an act of the gods (133), but Creon 

dismisses that possibility, invoking as justification the ruin brought by Polynices (134).  

Claiming that the act was perpetrated by people who had been bribed by a group of disaffected 

rebels, Creon affirms that “Money!  Money’s the curse of man, none greater” (134). Creon 

commands the Sentry to either find the perpetrator or face torture until the Sentry confesses to 

the whole truth; stated Creon, “In wickedness / You’ll find more loss than profit” (134).  Once 

Creon has left, the Sentry affirms that whether or not the criminal is discovered, he himself will 

hide and flee (135). 

 

ODE ONE 

The Chorus extols the wonder of mankind, who “is the master of ageless Earth” and “lord 

of all things living” (135); “There is nothing beyond his power” (136).  Says the Chorus, “Great 

honour is given / And power to him who upholdeth his country’s laws / And the justice of 

heaven” (136). 

 

EPISODE TWO 

The Chorus sees Antigone—“Unhappy maid”—approach; the Sentry has brought her 

with guards (136).  Creon comes out of the palace (136).  The Sentry admits that “an oath’s a 

very dangerous thing” because “Second thoughts may prove us liars”:  soon after the Sentry 

swore not to return, he did so (136).  The Sentry believes that he is now free “of the horrible 

business” (137). 

When Creon demands to know how the Sentry caught Antigone red-handed, the Sentry 

recounts the following story (137).  He returned to the body and unburied it, lying in wait for the 

culprit to return (137).  It lay in the hot sun for some hours until a violent dust storm stripped 

trees bare (137).  After that subsided, there was a screaming girl, who—after cursing those who 

unburied the body—proceeded to utilize an urn in making an offering to the dead (137 – 138).  

The men ran down, caught her, and charged her with the previous crime, to which she responded 

with admission (138). 

After the Sentry has finished, Creon asks Antigone if she admits to the crime; she fails to 

deny it (138).  The Sentry is discharged from blame and summarily exits (138).  Antigone says 

that she knew well enough about the order and violated it knowingly (138).  Her justification is 

that “That order did not come from God […].  I did not think your edicts strong enough / To 

overrule the unwritten unalterable laws / Of God and heaven, you being only a man” (138).  

Antigone realized that she would die either way, and she is glad to die sooner than later, to end 

her life of torment (138). 
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The Chorus deems Antigone foolish, but Creon expects that her “over-obstinate spirit” 

will be “soonest broken,” just as the strongest iron snaps when it is over-tempered in the fire 

(139).  Creon, suspecting that Antigone’s sister was also involved, orders that she be brought 

before him (139). 

Antigone asks why Creon doesn’t kill her then and there, for she doesn’t care to listen to 

anything he says just as he heeds nothing she says; she has buried her brother and that is all she 

wished to do (139).  Antigone maintains that Creon’s subjects believe her act to be honorable; 

they are only held back by fear (139 – 140).  Creon denies this claim (140).  Creon retorts that it 

is not right to give equal burial to the good and the bad; Antigone responds, “Who knows?  In the 

country of the dead that may be the law” (140).  Antigone wishes to share her love, not her hate 

(140).  Creon sneers, “Go then, and share your love among the dead.  /  We’ll have no woman’s 

law here […]” (140). 

When Ismene enters, Creon pounces on her, demanding to know if she admits to abetting 

Antigone (140).  Ismene replies, “I am as much to blame as she is” (140), but Antigone interjects 

“No.  /  That is not just.  You would not lend a hand…” (141).  Ismene says she is not ashamed 

to stand by Antigone now:  “O sister, sister, let me share your death […]” (141).  Antigone 

refuses, however, “You shall not claim / That which you would not touch” (141).  Creon 

interjects, “I do believe the creatures both are mad; / One lately crazed, the other from her birth” 

(141).  When Ismene tells Creon that he could never kill his own son’s bride, Creon says, “Oh, 

there are other fields for him to plow” (141).  The Chorus concurs with Creon that Antigone’s 

“death, it seems, is certain” (142).  In ordering that the women be taken inside, Creon mentions 

to “keep them within – / The proper place for women” (142).  The women are taken away (142). 

 

ODE TWO 

The Chorus proclaims, “Happy are they who know not the taste of evil” (142).  The one 

law that is eternal and immutable is that “For mortals greatly to live is greatly to suffer” (142 – 

143).  “Evil seems good / To him who is doomed to suffer; / And short is the time before that 

suffering comes” (143). 

 

EPISODE THREE 

As Haemon, Creon’s youngest son, arrives, the Chorus wonders if he is saddened by the 

doom of his promised bride (143).  Creon asks Haemon if they can still be friends after the 

sentence of his promised wife (143).  Haemon replies that he, being Creon’s son, will “always 

obey” the “wise decisions” of his father (143).  Creon replies that fathers only wish for sons like 

Haemon and that bad sons are a disaster (143).  Creon warns Haemon not to be fooled “By lust 

and the wiles of a woman” (143).  Creon asserts that he had to sentence Antigone, for “How, if I 

tolerate / A traitor at home, shall I rule those abroad?” (144).  “To transgress / Or twist the law to 

one’s own pleasure […] is sinful […].  He whom the State appoints must be obeyed / To the 

smallest matter, be it right – or wrong” (144). Continuing with the theme of the irrefrangibility of 

law is this quotation from Creon:  “There is no more deadly peril than disobedience […].  

Therefore, I hold to the law, / And will never betray it – least of all for a woman” (144). 

Haemon, beginning with the caveat that “I neither am / Nor wish to be clever enough to 

prove you wrong,” relates to Creon how he has heard “whispers” of pity for Antigone and 

expressions of her honor for having buried a brother killed in battle, statements which no one 

would tell Creon directly (145).  Antigone, relates Haemon, “is the secret talk about the town” 

(145).  Haemon—affirming that “there is nothing I can prize above / Your happiness and well-
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being”—asks his father if there might not be some other way (145).  “It is no weakness for the 

wisest man / To learn when he is wrong, know when to yield,” Haemon tells his father (145).  

Continuing with the theme of the shattering of things that are obstinate and the adaptation of 

things that can realize the new urgencies of new circumstances, Haemon tells his father that 

“Trees bending to the torrent live unbroken, / While those that strain against it are snapped off” 

(145).  “[G]ood as it is to have infallible wisdom […] the next best thing / Is to be willing to 

listen to wise advice,” concludes Haemon (145).  The Chorus affirms that both Creon and 

Haemon have made legitimate points (145 – 146). 

Creon is indignant at the suggestion that he take advice from “a fellow of his age,” and he 

asks Haemon, “Would you call it right to admire an act of disobedience?” (146).  Revealing his 

stance on the matter of civil disobedience, Haemon replies, “Not if the act were also 

dishonourable” (146).  Haemon defends the righteousness of the act by asserting that the “people 

of Thebes” thought the deed honorable, to which Creon retorts, “The people of Thebes! / Since 

when do I take my orders from the people of Thebes?” (146).  When Haemon challenges him—

“Isn’t that a rather childish thing to say”—Creon responds that “I am king, and responsible only 

to myself” (146).  Haemon tells his father, “You’d be an excellent king – on a desert island” 

(146).  When Creon charges Haemon with being on the side of Antigone, Haemon responds that, 

no, he is on the side of his father and that the only reason he has refuted his father is that he 

knows that Creon is wrong (146).  When Creon tells his son, “You’ll never marry her this side of 

death,” Haemon responds, “Then, if she dies, she does not die alone” (146).  When Creon calls 

aside for Antigone to be brought out so that Haemon will witness her execution, Haemon—

saying “That sight I’ll never see”—exits (147). 

Creon tells the Chorus that only Antigone will be killed, for only she was guilty (147).  

When the Chorus asks in what manner the execution will occur, Creon replies that Antigone will 

be “taken to a desert place,” whereat she shall be “walled up / Inside a cave, alive, with food 

enough / To acquit ourselves of the blood-guiltiness / That else would lie upon our 

commonwealth” (147).  “There she may pray to Death, the god she loves, / And ask release from 

death; or learn at last / What hope there is for those who worship death” (147).  He exits (147). 

 

ODE THREE 

The Chorus tells of the power of love, which can win all battles and can influence both 

men and gods (147 – 148).  Love can corrupt the best of men, driving them to sin (148).  

“Aphrodite immortal / Works her will upon all” (148). 

 

EPISODE FOUR 

Antigone, guarded, enters (148).  The Chorus, now sympathetic to Antigone, weeps for 

her (148).  The Chorus tells Antigone that “glory and praise” will accompany her when she dies 

(148).  Antigone accuses the Chorus of mockery, of making her “a laughing-stock while I yet 

live” (149).  The Chorus says Antigone must make amends for the sin of her father, the curse of 

the house of Labdacus (149).  The Chorus tells Antigone, “You are the victim of your own self-

will” (149). 

Creon enters and sends Antigone away at once to be closed up in the rock-vaulted tomb 

(150).  Antigone is confident she will see her father, her mother, and her brother—all of whom 

she buried herself (150).  Antigone would not have violated the law for a husband or a son 

because she could always find another husband or have another son; but she only had one brother 
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(150).  Antigone makes one last statement about being punished for honouring “Those things to 

which honour truly belongs” before she is led away (151). 

 

ODE FOUR 

 The Chorus refers to the Greek character of Danae, whose example taught an important 

fact:  “So strong is Destiny, / No wealth, no armoury, no tower, / No ship that rides the angry sea 

/ Her mastering hand can stay” (151).  It alludes to various other characters in Greek myths (151 

– 152). 

 

EPISODE FIVE 

 A boy leads Teiresias, the blind prophet, in to see Creon (152).  Creon initially tells 

Teiresias that he is welcome here; he says there was never a time when he failed to heed the 

prophet’s advice (152). 

Teiresias tells Creon that he stands “on a razor’s edge” (152).  Teiresias has seen “birds in 

vicious combat” that are “Full of foreboding” (152 – 153).  He performed a “sacrifice upon the 

altar fire” that showed “signs of failure” (153).  Teiresias then tells Creon, “The blight upon us is 

your doing”; it is the spilt blood of the “ill-fated son” of Oedipus that is causing “ill-omened 

voices” (153).  “Mark this, my son:  all men fall into sin. / But sinning, he is not for ever lost / 

Hapless and helpless, who can make amends / And has not set his face against repentance.  Only 

a fool is governed by self-will” (153).  Teiresias tells Creon the same thing Haemon told his 

father:  “My words […] should be acceptable, being for your good” (153). 

 Creon accuses Teiresias of using him as “your commodity / To trade and traffic in for 

your advancement” (153).  Creon says all the money you could ever produce would not convince 

me to bury Polynices, the traitor (153 – 154).  “But great and terrible is the fall, Teiresias, / Of 

mortal men who seek their own advantage / By uttering evil in the guise of good” (154).  “[A]ll 

prophets seek their own advantage” (154). 

 Teiresias remarks, “Ah, is there any wisdom in the world?” (154).  He and Creon quarrel 

over the right course of action and the self-interested motivations of the other (154).  Creon, 

thinking that Teiresias seeks personal gain, tells him that “my will [is not] for sale, sir, in your 

market” (154). 

 Teiresias tells Creon fully what is on his mind:  Within one or two days, you, Creon, will 

have given your son to death in payment for two other debts—
1) 

“the life that you have sent to 

death,” namely, Antigone 
2) 

“the dead still lying above ground / Unburied, unhonoured,” namely, 

Polynices (154).  “You cannot alter this.  The gods themselves / Cannot undo it.  It follows of 

necessity / From what you have done” (155).  “Even now the avenging Furies, / The hunters of 

Hell that follow and destroy, / Are lying in wait for you” (155).  Teiresias tells his boy to lead 

him away, and they exit (155). 

 The Chorus tells Creon that it has never known the prophet’s prophesies to be false (155).  

Creon feels hard ambivalence:  Should he yield or should he maintain his position as the curse 

comes (155)?  “Both ways are hard” (155).  When the Chorus begins to suggest a course of 

action, Creon—in a major shift of attitude—says “What must I do?  Tell me, and I will do it” 

(155).  The Chorus exhorts Creon to 
1) 

release Antigone 
2) 

properly bury Polynices (155).  Creon 

acts quickly, ordering slaves to come with him to free Antigone (156).  “Now I believe / It is by 

the laws of heaven that man must live” (156). He exits (156). 

 

ODE FIVE 
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 The Chorus sings a hymn to Dionysus, noting that Dionysus loves to be in Thebes the 

most (156).  The Chorus tells the “Healer of all [of Thebes’s] ills” to “Come swiftly” (156). 

 

EXODOS 

 A messenger enters to tell the people of Thebes the news (157).  The messenger first 

declares that people are not fixed in good or evil; rather, they can change their course of action 

(157).  Creon, announces the messenger to the people of Thebes, was once enviable in his 

success, but now, he “Is living death,” for he is living “life without life’s joys” (157).
*
 

 Finally, the messenger tells the Chorus the specific news:  Haemon has slain himself at 

the actions of his father (157).  All happened as Teiresias had warned it would (157).  Eurydice, 

the Queen, enters, attended by women (157).  She tells the messenger that she came upon 

overhearing bad news (158).  She wants to hear the report; “I am not unacquainted with grief, 

and I can bear it” (158). 

 The messenger recounts the events (158).  
1) 

The messenger accompanied Creon to the 

edge of the field where lay Polynices, whose body had been “mauled by the dogs” (158).  They 

prayed for him and burned the remnants of his body (158).  
2) 

That done, they went to Antigone’s 

rock-chamber (158).  As they neared it, Creon heard his son’s screams and ordered others to go 

quickly ahead to find out what was happening (158).  
3) 

In the cave, the servants found Antigone 

hanging by the neck of a rope woven from her own dress (159).  Haemon stood with his arms 

around her (159).  
4) 

Creon enters and beseeches Haemon to “come away” (159).  Haemon spat in 

his father’s face and “Drew sword and struck out”; Creon fled unscathed (159).  
5) 

Haemon 

stabbed himself and died holding his love (159).  Describing a theme similar to that in Romeo 

and Juliet, the messenger says, “Two bodies lie together, wedded in death, / Their bridal sleep a 

witness to the world / How great calamity can come to man / Through man’s perversity” (159). 

 Eurydice goes quickly back into the palace (159).  The Chorus wonders why Eurydice 

has done this; the messenger hopes that it was to vent her grief in privacy, for “She is too wise, I 

think, / To take a false step rashly” (159).  The messenger goes in to the palace to see if Eurydice 

did in fact have “some fatal purpose in her grief” (160). 

 Creon returns with the body of Haemon (160).  He says, “O the curse of my stubborn 

will!” (160).  The Chorus laments, “Alas, too late you have seen the truth” (160).  Creon says 

that “God has delivered this heavy punishment […].  Such is the bitter affliction of mortal man” 

(160).+ 

 The messenger returns from the palace to report that Eurydice, Creon’s wife, has 

committed suicide (160).  Eurydice had held a knife, cursed Creon as the slayer of two sons, and 

drove the sword into her heart (161).  Creon wants a sword to kill himself (161).  “Lead me 

away, away.  I live no longer” (161).  The Chorus comments, “The future is not to be known; our 

                                                
*
 In declaring that “none can foretell what will be from what is,” the messenger seems to be rejecting determinism 

and is perhaps—based on the statement about the potential for people to change their virtue—promulgating free 

will.  More likely on the basis of the Creon example is simply the idea that the fortunes of people can change 

unexpectedly; this was exactly the lesson taught by the final Choral ode in the first play of the trilogy, Oedipus Rex. 
+ This relates to the Choral statement in ODE TWO wherein the Chorus declares that the one law that is eternal and 

immutable is that “For mortals greatly to live is greatly to suffer” (142 – 143).  The Chorus continued, “Evil seems 

good / To him who is doomed to suffer; / And short is the time before that suffering comes” (143).  This now makes 

perfect sense in view of Creon’s situation:  Creon, it is now apparent, was “doomed to suffer.”  His refusal to relent 

in his punishment of Antigone was “evil,” but he truly believed that it was the “good” course of action.  And as we 

have seen, it was not long before Creon’s suffering came. 



                                 * 7 * 

present care / Is with the present; the rest is in other hands […].  What is to be, no mortal can 

escape” (161).  Creon exits in hopelessness (162). 

 The final statement of the Chorus is as follows:  “Of happiness the crown / And chiefest 

part / Is wisdom, and to hold / The gods in awe. / This is the law / That, seeing the stricken heart 

/ Of pride brought down, / We learn when we are old” (162).  The message is that happiness 

comes from acting wisely and from revering the gods.  They exit (162). 



Brian Tomasik

Due:  October 30, 2003

Interesting Aspect of Macbeth

Shakespeare’s Macbeth is replete with minor themes and subtle meanings, from the idea that 

sleep provides peace of mind to the concept that the face hides a person’s true intent.  The eye 

symbolizes conscience, and the hand, action, while disturbances in nature parallel contradictions 

of what is “right.”  One aspect that I found particularly interesting, however, was the play’s 

references to action and motivation.  Though I disapprove of the actions themselves, I largely 

agree with the ideas concerning when to act, the fleeting nature of impulse, and the conversion of

emotion into action.

The rule about when to act is exhorted to Macbeth by his wife not long after Duncan’s murder:  

“Things without all remedy / Should be without regard.  What’s done is done” (3.2.13-14).  The 

seemingly emotionless Lady Macbeth explains that Macbeth’s dolefulness should have died with

those he killed.  I disagree with Lady Macbeth’s insistence that her husband immediately 

expunge all traces of emotion, for it is essential to the wellness of a person experiencing a loss to 

spend time in mournful contemplation.  Nevertheless, the basic idea of her statement is one that I

accept and even endeavor to follow in my own life.  Once intense emotion has subsided and a 

person has had time to accept any kind of loss or setback, it is best to move on and avoid 

remaining mired in what cannot be changed.  A person should dwell on the past only to the 

extent that it serves as a lesson and a motivator for future success.  For example, whenever I do 

poorly on a test, I try not to dwell on the failure beyond the initial emotional reaction; after 

accepting that emotion, I strive to employ reason, firstly to analyze what was wrong and how to 

improve on the next test, and secondly, to convert my displeasure into motivation to improve the 

next time.

This process is directly related to another mention of action and motivation in Macbeth.  In Act 

4, Scene 3, after Ross informs Macduff of the murder of his wife and children, Malcolm urges 

Macduff to transform his grief into an ardent desire for revenge:  “Be this the whetstone of your 

sword.  Let grief / Convert to anger.  Blunt not the heart; enrage it” (4.3.268-69).  As before, I 

disapprove of the immediate meaning of the exhortation—this time, to take violent revenge—but



agree with the basic idea.  I frequently hear people remark that news or information about 

politics is too depressing to read or hear.  I, personally, cannot understand this perspective; 

whenever I hear a story about human suffering or environmental degradation, for example, I feel 

inspired to take some sort of action to alleviate the problem.  Thus, I subconsciously transform 

my feelings of outrage into passion to effect change, in whatever small ways I am able (I believe 

that Ralph Nader has called this “the gift of outrage”).  Now, when I hear people mention the 

depressing nature of news, I can cite this quotation in my response to them.  As this and the 

previous example with tests demonstrate, emotion can be a powerful source for positive 

motivation and consequently, beneficial actions.

However, since it is common for this motivation to abate, it is important to somehow act while 

the emotion is present.  Macbeth expresses this in Act 4, Scene 1, after he has heard the three 

apparitions:  “The flighty purpose never is o’ertook / Unless the deed go with it” (4.1.165-66).  

After resolving to seize Macduff’s castle and dispatch his family, Macbeth commits to not 

“boasting like a fool; / This deed I’ll do before this purpose cool” (4.1.174-75).  This idea of 

carrying out actions before motivation wanes was also prominent in Hamlet:  I remember, for 

instance, that Claudius explicated it when he urged Laertes to expeditiously take revenge on 

Hamlet.  However, often in real life, it isn’t possible to take immediate action, especially with 

larger endeavors.  When this is the case, particularly with political issues, I attempt to remember 

the inspiration felt at one moment—such as after hearing a moving speech—in order to recall it 

later.  Even if I do not feel energized at that later time, I remember the emotion experienced 

previously and use reason to impel myself to take the small action anyway.  (Most of the time, 

recollecting the motivating experience elicits augmentative remnants of emotion, as well.)

Among the many themes contained within Macbeth is one relating to action and motivation.  

Sundry characters relate similar pieces of advice:  Lady Macbeth exhorts her husband to move 

beyond the past, Malcolm urges Macduff to turn his sadness into vengeance, and Macbeth 

resolves to take action before the erosion of his motivation.  Though the intentions of the 

characters are, in every case, baleful, the core ideas of the recommendations can be beneficially 

applied to everyday life.



Brian Tomasik                  16 January 2004 

Period 4AC                                 Analysis of Pi 

 

 

 The film Pi by Darren Aronofsky centers around a brilliant mathematician and 

numerologist, Max Cohen, and his relentless effort to discern a universal pattern to seemingly 

random occurrences.  At the same time that his genius is selfishly pursued by Marcy Dawson of 

the investment firm Lancet Percy and Lenny Meyer of a mystical Jewish sect, Max himself 

experiences ever-worsening headaches and hallucinations that drive him to the edge of insanity.  

When he finally discovers the 216-digit number he had unceasingly sought, he hallucinates his 

destruction of every trace of it, including the knowledge contained in his own brain.  The central 

theme of Pi is the film’s portrayal of two dual aspects of metaphorical blindness:  clarity of 

insight and the inability to recognize limits that should not be crossed.   

 The theme of blindness is introduced in the beginning of the film with Max’s first 

statement:  “When I was a little kid, my mother told me not to stare into the sun. So one day 

when I was six, I did.”  Max was literally blinded for a time, and though eventually recovered his 

eyesight, the ordeal afflicted him with searing headaches that would recrudesce periodically and 

mercilessly.  It is later revealed that Max felt an epiphanic flash of universal realization at the 

moment when the sun filled his eyes with an overpowering burst of white light.  The film further 

intimates the connection between staring into the sun and headaches by ending every one of 

Max’s hallucinations with a fade into white light.  The crude, black and white appearance of the 

film may have been intended to portray the quality of Max’s vision as he searches for the answer.   

 As the sun-induced burst of realization suggests, insight into the essence of the universe 

is one of the elements of the metaphor of blindness.  Just as Max’s six-year-old burst of 

understanding had the repercussion of intense pain, so his continued approach toward the 



discovery of the ultimate pattern is accompanied by excruciating headaches of worsening 

severity.  It is interesting to note that this same meaning for blindness is found in other works, 

most notably Oedipus Rex by Sophocles.  In this play, Oedipus relentlessly seeks knowledge, not 

about a universal pattern, but, rather, about his past.  Upon learning that he has unwittingly 

murdered his own father and married his own mother, Oedipus blinds himself so that he will not 

be forced to witness all of the damage he has caused.  The equation of blindness with 

understanding is underscored by the wisdom of the sightless soothsayer who accurately relates 

Oedipus’s history. 

 The beliefs which form the basis for the blindness of discovery that Max experiences 

likewise have connections to past thinkers.  Max believes that everything—from the digits in pi 

to the apparent vagaries of the stock market—follows a mathematical pattern in the same way 

that countless philosophers—from the Stoics of the Hellenistic era to Baruch Spinoza and the 

Enlightenment philosophes of the seventeenth and eighteenth centuries—posited the adherence 

of everything to universal natural laws.  His assumption of the predictability of all occurrences 

demonstrates Max’s acceptance of the basic principles of determinism, the idea that the 

progression and evolution of the universe has been set in advance, for if occurrences can be 

predicted, they must be predetermined.  Determinism may be understood in either a religious 

context, which postulates that God has prearranged the future, or in a materialist context, which 

argues that the universe follows a set course because the interactions of molecules and atoms are 

themselves predictable and unvarying.  It is therefore interesting that one of the groups striving 

to exploit Max’s knowledge may be loosely defined as religious and that the other can crudely be 

considered materialist.  (Max actually insults Marcy Dawson by calling her a “materialist,” a 



label which, although it was meant to execrate her ruthless greed, can more subtly be applied to 

the philosophical paradigm that predicates the sole existence of matter.) 

 The belief that the universe behaves according to a pattern relates to yet another key 

philosophical concept:  Plato’s theory of ideas.  Plato proposed that all forms in the material 

world are but copies made from an immutable and eternal “mold” or “pattern” that exists in the 

world of ideas in the same way that Max believes that every event or trend occurs on the basis of 

a universal pattern of numbers.  Plato’s myth of the cave also corresponds to Max’s experience.  

The myth describes how a group of people have lived their entire lives in a cave with their backs 

to its opening so that they believe the shadows they see on the cave wall to be the only reality 

that exists.  Eventually, one person manages to turn around and leave the cave for the outside 

world.  Although he is initially blinded by the glaring sunlight, he finds himself in the infinitely 

more perfect world of ideas.  In the same way, some of the people around Max—most notably, 

his former professor at Columbia University, Sol Robeson—doubt (or, at least, pretend to doubt) 

the existence of a universal pattern by which all of the occurrences in nature operate.  Max, 

however, strives to leave the cave and enter the world of nature’s universal pattern, in spite of the 

headaches and hallucinations that the glaring sunlight of realization bring.  Unlike Plato’s cave 

dweller, however, Max finds not a beautiful world of ideas but an agonizing, maddening hell. 

 The myth of the cave, like Oedipus Rex, indicates a relationship between blindness and 

insight.  Yet Pi also emphasizes another aspect of sightlessness:  indifference to anything 

unrelated to a single, monomaniacal goal and the inability to recognize those boundaries which 

should not be transgressed in progressing toward such a goal.  Max is blind to social grace and 

public presentation, as his slovenly appearance and taciturnly terse conversations illustrate.  He 

rejects the flirtatious hints of his neighbor, Devi, and eventually even refuses to play the 



calculator game with Jenna.  Max ignores Sol’s suggestion that he read Hamlet (which, 

interestingly, is a story about the consequences of the blind pursuit of a goal—in that case, 

revenge), as well as Sol’s admonition that the door Max seeks is on the edge of a cliff.  Max 

seems apathetic to even his own torment, for he continues unflaggingly despite his constantly 

bloody nose, his excruciating headaches, and his hideous hallucinations.  This blindness to pain 

is emphasized in Max’s hallucination at the train station.  Max continued to walk forward along 

the trail of blood in the same way that he relentlessly advances toward the pattern in spite of its 

devastation to his health.  He persisted in poking the brain, even after it produced a headache 

accompanied by an intense train sound, just as he continues to push his own mind to discover the 

pattern.  Max’s inability to cognize necessary limits to his quest is well expressed in Sol’s 

comparison of Max to Icarus, the mythological youth who flew so close to the sun that his wax 

wings melted and he fell to his death in the ocean below. 

 Pi portrays the connection between two seemingly contradictory forms of blindness.  One 

is the blindness of epiphany:  the revelation of universal insight in a flash of bright white light.  

Max’s progression toward the ultimate pattern—which is predicated on assumptions redolent of 

such concepts as natural law and determinism—parallels the experience of Plato’s cave dweller 

until Max realizes that the end he seeks is anything but a perfect world of ideas.  The other form 

of blindness—unconcernedness for social interaction and the inability to see when to stop—

accompanies the first.  Thus, the film expresses the strong conviction that the pursuit of an end, 

even an end that may seem wonderful, must always be held in check by the rational restraining 

forces of clear vision. 

 



Brian Tomasik 

April 28, 2003 

Fourth Quarter Book Review 

 

 

 Imagine being shot in the shoulder and having your lung torn, your spinal cord broken, 

and no feeling from the chest down; this is what Ron Kovic endures in his memoir, Born on the 

Fourth of July, 224 pages.  The book begins in Vietnam, where the author is paralyzed, 

hospitalized, and sent home.  Ron then describes his childhood and his early desire to become a 

marine, which he does after high school.  The story then describes the author after he has 

returned home, where he often feels depressed and lonely, until he begins to become involved in 

the antiwar movement, attending protests and giving speeches about his experience.  The end of 

the book describes Ron’s experience in Vietnam, which includes killing a corporal and observing 

countless dead bodies, including many of his friends; Vietnam is so harrowing that Ron is 

relieved to be injured because it meant he would be returning home. 

 Though the ordering of events and descriptions in Born on the Fourth of July are 

sometimes confusing, this book is moving and essential for everyone to read.  Its most important 

aspect is that it depicts in horrific detail the effects of war that are too rarely seen.  While most 

people see only patriotic marches and heroic and glorious fighters, the soldiers forced into 

combat are often the only ones to visibly observe the injury, destruction, and death resulting 

from war.  One shocking example of these often unseen impacts is the attack made by Ron and 

others upon a small Vietnamese village in the dark.  While Ron’s group skulkingly approached 

the area, one of the men began firing without orders, which caused the others to do the same.  

After the shots had ceased, Ron and a few others hurried into the village to investigate the 

damage and found that they had accidentally killed children, who were “screaming and thrashing 

their arms back and forth, lying in pools of blood, crying wildly, screaming again and again.  

They were shot in the face, in the chest, in the legs, moaning and crying….There was an old man 



in the corner with his head blown off from his eyes up, his brains hanging out of his head like 

jelly….A small boy next to the old man was still alive, although he had been shot many times.  

He was crying softly, lying in a large pool of blood.  His small foot had been shot almost 

completely off and seemed to be hanging by a thread” (205-6).  The descriptive words 

throughout this passage render it especially poignant; by depicting “pools of blood,” “screaming 

and thrashing,” and the atrocious injuries of the old man and boy, the author creates vivid 

pictures in the minds of the readers that would not be elicited simply by a statement that, for 

example, “the children were dead or injured.”  Furthermore, by describing the wounded as “shot 

in the face, in the chest, in the legs” and repeating the words “in the,” the author not only 

emphasizes each individual area of the body that was damaged, but also gives the reader more 

time to comprehend the description.  While certainly unpleasant, this passage provides an 

account of the atrocities of war to which we are rarely exposed, and that is essential for us to 

make an informed and circumspect decision about any future wars.  Too often, people are remote 

and isolated from the true effects of war, and instead might view it simply as a game that is won 

using advanced technology to avoid any real harm.  Even many leaders in our government have 

not seen the battlefield and therefore do not hesitate before choosing to invade Iraq; the few who 

have seen war, including Anthony Zinni and John Kerry, are some of the few people in 

government urging restraint, providence, and caution.  Born on the Fourth of July allows readers 

to see something that is rarely shown on television or reported in the news: the true costs and 

violence of war. 

   

harrowing – adj. – extremely disturbing or distressing; grievous –  

skulkingly – adv – moving in a stealthy manner –  

providence – n – foresight; provident care -  
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Analyzing characters from Antigone

By Brian Tomasik

Due date: 24 February 2004

Any play that has survived for thousands of years and that has competed with

countless millions of other literary works for readership is likely to have substantial

meaning and several intriguing aspects; Antigone, so far, has fit this generalization.

The play not only provokes difficult questions about the rightness of breaking the

law, but it also indicates that many facets of society and human interaction have

changed little over more than two millennia.

The behavior and attitudes of the characters are one example of this. The ruler

Creon has an obstinately self-righteous ego that is not at all uncommon today.

Creon is so focused on one goal—proving the firmness of his leadership to the

Theban people by refusing to back down on his decree forbidding the burial of

Polynices—and is so convinced in his rightness that he refuses to listen to anyone

else—Antigone, Ismene, or even his own son, Haemon. Creon makes countless

references to his rectitude in upholding the law against temptations to relax it,

simultaneously ignoring his brutality not only to Antigone but even to the Sentry

who reported the news.

Haemon is another character with many parallels to the modern world. He

obsequiously impresses Creon by declaring the infinite wisdom of his father, and he

accepts Creon’s praise of his fidelity. However, Haemon is not simply a sycophant;

he sympathizes with Antigone and the Theban masses and hopes to use his

position to make his father see the truth. His lack of fear in challenging his father’s

authority even begins to convince the Chorus to see the potential legitimacy of

Antigone’s sentiment.

Antigone represents a fearless crusader for what she believes must be done. She

began as a lone voice protesting Creon’s decree; even Ismene refused to assist her

in the beginning. But as events progressed, she attracted more and more support—

from Ismene, from Haemon, and even from the people of Thebes. At the same time,

her recklessness in violating the law and her indifference to the declaration of her

own execution evince deep emotional distress, possibly resulting from the death of

her brothers and what she considers the unjust decree. She demonstrates a refusal

to listen to others, which might be considered comparable to that of Creon: not only

does she dismiss Creon’s position, but she refuses to accept the pleas of Ismene

(both before she committed the crime and afterwards when Ismene demanded to

be killed).

Ismene is an example of a reluctant friend, one who is initially terrified of defying

authority but who later understands its importance. Like perhaps many of the

citizens of Thebes, it took the initiative of Antigone for her to build up the courage to

repudiate the law. Like Antigone, she harbors emotional instability, as is seen in her

hysteria when she asks to be killed along with her sister.

It is interesting to realize that Antigone seems to revolve around the conflict

between two characters with equal stubbornness, namely, Antigone and Creon.

Both seem incorrigibly fixed in their adherence to what they consider the right

course of action, and both even exhibit indifference to the expostulations and

protests of others. Twice the idea that obstinacy leads only to ruin is mentioned in

the play, once when Creon compares Antigone to a piece of hard metal that breaks

easily under intense heat and again when Haemon warns his father of being a stiff

tree in a strong current that will easily snap. This theme is relevant to any group of

people in any time period; regardless of the society in which they live, it will always

be essential for people to find a balance between the firm maintenance of a belief

and the open-minded recognition of the possible legitimacy of contrasting views.
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 Very often in life, people are struggling to achieve freedom from something, whether it is 

physical or mental, and this theme of struggling for independence is therefore very common in 

all types of literature; Upton Sinclair’s The Jungle is no exception.  This novel involves a young 

immigrant, Jurgis Rudkus, and the struggle of his family and himself to make a living in the 

abject stockyards of Chicago.  Many members of the family are forced to work long hours in 

deplorable conditions simply to earn enough money to keep the family from starving.  For them, 

every day is a struggle to stay alive.  Throughout this novel, Jurgis strives to gain independence, 

independence from wage slavery at the factories and meat packing plants, independence from 

being mired in the city of Chicago, and independence from his feeling of helplessness and 

worthlessness. 

 Jurgis was able to temporarily feel freedom from being trapped at the stockyards in 

Chicago when he ran away from his family into the countryside.  Jurgis had always been forced 

to remain in the city to earn money for food and shelter for his family.  However, after the death 

of his wife, Ona, and his only son, Jurgis felt no more reason to stay in the city and so he 

departed to the country.  He traversed several farms and fields, where he was able to help with 

the farm work in return for food.  After finally escaping the city, Jurgis feels elation and euphoria 

because he thought that “He was going to live in the country….For three long years he had never 

seen a country sight nor heard a country sound….And now he felt like a bird lifted up…” (211).  

After many dreadful years in Chicago, Jurgis was once again able to see the countyside, a sight 

he had long missed.  He felt like a bird after finally being free because, like a bird, he could go 



wherever he wanted without obstruction.  He had been lifted up around the towering walls of his 

jail, which was the city of Chicago.  For the first time in years, he felt truly freed. 

 Jurgis also tried to gain independence by joining the Socialist Party.  He hoped that 

socialism could equalize the distribution of wealth so that the poor could be freed form wage 

slavery from the rich.  He also felt freed by the fact that socialism gave his life a purpose.  Jurgis 

felt an enormous feeling of liberation after hearing an eloquent speaker discuss socialism.  He 

was so amazed by the oration that he “could not think at all, he was stunned; yet he knew that in 

a mighty upheaval that had taken place in his soul, a new man had been born….The whole world 

had changed for him – he was free, he was free!” (304).  Jugis felt that he had been reborn 

because he had been so influenced by the speaker.  He felt freedom because he knew that by 

fighting for socialism, his life would be meaningful and that it was even something to die for; he 

felt his world had changed because he finally had a purpose. 

 In order to convey the feeling of independence, the author also used changes in the mood 

of his writing.  Throughout much of the novel, Sinclair uses a depressing tone to evoke a mood 

of hopelessness and despair.  Jurgis experiences many hardships, including working in brutal, 

atrocious conditions, becoming injured on the job, being cheated into paying extra for a home, 

being incarcerated in prison, and facing the deaths of many members of his family.  Towards the 

end of the novel, though, the mood changes to one full of hope, freedom, and purpose.  Sinclair 

describes Jurgis’ encounter with socialism in such a way as to fill the reader with a feeling that 

conditions can improve.  The author uses this shift in the mood from one of despair to one of 

hope and freedom to express a strong feeling of liberation and independence. 

 Throughout The Jungle, Jurgis struggles to gain freedom and independence, both from 

being physically trapped in Chicago and from being mentally mired, in such a way that his life 



seems meaningless.  Jurgis physically escapes Chicago, but is much more liberated by his 

discovery of socialism, because it frees him mentally.  Sinclair uses a change in the mood of the 

novel from hopelessness to freedom, compounding the theme of independence in the book. 

 

 



Thoughts on Romeo and Juliet

By Brian Tomasik

4 Apr. 2002

Both of the main characters in William Shakespeare’s Romeo and Juliet never seem to 

take the time to carefully think through important decisions.  For instance, Romeo and Juliet 

wanted to marry each other before they had even known each other for one day.  While it is 

understandable that they want to be married before their families prevent the marriage, their 

decision was injudicious.  They had only known each other for a few hours before deciding to be

married, meaning their “love” is based on only lust.  This is demonstrated by the fact that, in the 

play, Romeo mainly focused on Juliet’s beauty while he described her after seeing her for the 

first time, saying, among other things, that she had “Beauty too rich for use…” (1.5.54).  

Relationships based on appearance do not usually last as long, nor are they usually as successful 

as relationships based on features that matter, including personality and character.  Romeo and 

Juliet must learn more about each other and spend time together before they can even begin to 

consider marriage.  

Part of the reason for their lack of consideration in decisions may be due to the fact that 

they are just experiencing “love” for the first time and their strong emotions may be preventing 

them from thinking rationally about the situation.  Romeo and Juliet are so caught up in love and 

so excited that they want everything, including marriage, to happen instantly.  If they were to 

wait a few more days and calm down, they might realize that quick, spur-of-the-moment 

decisions are often not the best ones.

Romeo and Juliet are young, and have little experience with such complex emotions.  

They should heed the wisdom of some older adults with more experience, namely Friar 

Lawrence and Juliet’s nurse.  Friar Lawrence was incredulous when Romeo explained to him 

http://www.sccs.swarthmore.edu/users/09/btomasi1/


that he wanted to be married after just deciding that he didn’t love Rosaline.  Friar Lawrence was

able to see that this hasty decision was not likely to turn out well (especially considering that 

Romeo’s previous decision that he loved Rosaline was quickly reversed.  Friar Lawrence 

cautioned that Romeo should proceed “Wisely and slowly.  They stumble that run fast” 

(2.4.101).  He explained to Romeo that those who are quick to make decisions will often make 

mistakes, and that those who take the time to carefully plan decisions will often make better 

judgments.  Juliet’s nurse also expressed some doubts about Juliet’s desire to marry Romeo.  The

nurse warns Juliet that her decision may be unwise, telling her that she “made a simple [foolish] 

choice” (2.5.40).  Juliet’s nurse cautions that while Romeo may be handsome, he is not very 

polite and not a good choice for a husband.  Both Friar Lawrence and the nurse are older, wiser, 

more experienced, and less caught up in new emotions, and they can therefore give advice that 

should be taken into consideration.

The main characters continue to make foolish, shortsighted decisions later in the play.  

After hearing that he would be banished for killing Tybalt, Romeo’s immediate response is that 

he would rather die than be banished.  After hearing of his punishment, Romeo told Friar 

Lawrence to “Be merciful and say ‘death’,/For exile hath more terror in its look,/Much more 

than death” (3.3.13-5).  Friar Lawrence tries to tell Romeo “philosophy” and reason, but Romeo 

does not listen.  He instead attempts to kill himself with his dagger to end his suffering, for he is 

so caught up in grief and despair, that he cannot see any other solution.  Friar Lawrence, 

however, understands that suicide will only hurt Romeo and others, including Juliet, and that the 

situation is not hopeless because the Prince of Verona may allow Romeo to return to his city 

once the situation calms down.  This is yet another example of how quickly and foolishly Romeo



makes his decisions and how much more wisely adults, including Friar Lawrence, who are not 

emotionally involved in the situation, are able to think through a situation.

The feud between the Montagues and Capulets in William Shakespeare’s Romeo and 

Juliet was probably exacerbated, and possibly even sustained by the fact that the names 

symbolize hatred towards the opposite family.  When a member of the Capulets is born, they are 

constantly told that all members of the Montague family are enemies, possibly without an 

explanation as to the reason for the hatred.  That Capulet grows up only hearing that all 

Montagues are to be despised, and with little interaction between the families, except for 

fighting, those views of the Montagues are not proved false.  The same situation occurs with all 

Montague children.  

All members of the families are arbitrarily grouped into a category based on only their 

cognomen, not their personality.  Regardless of the way a person acts, they are automatically 

marked a certain way by their family name.  This creates a situation in which members of a 

certain family are obligated to fight members of the other family only because of their name, not 

because there is reason to fight.  A similar phenomenon occurred in George Orwell’s Animal 

Farm.  After the animals forced the farmer to flee his farm, the pigs of the farm took control and 

insisted on the idea that having four legs is good and having two legs is bad.  This classified all 

people and animals into set categories.  Regardless of a human’s personality, they were 

automatically assumed to be bad; meanwhile, by claiming that all animals are good, no matter 

how they act, the pigs were able to steal and cheat without arousing too much protest from the 

animals.  Without names, the Montagues and Capulets would not automatically associate a 

person as a friend or enemy; instead, a person’s actions would determine how others treated 



them.  This would probably lessen, or even possibly end, the feud between the Montagues and 

Capulets.

Postscript, 5 Aug. 2014:

I find it a bit risky that schools teach Romeo and Juliet because of the Werther effect. Has there 

been some high-school student for whom Romeo and Juliet tipped him/her over the edge for 

suicide? Probably. That said, some of the writing in the play is brilliant.

https://en.wikipedia.org/wiki/Werther_effect


To Kill a Mockingbird essay
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Both the novel, To Kill a Mockingbird by Harper Lee and the poem “My Arkansas” by 

Maya Angelou express the rancor and animosity that plagued the ante-bellum South in the early 

1900s.  The length and styles of the two pieces are very different; however they both convey a 

similar feeling that the South has still not fully healed (1a).

Violence, particularly between blacks and whites, was commonplace in the 1930s, when 

To Kill a Mockingbird takes place.  In the novel, the Ewell family is very angry with Atticus 

Finch for defending Tom Robinson, a black man who Mr. Ewell accused of raping his daughter.  

After the trial, in which Tom Robinson was found guilty despite significant evidence of his 

innocence, “Mr. Ewell approached him [Atticus], cursed him, spat on him, and threatened to kill 

him” (page 217).  Later on, Mr. Ewell even tried to hurt Atticus’s children, Jem and Jean Louise.

Jean Louise later described, on pages 269 and 270, that Mr. Ewell “grabbed me an’ mashed my 

costume…think I ducked on the ground…heard a tusslin’ under the tree sort of” and that after 

fighting with Jem “Mr. Ewell [tried] to squeeze me to death, I reckon…then somebody yanked 

Mr. Ewell down.”  The children both survived the encounter, but Jem’s arm was badly hurt.  

This shows how much anger was still present at the time.  Mr. Ewell had so much hatred towards

blacks that he would even attempt murder on the children of a white who respected blacks.

Similarly, Maya Angelou’s poem describes the hostility between blacks and whites.  It 

says: “There is a deep brooding/in Arkansas./Old crimes like moss pend/from poplar trees./The 

sullen earth/is much too red for comfort.”  This poem is much more metaphorical but has the 

same idea as To Kill a Mockingbird.  The moss represents the hatred and violence of the time, 

that still hangs on and remains, despite a force trying to drag it down and eliminate it (the force 

http://www.sccs.swarthmore.edu/users/09/btomasi1/


of gravity in terms of the moss and civil rights advocates in terms of the hatred).1  The red earth 

represents the blood spilled as a result of the enmity present between blacks and whites.

Both the poem and the book hint at changes that are to come.  Atticus, on page 221, says 

that all of the discrimination towards blacks is “adding up and one of these days, we’re going to 

pay the bill for it”.  He explains that the suppression of blacks will end and that equality for 

everyone will someday be a reality.  Atticus also implies that there will be consequences for the 

suppression of blacks, which the whites will pay for.

“My Arkansas” also seems to imply conditions for blacks will improve in the South.  It 

says: “Sunrise seems to hesitate/…Old hates and/ate-bellum lace are rent/but not 

discarded./Today is yet to come…”.  This passage metaphorically describes the hatred still 

present.  The sunrise and daytime represent decreased enmity and violence.  The sun has started 

to rise, because the blacks have been freed and have more rights, but it has not risen to its full 

height in the sky, because of the poverty and discrimination that blacks had to endure.  Hatred 

and racism still exist today, but the sun has risen a bit more since the early part of the 20th 

century.  The word “yet” provides hope that someday, daytime will come.

Both of these pieces of writing convey the feelings of unease and hatred between blacks 

and whites in the South; they both use various techniques to display the violence and 

discrimination at the time, and they both suggest that conditions will change for the better (1b).  

Atticus says on page 205, “Thomas Jefferson once said that all men are created equal…” and for 

this reason, we must work to make sure that all people are treated fairly and justly.

1 Brian on 5 Aug. 2014: Of course, a more straightforward interpretation is that this passage conjures images of 

lynched blacks hanging from trees.



Expected Value of Information 

Brian Tomasik 

12/31/2007 

 

The “expected value of information” is colloquially defined as the expected value after 
learning a given piece of information minus the expected value before learning that piece 

of information. This wording is a little imprecise. For instance, suppose we currently 

think our best action has expected value +10 and then we learn new information that tells 

us that the new best action has expected value +5. Clearly, the value of the information 

wasn’t -5. Below, I give a simple, explicit formula for the value of information. 

 

For simplicity, suppose there are finitely many possible worlds, indexed by j, to which 

we assign nonzero probability. These possible worlds are complete descriptions of all the 

facts in a particular universe, so for instance, a world in which fish are sentient is a 

different world from one in which fish are not sentient. Let P(j) denote our subjective 

probability of being in possible world j. Let i be an index over our (assumed finite) set of 

possible actions, and let U(i, j) denote the utility of taking action i given that we’re in 
world j. (Note that this is not an expected utility, because the possible world we’re in 
gives a complete description of all facts, i.e., there’s no uncertainty.) The expected utility 
of action i is 

 

EU(i) := sum_j P(j) U(i,j). 

 

Utilitarians choose the action 

 

[http://en.wikipedia.org/wiki/Arg_max argmax]_i EU(i). 

 

Suppose we’re considering whether to expend resources to find out more information. If 
we knew for certain the outcome k of our information gathering, we could update our 

probability distribution over possible worlds. Let P(j,k) denote the probability of possible 

world j given information k. With this information, we compute new expected utilities: 

 

EU(i,k) := sum_j P(j,k) U(i,j), 

 

and we now choose action 

 

argmax_i EU(i,k). 

 

What have we gained from our information? Instead of taking action argmax_i EU(i), we 

take action argmax_i EU(i,k). (Of course, these may turn out to be the same action, in 

which case our information didn’t provide any value). The expected value of this change 

in action is 

 

EU(argmax_i EU(i,k),k) – EU(argmax_i EU(i),k), 

 



i.e., we reevaluate the expected value of our old action argmax_i EU(i) based on our new 

information. This expression can be rewritten as 

 

max_i EU(i,k) – EU(argmax_i EU(i),k). 

 

Now, of course, we don’t actually know what information we’ll discover; the best we 
have is a subjective probability distribution over what that information will turn out to be 

(assume the number of possibilities is finite). Let Q_k be the probability of discovering 

information k. Then the expected value of acquiring new information is 

 

sum_k Q_k [max_i EU(i,k) – EU(argmax_i EU(i),k)]. 



Brian Tomasik  

Transfinite Numbers – Requirement 4, Spring 2005 

 

 

 Logicism was founded around the year 1884 by the German philosopher and 

mathematician Gottlob Frege, and it was further developed by Peano, Bertrand Russell, and 

Alfred North Whitehead.  The school of thought held as its basic premise that all of mathematics 

follows naturally from logic.  Russell and Whitehead defined “logic” in their 1910 Principia 

Mathematica as follows:  “A logical proposition is a proposition which has complete generality 
and is true in virtue of its form rather than its content.”  For example, the “law of the excluded 
middle”—which states that either p or ~p must be true—would be considered a logical 

proposition because it originates from the “form” of language itself, not from the “content” of 
any specific examples.  However, the “axiom of infinity”—which holds that there exist infinite 

sets—is not a logical proposition inasmuch as it arises not from logical necessity but only from 

the many examples of infinity that humans encounter in the real world.  Neither the axiom of 

infinity nor the axiom of choice—two of the nine axioms of the modern Zermelo and Fraenkel 

(ZF) set theory—can be considered logical propositions according to the Russell and Whitehead 

definition; thus, from this perspective, logicism has failed to ground contemporary mathematics. 

 The mathematical school of logicism has its roots in the philosophical doctrine of 

realism, which in medieval scholarship meant the Platonic belief that truths exist outside of the 

human mind waiting to be discovered.  Accordingly, abstract mathematical ideas can be taken to 

exist without demonstrating how the human mind would “construct” them.  I disagree with this 
philosophy and thence with the concept of logicism to which it leads.  To me, truth is whatever 

the mind decides to make it, and there are uncountably infinite different ways to perceive 

reality—most of which humans cannot even imagine.  While intuitive logical truths usually work 

for practical purposes, humans have no reason to assert that they must be absolute or that another 

system of logic could not work just as well under an alternate perspective of reality.  And even 

within the framework of the prevailing human view of reality, intuitive conclusions have often 

turned out to be wrong, as advances in the theory of relativity, quantum physics, and countless 

other fields have shown. 

 The school of intuitionism—founded around 1908 by the Dutch mathematician L. E. J. 

Brouwer—took an entirely different course from logicism.  While the logicists tried to justify the 

existing conclusions of classical mathematics, the intuitionists rejected them as flawed and full of 

contradictions (citing, for example, the paradoxes that Russell had found in Cantor’s set theory).  
Instead, they sought to rebuild the entire system of mathematics from the beginning. 

 Intuitionism originates from the idea of natural numbers; its adherents believe that people 

have an automatic, “intuitive” sense of the number one, and in repeating that thought process, 



they arrive at the number two, the number three, and any other positive integer.  Thus, rather 

than simply proving that a natural number exists, intuitionists “construct” it.  Intuitionists do not 
accept logical statements until they can be demonstrated constructively (that is, through 

mathematics).  Thus, the intuitionists adopt a diametric position from the logicists:  while the 

latter attempt to prove mathematics through logic, the former prove logic through mathematics.  

Even though intuitionism, unlike logicism, contains no internal contradictions, it has largely been 

repugned by the mathematical community, mainly because it has not succeeded in reproducing 

all of the conclusions of classical mathematics and has on occasion produced entirely different 

results, such as the theorem that every function is continuous which has real values and is 

defined for all real numbers. 

 Intuitionism mirrors closely the philosophical doctrine of conceptualism, which holds 

that abstractions exist only to the extent that the mind has constructed them.  As I stated before, I 

personally subscribe to this philosophy, and hence, I agree most with intuitionistic mathematics.  

Instead of deducing from a set of assumed logical absolutes, I would much prefer to demonstrate 

a conclusion in the almost inductive manner of the intuitionists, for the latter method is much 

less likely to involve errors or create contradictions. 

 Unlike logicists and intuitionists, formalists deal not with abstract entities but with 

language.  Though formalist ideas had been expressed during the late 1800s, the true foundation 

of formalism was not until around 1910 by German mathematician David Hilbert.  The school of 

thought centers around “formalization”—the process of expressing an axiomatized theory in 

terms of a first-order language (that is, a language consisting of mathematical symbols).  The 

purpose of formalization is to demonstrate the truth of a given theory using the “Hilbert 
program,” by which one shows that, working entirely within the formalized language of a given 

theory, one cannot arrive at a contradiction. 

 The philosophy best connected with formalism is that of nominalism, which holds that 

abstract entities do not exist—whether in the human mind or outside of it—except as words and 

names.  In a similar way, formalist mathematicians concern themselves not with the abstractions 

found within a given theory but merely with the language used to represent the theory. 

 Like logicism, formalism has run into problems, most notably Kurt Gödel’s 
demonstration in 1931 that “No sentence of [the formalized language] L which can be interpreted 

as asserting that [the given theory] T is free of contradictions can be proven formally within the 

language L.”  In other words, the Hilbert program does not work.  Thus, of the three schools of 

thought on the foundation of mathematics discussed above, only intuitionism has so far been 

flawless.  For this reason, and because the philosophy of conceptualism is closest to my own, I 

sympathize most strongly with the school of intuitionism. 
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"The Chameleon" (a poem)

By Brian Tomasik

Written in 2000? 2001?

On a branch,

The chameleon clings.

As he spots the most

Tempting of things:

A large insect with wings.

He moves slowly forward,

And adjusts his large eyes.

All of a sudden,

The extended tongue flies.

It’s the insect’s demise.

To the long tongue,

The insect stays glued.

The slow-moving lizard,

Begins chewing his food.

And his skin color changes,

Because of his mood.
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Derivation of the Formula  

for the Derivative of any Monomial 

Brian Tomasik 

17 June 2004 

 

This formula for the derivative of any monomial will presently be proved: 

 

If y = x
n
, then (dy)/(dx) = nx

n-1
 

 

Here is the equation from which this derivation begins: 

 

If y = f(x), then (dy)/(dx) = [f(x + h) – f(x)]/h, 

in the limit that h  0 

 

Before proceeding onward, it will be useful to review binomial expansion.  As an 

illustration, consider the following example: 

 

(x + h)
3
 

= (x + h)(x + h)(x + h) 

= (x
2
 + xh + xh + h

2
)(x + h) 

= x
3
 + x

2
h + x

2
h + xh

2
 + x

2
h + xh

2
 + xh

2
 + h

3
 

= x
3
 + 3x

2
h + 3xh

2
 + h

3 

 

Notice the pattern of the exponents of x and h.  Notice, too, the coefficients of the 

terms when arranged in descending order for x:  1 3 3 1.  Each coefficient is the 

result of a combination, nCr, in which n equals the power to which (x + h) is raised 

(namely, 3) and r equals the number of the term minus one.  Thus, the expression 

could be written in this way: 

 

(3C0)x
3
 + (3C1)x

2
h + (3C2)xh

2
 + (3C3)h

3
 

 

In general, then, the expansion of (x + h)
n
 can be written thus, assuming n to be a 

natural number: 

 

(nC0)x
n
h

0
 + (nC1)x

n-1
h

1
 + (nC2)x

n-2
h

2
 + … + (nCn-1)x

1
h

n-1
 + (nCn)x

0
h

n
 

 

Returning to the derivative formula, if f(x) = x
n
, then (dy)/(dx) will equal [(x + h)

n
 

– x
n
]/h, in the limit that h  0.  Substituting the expansion of (x + h)

n
 produces 

 

(dy)/(dx) =  



([(nC0)x
n
h

0
 + (nC1)x

n-1
h

1
 + (nC2)x

n-2
h

2
 + … + (nCn-1)x

1
h

n-1
 + (nCn)x

0
h

n
] – x

n
)/h, 

in the limit that h  0 

 

It is always true that nC0 = 1 and that h
0
 = 1.  Wherefore, the first term in the 

expansion of (x + h)
n
 becomes simply x

n
, in which form it cancels with the – x

n
 to 

yield 

 

(dy)/(dx) = [(nC1)x
n-1

h
1
 + (nC2)x

n-2
h

2
 + … + (nCn-1)x

1
h

n-1
 + (nCn)x

0
h

n
]/h, 

in the limit that h  0 

 

Each term in the numerator now contains at least one h, making possible division 

by the denominator:  

 

(dy)/(dx) = (nC1)x
n-1

 + (nC2)x
n-2

h
1
 + … + (nCn-1)x

1
h

n-2
 + (nCn)x

0
h

n-1
, 

in the limit that h  0 

 

Because h is approaching zero, all terms containing h as a factor become zero: 

 

(dy)/(dx) = (nC1)x
n-1

 + 0 + … + 0 + 0 

 

There are always n ways in which to take one element from a set containing n 

elements.  Hence, nC1 will always equal n.  And, assuming n to be a natural 

number, 

 

(dy)/(dx) = nx
n-1

 

 

 

 

 

works this for fractional and negative values of n???  what if n = 1 or something?  

if negatives and fractions work not, how do I prove that n must be a positive 

integer so that my end result contains the same restrictions on the definition of n as 

the thing I set out to prove??? 

 

 

 

 

 



Brian Tomasik 

Transfinite Numbers – Requirement 3, Spring 2005 

 

 

When did Cantor live?  What nationality was he? 
 Georg Ferdinand Ludwig Philipp Cantor was born on 3 March 1845 in St. Petersburg, 

Russia, where he lived during his first eleven years.  In 1856, Cantor moved to Germany, where 

he remained for the rest of his life.  He died on 6 January 1918 in Halle, Germany. 

 

Did his first paper mark him as a genius? 

 Cantor published his first major paper in 1867 on the solution to an indeterminate 

equation in the form ax
2
 + by

2
 + cz

2
 = 0, where a, b, and c are integers.  While the treatise was 

thorough and careful, it did not reveal the level of genius that Cantor would later demonstrate 

with his studies of infinite sets. 

 

What studies led him to attack the problem of “actual infinities”? 

 In 1860, Cantor’s father sent him to the Höhere Gewerbeschule to study engineering.  
Cantor, however, was more interested in pure mathematics, and in 1862, he convinced his father 

to allow his transfer to the Polytechnic of Zurich for that reason.  After his father’s death in 1863, 
Cantor moved to the University of Berlin, where he met several famous mathematicians of the 

day, including Kronecker. 

 Cantor sought to dispel confusion between the “potential infinite”—when a variable 

grows bigger and bigger without bound—and the “actual infinite”—a fixed number representing 

a constant quantity. 

 

Which mathematician led the opposition to his “actual infinities”? 

 Kronecker led opposition to Cantor’s reasoning, which he considered insufficiently 

cautious.  According to Kronecker, truth could only be proven by a “construction”—that is, by 

means of a finite number of definite and certain steps—and that existence could only be 

demonstrated with such a construction; Cantor, in contrast, relied heavily on nonconstructive 

proofs and merely assumed the existence of his infinite sets. 

 

What factor in Cantor’s earlier years contributed to his occasional breakdowns? 

 Cantor had always been obedient before his father’s wishes and had thence never 
developed the self-confidence necessary to withstand criticism.  As a result, when Kronecker 

bitterly assailed Cantor’s work, Cantor was devastated.  Though current medical knowledge has 
revealed that Cantor’s depression and eventual death in a mental institution resulted from more 

than just attacks by fellow mathematicians, Kronecker’s opposition no doubt contributed to those 
breakdowns. 

 

Which mathematicians found paradoxes that threatened the theory of transfinite numbers?  

What does the term antinomy mean? 

 Italian mathematician Burali-Forti found a contradiction in the logic behind Cantor’s 
infinite sets. 

In 1908, Bertrand Russell pointed out the following paradox:  Consider the set of all sets 

that are not members of themselves.  Is this set a member of itself?  Both the answers “yes” and 
“no” lead to a contradiction.  Russell attempted to rectify his paradox with the “vicious circle 
principle”—that anything involving all of a collection cannot be a member of the collection. 
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Movie scripts

By Brian Tomasik

In the late 1990s, I avidly created home movies, both claymations and live-action movies.

I wrote a number of scripts, most of which were never made into movies. This page

collects many of the scripts. Most of them aren't very good.

"Killer Caterpillar"

TODO: Finish filling out this page.
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Derivation of Formulas for the Area or Volume of Various Geometric Shapes 

December 2003 

Brian Tomasik 

 

Introduction 

 

It is the purpose of this paper to investigate the origins 

of the formulas that yield the area or volume of 

sundry geometric shapes.  Included is a discussion of a 

fundamental conception of area and volume that will 

serve as the springboard for the methods of derivation 

employed throughout.  The following are the actual 

area and volume formulas that it shall presently be 

endeavored to derive.  The formula for the area A of a 

square of length l and height h is A = lh.  The area A 

of a circle of radius r is A = r2.  The formula for the 

volume V of a right circular cone of height h and 

radius r is V = (hr2)/3. 
 

The Nature of Area and the Area of a Square 
 

It is helpful to begin this investigation with a 
discussion of the concept of area.  The area 
of a geometric shape that lies on a two-
dimensional plane may be conceived of as 
the sum of all of the infinitely thin, one-
dimensional line segments, parallel to each 
other, which may be drawn across it.   

This idea may be easily illustrated 
with a square (Figure 1).  Imagine that all of 
the small, horizontal line segments in Figure 
1 are infinitely thin.  The top of the square 
shows but a few of the unlimited number of 
one-dimensional line segments that may be 
drawn across.  However, the line segments 
become more densely concentrated farther 
down.  The solid black portion at the square’s bottom 
shows the sum of all of the horizontal line segments 
possible.  Thus, the result of the combination of all of 
the parallel, infinitely thin, one-dimensional line 
segments in a figure is a two-dimensional product:  
area. 

The task that now arises is to represent the 
sum of an infinite number of line segments.  This 
                                                           
 All cones considered in this work shall be right circular cones. 

may be accomplished with a one-dimensional line 
segment that runs perpendicularly to all of the other 

line segments.  Because it runs the length of all of 
the infinitely thin sides of the other line segments put 
together, the Perpendicular Line Segment, in a way, 
represents the number of horizontal line segments 
present; a doubling of the length of the Perpendicular 
Line Segment would imply a doubling of the infinite 
number of horizontal segments, for example.   

It is obvious that the product of the number of 
items present and the magnitude of one item—when 
the value of each item is identical—is equal to the 
sum of the magnitudes of all of the items.  The value 
of three one-dollar bills, for instance, may be 
determined either by addition of the worth of each 
bill ($1 + $1 + $1 = $3) or by multiplication of the 
value of one bill by the number of bills present 

($1/bill ·3 bills = $3).  In the 
same way, the sum of the 
horizontal line segments may 
be represented as the product 
of the magnitude (i.e., length) 
of one horizontal segment 
and the number of segments 
present.  It was previously 
stated that the latter is 
equivalent to the length of the 
Perpendicular Line Segment, 

which in Figure 1 has the 
same distance as the square’s 
height.  Accordingly, the sum 
of all of the horizontal, one-

dimensional line segments in a square (i.e., the area 
of the square) is equal to the length of one of the 
horizontal segments times the height of the square.  
Thence, the area A of a square of length l and height 
h is given by A = lh. 

                                                           
 This one-dimensional line segment, which serves to “add up” all of 
the other line segments contained in a shape’s area, shall hereafter be 
referred to as “the Perpendicular Line Segment.”  See the Glossary at 
the end for a complete list of such terms contrived specifically for 
this piece. 

Figure 1.  A square’s area may be 
pictured as the sum of all of the 
parallel, one-dimensional line 
segments that can be drawn. 
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Inasmuch as the derivations of the formulas 
for the areas of such geometric shapes as 
parallelograms, rectangles, rhombi, trapezoids, and 
triangles are nothing more than simple extensions of 
the process utilized above, they will not be explored 
further in the present disquisition. 

This discourse on one conception of the nature 
of area was intended to serve as a preface to the 
discussion of the derivation of the formula for the 
area of a circle that follows. 
 

The Area of a Circle 
 

The principles explicated above may now be applied 
to circles.  Just as a square’s area can be considered 
to be the sum of an infinite number of one-
dimensional horizontal line segments, the area of a 
circle can similarly be imagined as the sum of an 
infinite number of one-dimensional radii (see Figure 
2, drawn in the same pattern as Figure 1). 
 The objective now is to identify the distance 
that can be multiplied by the length of a radius to 
yield the circle’s area.  It is apparent that this distance 
will be the length of a circumference.  What is less 
readily apparent, however, is that the desired 
circumference is not that of the circle itself, but 
rather the circumference of a second, concentric 

circle with half the radius of the first. 
 The reason for this lies in the visualization of 
the Perpendicular Circumference, which must pass 
through the centers of the one-dimensional Larger 
Radii that are to be combined into the circle’s area 
because it must represent all points on those Larger 
Radii with balanced emphasis.   

A line segment is essentially just the sum of 

                                                           
 The circumference by which the length of the radius is multiplied to 
yield the circle’s area will henceforth be called the “Perpendicular 
Circumference,” in order to suggest its relation to the function served 
by the Perpendicular Line Segment in squares.  The circle formed by 
the Perpendicular Circumference shall be known as the “Smaller 
Circle,” and its radius, the “Smaller Radius.”  The original circle, the 
determination of the area of which was the reason for creating the 
Smaller Circle, will be called the “Larger Circle,” and its radius, the 
“Larger Radius.”  The Larger Circle and Smaller Circle will always 
be concentric with each other. The point at which the Perpendicular 
Circumference crosses the Larger Radius will be called the “Average 
Point”; the distance between the Average Point and the center of the 
circles will always be the length of the Smaller Radius. 

an infinite 
number of 

infinitely 
miniscule, 

collinear 
points.  Its 

one-
dimensional 
length is a 
sort of 
representati

on of the 
number of 
points it 
contains in 
the same 
way that a 
Perpendicul
ar Line 

Segment 
indicates 

the number of parallel lines in a square’s area.  In 
order for one single line, the Perpendicular 
Circumference, to represent all of the points on the 
Larger Radius at once, it is necessary to find the 
average location of all the points.   

This concept may be illustrated with an 
analogy.  Suppose that a person has two bills:  a ten-
dollar bill and a twenty-dollar bill.  Their total worth 
may be determined through addition of the worth of 
each bill ($10 + $20 = $30) or through multiplication 
of their average worth by the number of bills 
($15/bill ·2 bills = $30). 

In the 
case of a circle, 
the “number of 
bills” is the 
Perpendicular Circumference.  
The “ten-dollar bill” might be all 
of the points, collectively, to the 
left of the Average Point, while 
the “twenty-dollar bill” could 
represent the collective total of all of the points to the 
right of the same.  The average of the points on either 
side is the point directly in the center of the Larger 

Figure 2.  A circle’s area may be conceived 
of as the sum of all of the infinitely thin 

radii that may be drawn to its center.  This 
diagram illustrates a trend of increasing 
radii concentration as one moves in the 

clockwise direction until a region of solid 
area—representing the combination of all 

of the possible radii—is reached. 

Figure 3.  This 
diagram 

illustrates a 
cone of radius r 

and height h. 
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Radius. 
 Pursuant to this premise, the proper Smaller 
Radius will be exactly half the length of the Larger 
Radius.  If the variable r is assigned to the Larger 
Radius, the length of the Smaller Radius will be r/2.  
The formula for the circumference C of a circle of 

radius r is C = 2r.  Wherefore, the distance around 

the Smaller Circle is C = 2(r/2) = r.  This is the 
length of the Perpendicular Circumference, which 
indicates the number of radii.  Thence, the sum of the 

radii (i.e., the area of the circle) is rC = r(r) = r2. 
 The concept of “Balance 
of Points” encountered in this 
investigation of the area of a 
circle will resurface in a more 
intricate form in the subsequent 
derivation. 
 

The Nature of Volume and the 
Volume of a Cone 

 
The process for determining 
volume is really little different 
from that for determining area.  

The Perpendicular Line Segment 
and Perpendicular 
Circumference are no longer 
multiplied by the one-
dimensional line segments that 
make up area; rather, they are 
multiplied by the two-
dimensional areas that create 
volume.   

As with area 
determination, a Balance of Points on either side of 
the Average Point must always be achieved.  It 
should be kept in mind that both the number of points 
and their horizontal distances from the Average Point 
are factors influencing that Balance of Points. 

                                                           
 The Perpendicular Circumference must always attain what will 
hereafter be referred to as a “Balance of Points.”  In two-dimensional 
area calculations, this means that every point to the left of the 
Average Point must be balanced by an equidistant point to the right 
of the same.  It will be seen in later volume determinations that both 
the number of points and their relative horizontal distances from the 
Average Point are factors affecting the Balance of Points. 

 A problem arises when determining the 
volume of a cone like that shown in Figure 3.  It is 
quickly apparent that the cone’s volume may be 
thought of as the product of the area of a Volume 

Triangle and a Perpendicular Circumference.  The 
difficulty lies in discovering the radius of that 
Perpendicular Circumference (i.e., the length of the 
Smaller Radius) such that a Balance of Points is 
achieved. 
 Obviously, the Smaller Radius will no longer 
be half of the Larger Radius, as was the case in the 
previous section, forasmuch as the Volume 
Triangle’s area is not evenly distributed on either 
side of the midpoint of its base; instead, the ratio of 
the Smaller Radius to the Larger Radius will be less 
than ½ because most of the Volume Triangle’s area 
is concentrated near the center of the Smaller and 
Larger Circles (see Figure 5).  However, what is less 
obvious is that the Average Line Segment—which is 
represented by line segment DE in Figure 6—does 
not split the Volume Triangle into two halves of 
equal area, as might be expected. 
 The wherefore lies in the definition of 
“Balance of Points,” which entails equivalence not of 
the number of points per se but of the number of 

                                                           
 The right triangle whose area can be multiplied by the length of the 
Perpendicular Circumference to yield the cone’s volume will 
hereafter be referred to as the “Volume Triangle.”  Triangle ABC in 
Figure 4 is an example of a Volume Triangle. 

Figure 4.  Triangle 
ABC, a Volume 

Triangle, is 
contained within 

this cone.  A 
represents the tip of 
the cone, B is any 
point on the outer 

circle of the cone’s 
base, and C is the 

center of that outer 
circle.  Line 

segment AC is the 
triangle’s height, 
and line segment 

BC is the triangle’s 
base; it is also the 

Larger Radius. 

Figure 5.  The Larger Circle in this diagram represents the outer 
circle of the bottom edge of the cone.  The Larger Radius 

indicated above is equivalent to length r in Figure 3, as well as to 
line segment BC in Figure 4.  The Smaller Circle shows the 

Perpendicular Circumference.  The ratio of the Smaller Radius to 
the Larger Radius is presently unknown, but it has been 

hypothesized to be less than ½ because a substantial portion of the 
area of the Volume Triangle is clustered into the region in close 

proximity to the center of the circle. 

Figure 6.  This is an expanded version of ABC as it is 
drawn in Figure 4.  Line segment BC represents the 

radius of the Larger Circle, while line segment CD is 
the radius of the Smaller Circle.  Point D indicates the 
Average Point, and line segment DE is the Average 

Line Segment.  It is important to realize that DE does 

not divide ABC into two sections of equal area.  In 

other words, the area of BDE is not equal to the area 
of trapezoid ACDE.  This is a consequence of another 
factor—the horizontal distance of points from DE—

which will be elucidated shortly. 
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points weighted by their relative horizontal distance 
from the Average Point.  One point two units to the 
left of the Average Point, for example, would carry 
the same significance as two points that are each one 
unit to the right of the same.  The Average Point 
must attain a center position that “compromises” the 
points on either side, which means that a point farther 
from the compromise stance is more “implacable” 
than one closer thereto. 
 The situation is quite analogous to a lever.  
Torque, which produces rotational acceleration of a 
rigid body, depends upon both the magnitude of the 
applied force and the distance of that force from the 
axis of rotation.  The Average Point may be pictured 
as an axis of rotation, which, in the case of a lever, is 
a fulcrum.  The Significance of Points on either side 
of that fulcrum can be thought of as a form of torque.  
The number of points (i.e., the area) is comparable to 
the magnitude of the applied force; for example, it is 
easy to imagine each point of the area as one atom in 
a block of iron, contributing an infinitesimal fraction 

of the block’s total weight.  In order to determine the 
distance of the applied force—caused by the weight 
of the block—from the fulcrum, it is necessary to 
identify the block’s center of gravity.  In the same 
way, a Center of Area line segment must be drawn on 
either side of the Average Point.  Just as the torque 
contributed by the iron block is equal to the product 
of the block’s weight and the horizontal distance 
from the fulcrum to its center of gravity, the 
Significance of Points on one side of the Average 
Point may be obtained through multiplication of the 
area on that side by the horizontal distance between 
the Center of Area line and the Average Point. 
 Rotational equilibrium exists when the net 
torque on a stationary object is zero; this condition 
results from the equality of the magnitudes of the net 
torques acting in the clockwise and counterclockwise 
directions.  Similarly, a Balance of Points is attained 
when the Significance of Points on the right side of 
the Average Point is equal to the Significance of 
Points to the left of the same. 
 A Balance of Points must exist if the 
                                                           
 This is, of course, merely a conceptual illustration, for it is obvious 
that the number of atoms in a block is finite, while the number of 
points in an area is infinite. 

Perpendicular Circumference is to be the correct 
length.  Wherefore, it may be stated that 
 

(Significance of Points to the left of the Average 
Point) = (Significance of Points to the right of the 

Average Point). 
 
Substitution of the product equivalent to Significance 
of Points yields the following: 
 

(Area to the left of the Average Line 
Segment)(Horizontal distance between the Center of 

Area on the left and the Average Line Segment) = 
(Area to the right of the Average Line 

Segment)(Horizontal distance between the Center of 
Area on the right and the Average Line Segment). 

 
 These values may be expressed with the 
tangible line segments drawn in Figure 7.  Line 
segment DE is the Average Line Segment, and point 
D is the Average Point.  Line segment FG represents 
the Center of Area on the right, while line segment 
HI illustrates the Center of Area on the left.  As 
before, line segment BC is the Larger Radius, and 
line segment CD is the Smaller Radius, the radius of 
the Perpendicular Circumference.  It should be borne 
in mind that the present objective is to discover the 
ratio of the Smaller Radius to the Larger Radius—of 
line segment CD to line segment BC—in order that 
the length of the Perpendicular Circumference may 
be expressed in terms of the Larger Radius. 

Figure 7.  This is the same ABC as is illustrated in Figures 4 

and 6, with accretions. 
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 Utilizing the vertex 
labels in Figure 7, the 
above equation may be 
written thus: 
 

(Area of BDE)(DH) = 
(Area of trapezoid 

ACDE)(DF) 
[(1/2)(BD)(DE)](DH) = [(1/2)(DE + AC)(CD)](DF) 

(BD)(DE)(DH) = (DE + AC)(CD)(DF) 
 

Angle B has the same measure in both BDE and 

ABC.  Thence, the following equality may be 
stated: 
 

tan B = tan B 
(DE)/(BD) = (AC)/(BC) 

(DE)/(BD) = (AC)/(BD + CD) 
 

To do: 
-add volume of sphere 

-adjust everything for the simplified vocab terms, 
which are able to simplify much of the 

explanations!!!!!!!! 
-make sure that all line segments don’t say just 

“lines” 
-make sure that all triangles, etc are in alphabetical 

order 
-once finished, go back at least once to ensure that all 

vocab terms, explanations, etc. are consistent and in 
the proper order to make sense 

 
 

Glossary 
 

The following list of definitions includes only those 
words invented specifically for ease of explanation 
within this piece.  Definitions for other words may be 
found in a dictionary or reference book. 
 
Average Line Segment:  In three-dimensional cones, 

the Average Line Segment is the line segment 
that extends upward from the Average Point to 
the outside of the cone.  The Average Line 
Segment is perpendicular to the Larger and 
Smaller Radii. 

Average Point:  In two-
dimensional circles and 
three-dimensional cones, 
the infinitely small location 
at which the Perpendicular 
Circumference crosses a 
Larger Radius is the 
Average Point, so called 

because it represents the average of all the 
points on either side of it.  The distance 
between the Average Point and the center of 
the Smaller or Larger Circles is the Smaller 
Radius. 

Balance of Points:  A Balance of Points is a 
condition wherein the Significance of Points 
on either side of the  
Average Point is equal.  The Significance of 
Points on one side of the Average Point is 
equivalent to the product of the number of 
points on that side—as is indicated by the 
length of a line segment in two-dimensional 
circles or by the area of a triangle or trapezoid 
in three-dimensional cones—and the 
horizontal distance to the vertical line segment 
which divides the points on that one side into 
two sections, each containing an equal number 
of points irrespective of their horizontal 
distances from that vertical line segment.  This 
vertical line segment is called the Center of 
Area in three-dimensional cones. 

Center of Area:  In three-dimensional cones, the 
Center of Area is the line segment—
perpendicular to the Larger Radius—that 
divides into two sections of equal area the 
polygon (either a triangle or trapezoid) formed 
as a result of the partitionment of the Volume 
Triangle by the Average Line Segment.  

Larger Circle:  In two-dimensional circles, the 
Larger Circle is the original circle, the 
derivation of the formula for the area of which 
is the objective.  The Larger Circle is always 
concentric with the Smaller Circle.  In three-
dimensional cones, the Larger Circle is the 
outer circle that constitutes the base circle of 
the cone.  (The area of the Larger Circle is a 
portion of the surface area of the cone.)  
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Again, the Larger Circle always has the same 
center as the Smaller Circle. 

Larger Radius:  In two-dimensional circles and 
three-dimensional cones, the radius of the 
Larger Circle is the Larger Radius. 

Perpendicular Circumference:  In two-dimensional 
circles, the Perpendicular Circumference is the 
distance by which the length of the Larger 
Radius can be multiplied to give the area of 
the Larger Circle.  The Perpendicular 
Circumference is always the circumference of 
the Smaller Circle.  In three-dimensional 
cones, the Perpendicular Circumference is the 
distance by which the area of the Volume 
Triangle is multiplied to yield the volume of 
the cone.  Again, the circumference of the 
Smaller Circle is the Perpendicular 
Circumference.  

Perpendicular Line Segment:  The area of a square 
can be pictured as the sum of the infinite 
number of parallel line segments that can be 
drawn across.  The Perpendicular Line 
Segment runs at a right angle to all of those 
line segments.  Because it measures the height 
of all of the parallel line segments stacked 
contiguously on top of each other, it indicates 
their relative number and can therefore be 
multiplied by the length of one of the parallel 
segments to yield the square’s area.  This 
definition applies solely to two-dimensional 
squares. 

Significance of Points:  Analogous to torque, the 
Significance of Points is the amount of 
“weight” or impact a group of points has.  The 
Significance of Points on one side of the 
Average Point is equivalent to the product of 
the size of the line segment (in two-
dimensional circles) or area (in three-
dimensional cones) on that side and the 
horizontal distance between the Average Point 
and the midpoint of that line segment (in two-
dimensional circles) or the Center of Area (in 
three-dimensional cones).  In order to achieve 
a Balance of Points, the Significance of Points 
on either side of the Average Point must be 
equal. 

Smaller Circle:  In two-dimensional circles and 
three-dimensional cones, the circumference of 
the Smaller Circle is the Perpendicular 
Circumference.  The Smaller Circle always 
has the same center as the Larger Circle. 

Smaller Radius:  In two-dimensional circles and 
three-dimensional cones, the Smaller Radius 
is the radius of the Smaller Circle. 

Volume Triangle:  In three-dimensional cones, the 
right triangle whose hypotenuse is a slanted 
edge of the cone, whose base is the radius of 
the cone’s outer circle (i.e., the Larger 
Radius), and whose height is the altitude of 
the cone is the Volume Triangle.  The area of 
a Volume Triangle, when multiplied by the 
length of the Perpendicular Circumference, 
results in the volume of the cone. 

 
 
Saved scraps: 
The challenge is to position the fulcrum so that the 

lever will balance.   



Tic Tac Toe Strategy

 

2002? 2003? 

 

Tic Tac Toe Board: 

 

1 | 2 | 3          (--X is you--) 

4 | 5 | 6  

7 | 8 | 9 

 
If O begins first: 

1) If O goes on squares 1, 3, 7, 9: 

--X should go in square 5 

--if O has two in a row, X goes on the third square to block and ties 

--if O goes on the opposite corner from the first move (like 1 from 9), X can go 

anywhere except in a corner 

--if O goes in a center square where it doesn’t have two in a row (like 8 or 6 if it 
originally chose square 1), X should get two in a row, which will result in a tie 

2) If O goes on 2, 4, 6, 8: 

--X can go in square 5 

--after O goes, X should get two in a row (if it isn’t blocking O) and force a tie 

3) Of O goes on 5: 

--X can go on 1, 3, 7, 9 to end with a tie (not on 2, 4, 6, 8) 

 

If X begins first: 

1) X should go in a corner (1, 3, 7, 9) 

a) If O goes on 2, 4, 6, 8: 

--X should go on 5,  

--O must go in the third square to prevent X from 3 in a row 

--X goes in a corner and wins 

--Example:  X-1, O-4, X-5, O-9, X-3, O-2, X-7 

b) If O goes on 9: 

--X goes on 7 or 3 

--O must go on 4 or 2 

--X goes on the last corner and wins 

c) If O goes on 3, 7: 

1) X can go on 9 

--O must go on 5 

--X goes in last corner and wins 

2) X can go on 4 (if O is on 3) or 2 (if O is on 7) 

--O must go on 7 or 3, respectively 

--X goes on 5 and wins 

3) X can go on 3 if O is on 7 or 7 if O is on 3 

--O must go on 2 or 4 

                                                 

 This strategy for either winning or tying in a tic tac toe game every time was developed and written by Brian 

Tomasik during 10
th

 grade. 



--X goes on 9 and wins 

d) If O goes on 5: 

--X can’t always win but should go on 9 

--if O goes on 3 or 7, X can go in the last corner and win 

--if O goes on 2, 4, 6, 8, it will be a tie 
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A bingo probability problem (incomplete)

By Brian Tomasik

Written 17, 18, 20, 22 Jun 2003

Introduction

This page explains a probability question that I invented and tried to solve on my

own. I never figured out the general solution, so this piece is incomplete. Moreover,

the existing content of this piece may contain errors.

Contents

Introduction

Problem

Solution attempt

If only five letters are called

If six letters are called

General form

Problem

Imagine a bingo board with five spaces across, five spaces down, and no free

spaces.  A bingo requires five spaces in a row horizontally, vertically, or diagonally. 

Each of the 25 squares has one unique letter from A to Y.  If a different letter from A

to Y is called by the bingo-game host each time without repetition, what is the

chance of getting a bingo after 5, 6, 7, etc. letters are called?  How much does the

probability improve each time the number of letters called increases?  Is there a

general formula for the probability depending on the number of letters called?

Solution attempt

If only five letters are called

I began by thinking about the probability of a bingo in just one row of the board. 

The chance that the first letter called will be in any particular square is 1/25, and

since it doesn’t matter which square of the row is chosen first, the probability that

any of the squares will be chosen is 5/25.  Once the first square is chosen, there

remain only 24 squares that can be picked, and if the first square selected was one

of the five in that particular row, there are only four possible squares left in that row,

making the probability that the next letter is also on a square in that row 4/24.  If the

second square chosen is also in the row, the probability that the third letter will fall in

the row is 3/23, for the fourth letter, it’s 2/22, and for the fifth letter, it’s 1/21.  Thus,

the probability for a bingo in one row after five letters are called is (5/25)(4/24)

(3/23)(2/22)(1/21) = 1/53130 = 1.882175795 · 10-5.

There are twelve ways to get a bingo, with 5 rows across, 5 rows down, and 2

diagonal rows.  Therefore, twelve times the above number should be approximately

the probability for a bingo any of the twelve ways, although it isn’t exact because,

for example, if there were 100,000 ways to get a bingo and the above number were

multiplied by 100,000, the result would exceed one.  12(1/53130) = 2/8855 =

2.258610954 · 10-4.

I next thought about the problem in terms of the probability of getting a bingo

depending on the square chosen.  Since there are only five letters called, each

square chosen must be in a single row for a success.  Once any square, except the

nine on diagonal lines, is selected, which has a probability of 16/25, there remain

only eight squares that could be called next that would be in the same row as the

first.  Once one of these is selected, there are only three other squares in the row to

be filled, and subsequently, there will be only two and then only one.  Thus, the

probability for five in a row beginning with one of the non-diagonal squares and with

only five letters called is (16/25)(8/24)(3/23)(2/22)(1/21).

If the square chosen is on the lines of one of the diagonals, which has a 9/25 chance

of occurring, there are twelve other squares that, if chosen, would be in the same

row.  However, once one of these twelve spaces is selected, the rest of the squares

must be in one certain row, so the number of possible squares after two letters have

been chosen is again three, then two, then one, making the probability of five in a

row with only five letters called and beginning with a diagonal square (9/25)(12/24)

(3/23)(2/22)(1/21).  Adding this to the other probability should be the chance of

getting five in a row with five letters called, regardless of the location of the first

square:  (16/25)(8/24)(3/23)(2/22)(1/21) + (9/25)(12/24)(3/23)(2/22)(1/21) =

59/265650 = 2.220967438 · 10--4, which is quite close, although slightly lower (as

it probably should be) than the probability obtained by the first method.

Because they only differ by the numerators of the first and second fractions in each

term, I attempted to simplify the two fraction products used above into one term by

finding the average of the eight and twelve in the numerators of the second

fraction.  Sixteen times the numerator is eight, and nine times it is twelve, out of a

total of 25 times:  (16 · 8 + 9 · 12)/25 = 236/25 = 9.44.  Since it is guaranteed that

one of the squares on the entire board will be chosen, the first fraction in the

product will always be 25/25.  Substituting 9.44 for both eight and twelve into one

term:  (25/25)(9.44/24)(3/23)(2/22)(1/21) = 2.220967438 · 10-4, which is exactly

the same answer as above.

If six letters are called

As always, the chance that any square will be chosen is 25/25.  I began by

investigating the possibilities if the second square chosen is not in line with the first,

which has a probability of 14.56/24, or one minus the probability that it will be in the

same row:  1-(9.44/24) = 14.56/24.  If this situation occurs, either the remaining four

squares must fall into a row with the first one chosen, the probability of which is

(25/25)(14.56/24)(9.44/23)(3/22)(2/21)(1/20), or the remaining four squares will be

part of a row created by the second, rather than the first, square chosen, which has

a probability of (25/25)(14.56/24)(9.44/23)(3/22)(2/21)(1/20); the chance of either

of these two possibilities, therefore, is the same.

 

Those situations, however, only show the result if the “extra” (sixth) square comes

first or second.  Once two squares chosen lie in the same row, there is no possibility

that a third square outside of that row could successfully form its own row since

only six letters are called.  Therefore, there is only (??) way the third square called

could be the extra square:  (25/25)(9.44/24)(20/23)(3/22)(2/21)(1/20).  (The fraction

for the extra square was 20/23 because there were only three possible squares out

of 23 total squares that would be within the row at that point.)  Following the same

procedure, the probability if the extra square is fourth is (25/25)(9.44/24)(3/23)

(20/22)(2/21)(1/20), if the extra square is fifth, (25/25)(9.44/24)(3/23)(2/22)(20/21)

(1/20), and if the extra square is sixth, (25/25)(9.44/24)(3/23)(2/22)(1/21)(20/20). 

The sum of all of these terms (counting the first and second ones separately, even

though they are the same result, because they are obtained two different ways), is

approximately 0.0012117598, which, assuming the two probabilities to be correct, is

about 5.456000001 times better than the probability when only five letters are

called.

General form

My original writeup included speculations about a more general formula, but the

details were messy and probably wrong. The formula did work to reproduce the

above results for 5 or 6 total letters called.
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Background

The present document contains potential answers to a “clock problem” invented by

one of my former teachers. In the beginning of 2002, I and the other members of my

high-school Math Club began work on the listed solutions. I finished the rest myself

over winter vacation that year.

Rules

1. For each time shown on a digital clock, use all of the digits in an equation with

only one equals sign.

2. No extra numbers can be added to the equation, only mathematical symbols or

operations (such as +, -, ∙, ٪, √, !, sin, cos, tan, sec, csc, cot, and

parentheses).

3. Exponents or roots (other than a square root) may only be used if the number

written in the symbol appears in the correct order in the time. For example, 3√

may only be used in a time such as 2:38 (2 = 3√8).

4. All numbers in the equation must be in their order on the clock (so, for

example, if the time is 2:42, you may not switch the second 2 and 4 to create

the following: 22 = 4).

5. The symbol π may not be used (because, if it were allowed, any integer could

be created by adding or subtracting π/π one or several times).

6. Only an equals sign may be inserted, not ≠, ≈, ≤, ≥, <, or >.

Digit conversions

Trigonometric functions allow for converting a single digit into a different digit.

Without this trick, some of the clock times would be extremely difficult to solve.

Here are the digit substitutions:

(2→1) is short for tan(arc sec(√(2))), which equals 1

(√(4)→1) is short for tan(arc sec(√(√(4)))), which equals 1

(3→.5) is short for cos(arc tan(√(3))), which equals .5

(.5→1) is short for tan(arc sec(√(sec(arc cos(.5))))), which equals 1

(3→1) is short for tan(arc sec(√(sec(arc tan(√(3)))))), which equals 1

(1→0) is short for sin(arc cos(1)), which equals 0

(2→0) is short for sin(arc cos(tan(arc sec(√(2))))), which equals 0

(√(4)→0) is short for sin(arc cos(tan(arc sec(√(√(4)))))), which equals 0

(.5→0) is short for sin(arc cos(tan(arc sec(√(sec(arc cos(.5))))))), which equals

0

(3→0) is short for sin(arc cos(tan(arc sec(√(sec(arc tan(√(3)))))))), which

equals 0

(1→√(2)) is short for sec(arc tan(1)), which equals √(2)

(0→√(2)) is short for sec(arc tan(cos(0))), which equals √(2)

Solutions

1:00    1∙0 = 0

1:01    1+0 = 1

1:02    1+0! = 2

1:03    1 = (0!)3

1:04    1+0! = √(4)

1:05    1 = (0!)5

1:06    1 = (0!)6

1:07    1 = (0!)7

1:08    1 = (0!)8

1:09    1 = (0!)9

1:10    1-1 = 0

1:11    1∙1 = 1

1:12    1+1 = 2

1:13    1 = 13

1:14    1 = 14

1:15    1 = 15

1:16    1 = 16

1:17    1 = 17

1:18    1 = 18

1:19    1 = 19

1:20    1 = 20

1:21    1 = 2-1

1:22    1 = 2/2

1:23    -1 = 2-3

1:24    1∙2 = √(4)

1:25    1 = 2∙.5

1:26    (1+2)! = 6

1:27    1 = (2→1)7

1:28    1 = (2→1)8

1:29    1+2 = √(9)

1:30    1 = 30

1:31    13 = 1

1:32    1 = 3-2

1:33    1∙3 = 3

1:34    1+3 = 4

1:35    1-3! = -5

1:36    1∙3! = 6

1:37    1+3! = 7

1:38    1 = (.(-3+8)→1)

1:39    1∙3 = √9

1:40    1 = 40

1:41    1 = √(4)-1

1:42    1∙√(4) = 2

1:43    1+√(4) = 3

1:44    1∙4 = 4

1:45    1+4 = 5

1:46    (-1+4)! = 6

1:47    1 = (√(4)→1)7

1:48    1 = (√(4)→1)8

1:49    1+√(4) = √(9)

1:50    15 = 0!

1:51    15 = 1

1:52    1 = .5∙2

1:53    1+5 = 3!

1:54    1 = 5-4

1:55    1 = 5/5

1:56    1+5 = 6

1:57    1 = [(-5+7)→1]

1:58    1 = (√(.5∙8)→1)

1:59    1+5 = (√(9))!

2:00    2∙0 = 0

2:01    20 = 1

2:02    2+0 = 2

2:03    2+0! = 3

2:04    2 = 0+√(4)

2:05    2 = √(-0!+5)

2:06    (2+0!)! = 6

2:07    (2→1) = (0!)7

2:08    (2→1) = (0!)8

2:09    2+0! = √(9)

2:10    2 = 1+0!

2:11    2 = 1+1

2:12    2 = 1∙2

2:13    2+1 = 3

2:14    2∙1 = √(4)

2:15    2 = √(-1+5)

2:16    (2+1)! = 6

2:17    (2→1) = 17

2:18    (2→1) = 18

2:19    2+1 = √(9)

2:20    2 = 2+0

2:21    2 = 2∙1

2:22    2 = √(2) ∙√(2)

2:23    2 = √(-2+3!)

2:24    2+2 = 4

2:25    (2→1) = 2∙.5

2:26    2 = √(-2+6)

2:27    (2→1) = (2→1)7

2:28    2∙√(2) = √(8)

2:29    (2→1)+2 = √(9)

2:30    2 = 3-0!

2:31    2 = 3-1

2:32    2 = 3-(2→1)

2:33    2 = (3!)/3

2:34    2 = 3!-4

2:35    2+3 = 5

2:36    2∙3 = 6

2:37    2 = √(-3+7)

2:38    2 = 3√(8)

2:39    2 = (3!)/(√(9))

2:40    2 = √(4+0)

2:41    2 = √(4∙1)

2:42    2 = 4-2

2:43    2+4 = 3!

2:44    2 = 4/(√(4))

2:45    2 = .4∙5

2:46    2+4 = 6

2:47    (2→1) = (√(4)→1)7

2:48    2∙4 = 8

2:49    2 = -4+(√(9))!

2:50    2 = √(5-0!)

2:51    2 = √(5-1)

2:52    (2→1) = .5∙2

2:53    2 = 5-3

2:54    2 = .5∙4

2:55    √(25) = 5

2:56    (-2+5)! = 6

2:57    2+5 = 7

2:58    2 = √(.5∙8)

2:59    2 = 5-√(9)

3:00    3∙0 = 0

3:01    (3∙0)! = 1

3:02    3-0! = 2

3:03    3-0 = 3

3:04    3 = -0!+4

3:05    sin(30°) = .5

3:06    3!+0 = 6

3:07    3!+0! = 7

3:08    3 = √(0!+8)

3:09    3+0 = √(9)

3:10    [(3-1)→1] = 0!

3:11    [(3-1)→1] = 1

3:12    3 = 1+2

3:13    3∙1 = 3

3:14    3+1 = 4

3:15    3! = 1+5

3:16    3!∙1 = 6

3:17    3!+1 = 7

3:18    3 = √(1+8)

3:19    3∙1 = √(9)

3:20    3 = 2+0!

3:21    3 = 2+1

3:22    3-2 = (2→1)

3:23    3! = 2∙3

3:24    3-2 = (√(4)→1)

3:25    3+2 = 5

3:26    3∙2 = 6

3:27    3 = √(2+7)

3:28    3!+2 = 8

3:29    32 = 9

3:30    3 = 3+0

3:31    3 = 31

3:32    3 = √(32)

3:33    3! = 3+3

3:34    3! = 3∙√(4)

3:35    3 = 3!∙.5

3:36    3+3 = 6

3:37    (3→1) = (3→1)7

3:38    (3→.5) = .(-3+8)

3:39    3∙3 = 9

3:40    3 = 4-0!

3:41    3 = 4-1

3:42    3! = 4+2

3:43    3! = √(4)∙3

3:44    3! = 4+√(4)

3:45    -3 = √(4)-5

3:46    3∙√(4) = 6

3:47    3+4 = 7

3:48    3!+√(4) = 8

3:49    3! = √(4)∙ √(9)

3:50    3! = 5+0!

3:51    3! = 5+1

3:52    3 = 5-2

3:53    3!∙.5 = 3

3:54    3 = 5-√(4)

3:55    (3→.5) = √(.5)∙ √(.5)

3:56    3 = .5∙6

3:57    (3→1) = (.5→1)7

3:58    3+5 = 8

3:59    3!∙.5 = √(9)

4:00 to 4:59 are the same as 2:00 to 2:59, as √(4) = 2

5:00    5∙0 = 0

5:01    50 = 1

5:02    .5 = (0!)/2

5:03    5+0! = 3!

5:04    5 = 0!+4

5:05    5+0 = 5

5:06    5+0! = 6

5:07    (.5→1) = (0!)7

5:08    .5 = (√(0!+8)→.5)

5:09    5+0! = (√(9))!

5:10    √(√(5-1)) = sec(arc tan(0!))

5:11    √(√(5-1)) = sec(arc tan(1))

5:12    .5 = 1/2

5:13    -5 = 1-3!

5:14    5-1 = 4

5:15    5∙1 = 5

5:16    5+1 = 6

5:17    (.5→1) = 17

5:18    .5 = (√(1+8)→.5)

5:19    -5 = 1-(√(9))!

5:20    .5 = [(2+0!)→.5]

5:21    .5 = [(2+1)→.5]

5:22    5∙.2 = (2→1)

5:23    5 = 2+3

5:24    5 = 2/(.4)

5:25    5 = √(25)

5:26    (5-2)! = 6

5:27    5+2 = 7

5:28    (.5→1) = (2→1)8

5:29    5 = 2+√(9)

5:30    .5 = sin(30°)

5:31    5 = 3!-1

5:32    5 = 3+2

5:33    .5 = 3/(3!)

5:34    5 = 3+√(4)

5:35    (.5→1) = (3→1)∙(.5→1)

5:36    .5 = 3/6

5:37    (.5→1) = (3→1)7

5:38    5+3 = 8

5:39    .5 = 3/[(√9)!]

5:40    5 = 4+0!

5:41    5 = 4+1

5:42    5∙.4 = 2

5:43    5 = √(4)+3

5:44    5∙.4 = √(4)

5:45    .5 = (√(4+5)→.5)

5:46    [(.5→1)+√(4)]! = 6

5:47    (.5→1) = (√(4)→1)7

5:48    (.5→1) = (√(4)→1)8

5:49    5+4 = 9

5:50    5 = 5+0

5:51    5 = 5∙1

5:52    (.5→1) = 5∙.2

5:53    (.5→1) = (.5→1)3

5:54    (.5→1) = (.5→1)4

5:55    5 = √(5)∙√(5)

5:56    (.5→1) = (.5→1)6

5:57    (.5→1) = (.5→1)7

5:58    (.5→1) = (.5→1)8

5:59    (.5→1) = (.5→1)9

6:00    6∙0 = 0

6:01    (6∙0)! = 1

6:02    6 = (0!+2)!

6:03    6 = 0+3!

6:04    6 = (-0!+4)!

6:05    6 = 0!+5

6:06    6 = 0+6

6:07    6 = -0!+7

6:08    6 = (√(0!+8))!

6:10    6∙(1→0) = 0

6:11    (6∙(1→0))! = 1

6:12    6 = (1+2)!

6:13    6 = (1∙3)!

6:14    6 = (-1+4)!

6:15    6 = 1+5

6:16    6 = 1∙6

6:17    6 = -1+7

6:18    6 = (√(1+8))!

6:19    6 = (√(1∙9))!

6:20    6 = (2+0!)!

6:21    6 = (2+1)!

6:22    6 = (2+(2→1))!

6:23    6 = 2∙3

6:24    6 = 2+4

6:25    6 = (2→1)+5

6:26    6 = (2→1)∙6

6:27    6 = -(2→1)+7

6:28    6 = -2+8

6:29    6 = (√[(2→1)∙9])!

6:30    6 = (3+0)!

6:31    6 = (3∙1)!

6:32    6 = 3∙2

6:33    6 = (√(3∙3))!

6:34    6 = 3∙√(4)

6:35    6 = (3→1)+5

6:36    6 = (-3+6)!

6:37    -6 = (3→1)-7

6:38    6 = (√[(3→1)+8])!

6:39    6 = -3+9

6:40    6 = (√(4)+0!)!

6:41    6 = (√(4)+1)!

6:42    6 = 4+2

6:43    6 = √(4)∙3

6:44    6 = 4+√(4)

6:45    6 = (√(4)→1)+5

6:46    6∙(√(4)→1) = 6

6:47    6+(√(4)→1) = 7

6:48    6+√(4) = 8

6:49    6 = √(4)∙√(9)

6:50    6 = 5+0!

6:51    6 = 5+1

6:52    6 = (5-2)!

6:53    6∙.5 = 3

6:54    6 = 5+(√(4)→1)

6:55    6 = 5+(.5→1)

6:56    6 = (.5→0)+6

6:57    6 = -(.5→1)+7

6:58    6 = (-5+8)!

6:59    6∙.5 = √(9)

7:00    7∙0 = 0

7:01    (7∙0)! = 1

7:02    7∙0 = (2→0)

7:03    7∙0 = (3→0)

7:04    7∙0 = (√(4)→0)

7:05    7∙0 = (.5→0)

7:06    7 = 0!+6

7:07    7+0 = 7

7:08    7+0! = 8

7:09    7-0! = (√(9))!

7:10    7∙(1→0) = 0

7:11    (7∙(1→0))! = 1

7:12    (7∙(1→0))! = (2→1)

7:13    7-1 = 3!

7:14    (7∙(1→0))! = (√(4)→1)

7:15    (7∙(1→0))! = (.5→1)

7:16    7 = 1+6

7:17    7∙1 = 7

7:18    7+1 = 8

7:19    7-1 = (√(9))!

7:20    7∙(2→0) = 0

7:21    (7∙(2→0))! = 1

7:22    (7∙(2→0))! = (2→1)

7:23    7-(2→1) = 3!

7:24    (7∙(2→0))! = (√(4)→1)

7:25    7 = 2+5

7:26    7-(2→1) = 6

7:27    7∙(2→1) = 7

7:28    7+(2→1) = 8

7:29    7∙(2→0) = (√(9)→0)

7:30    7 = 3!+0!

7:31    7 = 3!+1

7:32    7 = 3!+(2→1)

7:33    7 = 3!+(3→1)

7:34    7 = 3+4

7:35    7 = 3!+(.5→1)

7:36    7 = (3→1)+6

7:37    7∙(3→1) = 7

7:38    7+(3→1) = 8

7:39    7∙(3→0) = (√(9)→0)

7:40    7∙(√(4)→0) = 0

7:41    (7∙(√(4)→0))! = 1

7:42    (7∙(√(4)→0))! = (2→1)

7:43    7 = 4+3

7:44    (7∙(√(4)→0))! = (√(4)→1)

7:45    7-√(4) = 5

7:46    7 = (√(4)→1)+6

7:47    7∙(√(4)→1) = 7

7:48    7+(√(4)→1) = 8

7:49    7-4 = √(9)

7:50    7∙(.5→0) = 0

7:51    (7∙(.5→0))! = 1

7:52    7 = 5+2

7:53    7∙(.5→0) = (3→0)

7:54    7 = 5+√(4)

7:55    7∙(.5→0) = (.5→0)

7:56    7 = (.5→1)+6

7:57    7 = (.5→1)∙7

7:58    7+(.5→1) = 8

7:59    [(7-5)→1] = (√(9)→1)

8:00    8∙0 = 0

8:01    (8∙0)! = 1

8:02    (8∙0)! = (2→1)

8:03    √(8+0!) = 3

8:04    √(8) = (0→√(2))∙√(4)

8:05    8∙0 = (.5→0)

8:06    (√(8+0!))! = 6

8:07    8 = 0!+7

8:08    8+0 = 8

8:09    8+0! = 9

8:10    8∙(1→0) = 0

8:11    (8∙(1→0))! = 1

8:12    √(8) = (1→√(2))∙2

8:13    8∙(1→0) = (3→0)

8:14    √(8) = (1→√(2))∙√(4)

8:15    8∙(1→0) = (.5→0)

8:16    (√(8+1))! = 6

8:17    8 = 1+7

8:18    8∙1 = 8

8:19    8+1 = 9

8:20    8∙(2→0) = 0

8:21    8∙(2→0) = (1→0)

8:22    √(8) = 2∙√(2)

8:23    8 = 2+3!

8:24    8 = 2∙4

8:25    8∙(2→0) = (.5→0)

8:26    8 = 2+6

8:27    8 = (2→1)+7

8:28    8 = (2→0)+8

8:29    (√(8/2)→1) = (√(9)→1)

8:30    8∙(3→0) = 0

8:31    [(8-3!)→1] = 1

8:32    8 = 3!+2

8:33    8∙(3→0) = (3→0)

8:34    8 = 3!+√(4)

8:35    8 = 3+5

8:36    (√(8+(3→1)))! = 6

8:37    8 = (3→1)+7

8:38    8∙(3→1) = 8

8:39    8+(3→1) = 9

8:40    8∙(√(4)→0) = 0

8:41    [(8/4)→1] = 1

8:42    8/4 = 2

8:43    8∙(√(4)→0) = (3→0)

8:44    8 = 4+4

8:45    8 = 4/(.5)

8:46    8 = √(4)+6

8:47    8 = (√(4)→1)+7

8:48    8∙(√(4)→1) = 8

8:49    8+(√(4)→1) = 9

8:50    8∙(.5→0) = 0

8:51    8∙(.5→0) = (1→0)

8:52    √(8∙.5) = 2

8:53    8 = 5+3

8:54    8∙.5 = 4

8:55    (√(8∙.5)→1) = (.5→1)

8:56    (8-5)! = 6

8:57    8 = (.5→1)+7

8:58    8∙(.5→1) = 8

8:59    8 = 5+√(9)

9:00 to 9:59 are the same as 3:00 to 3:59, as √(9) = 3

10:00    10 = 00

10:01    1+0 = 0+1

10:02    1+0! = 0+2

10:03    1+0!+0! = 3

10:04    1+0!+0 = √(4)

10:05    1∙0 = 0∙5

10:06    (1+0!+0!)! = 6

10:07    1∙0 = 0∙7

10:08    1 = (00)8

10:09    1+0!+0! = √(9)

10:10    10 = 10

10:11    1+0! = 1+1

10:12    1+0+1 = 2

10:13    1+0!+1 = 3

10:14    1+0+1 = √(4)

10:15    1+0! = 1/(.5)

10:16    (1+0!+1)! = 6

10:17    1+0 = 17

10:18    1+0 = 18

10:19    1+0 = 19

10:20    -1+0+2 = 1

10:21    1+0 = 2-1

10:22    1+0 = 2/2

10:23    1+0+2 = 3

10:24    1+0!+2 = 4

10:25    1+0 = .2∙5

10:26    (1+0+2)! = 6

10:27    1+(0!+2)! = 7

10:28    (1+0!)∙√(2) = √(8)

10:29    1+0+2 = √(9)

10:30    1+0! = 3-0!

10:31    1+0! = 3-1

10:32    1+0 = 3-2

10:33    1+0 = 3/3

10:34    10 = 3!+4

10:35    1+0!+3 = 5

10:36    (1+0!)∙3 = 6

10:37    1+0+3! = 7

10:38    1+0!+3! = 8
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This page collects various computer programs I've written.

TODO: ADD TO THIS PAGE.

All programs for which I'm the sole author on any of my websites should be

considered in the public domain worldwide, unless they contain code copied from

someone else. (Most of the time, when I "copy someone else's code", this just

means I take a line or two from Stack Overflow, with attribution. I don't know exactly

how this works copyright-wise....)
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Some 7th Grade Writing Assignments

By Brian Tomasik

First published: 2017 Jul 08. Last nontrivial update: 2017 Jul 08.

This page collects some written homework assignments from when I was in

7th grade (1999 to 2000). Needless to say, I don't now agree with all of these

statements.
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English

Letter about Myself

9 Sep. 1999

I, Brian Tomasik, am twelve years old and I enjoy making movies with my video

camera. I also like to fish, watch TV, swim, play Nintendo, read, and pet my sister’s

cat[...].

In the past year, I started making a few movies. One is a stop-motion movie of clay

figures. ( A stop motion movie is where you move something a little bit, then take a

quick shot and then move them again so it looks like they’re moving on their own).

Another movie I made was with puppets, and a movie called If You Ever Thought You

Had A Bad Morning #2, where a Pringles monster chases a person who didn’t read

the warning label on the can. [...]

I don’t like school or homework but there are a few classes that are okay such as

German, Art, and sometimes Math and Science. I hope I have a great year in your

class.

Science

Energy Sources

1. Scientists are trying to develop new energy sources because fossil fuels are

nonrenewable resources so once we’ve used them all up, there won’t be any left.

This would mean that we would have to find new sources of energy.

2. There are lots of energy alternatives besides fossil fuels. One of these is solar

energy which is energy from the sun. Another source of energy is from water when

it’s passed through a hydroelectric plant. Windmills are built in places where there is

usually lots of wind which can be converted into energy. Geothermal energy is

energy that comes from the heat made by the earth. When water contacts heated

rocks, it creates steam. People can drill wells into sources of steam that are under

ground, and feed the steam into electric power plants. Another energy source is

nuclear fission where uranium atoms are split to release energy which creates steam

to power a turbine. A sixth way to create energy is nuclear fusion. Nuclear fusion

works by combining hydrogen atoms together to produce energy.

3. The three major types of fossil fuels have different states of matter. Petroleum or

oil is a liquid, natural gas is a gas, and coal is a solid fossil fuel.

4. There are lots of problems associated with nuclear fission. One is that radioactive

materials are given off and people haven’t discovered a way to safely dispose of

these harmful wastes. A second is that nuclear fission costs lots of money. A third is

when there are accidents at nuclear power plants, harmful radioactive materials are

released into the atmosphere.

5. I think that nuclear fusion will be the most common energy source in fifty years

because it doesn’t seem too hard to create energy with this method, the materials

needed to do it are abundant, and it doesn’t release harmful radioactive wastes. The

article also said that these power plants are a dream now but they may become a

reality in the twenty-first century.

Extinction

1. A reason that a species becomes extinct, is when humans destroy a species’

habitat by building farms, communities, or cities. Another is when humans hunt an

animal species too much. A third is when the climate changes too quickly for

animals and plants to adapt, so they become extinct.

2. The extinction of plants is a threat to humans for a couple of reasons. One is that

people rely on plants for food and if wild plants are destroyed, we won’t be able to

find as many new food resources. Another reason is that many medicines and other

useful chemicals are made from plants. If we destroy plants, we won’t be able to

discover as many more kinds of plants that can be used for medicine.

3. A good way to preserve endangered species is to save their habitats. Many

countries have parks and preserves which can’t be developed. Another way is to not

use too many plants and animals, so there are enough to reproduce. A third way is

to teach people about the importance of conserving animals and plants.

4. If one species goes extinct, it may affect another species. The species that is

affected, depended on the extinct species for survival in a way such as it ate the

extinct species. If this happened, the species that depended on the extinct species,

might not be able to survive either.

Pollution

1. Two major sources of air pollution are the exhaust from cars and trucks and

smoke that comes out of factory smoke stacks.

2. A temperature inversion makes air pollution worse. Normally, the warm air near

the ground rises and carries pollutants higher into the atmosphere but sometimes

cold air gets trapped under the warm air. If this happens, the cool air won’t rise and

the pollutants in the cold air stay near the ground.

3. When acid rain falls, it can have many harmful effects. It can damage buildings,

statues, soil, and plant life. If acid rain falls into ponds or lakes, it can destroy plants

and animals living there.

4. A way that people could reduce the amount of air pollution caused by

automobiles would be to find a new source of energy, besides gasoline, to fuel their

cars. Many people have already thought of quite a few ideas such as electric cars

and solar cars.

Renewable Resources

15 Nov. 1999

1. A renewable resource is something people use that can be replaced by nature. An

example of a renewable resource is water. A nonrenewable resource can’t be

replaced by nature. Some examples of nonrenewable resources are coal, natural

gas, and oil.

2. Conservation is using resources wisely so that they won’t be used up too quickly

and then gone forever. Nonrenewable resources cannot be replaced. Renewable

resources can be replaced but they too must be used wisely.

3. One resource that I use everyday is food. This is a renewable resource because

it‘s made from living things which can be regrown. When I ride in a car, it runs on

gasoline. Gasoline is a nonrenewable resource because there is only a certain

amount of it. Paper is another resource that I use everyday. Paper is made from

trees which is a renewable resource.

Social Studies persuasive essays

My Social Studies class subscribed to Teen Newsweek. That magazine included

short descriptions of public-policy issues based on which I wrote the following

essays or essay outlines.

Cloning

24 Jan. 2000 issue; written 7 Feb. 2000

Cloning is new and expensive; it has many uses and can do many things; still,

opinions differ as to whether cloning is a good idea.

Cloning has the potential to do many things and benefit lots of people which is why

cloning experiments should be continued. There are many diseases that scientists

are trying to find cures for. Cloning could speed up experiments. If a cloned animal

is used for an experiment such as testing a new drug, the only manipulated variable

should be the use of the drug because the clones are genetically identical. Not only

that, but by cloning certain human cells new tissues or organs can be produced to

repair or replace old damaged ones. This could create new skin for burn victims,

new spinal cord cells for quadriplegics and paraplegics, new brain cells for people

with brain damage, new lungs, new kidneys, new livers, new hearts, and, of course,

many other organs and cells.

With just a few of the reasons listed, you can clearly see that cloning will

dramatically benefit mankind in many ways.

Convert to Metric System

18 Oct. 1999 issue; written 23 Oct. 1999

Should the United States Change to the Metric System?

Yes

Stupid errors such as what happened to the Mars Orbiter wouldn’t happen

nearly as much.

It’s estimated that 20,000 fewer U.S. jobs are created for every billion lost in

overseas sales because of not using the metric system.

Other countries will tighten trade restrictions by not trading with countries that

don’t use the metric system.

No

Some people would rather keep the system they know.

To make the change would cost millions of dollars for new books, roadsigns,

etc.

Everyone would have to be re-trained to learn the new system.

Electric Chair

8 Nov. 1999 issue; written 15 Nov. 1999

Is electrocution by the electric chair constitutional?

Yes

The Florida Supreme Court said that the electric chair doesn’t violate the U.S.

Constitution.

Some people believe that people on death row are there for a reason and

deserve the punishment.

Some people also believe that the electric chair has to involve fear and some

pain to keep people a little bit more afraid of committing serious crimes.

No

Many people think it’s barbaric to execute someone using the electric chair.

In some electric chair executions, things that aren’t supposed to happen can

happen such as prisoners’ heads catch on fire.

Some people think that the electric chair is unconstitutional because it’s “cruel

and unusual punishment”.

Gun Buyback Programs

15 Nov. 1999 issue; written 20 Nov. 1999

I. Do gun buy-back programs work?

A. Gun buy-back programs take in guns that people own and give money or

other things of value in return.

B. In September, the government used $15 million planning to buy 300,000

firearms nationwide.

C. People have different opinions about whether these programs work.

D. Gun buy-back programs should be continued.

II. The number of guns owned by the public is down

A. Many programs are getting better results than ever before.

B. In August, Washington D.C. collected 2,200 guns.

C. The largest single gun turn-in in the country was 5,347 guns in a three-

weekend buy-back program.

III. Fewer guns means fewer crimes

A. The crime rate is down.

B. The murder rate went down seven percent last year partially caused by a

drop in the number of people killed by guns.

C. Fewer guns are now used in robberies.

IV. Gun buy-back programs seem to be working

A. Do gun buy-back programs work?

B. The programs are getting better results than ever before and with fewer

guns there are less crimes.

C. For these reasons, gun buy-back programs should be continued.

Life in 2057

20 Dec. 1999 issue; written 31 Dec. 1999

In 2057, life will be very different. No one is really sure what will happen, but we can

guess. The following sections include a few of my predictions for the future.

Space:

People may have landed on Mars by the year 2057. If we do, we will probably bring

back samples, look for water, and look for life. It’s likely that NASA will discover

many new stars, planets, and galaxies. NASA will probably also continue sending

satellites to different planets in our solar system and perhaps farther. Scientists

might be planning to have people live their entire life in space (probably in a space

station) by the year 2057. They would then be able to see how the people are

affected by it and see if it’s possible to live in space.

War and Peace:

Disputes over land and precious resources might become worse in the twenty-first

century. If the population greatly increases, (which is a possibility) than there won’t

be as much room to live and some resources may be uses up. With technology

improving, it’s very likely that people will create weapons for war that are even more

powerful than they are now. We can hope that if they’re invented, they won't be

used very often.

Technology:

Computers are likely to be smaller and faster and have more memory than they do

now. The Internet will probably be where people get almost all of their information.

Many ordinary day-to-day things might be mechanical and we may begin to

program robots that can do many useful jobs.

Politics:

I think that women will have a bigger role in politics in the future. It’s likely that the

first woman president will be elected by 2057. There’s also a chance that one or

more amendments will be added to the U.S. Constitution and a few changes might

be made to the government.

Natural Disasters:

One of the biggest natural problems that might get worse is global warming caused

by air pollution. This could cause flooding from the melting ice caps. Global warming

also affects El Nino which has a big effect on weather all over the world.

Violence and Grief:

In the future, laws may be passed to make it harder for kids to get weapons. This

could prevent kids killing themselves, by accident or on purpose, and incidents such

as the one in Littleton, Colorado. With the possibility of more people going into

space, the climate changing, and new weapons being invented, many deaths are

bound to occur.

Sports:

By 2057, we may invent a few new sports, some of which could become

professional sports. There probably will be many new teams. A few records are also

likely to be broken such as the home run record by Mark McGwire in 1998. During

now and 2057, many sports heroes will probably retire and die, but there will be

many new ones waiting for their chance to become famous.

One hundred years ago, most people probably had no idea of what life would be like

now. Today we have computers, phones, airplanes, and other things that most

people never imagined. As we go into the next hundred years, we’ll see things that

we didn’t think were possible.

Living Wage

22 Nov. 1999 issue; written 4 Dec. 1999

I. Should the minimum wage be a living wage?

A. Minimum wage is the lowest amount of money that an employer can pay a

worker.

B. The current minimum wage is $5.15 an hour.

C. It’s estimated that 11 million U.S. workers earn minimum wage.

D. A living wage is the minimum amount of money needed to support a

family of four at the poverty line.

E. The minimum wage should not be a living wage.

II. Labor costs money

A. If the price of labor goes up, employers try to have less of it.

B. Employers may hire less full time workers which would mean fewer jobs.

C. Cities with living wage laws will lose jobs because some businesses will

move to places where they don’t have living wage laws.

III. Not all workers are supporting families

A. Half of all workers earning minimum wage are young people in entry-level

jobs.

B. If these people aren’t supporting families, they don’t need as much

money.

IV. Should the minimum wage be a living wage?

A. Labor costs money and not all workers support families.

B. For these reasons, the minimum wage shouldn’t be a living wage.

School Uniforms

4 Oct. 1999 issue; written 11 Oct. 1999

Statement: Requiring school uniforms is a good idea.

Yes

Some schools have reported a drop in crime since they started school

uniforms.

It takes pressure off students to have to buy what clothes are in style.

Some people belie that uniforms affect the attitudes of students toward

schoolwork.

No

Critics say that uniforms don’t really improve security.

Many students hate the idea of uniforms.

Students won’t be able to choose what they want to wear.

Technology current events

For technology class, we sometimes had to find a news article about technology in a

magazine or online and write about it.

Laser Eye Surgery

1 Mar. 2000

1. Source: Popular Science: February 2000

2. Summary: More and more people are choosing to get laser eye surgery. It’s used

to correct people’s eyes who are nearsighted, farsighted, and astigmatic. On

average, it works 93 percent of the time. Small side effects that may occur are

“halos” around direct light, and it may decrease night vision.

To perform the surgery, someone drops an anesthetic on the eye to numb it before a

microkeratome cuts the outer cornea creating a flap. A computer guides a laser

beam to correct the eye problem by removing tissue. Then the cornea flap is

replaced. The whole operation only takes about 15 minutes.

3. Opinion: I think that this is a wonderful invention. People who are nearsighted,

farsighted, or astigmatic can have the surgery done instead of having to wear

glasses or contact lenses. Most of the time the surgery is successful, and within

about six months, patients can see 20/40 vision or better. It’s probably quite

expensive now, but as it becomes more common, the price will probably go down.

Seeing-Eye Dog

10 Feb. 2000

1. Source: Discover: January, 2000

2. Summary: Gerard Lacey is a computer engineer who works at Trinity College,

Dublin. He has invented a robot that acts as a seeing-eye dog. It’s called Personal

Adaptive Mobility Aid (PAM-AID). For many elderly people, it’s too hard to have a

seeing-eye dog and this is a good alternative. It has laser range finders and sonar to

prevent it from running into things. The robot can also “talk” to the person using it to

help them know what it’s going to do next.

3. Opinion: I think that this is a great invention that will help many people. As it said,

many elderly people have a hard time keeping a dog. It seems to work just as well as

a dog but also warns the user of what it’s going to do next. This is something that

seeing-eye dogs can’t do. It looks expensive, but as more people start using it, the

price will probably go down and it’ll be available to many people.

Spoiled Food

14 Mar. 2000

1. Source: Popular Science: April 2000

2. Summary: A company in California designed a device called the Cyrano Science’s

Nose Chip. It can “smell” if food is spoiled. A polymer matrix inside of it expands

when it “smells” a particular odor. The device “smells” any spoiled food by its

electronic “fingerprint.” The device may soon be used in new refrigerators.

3. Opinion: I think that this is a great device. It will warn you if any of your food is

spoiled to prevent the risk of someone getting sick from it. As people get older, their

smell isn’t as good. This device could help the elderly to pick out spoiled food. The

manufacturing price is about $1 apiece so the selling price probably won’t be too

high.

Virtual Reality

20 Apr. 2000

1. Source: Muse: April 2000

2. Summary: Scientists at England’s University of Surrey are working on a

technology that would allow computer game players to see themselves in the game.

Pictures of the player would be taken of them facing front, back, and both ways

sideways. The computer uses the pictures as an outline and then molds the rest of

their body into the outline to create a 3-D animated figure. This is called avatar

technology after the Hindu word for gods who walk in human form. After fixing a few

mistakes made by the computer, scientists believe that it’s close to being ready.

3. Opinion: I think that this is an interesting idea. I don’t think I would care that much

if I played a game and saw myself playing it, but I think many other people would

really enjoy it. Right now, this will just be used to put virtual people into games, but a

few scientists believe that this could be used as a form of identification on the

Internet in the future.

Vasco da Gama questions

I think the content here is factually accurate, at least according to the

sources I used to write it. I can't remember if there are some fictional

embellishments.

Written 4 Mar. 2000.

I, Vasco da Gama, am from Sines, Portugal.

I sailed for Portugal.

King Manuel told me to find a water route to India by sailing around the Cape of

Good Hope in southern Africa.

I followed the discovery of another sailor from Portugal. His name was Bartolomew

Dias. A few years before my voyage he had discovered the Cape of Good Hope.

Once Bartolomew Dias had been around the Cape of Good Hope, we knew it was

possible to reach India that way. I was put in charge of the mission to reach India.

Dias also helped with the construction of four ships for my voyage (Sao Gabriel, Sao

Rafael, the Berrio, and a store ship called Sao Maria). Dias also gave me sailing

advice.

As you already know, I sailed to India. On the morning of July 8, 1497, I set sail from

Lisbon, Portugal, with about 150 men. I traveled down the west coast of Africa until I

was a little below the equator. Then I had the boats go farther into the ocean

towards South America. This let us take advantage of the good winds in that area.

Finally on November 7, we saw land again. We sailed around the Cape of Good Hope

and up the east coast of Africa. Finally we reached Calicut, India on May 20, 1498.

The main challenge that I faced on my journey was disease. As we were traveling up

the eastern coast of Africa, we stopped by the Quelimane River for awhile, but many

of my men became sick with scurvy because they didn’t have enough vitamin C. On

the journey back to Portugal many of my men became sick with diseases such as

scurvy. Only 55 of the original crew of 150 men survived the journey back. Another

challenge was attacks from the natives at places that we stopped along Africa.

Sometimes they were friendly, and sometimes they weren’t. Sometimes the natives

hated us because we were Christians.

The entire journey took a long time. We stopped at many islands and places along

the African coast. Sometimes we stopped to get supplies, food, and water and to

repair the ships because they became worn out or leaky. When we went around the

Cape of Good Hope, the violent waves shook the boats. One of the stops that we

made on the east coast of Africa was by the Quelimane River and we met the two

chiefs of the natives. One of them wore silk and the other satin. This let us know that

India wasn’t too far. At Malindi, the last stop before India, the natives sent someone

who had lived with them to come with us. He helped guide the ships the rest of the

way to India.

When I first arrived in Calicut, India, the Indians there were nice to me and my men

and gave us gifts. Soon after, though, the Arabs told the king to force us to leave

India because they didn’t want us to interfere with their trade. The king then had his

men guard us for a few days before we could leave. Soon after that, the king

changed his mind again and let us stay and trade. Again the Arabs convinced the

king to make us leave so he took some of my men hostage. I held some of his men

hostage as well so we both agreed to let each other’s hostages go. We then headed

back to Portugal. Some Indian ships tried to stop us but couldn’t.

When we arrived in India, the weather was warm and tropical. It was the hot season

and the temperatures were from 85-90 degrees. Cyclones were common also.

In the 1500’s, Portuguese forts were set up on India’s west coast.

The forts were set up to control the trade between Europe and India. The forts and

Portugal became wealthy from controlling this.
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Papers from 5th grade

This page collects a few of my most interesting papers from fall 1997 to spring

1998. I redacted the teacher's comments just in case the teacher wouldn't want

them shared publicly.

A clarification on the below animal-rights paper is that there were actually three

reading prompts. #1 was against animal rights, #2 was somewhat in favor, and #3

was fully in favor (including supporting vegetarianism). I said I most agreed with the

middle position.
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Papers from 1st grade

This page collects a few of my most interesting papers from 1993-1994, both in-

school assignments and things I drew in my free time.

School assignments

TODO: ADD

Free-time drawings
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My Search for Cheap and Safe US Cities

By Brian Tomasik

First published: 13 Jul 2017. Last nontrivial update: 13 Jul 2017.

Summary

This piece discusses places in the USA where I might consider living. My criteria for

location selection are idiosyncratic and may not apply to your situation.
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Introduction

During 2016-2017, I was considering

moving to another part of the USA. I

spent cumulatively perhaps ~40 hours

exploring the best places to live for

myself. My criteria aren't shared by

everyone else, and my search is not

directly applicable to most other

people. But I still thought it might be

worth sharing what I found.

A top contender

My current favorite option is The Sterling Apartments in Grand Island, Nebraska.

Why?

Rent in Nebraska is generally cheaper than in most other US states. (A similar

trend is true for many other non-coastal states in the US Midwest and West.)

Nebraska has generally low rates of Lyme disease. In particular, Grand Island is

in Hall County, Nebraska, and according to this calculator, the typical resident

of Hall County, Nebraska has an "Actual annual infection probability" for Lyme

disease of only 6.12 per 100,000. This contrasts with, for example, 1074.55 per

100,000 for Albany County, New York. Because Lyme risk is low in Nebraska,

you probably don't need to take the time to check yourself for ticks very often

(assuming that risks from other tick-borne diseases aren't too high).

According to the United States Environmental Protection Agency's database of

Consumer Confidence Report information, Grand Island is the most populous

city in Nebraska that uses regular groundwater for tap water.a Withdrawing

groundwater kills many fewer zooplankton than withdrawing surface water, so

if you live in a region supplied by groundwater, you don't have to feel as guilty

about using water while showering, washing your hands, etc. Grand Island's

"Annual Water Quality Report - 2016" confirms (p. 2) that Grand Island is

supplied by groundwater: "The source of drinking water used by the City of

Grand Island is groundwater from the sand and gravel aquifer that underlies

the area. This water is pumped from wells maintained by the City."

The crime rate in Grand Island is close to or somewhat below the national

average. While some cities have much better crime rates, my experience is that

many cheap cities have worse crime rates than the national average.

The Sterling Apartments were built in ~2014, so it's unlikely they'll have lead

paint, lead pipes within the building, or other major known health risks due to

outdated building materials.

According to the "Annual Water Quality Report - 2016" (p. 5), lead

concentrations in drinking water are 0.86 ppb at the 90th percentile. As a

comparison, I looked at lead levels in Seattle, Washington—a city known for

having good drinking water. According to Seattle's "Drinking Water Quality

Report 2015" (p. 13), Seattle's 90th-percentile lead concentration in 2013 was

3 ppb.

While many apartments only offer 12-month leases, The Sterling Apartments

offer leases of 3, 6, and 9 months as well, for an extra charge of $150 per

month. This is useful if you want to test drive the apartment before committing

to it for the longer term. You could also stay at The Sterling Apartments on a 3-

month lease while shopping around Grand Island for cheaper options.

The Sterling has generally decent reviews on Facebook. While some people

complain about failures of management, these complaints seem tolerable

compared with the kinds of complaints that other apartments get. For example,

I've seen reviews for other apartments that say things like "This place is

unsafe. The police are always being called here."

I called The Sterling to verify that they have no specific policy against exercise

equipment in apartments—the only concern would be if such equipment was

noisy for neighbors.

There's a Walmart Supercenter about 1000 ft from The Sterling, making

grocery shopping easy without a car.

As of 29 Mar. 2017, "Grand Island now has at least four regular Uber drivers",

which is helpful for people like me who don't have a car.

The Sterling is less than 6 miles from Central Nebraska Regional Airport.

A main downside of Nebraska is that, because it's a Red State, it's more likely than

Blue States to take away Obamacare protections if it's allowed to do so. In addition, I

think I wouldn't be covered under Nebraska's Medicaid even if I needed it because

in order to qualify, you have to "be either pregnant, a child under age 19, a parent or

relative caretaker of a dependent child(ren) under age 19, have a disability, blind, or

age 65 or older."

What about other states?

I ruled out most Northeastern states on the grounds of high Lyme-disease rates

(and because they're generally pretty expensive anyway). I also ruled out deeply

southern US states because, among other things, they have hot climates, disease

risks, and hurricanes.

Following are some of the states I explored in more depth.

Kansas is one of the cheapest states in the nation, and it has some relatively

low-priced, groundwater-supplied cities with acceptable crime rates, similar to

Nebraska. If I were to continue exploring locations, I would look further at some

places in Kansas.

Some parts of Oregon seem promising according to my criteria, and Oregon

has the advantage over Nebraska of being a strong Blue State and thus having

better policies with respect to health insurance, among other things. Some

cities—such as Keizer, Klamath Falls, and La Grande—apparently use

groundwater and have some relatively cheap apartments, though crime is

sometimes not great, and apartment quality may not be as high for the same

price as in Nebraska?

Washington state, another Blue State, has some fairly cheap cities supplied by

groundwater, including Spokane, Lakewood, Olympia, and Longview. However,

burglary rates in these cities are pretty high, especially in Spokane. Like in

Oregon, many cities in Washington are expensive. A bonus about Washington

is that it has no state income tax, although given my low income, this isn't a

huge consideration for me.

Ohio has some of the cheapest cities in the country, but a lot of those cities

have crime rates several times the national average. (That said, a friend tells

me there are quite safe regions within overall-high-crime Ohio cities.) While

historical rates of Lyme disease in Ohio seem to be relatively low according to

my calculator, there are reports that "Lyme Disease is on the rise in Ohio", and

given Ohio's proximity to other Lyme-dense states, it's plausible that climate

change and other changes will make Lyme more of a problem in Ohio going

forward?

Many Arizona cities are fairly expensive. Tucson is cheap, but property-crime

rates are extremely high.

Kentucky has some of the cheapest cities in the nation. Most are supplied by

surface water, but, e.g., Owensboro is apparently supplied by groundwater.b

Owensboro also has acceptable crime rates, and it's part of Daviess County,

which has low historical rates of Lyme disease. That said, Kentucky is closer to

Lyme-dense states than Nebraska is.

Colorado sadly has no groundwater-supplied cities with population above

20,000 people. (More populous cities are better for me because I don't have a

car.)

Almost all cities in California are supplied by surface water, and most of the

state's cities are also incredibly expensive.

Alaska is more expensive than I expected (probably more expensive than the

US Midwest?), though some of its groundwater-supplied cities might be

reasonable.

Hawaii is generally quite expensive.

Moving outside the US is also worth contemplating, but generally you need to have

employment within that country in order to immigrate. Also, I'm wary of the

paperwork and overhead involved with moving to another country (e.g., learning all

the new tax forms and rules, what happens to Social Security benefits, etc.),

especially if that country's documents are not in English.

About this piece

This page compiles highlights from my explorations into where to live. I mostly wrote

it as notes for my future self, so that I wouldn't forget what I had learned. However, I

decided to make it public in case anyone else would benefit from it. Obviously I

don't get any compensation for the endorsements in this piece.

Footnotes

a. The much larger city of Lincoln, Nebraska uses "Groundwater under influence of

surface water". I suspect this is probably also ok from the perspective of not killing

many zooplankton, but I'm not certain.  (back)

b. Owensboro Municipal Utilities says: "Owensboro’s water source is a large, deep

underground aquifer on the northeast side of Owensboro."  (back)
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Beware Overreliance on Theory

By Brian Tomasik

First published: 14 Jun 2017. Last nontrivial update: 21 Jul 2017.

Summary

This post summarizes a transition in my epistemology from a focus on theoretical

modeling of situations to a preference for empirical observation of messy details.
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Epigraphs

"If people do not believe that mathematics is simple, it is only because they do not

realize how complicated life is." --John von Neumann

"Nobody knew health care could be so complicated." --Donald Trump

My past privileging of theory

A clickbaity title for this article could be: "Too much math is bad for your

epistemological health". While exaggerated, I think this statement captures some

truth about my past self, especially before and during college.

While I always knew that reality was

very complicated, in the past, I tended

to assume that mathematical

modeling was perhaps the best tool

we had for grappling with that

complexity. This belief was probably

reinforced by my academic studies, in

which even messy subjects like

economics or psychology seemed to focus on developing elegant theories to

explain phenomena. Indeed, developing theories is arguably the main point of

science. And when data are presented in a clean fashion in textbooks, the idea that

theory can in general powerfully answer empirical questions becomes tempting.

With respect to utilitarian calculations about the best course of action, I also

formerly took the approach of trying to fit everything into a single expected-value

calculation. I understood that there was enormous uncertainty, but I assumed that

plugging complexities into a massive expected-value formula was the best (maybe

even the only) way to address the problem. Exact Bayesian inference was

intractable, but we just had to approximate it as best we could.

My move toward empiricism

A few factors shifted my thinking toward a more empirical approach. One was my

data-science work at Bing. Instead of spending my time learning elegant and

powerful theories in academia, I confronted messy, real-world data that disobeyed

our predictions more often than I expected. I began to feel that the hypotheses we

concocted to explain our results were mostly just-so stories without much hope of

being true. A few large-scale trends were consistent, but beyond that, it seemed as

though we were often fumbling around without being able to explain what was going

on.

Another big influence on my thinking was the epistemology of GiveWell, such as the

post "Maximizing cost-effectiveness via critical inquiry". That post concludes: "As

long as the impacts of charities remain relatively poorly understood, we feel that

focusing on robustness of evidence holds more promise than focusing on

quantification of impact." I also learned about the success of heuristics over precise

calculation in artificial intelligence and related domains.

A final factor may have been that I simply learned more total facts about the world

over time, including about messy domains like nutrition, neuroscience, biology, and

world affairs. It's easier to presume that a cost-effectiveness calculation can be

made cleanly when you know about fewer complicating factors that could screw it

up. The more you think about the interrelatedness of all sorts of activities across the

world, the more messy and (in the worst case, intractable) quantification begins to

look.

Alternatives to theory

In response to these points, my past self might have said: "Okay, I know, the world is

super complicated. But we have to do the best we can to estimate the effects of

different possible actions. Trying to estimate those impacts is better than throwing

up our hands."

I agree, but this leaves open the question of how to make those assessments.

Mathematical modeling is not the only option. It can be one useful tool in the toolkit,

but other tools include

trying to find more empirical information

looking for real-world case studies to see if a proposed idea actually exists or

has analogues in reality

getting advice from gut intuition

using verbal, pattern-matching heuristics

absorbing the accumulated wisdom and tools of the trade of existing

practitioners in a given field.

When thinking about complex topics theoretically, it's often easy to imagine tens,

hundreds, or millions of possible ways reality might unfold. But reality only picks out

one actual trajectory. I find historical case studies useful as a way to test whether a

theoretical possibility is likely to actually be realized. One example is with the idea of

hard-takeoff intelligence explosion. It seems plausible as a theoretical idea that

once artificial intelligence reaches a "human level" (assuming that designation

makes sense), it might reach significantly superhuman levels of intelligence within

hours or days by recursive self-improvement. How can we tell if this is likely? I think

the best way is to look at existing examples of self-improving systems (growth of

economies, profitability of corporations, etc.) and ask what fraction of them have

shown hard-takeoff dynamics. My impression is that for most historical examples,

growth has been more analogous to "slow artificial-intelligence takeoff". Growth

that contains positive feedback is often exponential, but it's usually a slow

exponential without a single, decisive spike point. For example, the world economy

has grown at a pretty steady rate for hundreds (thousands?) of years, without a

"hard takeoff" at any one point.

I think asking whether any structures or events of a given type have existed

historically is a useful strategy in general for futurists. The more future predictions

draw on the kinds of trends and organizations that we see in our own world, rather

than predicting sharp breaks from the past, the more probable I tend to find them.

As an example, suppose you wanted to predict whether accidental or intentional

artificial-intelligence catastrophes will be a bigger problem in the future. One

approach is to construct a bunch of scenarios for how the future might unfold and

how agents might behave. This kind of thinking is useful. But we can also take an

outside view, such as by looking at how much global economic productivity is

currently lost to accidental software bugs ($59.5 billion per year for the USA) vs.

malicious software ($13.3 billion per year for the whole world, counting only "direct

damages"). Of course, there's lots of fine print on these numbers, and estimates

can be noisy or misleading.

The outside view is sort of like cheating on a test. Instead of trying to directly

compute the outputs of an insanely complex system (the world), we look at other

answers that the world has already computed for us in the past.

When theory is useful

Theory can sometimes be extremely powerful. The classic case is in theoretical

physics, and this success gives other disciplines "physics envy". In some other

fields, like chemistry or engineering, theoretical calculations are also often quite

reliable.

Empiricism has its flaws as well, especially when data are noisy. Good data may be

worth a thousand theories, but poor data may sometimes be worse than a priori

theory. For example, suppose you hear that "I made $300/hour by filling out surveys

from home." Theoretical reasoning suggests that this noisy datum is almost

certainly bullshit, because if this job really did pay that well, more people would be

doing it, until it stopped being so remunerative. Of course, we could alternatively

score this example as a victory for empiricism, because the more you're familiar with

other scams and misleading claims, as well as with typical wages for a variety of

types of jobs, the more readily you'll identify this statement as bogus.

Playing with toys vs. seeking to learn

One argument against giving police officers fancy new weapons is that some cops

will be looking for opportunities to use their new "toys". As a result, some cops will

engage in violence when non-violent methods would have been more appropriate.

When all you have is a hammer, you seek out nails to hit on the head.

Similarly, when students learn fancy new tools—such as how to do integrals or how

to write computer programs—they may seek out opportunities in which to play with

their new toys. Looking back on my writings from high school and college, I notice

this pattern a lot. After learning new things in school, I would write ponderous

articles with excessive equations or grandiloquent vocabulary words in order to

exercise my newfound tool set. This is presumably healthy, in a similar way as

childhood play is a form of learning. Probably I still do this to some extent whenever

I learn new things.

In contrast, "mature" writings tend to make less of a show out of using fancy tools

and instead apply tools only when needed. The focus is more on solving a problem

at hand without regard to whether its solution uses cool toys. (Of course, there are

some academic journal articles that look to me like authors seeking a chance to play

with their toys.)

Relatedly, in the past I would often think about my career in the following way: I

enjoy and have skills in X, so what careers can I pursue that will best utilize X skills?

Now I think this is mostly backwards. Today I would reason as follows: career Y

seems like a fun and impactful place to spend my time, so what new skills and

information do I need to learn to move towards career Y? My experience is that one

can learn the basics of a new field relatively quickly, and it makes little sense to

anchor one's long-run future plans to somewhat random choices of college major

made in one's past. The future is wide open, and there are many new domains with

new sets of tools waiting for you.

When I was obsessed with mathematical modeling and programming in the past, I

sometimes viewed learning background material about a new domain (say, gene

sequencing) as the "vegetables" that one had to eat before the "dessert" of

applying mathematical/programming tools to the problem domain. Now I would tend

to approach the situation in the opposite direction. Rather than looking for

opportunities to play with my existing tools, I would ask: "What is this new domain

like in general? How do biologists who aren't in love with math study this topic?

What non-mathematical, non-programming skills does this field have for me to

learn?" And then I would whip out the math/programming only when it seems the

best tool for the job. This change in perspective is sort of like the difference

between being the person talking in a conversation (my old approach) vs. the

person listening (my new approach). Instead of learning just enough broad outlines

of a topic to be able to apply a mathematical model, I would instead seek to learn

lots of messy details that likely won't fit cleanly into models.

The picture I just painted is probably exaggerated for rhetorical effect. Even in the

past I loved to learn new details and techniques that new domains had to offer. But I

think there is some truth to the general trend I just described.

This section was partly inspired by the last answer in this interview with Robin

Hanson.
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Summary

This page describes some personal thoughts and history regarding being stringent

vs. laid-back with respect to one's work. Almost surely most of these points are

unoriginal.
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My history with flexibility of goals

From ages 13 to 22, I was somewhat of a perfectionist with respect to goals. This

tendency was probably helped along by playing video games and by school, since in

both of those cases, metrics for success are well defined, and there's a clear

maximum possible level of task completion. I regarded it as obligatory to do

everything that was assigned, although as mentioned here, I eventually learned that

I wasn't able to apply the "finish everything" rule to reading assignments, since

often skimming was necessary in order to complete readings on time. However, I

could still apply the "finish everything" rule to all written homework assignments.

When I graduated from college in

2009 and began working at Microsoft,

I had a bit of an existential crisis with

regard to goal accomplishment. While

I still had broad tasks at Microsoft,

they weren't broken down into small

pieces the way they are in school. I

had the blessing and curse of being

able to decide how to approach a

project, what ideas to try, what

timelines to shoot for, and so on. (The extent of this freedom varied from manager

to manager.)

Freedom and responsibility to choose what to work on was already somewhat

familiar from my free-time altruistic efforts. That said, in 2009, my feelings of

existential angst became more pronounced in the altruistic realm too. Historically, I

had tended to judge that certain projects looked particularly important, and then I

worked on them; I felt that what I was doing was privileged in the sense of being

more valuable than other possible actions. I had lots of uncertainty about how to

make the world better, but I felt I could still do expected-value calculations and

come up with optimal choices.

In 2009-2010, the feeling that I was doing what was optimal disintegrated and gave

way to an uneasy realization that a lot of what I was doing amounted to random

impulses based on arbitrary moral values and questionable epistemic convictions.

Of course, I had always been a moral anti-realist, but until 2009, I at least believed

that consciousness was an objective property that was potentially somewhat

measurable. In other words, the only subjectivity in my moral views was the choice

to be a (suffering-focused) utilitarian, after which there were no more free

parameters. But once I realized that consciousness was also up to us to define, the

scope of arbitrariness that I saw in my work significantly increased.

The following quote is from an email I sent to some friends on 27 June 2010. (I've

made a few language tweaks to it.)

One of the biggest shifts in my thinking I've noticed in the past year or

so has been to become increasingly less fastidious in my attention to

minutiae and my insistence on doing things in one particular way that

seems so obviously the "right" way. Instead, I've become more soft-

edged and flexible, recognizing that a lot of these decisions about

what matters most, what exact goals we set, and such are up to us to

decide. A lot of the shift correlates with my change in stance on the

hard problem of consciousness, from having a sense that there really is

a consciousness "thing" out there, to being persuaded that what we

consider conscious is fundamentally up to us.

The best way I can phrase this is to say that I've stopped "believing in

magic." I used to view particular actions and ways of doing things as

almost fundamentally important. Now I'm not so rigid and am willing to

break self-imposed rules.

One difference is that I'm not doing math much anymore and am

instead doing a lot of fuzzy, no-clear-right-answer work. Every day I

confront the fact of having to decide exactly what I do and how I do it,

without an obvious template or procedure to use. Even in my reducing-

suffering activities, I tend to be okay with a broader array of options for

how things are done, rather than insisting pedantically on doing a

particular action that I see [perhaps illusorily] as being optimal.

As time went on, I became arguably even more tolerant of arbitrariness. For

example, around 2013-2014, I allowed myself to have more than one utility function

—one for "utilons" and another for "fuzzies"—even though this is hard to defend

from a systematizing mindset.

The idea is similar to an earlier shift in my thinking (from around 2005) regarding

grammar. I had previously assumed that correct grammar was very important and

that there was something "in need of fixing" with bad grammar or misspellings.

Later I came to realize that grammar is an arbitrary code that's subjective and

changes with time. I still try to use proper grammar (1) for the sake of making my

writings more credible and (2) as a form of mental exercise. But there's no deeper

sense in which correct grammar is important. Moreover, breaking writing

conventions when doing so aids clarity, such as by using logical quotation even

when writing for Americans, is a choice open to me (except when I'm writing for

someone else who demands adherence to different style guidelines).

In addition to apprehending our freedom to choose morality, I also increasingly

recognize how ignorant we are in the face of gargantuan altruism-related

uncertainties. I often feel like I'm just doing random things that seem plausibly to be

net positive in terms of suffering reduction, with no idea whether they actually are

net positive, or what kinds of long-run impacts they'll have. With this perspective,

it's clear that the magical glow that I had previously seen around specific actions

and altruistic causes was illusory.

One of my former teachers related the story of how, when he was in college, he

came home over winter break and pontificated to relatives about how the world's

problems could just be solved if X, Y, and Z. Looking back, he realized how ignorant

he actually was and how much more complicated things are. Based on limited data,

I've noticed a similar trend in myself and other effective altruists—that as one gets

older, one's certainty about everything declines, and one becomes more tolerant of

those who have different approaches for how to navigate life while blindfolded.

Perhaps this trend is simply a function of how many times you've discovered that

you were wrong and that the full picture is far more complex than you realized.

While perhaps platitudinous, this quote from Socrates seems fitting: "I am wiser

than this man, for neither of us appears to know anything great and good; but he

fancies he knows something, although he knows nothing; whereas I, as I do not

know anything, so I do not fancy I do."

How seriously to keep promises

During my existential angst of 2009-2010, I had doubts about commitments and

rule-following. I thought something like, "If what I'm doing is pretty arbitrary rather

than privileged, why should I adhere to the goals I've set rather than breaking them?

I made them up in the first place, so they don't actually carry any authority." I had

peeked behind the curtain and discovered that the Wizard of Oz was an old man

pulling levers.

People adopt different strategies in response to this problem. For many, the answer

is religion: "God is watching and wants me to keep my promises, and His commands

imbue specialness to some actions over others." Some people appear to like rigid,

fundamentalist religion because it tells them how to live their lives in a detailed way.

Other people keep commitments using bosses at work, relationships, and social

pressure—e.g., fear that other people will be disappointed if you don't follow

through.

In my own case, I've discovered a certain mindset that I can get into in which

keeping my promises feels like it has to be done, and contemplating breaking them

amounts to treason. I don't know how I do this, but in the few cases where I actually

bother to do it, it works pretty flawlessly. Sarah Constantin says: "I think the

capacity to make a truly binding promise is a neat trick that more people should look

into." This is basically a deontological or updateless mindset, in which calculations

about whether it might be optimal to change course aren't allowed. For this reason,

I'm extremely cautious about making self-promises and only do so for very short-

term and relatively easy things. Throwing out your car steering wheel is helpful in

the game of chicken, but trying to drive home without your steering wheel for more

than short distances is liable to lead to a car crash.

Incidentally, this is the main reason I haven't taken the lifelong Giving What We Can

pledge (the same pledge that inspired Sarah's comment); I cannot reasonably

guarantee keeping such a pledge, nor am I confident that I should. And if I were to

make less stringent pledges, this would weaken the power of my stronger pledges,

because then there would be a possibility of wiggle room. I think the power of

pledges comes from disallowing wiggle room, because disallowing wiggle room has

the psychological effect of reducing temptations. If there's always a possibility of

breaking the promise, then you're constantly wondering if you can get away with

doing so "just this once". Constant temptation leads to distress, in a similar way as

too much choice can. But if you commit in an absolute way, temptations don't arise,

or are quickly quashed, because they're not even on the table as possibilities. I think

some have commented on this point in the context of why veganism (or other rule-

based diets, like lacto-vegetarianism) can be easier than flexitarianism for certain

people.

There remains a question of how much to precommit to certain goals vs. how much

to play life by ear. In my teenage years I was very much on the rigid-goals side of the

spectrum, partly because I didn't have as much choice about what goals to set.

Today I'm usually on the "make it up as we go along" side of the spectrum, where I

follow my emotions rather than making specific plans. Still, I find value in both

approaches in different contexts.

"Just a little bit" goals

As a kid, when I went sledding with other people, the other people got tired before I

did. I would ask for "just one more" round of sledding before we finished for the day,

and the other people agreed. After that round was over, I asked again for "just one

more" round, and again the others agreed. I kept this up until these requests finally

stopped working.

A similar strategy can sometimes be effective for setting goals. For example, rather

than setting the goal of working for a full hour on some difficult task, you can set the

goal of working on it for just 10 minutes, after which you're free to stop. Once you

start working on the task, you often find that it's not as hard as it looked, and near

the end of your first 10 minutes you might decide to do another 10 minutes, and

then later another 10 minutes. You can keep chaining these tiny promises forward

until you feel that it's actually time to stop.

Tiny promises like these are an interesting middle ground between fastidious and

relaxed goals. You can make a tiny promise fastidiously to help overcome mental

inertia, but because it's such a small commitment, there's little risk that you'll regret

forcing yourself to adhere to the goal later on. This approach is relaxed in the sense

that after you finish the tiny goal, you can then change plans to whatever suits your

fancy.
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Summary

This page describes my personal approach to using todo lists to keep track of tasks,

ideas, and reminders for myself.
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My history

My first introduction to todo lists may have been in middle school, when students

were given "assignment notebooks" in which to record the due dates of homework

assignments. These notebooks were basically calendars for the school year. If I

recall correctly, the expectation was that you would write down an assignment on

the day it was due, but I always found this insufficient, since if you only look at the

next day's items when doing your homework, you'll only work on assignments the

night before they're due. So I think I copied assignments onto all days until the due

date, which gave an overview of all the things I could be working on on any given

night.

Similar notebooks were also given out in high school. (The high-school notebooks

were smaller in size than the middle-school ones, even though presumably high

schoolers have more todo items than middle schoolers.) In college, there were no

formal assignment notebooks, so I made notes of assignments in my regular

notebooks instead.

During school, most of my tasks concerned homework. Tasks about other things

(such as applying for internships or setting up a doctor visit) I think I did in ad hoc

ways, such as by jotting them down in text files.

In the years after college, I tried out a number of software tools for task

management, often because other people I was working with used them. I've also

browsed a number of additional software tools to see if any look particularly useful.

In the end, I've always come to the conclusion that the best way of recording my

own todo items is simply to write them down in plain text.

I haven't yet read any of the famous books on task management, and perhaps my

style would change if I did.

Why I use plain text

Here are some reasons why I prefer text-based todo lists over todo-list web

applications:

Text files are maximally simple. You just open them up and write stuff down.

You don't have to assign tags, owners, deadlines, etc.

Text files are maximally flexible. You can invent any organizational / formatting

system you want rather than being constrained by someone else's design.

Text files are maximally portable and ready to be backed up. Your data isn't

stored in some specialized format that may be messy to read if you leave your

existing task-management service or if it goes out of business. Indeed, you

don't have to worry about your task-management system going out of

business at all—other than, say, moving your text documents to a new cloud

provider if your old one goes away. (I store my documents on the cloud. If your

todo lists are on your local computer, make sure you back them up, since your

computer's hard disk can fail at any time.)

Text files are extremely easy to search, whether using Ctrl+f, grep, or

something else. Of course, most web-based todo lists also allow for searches.

One advantage of Ctrl+f and grep is that you can easily search for substrings of

a word if you don't remember whether you wrote out the whole word. For

example, suppose you sometimes use "amaz" as an abbreviation for

"Amazon". In an ordinary search bar, you would have to try "amaz" and

"amazon" as two separate searches, but with Ctrl+f or grep, you could find

them both at once by searching just "amaz". (That said, some todo apps do

instant searches as you type each letter of your search text, which can also

solve the "amaz"-vs.-"amazon" problem.)

A reader pointed me to the "todo.txt format", which has a similar philosophy

regarding text files ( ):

Plain text is software and operating system agnostic. It's searchable,

portable, lightweight, and easily manipulated. It's unstructured. It

works when someone else's web server is down or your Outlook .PST

file is corrupt. There's no exporting and importing, no databases or

tags or flags or stars or prioritizing or insert company name here-

induced rules on what you can and can't do with it.

One feature that text documents lack is a calendar and reminder alerts. However, I

actually prefer for most of my todo items not to have reminders. I find that when I

set reminders for todo items, I usually end up delaying them because I'm busy with

other things, and the constant reminders just make me feel guilty about not getting

to whatever the reminders are for. Plus, it wastes some time to delay the reminders

to a future date. The only case where reminders are useful is for actual

appointments, like doctor visits or scheduled Skype calls, and for these I can use a

calendar application. I see my todo lists as more of a repository of ideas for things I

hope to do sooner or later, rather than tasks I need to get done by some specific

deadline. This is my preferred working style, though I suppose that if I had more

specific deadlines set by a boss, then creating scheduled reminders might make

more sense.

Calendar todo list?

Successful By Design (2015) suggests (at 3m10s into the video) scheduling todo-

list items onto your calendar. When you do this, "You start getting more in control.

You start getting a better idea of what it is that you need to do, when you need to do

it, how much time it's going to take you" (3m44s).

Different strokes for different folks, but this is very different from how I work. I don't

like to schedule my activities; instead, I prefer to do whatever I'm in the mood for at

a given moment. By analogy, I don't schedule all my meals for the day in advance,

because this might mean I'm hungry at some times and eat when I'm full at other

times. I'd rather do exactly what my body and mind want to do at a given time in

order enjoy and perform well at that task, rather than wishing I were doing

something else.

When I have willpower and mental alertness, I often do a relatively difficult task from

my todo list, before that mental state wears off. And when I'm tired or not able to

concentrate, I pick a relatively easy and low-stakes task from my todo list. If I

scheduled my tasks ahead of time, I might try to do a difficult task when I'm tired, or

I might waste a period of mental alertness on something relatively easy.

Unfortunately, if you work at a job where your manager requires doing particular

things at particular times, you don't have the luxury of matching your activities with

your current mood.

Treating todo lists as priority queues

Years ago, when I first began creating a todo list, I imagined that I would eventually

finish the items on it. However, I soon observed that for every todo item I completed

from my list, I tended to add two more items in the intervening time. Gradually, my

todo list ballooned in size. Eventually, it got so big that I decided to create a new list

for the more recent and urgent items that—"this time for sure"—I would aim to

actually complete. Of course, this list also followed the same pattern, ballooning in

size until I moved to yet another list that would be more manageable in size.

By this point I've obviously given up the illusion

that I'll ever finish everything on my todo lists. I've

discovered that "my eyes are bigger than my

stomach" in the realm of things I want to do,

meaning that I desire to complete many more tasks

than I'll ever have time for. This realization forces

me to take a new perspective on todo lists. Rather

than seeing them as tasks that I have to complete

in order to make my work "perfect", I see them as

friendly suggestions of things that would be good

to do if I can find the time. If I can't complete

everything (as I certainly can't), I can live with that,

and I should be happy about what I can get done. If

I recall correctly, Cenk Uygur has made a similar observation, comparing himself to

someone with a bucket trying to catch a waterfall, and noting that you should feel

satisfied about what you can catch in the bucket rather than regretting what you

can't.

School teaches the wrong approach to todo lists, since in school, the specific tasks

that you're assigned as homework are very important to complete, and everything

else is basically worthless from the perspective of your grade. Real life doesn't work

that way. Even if you have a small todo list and finish everything on it, that's a fiction,

because if you thought more about what things you could do, you would keep

adding to your list. The fact that a particular task hasn't occurred to you to write

down doesn't mean that there aren't tasks out there that would be valuable to work

on. So todo lists are really sort of like notes that you take regarding the almost

infinite variety of things that you could be working on.

Except for a few items that you absolutely have to do, such as completing your

taxes on time, I find it helpful to think of a todo list as a priority queue—a collection

of items with varying importance, on which you can call

pull_highest_priority_element when picking what next to work on. Or, more

realistically, you might choose what next to work on based on a combination of your

current mood, what project you're in the middle of, and what the intrinsic

importance of the task is.

Thinking of todo lists as priority queues means that when it feels like you have too

much to do, you don't have to feel stressed out about it. Sort the items by priority,

do the most important ones, and don't worry too much when you don't get to

everything. On the other hand, if you finish your todo list, you're not really done; you

should go off and brainstorm more items to add to the queue.

Spreadsheet todo list?

For a few months I tried creating an actual priority queue for my tasks. Rather than

using a regular text file to store todo items, I created a spreadsheet in which one

column stored the todo item's priority and the other column stored a description of

the task. Periodically, I could sort the spreadsheet on the priority column so that

highest-priority tasks would come to the top.

I eventually abandoned this for a few reasons.

1. Spreadsheets take longer to open than text documents, and when a todo list

gets long, this extra loading time becomes tedious.

2. I found it cognitively burdensome to think of the exact priority for my tasks,

especially the more trivial ones.

3. I have a tendency to assign unduly high priority to tasks that happen to grab

my attention at the moment, even though I'll later decide that these tasks

should be downgraded in priority. So the priority scores I assigned weren't

necessarily stable over time.

Instead I've returned to an unprioritized todo list where I basically assume that more

recent items higher on the list are more important, and if an item is clearly low-

priority, I can deliberately put it lower in my list. To select an item to work on, I can

browse through the list and pick something that seems in line with my current mood

and degree of mental acuity at a given moment.

List format

Here's a fictional example of how I might format a plain-text todo list:

Hear Horton's Who.

Teleport to [Mars](https://en.wikipedia.org/wiki/Mars).

Follow up on [this](https://en.wikipedia.org/wiki/Spiropyran#Structure): 

"The second ring, the replaced one, is usually heterocyclic but there are 

exceptions.    When the spiropyran is in a solution with polar solvents or 

when it receives heating (thermochromism) or radiation (photochromism) it 

becomes coloured".

I write my lists with one task per line and a blank line between tasks. I try to keep

tasks all on one line, and I may use four spaces to indicate a new paragraph while

keeping the text all on the same line (as shown with the "spiropyran" example

above). Keeping one task per line is helpful in case I ever want to do processing on

the file. For example:

Suppose I wanted to write a Python program to sort or categorize the todo

items. It would be easy if I could read through the file and just add non-blank

lines to a Python list, knowing that each non-blank line is a single todo item. It

would be slightly more cumbersome to instead write a program that combines

several non-blank lines together until a blank line is encountered.

Suppose you want to grep your file(s) for keywords. By default, grep outputs

single lines that match your search, so if a task is all on one line, grep will return

the whole task.

Any urls I need to reference are written as bare urls, or using Markdown syntax,

rather than turning them into clickable hyperlinks, because if I later copy-paste the

todo-list text somewhere else or export it as raw text, I want the url information to

be retained.

For long todo items, I might add a short summary at the beginning to allow me to

quickly tell what the todo item is about, although I avoid spending too much

cognitive effort coming up with a description if doing so doesn't seem worthwhile.

You could write a description in {curly braces} like this:

{spiropyran} Follow up on [this]

(https://en.wikipedia.org/wiki/Spiropyran#Structure): "The second ring, the 

replaced one, is usually heterocyclic but there are exceptions.    When the 

spiropyran is in a solution with polar solvents or when it receives heating 

(thermochromism) or radiation (photochromism) it becomes coloured".

Curly braces avoid confusion with [square brackets], which are part of Markdown

syntax, as well as with (parentheses), which are common in natural-language text.

Sometimes I mix Markdown with HTML syntax. For example, when pasting in a

several-paragraph-long quote, it may be easier to write <blockquote> ...

</blockquote> around it than to write a series of > 's on each line. Also, when

striking through some text, I might want to add an explanation for why the text is

being deprecated. Using a slight abuse of HTML syntax, I can do that with the cite

attribute of the <del> tag. For example:

{buy rocks} Regularly buy some metamorphic <del cite="In July 2005, we 

switched rock types for price reasons.">igneous</del> rocks.

Categorized todo lists?

Historically I've tended to put most of my generic todo items into a single list, at

least until the list gets too big and I need to spill over into a fresh new list. However,

recently I've begun experimenting with putting more todo items into separate lists

by category. Given that my todo lists will never be completed and will always follow

me around as reminders, I figure I may as well make the lists more organized.

Separating items by category is one way to organically avoid building monstrous,

100-page todo lists that are unwieldy to open and navigate.

Organized lists can also be helpful if particular tasks are appropriate at particular

times. For example, I created a list for "mindless" tasks—i.e., repetitive tasks that

don't require much thought and that I can do while listening to music. I usually save

up these tasks until I'm in the mood to listen to music, so it's helpful to have them all

in one place.

It's also useful to be able to store all the todo items for a particular project in their

own todo list, to ensure that the todo items don't get scattered, and so that I can

know that all the todo items for that project are in fact finished when I close out that

particular todo list. If the todo items for a given project P are written among lots of

other items for other projects in a giant todo list, it's harder to figure out if I've

finished all the items for P.

Grouping todo items by category is also useful for more easily noticing duplicate

todo items, because during grouping, similar todo items are put near one another on

a relatively short list. For me, duplicates tend to occur either if I think of a todo item

on two separate occasions and note it down each time, or if I write myself a

temporary reminder about an existing todo item, but then that reminder itself gets

buried in the todo list. Duplicates are particularly annoying in a situation where I see

one of the todo items, complete the task, remove the todo item from my list, later

find the other duplicate todo item, and then can't remember if I've already finished

it, which means I have to go back and check if it's done.

The main concern I have with maintaining many categorized todo lists is that I have

to remember to check back on all these lists periodically rather than letting them fall

by the wayside. I'm nervous that it might take a while until I circle back to a given

list. I suppose it'd be useful to keep at least one todo list for a small number of high-

priority items that I don't want to allow myself to forget about.

In ZionsBank (2013), David Allen recommends using "more than just one list. You

want to be able to create different categories of lists. [...] And all of that of course

dies a sure death if you don't step back and review these things on some consistent

basis" (41m11s).

Even when having categorized todo lists to organize medium-term or long-term

projects, I still use a single text file as my "immediate scratchpad", to jot down new

thoughts and remind myself about things to do very soon (e.g., "call the doctor" or

"buy a new toothbrush"). Since I can finish and cross off these items quickly, it's not

worth the effort to move them to categorized todo lists, which would make them

harder to remember to do anyway, because they would no longer all be together. If

an item remains on the immediate-scratchpad list for a while without getting done,

then I can move it "into storage" by migrating it to a categorized todo list. When

moving a todo item from the immediate scratchpad to a longer-term todo list, I often

rewrite the todo item to make it more clear, so that I can still understand what it

means a few years later, in case it takes that long to return to it.

Todos vs. reminders

Often I have recurring reminders for myself in addition to todo items. A todo item

can be completed, while a reminder sticks around perhaps indefinitely. One way to

organize these is to have a "Todos" section of your list and also a "Reminders"

section. For example, suppose you have a todo-list document related to your

Wikipedia contributions. Here's an example of how this list could look if it has two

todo items and one reminder:

# Todos

Revise my Wikipedia article on extraterrestrial tax codes so that footnotes 

appear [after every sentence](https://briantomasik.com/writing-

style/#Citations_after_every_sentence).

Find and upload a public-domain image of the Extraterrestrial Revenue 

Service.

# Reminders

When writing Wikipedia articles, put footnotes [after every sentence]

(https://briantomasik.com/writing-style/#Citations_after_every_sentence).

You could consider adding a line saying something like "Last reviewed: 2018 Aug 9"

under the "Reminders" heading if you want to keep track of whether the reminders

in a given todo-list file haven't been reviewed in a long time.

Indicating priority among many todo lists

Suppose you have a folder of 25 different todo lists that each contain todo items on

their own topics. Is there a way you can indicate to yourself which of those lists you

should prioritize first?

One possible solution is to add a prefix to the title of each list to indicate priority,

such as med-pri_Mars-spaceship-todos.txt or HIGH-PRI_rock-collection-tasks.txt.

What if, as is probably the case, a todo list contains both high-priority and low-

priority tasks? You could set the priority prefix as the maximum priority of any task in

the list. For example, if a list contains any high-priority tasks, mark it as HIGH-PRI. If

you complete the high-priority tasks and are left with only low-priority ones, then

change the prefix to low-pri.

If you use words like HIGH-PRI, med-pri, and low-pri to indicate priority, then an

alphabetical sort of your todo lists will be out of order of priority, since H comes

before l, but l comes before m. To solve this problem, you could instead use

numbers: pri1, pri2, and pri3. This way, an alphabetical sort will be in the proper

order. Using numbers also allows for the possibility of assigning more than three

different priority levels, though I find it cognitively burdensome to try to assign

priority more precisely than among three possible choices.

Todos vs. reference material

David Allen uses the term "reference material" to denote information that you might

need in the future but that isn't a todo action. Should you store reference material

separate from your todos? And if so, how do you decide what material goes in which

location?

It seems likely to me that I should separate todos from reference material, so that

my todo documents can be the go-to place for looking at what I need to work on. If I

stored todos and reference material together, then todos would be scattered

throughout lots of my files, and it would be harder to systematically review my todo

items.

However, separating todos from reference material has the unfortunate property

that information about the same topic may be siloed between two different

locations. As an example, suppose you have a todo document related to applying to

jobs, and you get the business card for someone you want to contact to talk about

possibly working at her company. Do you store the person's contact information in

your todo doc directly, or in a "reference material" location such as an address

book? In the short term, it may be more convenient to store the information directly

in the todo document, so that it's right at your fingertips while you're simultaneously

looking at your todo item to "Contact Susy about working at Acme Corp."

Navigating the line between todos vs. reference material is something I'm still

figuring out. I think one plausible approach is that it's ok to keep reference material

in a todo document as long as it's still being actively used. For example, you can

keep the business-card data in a todo document while you're still talking with that

person, and then when you're done, you can either get rid of the info or move it to

reference material for storage. The todo document would be like the active "working

face" of a landfill, where trash is being handled and compacted, until it's finally

covered up for storage.

Combining todos with reference material?

As of late 2018, I'm contemplating the strategy of combining todos and reference

material together into the same folders and documents. For example, a text file

could contain one section for "Todos", one section for "Reminders", and additional

sections below for "Reference information" or "What I've done so far" or whatever.

The main advantage of this approach is that you can just organize your files by

content (what they're about) rather than also making additional distinctions based

on non-content factors like whether the item is a todo vs. reference material. When

you want to retrieve information about your rock collection, there's exactly one

place in your files to look; you don't have to check both the "todos" folder and the

"reference material" folder to find what you're looking for. Since the todo items are

at the top of any documents you create, it shouldn't be that hard to skim them by

quickly browsing through the files in the relevant folder.

In many cases it may not make sense to put todos and reference material into the

same file, especially if there's a lot of reference material. But you can still keep todos

and reference material close together within the same folder. For example, if you

have a rock-collection/ folder, you can have a todo.txt file in it alongside reference

material like igneous-prices.txt or history-of-rock-collecting.pdf. This seems

plausibly less confusing than the alternative approach of having one high-level todo/

folder that contains all your todos at once (such as rock-collection.txt and Mars-

taxes.txt) and another high-level reference-material/ folder that contains all your

reference material (such as rock-collection/ and Mars-taxes/). However, burying

todos within reference-material folders does require that you periodically scan or

search through all those folders to find remaining todo items.

Searching todos that are mixed with reference material

A big downside of combining todos with non-todo information is that it becomes

much harder to search through your todos. When all your todo documents are in a

single todos/ folder, you can just search in that folder. However, if todos are

scattered throughout your files, then when you search for keywords, a lot of

irrelevant stuff from non-todo documents will clutter up the search results. And if

you search using grep through a series of folders that contain large images or

videos, then grep will take a long time to return results unless you only search

certain file types.

You could ameliorate these problems with two steps. First, grep through only .txt

files. Doing this is shown in the following command, which searches the current

directory and all subdirectories for the keyword "igneous":

grep -rin --include \*.txt igneous .

However, this will still return lines from non-todo parts of text files. To fix that, you

could maintain a policy of always writing "todo: " in front of every line that contains a

todo item. For example, instead of writing just "Organize my igneous rock collection

in descending order of potassium content", you would write "todo: Organize my

igneous rock collection in descending order of potassium content". With this prefix

convention in place, you can then filter down search results like this:

grep -rin --include \*.txt igneous . | grep "todo:"

You could convert this command into a Bash function with a variable search

keyword if you plan to run it a lot. A main downside is that it requires a lot of

discipline to always write "todo: " in front of every todo item, and you might have

lots of old todo items for which you haven't done this.

A benefit of the "todo: " prefix convention is that once it's in place, you can list all

your todo items across all your files within a folder using the command

grep -rin --include \*.txt "todo:" .

This could help to combat the problem of not being able to find all your todo items if

they're scattered throughout a large number of files. You could similarly adopt the

convention of prefixing all reminders with "reminder: " (or maybe something shorter,

like "remr: ") so that you can then list all reminders across all your files.

One could also argue that if your files are organized well enough by category, then

you won't need to search for todos as often, because they should all be grouped

together already. However, perfect organization can be hard to achieve, and even

the best organization system will still sometimes require searches, if you're

searching for something that cuts across the categories you've set up. For example,

both your rock-collection/ and Mars-taxes/ folders may contain todo items that

match the keyword "expenses".

Inventing your own terminology

One thing I like about taking notes in text files is that I have complete freedom to

invent my own conventions, terms, and abbreviations to indicate particular things.

One example I already mentioned was the idea of prefixing all long-term reminders

to yourself with remr: so that you can quickly identify that a given line of text is a

reminder and so that you can use grep to list all your reminders if you want.

One benefit of abbreviations for concepts is that they're shorter to write than

explaining the full concept in words, which is nice if you write the concept a lot, or if

you're trying to include it in file names without being too verbose. Even if you don't

write a concept extremely often, standardizing on a given notation is helpful for

other reasons. It allows for more easily searching for all instances where the

notation is being used, and therefore, it also makes it easier to automate changes to

your organizational system later on if you ever do end up changing things. There's a

reason that people in all sorts of communities create new words for concepts; it

helps make communication easier and clearer. This same principle can apply to

communication with yourself across time in your notes. Of course, you'll want to

write down in a central location what all your abbreviations mean, to avoid forgetting

later and then being unable to comprehend what you wrote.

Following are some more examples of conventions I made up.

antimatter

Suppose you write down a todo item:

todo: Pick up rocks #82 and #163 at the rock store.

A few weeks later, you do pick up the rocks at the store. When you get home, you

remember that you had a todo item about this on your list, and this item is now

done, but due to busyness, tiredness, or laziness, you don't want to right away look

for the todo item on your list in order to remove it. However, you do want to

eventually remove the todo item from your list so that you won't mistakenly later

think that you haven't done the item yet. One solution can be to write a new item on

your todo list:

antimatter: I bought rocks #82 and #163 on 2018-03-12.

This new todo item means you should look for the old todo item about this topic and

remove it because it's now done. I use the label "antimatter" because once this line

meets the original todo item's line, the two annihilate each other, i.e., they can both

be deleted.

dval

This stands for "date known to be valid". As an example, suppose your acquaintance

Bob gives you his phone number (say, 123-456-7890) on the 21st of June 2018. If

you save it to your records, you could write it like this:

Bob 123-456-7890 dval:2018-06-21

Why might it be useful to include a date? Imagine that in 2023 you come back to

this phone number and wonder whether it's still correct. If it's only 5 years old, it's

more likely to still work than if it's 15 years old.

In general, writing foo dval:bar means "I know that foo is accurate or up-to-date at

least as of date bar. (It may still be true more recently than date bar , but I either

haven't checked or haven't bothered to write down that fact here.)" This can apply
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Summary

This piece summarizes my general philosophy about why all types of learning are

useful to some degree.
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Introduction

On more than one occasion, I've heard people say something to the effect that "I

like to learn lots of information, even though I'm never going to use it for anything."

Students in math class famously complain that "We're never going to use what

we're learning later on." This is a bad way to think about learning.

Following are some reasons why learning "useless" information is valuable, even if

you'll later forget it or will never directly apply it.

Intellectual exercise

Reading new information and developing new skills is brain exercise. By paying

attention and taking the process of learning seriously, even when the topic at hand

purportedly "doesn't matter", you develop practice and get yourself in habits that

will be useful when learning does matter. In a similar way, athletes do better when

they train daily, rather than just playing when the day of the big sports match

arrives. You have to pay attention and actually try in order for this practice to be

optimally useful.

On one episode of Rationally Speaking (I don't remember which), I think Massimo

Pigliucci described education as like going to the gym.

Shaping your worldview

Every experience you have changes your brain

in some way, and the accumulation of these

brain changes over a lifetime is what we call

"wisdom". Even if you forget 99% of the

specific details of a topic, or even if the topic is

seemingly unrelated to what you focus your

efforts on, learning about it will update your

intuitions, pattern-recognition abilities, and

overall model of how the world works, including in ways that you can't verbalize or

even introspect upon.

There's a widely discussed general trend in machine learning that having more

training data usually beats having a better learning algorithm, and this matches my

own experience with machine learning. Extending this point to the realm of life

experience, my sense is that there's no cheap substitute for undergoing a large total

volume of experiences and having learned a large total volume of things—even if

those things are as seemingly mundane as doing your taxes.

In reply to the question "What is the dark side of being intelligent?", one commenter

on Quora gives this as one answer: "You can't stand normal people talking. You feel

like 90% of their communication is obvious, banal and time-wasting. And things that

interest you like science, philosophy and other stuff are boring for other people."

Different strokes for different folks, but I feel that such a perspective is closed-

minded and glorifies its own lack of curiosity. Even if you only care about science,

think about how much you can learn about human psychology, biology, geography,

complex systems, etc. by listening to "banal" chitchat. If you found Martians and

could record their conversations, you would have a treasure trove of data with which

to learn about their society. So why be bored by a treasure trove of data on

Earthlings? Even if the substance of what's being said is familiar to you, perhaps

meta-level properties of the conversation, such as who chooses to say what and in

what manner, can be new sources of information. Moreover, why circumscribe your

identity as a "science/philosophy person"? Why not get interested in everything that

exists and appreciate the diversity of structures that our universe contains, whether

those structures are "lowbrow" or "highbrow" in content?

Unexpected discoveries

If you don't know about a wide range of things, it's harder to predict what kinds of

information you may be missing, as well as to make connections to other fields of

knowledge. See also "Things you never knew you never knew".

Learning is fun

For many people, the process of learning new things is enjoyable. Thus, learning

new information, like reading novels or watching movies, can be a form of leisure.
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Summary

This piece explains my view that a moderate lifestyle is generally most advisable.
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Introduction

When I was in elementary school, I learned about The Guinness Book of World

Records. I got a few editions of the book and read them in the car, asking my family

to guess the magnitudes of various records. A friend and I even created our own

book of records set by people we knew, which we drafted on early word-processing

software. One of the records I remember was that, as a child (around 2nd grade), I

ate ~14 pieces of toast in a row when I was particularly hungry one night.

Harm caused by trying to break records

Records are interesting, and we tend to feel some

admiration for record holders. Unfortunately, the

incentive to break records can sometimes drive

people to self-destructive behavior. As a result,

Guinness has sometimes closed records:

The Guinness Book also dropped records

within their "eating and drinking records" section of Human

Achievements in 1991 over concerns that potential competitors could

harm themselves and expose the publisher to potential litigation.

These changes included the removal of all liquor, wine, and beer

drinking records, along with other unusual records for consuming such

unlikely things as bicycles and trees.

I would go further and argue that striving to achieve most records is generally self-

harmful to some degree, whether physically or in terms of lost opportunity to better

spend one's time, except in rare cases where breaking a record is overwhelmingly

meaningful to one's life.

Many historical philosophers have argued in favor of moderation in one's life.

There's a saying that "too much of anything isn't good for you". People generally

converge on good ways of living, and it's plausibly unwise to stray too far outside of

the range of practices that people have discovered to work. At least, if you do stray,

you should realize that you're a human guinea pig.

The value of moderation

In my opinion, a good life—both in terms of personal satisfaction and usually also

altruistic impact—involves balance among many things. For instance, it's useful to

do some Ivory Tower learning and to have some exposure to "the real world". It's

useful "to learn something about everything". It's useful to do some amount of

exercise, get reasonable amounts of sleep, have some amount of social interactions,

etc.

Setting records, or even just getting into extreme percentiles according to some

metric, generally requires significant optimization for one or a few activities at the

expense of most other aspects of life. There may be a few cases in which this is

useful. For example, people who found billion-dollar companies are probably right to

hyper-optimize for the company's success—at least for a few years until they

become rich, at which point they should broaden horizons to, e.g., learn about

where to best donate their earnings. There may be a few other domains in which

there are increasing marginal returns to additional effort along a single dimension

that are strong enough to outweigh the costs of sacrificing other dimensions (e.g.,

sleep, health, or broad education).

But for most of us, it seems that moderation is generally the best policy. This

suggests to me that rather than praising those who achieve extreme feats, we

should generally instead admire those who live balanced lives, except in cases

where an extreme lifestyle is so socially valuable that it needs to be strongly

incentivized. Likewise, I think this reasoning suggests that you shouldn't feel inferior

for not setting records; you may be living a better life than those who pursue a more

extreme path. For example, I suspect that I have a happier and more fulfilling life

than many celebrities, Olympic athletes, rock stars, etc., although I don't have hard

data on this.

In this piece I've been discussing records that people set by deliberate effort. My

comments don't apply to achievements that result from luck, such as one's genes

or success that one has mostly by accident. People who, by good fortune, end up

having enormous positive impact on the world do accomplish much more than you,

but this doesn't imply that you should adjust your life in response to this fact.
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This page collects a few random thoughts on possible meanings of "racism",

"sexism", and similar terms. I'm not an expert on this topic, and there are many

further nuances to concepts like racism and sexism, including their historical

contexts.
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Introduction

Words like "racism" and "sexism" permeate popular culture and political discourse.

The terms are usually deployed as if their definitions are self-evident or universally

understood. However, I think these words can mean many different things, and the

generic terms are best considered as clusters of related ideas, similar to concepts

like "virtue" or "athletics".

"Pure" discrimination

One classic interpretation of racism is disliking someone merely because of the

color of her skin. Given the complexity of human psychology, it's tough to tease

apart when discrimination is "merely" based on skin color vs. based on, for example,

beliefs that another group of people is actually different in some more substantive

way. We could define "pure" racism as racism that's entirely based on the

physical/bodily components of race, not based on any beliefs about psychological

or behavioral traits correlated with race.

One type of "pure" discrimination that's not socially taboo and is often praised is

favoritism of people in one's family over strangers. It also tends to be acceptable to

favor those in one's country over foreigners. It's interesting to ponder why these

types of discrimination aren't regarded with the same outrage as discrimination

based on certain demographic traits. One possible reason is that the worst forms of

racism involve active hostility to those of other races, while favoring one's family

and country typically involve at worst indifference to the outgroup (unless the

outgroup immigrates into one's country). Another possible reason is that it's

psychologically very difficult for many people not to privilege their families, while it's

somewhat easier to not privilege one's racial group.

One person on /r/DebateAltRight makes an explicit analogy between racism and

favoring one's family: "I will always be on the side of white people because I

consider them my extended family, I have a connection to them. I don't have that

sort of connection to non-whites, so I don't care about them."

In my case, I've sometimes been criticized by my friends for not showing enough

favoritism to my family members. However, like most people, I'm still very selfish in

terms of putting more effort into my own wellbeing than the wellbeing of others, far

beyond what's justifiable from a utilitarian perspective. Selfishness is presumably

the most psychologically unshakeable form of pure discrimination of all.

Stereotypes

I would presume that in many cases, dislike of the outgroup results from a messy

combination of "pure", intrinsic animus combined with belief in negative

stereotypes.

Stereotypes can be misguided in at least two ways:

1. The generalization is not true, even on average.

2. The generalization is true on average but is applied too aggressively in

presuming the traits of an individual (this is the "ecological fallacy").

When the "effect size" of a generalization is smaller, it's more likely that the

ecological fallacy will in fact be fallacious. For example, if I make the generalization

that "25-year-old men are stronger than 8-year-old boys" (as measured by, say,

who would win an arm-wrestling contest), this will sometimes be wrong in particular

cases, but because the effect size is so substantial, generalizing from group

differences to individual differences in this case will usually give the right answer. In

contrast, the generalization that "women are more interested in psychology than

men" will be wrong when making many individual comparisons of men and women.

Discrimination with predictive models

We can think of individual people as points in a high-dimensional space of

attributes, such as "height", "bone density", "IQ", "knowledge of Russian literature",

"interest in basketball", and so on. Almost all of these variables are correlated with

one another to some degree, which means that almost all variables could be used in

a statistical model to predict other variables, with varying degrees of accuracy.

There's probably a nonzero correlation between, say, the trait "wears velcro shoes"

and the trait "enjoys British comedies", even if the size of the correlation is small and

its sign (positive vs. negative) is non-obvious. If racism is defined merely as

"believing there's probably some nonzero correlation between race and some other

attributes of people within some population", then basically all statisticians are

racist. Also sexist, ageist, and so on.

Another interpretation of racism could be the belief that these observed correlations

are partly genetic rather than purely environmental. The non-racist stance would be

that correlations between traits do exist, but they're purely the result of "nurture"

factors like socioeconomic inequalities, rather than "nature" factors. However, in

theory, I presume that basically any gene would have some nonzero (though

perhaps minuscule) correlation with basically any trait you might wish to measure

across a large population after holding "nurture" factors constant, because any

(potentially very minor) differences in micro-level biology (genes) should lead to

(potentially very minor) differences in macro-level biology (phenotypes).

Maybe everyone agrees that genes have some correlation with other traits, but

racism/sexism would be when you think these correlations are large and highly

explanatory of social outcomes. Merriam-Webster's first definition of "racism"

begins: "a belief that race is the primary determinant of human traits and

capacities". Note that this refers to a belief about facts rather than values. Also, this

definition doesn't seem to extrapolate well to defining "ageism" or "speciesism"

because age and species are in fact strong determinants of an organism's traits and

capacities. However, Merriam-Webster's first definition also includes a normative

component: "that racial differences produce an inherent superiority of a particular

race".

I agree with Galef (2017):

Human psychology appears to be such that if you acknowledge that a

mean skill level is even slightly higher in group A than group B, we

waaaay over-update, and act as if all individual A’s are higher-skill than

all B’s. So perhaps talking about the possible existence of group

differences is just too damaging to be worth it.

With this framing, racism and sexism can be seen as similar to the way in which

people may over-update on other kinds of information. For example, if a study

reports that religious people are slightly happier on average, someone might

overestimate the effect size of this result and then assume he has to become

religious in order to be happy. Studies reporting small average differences between

two populations (such as religious vs. non-religious people) can be fun if taken as

amusing entertainment but can be harmful if interpreted too seriously.

A charitable interpretation of those who advise to "never discuss the possibility of

biological gender differences" is that they believe that nixing the whole conversation

is the most effective way to prevent people from vastly exaggerating modest

scientific findings. It can be tempting to explain away observed inequalities by

appealing to inherent traits of a group rather than looking at what other factors

might have caused the situation and what approaches could be tried to address it.

A specific instance of over-updating on small or non-existent effect sizes is

stereotype threat: "If negative stereotypes are present regarding a specific group,

group members are likely to become anxious about their performance, which may

hinder their ability to perform at their maximum level."

One might also believe that in some cases, even if a variable is a strong predictor, it

shouldn't be used, for reasons of fairness. For example, while almost all terrorists

are men, one might say that as a matter of government policy, men shouldn't be

stopped for checks by airport security more than women, because that would

create a feeling of unfairness on the part of the non-terrorist men. Of course,

screening may still be done based on other traits. So policies against discrimination

isolate specific predictor variables that are off limits, even though other predictor

variables can be used. Perhaps this is justified if certain predictor variables are

particularly invidious.

In some contexts, such as charging young men more for car insurance, there

doesn't seem to be much outrage over policies of sexism and ageism. I support

charging men more for car insurance based on the statistics, even though I'm a man

myself. (I also probably favor stopping men more than women at airports.)

Equal consideration of interests

Another possible interpretation of discrimination is that it refers to violating the

principle of equal consideration of interests, as Peter Singer explains in chapter 2 of

Practical Ethics. If I recall correctly, Singer notes that even if there were differences

in certain traits between races and sexes on average, those differences wouldn't

change the core of equality, which is to equally count the wellbeing of different

people regardless of race or sex.

For example, suppose we're considering a decision that affects one woman, Alice,

and one man, Bob. Alice has a utility function uA, and Bob has a utility function uB.

The aggregate utility U of Alice and Bob, using some weights wA and wB, is

U = wA * uA + wB * uB.

I interpret the principle of equal consideration of interests as saying that we should

set wA = wB. For example, if both weights are set to 1, then

U = uA + uB.

Making decisions to optimize this aggregate utility function would not be sexist.

I like this approach, but it runs up against the problem that there's no clear or unique

way to make interpersonal comparisons of utility. For example, suppose an observer,

Charles, is assessing an action that will affect Alice and Bob. If the action is taken,

Charles thinks, Alice's utility will decrease by 5, while Bob's utility will increase by

only 3. Thus, relative to Charles's estimates, the change in aggregate utility from

taking the action would be

ΔU = ΔuA + ΔuB = -5 + 3 = -2.

Since ΔU is negative, Charles opposes the action. However, Charles sees that Doug

supports the action. Charles accuses Doug of being sexist because Doug seemingly

gives more weight to Bob's interests than to Alice's. Perhaps Charles thinks that

Doug is calculating

ΔU = ΔuA + 2 * ΔuB = -5 + 2 * 3 = 1.

But Doug can say that, no, he's not giving Bob's utility function more weight than

Alice's; it's just that Bob's interests are stronger than Charles thinks they are. In

particular, Doug says his calculation is

ΔU = ΔuA + ΔuB = -5 + 6 = 1.

Since the weights on ΔuA and ΔuB are equal, this calculation is apparently non-

sexist.

Lack of objectivity regarding interpersonal comparisons of utility is particularly

acute when considering non-human animals, because there are wider brain

differences in this case. What looks like speciesism to one person may look to

another person like correctly recognizing that non-human animals have weaker

interests than humans because non-humans have less cognitive complexity.
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Summary

This piece enumerates some downsides of educating oneself in a formal degree

program. Of course, whether these reasons are decisive depends on the specific

situation.
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Introduction

It was May 2009. I sat in a hot room in the Lang Performing Arts Center at

Swarthmore College, waiting for my last Honors exam to begin. I thought to myself

with excitement: "After 11 years of graded tests, this may be the last written exam I

ever have to take in my life." And so far, that fact has remained true.

I really like school. I've had a deep love of learning ever since around 8th grade,

when I began taking altruism seriously and realized that what I learned had real-

world importance. But I also found school to be somewhat tiring. It required lots of

memorization, skills practice, and assignments that didn't have relevance to my

personal goals.

Now that I'm not engaged in formal education, I'm more deeply in love with learning

than ever. Some days I become obsessed with exploring a topic and dread the

moment when I'll have to put it down to do something else. I'm able to absorb many

topics that expand my view of the world and give me a clearer picture of the

landscape of reality.

Many times during 2013-2014, I asked myself whether I should pursue formal

continued education so that all the learning I'm doing on my own could be

translated into a signal of expertise—either to show future employers or just to

quote in my biographical summaries. Each time I decided that formal education was

suboptimal given my situation. The following section lists the reasons.

Why not formal education?

Cost

Many reputable master's degree programs cost at least ~$30-40K per year. (This

may not be true in some European countries where Master's programs are fully

funded by the state.) There's also a time cost to apply and possibly move.

Teaching load

In a PhD program, the financial cost of tuition may be compensated by the time cost

of teaching. I'm told that in some European countries, even humanities PhDs are

well funded, so the pay can be decent. In the US, philosophy PhD programs involve

steep competition for less funding.

As an example, in the University of Minnesota (UMN) philosophy PhD program,

teaching assistants (TAs) earn $15,000 per year plus health care plus tuition for a

nominal 20 hours of work per week. (Personally I'm slow and expect I'd take longer.

One friend of mine in another kind of program said his TA duties took 20-40

hours/week. However, another friend reports spending only ~6 hours/week.) Say the

health insurance is worth, generously, $10,000. Ignoring tuition, the value is $25,000

for 20 hours/week. But if you were instead working in software, you could earn over

$100,000 per year at a time cost of 40-50 hours/week. If you don't attend grad

school, you don't need tuition. So it looks like earning for a year or two and then

living on the savings would allow for more total research time than being a grad

student who does TA work.a

Of course, there may be significant altruistic benefit to serving as a TA because you

can influence young minds. And you do learn important material in the process.

These may be significant countervailing factors. But other grad-student tasks like

grading papers/exams and applying for grants are less edifying. On the other hand,

UMN also offers paid research-assistant positions, which could be even more useful

than teaching depending on the topic.

My irregular sleep schedule

I'm not good at maintaining a regular sleep schedule. Even if I do keep one, it often

involves staying up too late and being tired for early-morning classes. Being tired in

a class is a waste of time. In contrast, when I learn on my own, I'm always

completely alert, because if I'm not, I can just go sleep until I feel refreshed.

Fixed syllabi

I learn best by studying whatever I want whenever I want, based on intrinsic

motivation. For instance, maybe I've gotten really

excited about cognitive architectures recently and

want to read about those. Other times I might

desperately want to learn physics. When you follow

your motivations, learning is effortless because

you're always doing exactly what you want to do. In

contrast, learning in a formal course means

accepting the pace of the instructor. And even if you've gotten sick of the material,

you still have to learn it. I feel that when I'm doing something I'll want to do later but

don't feel like doing now, I'm wasting willpower points.

Loss of intrinsic motivation

Some studies suggest that if you pay people more for a job, the intrinsic satisfaction

they derive from it declines. In a similar way, learning is fun until someone makes

you do it. Once you get graded and have to complete assignments, the shift

switches from learning for its own sake to learning because you have to.

Narrow focus

Exploring the best ways to make an impact on the world means taking a big-picture

view and knowing something about everything. Getting a degree to impress

employers in a particular field means focusing narrowly. These goals are not

particularly compatible.

Locked-in focus

Enrolling in a degree program commits you to spending the next 2 to 7 years on that

topic. Historically my views on the most important subject for me to learn about

have changed on a timescale more like every year. It doesn't make sense to get

part-way through a program only to decide that another focus area may have higher

priority.

Wrong focus

In a degree program, you direct your attention to what material you'll need in order

to complete the homework and do well on the exams. When I learn, I seek big-

picture understanding of a subject and look for connections between the material

and altruism. These are two different types of tasks, and in view of inattentional

blindness, focusing on one may hinder focus on the other.

In July 2014 I re-learned some biology material I had been taught in 9th grade. This

time, rather than aiming to memorize vocabulary words, I was looking for a high-

level sense of how molecular biology works and what kinds of sentience-like

complexities such systems contain. Learning the same material gave me a

significantly different perspective based on what I was trying to get out of it.

As another example, I've occasionally toyed with studying physics in a formal

setting, but then I realize that manipulating symbols in problem sets is not my main

purpose. Rather, I want an intuitive picture of how physics works at a high level so

that I can adjust my philosophical orientation at large. This is better served by casual

dabbling in physics to get a gist of the subject rather than, say, learning the exact

methods of solving equations.

Can't skip less relevant material

I think it's useful to expose myself to some material that might at first glance seem

unimportant because my initial assessment might have been wrong. However, once I

have enough experience in a subject, I can generally tell what's more important and

what's less important for my purposes. When I learn on my own I can skip the less

relevant details, but this isn't true in a structured course.

Tests are silly

Memorization doesn't make sense. Time limits don't make sense. In some subjects

there can be some purpose in developing a facile handle of the material—such as

maybe memorizing multiplication tables. But generally in the real world, when you're

working on a task, you develop facility naturally with whatever you do a lot of.

There's no need to memorize the countries of Africa or the names of cell organelles

or how to solve differential equations. You can just look them up if they become

important later. Most material isn't important to retain in one's head, which is why

students quickly forget it after the course ends. Forgetting is an important part of

intelligence. What matters is whether you get the "gist" of the material so that you

know what to look up if it becomes relevant later on.

Whither formal education?

I think the reasons to attend college rather than studying autodidactically are, in

priority order:

1. signaling intelligence and assiduity

2. networking with others, especially people who may become influential later on

3. actually learning the material.

Most of what I learned in college I could have absorbed on my own at least as easily.

To be sure, what I learned was very important, but there's no reason to pay tens of

thousands per year for something you could get for free (or maybe a few hundred

dollars to buy the textbooks). College is essentially an expensive status symbol. I

wonder how long conventional college education will remain in the face of online

courses.

The prestige of elite universities is overblown. I know a number of people who

attended non-elite schools, or didn't even go to college at all, who are really smart.

Presumably there's a statistical difference on average between elite and non-elite

students, but it's hard to discern in a real-life context. When people's alma maters

aren't explicitly named, I often can't tell which people in a group have elite

backgrounds and which don't. I find the same for elite vs. non-elite professors: I

can't tell based on their papers and lectures whether I should regard them as at the

top of their fields or not, until I look at their affiliations. Similar comments apply for

being a specialist in a field. In the age of Wikipedia and the Internet, ordinary people

can become deeply informed about academic topics, and I'm aware of several

autodidacts who know much more about a particular subject area than those who

studied that general field at school. Of course, there's selection effect at work here:

The autodidacts whom I read are obviously more capable than the average person

given that they're writing about the topic. But my point is that one doesn't need a

degree in a field before one can make contributions in that field. In general, I find

that those who express most awe for advanced degrees are those who know least

about the subject matter in question.

I think my pursuing continuing education would not be worth the signaling value. In

general, I feel that people should do what they know is most useful at any given time

and not worry about long-term plans to signal their competence. Prove what you

know by what you do. Make use of your knowledge. Too many instrumental

subgoals over too long a time horizon can lead to getting sidetracked. I think it's

better to adopt an agile approach in which you directly start tackling problems and

see where that takes you—rather than making elaborate plans that become

irrelevant when the winds change.

In any case, I've never found that I couldn't do something because I lacked formal

credentials. If you want to publish a book or give a TED talk, you should probably

start writing and lecturing for public audiences right now, rather than spending 7

years to add three letters after your name. There is a correlation between having a

PhD and being intellectually influential, but this is easily explained by confounding

variables.

All of that said, I do think college is extremely important in society at large—

especially liberal-arts education. Not everyone will explore diverse topics on their

own, and the distribution requirements of colleges help create more well rounded

students. There's a social benefit to the pairing of liberal-arts course requirements

with the employer-desired signal of college education. Without college, probably

society would be more narrow-minded.

Learning from colleagues vs self-study

Sometimes it's assumed that you'll learn a lot more about a topic by being

immersed in an organization where people are working on the topic than you could

learn from the outside. This is sometimes seen as a significant argument for

pursuing careers where you'll get access to the inner workings of a company or

research field.

I think if your goal is to learn some very specific things being done by a particular

group, then yes, there is no substitute for being there directly. Often organizations

have a lot of "tribal knowledge" that's not written down, and if it is written down, it's

probably in internal chats and private documentation.

If you have a personality such that you're energized when people around you are

working on something, and you find it unmotivating to read things on your own, then

it also becomes more likely that immersion in a particular environment will amplify

your knowledge of that domain significantly.

However, I think there are many cases where being immersed in a particular

environment is not necessary when your goal is merely to learn about a given field at

a relatively high level of abstraction. That's because there's often a great deal of

information publicly available to learn from: academic papers, blog posts,

interviews, social-media posts, Reddit discussions, open-source software projects,

etc. I find that Reddit is often a good place to see people in a given field speaking

candidly about a topic with a minimum of corporate-speak obfuscation.

When I worked at Microsoft from 2009 to 2013, I learned a great deal about the

particular things our team was doing, but I didn't learn that much about technology

in general (or even, for that matter, about parts of Microsoft outside of my core

team). Since I left officially working in the software field, I've continued learning

about information technology on my own, filling in a lot of the gaps that I was

formerly ignorant of. I feel like the information I've gleaned on my own has been of

higher quality than what I gleaned in a company environment, because when I learn

on my own, I can seek out explanations for beginners and really try to understand

why things are as they are. In a company, the primary imperative is producing

output, not learning the theory behind how things work. At Microsoft I used a lot of

technologies that I didn't understand and didn't have time to unpack. Due to my

self-study in post-Microsoft years, I now have much better insight into some of the

tools I had been using at Microsoft.

In summary, I think joining a particular community is great if your goal is to really

optimize for understanding what that particular community is doing. But the insight

this provides into the rest of the world is limited. Most of what we know about the

rest of the world comes from public information sources.

Footnotes

a. Incidentally, this same sort of logic explains why I haven't considered a career as a

professor, even though I think I would be well suited to such a job. Professors work a

lot (an average of 61 hours/week), and not a lot of that is spent on research: "just 17

percent of the work week and 27 percent of weekend work". A professor's salary at

30+ hours/week of teaching and administrative duties is worse than a programmer's

salary at 40-50 hours/week of programming work. Once again, it seems better to earn

to fund yourself unless the teaching or reputation benefits of being a professor are

significant enough. Also, professor salaries should only decline going forward if, as

seems likely, MOOCs take off substantially more.  (back)
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Should You Try to Read Faster?
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Summary

This piece describes my experience trying speed reading. My final assessment is

that while it can be fun and helpful to force yourself to read faster on occasion, I

usually don't worry about my reading speed, because I think there's a pretty sharp

tradeoff between speed and internalization of the material.

Contents

Summary

Introduction

Speed reading?

Combating perfectionism

How much do you absorb?

"Speed-reading" Instagram?

Reading math

A defense of perfectionist reading

Shallow vs. deep thoughts

Note-taking?

Introduction

When I was in high school, I was excessively perfectionist about school work. I felt I

needed to understand every sentence of every assigned reading, and I wanted to

reflect on each sentence to fully absorb its meaning. Unfortunately, this meant I took

far longer than other students to get through an assignment, and too often I needed

to stay up late to finish my homework despite having worked on it non-stop since

school finished that day. Toward the end of 11th grade, I realized that my

perfectionism was unsustainable, so I cut back without much impact to my

academic performance.

Speed reading?

In 12th grade I decided to investigate speed reading, since I thought it would be

useful to get through more material faster. I had only heard of speed reading twice

before:

In 4th grade, while I was writing a report on Jimmy Carter, a fellow student told

me that Carter was a speed reader.

A few years later, I heard a radio ad for a speed-reading course that promised

to let you "polish off a novel in an afternoon".

When I looked up speed reading online, I was amazed by what I found. For instance,

Evelyn Wood was said to be able to read 6000 words per minute. Because I had

little experience with skepticism at the time, I took these claims mostly at face value

and made it a goal for myself to read appreciably faster than I currently did.

For a cumulative total of many hours, I practiced

speed reading. Sometimes I used a sliding

bookmark that I pushed down a page to force

myself to maintain a fast pace, while other times I

just mentally required myself to push forward

briskly. I mostly read at about 30 seconds per page

on the book The Big Boys. I understood hardly any

of it, but the speed-reading advice suggested to force speed first and let

comprehension follow, so hoped that my understanding would improve with time.

I didn't keep objective measurements, so I can't tell if my speed did improve at all,

but if it did, it probably wasn't by much. By the end of The Big Boys, I knew almost

nothing of what it had said, apart from a few random lines that I had processed in

isolation. Eventually I stopped my speed-reading practice, since I wasn't able to

speed-read through anything important.

About a year later, I came across "The 1,000-Word Dash". Its subtitle summarizes its

conclusion: "College-educated people who fret they read too slow should relax.

Nobody reads much faster than 400 words per minute." This was indeed a relief to

me, because I felt somewhat stupid for reading relatively slowly. The article debunks

claims like those of Evelyn Wood about hyper-fast reading with excellent

comprehension. An entry in the The Skeptic's Dictionary also challenges reports of

astounding reading speeds.

 says: "Speed readers who claim that they can do any more than 400,

maybe 500 words per minute tops, are doing so at a loss of comprehension. In

general, reading at lower comprehension rates should be considered skimming. And

that's what speed reading is—it's skimming."

Combating perfectionism

I think my average reading speed has increased somewhat since high school, but

this probably has less to do with speed-reading training and more to do with my

mindset: if I miss the understanding of a line or two out of a few paragraphs, I don't

have to go back and figure them out, unless the document is very important. I'm

now accustomed to browsing web pages for a few key sentences rather than

needing to read the whole thing. The main reason for this is necessity: there's

simply too much information out there. Also, because there's so much information,

any given article feels cheap. I don't have to understand every last detail of it,

because there's a virtual infinitude of other articles to read next.

Swarthmore College professor Timothy Burke has a helpful piece, "Staying Afloat:

Some Scattered Suggestions on Reading in College", that argues in favor of

skimming and reading selectively. The classic How to Read a Book makes similar

points about actively extracting information from a book by seeking an outline

before filling in details. In 2006, I attended a lecture in which a Swarthmore alumnus

said that even though he reads slowly, he gets through a lot of material by figuring

out the right parts of an article to read carefully. This is mostly how I read if I must

skim: look for a few key passages and digest those.

I think school teaches reading wrong. When there's a specific list of assigned

reading, students like me feel the sense that every word of every text on that list is

important, and every other word is unimportant. But in the real world, there's more

text available than you can ever read, so it's good to skip around, triage, read parts

of articles without finishing them, and focus on getting what you came for rather

than perfecting comprehension of one particular assigned article. Reading for a

purpose is naturally more fun and effective than reading something that's required.

How much do you absorb?

In my 10th-grade English class, each student was assigned a quotation and had to

deliver a short speech analyzing it. One student got this saying: "It isn't just how

many books you get through but how many books get through to you." Well, that

saying certainly got through to me, because I often think back on it. I feel this is

exactly the right philosophy on reading speed. If I'm reading something that's

emotionally poignant or insight-dense, I ought to slow down so that I can fully

absorb its content and build neural connections to other ideas. Progress in reading

comes from how many new insights you have as a result. It's like digging for gold:

you don't try to get through as much dirt as you can, but you instead slow down

when you come to a densely concentrated gold patch.

One way to regard reading is as a stimulus to initiate thought about a topic, but if

you rush through reading material, you don't leave yourself much time to actually

have those thoughts.

I notice that when I read more slowly, each sentence has more impact on me. This is

also true if I listen to text, which is typically a slower process than reading visually. In

these cases, I have better retention, and my brain has more time to "connect the

dots" to other things I know and thereby generate new ideas.

Imagine a high-school literature class in which students read a 100-word poem and

then spend 20 minutes analyzing it through discussion. From a speed-reading

perspective, this is hugely inefficient: the class is "reading" the poem at only 5

poem words per minute on average! But obviously the speed reader has an

impoverished view of what reading is about.

Reading quickly is like drinking from a firehose, while reading slowly is like drinking

from a water fountain: In either case, you're limited by your brain's processing and

memory bandwidth, so you probably get roughly the same amount out of it in each

case. Of course, this is only true up to a point. Reading too slowly could be more like

drinking from a leaky faucet, with only a few drops of water per second.

I suspect it can be helpful to try challenging yourself to read faster every once in a

while, if only to see what you're capable of and to stretch yourself. But most of the

time I don't think about my reading speed. If I do, I tend to

make myself more stressed

become more self-conscious and thereby reduce comprehension

enjoy the process less.

Like walking, reading is best done on auto-pilot without thinking about it. I read best

by absorbing myself in the content of what I'm learning and losing track of the

mechanics of the reading process.

I conjecture that most of the apparent gains from speed-reading training result from

short-term increases in effort. It's hard to sustain a high speed in the long run. I've

noticed the same when listening to audio content on my iPod, text-to-speech

program, and YouTube, where I can adjust the speed up or down in an objectively

measurable fashion. On my text-to-speech reader, I can still often mentally parse 3X

text, but my ability to absorb it is limited, and the effort required is significant. I often

end up listening at between 1X and 2X speed depending on how dense the content

is. I never go beyond 2X because it's not sustainable in terms of the effort required

(and because YouTube doesn't go beyond 2X). For some dense content I might

prefer to listen at less than 1X speed.

I find that my reading speed can vary by maybe ~20 times depending on what I'm

reading. If I'm browsing unimportant YouTube comments, I often breeze through

them fairly quickly because the language and ideas they contain are simple and

familiar, and I don't really care if I miss some of the points being made. In contrast, I

often read technical material like tax forms or computer notifications extremely

slowly, because the material is difficult, and making even a small mistake could be

very bad. The fact that the appropriate reading speed can vary so dramatically is

one reason I'm annoyed by articles that have estimated reading times. How quickly

a given person reads something depends enormously on how difficult the material

is, how much expertise the person has with the topic, and how alert the person is at

a given moment. The other reason I find estimated reading times annoying is that

even if the material is non-technical, I often prefer to read slowly because reading

slowly is more fun and less stressful. The often absurdly short estimated reading

times make me feel inferior for my life choice to be a slow reader.

"Speed-reading" Instagram?

Compare reading to another cognitive process: browsing through pictures, whether

in a physical photo album or on Instagram. You can either browse through pictures

quickly or slowly, and neither way of doing it is obviously better. It depends how

much detail you want to absorb and what the emotional impact of the pictures is on

you. While it feels subjectively like we can see everything in a photo at once, this is

not the case, as the phenomenon of inattentional blindness shows. If you look at a

picture longer, you'll see more of the objects it contains and have more thoughts

about it. You can spend 10 minutes or more browsing through all the detailed events

in a single Where's Waldo? image.

At an art museum, some people glance through paintings in rapid succession, while

other people concentrate on a single painting for a long time. The latter people

aren't "doing it wrong" and in need of courses on how to speed-browse art exhibits.

Reading can be similar, especially when lots of details are reported at once.

Consider this sentence from a short story: "Next month she'd be eight feet high and

glow like a lamp, or wear feathers and scales." In my experience, there are two ways

to read sentences like this:

1. Absorbing the words enough to create a mental picture of what's being

described (including "glow like a lamp", "feathers", and "scales").

2. Quickly gloss over the words, recognizing generally what they mean but

without having time to create a mental picture of them.

These are two distinct levels of detail at which to absorb written text. In my

experience, when reading quickly, you generally can't create rich mental images of

what's being described. But mental images make the descriptions more powerful

and lasting. So there does seem to be a genuine tradeoff between speed and depth

of reading in cases like this.

Reading math

Math textbooks are one area where perfectionist reading may be justified. To do well

in an advanced math course, you need to know basically every definition, most

theorems, and at least the main proof strategies. The cumulative nature of the

material doesn't work well with skimming.

When I was younger, if I read a mathematical claim, I would feel uneasy unless I also

saw a proof of it. I felt as though I couldn't understand what was happening unless

all steps were rigorously defended. For this reason, I much preferred the style of the

math department over the physics department. Now I have a somewhat different

viewpoint. I still greatly appreciate the ability to see a proof and absorb the insight

that it offers. But I don't feel compelled to understand all proofs, partly because

there are just too many theorems and too little time. There's value in being able to

learn the high-level results of a mathematical field in order to get an overview,

without understanding all the justifications.

A good analogy is with software. In theory it would be wonderful if I could read all

the source code of all software programs I ever run. But time is short, and I can't do

that. So most of the time I settle for working with the external interface of the

program, perhaps coupled with some high-level overviews of how the software

works under the hood. It's certainly very useful to read some real software source

code to get a gist of how it works, but reading all source code isn't necessary. I can

trust that other smart people have done enough of the work that I don't have to see

everything for myself.

If I don't need to (or more likely, don't have time to) understand all the minutiae of a

mathematical topic, I may read a mathematical paper as if it were an empirical study.

In some sense, a theorem is a hypothesis that mathematicians have tested and

found to be true. Thus, just reading theorems without understanding their proofs is

no less rigorous than testing a result in the natural sciences without knowing its

underlying mechanism.

I have greater appreciation for non-rigorous presentations of mathematical topics

than I did when I was in college. The reason is that high-level intuitions can often be

extremely useful, especially in domains like physics, economics, computer science,

etc. where the mathematical results have real-world content that can be intuited

directly. I think it's nobler to make sense of a mathematical result at a conceptual

level than to wade unmotivatedly through the symbol manipulations of a proof,

checking each step, but without absorbing the meaning of what's being done.

Intuition is so important. It helps you avoid errors, look in the right directions, and

apply what you're doing to relevant problems. Intuitions refined for a particular

domain are often right and can be arrived at orders of magnitude faster than

rigorous derivations.

A defense of perfectionist reading

As of 2017, I've reverted somewhat to my old perfectionist approach to learning, one

manifestation of which is that I now sometimes read the entirety of articles I cite. I

also try to look up all words I don't know, at least when reading about fields that are

especially relevant to my work. These modi operandi are apparently common for

researchers, as judging by some quotes from Pain (2016):

Cecilia Tubiana: Then I usually read the entire article from beginning to

end [...].

Jeremy C. Borniger: If I want to delve deeper into the paper, I typically

read it in its entirety and then also read a few of the previous papers

from that group or other articles on the same topic. If there is a

reference after a statement that I find particularly interesting or

controversial, I also look it up. Should I need more detail, I access any

provided data repositories or supplemental information. [...] I will

typically pause immediately to look up things I don’t understand. The

rest of the reading may not make sense if I don’t understand a key

phrase or jargon. This can backfire a bit, though, as I often go down

never-ending rabbit holes after looking something up (What is X? Oh,

X influences Y. … So what’s Y? etc…). This can be sort of fun as you

learn how everything is connected, but if you’re crunched for time this

can pull your attention away from the task at hand.

Lachlan Gray: I usually start with the abstract, which gives me a brief

snapshot of what the study is all about. Then I read the entire article,

leaving the methods to the end unless I can't make sense of the results

or I'm unfamiliar with the experiments.

That said, others disagree:

Rima Wilkes: It is important to realize that shortcuts have to be taken

when reading papers so that there is time left to get our other work

done, including writing, conducting research, attending meetings,

teaching, and grading papers. Starting as a Ph.D. student, I have been

reading the conclusions and methods of academic journal articles and

chapters rather than entire books.

I personally enjoy going slower rather than faster. A verbalized explanation of why is

that reading slowly is like eating slowly: You can digest the material steadily and

make sure you haven't left a bunch of "crumbs" (points of understanding) that you

either need to go back and pick up or leave behind. Emotionally, reading slowly also

feels like eating slowly in a rather literal sense: if I read too much too quickly, I feel

overstimulated, as though I've eaten too much sugar. It feels good but somehow

bad at the same time.

There certainly is a point where being too obsessive about understanding

everything is suboptimal in terms of learning if it means rereading every sentence

multiple times. However, I don't think that reading slowly enough to process 99% of

what's said is necessarily suboptimal, at least if you take a long-term view of

learning in which the goal is to invest in understanding lots of things about the

world, rather than just to complete a single task now. The brain can only think one

substantive thought at a time, and the brain is usually occupied with thinking about

something or other—even when you're not reading at all and are merely relaxing. Of

course, some of those thoughts may be more useful than others. But as long as

each thought you have per second while reading slowly is still useful, then I doubt

reading slowly is much worse than reading quickly. When reading quickly, a different

set of thoughts runs through your mind than when reading slowly, but those

thoughts don't necessarily occur much faster, given the relatively tight constraints

on the brain's rate of thinking. Even letting your mind wander during reading is not

necessarily a bad thing; indeed, having your own thoughts sparked by what you're

reading is part of the point of reading in the first place.

I picture reading slowly as like trying to get a 100% score in a video game, which

involves completing all bonus levels, accomplishing all side quests, and collecting all

items. In contrast, reading quickly is more like just getting to the final boss while

leaving a lot of tasks undone. Some people prefer to play a lot of video games at a

shallow level, whereas when I played video games in my childhood, I preferred to

get 100% on a game before considering it finished. Some school homework,

especially in literature-type courses where the volume of material is too much to

absorb thoroughly, forces students to get to the end of the game quickly—i.e., to

learn enough to complete whatever the assignment is, without doing all the bonus

levels.

Shallow vs. deep thoughts

When I was a kid in the 1990s, adults bewailed the short attention spans of kids due

to MTV. In the 2010s, the complaint is usually about smart phones and social media

degrading our ability to focus. Based on my own observations, I suspect that such

fears are overblown. But I do experience a temporary change in my expectations

about the speed of content presentation after watching a music video versus after

reading a "dry" text. Unlike the attention-span doomsayers, I don't think shorter

attention spans are always worse (see Heffernan 2010); rather, it depends on what

the goal is. Short attention spans are useful when getting an overview of a topic or a

bunch of topics, without becoming mired in so much detail that you never make

much progress. There's vastly more information accessible in our world than in the

world of a rural farmer from the 1500s, so it makes sense that we sometimes need

to browse quickly through lots of information.

At the same time, I think there is value in at least occasionally slowing down to make

sure you fully absorb an idea and can make it your own. Introspectively, when I read

rapidly or watch a fast-paced music video, my brain is mostly in a quick pattern-

matching mode. The blur of images or words generates brief flashes of insight that

mostly vanish within a second. This mode of information consumption works best

for ideas that are familiar. It usually fails if your goal is to learn new ideas that require

effort to grasp. Unless you're a genius, there's no shortcut around the more gradual

and deliberate process of wrapping your brain around a new concept, which

includes playing around with the idea in your head. This is why, for example, math

and science courses use problem sets: they help students make the information

their own by revisiting and manipulating the topics in new ways until students'

brains become more facile with the content. Speed readers—even if they claim to

have 100% comprehension—simply aren't doing the degree of cognitive work

required to fully absorb, retain, and generate new insights based on what they're

learning.

I also find that reading quickly—or doing tasks quickly in general—can put me in a

careless mindset, where I'm not paying much attention to detail. While I'm a

teetotaler and therefore can't say for sure, I find that reading too quickly can over

time put me in a mental state that I imagine is similar to having had a few drinks:

namely, my mind feels a bit "hazy", and I do tasks more sloppily. I imagine this is

partly because going at a rapid pace has temporarily trained my brain to ignore

details, which is what you have to do in order to read quickly. This mindset of "move

fast and break things" is sometimes useful but sometimes very unwise. For

example, before you click a link in an email, you should look carefully at the

destination URL and other clues to make sure you don't fall for a phishing attack.

(Or better yet, don't click links in emails at all, and instead go to the site on your

own, even though this takes more time.) A person who speed-reads emails, browser

warnings, and installer screens may end up with a malware-ridden computer.

Many things in life should not be done in a hurry. Getting in touch with your deepest

moral values requires a calm, emotion-rich state of mind very different from the

"caffeinated" state of mind you have when rushing through something. Making

important decisions, working on hobbies, connecting with friends, and so on are

best suited to a more relaxed pace. In general, there's so much more to life than the

sheer number of words of text you process through your brain before you die.

Note-taking?

In school I was trained to take notes, during lectures and when reading textbooks.

One possible argument for note-taking is that it's a way to transfer information from

teacher to student. However, the teacher could distribute the notes as a handout,

without requiring students to write down the material themselves. A few of my

teachers did this, and some of my college professors made their lecture slides

available electronically.

I would guess that the bigger argument for note-taking is that it forces students to

engage with the material rather than zoning out. However, just writing down

information doesn't necessarily help in understanding it. As the saying goes:

"College is a place where a professor's lecture notes go straight to the students'

lecture notes, without passing through the brains of either." My experience with

taking notes during lectures and especially fast-paced documentaries was that the

process often reduced my understanding of the material because I was trying to pay

attention to one stream of talking while simultaneously writing down a slightly

different and slightly delayed stream of notes.

During high school, I created elaborate notebooks while reading my history

textbooks. My notes contained basically all of the proper nouns in the textbooks,

because basically all proper nouns in the textbooks were possible material for "Did

You Read This?" quizzes in class the next day. This meant that my notebooks were

sort of miniature versions of the textbook by the end of the year. Yet, after the

course ended, I found that when I wanted to look something up, I went back to the

original textbook rather than looking in my notes, both because the textbook had

more comprehensive details and because I remembered where the material was in

the textbook better than in my notebook. Textbooks also have nice tables of

contents, indexes, and pictures to help locate information.

From 12th grade on, I never really took notes on things I read purely for the purpose

of better absorbing or remembering the content. I find that per minute of studying

time, I understand the material better just by reading it, playing around with the

concepts, and doing sample problems, rather than writing down words that I can

easily look up again in the text as needed. The only time I take notes is when I note

to myself that I want to return to a passage from the text, perhaps to quote it or

comment on it in an article I'm writing. I think underlining or drawing arrows can be

useful when reading if you want to mark a given section of text as important, and

most books I read on paper have markings throughout for this reason. But anything

more time-consuming than this feels to me like wasted effort.

In the age of Google and Wikipedia, I find that organizing information for later review

is usually unnecessary, because you can quickly look up most basic facts you might

want to know, and other people have likely already summarized the material for you.

(An exception would be a topic that isn't well known. I think it is quite useful to write

notes/summaries that don't exist yet if they'll be shared on the web for the benefit

of others.)

When I'm reading about a useful topic on the computer, I sometimes do "take

notes" by copying the most useful quotes from the article into a text file for my

future reference or if I need to act upon the information. These notes can be useful

in cases where I wouldn't remember to look up the information otherwise or if I had

to do a lot of digging to find the relevant information. Taking notes on something

you can look up in 15 seconds is a waste, but taking notes on information that took

you 15 minutes to find is worthwhile.
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Against Self-pigeonholing

By Brian Tomasik

First written: 12 Oct 2014. Last nontrivial update: 4 Feb 2018.

Summary

I think of myself as having many identities, rather than being an expert in a specific

topic. An open identity allows me to explore a multitude of subjects and viewpoints

without feeling like I can't understand something because I'm not a specialist.

Identities are quick heuristics for classifying people—both others and ourselves—but

we don't have to feel constrained by or loyal to these artificial boundaries.
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Introduction

Anna Salamon's essay on "Learned Blankness" contains a story that has stuck with

me. She found that the dishwasher wasn't working and immediately called for help,

since she thought she wasn't good at figuring out "mechanical things". She later

reflected:

But before giving it even ten seconds’ thought, I’d classified the

problem as a “mechanical thing”.  And I’d remembered I “didn’t know

how mechanical things worked” (a cached thought).  And then—

prompted by my cached belief that there was a magical “way

mechanical things work” that some knew and I didn’t—I stopped trying

to think at all.  

This is a powerful illustration of the limitations we may impose on ourselves when

we pigeonhole our abilities or personalities.

Self-pigeonholing

During pre-college education, all students have to learn all the core subjects: math,

science, social studies, English, physical education, etc. By late high school, and

especially when college begins, students can specialize into particular domains.

Indeed, such specialization is required during college in the form of one or more

majors.

In college, I became acutely aware of how people

labeled themselves as "a physics major" or "a poli

sci major" or "a theater major". Engineering majors

might say that the soc/anth majors were wishy-

washy, and some soc/anth majors would concur

that engineering math was too hard for them.

There are innumerable stereotypes and jokes

based around a person's major. I found it kind of

odd: It was as though many students had joined sports teams, adopted the identity

of their teams, and rooted for their own teams in (friendly) opposition to other

teams. And of course, the same trend continues into the world of careers.

Even in high school, I saw the seeds of this pigeonholing begin. Some students,

typically female, would complain to their math teachers: "I don't get it. I'm not good

at math." A few male students might have silently felt similarly about creative

writing. While I do think average gender differences by field somewhat reflect innate

biological predispositions, it also seems likely that an appreciable fraction of gender

gaps result from this kind of "I'm not good at X" attitude.

Many identities

When I wasn't tired from staying up too late to finish homework, I really enjoyed high

school. And while I had some preferences among subjects, I realized that lots of

courses were important and interesting. For instance, both math and history were

fascinating in their own ways. When preparing to go to college, I was extremely

uncertain what I would study: maybe math, physics, chemistry, political science,

history, linguistics, or something else. (My major ended up being "something else"—

namely, computer science.)

During a senior-year academic-achievement ceremony at my high school, the

speaker named each student and what s/he thought s/he would major in at college. I

had no idea what to list, so I just wrote "not sure" or something. The announcer read

this as: "Brian will explore the options available to him." After the ceremony, one of

my friends told me he found that amusing and translated it as: "Brian will study

whatever the fuck he wants."

I began college thinking I would major in math. Later I switched to computer

science. All the while I took an avid interest in philosophy, even though I only took

one formal philosophy course. At Microsoft I had some identity as a software

developer and Big Data engineer. I also feel somewhat competent in economics,

neuroscience, and artificial intelligence. At times I've thought of myself as a

leader/manager, and at other times I feel more like an independent contributor. I

sometimes feel like an adult and at other times like a child. Sometimes my brain

seems very oriented toward stereotypically masculine subjects and other times

towards stereotypically feminine subjects. And so on. While I try to hold on to a few

identity traits, like caring about reducing suffering and not being aggressive/hostile,

I don't care that much about the rest. I let it float where it may and often seek to

explore new domains. The Internet is wonderful for this, because I can watch/read

about all kind of people and things all over the world in all kinds of fields—from an

Indian laborer's YouTube video about his life to a Wikipedia article on quantum

gravity.

I find that if I feel like a subject is "my area of expertise", learning about it becomes

more exciting. That makes sense, because generally excitement serves the purpose

of focusing attention on material that's more relevant. But when I take a step back, I

realize that the whole world is "my business". Everything is part of the way the

universe works. Even topics that are ordinarily regarded with disdain by

academically minded people, such as soap operas or monster-truck shows, have

much to say about the computational system in which we're embedded (although

studying those particular topics in detail is unlikely to be an optimal use of time).

Everything can be exciting because everything has something to say about the

nature of reality. Of course, for practical reasons I still try to focus more on topics

that seem more relevant to altruism and my comparative advantages.

Against snobbery

Regardless of whether monster-truck shows teach us about the universe, I don't

think one needs a justification for enjoying monster-truck shows (if one happens to).

De gustibus non est disputandum, and there's no inherent reason why some tastes

are "superior" to others (whatever that's supposed to mean). Humans love to look

down on others, perhaps as an unconscious way to assert social dominance or to

enhance ingroup bonding. This behavior is no less pernicious when done by

academically minded people looking down on the "boorish" tastes of less educated

people or even the differing tastes of other people from the same socioeconomic

class. As long as no one is getting hurt by a given pastime, it's stupid to denigrate

the interests and tastes of others. (I'm aware of the irony of my disliking the

enjoyment that people get from being snobs, but I mainly dislike snobbery when it

harms people by making them feel bad about themselves.)

I often observe snobbery on the part of adults with respect to children or teens.

Adults may think that children's entertainment is "beneath them" and that teens'

obsessions with social approval and romance are "unsophisticated". Well, guess

what: We're all organisms responding to our environments and seeking rewards. We

just happen to have different reward circuits at different points in our lives, as well

as different background experiences, memories, etc. Adults are pretty childlike at

times, such as when intense emotions come into play. In any case, looking down on

others for having a different neural constitution than oneself is not cool.

We welcome diversity of races, ethnicities, gender identities, etc. So why not also

welcome diversity of tastes? Why is it ok to insult a group of people based on their

enjoyment of monster trucks but not based on demographic traits?

Motivations for a broad identity

I think my interest in altruism played an important role in keeping me open to many

areas. I probably would have called myself a math geek during high school were it

not for my inspiration by Ralph Nader to be civically engaged, which spurred my

interest in social sciences. And when I discovered philosophy in 11th grade, I came

to see how important it was to reflect on the ethical and ontological assumptions

behind civic activism. I've come to see that many different fields of study are crucial

for determining one's altruistic direction.

I've also been inspired by some of my friends, who know an immense amount about

all kinds of subjects. They've shown to me that you don't have to confine yourself to

a small set of fields but can be reasonably knowledgeable about many, many topics

given enough learning. Whereas I might have told myself, "I'm an expert in field A,

not B, so I have to leave figuring out B to others", I've instead been inspired to say: "I

can learn something about A and B and C and D, and even if I won't be an expert,

gleaning some insights from those domains can vastly broaden my horizons." I

remember Anna Salamon's story whenever I begin thinking to myself that "I'm just

not good at ____."

This isn't to say that specialization isn't important. Trying to do everything yourself

is impossible, and division of labor is necessary for an organization to grow. But

there's a mental difference between dividing labor for efficiency reasons versus

doing it because you feel you couldn't do the outsourced tasks.

"Nothing you can't do"

"If you put your mind to it, there's nothing you can't do." This is a common

motivational slogan, but I think many people don't believe it. Of course, we can't

take it literally. I cannot jump to the moon or travel faster than the speed of light. Nor

can I become the world champion at basketball. But what the slogan really means is

that within the set of activities that reasonable numbers of people do, then—barring

physical limitations, severe learning disabilities, or other clear obstacles—you could

probably do any of those things too if you put in enough investment.

As noted above, one person can't put sufficient investment into most skills to master

them, but maintaining the psychological realization that you could if doing so were

important enough keeps your options open and allows you to pursue new avenues

of exploration when they begin to appear relevant to your work.

I like Salman Khan's explanation of this idea. When we're told that we're

smart/dumb, we may incline to think we're naturally smart/dumb due to lucky genes

or childhood development. If instead we focus on our effort to master new things,

we emphasize the fact that much of skill is learned, not born. "After all, when my

son, or for that matter, anyone else asks me about learning, I only want them to

know one thing. As long as they embrace struggle and mistakes, they can learn

anything."

As a related point, I try to avoid telling myself, "I don't like X", where "X" might be

some domain like art history or music theory or fixing car engines in which I haven't

taken much interest historically because of little obvious altruistic import. By telling

myself that I don't like something, I would make that statement become more true,

and then I would be closing myself off from a potentially insightful domain of the

universe. Of course, I don't plan to ever explore much music theory, because I don't

think I'll ever decide that it has major altruistic implications, but I think learning a tiny

bit (maybe an hour or two) would be worth doing some time at least to make sure

there aren't significant insights I'm leaving on the table.

Sometimes it's difficult to begin studying a topic, because so much is unfamiliar.

Challenges are fun, but when reading is too difficult, it becomes more of a chore.

When I was in elementary school, teachers told the classes to pick books to read

based on the rule that "if, on a random page, there are more than three words you

don't know, then the book is too difficult". Obviously a rigid requirement of this kind

would be misplaced, but the suggestion underscores a real point that learning is

often most fun when gradual. Fortunately, the longer you tackle a subject area, the

more fun it becomes. Eventually you begin to get a handle on the big ideas and can

start filling in the gaps. Reading becomes more effortless because you grok most of

what's being discussed. The enjoyment of the subject inspires further learning and

thus further expertise, in a feedback cycle. In this sense, there's sort of an "escape

velocity" for learning. If you exert enough effort to become familiar with the topic,

then everything else is downhill.

Even though you could master just about anything given enough time and effort, it's

also useful to remember that you in fact have not mastered almost all subjects.

There are only a few very narrow topics where I'm an expert, and for everything

else, I'm a dilettante whose superficial commentary is probably wrong in many

ways. I'm sure some experts would look down on my writings as amateurish, as

indeed most of my writings probably are. However, I think the world needs both

specialists and generalists, including people who bring together ideas from several

fields at a relatively shallow level of understanding.

Other costs to self-pigeonholing

The effects of pigeonholing extend beyond learning. Pigeonholing may also affect

your ability to change your mind, to think critically, and so on.

Benefits to identity

In my experience, one reason it feels good to have an identity is that you can feel

proud of yourself. I seem to feel more motivated to learn a topic or take certain

actions if I think of myself as someone who is knowledgeable and active in that

domain. I guess what I try to do is not avoid identity but instead maintain an

inclusive identity, in which I feel like I belong to all kinds of groups at once. At any

given time, I can activate one of those identities to motivate some period of work,

and then a day or a week later, I can switch to some other identity as the need

arises.

Related

"Beware Identity" by Robin Hanson

"Self-pigeonholing"
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At the beginning of The Muppet Movie, Bernie the Agent convinces Kermit to try out

show business by suggesting that Kermit "could make millions of people happy." In

general, it's common for people to do nice things for others, such as giving gifts or

telling jokes, with the motivation of making others happy. But do such things

actually make people happier in the long run?

The idea of the hedonic treadmill is well known, and I'm not an expert on the science

of it. Here I'll just discuss how my own subjective experience agrees with a "hedonic

treadmill"-type view. This page should be considered a random blog post for which I

haven't done any scholarship.

In a YouTube comment I can't now find, someone said that he limits his consumption

of ASMR videos because the effect diminishes over time if he does it too much. Of

course, similar trends are true for tasty food,

sexual pleasure, and just about any other

source of enjoyment. It's possible that this is

just sensory-specific satiety, and that new

sources of stimulation could provide new

bursts of pleasure. However, based on my own

experience, I think there's also a general trend

that if you experience a lot of pleasure now,

you'll experience less pleasure some time later to make up for it, perhaps with some

exceptions. For example, if you have an awesome weekend partying, then you may

feel less pleasure from working at your job during the subsequent week than if you

have a more sedate weekend.

The situation feels sort of like having a finite "pleasure budget" that you can spend

on different activities. The more intense the pleasure is, the more "pleasure points"

you spend at once. And as with passing the "Go" square in Monopoly, your pleasure

budget gradually replenishes itself over time. If you've used up all your pleasure

points and feel temporarily anhedonic, then you have to wait a while for your

"pleasure bank account" to fill back up.

The tendency for pleasure now to reduce pleasure later is sometimes mentioned in

contexts like drugs and pornography where people love to moralize. However, I

suspect that the trend is true for basically everything, including the pleasure that

your grandma feels when receiving a nice card from you. It would be surprising if

this weren't the case, since I don't think the brain distinguishes between

"wholesome" and "unwholesome" pleasures when performing hedonic adaptation.

(I put "wholesome" in scare quotes to indicate that I'm not a fan of moralizing

regarding pleasures, other than to warn people that, e.g., some hard drugs can

actually mess up your life.)

Because of my subjective experience of a roughly fixed pleasure budget, I'm

skeptical that many things people do to make themselves or others happier actually

increase total, long-run happiness in their lives. Likewise, this view suggests that a

certain amount of asceticism isn't necessarily depriving oneself of pleasure after all,

although for ascetics, pleasure is probably doled out mostly in small doses rather

than in big bacchanalian bursts. (By "asceticism" here I mean only forgoing certain

pleasures, not, e.g., wearing a cilice.)

If you find that you're not motivated to do something "boring", like working on your

taxes, one strategy can be to spend a few minutes doing a physical task like house

chores with no music, no podcasts, and no other forms of stimulation. This can help

to "reset" your brain's expectations about receiving constant squirts of pleasure,

which adds points back into your pleasure bank account. Then, when you do work

on your taxes, the stimulation they provide will be somewhat interesting relative to

the absence of stimulation you had previously.

Apparently some "NoFap" proponents report that something similar happens when

giving up masturbation:

[Those who do NoFap are] able to experience pleasure in the small

things much easier. Just making eye contact with a girl, it's so

pleasurable. Just talking with a girl is so pleasurable. Just hearing a

bird chirp is so pleasurable. Just hanging out with your bros, hanging

out with whoever, is so much more pleasurable because you're not

used to that totally out-of-this-world pleasure hit that you get from

whacking off.

Personally, I'm not much of an ascetic mainly because it's difficult and annoying to

avoid temptations. If you're craving a pleasure you can't have, it's hard to get useful

work done. Thus, I see the main value of pleasurable activities as being their

craving-elimination function rather than the pleasure they provide, because, as

mentioned, I'm skeptical that pleasurable activities generally do increase total

pleasure over time, at least within typical, healthy human minds. (This skepticism is

based mainly on my own personal experience, and I'm not making any strong claims

about this viewpoint actually being correct.)

This view can be spun into a "glass is half full" message: if you feel disappointed

because you didn't get something that you thought would make you happy, then

you can feel less bad about the situation, because not being made happy now

means you're saving up pleasure points for later!

I'm less certain how well the "fixed pleasure budget" idea extends to people and

animals who aren't already near the top of Maslow's hierarchy of needs. It seems

pretty clear that depression and certain other mental illnesses reduce an individual's

long-run happiness levels, and I don't think people feel unusually high amounts of

pleasure once they recover from depression. Plausibly deficits in sleep, nutrition,

and other fundamentals would also limit the size and refill rate of one's pleasure

bank account.

It also seems doubtful, based on my own experience, that feelings of suffering lead

to later increases in pleasure, other than very mild relief that the pain has stopped.

In other words, pleasure budgets seem to cap the total amount of pleasure it's

possible to experience, but it's not the case that everything that reduces welfare is

compensated by an increase in later pleasure. Perhaps suffering doesn't increase

your pleasure bank account, and maybe the only thing that increases your pleasure

bank account is the passage of time? In other words, life grants you a fixed

"pleasure allowance" per day that you can spend and/or add to your savings.

According to this terribly oversimplified picture, the net hedonistic welfare of a

person's life would be

(pleasure allowance per day) * (lifespan) - (whatever suffering was

experienced during life).

Situations like depression may turn off the pleasure allowance for some period of

time.

There's an interesting further question of whether pain works in a similar way as

pleasure. Do we experience a given amount of pain (a "pain debt") that can either

be paid off now or in the future? In many cases, there's some extent to which

experiencing pain in the short run can inure one to pain later. For example, I think my

experience with esophagitis at age 15 made me more resistant to more minor forms

of pain for a few months or years thereafter. One might say that I had already "paid

my dues". Ralph Nader suggests regarding campus political correctness: "what you

do is turn people into skins that are blistered by moonbeams. Young men now are

far too sensitive because they’ve never been in a draft. They’ve never had a

sergeant say, 'Hit the ground and do 50 push-ups and I don’t care if there’s mud

there.'" If this idea is valid, it presumably doesn't apply to situations like depression,

and in many cases, early suffering actually increases later suffering by causing

long-term trauma or other problems.

To the extent it's true that pain now can reduce pain later, what does this imply

about altruistic efforts to reduce suffering? For one thing, this idea doesn't affect

the value of reducing suffering at the end of life, such as by making animal slaughter

less agonizing or allowing physician-assisted suicide, because end-of-life suffering

won't offset any later suffering. Insofar as depression and certain other mental

illnesses aren't subject to the "law of conservation of pain", alleviating them seems

important. In addition, preventing organisms from coming into existence is still as

effective as ever at preventing suffering. On the other hand, a hedonic-treadmill

viewpoint makes efforts to, e.g., improve the comfort of people's lives look less

promising than one might have naively thought.

It's plausible that "pain now means less pain later" substitution isn't 1 for 1. For

example, maybe 10 units of pain now only prevent 5 units of pain later. In this case,

reducing even mundane pains would still be somewhat valuable, though maybe only

half as much as we thought.

And of course, these considerations only apply to minds that show hedonic

adaptation. Depending on how useful hedonic adaptation is, artificial worker

machines of the future may or may not have analogues of it.

Finally, I should add that when I talked about "amounts of pleasure" in this piece, I

had in mind the kinds of rough magnitudes that one would assign if trying to

describe intensities of experiences. I don't intend to suggest that pleasure is

precisely or objectively quantifiable, nor that the moral value of an experience

should be the same as its number of roughly estimated "pleasure points". For

example, one might hold that a single instance of falling in love is more morally

valuable than any number of pleasure points spent on muzak and potatoes. Or,

closer to my own view, one might believe that a single instance of unbearable

torture in which the victim would give up anything to make the pain stop is more

morally serious than the moral value of spending any number of pleasure points.
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Is Using Sci-Hub Morally Bad, Neutral, or Good?
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Summary

This page discusses my thoughts on pirating papers through Sci-Hub. Over time,

I've moved from being reluctant about pirating academic papers to being supportive

of it.

Note: I'm not an expert on this topic, and my views may change over time.
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Early thoughts

I generally maintain a deontological rule against illegal activities, mainly for similar

reasons as Eliezer Yudkowsky explains in his "Ethical injunctions" sequence. For this

reason, as well as to avoid malware, I generally avoid pirating content. For example,

when I watched the Terminator movies in 2014 for the first time, I paid the $3-4

price to rent each one on Amazon Video.

I maintained a similar anti-piracy stance regarding academic papers until 2016,

although I used whatever copies of papers I could find on Google Scholar, whether

they were uploaded legitimately or not. My general sentiment was that "There are

enough good papers that are available, so I may as well focus on those and ignore

the ones that aren't available." In rare cases where I needed a specific paper, I

emailed the author.

No realistic legal solution

In 2013, as I left Microsoft and began doing more reading of academic literature, I

asked for suggestions on accessing paywalled content, but I didn't get great

answers.

I thought to myself: There ought to be a Pareto-improving solution to this problem.

For example, maybe I could pay a university some amount of money in return for

access to its journal subscriptions? In 2013, I emailed a local college to ask whether I

could enroll in order to access its network, without taking courses. I was told that

this wasn't allowed. How about just paying for library access? I was told that this

was also not possible. Alas, many apparently Pareto-improving trades aren't feasible

in the real world (a lesson that would be instructive to some dogmatic libertarians).

When I asked the local public library about the topic, I was told that they could get

journal articles via interlibrary loan (ILL), but this could take a few weeks. ILL would

not just be exasperating for me but would also waste the time of library staff. A strict

adherence to the letter of the law, in using ILL over pirating, would be pretty

negative from the perspective of actual social welfare according to mainstream

(taxpayer) values.

One person on Facebook said: "There has been a lot of back and forth about an

itunes model where you would pay 99cents for an article but it hasn't gone

anywhere." I would gladly pay $1 per academic article. I try to access paywalled

articles about once a day on average, and $365 per year would be a pretty

reasonable cost to pay for legal article access. But sadly, this is not to be. As

another person explained on the Facebook thread: "If a way existed for the

academic publishers to make their work available more broadly for a low price

without universities taking advantage of the discount, they would be keen for the

profits and incidentally great social value would be realized, but they don't have any

easy way to do so." Most academic articles cost $40 these days, and paying ~365 *

$40 = $15K per year for academic-article access is not an option.

I have legal access to one collection of academic articles—JSTOR—through

Swarthmore College's "Alumni" page. However, probably ~90% of the paywalled

articles I want to download aren't on JSTOR.

Embracing Sci-Hub

In 2016, Sci-Hub was in the

news, and more of my friends

began using it. I was initially

reluctant, but eventually I

decided that it was too useful

not to take advantage of and

began using it myself on a

regular basis. Given that tons

of researchers (even at universities) use Sci-Hub, I assumed it was unlikely to be a

really bad idea. (By the way, the link in the previous sentence goes to a paywalled

article that you need Sci-Hub to read.)

These days, I don't have any remorse about using Sci-Hub. I generally feel that

if publishers stubbornly won't provide a way to sell papers at $1 apiece or less,

then they deserve to be pirated, and

if publishers can't provide cheaper papers because efforts at price

discrimination would undercut high prices charged to universities, then

publishers shouldn't care about my piracy, because I'm not a potential

customer anyway. (I would never buy an academic paper at a $40 price tag—I

would rather just email the author or ask a friend with university access for it.)

There's a further debate about whether society would be better off if big academic

publishers went out of business, such that piracy is actually morally good, not just

morally neutral. I'm not informed enough to comment on this, and I'm unsure how

the approach of illegally undermining a bad system squares with ethical injunctions.

I tentatively agree with this statement: "I believe copyright law is now at odds with

the public interest, and that some bad actors among otherwise beneficial publishers

have supported an unnecessarily restrictive information apartheid to unaffiliated

researchers."

Of course, even people who have university access still use Sci-Hub for reasons of

convenience or because universities and other large research organizations don't

have all papers either. This post says: "I work for the main research organization (the

CNRS) of one of the richest country in the world, and I have access to only 60% of

the papers I need to read."
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Summary

This piece discusses a general distinction between empathizing by mentally

simulating oneself in a similar situation ("first-person empathy") vs. empathizing by

noticing abstract features of an organism's behavior and cognitive processes

("third-person empathy").
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First-person empathy

My 9th-grade English class was assigned to read To Kill a Mockingbird as our first

shared book. My English teacher drew special attention to the following quote by

Atticus: "you never really understand a person until you consider things from his

point of view—until you climb around in his skin and walk around in it".

I call what this quote describes "first-person empathy", because we evoke empathy

by putting ourselves in the place of another person in the sense of simulating their

experiences as if they were our own. Caring for others in this way is fairly intuitive

once we do this imaginative process.

Often, first-person empathy works pretty well, because humans have similar enough

brains that we can evoke the same kinds of responses in ourselves as other people

experience in a given situation. For example, we can imagine how other people

would feel bad if we belittled them, by imagining that someone was belittling us.

Sometimes first-person empathy goes awry. For example, we might commit the

typical mind fallacy and thereby misunderstand how others will feel in a given

situation. The pathetic fallacy is an even more extreme version of this, in which we

misattribute complex cognition to computational systems much simpler than our

own brains. Trying to imagine "what it's like to be a rock", say, is basically impossible

from a first-person perspective, because our brains contain so much extra cognitive

machinery that any thoughts we have inside our own heads will require large

amounts of cognitive processing that aren't present in the rock.

Third-person empathy

Third-person empathy involves recognizing that others may be built differently from

you but that they still matter because of shared general features. For example, even

though my brain is too complex to legitimately imagine what it's like to be a beetle,

due to smuggling in lots of extra cognitive machinery, I can see that a beetle shows

simpler versions of behaviors (aversion, learning, reward-seeking, etc.) that I care

about in myself. Hence, I can abstractly realize that a beetle's suffering matters,

even if I can't non-anthropomorphically imagine being a beetle.

Third-person empathy can even help between humans. I suspect that some of the

social-justice wars that are common on the Internet these days result from

insufficient application of third-person empathy. For example, as a male, I don't

have an intuitive understanding of why sexually suggestive comments feel bad (or at

least feel worse than ordinary dumb comments). If I imagine someone (even a gay

male) making non-threatening sexual comments to me, I would probably feel either

flattered or indifferent. Probably many men feel this way, so their first-person

empathy fails when evaluating the way in which many women (and some other men)

would feel in this context. Instead, what's required is third-person empathy: "Even

though I can't mentally simulate why this makes you feel bad, I know rationally that it

does, based on behavioral data, like verbal reports." I feel as though many social-

justice advocates focus too much on first-person arguments when discussing

sexism, racism, etc., without realizing that these arguments sometimes require

third-person reasoning in order to move skeptics.

Third-person empathy feels less visceral to me, which can make it weaker than first-

person empathy.

Emotional vs. cognitive empathy

After writing this piece, I read the following from Bloom (2014):

The word “empathy” is used in many ways, but here I am adopting its

most common meaning, which corresponds to what eighteenth-

century philosophers such as Adam Smith called “sympathy.” It refers

to the process of experiencing the world as others do, or at least as

you think they do. To empathize with someone is to put yourself in her

shoes, to feel her pain. Some researchers also use the term to

encompass the more coldblooded process of assessing what other

people are thinking, their motivations, their plans, what they believe.

This is sometimes called “cognitive,” as opposed to “emotional,”

empathy.

This seems pretty similar to the distinction I made between first-person and third-

person empathy, so presumably I should use this more standard terminology going

forward.
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Circa 2001 
INFINITE LIVES 

Assuming that all of the matter that makes up our solar system is able to return to 
its present  state and orientation (instead of continually moving in one direction), then 
eventually, wouldn’t all of the atoms of the world at some point recombine by chance in 
exactly the same way they are now, even if  it took a googolplex years to do so?   This 
would mean that we would relive our lives over and over forever. 
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9 January 2004 
ON CHALLENGING ORTHODOXY 

It is an oft-cited fact of history that many of the theories once held with ultimate 
devotion  were  later  modified  or  disproved  altogether. The  geocentric  model  of  the 
universe—maintained with such unrelenting sedulousness that Galileo was imprisoned for 
life as a result of his challenges to it—is now nearly universally accepted as indisputably 
false.  The basic foundations of Newtonian physics have met a similar fate.  Several of the 
political platforms considered crazy radicalism a  hundred years ago have not only been 
fully implemented but have been broadly accepted by all but the  most extreme political 
thinkers: social security, a progressive income tax, direct popular election of  senators, 
female suffrage, and unfettered racial equality.  It is amusing and motivating to think how 
much of the agenda of today’s “far left” will one day be seen as indispensable by all but 
the most reactionary elements of society.  History is truly replete with instances in which 
putatively irrefragable beliefs have been radically altered or completely abandoned. 

And yet, it is essential to bear in mind a caveat that can be too readily forgotten: 
many—in fact,  almost all—of the heretical, unorthodox ideas that have been expounded 
throughout history were in fact  erroneous, while the orthodoxy is usually more correct. 
(This evaluation would unavoidably be based on our own understanding of “truth,” which, 
as much as it may contain “errors” of such magnitude that we really understand nothing at 
all, is the best standard of measurement we have.) Columbus’s belief that the  earth’s 
circumference was only 3,000 miles rather than 12,000, as most intellectuals of his time 
correctly  knew, is  an  example demonstrating that  challenges  to  established  belief are 
generally wrong.  So was Tycho Brahe’s belief—challenging traditional Roman-Catholic 
doctrine—that the planets revolve around  the sun but that the sun revolves around the 
earth.   It is difficult for me to produce more examples at  present, undoubtedly because 
history emphasizes those theorists who got things “right” rather than the many more who 
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got things “wrong.”  Nevertheless, this idea can even be seen in observation of one’s own 
thought process: most bad ideas are dismissed, and it is only those few good ideas which 
are remembered. 

It is important to keep this in mind in order to avoid precipitate acquiescence to any 
radical idea on the sole basis that unorthodoxies of the past were later shown to be correct. 
It is true that some were; it is more importantly true, however, that most were not.  If one 
were to gamble on the truth of an orthodox  versus an unorthodox belief without any 
knowledge of their bases of asseveration, it would almost certainly be wise to bet on the 
former. 

This is not to suggest that orthodoxy should not be questioned or that people should 
not develop new theories.  It demands, rather, an open mind that does not blindly adhere to 
any universal test of validity other that the rigorous and thorough evaluation of the merits 
of any and all ideas.   We cannot judge the  quality of a hypothesis by its source alone, 
whether we assert its veracity or fallaciousness due only to  its unorthodoxy.   We must 
judge  each  proposition  with  unrelenting  use  of  evidence,  experimentation,  and  solid 
reason. 

 

 
 

Saturday, 14 February 2004 
MEANS AND ENDS 

In the past, I have explicated my doctrine of ends and means in this way: an act is 
justified if an only if the following two conditions are satisfied—1) the net positive ends 
outweigh the net negative  means 2)  the same ends could not be achieved through less 
pernicious means. 

I will now present a more mathematical representation of this doctrine, one which 
allows for a greater range of possibilities.  This expression is based on a few assumptions 
that must be presently laid out.  First, it must be assumed that effects of an action can be 
considered “positive” if the effect is “good”  and “negative” if the effect is “bad.”   It is 
obvious  that  all  changes  are  much  too  complex  and  can  be  viewed  from  too  many 
perspectives for a simplistic + or – sign to define them; indeed, the ideas of “good” and 
“bad”  themselves  are  wholly  relative  concepts. However,  for  the  purposes  of  this 
expression, this reality must be ignored.  Secondly, it must be assumed that the extent of an 
effect can be quantified.  For example, we might define the preclusion of a kilogram of 
carbon dioxide emissions to be equal to one significance unit (-1 kg CO2  = 1 significance 
unit).  This is prerequisite for the comparison of effects with each other.  Finally, when the 
numerical representation of an effect is expressed, it must be assumed that the number is 
the net sum of all of the positive components and all of the negative components of that 
effect.  For instance, a murder including -100 significance units for immoral death, -100 
significance units for  emotional trauma of family and friends, -2 significance units for 
waste  of  resources  during  the  murder,  and  +40  significance  unit  for  a  reduction  in 
overpopulation might have a net numerical value of –162 significance units. 

Let e equal the net sum of all of the “ends” of an action.  Let m equal the net sum of 
all of the “means” necessary to perform that action.  Note that it is possible for either e or 
m to be either positive or  negative; it is often the case that the ends and the means 
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employed to accomplish those ends are both harmful or are both beneficial—e does not 
always have to be positive and m does not always have to be negative.  If we define the 
variable itself to represent not just the absolute value of the significance quantification but 
also the attached positive or negative sign, then the net result of any action is defined as m 
+ e.  Thus, if the net effects of the ends have a value of 128 significance units and the net 
effects of the means have a value of –23 significance units, the ultimate value of the action 
is +105 significance units. 

The importance of this expression lies in the way in which it is used.  It is obvious 
that if m + e > 0, the action should be commenced and if m + e < 0, the action should not 
be performed.  However, it is also true that if m + e for one action is +12 significance units 
and for another action, +7 significance units, the first action should be selected in place of 
the second one.  (If both actions achieve exactly the same ends, then the first one would be 
done to the complete exclusion of the other; if not, they both might potentially be executed 
since both are still positive.)  A general rule for the optimum selection of a single action, 
then, is to choose the action for which m + e has the highest possible value.  If we assume 
that both m and e for the failure to take any action at all are equal to 0 significance units, 
then we are able to account for situations wherein any action taken will have a negative 
value for m + e; choosing the highest m + e value is still the best option in this case, since 
the highest m + e value is that of no action, namely, 0 significance units. 

The determination  of  all  of  the  effects  of  an  option—much  less  the  precise 
assignment of numerical values for the magnitude of those effects—is truly impossible in 
the real world.  There are simply too many factors to consider and not enough resources or 
time to consider them (indeed, the value of m + e for extensive research on a trivial topic 
will almost certainly be negative).  However, we can employ this mathematical expression 
to the extent that we can determine rough estimates of impacts of our  choices. The 
expression is intended not so much for actual calculation as it is for representing a rational 
mindset of cost-benefit calculation that always constitutes the best way to make a decision. 

 

 
 

Monday, 23 February 2004 
REACTIONS TO ROMEO AND JULIET 

Today during the end of third and all of fourth block, I attended a production of 
Romeo and Juliet performed by Shakespeare & Company in the high school auditorium. 

One aspect in which I was particularly interested was Shakespeare’s consistent 
eschewal of the superfluous word do.  Instead of saying, “I do not know,” the characters 
spoke simply, “I know not.”  The unnecessary insertion of the word do into such phrases in 
modern English has not only extended sentences but has multiplied the number of words 
for which contractions are common (don’t in particular).  I myself decided a few months 
ago  to  avoid,  whenever  possible,  the  use  of  inordinately  and  unnecessarily  phrased 
sentences by replacing “I didn’t go” with “I went not” and “Do you have a crumb” with 
“Have  you a crumb.”   This decision was not consciously a reversion to Shakespearean 
language—although it  may well have been subconsciously encouraged. It is a terribly 
sensible and obvious manner of expression.  It would be interesting to learn the wherefore 
of the widespread conversion to overly roundabout phrasing with do! 
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As a later note, I must explain that I do not advocate the complete abolition of the 
word do.   It  has a purposeful use when it serves to emphasize the positive nature of a 
statement (e.g., “I do have a piece of paper.”  “It did seem nice.”)  However, the majority 
of the cases in which do is used would  sound  more concise and simple were the word 
avoided. 

 

 
 

Friday, 27 February 2004 
AFFIRMATIVE ACTION FOR WORDS 

I have realized that one of the aspects of poor writing that I notice most readily is 
unnecessary  word  repetition. Unless  the  phrases  are  in  a  parallel  construction,  the 
unnecessary repetition of a word sounds awkward and distracts the reader from the more 
important purpose of the piece.  The apparent flow of a sentence or paragraph is greatly 
enhanced when the writer  is able to employ purposefully clever synonyms instead of 
copying the same words used before.  Even when any synonym available lacks the exact 
expressiveness of the original word, it is still best—in most  cases—to select one of the 
inferior words, for the disadvantage of losing  precision is usually  outweighed by the 
benefits of maintaining smooth flow and clever diction.  This, one might say with levity, is 
tantamount to affirmative action for words: even when a new word is not quite as qualified 
as the original one, the importance of word diversity should usually supersede preciseness. 

 

 
 

Wednesday, 14 April 2004 
THE INTANGIBILITY OF PREVENTION 

I have noted this before but I shall explain it again: one reason that people tend to 
focus more on treatment and charity instead of long-term prevention is that the success of 
prevention lies in what doesn’t occur. 

Short-term solutions are visible and tangible.   One can see that by donating to a 
food bank,  someone will have that food to eat.   One can see visibly see how much the 
treatment of a disease helps  a  person to recover. These approaches not only offer an 
immediate reward of seeing one’s effort pay off; their effects are predictable and certain. 

The benefits of long-sighted actions, on the other hand, are distant and murky.  It is 
impossible to know if writing a letter about AIDS in Africa will ever actually help anyone 
or if the letter may as well  have not been written (apart from the subsidiary benefits of 
making  your  members  of  Congress  aware  that  constituents  are  informed  about  their 
actions). The  connection  between  a  letter  and  a  Congressional  response  is  in  itself 
intangible and invisible, much less the connection between a letter and the prevention of 
AIDS for many people. 

Moreover,  the  effects  of  prevention  are  themselves  rather  invisible  and  easily 
forgotten.  When one treats the symptoms of an illness or donates food to a soup kitchen, it 
is easy to see how miserable the situation was before and how much better it has become 
afterwards.  With prevention, one never sees the “before” picture; the best one can do is 
imagine how the situation might have been without intervention.  It is too easy to take the 
results of prevention for granted and, in the process, to forget how valuable that prevention 
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truly was.  It is better to prevent an illness than to treat it; it is better to prevent poverty 
than to donate to a food bank.  But it is too often a natural response to value the treatment 
solutions over the preventive ones. 

Recognizing the importance of prevention over treatment, the question becomes, 
“What degree of long-sightedness is best?”  The first degree might be simple charity and 
treatment: food donations,  cleanups of pollution, treating cancer, and such.   The second 
degree  might  be  established  prevention  mechanisms  to  reduce  poverty,  to  diminish 
pollution, to prevent exposure to carcinogens.  A third degree might be to seek to reform 
the political and economic system entirely so that the other two  elements fall into place 
(this is the argument behind campaign-finance reform, for instance).  A balance must be 
reached between long-sightedness and certitude of eventual efficacy. The third degree 
might seem the most sensible, but one must also consider whether or not it would be 
possible.  Of course, there are infinite sub-degrees within each level, as well.  Perhaps a 
mix  between the second and  third degrees,  accommodating for specific conditions of 
reality, would be the most sagacious of choices. 

 

 
 

Wednesday, 14 April 2004 
DISRUPTION OF PASSIVITY 

While writing the handout for Bread for the World’s 2004 Offering of Letters 
campaign issue, I was struck in particular by this statistic: “10 million children a year die 
of preventable causes, half of them from hunger.  This is equivalent to one child every 3 
seconds.”  The power of the statistic is heightened if one snaps one’s fingers every three 
seconds, making more vivid the preventable death of the child in that time. 

This statistic has stuck in my head, and I repeatedly return to it.  I realize that it is 
necessary for  one’s own well being to have some time to relax and to engage in other 
pursuits.  But we must never become comfortable in lives of political inactivity.  We must 
remember that regardless of how many other obligations we may have, we cannot ignore 
this obligation, which is supremely paramount above all others, for life’s meaning is to be 
found precisely in improving (and, in this case, saving) the lives of others. 

One might argue that a single individual should not bear the supposed “burden” of 
pushing aside other possibilities in his or her own future just for these issues.  But the fact 
is that too few other people are working on these problems.  For an individual to refuse to 
fully utilize the power and leverage that come with being a United States citizen to save 
and improve the lives of countless others would be an act of unforgivable selfishness.  And 
what  is  more,  the  complete  devotion  of  oneself  to  that  cause  is  not  a  “burden”  or 
“sacrifice” but an opportunity for unmatched self-fulfillment.  A life spent on any cause 
other  than  that  of  the  advancement  of  other  lives  is  a  life  of  regrettably  unfulfilled 
possibility. 

The point is to keep this statistic in the back of one’s mind, to keep its power alive, 

and to let it come out from time to time, to jolt one out of passivity. 
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Wednesday, 14 April 2004 
FULL UNDERSTANDING 

In  math  and  its  subsidiaries,  such  as  physics,  there  are  two  degrees  of 
understanding. 

The first is the intuitive knowledge that something will be the case.  Whether we 
have experienced it or whether we conceptualize it through example, it just makes sense. 
For example, it is intuitive that an equilateral triangle will have equal angles of 60 degrees. 
Sometimes concepts are not  immediately intuitive but can become so through analogy, 
such as the realization that the total resistance of two wires connected in parallel is less 

than the resistance of each wire individually by comparison to the amount of water that can 
flow through two pipes rather than one. 

The second mode of understanding is proofs and derivations.  We may intuitively 
know that all of the angles of an equilateral triangle are 60 degrees, but we also must prove 
it to be sure.  We must see how a formula is derived in order to understand completely how 
it works and why it works. 

Complete understanding of something generally requires both degrees of thought. 
One cannot fully understand simply through intuition, nor can one fully understand merely 
through abstract derivation.   Seeing how a proof works and then realizing that it makes 
common sense is the path to genuine understanding.  Too often, we are forced to settle for 
one (or, sometimes, for neither), but when we are able to have both, we see concepts more 
clearly than ever before. 

Postscript  from  29  June  2005:  The  same  process  of  understanding  applies  to 
morality.   Ethical questions should not be solely decided on the basis of pure intuition or 
on the basis of pure reason; only a synthesis of the two will produce anything of worth. 

The basis of morality must always be intuition: this grounds and gives meaning to 
any reasoning that one hopes to undertake.   For example, one must intuitively establish 
that “suffering is bad” before the rational realization that “this action will reduce suffering” 
has any moral significance.   To use the  terminology of argument, one must establish a 
“warrant” before an audience will make the leap from  one’s “reasons” to one’s “stated 
conclusion.” Such warrants can only arise from intuitive emotion. 

Once basic assumptions have been established, however, it is best to let reason take 
its course. Beyond the most basic expressions of value, pure intuition becomes fuzzy, 
capricious, and  self-contradictory.   (See, for example, Peter Singer’s “On the Appeal to 
Intuitions in Ethics.”) It is here  that reason must take hold and guide our emotional 
energies toward those decisions that genuinely are most in line with our basic intuitions. 

 

 
 

Sunday, 25 April 2004 
OLD ENGLISH AND GERMAN 

It is helpful to be familiar with older English in understanding German. One 
obvious reason is that German has retained the Shakespearean construction of present tense 
verb that involve not.  For example, “Ich weiss nicht” is translated as “I know not” rather 
than “I do not know.”  German has sensibly retained this simpler construction that English 
has foolishly abandoned. 
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A second example is less forceful.  German, more so than English, makes frequent 
use of the combination of a preposition and where-, there-, or here-.  For example, it is far 
more common to hear the word “damit” in German than it is to hear “therewith” in modern 
English (though I highly prefer these words because they consolidate two into one).  I shall 
not be so audacious as to aver with certainty my conjecture that the where-, there-, and 
here- words were more commonly used in Old English than in modern, but  that would 
seem likely inasmuch as Old English generally used more sensible and what would now be 
considered “archaic” modes of expression than does the present form. 

This second example may be expanded by a fascinating detail.  I remembered from 
looking up the word “wherefore” in the dictionary that, while it now means “therefore,” it 
formerly meant “for what [reason]?” or “why?”—a meaning that is entirely more logical 
than its  present  one because it  follows  the  pattern of other words like “whereof”  or 
“wherein.”  Today, one of the questions on a reading section of a German Regents asked 
the following: “Weshalb waren die Leute in dem Büro versammelt?” I knew that the 
German  word  “deshalb”  means  “therefore”;  thence,  I  could  determine  that  the  word 
“weshalb” would mean “wherefore.”  And I also realized that most of the aspects of Old 
English  that  are  similar  to  German  are  similar  in  their  archaic  forms  not  in  modern 
alterations.  Hence, I conjectured that “weshalb” would not mean “wherefore” in the sense 
of “therefore” but rather “wherefore” in the sense of “for what?”  Upon looking the word 
up in the dictionary, my suspicion was confirmed by the dictionary’s direction of readers to 
“warum” to find the meaning of “weshalb.” 

 

 
 

Tuesday, 13 July 2004 
REVIEW OF MR. SMITH 

I received my English-12 summer assignments in the mail a week or two ago, and 
one of them was to watch any two movies from a list of American movies rated among the 
hundred best of the century.   Then, we are expected to write a review of each movie and 
present which we preferred.  Tonight, I watched Mr. Smith Goes to Washington.  I wished 
to record my reactions in some form while the film remained fresh in my memory, and so I 
have decided to record them herein.  From this initial record, I shall be able to write my 
final review with greater ease.  Here are my comments: 

1.  The principal characters generally seemed well rounded.  One could certainly 
categorize  them  according  to  the  dominant  traits  they  exhibited,  but  each  had  some 
moment in which he or she showed a more complicated side. 

The first was Mr. Smith himself.  He was usually presented as a simple, idealistic 
man who  believed in American principles and freedoms, and who was appalled by the 
graft he found.  At the beginning of the film, Mr. Smith was highly, perhaps excessively, 
unfamiliar with Washington.  He seemed to lack even the social skills of a normal person 
as he ran off on a bus tour of the capital and as he acted astounded at the fact that he had 
his own private office. This was perhaps unbelievable, but it allowed  for  a stronger 
contrast against how he would later behave. 
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He next became dejected and disillusioned at the perceived hopelessness of trying 
to win against Taylor and his power.  He was ready to give up, demonstrating that he was 
not a limitless fountain of optimistic fortitude. 

But when his secretary restores his faith in himself, Mr. Smith adopts his third and 
final attitude:  aggressive determination to fight those out to destroy his reputation and 
dream, culminating in his day-long filibuster and final speech.  And though each of these 
might be considered similar, they do  demonstrate some breadth of emotion and, hence, 
character. 

Mr. Smith’s secretary displayed greater range in her character. Beginning as a 
dispirited and pessimistic secretary so drowned in the reality of politics that her idealism 
had been trampled, she soon rediscovered hope while listening to Mr. Smith describe his 
boys’ camp.  She later showed apathy and abandon while she was drunk, outrage at Mr. 
Smith for his naivety, and remorse at having rated him.  Hereafter, she became largely one- 
sided in her hope and desire to see Mr. Smith succeed. 

Perhaps greatest reality of character was manifested in the behavior of Mr. Smith’s 
Senatorial counterpart from Montana.  He explained, in a speech that itself introduced a 
new level of complexity to the movie, how he had started out an optimistic senator like Mr. 
Smith but how he soon learned that he had to bow to Taylor and his cronies if he wanted a 
chance of survival.  And by doing that, he argued, he had been able to serve his state well 
in many other respects.  The Senate is no place for genuine, honest people, he warned, and 
his participation in the game was the best that could be done to help out his people. 

He said this because he cared so much for Mr. Smith and hated to see him crushed 
by reality.  And this affection for his new colleague led him to momentarily refuse to allow 
Taylor to get tough with Mr. Smith, before realizing that he had to agree to what Taylor 
told  him. And  this  appreciation  for  Mr.  Smith  made  his  task  of  framing  him  and 
castigating him all the more pungent and searing.  Mr. Smith’s counterpart showed all of 
the pain and ambivalence of a real person caught in such a situation.  Even his outburst at 
the end, proclaiming his culpability in having framed his colleague, was a believable result 
of stress, sleep deprivation, and an inner feeling of revulsion to all he had done over the 
last twenty years.  This character was perhaps most well rounded and best played. 

2.  The plot and script were very well crafted and woven.  Not only were many of 
the speeches some of the most eloquent and powerful words I have heard in a long time, 
but the storyline itself was  highly intricate.   The fact that Mr. Smith wanted to build a 
boys’ camp not only coincided nicely with the dam project, but it also created a fitting way 
for Taylor and his gang to craft charges against the new senator.  Even Mr. Smith’s refusal 
to move the location of the camp later played into the hands of the framers.  And because 
the bill that Mr. Smith’s filibuster held up was for emergency relief to the hungry and 
unemployed, the  Taylor newspapers had a substantive claim wherewith to slander the 
idealistic fighter.  It also added a degree of complexity to the story, because the audience 
realized that there were real consequences to  what  Mr. Smith was doing, and that Mr. 
Smith was not entirely righteous in what he did. 

3. Many  parts  of  the  movie  were  overly  simplistic. The  early  scenes  of 
Washington sights and ideas of liberty, equality, and justice were conventional patriotic 
images and sounds.  But I realize also that they were meant to demonstrate Mr. Smith’s 
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perhaps naïve idealism and blind patriotism at the beginning; in that way, they served a 
legitimate purpose.  But other aspects of the film were less justifiably simple.  Mr. Smith’s 
cause was shown to be  completely good, and the opposition was shown to be entirely 
greedy and wrong.  This generalization obviously clashes with my antipathy toward moral 
absolutism. But I was impressed by the speech of Mr.  Smith’s Senatorial counterpart 
inasmuch as it argued that the best way to be a positive influence was to play along with 
corruption; this introduced a complicating idea to the otherwise straightforward message. 

 

 
 

Wednesday, 25 August 2004 
THE TRUNK OF THE PROBLEM 

Today, I cleared off sumac branches and attached grape vines from a small part of 
the septic line, using my hacksaw and scythe.  During the process, I was reminded of an 
exquisitely elaborate metaphor that I by no means invented.  Here it is below, in my own 
words.   (Assume for the moment that world  problems can be objectively identified and 
quantified.) 

Picture the problems of the world as a forest of entirely invasive trees.  Some of the 
problems are tall; others are short; some are quickly growing; others are stunted; some are 
just germinating; others are  dead and decomposing.   Next picture those people who are 
dedicated to addressing these problems as saws of various shapes, sizes, and speeds.  These 
saws select a tree and begin cutting. 

Those saws involved with private charitable donations to the poor are to be seen at 
the very tops of the trees, cutting the smallest of branches because those are the fastest and 
easiest to remove.  These upper branches, however, are quick to grow back, and the saws 
are barely able to maintain equilibrium between removal and regrowth.   But they are at 
least helping to stall further growth of the upper branches. 

Other  saws  are  engaged  in  the  struggle  to  institute  government-based  charity. 
These saws  are  cutting branches slightly farther down from the private charities, and 
sometimes the private  charities are cutting small pieces of the larger branch that these 
government-charity saws are themselves  cutting. The government-charity branches are 
thicker and harder to cut through, but they eventually succeed, so long as they do not give 
up first.  When they finally exscind a branch that was also cut by a private-charity saw, 
both saws go off to find a new branch.  Than the private-charity branches, the government- 
charity ones stay cut-off for longer durations.  But they, too, eventually grew back, slowly 
and steadily. 

Saws are also cutting at the main trunks of trees, the same trees from which charity 
saws are cutting upper branches.  These trunk saws are striving to reform the systems that 
make charity necessary, such as by providing a living wage to workers.  Their tasks are 
protracted, and even with many different saws attacking the same trunk, progress is slow. 
The task is, at first, dauntingly difficult in the face of criticism of the saws as extremist 
radicals.   However, as the tree slowly begins to tilt and as  the social movement slowly 
begins to grow, the work becomes a little easier.  Eventually, as the tree is about to topple 
over, the cutting becomes quick and facile, particularly now that many more saws have 
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joined in.  The trunk will eventually grow back, but it will be slow and manageable for 
future cutting later on. 

From this metaphorical perspective, it is clearly apparent that the trunk cutters are 
most sensible and effective over the long term; they achieve the highest ratio of mass of 
tree cut to amount of sawing  performed, notwithstanding they take much longer to saw 
each branch. The only danger of their  approach,  however, is that their trunk will be 
abandoned before it is ever finished, or that they will never have the saw power requisite to 
overcome the tree’s capacity to regrow even parts of its trunk that have  been cut.   The 
trunk cutters need to reach a certain critical mass of saws before they can finally topple the 
tree.  And certainly if all of the saws that are working on the upper branches were to come 
down and join the trunk cutters, the process would move much more quickly.  During that 
time, the tree would actually  expand and grow more rapidly, but when the trunk was 
finally cut, that extra growth would be reversed along with a greater chunk of the original 
problem. 

 

 
 

Thursday, 30 December 2004 
EFFECTS OF A CAREER 

Assume that the state of the world can be measured with a value w.   This value 
measures  the  degree  to  which  the  world  has  fulfilled  progressive  objectives  and  is 
weighted in proportion to the  magnitude of the achievement.   Assume that working for 
progressive  values  results  generally  in  an  increase  in  w,  and  that  working  against 
progressive ideals causes w to decrease. 

Now we may consider the impacts on w of employment in two very general types 
of careers: (1) employment with a progressive nonprofit organization (2) employment with 
a profit-minded corporation.  The impact will depend on several factors: 

 
(I) Is the position competitive?  That is to say, will your employment in a certain 

job prevent someone else from employment in that organization? 
If the position is not competitive, then your employment will expand the effect of 

the organization.  Thus, noncompetitive employment with a nonprofit will increase w, and 
noncompetitive employment with a corporation will decrease w.  If, however, the position 
is competitive, additional factors must be considered: 

(II) Will you be more productive or less productive than the person whom you 
precluded from working? 

If you are more productive, w will increase when you work at a nonprofit and w 

will decrease when you work at a corporation.  If you are less productive, the reverse is 
true.  If you are equally productive, w remains constant in both cases. 

(III) If you work at a corporation, will you be more likely than the person whom 
you precluded from working to pursue progressive policies that are possible within your 
scope of authority?  For example, if you worked at General Electric, would you be more 
likely to advocate a focus on alternative energy than someone else? 

If the answer is yes, w increases; if the answer is no, w decreases. 
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It must also be acknowledged that any free-time progressive activity, regardless of the 
responses above,  will increase w. It must be stated also that the above list in overly 
general; it is intended as a general guide for thought, not a specific calculation tool. 

 

 
 

Wednesday, 23 March 2005 
RISKY BEHAVIOR 

I wrote the following in response to an article that dad sent to me concerning 

irrationality in making decisions that involve risk. 
This was a great article on one of my favorite subjects. 
One sentence seemed initially sensible: "If the expected value [of damage] is higher 

than the cost of insurance, it is rational to buy the insurance."  But if the insurance costed 
less than the expected value of damages, the insurance company would go bankrupt very 
quickly, because it would pay out more than it took in from the aggregate of its customers. 

I always thought that insurance worked because the expected value of damages is less than 
the cost of insurance, so that the insurance company makes profit in the difference between 
the two.  The reason that a person buys insurance is only because of the principle (which 
we mentioned last night) that a loss of 2x dollars is more than twice as bad as the loss of x 
dollars, especially as x gets into tens of thousands of dollars; in other words, it is worth 
paying some money--the amount of profit that the insurance company makes--to avoid the 
risk of a devastatingly great loss. 

I was also interested in how I responded to the risk aversion and attraction for 
losses and gains: exactly the opposite of what most people would do.  In the choice 
between gaining $10,000 for sure or $22,000 with probability 0.5, I chose the latter, on the 
logic that, since this is extra money in addition to what I am earning for subsistence, it does 
not hurt not to win the money, wherefore I may as well choose the option that gives me the 
greater expected value.  With the choice between losing $10,000 for sure or $18,000 with 
probability 0.5, I would probably choose the former because a loss cuts into my 
subsistence income and losing twice as much is more than twice as bad when it cuts into 
subsistence money.  (If I were rich enough to have my living unaffected by the higher loss, 
though, I would choose the option of lower expected value.)  In short, I choose the option 
with the more positive expected value unless the worse of the two options would actually 
cut into essential funds. 

The "outrage factor" theory explains why people care so irrationally about 
preventing terrorism.  It along with homicide are the ultimate in outrage because they are 
deliberate (and hence, most outraging). 

The discussion of worst-case expectations for ambiguous outcomes is actually 
rational because of the x and 2x principle.  A large loss is more bad than an equally large 
gain is good. 

 

 
 

Thursday, 24 March 2005 

EPICUREANISM 
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I have for a long time known but only recently realized the following conclusion: 
my prevailing attitudes toward life are probably best described as Epicurean (with a capital 
“E”).  My source of information herefor is Jostein Gaarder’s Sophie’s World (pages 132 – 

134). 
Epicurus adopted the philosophy of Aristippus, a pupil of Socrates, who believed 

that “The highest good is pleasure; the greatest evil is pain.”  Though it may not seem like 
it, this sentence forms  the  basis of practically all of my opinions and attitudes. For 
example, I try to make ordinary, dull situations as enjoyable as possible simply because I 
wish to maximize pleasure: I think to myself that I have but a limited time in which to live, 
and if I wish to squeeze maximum  enjoyment out of life, I might as well decide to be 
happy.  This doctrine of mine has been explicated extensively elsewhere, most notably in 
my college Common-App essay.   Aristippus’s doctrine also  expresses the single reason 
that I am motivated to make the world a better place: I wish to reduce the suffering (pain) 
that people endure and create the economic and social conditions that will nurture pleasure. 
There is no other reason for wishing to help others that I could even imagine (except for 
perhaps religious devotion). 

Furthermore, Epicurus refined his definitions in the same way that I do.  “Pleasure” 
does not necessarily mean hedonistic, short-term sensuality (in fact, in most cases it means 
the opposite): 

 
Epicurus emphasized that the pleasurable results of an action must always be 

weighed   against  its  possible  side  effects.[…] Epicurus  also  believed  that  a 
pleasurable result in  the short term must be weighed against the possibility of a 
greater, more lasting, or more intense pleasure in the long term.[…]  Unlike animals, 
we  are  able  to  plan  our  lives. We  have  the   ability  to  make  a  “pleasure 
calculation.”[…] Epicurus emphasized […] that  “pleasure” does not necessarily 
mean  sensual  pleasure—like  eating  chocolate,  for  instance. Values  such  as 
friendship and the appreciation of art also count.  Moreover, the enjoyment of life 
required the old Greek ideals of self-control, temperance, and serenity (Gaarder 
133). 

 
Anyone who knows me or my writings will instantly understand how perfectly each of the 
above sentences captures my own disposition.  I would add to the list of values that also 
count  as  pleasure  political  participation  in  pursuit  of  a  better  world. Unfortunately, 
Epicurus scorned political life in favor of secluded communal agrarianism (Gaarder 134). 
This is the only departure given in Sophie’s World between the philosophies of Epicurus 
and myself. 

The final similarity lies in adherence to materialism.  Epicurus accepted the atom 
theory of  Democritus as a cure for religious superstition (Gaarder 133). He moreover 
dismissed fear of death in the same way that I do: “Death does not concern us, because as 
long as we exist, death is not here.  And when it does come, we no longer exist.”  I would 
just add, of course, that we should not ignore death, just not fear what happens afterward; 
the realization that one will eventually cease to live should be constantly in our minds as a 
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spur to make the most of our scarce time and to maximize pleasure while we have the 
chance to do so.  I’m sure that Epicurus would have said the same. 

 

 
 

Sunday, 3 April 2005 
ALONE IN THE WILDERNESS 

Today  I  watched  the  first  half  hour  of  a  PBS  special  entitled  Alone  in  the 

Wilderness.  It relates the story of a middle-aged man who decided to live in Alaska on his 
own for one year.  The footage consists of tripod-mounted camera shots that the man took 
as he built a cabin, caught fish, and explored his surroundings. 

To describe the man as assiduous would be an understatement: he built the frame of 
his cabin in two weeks, a fireplace in a matter of days, and tools in just a few hours, all 
while he fished and collected berries to eat.  Whenever I lack inspiration, I should recall 
this man’s efforts, as well as those of countless others who have done similarly strenuous 
tasks. 

 

 
 

Saturday, 9 April 2005 
BEYOND INTUITION 

I have  of  late  noticed  several  examples  for  which  the  obvious  common-sense 
response to a  proposition is erroneous. This is obviously true for many (if not most) 
conclusions of science, the heliocentric model, relativity, and quantum theory being just a 
few examples. However, I have also found this idea applicable to  moral and social 
decisions. 

One example  is  the  following  statement:  Swarthmore  could  help  low-income 
students by increasing tuition costs.  While at first seeming ridiculous, the statement is in 
fact  true. Given  that   Swarthmore  gives  financial-aid  payments  on  the  basis  of 
demonstrated  need,  an  increase  in  tuition  should  cause  an  equally  large  increase  in 
financial aid for poorer students, since the amount that  families are able to contribute 
would remain constant.  Thus, a tuition hike would have no impact on students receiving 
financial aid.  But it would increase costs for wealthier students, meaning that the college 
would take in more money than before. If program and maintenance costs remained 
constant,  this  would  mean  more  money available  for  financial  aid  and,  hence,  lower 
effective costs for poor students. 

Another example is moral culpability. According to conventional standards, a 
person who steals from another has committed a wrongdoing.  Similarly, one who murders 
another person deserves punishment.  But what happens if one moves beyond conventional 
definitions of immorality to include not just literal but effective crimes? 

Theft involves many negative consequences—a breakdown of trust, insecurity for 
those with private property, wasting of money on installation of security systems, et cetera. 
In some cases, one of the worst aspects of stealing is that it makes one person richer and 
another person poorer.  Consider two people who each have $100,000.  If Person 1 steals 
$50,000 from Person 2, the effect is to give the former $150,000 while the latter is left with 
$50,000. Such redistribution is almost universally condemned. But what if Person 1 
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started out with $150,000 and Person 2 started with $50,000?  The effect is the same as the 
theft described earlier (except for the other, concomitant consequences that theft entails), 
but in this case, the situation is almost universally accepted and sometimes even embraced. 
I am not suggesting necessarily that the government should equalize all wealth; I simply 
mean to provoke thought concerning beliefs that are considered obvious. 

A similar argument may be made with respect to murder.  If Person 1 kills Person 
2, the act is considered reprehensible, as well it should be.  What if Person 1 sits by while 
Person 2 dies in an easily preventable manner?  This, too, is generally considered evil.  But 
when deaths are less directly visible, the generally accepted moral standards are absent. 
For example, a millionaire’s decision to build  a  third summer home is conventionally 
considered his or her own private business.   But the money  required for such a luxury 
could have been given to a lobbying organization or—if one does not consider donations to 
such groups to necessarily save lives, since those on the right actually promote harmful 
policies—to a widely admired charity like Doctors without Borders or Oxfam.   Putting 
aside the  possibility that the charity’s activities actually result in more human suffering 
(which I consider unlikely though not impossible), failure to donate to the group caused 
more deaths.  The effect is the same as murder: in both cases, one person’s decision caused 
another person to die (indeed, the money spent on a summer home probably could have 
saved several dozen lives).  But while we express so much outrage at direct murder, we 
seem indifferent to effective murder. As before, I am not necessarily suggesting any 
specific course of action with this discussion; I merely intend to raise questions to provoke 
contemplation. 

 

 
 

Saturday, 30 April 2005 
ONE PERSON, MANY PEOPLE 
"He who saves one life, it is as if he has saved the entire world." --The Talmud 

I think not that this should be seen as hyperbole, because the whole world really is 
much more important than one person.  The reason it's interesting is that, to the one person 
who stays alive, the earth still exists.  The universe only exists in the minds of those 
conscious enough to realize it, so if a person ceases to exist, the portion of reality which 
that person's perception created is lost. 

 

 
 

Wednesday, 25 May 2005 
VOLUNTARY VERSUS COERCED DECISIONS 
FROM A UTILITARIAN PERSPECTIVE 

Assumptions:  I  shall  first  of  all  assume  that  people  will  always  make  those 
voluntary decisions that maximize their own personal net utility.  (I believe that it would 
be possible to construct alternate utilitarian models without this assumption, but I shall not 
explore that here.)  One might challenge this statement on the grounds that people make 
plenty of decisions that not only do not maximize their personal utility but that result in 
negative  net  utility  (for  example,  abusing  alcohol,  smoking,  and  driving  recklessly); 
however, my assumption implies that people will always be “rational” in considering their 
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options—meaning that they will look at long-term consequences with the same concern as 
short-range benefits.  “Rational” also means that people making decisions have sufficiently 
broad and accurate knowledge of the consequences involved; plenty of people bought duct 
tape so that they could seal off their houses in the event of a biological terrorist attack, not 

because it actually served to prevent a significant  loss of utility but only because their 
perceptions of the risk of such an attack and of the ability of duct tape to protect them were 
significantly off.  Perfect knowledge of consequences is, of course, impossible, but there 
nevertheless exists a wide spectrum for how well informed various decisions are.  (These 
rather strong assumptions of rational behavior will be relaxed toward the end of this essay.) 

Voluntary Utilitarianism: To take an example, Person A is considering whether to 
go jogging or biking for half an hour. On this particular day, the former option will 
provide 15 utils in total, while the latter will provide only 10 utils; obviously, Person A 
will go jogging. 

What about altruistic decisions in which Person B sacrifices for the benefit of 
Person C?  For example, Person B might choose to donate blood to save Person C’s life.  Is 
this not a case in which Person B deliberately chooses an option that will entail personal 
net negative utility? Consider, though, that there  is a reason why Person B made the 
decision to donate blood: taking this action provides Person B the satisfaction of knowing 
that he or she helped another—which is to say, taking this action gave Person B positive 
utility.  If the assumption in the first sentence is held, this positive utility must exceed the 
inconvenience of giving blood enough not only that the net personal utility of the action 
becomes positive but that it becomes more positive than that of all other options that would 
utilize the same resources.  Thus, if we accept our initial assumption, we see that altruistic 
decisions not only increase the utility of society as  a  whole but necessarily increase the 
utility of the person making them, as well. 

This might be best elucidated with example numbers. Let  the discomfort for 
Person B of giving blood be -10 utils.  The benefit of the donation to Person C might be 
+1000 utils.  Ignoring other associated changes in utility (such as the relief of Person C’s 
friends and relatives), the net social utility of the option given only the numbers listed so 

far is 990 utils.  Of course the action should be taken because its net social results are so 
positive (presumably higher than those of  any other option), but our initial assumption 
predicates that an individual will only do something when  his  or her personal utility is 
maximized. So Person B will only give blood if the resulting net personal  utility is 
positive.  This condition is met when Person B’s individual happiness at helping someone 
else is high enough (say +50 utils) that the net personal utility of the action is very positive 
(40 utils).   If Person B  does not assign enough value to saving someone else’s life (for 
example, if Person B feels only 5 utils of satisfaction), he or she will not donate the blood 
even though the net social benefit is still extraordinarily high.  Thus, it is now clear that the 
objective of what I shall call “voluntary utilitarianism” is to change people’s perceptions of 
altruistic satisfaction so as to align people’s personal decisions with maximum  social 
utility—that is, to make individuals happiest when they are doing what will make society 
happiest. 

Coercive Utilitarianism: In some cases, it may not be possible or effective to 
pursue voluntary utilitarianism because it might be hard to persuade people to do proprio 

 

 
 
 
 

* 15 * 



 

motu what is best for humanity as a whole. In these cases, the best option may be 
“coercive utilitarianism”—which I shall define to mean forcing people to make the socially 
optimal decision.  A fitting example is taxation of the rich to pay for roads and schools. 

Coercive utilitarianism works in the opposite way from its voluntary counterpart. 
Instead of increasing the utility that one personally derives from choosing the best option, 
coercion reduces the utility  resulting from all of the other options so that the socially 
optimal choice provides the highest possible  personal utility—even though such utility 
may still be negative. 

For example, Rich Person D may experience -50 utils if he or she pays $1 million 
in income taxes but would feel 0 utils if he or she successfully evaded those taxes.  The 
social benefit resulting  from  $1 million of extra tax revenue might be +100,000 utils, 
making the net social benefit of taxing Person D 999,950 utils.  But right now, Rich Person 
D would experience more individual utility by not paying taxes (0 utils) than by paying 
taxes (-50 utils).   So if the government cannot persuade Rich  Person D on the basis of 
altruism, it must resort to coercion: namely, threatening to bring charges serious enough 
that Rich Person D would feel more negative utility from not paying his or her taxes (say, - 
200 utils) than from paying them (still -50 utils).  Thus, paying the $1 million has become 
the option of maximum individual utility—even though that utility is negative. 

It is important to note that, in forcing Rich Person D to make the socially optimal 
decision, his or her personal utility had to be reduced.  This is what distinguishes voluntary 
and coercive policies: while the former make both the individual and society happier, the 
latter make society happier at the expense of the individual. 

Relaxing the assumptions for “rational” decision making: I shall now return to the 
assumption  made in the first paragraph that humans act rationally in that they consider 
long-term utility to have the same value as that in the short term.  Obviously, humanity has 
substantial room for improvement in this regard.  The point that I wish to make here is that 
efforts to address myopia may be viewed under the same  framework as I have outlined 
above  for  addressing  selfishness. Sometimes  the  most  effectual  option  is  to  change 
people’s perceptions of the worth of long-term utility so that they will derive more short- 
term  utility  from  choosing  the  foresighted  option  (think,  exempli  gratia,  of  health- 
education programs).  And in other cases, coercion will be more effective in forcing people 
to choose the long-term decision by reducing the utility of more immediately gratifying 
options (think of the seat-belt law).  Or sometimes a combination of both would work best. 
Perhaps the new assumption on which the model should be based  is  that “People will 
always choose the decision that furnishes the maximum amount of immediate net personal 
utility.”  The utilitarian goal then becomes not only to align maximum personal utility with 
maximum social utility but also maximum immediate personal utility with maximum long- 
range personal utility. 

The  remaining  assumption  for  “rational”  behavior  that  must  be  relaxed  is 
“sufficiently  broad  and  accurate  knowledge  of  the  consequences  involved.” Here, 
“sufficient” implies not consummately detailed familiarity with a subject but experience 
adequate to  prevent serious harm. Obviously, it would not be a utilitarian decision to 
waste one’s time in trying to learn the details of every aspect of life; one should educate 
oneself up to the point at which the long-range social utility of making oneself aware falls 
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below the long-range social utility of doing some other action in the same amount of time. 
Nonetheless,  there are many topics about which many people want even the most basic 
knowledge:   sex   education,   physical   education,   nutrition,   and   the   economic   and 
environmental effects of government policy.   When people lack adequate knowledge of 
these subjects, they can make perfectly “rational” decisions within the framework outlined 
above, but their decisions may still be far from socially optimal.  Thus, the third obligation 
of utilitarianism—apart from aligning personal utility with social utility and immediate 
utility with long-range utility—is to ensure that people are sufficiently informed about 
their decisions. 

 

 
 

Friday, 27 May 2005 
THE ALL-OR-NOTHING FALLACY 

One common defense of direct charity over political advocacy is that the results of 
the former are  clear and certain, the benefits of the latter are up to chance. Whereas 
spending an hour serving food at a soup kitchen demonstrably gives a few extra people a 
meal, using the same time to write a letter supporting a living wage will most likely not 
change a legislator’s position,  much less the final outcome of the bill’s passage.   As a 
consequence, many people donate to their local food bank rather than Food First.  I intend 
presently to challenge this widespread argument. 

Assumption  1:  The  policies  that  advocacy  groups  fight  to  implement  are  not 
misguided and will genuinely address the problem. 

Assumption 2: Unless a letter or advocacy campaign actually changes the vote on a 
bill, it is useless.  (I strongly reject this assumption on the grounds that some base level of 
constant political pressure  is important to keep one’s cause in the back of the minds of 
politicians, strategists, and the media.  This may not change a legislator’s decision on one 
particular bill, but it will continue to have a somewhat subconscious affect throughout the 
legislator’s term.  The reason that I have included this assumption is that it represents a 
concession to some charity advocates who might dispute it; including it means that I shall 
be arguing on their terms.  Moreover, it simplifies the analysis.) 

Assumption 3: A certain critical mass of citizen activism will at some point force 
the  government  to  change  its  position  (this  might  be  1,000  letters  or  100,000,000 
protestors). 

Assumption 4: Once critical mass has been reached and the policy implemented, 
count the resources (time and money) required to achieve that critical mass and count the 
magnitude of the change that will result.  Then consider what magnitude of change could 
have been accomplished had that same amount of resources been utilized for charity. 

This piece has been abandoned here, because it has failed to take the intended 

direction. 
 

 
 

Friday, 27 May 2005 

THE ALL-OR-NOTHING FALLACY 
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People too often attempt to rationalize their own failure to take a certain utilitarian 
action with the following statement: “One more person will not make a difference.  Sure, if 
10,000 other people joined me, we could really have an impact.   But the effect of one 
person is too insignificant to measure, so it doesn’t matter if I take this action or not.”  This 
argument may be invoked in trying to justify inaction in two distinct types of situations; in 
both of them, it fails. 

I shall call the first type of situation one of “continuously distributed effects” or, for 
short, “continuous.”  That is to say, the amount of effect that one’s action can have is, for 
all practical purposes,  continuously distributed (i.e., it can take any real-number value). 
An example is greenhouse-gas emissions from driving one’s car: for every extra meter that 
one drives, a slightly higher amount of carbon dioxide  is  emitted into the air, so that 
driving one meter less has a quantifiably smaller adverse impact. 

The second  situation  is  one  of  “discretely  distributed  effects”  or,  abbreviated, 
“discrete.”   Here there exist only a finite number of possible outcomes, and usually there 
are just two: success or  failure.   For example, passage of a bill in its final form can be 
considered discrete, because it either passes or fails, and there is no in-between.  A bill to 
which two amendments have been proposed has four possible outcomes: passage with both 
amendments, passage with only the first, passage with only the second, or defeat. 

Application of the all-or-nothing fallacy to continuous situations is rather easily 
refuted.  Those who accept the fallacy generally believe that, were there a critical mass of 
people taking the given action,  the results would far outweigh the costs.   For example, 
people  who  feel  that  it  would  be  useless  for  them  individually to  donate  $20  to  an 
advocacy organization would welcome a society in which  everyone gives $20 to such 
organizations, because the enormous results of the latter situation are much larger.  This 
feature is what makes the fallacy “all-or-nothing” rather than just “nothing”: under the 
former justification of inaction, people claim that if enough others took the action, the 
problem would be all solved, but if only they act, nothing will happen; those with the latter 
view do not believe that action will make a difference whether they alone or a group of ten 
million other people do it.  The latter view may at many times be admirable; the former 
view is not.  Because the effect distribution is continuous, the result when one person takes 
the action is one-one millionth of the result when a million people take the action;  the 
burden of one person taking the action is one-one millionth of the burden of a million 
people  taking  the  action. So  if  the  costs  of  a  million  people  doing  something  are 
outweighed by the benefits, then the cost of one person doing that same thing will also be 
outweighed by the benefits.  This assumes, of course, that the relationship between number 
of people taking action and amount of benefit is best approximated by a line (rather than a 
parabola,  exponential  graph,  logarithmic  graph,  et  cetera),  but  I  think  that  such  an 
assumption is fairly accurate for the types of actions from which people genuinely try to 
exempt themselves by means of the continuous all-or-nothing fallacy: donating money, 
driving less, recycling, conserving paper, conserving electricity, and others. 

The all-or-nothing argument takes on the appearance of greater sophistication in 
discrete situations.  For instance, a single person who campaigned for John Kerry in Ohio 
in 2004 can tell himself or herself that his or her effort was futile, because George W. Bush 
would have won the state either way.   Similarly, if a person wrote a letter to a wavering 
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member of Congress whose vote determined whether or not the Clear Skies bill got out of 
committee and the Congressperson ultimately decided to vote contrary to the wishes of the 
letter writer, the letter writer might feel that his or her effort was wasted and that he or she 
should not have bothered.  These positions seem prima facie defensible. 

But they are not. Before the event in question actually happened, the person 
deciding to act did not already know what the result would be.  Under other circumstances, 
that person might have been the deciding factor.  And since the wisdom of a decision is 
determined  by the probability of the  possible  outcomes  at  the time the decision  was 
made—not by the specific outcome that actually occurred—the decision to campaign in 
Ohio or to write the letter was a good one even though the desired result did not happen to 
come about. 

This idea may be best illustrated by a simpler example.  Imagine a lottery for which 
tickets cost $1 each and for which the prize is $100 million.  The probability that any given 
ticket will be the winning ticket is 1/1,000,000.  Assuming that those playing this lottery 
have enough superfluous money that losing $1  will have no impact on their standard of 
living, the lottery is a great deal, for the expected value of buying one ticket is $99.  It is 
certainly better than paying $1 to earn a guaranteed $10.  (I must immediately qualify these 
statements as being predicated on the assumption that winning $1,000,000 is a million 
times as good as winning $1, et cetera.  While this assumption rarely holds true for money 
because its marginal utility drops off so sharply, it often does for public-policy gains.  For 
example, precluding two million metric tons of carbon dioxide emissions really is almost 
twice as good as precluding one million metric tons.  And preventing 10,000 deaths from 
AIDS really is almost ten times as good as preventing 1,000.  If I had said that the money 
won through this lottery would go to a charitable cause, the assumption would continue to 
hold true.) The analogy should be obvious: buying a lottery ticket represents political 
advocacy, such as campaigning for Kerry in Ohio, while accepting the guaranteed $10 
represents direct charity.  The results may be more certain, but the expected value of the 
gains is far smaller.  Certainly someone who bought one of the hypothetical lottery tickets 
should not regret his or her decision simply  because he or she did not win; buying the 
ticket is still the best decision even though 99.9999 percent of people do not win it. 

Thus, the discrete application of the all-or-nothing argument is as fallacious as its 
continuous counterpart. 

 

 
 

Thursday, 2 June 2005 
ON FREE WILL 

It is a common belief that the existence of “free will” (that is, the ability to make 
decisions that have not already been preordained by determinism) is necessary in order for 
life to be meaningful, in much the same way that ninety percent of Americans feel the need 
to believe in God despite the absence of scientific evidence.  But much in the way that “a 
spirit” need not exist in order to enjoy life, free will need not exist in order to make the 
best decisions: in both cases, the reality of the situation is  irrelevant  beyond abstract 
philosophy, for the effective implications are the same whether or not a spirit exists and 
whether or not people have free will. 
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Assume for the moment that determinism is approximately true on the macroscopic 
level and that quantum randomness can be ignored.  It is true that all of the events of the 
universe are theoretically predestined, but it is also true that such a fact matters not.  Since 
humanity can neither predict the future by means of atoms and molecules nor ever come 
close to doing so, we must in practice act in the same way that we would given free will. 
The existence of theoretical knowledge makes no difference if people will never be able to 
learn it.  Given that reality, we must act as if actions are not predetermined.  According to a 
determinist, the outcome of a coin toss is predestined, but inasmuch as no one could ever 
predict it, we must act as if the outcome were truly random—that is to say, by assigning 
probabilities of 0.5 to heads and to tails. 

Some  people  argue  that  if  determinism  were  true,   they  would  not  have 
responsibility for their decisions and would have no incentive to make the right decision 
because whatever they choose would have been selected ahead of time.  Such reasoning 
ignores the obvious fact that, if the right decision is to be carried out, one still has to do it. 
What  does  it  matter  whether  one  decides  to  reduce  suffering  out  of  free  will  or 
predestination?  In either case, one still has to make it happen.  The world’s molecules may 
have been previously ordained to move in such a way that one makes the best decision, but 

one still has to move them in order for it to happen.  If humans could somehow know the 
future, and if such knowledge did not alter that future, then the mindset presented above 
would be acceptable.   But  when we cannot ever learn such knowledge, the effect is the 
same as if such knowledge existed not at all.   Thus, whether free will exists or not is a 
moot topic reserved for philosophy classes; it should have utterly no impact on the way in 
which we choose to lead our lives. 

 

 
 

16 June 2005 
ECONOMICS AND ETHICS 

Introductory economics courses  teach  of  two  opposing  trajectories  in  policy 
approaches to the economy—the noninterventionists and the interventionists.  The former 
believe  that  the  pure  market  system  will  by  itself  will  lead  to  optimal  allocation  of 
resources and that government interference on  behalf of the common good would only 
mess things up.  The latter believe that the pure market system under the nice assumptions 
exists not in reality: market power and market failure, they argue, corrupts the ideal model. 
As a result, the government must intervene to correct those failures so that the market 
system will become socially optimal. 

Mirroring  this  debate  almost  perfectly  are  two  conceivable  approaches  to 
utilitarianism.  The “noninterventionist” utilitarian would have egoist leanings, in the sense 
that she would argue that the  pursuit of self-interest by each will produce the greatest 
utility for all.   In other words, every person  need  not concern himself with society as a 
whole; each person need only concern himself with his own utility, and if everyone does 
that, humanity collectively will maximize its happiness. 

The “interventionist” utilitarian points out the flaw in this nice model—to wit, 
“market power.”   Some people have far more power, control, influence, and forcefulness 
than others, wherefore their personal desires are met far more fully than—and often at the 
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expense of—those of others.   Just as those with enough money can advertise to create 
brand loyalty and steal customers away from smaller firms, those with enough political or 
economic power can steal utility  from the weak (think, for example, of the Egyptian 
pharaohs fulfilling their own moderate desire for great pyramids by forcing thousands of 
slaves to work for no benefit of their own).  Had everyone equal control and ability, the 
idea of maximizing social utility by selfishness might have some merit—just as the idea of 
the pure free market could conceivably be defensible if market power and failure did not 
exist.   But because those ideals do not hold true in reality, people must instead act with 
social utility in mind, in the same way that the government must act by considering the 
common good. 

 
 
Friday, 8 July 2005 
EUROPEAN DATES AND TIMES 

The American convention of writing, for example, “July 8, 2005” is unnecessarily 
inconvenient.   Not only does it require the introduction of a comma, but it also puts the 
quantities listed out of any consistent pattern of ascending or descending size (month is a 
bigger unit than day, but day is a smaller unit than year).  The European format—“8 July 
2005”—both obviates punctuation and puts the units listed in order of increasing size (day 
< month < year). 

American  use of a twelve-hour time system is  similarly foolish. There is no 
purpose in arbitrarily dividing the day into two halves; the only result of doing so is to 
necessitate use of “a.m.” and “p.m.”  Speaking of times on a 24-hour basis eliminates this 
gratuitous burden and avoids potential confusion. 

 

 
 

Monday, 11 July 2005 
ON POPULAR OPPOSITION 
TO UTILITARIAN POLICIES 

I sent this email with an attachment of “Who Cares about Cost?  Does Economic 

Analysis Impose or Reflect Societal Values,” Working Paper 46 of the Center for Health 

Program Evaluation. 

The attached document is a thoroughly fascinating study, and I suspect that you 
will enjoy it. 

I appreciated the authors’ recognition of the complexity of utilitarianism in 
acknowledging that the theory must take into account any adverse impact of an unpopular 
policy on society.  It is very easy to create a strawman by only considering "direct" costs 
and then claiming that the utilitarian framework is therefore flawed, but this article made 
use of utilitarianism according to its true meaning. 
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The study focused on the very question that you had asked previously: If the vast 
majority of society rejects a certain utilitarian policy, then how can you claim to be right in 
advancing it?  I have previously explained my response, but I shall do so again. 

Consider Unpopular Utilitarian Policy A.  The direct value of Policy A (that is, the 
change in utility that it creates if one does not consider the opposition of majority 
sentiment) is, for instance, +100 utils; assume that the next-best policy that could be 
carried out with the same resources is Netural Policy B with utility value +50 utils.  Clearly 
Policy A—viewed purely from the standpoint of direct utility—is the best option.  But 
remember that implementation of the unpopular policy will create public outcry, perhaps 
so much that the utility value of the policy only on the populace at large (that is, people 
watching the news at home, et cetera) is -150 utils.  The net effect, of course, is that Policy 
A has a value of -50 utils and should not be carried out; we would choose Neutral Policy B 
instead.  Is this not the end of the discussion, forasmuch as Policy A has a negative utility 
value while Policy B has a positive one? 

Not quite.  The reason is that one must not only consider the actual present utility 
value of an action but also the potential future one.  Let's say that Utilitarian Group C 
conducts a public-awareness campaign to demonstrate to people that Policy A itself has a 
direct utility value higher than that of all other options.  If Group C succeeds in convincing 
enough members of the general public that Policy A in and of itself should happen, then 
the value for exogenous utility will have been changed: because Group C cannot convince 
everyone, assume that public-opinion utility has merely risen to 0 utils, so that the intensity 
of outrage that remains is balanced out by intensity of support.  The result, then is that 
Policy A now really does have a total utility value of +100 utils and should thence be 
implemented.  The amount by which Group C, in changing public opinion, increased the 
utility of society can be calculated by considering the utility value of the option that they 
succeeded in enacting (+100 utils) and subtracting therefrom the utility value of the policy 
that would have been implemented without their intervention (+50 utils).  Thus, Group C's 
advocacy campaign augmented social utility by 50 utils. 

Does that mean, then, that utilitarians should focus on changing public opinion? 
Not necessarily.  Group C's public-awareness drive used a certain amount of resources in 
achieving a +50-util enhancement to society's happiness.  The effect of the campaign must 
be viewed alongside all other possible resource allocations.  Obviously, if using the same 
amount of time and money on global sanitation would have increased total utility by 60 
utils, Group C should not have conducted the campaign. 

In other words, deciding whether to change public opinion in order that society will 
accept a utilitarian policy must be weighed as any other use of resources is weighed.  If it 
will not be effective (perhaps because prevailing popular sentiment results from deeply 
engrained biological responses), it should probably not be carried out. 
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THE DARWINIAN CASE 
AGAINST SPECIESISM 
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None of the below discussion is novel or original; all of the ideas mentioned have 
been explicated at length by  many other authors, particularly Peter Singer 
(http://www.utilitarian.net/singer). I  wrote  the  following  passage  merely  in  order  to 
develop the established argument for animal welfare with a slightly different emphasis. 

Speciesism—discrimination  on  the  basis  of  species—has  been  the  dominant 
attitude of  human beings ever since they developed thousands of years ago.  Indeed, a 
disposition of apathy toward other animals is probably favorable from an evolutionary 
standpoint: those early human beings who cared for animals were probably not likely to 
survive easily, particularly before the advent of agriculture.  Of course, that something is 
natural means not necessarily that it is ethical.  It is natural for men to repress women, for 
the wealthy to exploit the poor, and for the strong to dominate  the  weak. But these 
practices are not moral according to prevailing standards.  So it is also possible that our 
current treatment of animals is not moral, however natural it may be. 

Concern only for members of one’s own species seems generally favorable for 
survival in the  wild. But speciesist attitudes have also been reinforced by prevailing 
cultural standards—particularly the Judeo-Christian ideas that God made man in His image 
and gave man dominion over the animals.  Just as virtually every civilization throughout 
history has seen itself as the center of the universe, so too humanity has viewed itself as 
supreme and fundamentally different from every other living creature on the planet.  It is 
this view that has caused humans to care more for their neighbors than for their cows, and 
it is because of this view that we, for example, shudder at Abraham’s determination to kill 
Isaac while thinking nothing of his actual slaughter of the lamb. 

This Judeo-Christian view of humanity was slowly eroded by science—notably the 
discovery by Copernicus and Galileo that earth was not the center of the universe—before 
being completely shattered by Darwin, whose 1871 The Descent of Man proclaimed that 
“man is the co-descendent with other mammals of a common progenitor.”  In other words, 
Homo sapiens are simply biological entities like any other  organism; they may possess 
unique  capabilities—particularly  writing,  farming,  and  manufacturing,  not  to  mention 
having the most  intricate language of any species—but  they are not  at  a basic  level 
different from other advanced animals. Distinguishing members of the human species 
from members of the chimpanzee species represents not a fundamental division but merely 
one more arbitrary way to classify various organisms.  And while this separation may be 
useful, it is not necessarily morally relevant.  In the same way, it is helpful in many ways 
to distinguish between males and females, but such a distinction does not necessarily have 
moral significance. 

This is where concern for the welfare of other species takes hold.  When we stop 
viewing humans as members of one species and pigs as members of another, but instead 
view them both as biological entities fulfilling their own needs and desires, the inveterate 
conceptual roadblock that inhibits tantamount concern for the pig disappears.  We can then 
concentrate on the ethically relevant  characteristics of each biological unit—to wit, the 
capacity to experience fear, stress, and pain, and the capacity to feel joy, satisfaction, and 
fulfillment.  In short, the Darwinian approach allows us to understand that division on the 
basis of species is but one possible way of viewing animals, and—furthermore—it is not a 
morally important one.   We might similarly classify organisms based on their age, their 
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color, or the speed at which their heart beats; it is because we are so accustomed species- 
based division  that we consider it more than one arbitrary way to arrange biological 
entities. 

 

 
 

Friday, 22 July 2005 
FROM MATERIALISM 
TO UTILITARIANISM 

Assume for the moment that materialism can be regarded “true” within the context 
of conventional human views of reality. 

According to this assumption, all matter consists of groups of atoms that move 
around,  recombine, and occasionally change form.   Every once in a great while, atomic 
interactions  happen  in  such  a  way  that  a  group  of  atoms  forms  a  self-replicating 
combination.  Such incidents are not somehow “favored” by the universe any more than 
any other series of chemical reactions is favored; it is only because of the very nature of 
the  combination  itself  that  it  “survives”  when  other  combinations  do  not. As  these 
combinations continue to reproduce, they inevitably mutate into a variety of different 
forms, and those that are best able to reproduce themselves are those that remain.  Every 
once in  a while, this  process  of  adaptation  leads  to  a more complex  combination  of 
atoms—not because complexity is an inevitable result of evolution but simply because a 
particular set of environmental factors at one particular time  happened to favor it. By 
fortuity,  the intricacy of the combinations will sometimes continue to expand and may 
eventually—in very rare  circumstances—lead to groups of atoms that can cognize their 
own existence.  This cognizance, along with any other thoughts, sentiments, and sensations 
that the atomic collection experiences, consists entirely of bunches of atoms moving and 
interacting in certain ways.  Such is the materialist view. 

To many people, this conception of the universe would lead to what I shall call 
“materialistic nihilism”: If all feelings and emotions can be reduced to atoms moving in 
certain ways, why do they matter?  Who cares whether certain groups of atoms move in 
one way rather than another way? In  response to these discomforting questions, most 
people turn to belief in God, a spirit, or some other form of meaning that transcends matter. 
I obviously cannot dismiss such beliefs as definitely false (speaking, of course, within the 
conventional human view of “reality” that considers it possible to define “truth” and 
“falsehood”) for the same reason that prevents me from dismissing a belief that little green 
aliens will colonize Earth within the next ten years:  in both cases, I simply lack evidence 
to disprove the beliefs with  certainty—however unlikely they may be.   But in choosing 
between a model of the universe for which there is substantial evidence and one simply 
that cannot be disproved, I consider it sensible to select the  former. And it is for this 
reason that I shall maintain the assumption set out in the first paragraph that materialism 
can be regarded as “true.”  Does this not, then, lead back to nihilism?  I shall argue that it 
does not: to me, a purely materialistic view of existence leads not to a rejection of concern 
for others but to a defense of it. 

Let us first examine the perspective of materialistic nihilism.  In doing so, it will be 
helpful to focus on one particular example of a sensation—say the pain of torture.   The 
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nihilist is indifferent to the suffering of the victim because she sees the experience of pain 
merely as the movement of certain atoms in the victim’s brain and nervous system.  And if 
pain is nothing more than the movement of atoms in one particular way, what makes it any 
different  from  the  movement  of  atoms  in  any  other  way,  such  as  one  that  a  person 
experiences as pleasure?  If the whole field of ethics concerns itself with making sure that a 
few atoms in the universe move in one way rather than another, what is the point?  For that 
matter,  who  cares  about  art,  literature,  music,  or  anything  else,  because  all  of  these 
activities accomplish nothing other than moving atoms in certain ways? 

The flaw that runs throughout this argument is the assumption that “it makes no 
difference whether groups of atoms move in one way or another.”  Such a statement may 
seem valid prima facie because people tend to view atoms as abstract objects like rocks— 
and  few people  care how a  pile of  rocks  is  oriented. But  some  atoms  are  not  just 
meaningless pieces of matter: those that enable a person to live, feel, and think are as 
valuable as the  sensations themselves—indeed, the atoms of emotion are the sensations 
themselves.  If a certain arrangement of atoms is a sine qua non for the experience of love, 
then that arrangement genuinely is love,  and those tiny bits of matter should be viewed 
with the same reverence as we generally give to the abstract notion of love itself. 

In  the  preceding  paragraph,  I  attempted  to  demolish  what  I  defined  as  the 
materialistic-nihilist  argument,  which  is  the  equation  of  thoughts  and  sensations  with 
specific  movements of atoms in an attempt to transfer the putative dryness of the latter 
onto the former.  It is possible, however, for the nihilist to go further, by denying not only 
that atoms as an abstraction can have value but that the emotions that they create do not 
matter either.  I think not that this revised nihilist approach can be refuted in the sense of 
regular argument, for it reaches down to perhaps the most basic  axiom of all of human 
existence: namely, that sensations of pain and pleasure, fear and comfort, frustration and 
satisfaction all do matter.  Such an axiom cannot be “proved” to someone who refuses to 
accept it, inasmuch as the process of argument requires shared assumptions of value on 
both sides, and this dispute is over the existence of value itself.  I cannot “prove” that it is 
better not to burn my finger, break my arm, or otherwise needlessly inflict pain on myself, 
and I cannot “prove” that there is “value” in fulfilling my preferences.  I simply take these 
feelings for granted as the singular assumption on which all reasoning rests. 

If we accept this premise—as most of humanity does—then we see that the atomic 
interactions that create sensations also matter, for the reason that I explicated above.  So 
not only does my sensation of joy have value, but the movements of atoms that created it 
have equivalent value.  The same is true for discomfort: the atomic interactions that create 
it have (negative) value. 

From  this  materialistic standpoint,  empathy follows  quite naturally. If certain 
atomic interactions are good in my own body, then the same interactions will be good in 
any other body.   So just as I want to move atoms in my body in desirable ways, I should 
want to do the same in any other body.  If there is no higher power, no spirit, and no God, 
then the value of the universe derives wholly from these desirable atomic movements, and 
we ought to create as many of them as we can; it makes no difference in which collections 
of atoms the pleasurable atomic movements take place. 
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Sunday, 24 July 2005 
IS HAPPINESS RELATIVE?— 
A PERSONAL CONJECTURE 

For much of my life, I held the belief that happiness is relative, meaning that 
regardless of the conditions of one’s life, one will experience a certain amount of joy and a 
certain amount of displeasure.  I expounded this idea best in a book review that I wrote for 
my tenth-grade English class on 2 January 2003: 

 
[T]he Ojibwe [Native Americans] “understood that both the making and the 
unmaking  were essential parts of life and necessary to keep the balance. 
After all, what was dawn without dusk and what was life without constant 
change? [...]  For all the pain and heartache we have felt, there has been and 
will be, an equal amount of joy.  That is how everything works.  There is 
always  a struggle to  maintain  the balance” (187,  299). This  statement 
explores ideas that I have also found to be true. The second sentence 
explains that life would be monotonous and meaningless if our surroundings 
and situations were not changing all the time.  This applies even to moments 
of felicity, for if humans  only experienced happiness (“dawn”) we would 
have no other emotion for comparison,  and we would not be truly joyful. 
Changes are required for us to appreciate life’s best moments, or else none 
of our experiences would be special, unique, or important.  This relates to 
the ideas in the last three sentences of the above quote, which explain that, 
because the world has a balance, all of our emotions equal out, and we can 
never have more of one than another.  When moments of elation subside, 
we are met with less  pleasant emotions, just as feelings of desolation are 
always followed by periods of exultation. 

 
One might, with levity, call this observation the “law of emotion”: For every feeling there 
is an equal and opposite feeling. 

Comparisons between people in affluent nations and those in the Third world may 
to some degree support this claim.   It is often commented that peasants and villagers in 
Latin America and Africa live joyfully in spite of their hardscrabble situation.  At the same 
time, it is also frequently noted that middle- and upper-class Americans, with all of their 
luxuries and conveniences, are very often depressed,  aggravated, and discontent.   While 
primarily an argument against relying on consumerism for happiness,  this generalized 
comparison may also indicate that the material conditions of one’s life will not, in the long 
term, affect the quality of one’s life. 

This view presents a problem for progressives and advocates of social change: Why 
should we worry about economic justice if a tenant farmer in India is just as happy as a 
CEO in Japan?  Why bother providing health care and clean drinking water if people who 
are sick will experience just as much utility as those who are not?  Why should we concern 
ourselves with the confinement of billions of animals each  year on stressful, unsanitary, 
and cramped factory farms if the animals will adjust to the harsh conditions?  In short, the 
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question of whether we should work to improve the quality of lives rests on the extent to 
which happiness is relative.  Therefore, I shall presently endeavor to explore this topic. 

Firstly, I shall admit that happiness is relative to some extent, a conclusion with 
which few  would  probably argue. Certainly it  would be more unpleasant for a rich 
corporate  executive to live one day in the life of a malaria victim than for the malaria 
victim to live for one more day, simply because the latter is far more used to the pain.  And 
it is also true that the presence of health feels much better right after one has recovered 
from sickness than it does after being healthy for a long time.  Obviously, emotions change 
from  time  to  time,  and  diversity  is  essential  for  happiness  (which  is,  of  course,  a 
restatement  of  the  law  of  diminishing  marginal  utility). In  order  to  represent  the 
distribution  of  emotions  that  one  experiences,  I  propound  the  following  model  for 
happiness: 
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The dispersed periods are meant to represent a probability-distribution curve.  Obviously, 
the mean of the distribution represents the average amount of utility that the given person 
experiences.  In this case, assuming that the distribution is symmetrical, the mean is 3 utils. 
For any given probability-distribution  function P(x), the mean value will be the integral 
from the lower tail to the upper tail of xP(x)dx.  I suspect that the mean value of utility for 
most people’s lives is a positive value, because if asked whether they were glad that they 
had the chance to live their life, most people would probably answer affirmatively.   The 
usefulness of this model derives from its ability to acknowledge the diversity of one’s 
emotional  states while simultaneously creating a single number—the mean value—with 
which to compare average happiness. 

It is now clear that the debate is not whether emotional states vary or whether this 
variation is important for making certain moments special but whether the average amount 
of utility that two people experience can have different values.  To me, the answer seems 
clearly to be “yes.”  It is clear that some people carry themselves with habitual pleasure, 
while  others  experience  more-subdued  emotions. This  situation  might  result  from  a 
difference in attitude or even simply from a difference in brain composition that causes the 
former person to produce more “happy chemicals” than the latter. Consider, as well, 
clinical depression and permanent drug-induced anhedonism:  these are not merely short 
periods of  sadness from which one rebounds with an equal amount of felicity later on. 
And  even  the  most  basic  applications  of  the  law  of  emotion  might  be  brought  into 
question. For instance, I think  not that the relief of convalescence is as great as the 

 

 
 
 
 

* 29 * 



 

discomfort of sickness; if it were, one would have no reason to wash one’s hands or cover 
one’s mouth when sneezing.  The same seems to apply in cases of pain, anger, frustration, 
and other negative emotions. (This is not to suggest, of course, that one should not 
remember one’s own hardships and the suffering  of others in order to appreciate one’s 
health and comfort.  I merely intend to demonstrate that the values of an emotion and its 
opposite emotion need not be equal.) 

Perhaps the critic will admit the above examples and recognize that two people can, 
in fact, have  different mean values for their utility distributions.   “But,” she might say, 
“you  have  still  not  demonstrated  a  connection  between  environmental  conditions  and 
emotion.  Of course two people can enjoy life to different extents, but this does not mean 
that the average utility values for two populations of disparate material standards of living 
will differ.   People who live in poverty are used to poverty: that  circumstance becomes 
their baseline utility value from which variation spreads on either side.  In the same way, 
affluent people are accustomed to affluence, so their utility values spread out from either 
side of that  baseline. You have not demonstrated that the locations of these baseline 
values—which, in a symmetrically distributed graph, are the mean utility values—are 
necessarily different.” 

I shall attempt, therefore, to adduce whatever limited experience I have with this 
subject in  proceeding to demonstrate that these baseline values are indeed different and 
that the conditions which  progressives seek to address do in fact militate to lower these 
values.  First of all, consider severe depression and hopelessness.  I hope that I succeeded 
above in demonstrating that these conditions do result in an absolute lowering of average 
utility.  Thence, if certain policies increase the prevalence of depression and hopelessness, 
then at least from this standpoint, the policies ought to be changed.  In general, I think that 
this charge can be leveled conservatively against torture and perhaps more arguably against 
disease, hunger, and general poverty.  Suicide, as well, appears to be a strong indication 
that people’s lives are absolutely worse than normal; indeed, in order to wish to die, one 
must be enduring significant  periods of negative utility. So I think it fair to say, for 
example, that the hardships of Indian farmers, which have induced thousands of suicides, 
have made agricultural life abosolutely worse. 

Finally, I shall appeal to an argument akin to “Maslow’s heirarchy of needs.” 
There may be certain elements of life that are absolutely essential to its enjoyment, beyond 
which  all  additional  material  factors  are luxuries  that  will  have no  definite  effect  on 
average utility. Consider, exempli gratia,  the  need for food. From my own personal 
experience, hunger is not only discomforting because it is  less fun than satiety (id est, 
relative to satiety, it has a lower utility value, but if one had never experienced true satiety, 
then the presence of hunger would be normal and would hence not have a lower utility 
value).   Hunger also seems to have an absolute effect on the body’s ability to experience 
utility, perhaps because  it  makes harder the production of “happy chemicals” and the 
execution  of  other  biological  processes  that  create  enjoyment. The  same  applies  to 
sickness, tiredness, and any other state of poor health.   Other basic biological functions 
may also fit into this category.  Pages 113 to 116 of Peter Singer’s Animal Liberation (New 
York: HarperCollins, 2002)  describe the ways in which factory-farmed chickens—who 
have never had access to the outdoors in  their entire life—nevertheless exhibit strong 
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instinctual impulses to “walk around, scratch the ground, bathe in the dust, build nests, [… 
and] scratch their wings” (113).  Thus, even beings that have never directly experienced or 
even indirectly heard of a better life can still experience frustration that is relative merely 
to fundamental physiological needs.  In other words, it may be biologically impossible for 
happiness to be relative, at least until one’s quality of life  rises above a certain basic 
material level sufficient to maintain health. 

Note: After  completing  the  above  article,  I  did  an  Internet  search  for  actual 
research regarding this topic to see how my conjecture would compare to empirical studies. 
Here is one source that I found: 

 
IS HAPPINESS RELATIVE ? 
Ruut Veenhoven 
Published in: Social Indicators Research 24, 1991, pp. 1-34 
ABSTRACT 
The theory that happiness is relative is based on three postulates: (1) happiness results from 
comparison. (2) standards of comparison adjust, (3) standards of comparison are arbitrary 
constructs. On the basis of these postulates the theory predicts: (a) happiness does not 
depend on real quality of life, (b) changes in living-conditions to the good or the bad have 
only a short-lived effect on happiness, (c) people are happier after hard times, (d) people 
are typically neutral about their life. Together these inferences imply that happiness is both 
an evasive and an inconsequential matter, which is at odds with corebeliefs in present-day 
welfare society. 

Recent investigations on happiness (in the sense of life-satisfaction) claim support for 
this old theory. Happiness is reported to be as high in poor countries as it is in rich 
countries (Easterlin), no less among paralyzed accident victims than it is among lottery 
winners (Brickman) and unrelated to stable livingconditions (Inglehart and Rabier). These 
sensational claims are inspected but found to be untrue. It is shown that: (a) people tend to 
be unhappy under adverse conditions such as poverty, war and isolation, (b) improvement 
or deterioration of at least some conditions does effect happiness lastingly, (c) earlier 
hardship does not favour later happiness, (d) people are typically positive about their life 
rather than neutral. 

It  is  argued  that  the  theory happiness-is-relative mixes  up  ‘overall  happiness’ with 
‘contentment’.  Contentment  is  indeed  largely  a  matter  of  comparing  life-as-it-is  to 
standards  of  how-life-should-be.  Yet  overall  happiness  does  not  entirely  depend  on 
comparison. The overall evaluation of life depends also on how one feels affectively and 
hedonic level of affect draws on its turn  on the gratification of basic bio-psychological 
needs. Contrary to acquired ‘standards’ of comparison these innate ‘needs’ do not adjust to 
any and all conditions: they mark in fact the limits of human adaptability. To the extend 
that it depends on need-gratification, happiness is not relative. 

From http://www2.eur.nl/fsw/research/veenhoven/Pub1990s/91a-ab.htm 
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King vs. Van Dusen on civil disobedience
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Essay

Martin Luther King, Jr.’s “Letter from Birmingham Jail” and Lewis Van Dusen, Jr.’s

“Civil Disobedience: Destroyer of Democracy” focused so closely on the same

topics that it seemed almost as if each was written in response to the other. The

authors diverged sharply on many of their points, but one foundation that they both

shared was the definition of civil disobedience. Van Dusen characterized it well to

be violation of the law that is nonviolent, openly displayed, and submissive to

penalties; it must also not infringe upon the rights of others. In addition, both

authors agreed upon the importance of a democratic society and both held the

belief—and I do as well—that coercive or violent forms of protest, such as

destruction of property and riots, are unfair to those affected.

Beyond these mutual beliefs, however, the two authors differed enormously. One

fundamental area of disagreement was over responsibility for the baleful

consequences of any legal infringement. Both authors accepted the assumption

that nonviolent civil disobedience can sometimes pave the way for violent riots.

Much like the eight Alabama clergymen to whom King responded, Van Dusen

argued that peaceful civil disobedients are partially responsible for the violent

actions that their infraction of the law might foment. King responded that it is the

perpetrators of violence (the “robbers”) who shoulder full blame, not the peaceful

protestors (the “robbed”) whose actions may have led to the violence. I find that

both authors made legitimate arguments on this point. Although I tend to

sympathize with King and supporters of nonviolent civil disobedience, I admit that

the “robbed,” however much right they may have to protest, do also have a

responsibility to consider the consequences of their actions. When it is known full

well that a pernicious impact may inexorably result from an otherwise justified act,

the performer of that act does share a portion of the blame for the consequence,

regardless of the immediate way in which the consequence came about. I think,

however, that King made a more convincing point—at least in view of his specific

situation, whether or not it applies universally to all issues—that in the absence of

peaceful resistance, the explosive discontents of the oppressed would inevitably

find expression in even worse rioting, destruction, and violence.

The other principal area of disagreement between the two writers was over the

implications of civil disobedience for democracy itself. Van Dusen claimed that the

infringement of the law is essentially a contemptuous statement that the democratic

processes of legislatures and courts are unable to achieve desired ends and that the

civil disobedient who breaks the law is placing himself or herself above that law—in

a sense, above democracy. In this case, I wholeheartedly agree with King in his

rebuttal of this logic. The resort to civil disobedience is not a rejection of democratic

change through assemblies and courts; to the contrary, it is an effort to advance

that process. King emphasized that nonviolent resistance is used as a means to

break a deadlock when regular negotiation becomes stalled. To me, the refusal to

pay taxes or the illegal creation of salt is little different from marching in a protest or

petitioning legislators for reform—precisely because these actions harm no one but

the law violator himself or herself. Nonviolent civil disobedience is as much a

confirmation of democratic processes as holding a press conference or distributing

information on an issue, for it represents one more way citizens can harmlessly

express their views, can “petition the Government for a redress of grievances.” And

far from indicating contempt for the laws of democracy, civil disobedience confirms

them. If peaceful lawbreakers truly considered themselves above democracy, as

Van Dusen alleged, they would fiercely resist the punishments brought upon them;

instead, according to the definitions Van Dusen himself set forth, civil disobedients

are willing to passively accept penalties as a necessary price for making a statement

of conscience. Far from flouting the democratic rule of law, civil disobedients

confirm it, by proving their willingness to conform to the dictates of enforcement

regardless of their moral opposition to the law’s content! Van Dusen has a narrow

view of democracy if he refuses to consider the nondestructive infraction of

statutes as much a form of constructive free speech as a protest sign or a petition.

It is interesting to note one other area touched upon by both authors. In arguing that

civil disobedience erodes democracy, Van Dusen pointed out that the refusal to

obey laws considered immoral can apply to “children of darkness” (that is,

champions of a position generally considered repugnant) as well as to “children of

light.” King would have responded that it is only justifiable to violate “unjust laws”—

those rules, created by a majority, that impose limits on a minority group from which

the larger majority group is exempt; thus, only morally righteous people may engage

in civil disobedience. I must, however, disagree with both authors. It is both

impossible and harmful to circumscribe the causes for which civil disobedience may

be employed, inasmuch as moral standards are entirely relative to the observer.

Even accepting King’s overly simplistic distinction between “just” and “unjust” laws,

one might assert that a progressive income tax—by imposing higher taxes on the

rich minority than are levied on the less affluent majority—falls under the category of

“unjust law,” a position I doubt King would have taken. Moreover, and more

importantly, it would be just as unfair to limit the ideas expressed through civil

disobedience as it would be to restrict freedom of speech. Segregationists have as

much right to engage in civil disobedience in favor of repressive policies toward

blacks as civil rights leaders have to engage in civil disobedience in favor of equal

rights; the cause one champions should never affect one’s right to champion it. If we

truly cherish the freedom of ideas indispensable to a democratic society, we should

embrace the potential of civil disobedience to raise those unpopular concerns that

may otherwise be marginalized or ignored.

Updated thoughts

Brian in 2017: I still largely agree with this essay. One point I would add is that I fear

that in some cases, civil disobedience can turn the public away from a cause,

especially if it's done in an aggressive or otherwise off-putting way.
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Summary

It's obvious that women's rights are important, but it's less clear how far to take the

more controversial strands of feminist social commentary. While I'm far from an

expert on this topic, I suspect that these debates can be made more productive by

remembering the wide variation in human psychology, by taking the other person's

perspective, by looking at humans as animals, and by using evidence to help resolve

disagreements.
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Introduction

Most educated people in the Western world who aren't religious fundamentalists are

at least moderate feminists, even if they don't identify as such. Most people agree

with the victories for women's political and social rights during the 20th century and

hope to see these same rights extended to oppressed women in other countries. Of

course, as with anything else, there are plenty of violations of women's rights in rich

countries. Still, it seems likely to me that most feminists should generally focus on

female empowerment in developing countries, where oppression of women is much

worse and where improvements to quality of life are much cheaper.

Debates about feminism in rich countries may unleash passions on both sides.

Much of the controversy that feminism evokes has to do with its more radical

strands, including views expressed by some young people on social media.

Human psychological diversity

Generalizations about groups are invidious. Critics of feminism claim that it

overgeneralizes about men (e.g.: "Every man in this society benefits from the fact

that women are prostituted whether or not every man uses a woman in

prostitution."a). And many feminists feel that the anti-feminists are misapplying the

most extreme feminist views to feminism as a whole.

I think a decent part of the debate over feminism is just arguing about which kind of

feminism is at issue:

Anti-feminist: "How can you say that all men are oppressors? I'm an

anti-feminist."

Feminist: "So you don't think women should be able to open a bank

account or participate in science?"

One of the most helpful, though obvious, points to keep in mind is that everyone is

different, and everyone can have different views on different issues. Campaigns like

"Women Against Feminism" help to remind us that any given movement doesn't

represent all people that the movement is about. In fact:

Even though many women value the achievements the women's

movement has made, most are reluctant to call themselves a feminist

outright. Just a quarter of women say they consider themselves a

feminist; 70 percent do not.

And of course, there are many debates within feminism as well.

I suspect that some of the animosity on both sides results from insufficient

appreciation of psychological diversity. For instance, some feminists oppose

pornography because they see it as inherently oppressive, while other feminists

contend that pornography can be empowering. I think both of these can be true,

depending on the person. Unless all women are unconsciously oppressed by

pornography without knowing about it (but is unconscious oppression actually

oppression?)b, it seems clear that some women don't find pornography oppressive

or degrading, in which case that's what's true for them.

Similarly, some anti-feminists claim that they personally don't mind being objectified

or shamed about body image, so women should stop complaining and not worry

what others think about them. But people differ on how much they care about the

judgment of others, and not everyone can just "get over it" so easily. The

psychological impact of social body-image pressure can be as little as zero for

people who don't care at all what others think or so strong that it leads to suicide.

Extending your own feelings about the issue to everyone fails to account for how

minds are different.

Prostitution

As another example of variation among women, consider prostitution. According to

Andrea Dworkin:

Prostitution in and of itself is an abuse of a woman's body. [...] In

prostitution, no woman stays whole. It is impossible to use a human

body in the way women's bodies are used in prostitution and to have a

whole human being at the end of it, or in the middle of it, or close to

the beginning of it. It's impossible. And no woman gets whole again

later, after.

But other women disagree with this, and a few women are happy with jobs as

prostitutes. Though Dworkin is clearly coming from a place of compassion for

female victims, she also seems to be legislating her personal feelings on the issue,

rather than accepting other women's choices about their own lives.

Of course, it's true that many women only resort to prostitution out of economic

desperation, which is tragic. This page says "A large percentage of prostitutes

polled in one study of 475 people involved in prostitution reported that they were in

a difficult period of their lives and most wanted to leave the occupation." But

working long hours at two full-time minimum-wage fast-food jobs is also

unpleasant. Certainly many women would rather work two full-time jobs than sell

sex, but women are different, and some women prefer prostitution over the

alternatives. While it's important to lift people out of poverty so that they aren't

forced into prostitution, it's wrong-headed to forbid people from choosing

prostitution over something else that they personally judge to be worse, or to tell

them that they will not "stay whole" if they choose prostitution.c

That said, one could make a reasonable counterargument that if prostitution can be

safely reduced—which is a big if—then buyers will spend their money on other

products, and some of that spending will provide jobs to other desperate people,

without the high emotional toll that prostitution takes on some women. There are

also complications with sex trafficking that make this, like most political issues, a

very complex question not reducible to simple reasoning on either side.

A Martian perspective

It can be helpful to look at these debates from the outside. Imagine that you're a

Martian watching Earth, seeing various primates taking various sides on 21st-

century feminism. You would see a diversity of creatures, both within and between

the group with XX chromosomes and the group with XY chromosomes. Gender

might be one helpful predictor variable for your ethological models, but it wouldn't

be a sharp dividing line.

Looking at people as we would look at other animals can be instructive. For

instance, we can see how evolution wires animals to prefer and avoid different

things. A dung beetle is rewarded by consuming dung. An earthworm tries to

escape sunlight. And so too, different people enjoy and are traumatized by different

things.

While evolutionary psychology (EP) can be misused, I think EP can actually support

feminists. For instance:

EP helps explain why rape feels so bad for many women, which is something

that I and probably many other males don't intuitively understand.

A similar point can help men understand why catcalling and other "creepy"

behavior may make women anxious and upset, while such things are often

perceived as compliments when done to men. Creepy behavior signals an

increased risk of sexual assault, which greatly reduced a woman's evolutionary

fitness in the ancestral environment (and might also cause ordinary physical

injury).

EP speculatively offers some insight into why body image might be a more

traumatic topic for some women than it is for most men, since physical

attractiveness is more important to a woman's evolutionary fitness than to a

man's.d Hence, men who say "Who cares about what magazines tell you to

look like?" may not be having the same feelings as many women who see

similar things. Once again, these are generalizations on average, with lots of

variation within all genders.

Insofar as EP finds biological gender differences (on average, a proviso that

must be said on every occasion to avoid provoking outrage, as well as to avoid

causing misunderstanding), these can sometimes be taken as arguments to

affirm feminist complaints about patriarchy (which is a biological trend in many

species and in most historical human societies) and highlight the need for

social efforts to fight nature.

In general, the better you understand a problem, the better equipped you are

to address it. And "evolutionary psychology does not view human behavior as

impervious to change. In fact, evolutionary psychologists have cogently argued

that knowledge of the informational inputs to evolved psychological

mechanisms is a crucial first step toward changing the behavioral output of

these mechanisms (Buss, 1996; Buss, 2012; Confer et al., 2010; DeKay & Buss,

1992; Geher, 2006)." For instance, rape is common among several non-human

species, including our primate relatives, and it would be surprising if human

rape was purely due to non-biological social/cultural factors. Better information

about the causes of rape might inform more effective responses to it. For

example, a somewhat more biological approach to rape might slightly increase

the appeal of chemical castration, although this would only be a hypothesis

and would need to be verified.e

In general, empirical evidence can help resolve some disputes that typically devolve

into shouting matches. For example, how do movies and television, female

stereotypes in video games, and standards of beauty affect male attitudes toward

women, rates of sexual violence, etc.? Do feminist memes make women and men

happier and healthier? Of course, such studies are difficult, and I'm usually skeptical

of multiple-regression analysis.

Men and women perceive things differently

As the EP discussion illustrates, men may not intuitively understand that certain

behaviors are distressing to women. This suggests value in educating men about

how women (on average) have different neural wiring (due to both biology and

culture) and thus perceive things differently. In this way, highlighting gender

differences may assist with gender equality (in the utilitarian sense of "equal

consideration of interests", not in the Harrison Bergeron sense).

The SNL segment "Weekend Update: Leslie Jones on Vacation" depicts as

humorous a woman making sexual comments to a man and touching him without

consent. If the gender roles were reversed, there would be an outcry about sexual

harassment. Is this a double standard? Those who believe people of different

genders should be treated exactly the same would say "yes" and should

presumably condemn the SNL segment. However, if we recognize that men and

women (on average!) have different reactions to unsolicited sexual advances, then

the behavior shown on SNL is less deserving of condemnation. And the lack of

public outcry about the SNL segment suggests to me that most people recognize

this, at least implicitly if not in their public creeds. (Of course, there are some men

for whom sexual advances of the type shown in the SNL segment would be

traumatic.)

During Donald Trump's presidency, the relatively woke writers at The Late Show

with Stephen Colbert mocked Trump for being fat numerous times. It's hard to

imagine the show's writers doing the same for a female president, even a crazy

right-wing one. This double standard plausibly makes sense because insecurity

about one's weight is more common and generally more self-destructive for women

than for men.

Reddit user k0uch describes his experience at one women-run hair salon: "at the

one I went to they would always giggle when a single, tall guy would go in. I would

routinely get one stylist[']s tits rubbed all over my head, which wasn't too bad." (In

the context of this passage, it seems that "wasn't too bad" means "felt kinda nice"

rather than "was bad but not too bad".) Once again, if the gender roles were

reversed, there would be an outcry about sexual harassment, because those

behaviors would make many women uncomfortable, while I would guess that most

men would be flattered by them.

Gender construction

Biology can also help show the absurdity of an extreme "gender constructivism"

view. Read about the ethology of practically any non-human species, and you'll see

that males and females have (quite) different behaviors, especially when it comes to

mating. In most species, as we would expect based on differences in parental

investment, females are choosy about mates, and males have to demonstrate their

fitness before females will accept them. There are too many examples of this point

to mention, but here's one:

When it comes to mating, male fruit flies (Drosophila melanogaster)

put on quite the display. Coming across a likely female, a male will

follow her around, exude pheromones, play a song on one wing and

lick and tap at her genitalia. The female fly will then decide whether to

mate. [...]

When faced with a suitor, the female fly must first assess whether the

male is a good bet for a mate. But her considerations do not end there.

Many other factors affect whether a female fly will be receptive to a

male’s entreaties. “She needs to look at her internal state, whether

she’s a virgin or not, whether she has mated recently, is she sleepy,

hungry and so forth,” Baker says. (Virgins are more likely to mate.)

A female fly integrates all these cues when a male comes a’courting. If

receptive, she will slow down and wait, opening her vaginal plates to

allow the male to copulate. If she is not receptive, Baker says, a female

fly gets violent. She might fly or run away, kick and even thrust her

ovipositor (the organ used to lay eggs) in a hapless suitor’s face,

“which discourages him substantially.”

Here's one more example, this one about female rabbits:

scanning for present males and gathering information about their

movements might also be relevant: especially younger males are

sometimes harassing females outside their oestrus by showing

courtship behaviour (pers. obs.), and females are usually terminating

these apparently unwanted approaches by chasing the young males

away.

Of course, many parts of our concepts of gender are socially constructed and vary

from culture to culture. As with most other nature/nurture questions, the truth is that

gender is a complex product of both nature and nurture acting in concert. Picking

out exactly how much of which behavior is due to genes vs. idiosyncrasies of

culture vs. interactions of biology with culture is a messy empirical project that

needn't be controversial in principle.

The reason essentialism vs. constructivism issues are often controversial is because

empirical facts can be misapplied to support certain social attitudes, such as the

idea that because females in most animal species are less aggressive, female

humans should be less competitive in realms like business and politics. This is just

bad moral philosophy, but because it's a common way of thinking, feminists may

sometimes try to patch the problem by emphasizing gender construction. I'm not a

purist, and if hiding real biological gender differences can help to take the edge off

of appeal-to-nature gender shoehorning in society at large, then maybe it's not so

bad.

Biologists who are annoyed by the anti-scientific attitude of extreme "men and

women are mentally identical" proponents might consider a strategy of focusing on

ways in which women seem to outperform men for potentially biological reasons,

since such hypotheses highlight the possibility of biological sex differences without

provoking as much backlash. For example, such biologists might point to findings

that girls are better at language than boys (although proving that such differences

are at least partly genetic rather than purely environmental is tricky).

A utilitarian perspective

One thing we can learn from the strength of modern-feminist statements and the

backlash that some of them receive is that many people have intense emotions on

these matters. While we wouldn't want to implement all Tumblr-feminist statements

into law, all such statements tell us something important: namely, that this particular

person feels strongly about this particular topic, even if you yourself can't internalize

why that person would care about it. These sentiments on both sides can then be

aggregated into a more comprehensive utilitarian analysis. (One of the virtues of

utilitarianism is that it forces you to take the other person's perspective when

analyzing an issue, rather than apotheosizing your own personal feelings about an

activity into a deontological command. Of course, utilitarianism has plenty of wiggle

room for arbitrariness in its own ways, such as when doing interpersonal

comparisons of utility.)

One possible argument against pornography is that, even if none of the actors or

viewers is harmed by it, some women (and a few men) are ideologically strongly

opposed to the general existence of pornography. In principle, such ideological

opposition to people's porn-viewing preferences counts in a utilitarian analysis, in a

similar way as the ideological opposition by fundamentalist Christians against gay

sex and birth control also counts somewhat in a utilitarian analysis. However, in

practice it seems doubtful that these preferences about what other people do in the

privacy of their bedrooms should win out when making policy.

Most of the policy and strategic questions that modern feminism faces are complex.

For instance, what are the social ripple effects of talking about patriarchy and

oppression? Do these frameworks empower women, or do they make women feel

worse about their lots in life (in a similar way as psychological rumination can

worsen depression)? Do extreme views turn people away from feminism and

thereby hurt the women who benefit from moderate feminism that's focused on the

most serious injustices? How do these ideas affect our children's memetic

landscape and Earth's far future? As is the case with most other political topics,

these are complicated issues with non-obvious answers. Passions play a role, by

informing what kinds of outcomes we want, but passions alone won't tell us which

kinds of rhetoric and social movements will have the best long-run effects.

There's also a difference between what's ideal and what's feasible. For instance, I

personally suspect that the world would be better off if makeup use was rare, since

makeup wastes time and money and can sometimes contain harmful chemicals.

And I suspect that makeup doesn't even make men any happier in the long run, in

light of the hedonic treadmill and such. But makeup is a tragedy of the commons in

which there's incentive for individuals to use it to gain an advantage (both in mate

competition and for general halo effect). So we probably can't achieve a makeup-

free society, although we can aim for smaller moves in that direction. Also, it's

possible that desire for makeup is sometimes due to more than just social pressure,

since some women seem to really enjoy makeup.

As another example, I would prefer a society in which no one publicly shamed

another person, no one made insulting jokes intended to hurt someone's feelings,

and so on. This is not necessarily a feminism thing but a broader wish that people

shouldn't be jerks.f But this isn't going to happen, and the hard question is how far

to take social censure of those who do make insults or uncouth comments. There

are costs to too much political correctness, in terms of shutting down honest

exploration. Despite being associated with social liberals, political correctness is in

some sense an authoritarian project aiming for greater conformity. Of course, there

can be benefits as well, if preventing speech that some perceive as hateful reduces

rates of low self-esteem and depression. It's very non-obvious where to strike the

balance.

An empathy technique for men

I think ordinary attempts at role reversal often fail across the gender divide. If men

try to understand catcalling by imagining themselves being catcalled by women,

then I suspect most men would find the experience not only acceptable but

flattering. Likewise, unsolicited and explicit sexual propositions or nude pictures

from women they don't know would be received well by many men and at the very

least wouldn't be traumatizing.

One helpful suggestion that I've heard is not to imagine women doing these things

to you but to instead imagine a burly, 300-pound gay man doing these things to

you. If necessary, you could imagine that the large man doesn't look very friendly,

carries a knife in his pocket, etc. In this case it seems more intuitively clear why

catcalling or out-of-the-blue propositioning, especially in a non-public area, would

be unsettling—namely, there's some nontrivial risk of violence following.

I would guess that many men don't realize how frightened women might be of them.

Most men are harmless and don't have bad intent, but a few bad apples require that

women are on alert for the whole bunch. (Cenk Uygur has made this point.) In a

similar way, most software you can download from the Internet is harmless, but a

few downloads contain malware, so you have to be cautious regarding all downloads

and use anti-virus software.

I don't think this empathy technique alone suffices to make all feminist concerns

more understandable to men. For example, this thought experiment doesn't explain

what would be wrong with the existence of a 300-pound men's equivalent of

Playboy magazine featuring attractive 150-pound men, unless such imagery

causally contributed to a society where physical violence was more common.

Perhaps 300-pound men's Playboy could be argued against on grounds other than

its potential to cause violence, such as if it led to devaluing of 150-pound men's

contributions in the workplace. But what if most 300-pound men weren't affected

by the magazine in that way?

Rating attractiveness

Mainstream feminism typically censures openly rating the attractiveness of other

people, such as when men assign women numbers on a 10-point scale. I agree that

it's generally a best practice to be cautious about sexual remarks like these in

professional settings, for the simple reason that it's good to be polite and respectful

in such settings in general. However, I think this topic raises some interesting issues.

In general, I think society is too inhibited with regard to talking about sexual things.

There's plenty of sexual content in the media, but people are often embarrassed to

bring up sexual topics in face-to-face conversations, and those who do may be

shunned. I suspect that if people talked more openly about their sexual thoughts,

people would feel less repressed, and there might be more tolerance for

differences. LGBT people "coming out of the closet" is an example of this.

Biologically, sexual desire seems to me pretty similar to food desire. Food and

sexual rewards both involve similar brain mechanisms, and we can "hunger" for both

types of stimuli when deprived of them. Food rewards show sensory-specific

satiety, and sexual rewards show the Coolidge effect. Both food and sexual tastes

are partly genetically hard-coded and partly shaped by stimuli during childhood.

When seeing both comestible and sexual stimuli, our brains compute estimates of

how desirable those stimuli appear. Despite these commonalities between food and

sex, there's a big difference in social attitudes. It's perfectly normal to talk about

one's favorite foods with a stranger, but it's taboo to talk about the celebrities one

finds most attractive, unless you're with close friends of the same gender.

Probably this difference makes some sense. Because sexual tastes concern other

humans, people may take personally comments about sexual attraction, while few

people take personally your dislike of cabbage or enjoyment of carrots. And talking

about sexual matters might make others, especially women, fear that you might be

warming up for sexual assault. Perhaps partly for these reasons, talking openly

about sexual topics in a workplace setting can constitute sexual harassment.

While I generally oppose norms that discourage open discussion of some topic, the

norm against verbalizing one's inner attractiveness estimates of other people in

professional settings seems probably net good. Following are two arguments.

The first is that such statements may make some subset of listeners feel pretty bad

about themselves. You might reply that people should just toughen up and not

worry what others say about them, and teaching psychological resilience does seem

valuable. But changing the stimuli that sensitive people are exposed to can also be

part of the solution. Personally I don't care much what people say about my

attractiveness, or most of my other traits for that matter. However, I would, for

example, feel somewhat bad if someone I respect said I was stupid, and I imagine

that other people may feel similarly or even worse about being called unattractive.

And regardless of whether I can muster in my own mind an emotional analogue of

how it feels to be rated on attractiveness, it's clear from third-person self-reports

that some people feel very bad about such things. (See "First-Person vs. Third-

Person Empathy".)

The second argument against publicly voiced attractiveness ratings, and the culture

that surrounds them, is that they can encourage wasteful or destructive behavior in

women, from spending enormous amounts of time on clothes and makeup to dieting

and eating disorders. While some amount of women's inclinations toward these

things may be biological (for example, non-human animals can also develop

anorexia), a lot seem to be culturally driven.

The idea of including more plus-size and makeup-free models in fashion magazines

seems laudable, not just because it may help present-day women feel less

pressured about their looks but, more speculatively, because insofar as sexual

tastes are learned by sexual imprinting during childhood, it may change the beauty

standards of the next generation? (I don't know if that's at all plausible.) At the same

time, such an effort seems difficult to pull off on a large scale, for a similar reason as

it's difficult to convince Americans to consistently eat more vegetables. There's a

reason that almost all movie and TV stars are highly attractive according to

mainstream beauty standards.

Similarly, conventional beauty standards seem unlikely to be deposed from their role

in dating. While it's certainly unfair that some people have much more dating

success based on factors out of their control, it's not clear what can be done about

this—other than weird solutions like taxing beautiful people. Social norms can

sometimes override deep-seated hedonic drives, such as when in-the-closet gay

men marry women rather than men, but usually such norms aren't conducive to a

happy society.

I think it's plausibly healthy that many forms of entertainment, such as sitcoms,

remain domains in which one can hear "crass" sexual commentary without much

taboo surrounding it, since this may help viewers not feel ashamed for having their

own sexual thoughts that would get them in social trouble if vocalized (such as

"XYZ actress is super hot"). Fiction and comedy are important channels in which

people can speak relatively more freely because it's understood that the works of

art don't necessarily represent the author's actual views. On the other hand, it's

possible that such forms of entertainment make crass behavior more likely in real

life. The question is similar to the issue of violence in entertainment—whether it's a

safe outlet for existing human impulses or whether it actually encourages the

intensification of those impulses.

Regardless of where we set social norms, some people will end up feeling

oppressed and uncomfortable with the situation. We can and try to find norms that

hurt fewer total people, but there are no easy answers, because pushing the

boundaries too far in one direction will harm those whose personalities and

preferences lie in the other direction. This is why the "culture wars" are really like a

war: there are always winners and losers. That said, some cultural changes do seem

to have more winners than losers, or winners whose wins are much bigger in

magnitude than the losses of the losers, and we should generally favor those

changes.

A personal case study for the radical-flank effect

Most of my writing is about issues like animal suffering, consciousness, and

suffering-focused ethics. On many of these topics, my stances are pretty radical

relative to those of my peers. I'm sometimes warned that holding radical views on

these issues may turn people away from the more moderate versions of these

concerns—throwing the baby out with the bathwater. I agree this is a dilemma,

though I tend to favor being explicit about my actual views for various reasons.

Feminism provides an interesting chance for me to look at this situation from the

other side, as someone who doesn't hold radical views confronting those who do.

Do radical feminists turn me off from moderate feminism (a negative radical-flank

effect)? Or do radical feminists make moderate feminism appear more reasonable

by comparison (a positive radical-flank effect)? I'm not sure, and I think there may

be some of both.

One person in the comment thread on Meltzer (2016) proclaims: "All porn is RAPE.

Women getting paid for 'allowing' bodies penetrated and used by men is not sex."

This statement is emotionally off-putting because it cheapens the badness of rape

by equating it with a consensual transaction that, if morally problematic at all, is at

least vastly less morally problematic in most cases. Associating feminism with

blanket anti-porn sentiments and similarly strong views in other domains makes me

less inclined to self-identify as a feminist—a word that arguably means too many

different things to be usefully applied. On the other hand, radical feminists do spark

discussion about these topics. And once such discussion is sparked, I'm receptive

to the concern that some women go into porn out of desperation and are upset by

their work. (Other women in porn actually enjoy what they do.) I don't think my initial

emotional reaction against certain radical-feminist statements permanently hinders

my sympathy with many of the concerns of moderate feminists.

While I'm not sure whether radical feminist ideas turn me away from moderate

ideas, I am turned away by extreme feminist behavior—such as shouting down

opponents, name-calling, trying to get men's-rights events cancelled, and shunning

anyone who questions the Thought Police. For example, Laci Green made a video

expressing her interest in constructive dialogue about feminism with anti-feminists,

and in response: "I actually had a friend of mine—a good friend of mine—[...] who

wanted to make a petition to shut my channel down [...]. The goal is to silence. No

other opinions should be heard." Of course, there are plenty of examples of

egregious behavior by anti-feminists, such as rape and death threats against Anita

Sarkeesian.

Elite vs. mass movements

I've sometimes heard the view that not only might it be a waste of time to popularize

certain ideas "to the masses", but doing so might actually be harmful if "dumbing

down" of the ideas causes serious scholars to not want to engage with the topic.

Intuitively I dislike this elitist viewpoint, though that doesn't mean it's necessarily

wrong.

One argument against elitism is that, ideally, scholars should judge a topic based on

its most serious advocates and not be biased by the "noise" of less careful

presentations. For example, before you reject feminism entirely, you should engage

with the best feminist arguments developed by careful thinkers, rather than reacting

negatively against vitriolic feminist comments on social media. (I give this just as an

example. I personally am a novice regarding feminism and have not had a chance to

read much serious feminist scholarship.) However, while intellectuals "should"

theoretically steelman ideas without being turned away by the noise, in practice this

doesn't always happen. Plus, even if some intellectuals do agree with the

movement, they may worry about being associated with the less savory activists

who carry the same flag.

A second reason I'm reticent about an elitist strategy is that a more widespread

message will reach many more total people, including future elites. For example, I

assume that many feminist scholars are better known, even in scholarly circles, than

they would be otherwise on account of feminism's popularity in society at large. Of

course, if the mass-media version of a message is sufficiently distasteful, then this
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Summary

Sometimes people object to an action by pointing out that if everyone did the same

action, bad consequences would follow. This reasoning resembles Kant's

categorical imperative. Is such reasoning valid? And how do we interpret it

concretely? I argue that the categorical imperative can be interpreted in varying

ways depending on the types of maxims that are taken as being followed. The

clearest defense of a flavor of categorical imperative comes from non-causal

decision theories.

Contents

Summary

"But if everyone did that..."

If everyone did what?

Consequentialism as a categorical imperative?

Categorical imperative as decision theory

Acknowledgements

A correction

Footnotes

"But if everyone did that..."

Suppose you live in California, and you're deciding whether to vote in the upcoming

election. Your district is so liberal that all its elections will result in landslide

Democratic victories whether you vote or not. In general, the cost to buy a vote

through get-out-the-vote (GOTV) drives may be ~$50-500, but your vote is worth

almost nothing because of where you live. So instead of voting, you decide to stay

home, get some extra work done, and thereby earn slightly more money that you

can donate to GOTV in swing states.

A common objection to this kind of reasoning is: "But if everyone did that, no one

would actually vote for the Democrats, so Democrats would lose!" It's very unclear

whether and in what circumstances this kind of "if everyone did that" objection is

valid.

If everyone did what?

The objection seems to take inspiration from Kant's categorical imperative:

Act only according to that maxim whereby you can at

the same time will that it should become a universal

law without contradiction.a

A main puzzle is to specify exactly what maxim we're

attempting to universalize. Presumably someone objecting

to a policy of earning instead of voting in safe districts takes

the maxim to be: "Donate to GOTV campaigns instead of voting yourself." If every

Democrat followed this maxim, Democrats would indeed lose no matter how big

their GOTV budgets.

But suppose the maxim is instead: "When the marginal expected votes from

donating exceed those from voting yourself, earn to donate instead of voting

directly." Then some people, especially higher earners, will calculate that they can

do better by donating. Eventually, GOTV efforts will become saturated with cash, at

which point it will become more cost-effective to vote directly. By following this

maxim, Democrats would optimize their chances of victory.

So which maxim should a person take himself to be following when he chooses a

given action? Scott Alexander makes this indeterminacy even more manifest by the

following example:

Let’s say Paula the Policewoman is arresting Robby the Robber (she

caught him by noticing his name was Robby in a world where

everyone’s name sounds like their most salient characteristic). No

doubt she thinks she is following the maxim “Police officers should

arrest robbers”. But what about other maxims that lead to the same

action?

1. Police officers should arrest people

2. Everyone should arrest robbers

3. Paula should arrest Robby

4. Paula should arrest other people

5. Everyone should arrest Robby

6. Everyone should arrest EVERYONE ELSE IN THE WORLD

Consequentialism as a categorical imperative?

One particular maxim that someone could follow would be: Choose the action

whose calculated expected consequences seem best. This would be act-

consequentialism. Act-consequentialists would be glad to see this maxim become

universal. So it naively appears as though consequentialism is at least consistent

with the categorical imperative. RM Hare elaborates on this point in "Could Kant

Have Been a Utilitarian?"

Hare wonders whether Kant's categorical imperative assumes that the maxims in

question must be extremely simple:

[Kant's] argument against suicide is again very weak. I could certainly

without contradiction will universally that those who would otherwise

have to endure intolerable pain should kill themselves. This could

indeed become a universal law of nature, and I could act as if it were to

become so through my will. Kant thinks [his] is a good argument only

because he thinks (perhaps owing to his rigorist upbringing) that

maxims have to be very simple. If we have a choice between the simple

maxims 'Always preserve human life' and 'Destroy human life whenever

you please', we shall probably opt for the former. But there are many

less simple maxims in between these extremes which most of us would

will in preference to either of them: for example 'Preserve people's

lives when that is in their interests' (and perhaps we would wish to add

other qualifications). As we have seen (8.1) moral principles do not

have to be as simple and general as Kant seems to have thought, and

they can still be universal all the same [...].

Categorical imperative as decision theory

The categorical imperative makes most sense to me when interpreted through the

lens of decision theory. In particular, compare Kant's formulation of the categorical

imperative with this summary of timeless decision theory: Choose the output to your

cognitive algorithm whereby you can at the same time will that it should become the

universal output of all instances of that cognitive algorithm. This clears up the

fuzziness about exactly what maxim our action is supposed to be following, since

the "maxim" is whatever algorithm we're executing when making a given decision.b

In fact, there are many algorithms that go into a given choice, so presumably we

should act as though we're determining all of them at once. I don't know exactly

how to make this work, but now we can see that it's just a technical problem in the

realm of decision theory.

Determining in practice which sorts of algorithm outputs are fixed by various

choices is a nontrivial question. So we still haven't fully answered the "But if

everyone did that..." objection, but at least we can now see where to begin when

sorting it out.
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A correction

Reddit user "Lendrestapas" commented on this piece to make the following

clarification:

For Kant an actor has only acted morally good if the actor did the

action with the will to act for duty‘s sake. For Kant some actions (like

lying or killing yourself) are inherently contrary to duty whilst other

actions are inherently a duty like helping others or telling the truth.

For Kant only the attitude of the actor is what's morally relevant. As

long as the actor wanted to do what's duty it doesn't matter what the

real-life consequences of the action actually are. If a person intends to

save someone from certain death but accidentally kills 3 people than

he still has acted morally good. On the other hand if an actor only told

the truth to someone to avoid an argument with his partner then he did

not tell the truth for duty's sake, but for a selfish desire. Which means

in this case that the action was of no moral worth.

Now the categorical imperative is a tool to find out which actions are to

be considered as duty and which as contrary to duty. He asks "Only

act according to that maxim by which you can at the same time will

that it becomes a universal law". So Kant asks two things:

1. Can the maxim of your action become a universal law? This of

course means, that it must not be contradictory.

2. Can the maxim when universally applied be in harmony with your

will? And "will" here is not meant as that which you desire. It is

meant as a more fundamental and reason-based will. Kant

believes that all humans share this will the same way (at least all

humans that have reason). So yes, you could say Kant kind of

looks at the consequences of what would happen if you

universalize a maxim. But still this is not the way for Kant to

determine wether or not someone acted morally. Only if you act

after duty for duty's sake, then you have acted morally good.

In this piece, I've been discussing a general kind of consequences-oriented "if

everyone did that" argument, without worrying about how similar it is to Kant's

actual philosophy.

Footnotes

a. Kant's interpretation of the "without contradiction" clause seems fishy to me. For

example, Wikipedia says:

According to his reasoning, we first have a perfect duty not to act by

maxims that result in logical contradictions when we attempt to

universalize them. The moral proposition A: "It is permissible to steal"

would result in a contradiction upon universalisation. The notion of

stealing presupposes the existence of property, but were A

universalized, then there could be no property, and so the proposition

has logically negated itself.

Compare to the following reasoning, which I made up:

The moral proposition B: "It is required to cease from bullying" would

result in a contradiction upon universalisation. The notion of ceasing

bullying presupposes the existence of bullying, but were B universalized,

then there could be no bullying, and so the proposition has logically

negated itself.

  (back)

b. Actually, deciding what algorithm we're implementing remains a fuzzy question, but it

seems at least much more concrete than the question of what general maxim a given

action corresponds to.  (back)
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Journal XI – To what extent are you a Romantic? 

 

 

I do not consider myself a Romantic.  I scored an 18 on the “Are you a Romantic?” quiz, which I 

believe was the second lowest score of anyone in the class.  I have always regarded myself as a 

strong materialist.  And yet, almost paradoxically, I do share some Romantic tendencies, if in 

slightly altered ways.  This situation is able to exist because I do not see materialism as 

inconsistent with Romantic values; from my perspective, in fact, a belief that the universe 

consists entirely of matter can support and enhance such Romantic ideas as inner spirituality and 

respect for the wonders of the universe. 

 

I have long held that everything in existence is merely a form of matter:  our emotions are 

nothing more than chemical changes in our brains that are the intricate result of millions of years 

of evolutionary adaptation.  However, I do not deride or dismiss those who believe in the 

metaphysical.  Choice B of question 10 of the Romanticism self-quiz expresses exactly and 

perfectly my sentiments:  “People who claim to have mystical experiences…are…experiencing 

the inner workings of their minds.”  Consequently, spiritual beliefs are not silly or meaningless 

because they have meaning for the person experiencing them.   

 

If artists believe that they are expressing divine inspiration in their paintings, if poets think they 

are instruments of the vibrations of nature, if mystics see themselves as connecting to God or a 

universal force that transcends reality, they are experiencing positive, salutary emotions.  It is 

true that materialism would deny the scientific reality of these experiences (unless, of course, 

science were to confirm the veridicality of metaphysical forces, which is a possibility I don’t 

dismiss as entirely impossible), but materialism would also endorse their practice.  It is the 

current understanding of science that joy and felicity produce salubrious chemicals that enhance 

health and longevity.  Since it would be expected that spirituality elicits some degree of bliss, it 

would make logical sense—even, and perhaps, one might argue, especially—from a materialist 

perspective.  The same is true of such traditional practices as yoga and meditation:  

notwithstanding the scientifically unreal perceptions of inner spirit, the accompanying release of 

stress—not to mention the physical exercise involved—is undoubtedly healthful. 



 

However, even if an instance of deep inner emotion is largely unrelated to mental—and thereby, 

physical—wellness (which is probably a rare occurrence indeed), it is by no means nugatory.  

Although I firmly believe that moments of wonder are invaluable to a salutiferous sense of inner 

peace and the catharsis of stress, I will presently assume that they are unrelated, for the sake of 

argument.  On page 150 of our Course Reader, Scott Russell Sanders writes:   

 

If what I feel for my wife or her father and mother is only a byproduct of hormones, then 

what I feel for swift rivers or slow turtles, for the shivering call of a screech owl or the 

green thrust of bloodroot breaking ground, is equally foolish.  If we and the creatures 

who share the earth with us are only bundles of quarks in motion, however intricate or 

clever the shapes, then our affection for one another, our concern for other species, our 

devotion to wildness, our longing for union with the Creation are all mere delusions. 

 

While I obviously agree with the material truth of the author’s “if” statements, I heartily object to 

his conclusions therefrom.  Love, beauty, and wonder are not “foolish” for the simple reason that 

they contain meaning to us as human beings.  It is true that they are the products of our material 

minds, but it is equally true that that fact doesn’t really matter!  Whence our feelings come is 

irrelevant beyond an abstract understanding; what really matters is that they exist.  In the same 

way, we can know scientifically that the earth revolves around the sun and rotates on its axis, but 

when it comes to practical life, we pretend that the sun moves around a stationary earth in most 

cases.  (It is more useful in our daily lives to speak of the sun rising in the east than it would be 

to explain in the morning that the earth is rotating in such a way as to cause our region to begin 

to face the light emitted by the sun.)  Moreover, understanding that our emotions are purely the 

result of the functioning of cells in our body does not make those emotions disappear; a broken 

arm, for example, is no less agonizing for a person realizing that pain is a sensation produced by 

the nervous system.  Thus, such emotions as love and nostalgia are not meaningless, for they are 

important in our own lives, irrespective of their origins, and our own lives are all that we 

experience.  The same applies to wonder, a sensation that I value highly.  (Incidentally, I 

disagree with the Romantic notion that Imagination, the contribution of the mind to a perception 

beyond bare materialism, is required to experience wonder because I believe that the plain 

material world is amazing and wonderful enough as it is.) 



 

I do not consider myself a Romantic because I do not share Romanticism’s emphasis on 

inspiration, Imagination, and inner spirituality, while I obviously don’t accept its rejection of 

materialism.  Nevertheless, materialism is not as contradictory as it seems, for it arrives at many 

of the same values as Romanticism—among them, respect for mystical experiences, emotions, 

and wonder—but by different routes. 
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Can breaking the law sometimes be right?

By Brian Tomasik
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It is impossible to develop one single rule applicable to all possible situations. This is

true in nature when we attempt to classify all living organisms according to one set

of criteria, only to find that some species defy neat categorization. This is also true

in politics, for while moral and rational imperatives may justify a certain action in one

circumstance, they may not justify the same action in other situations. Recognizing

this limitation of generalization, I believe that, most of the time, individuals are only

justified in breaking the law if it is done purely as a means of protest and not for any

self-gain.

Laws are meant to be followed. Much of the time, they represent the most humane

and far-sighted aspirations of a society. The most basic crime laws—although they

are too often unfairly enforced—serve the essential purpose of guaranteeing

individual safety and a degree of social order requisite for any kind of progress

beyond anarchy and the accompanying rule of brute strength. More specifically

targeted laws may provide more advanced benefits to society, from the creation of

accessible facilities for people with disabilities to required limitations on deleterious

power-plant emissions. It is precisely such rules and regulations that have allowed

humans to advance culturally, intellectually, and scientifically throughout the history

of civilization. Much of the time, laws genuinely manifest the human desire to ensure

social equity and environmental sustainability against the often-selfish interests of

the individual.

However, laws in and of themselves are neither inherently just nor invariably

beneficent; they are, all too often, bastions of iniquity or instruments of repression.

In such cases, it is the obligation of conscious citizens to strive to alter or reverse

those laws. I personally prefer the pursuance of legal means in such an endeavor,

which range from the lobbying of legislatures to the initiation of lawsuits. Such

actions are effectual and entail no harm to other members of society. Nevertheless,

the refusal to follow unjust laws through civil disobedience is another way of

effecting change of policy, one which is justifiable under certain circumstances.

First, it must be done non-violently, in the footsteps of Thoreau, Gandhi, and King.

Violent protest is not only wastefully destructive and occasionally injurious, but,

more importantly, it is very often counterproductive. Nothing alienates members of

the general population—including myself—from a cause more quickly than the use

of violence. The outbreaks at the 1999 Seattle World Trade Organization protest—

however dubious their origins or exaggerated their severity—made some Americans

less willing to listen to the views of the protesters. Violence, moreover, provides the

established powers with a justification for further repression. The 1881 assassination

by a violent populist organization of the Russian tsar Alexander II—who had

emancipated the serfs in 1863 and attempted various other reforms—led the

successor to the throne, Alexander III, to end reform and extend repression by

expanding the powers of the secret police, attacking proponents of constitutional

monarchy, and imposing martial law in many areas. The 1914 assassination of

Austrian Archduke Francis Ferdinand and his wife by a Bosnian member of the Black

Hand led not only to a coercive Austrian ultimatum for Serbia but also to the

immediate events precipitating World War I.

Secondly, civil disobedience must be resorted to only as a means of protest and

never as a means of individual advantage. Peaceful resistance to an unjust law is a

legitimate way of expressing opposition, just as important to a democratic society

as marches, letters, or petitions; it represents the willingness of an individual to

place the higher good of society over his or her own individual comfort and safety.

On the other hand, the violation of laws in order to acquire money, power, or other

objects of individual self-interest is not justifiable and is, in fact, entirely antithetical

to legitimate civil disobedience. While a person engaged in civil disobedience is

willing to go to jail for his or her principles, a person involved in individual acquisition

is unwilling to endure any punishment for his or her avarice; while a person engaged

in civil disobedience strives to make the system of laws more humane, just, and far-

sighted, a person involved in individual acquisition is circumventing—and thereby

effectively weakening—the very system of laws that collectively embodies the best

aspirations of a society for its own welfare and the welfare of posterity.
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Journal XV – Evaluation of the Shift from Religion to Psychology 

 

 

All absolute truths have exceptions [sic].  Counterexamples can be demonstrated for almost any 

generalization or category the human mind creates, from the classification of all mammals as 

viviparous to the characterization of a political policy as entirely negative.  Those unconditional 

statements that remain unchallenged are protected only by the shield of the limited nature of 

human cognizance.  It is for this reason that I refrain from any absolute generalizations regarding 

the shift in society from reliance upon religion to the utilization of psychology to respond to 

human nature.  But, with due consideration to this caveat and my limited knowledge of the topic, 

I believe that the conflation of sound science and genuine reason will almost always produce a 

recommendation for action that is the best option relative to all others available. 

 

This does not mean, however, that I would support all aspects of the movement from religion to 

psychology per se, precisely because the way in which the transition has occurred has not always 

conformed to my definition of “genuine reason.”  The shift from therapy to medicine alone is 

one example.  I believe that the scientifically materialist explanation for such emotional disorders 

as depression is accurate insofar as it is the best understanding available at the present time 

(although it will undoubtedly be modified by further scientific discoveries).  Furthermore, 

medication can prove helpful—and sometimes even indispensable—in the treatment of medical 

disorders.  However, it is contrary to logical reason to rely exclusively or predominantly on 

chemical treatments unless the disorder is unaffected by ordinary counseling. 

 

It is true that an imbalance of chemicals is the direct cause of depression.  But it is also true, and 

much more importantly true, that a chemical imbalance is usually the consequence of severe 

emotional and social disturbances.  Thus, materialistic science confirms the efficacy of “spiritual 

counseling”:  it may not actually “soothe the soul” in the metaphysical sense, but it is highly 

capable of alleviating, or even almost wholly eliminating, the psychological disorders that create 

the chemical imbalance.  In view of these findings of science, genuine reason would dictate that 

counseling be employed primarily and medication, secondarily, in most cases.   

 



Medication is a short-term palliative of the symptoms of a long-range problem, and in almost all 

cases, prevention truly is the best medicine.  Exclusive medical treatment of depression in 

instances where therapy could be employed would be just as logically absurd as the application 

of an anesthetic alone to assuage the pain of a broken leg without attempting to realign the 

fractured bones.  From the rational standpoint of evaluating the long-term benefits minus the 

costs (both in terms of health and money) of any treatment, I conjecture that counseling would 

typically be the best option.  (An even more cost-effective, long-range solution, of course, would 

be to reform the conditions that create psychological disorders in the first place, such as abuse 

and neglect; this would probably be the most rational, science-based solution of all.) 

 

While recent trends in the treatment of medical disorders may not always match my notions of 

the preeminence of long-term solutions, new attitudes regarding the origins of misbehavior 

certainly do.  The rejection of old conceptions of innate “evilness,” in favor of the idea that 

people are not inherently depraved, represents a realization of the complexity of human nature.  

Furthermore, this understanding—that all human behavior has a cause, that human vice is not the 

result of some uncontrollable disposition but rather the consequence of a broad array of genetic 

and environmental factors—is extraordinary, not just as an abstract concept, but more 

importantly as an influence on social policy.  Where the old conception may have advocated 

prisons for the incorrigible, the new understanding would support rehabilitation centers; where 

the old view may have accepted widespread poverty as the product of intrinsic laziness, the new 

realization would promote government intervention to address the origins of destitution; where 

the old beliefs may have considered international terrorism to be the acausal result of the 

inevitable cruelty of groups of “evildoers” who can only be stopped by their complete and total 

extirpation, the new perspective would recognize that, while existing terrorists must be brought 

to justice, the truly effectual, long-term solution is to alleviate the indigence and truly endeavor 

to resolve the conflicts that dement compassionate people into brutal destroyers. 

 

While it is obvious that many of these attitudes based on the changing notions of human nature 

have not yet been realized in policy, there is a growing movement of activism in support of them.  

It is inspiring to think about all of the people promulgating these principles and promoting these 

policies, in pursuit of a world that is founded on true reason and genuine science and is, at the 

same time, more happy and just. 
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Carbon Taxation: Environmental Efficacy and Economic Impacts 

 Over the past few years, global warming has become an issue of significant public 

concern.  Mounting evidence of the anthropogenic contribution to rising temperatures, as well as 

greater scientific understanding of the potentially disastrous consequences that climate change 

might bring, have led several countries to begin taking action to reduce their greenhouse-gas 

(GHG) emissions.  One approach to this effort is the carbon tax—a tax on emissions of carbon 

dioxide and other GHGs.  This paper explores the theoretical rationale behind carbon taxation 

and the economic advantages that it can have over other climate-change policies.  In addition, it 

demonstrates that carbon taxes can effectively reduce GHG emissions, impart substantial 

ancillary benefits, and raise significant revenue, and that adverse impacts on GDP and the poor 

are relatively small. 

 The idea of a carbon tax arises from basic economic theory.  Carbon dioxide, like all 

pollutants, is a “negative externality”—a cost imposed on society that is not borne directly by 

producers.  Since firms do not include the externality in calculating their private costs of 

production, they produce beyond the socially optimal level of output.  One way to address the 

problem is to “internalize the externality”—that is, to make producers pay the full social costs of 

production—so that output will fall back to a more socially favorable level.  This can be 

accomplished by a “Pigovian” or “corrective” tax on producers.  The idea is that since taxes 
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inherently discourage something, society may as well design them in such a way that they 

discourage undesirable things (Summers 289). 

 Ideally, the amount of corrective tax should be equal to the magnitude of the negative 

externality; however, doing this is not so easy in practice, considering the enormous uncertainties 

involved in estimating the extent of global climate change and the individual contribution of a 

certain emission to it (Cuervo and Gandhi 17).  Still, as Lawrence Summers points out: 

If someone weighs 300 pounds, it is really not very important for him to decide 

whether 220 or 180 would be an optimal weight.  In just the same way, action 

with respect to carbon taxes should not await a fuller understanding of the 

“greenhouse effect,” or a fuller calculation of its costs and benefits. (290) 

Thus, despite continuing imprecision in calculations of the social costs of climate change, 

some countries have begun to impose modest carbon taxes.  Finland, Denmark, the Netherlands, 

Norway, and Sweden introduced various taxes on energy and emissions in the early 1990s 

(Japan), and the United Kingdom and Switzerland have also taken steps in that direction (New 

Zealand, Implementing 9).  In May 2005, New Zealand announced its intention to adopt the 

world’s first true carbon tax by 2007, starting at NZ$15 (US$11) per emitted ton of carbon 

dioxide or its equivalent in other GHGs.  In contrast to prior European taxes that did not apply to 

all fossil fuels, the New Zealand proposal would be truly based on total GHG contribution 

(“Kiwis”).  However, New Zealand’s government has recently announced that it will review the 

carbon-tax proposal before moving forward, meaning that the initiative may not go into effect 

after all (“Greenhouse”). 

 According to economic theory, carbon taxation bestows several advantages over alternate 

methods of attenuating GHG emissions.  For one thing, taxes on carbon are more direct and 
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comprehensive than attempts to curb specific forms of energy use.  To take an example, a tax on 

gasoline alone may simply encourage people to use more coal and natural gas, rather than to 

reduce their total energy consumption (Information).  In contrast, a tax on all types of fossil fuels 

at once, weighted in proportion to their carbon content, would ensure that consumers cut back on 

consumption generally and shift towards those fuels that actually are most benign. 

Secondly, carbon taxes guarantee static efficiency—cost minimization given current 

technology—because firms will reduce their carbon output up to the level at which marginal cost 

of abatement equals the tax rate.  Firms that can reduce carbon emissions at lower cost will 

undertake more carbon abatement than those with higher cost (Cuervo and Gandhi 13).  In 

contrast, a specified cap on emissions might force companies to reduce pollution beyond what is 

economically sensible, or alternatively, it could inhibit companies from taking easily achievable 

steps that go beyond what is required (Information).  Further, taxation rates tend to be more 

flexible than regulatory standards, making them more appropriate for areas, such as carbon 

abatement, in which science changes constantly (Pearce 942). 

In addition, carbon taxes are dynamically efficient, as they provide greater incentive for 

firms to invest in development of new carbon-abatement technologies (Cuervo and Gandhi 13).  

Research-and-development subsidies can serve the same purpose.  However, one study indicates 

that such payments—while effective in advancing improved technologies—do little by 

themselves to tangibly reduce GHG emissions; only policies like carbon taxes that address 

environmental externalities succeed in bringing about substantial pollution attenuation (Popp 2). 

Development and implementation of new technologies certainly helps the environment, 

but it may also benefit companies in the long run.  One reason is that carbon-limitation policies 

are likely to grow increasingly rigorous in the coming years, so companies that have already 
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invested in cleaner methods of production will have an easier time coping than those caught off 

guard (New Zealand, Implementing 5).  This suggestion is bolstered by the so-called “Porter 

hypothesis”—based on Michael Porter’s 1990 book, The Competitive Advantage of Nations—

which argues that if environmental measures successfully spur innovation, companies that are 

forced to comply ultimately develop more efficient processes, giving them absolute competitive 

advantages in the long run (Baranzini, Goldemberg, and Speck 401-2, 412). 

 Carbon taxes may have several theoretical economic advantages, but how effective are 

they at actually cutting GHG emissions?  Empirical studies and theoretical predictions show 

moderate to strong efficacy.  The Norway Central Statistics Bureau has estimated that 

introduction of a carbon tax in 1991 caused a 3-4% drop in GHG emissions from fixed sources 

(e.g., factories) and nonfixed sources (e.g., vehicles) each year between 1991 and 1993 (Japan).  

In 1990, Sweden reformed its energy-taxation system and introduced a carbon tax (Johansson 3).  

According to a 1997 study by the Swedish Ministry of the Environment, these changes caused a 

14% decline in carbon-dioxide emissions over what they would otherwise have been in 1995, 

and predicted that they would cause 18-23% reductions by 2000 (Johansson 7-8).  The tax 

reforms also triggered a marked increase in demand for biomass fuels for the Swedish district 

heating systems (Johansson 1).  Burtraw and Portney estimate that the US could cut its carbon-

dioxide emissions 5% and nitrogen-oxide emissions 10% by 2014 if it enacted the following 

carbon tax: $5 per metric ton of carbon equivalent (mtce) in 2006, $10/mtce by 2008, and 

$15/mtce by 2010 (20-21). 

 By cutting use of fossil fuels generally, carbon taxes have the incidental effect of 

decreasing the amount of sulfur dioxide, nitrogen oxide, and other deleterious pollutants in the 

atmosphere (Carbon), which in turn reduces health-care costs and acid rain.  In addition, lowered 
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automobile use means less traffic congestion and fewer accidents (Summers 291).  These 

ancillary benefits of carbon taxation can be quite substantial (see Figure 1). 

 

Figure 1. Ancillary benefits ($/ton of carbon) versus tax rates ($/ton of carbon) as measured by 

various studies in different countries, from Hourcade, Jean-Charles, et al., “Chapter 8: Global, 

Regional, and National Costs and Ancillary Benefits of Mitigation,” Climate Change 2001: 

Mitigation, 2001, Intergovernmental Panel on Climate Change, 27 Nov. 2005 

<http://www.grida.no/climate/ipcc_tar/wg3/pdf/8.pdf>, page 532. 

 

The lighter diagonal line (AB = MC) represents the points at which marginal abatement costs 

(the tax rate) equal average ancillary benefits (which also equals marginal ancillary benefits if 

marginal ancillary benefits are roughly constant).  The darker line (AB = AC) gives the points at 

which average abatement costs equal average ancillary benefits; studies located above this line 



Tomasik 6 

found net benefits to a carbon tax when only the two given factors were considered.  This graph 

does not show either long-range benefits of carbon abatement itself or social costs beyond 

private mitigation costs, such as deadweight loss to the economy (Hourcade, et al. 532). 

 In addition to attenuating pollution, carbon taxes can raise significant revenue.  The 

proposed New Zealand tax would be expected to generate a net value of $322 million per year 

(New Zealand, Carbon). Burtraw and Portney predict that their suggested tax for the US—

$5/mtce in 2006, with increases of $5/mtce every other year—would raise $26 billion (1% of 

federal tax revenue) in 2010; by 2020, the tax would reach $40/mtce and would yield $75 billion 

each year (21).  If carbon taxes are applied in a revenue-neutral fashion, they make it possible to 

lower taxes on labor and capital, thereby actually reducing distortions in the economy 

(Information).  Distortionary taxes that might be offset by carbon revenues include taxes related 

to consumption, labor, social security, and capital gains; the burden and amount of distortion of 

different taxes in different countries would have to be determined on a case-by-case basis 

(Cuervo and Gandhi 20). 

Some predict that reducing distortionary taxes in this way would expand output and 

increase employment, thereby furnishing a “double dividend” consisting of both environmental 

and economic benefits (Baranzini, Goldemberg, and Speck 400).  For instance, a 1997 study 

performed on behalf of the Minnesota state legislature predicted that the pollution tax then under 

consideration would bring up to 12,000 new jobs and expand the state’s economic output by 

$350 million on account of reductions in other taxes that would become possible (“Carbon”). 

However, the double-dividend effect has not been verified consistently in the economic 

literature (Baranzini, Goldemberg, and Speck 401).  Indeed, estimates of the impact of carbon 

taxes on GDP are typically negative, although not by very much.  The government of New 
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Zealand, for example, projected that its carbon tax would lower GDP by about .03% in 2010 

(New Zealand, Implementing 7).  In 1999, the Energy Modeling Forum of Stanford University 

compiled a number of predictions by various modeling teams for the percentage by which the US 

GDP would decline by 2010 as a consequence of implementing a carbon tax sufficient to satisfy 

Kyoto-Treaty requirements.  Expectations ranged between .42% and 1.96%, but these were 

probably high inasmuch as the models assumed lump-sum recycling of revenues, rather than 

systematic reduction of distortionary taxes (Hourcade, et al. 514). 

 Carbon taxes also give rise to a welfare concern: they are generally supposed to be 

regressive, because the poor tend to spend a larger portion of their income on energy than the 

wealthy (Information).  However, this simple analysis ignores some important factors.  First, it 

assumes that most of the increase in cost for households would take the form of higher energy 

prices, when in fact, carbon taxation would elevate the prices of all types of consumer goods 

(Summers 291).  Second, if the demand curve for energy is not completely inelastic, some of the 

tax burden will be borne by the energy companies rather than end consumers (Cuervo and 

Gandhi 25).  Third, low-income people may have the most to gain from the ancillary benefits of 

a carbon tax, forasmuch as they tend to live in more heavily polluted areas (Hourcade, et al. 

522).  Finally, the price increase resulting from a small carbon tax would be rather mild.  The 

proposed New Zealand tax, for example, would be expected to raise energy prices by 6% for the 

average consumer, translating into a loss of around $4 a week for the average household 

(Fallow).  A $25/mtce tax in the US would increase the price of gasoline by $0.06 per gallon, the 

price of electricity by $0.003 per kilowatt-hour, and the price of natural gas by $0.036 per 

million Btus used (Burtraw and Portney 21-22). 
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 According to a review of economic literature by Hourcade, et al., carbon taxes have 

generally been found to be regressive—although study results ranged from strongly regressive to 

highly progressive under various circumstances.  However, many studies concluded that this 

regressivity can largely be palliated by using some of the tax revenues to aid those most affected 

(521-22).  In the US, this might take the form of expanding the Low Income Heating Assistance 

Program or increasing the Earned Income Tax Credit (Burtraw and Portney 21-22).  In addition, 

the tax itself could be designed to include a floor for household energy use, below which no 

taxes would be paid.  Such a system would allow people to maintain their most essential uses of 

energy without penalty, while simultaneously continuing to spur reductions in more wasteful 

forms of consumption.  This approach is already employed in the Dutch tax system, which 

exempts entirely some low-energy-use consumers (Baranzini, Goldemberg, and Speck 405).  In 

short, properly designed compensation measures can largely alleviate the adverse distributional 

impacts of a carbon tax. 

 The idea of taxing GHG emissions emerges from a very basic theoretical concept—

internalizing externalities—yet it turns out to have some very successful real-world results.  

Compared with other measures to attenuate emissions, carbon taxes are often more systematic, 

flexible, and statically and dynamically efficient.  Moreover, they have often proved highly 

effectual in reducing both GHG emissions and immediately detrimental air pollutants.  Finally, 

they generate revenue that can be used to offset more distortionary taxes elsewhere in the 

economy.  While carbon taxes do typically entail adverse macroeconomic and distributional 

impacts, these effects are relatively small and can be offset by appropriate compensatory 

measures.  Thus, carbon taxation represents an effective and economically viable option for 

countries beginning to address the reality of global climate change. 
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Green-Party Campaign Ads

by Brian Tomasik and classmates

spring 2005

Context:

My 12th-grade public-policy teacher assigned the class to conduct a mock election, with 

candidates from different parties. I volunteered to be a candidate. To decide party assignments, 

the candidates picked pieces of paper out of the teacher's baseball cap. By pure coincidence, I 

got the Green Party paper. (This was ironic because I may have been the school's biggest 

promoter of the Green Party at the time.)

As part of the campaign, we created fake TV ads. Following is the script for my team's 

ads. My classmates helped me film it during school using my video camera, and later I used my 

video-editing equipment to splice the shots and add titles and music. (It was an old “Thumbs 

Up” video editor that used an external control and VCR tapes to make changes, not a personal 

computer.)

Since this time, my views on the Green Party have shifted. I'm no longer an 

environmentalist, and I recognize that conservatives are sometimes right about certain economic

issues. That said, on the whole, Green positions aren't bad, and I especially support their 

recognition of animal rights.

--Brian, 4 Aug. 2014

Positive mood

Camera pans across trees, houses, mountains.

NARRATOR:  New Yorkers are gifted with a stunning natural endowment in their home 

state.  Our beautiful country, picturesque rivers, and soaring mountains are part of a rich natural 

and ecological heritage.  Now the Green Party of New York presents a candidate who will fight 

to preserve the well-being of this great land and the families that it supports.

Head shot of Brian.

BRIAN:  Hello, I’m Brian Tomasik.  Our government—under both Republicans and 

Democrats—has abdicated its responsibilities to the people and their environment.  We need an 

alternative party that will fight for the common good:

Shots of houses.

BRIAN:  A living wage.  Universal health insurance.  More time off for workers to spend

with their families.

Shot of bus.

BRIAN:  Fuel efficient vehicles.  Expanded and well designed public transportation.

Shot of the front of Guilderland High School.

BRIAN:  Increased funding for all schools.  More need-based government grants to 

college students.  And open, accessible government accountable to all citizens.

http://www.sccs.swarthmore.edu/users/09/btomasi1/
http://www.utilitarian-essays.com/applied-welfare-biology.html
http://www.utilitarian-essays.com/applied-welfare-biology.html


Shot of sky.

NARRATOR:  Brian Tomasik for Senate.  This is what democracy looks like.

Negative mood

Open on a sign displaying gas prices.  Shift to M.

M:  I can’t believe these exorbitant gas prices!  I don’t want to spend all my money to be 

able to drive around.

Person eyes toy tomato.

PERSON:  Yuck.  I’m tired of only being able to buy food shipped half-way around the 

world.  By the time it gets to me, it tastes like rubber.

Pan of industrial park.

NARRATOR:  Big corporations pour millions of dollars into the coffers of both major 

parties.  Do you want these people buying off your government?

Head shot of Brian.

BRIAN:  Hi.  My name is Brian Tomasik.  I’m the Green Party candidate for US Senate 

from New York.  What you just saw is the reality that Republicans and Democrats alike have 

given our state:  high prices at the pump, bad food, and industrial pollution.  In contrast, the 

Green Party will fight for what New Yorkers really need.

Show a happy person at the gas station.

BRIAN:  By gradually increasing average automobile fuel efficiency to 40 mpg, the 

Greens will save you money at the gas station—without having to fight wars for oil.

Show fresh lettuce.

BRIAN:  The Green Party will expand access to locally grown organic food—so that you

and your family can have fresh, tasty, and nutritious fruits and vegetables.

Show wilderness.

BRIAN:  And the Greens will get big money out of politics.  We support full public 

financing of all elections, and we ourselves only accept limited campaign contributions from 

individual donors.

Show sky.

NARRATOR:  Brian Tomasik for Senate.  This is what democracy looks like.
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Some Podcasts I Enjoy

By Brian Tomasik

First written: 15 Feb 2015. Last nontrivial update: 4 Mar 2018.

I listen to podcasts a lot—when preparing food, walking to work and stores, helping

injured insects, using the restroom, and doing other chores. Following are some of

my favorite podcasts, organized by category. You can search for them by name in

iTunes Store or online.

You can also convert text into podcasts using a text-to-speech program.

See also Pablo Stafforini's recommended podcasts.

Contents

Animals

Computers/software

Computer security

Effective altruism

Fundraising

Futurism

General

Neuroscience

Personal finance

Philosophy

Physics/math

Politics

Social sciences

Startups

Animals

ARZone (Animal Rights Zone) Podcasts: interviews with animal-rights activists

Computers/software

Coding Blocks Podcast

Conversations about Digital Preservation

CS 162 - Spring 2008: Operating Systems and System Programming: Berkeley

lectures

The Future of the Internet By Stanford Continuing Studies Program

Harvard Extension School's Computer Science E-1 - Understanding Computers

and the Internet: excellent intro to computer hardware, the Internet, and

security

IBM Computer Science Spotlight: short discussions with IBM developers about

their projects

Learning Rails by Michael Slater and Christopher Haupt

Programming Throwdown: introductions to many programming languages and

other computer-science concepts, along with software news

Software Engineering Radio - the podcast for professional software

developers: interviews about software principles and case studies

Talking Robots - The Podcast on Robotics and Artificial Intelligence: interviews

with leading robotics researchers

TechStuff: layperson-accessible discussions of various computer, software,

and non-computer technologies, including histories of tech companies

Computer security

Security Now: This is one of my favorite podcasts because it teaches about

both computer security and computers in general, and host Steve Gibson is

very good at explaining things.

SANS Internet Storm Center Daily Network/Cyber Security and Information

Security Podcast: ~5 minutes of cybersecurity news daily. (In contrast, Security

Now is only weekly, which makes it less useful for learning about urgent

issues.)

Effective altruism

The 80,000 Hours Podcast with Robert Wiblin

Doing Good Better Podcast

The Turing Test: Harvard students effective-altruism podcast

Fundraising

The Foundation Center - Philanthropy Chat: philanthropy/fundraising

interviews

The Fundraising Authority: interviews with fundraising advice

Philanthropy This Week: interviews about philanthropy/fundraising

Futurism

Science, Ethics, and the Future: podcast of my organization, Foundational

Research Institute

Singularity 1 on 1: interviews with well known futurists

Singularity Bros

The World Transformed

General

Stuff You Should Know: light-hearted introductions to a wide range of topics; I

often listen to these podcasts when I'm not focused enough for something

more dense, because the hosts of this show make the material very easy to

digest

Nature Podcast: science news

New Scientist podcast: (sadly no longer available)

TEDTalks (audio)

Neuroscience

Abnormal Psychology Lectures

All in the Mind: radio program featuring stories and interviews about

psychology and neuroscience

Brain Matters: interviews with neuroscientists

Brain Science Podcast: more interviews with neuroscientists

Neurobiology By Dr. Earl Beyer, Harrisburg Area Community College

Neuroscientists Talk Shop: neuroscience professors discuss technical topics

with guest speakers; the material is sometimes advanced but very rewarding

Social Psychology Lectures

The Society of Mind (2007) By Marvin Minsky

Personal finance

Money Girl's Quick and Dirty Tips for a Richer Life

Philosophy

Conversations from the Pale Blue Dot: interviews on atheism, ethics, and

philosophy

Philosophy Bites: fifteen-minute interviews with famous philosophers

Rationally Speaking: discussions and interviews on philosophy of science and

rationality

Waking Up with Sam Harris

Physics/math

Astronomy 141 - Life in the Universe - Autumn Quarter 2009: course lectures

on planets, stars, and cosmology

FQXi Podcast: physics/cosmology news and interviews

Strongly Connected Components: interviews with mathematicians

Politics

Brookings - @ Brookings Event Audio: discussions of US public policy

Ralph Nader Radio Hour

The Young Turks: entertaining presentation of the news from a progressive

standpoint

Social sciences

The Audible Anthropologist: ten-minute discussions of culture, rituals, beliefs,

etc. of various societies

New Books In History: interviews with authors of new history books (this is one

of many good "New Books" podcasts)

Startups

How To Start A Startup

StartUp Podcast by Gimlet Media
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If Taxes Could Be Earmarked...

By Brian Tomasik

First written: 19 Nov 2014. Last nontrivial update: 24 Jul 2017.

Summary

This piece muses on two proposals for greater direct democracy. I doubt these

ideas are worthwhile to advocate, mainly because they're probably too radical to

implement any time soon, but they're instructive to imagine and might make

interesting plot devices for science fiction.

Direct e-democracy

When I was in 8th grade and was thinking about representative government in my

social-studies class, I suggested an idea: Now that the Internet is becoming more

widespread, what if people bypassed Congress and voted directly on legislation by

email? Looking back, I see that this proposal would probably not work:

There would be huge challenges in preventing voting fraud.

I can barely keep up with my own emails. If I had to read several bill summaries

each day, I would be overwhelmed.

People might be easily swayed by deceptive titles or bill descriptions without

knowing the full backstories behind proposals (although this is true to a lesser

degree for ballot initiatives already).

That said, one can imagine tools and organizations helping to fill the gap. A person

could register with an advocacy group with whose stances she generally agreed,

and that group could advise her how to vote. Maybe it could even vote automatically

for her. She could log in to her account, watch what her group was doing, and

switch to another group if she didn't like the first one. Currently, (some) citizen

activists sign up for action alerts from organizations they support and lobby their

representatives to take those actions. In the proposed scenario, all these

intermediate steps would be avoided, and the organization itself would just vote on

the citizen's behalf.

This would be a modernized form of representative democracy, except that

representatives could be unelected on a per-person basis at any time. People could

even have multiple representative organizations voting on their behalf for different

issue areas, and people could set up custom rules to override the choices of their

representative organization(s) on particular topics. Such a system does seem

potentially workable. If democracy were being built today, maybe it would look more

like this. (Joe Rogan makes a similar comment here.)

Citizens earmarking government funding

Paying taxes may be marginally altruistic insofar as taxes are used for positive

programs, but taxes also fund the military-industrial complex and other harmful

expenditures. Donating to charity with a tax deduction is sort of a way to earmark

your tax dollars toward causes you care about more, although the trade ratio is not

1-to-1: You have to donate $100 to reduce taxes by ~$25 (more or less depending

on your income bracket).

This got me wondering what the government budget would look like if citizens could

earmark their tax dollars. Maybe there would be a list of a few dozen or a few

hundred government departments, sub-departments, and special projects, and

voters could check boxes next to which ones they wanted to fund. It's not obvious

the budget would look drastically different from how it does now.

A decent number of Republicans would fund "defense".

Many people would fund Medicaid and other social programs.

A few science-minded people would fund NASA.

Health advocates would fund NIH.

Anti-poverty advocates would fund foreign aid.

Many parents would fund education (assuming that earmarking included

state/local taxes).

On the whole, I would guess that defense spending would decrease somewhat, and

welfare/science/medical/foreign-aid/education funding would increase. Maybe some

unknown departments would languish and others would experience fiscal surfeit.

If earmarking were done once every two years at election time, there would be

massive campaign ads encouraging people to earmark toward this or that cause.

Pollsters might predict which programs were likely to experience deficits, and this

might encourage people to swing their earmarks toward the more needy programs.

If there were an option to donate toward deficit/debt reduction, I have a feeling that

a decent fraction of people would choose this, since both conservatives and liberals

tend to dislike America's growing debt.

There would probably be behind-the-scenes efforts to gerrymander which projects

were funded by which departments. For instance, if a lot of people funded science,

defense companies might try to sell their projects to science agencies rather than

the Pentagon.

New York State taxes include a section for voluntary contributions toward various

government programs, but these contributions are in addition to regular taxes,

which isn't much help. All the options that New York offers seem worse than

donating to non-government charities that are more aligned with one's values.
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Creating Podcasts of Wikipedia Articles

By Brian Tomasik

First written: 23 Sep 2014. Last nontrivial update: 17 Nov 2017.

Summary

This page describes my current system for creating MP3 files of Wikipedia (and

other web) pages that I can listen to on my iPod. If you have a better suggestion on

how to do this, feel free to tell me.

Below is a sample of how a few paragraphs sound when converted using

NaturalReader. The NaturalReader license prohibits distributing MP3 files made with

the software, but I assume the company wouldn't object to (and would probably

welcome) my sharing this sample.

Also: Roxanne Heston alerted me to the Pocket app, which can convert web pages

to speech on the fly without manual effort. It can play audio at different speeds.

Wikipedia-text converter tool

Copy and paste Wikipedia-article text here:

The result after removing footnotes, "[edit]" text, etc.a:

Contents

Summary

Wikipedia-text converter tool

Motivation

NaturalReader and Text2Speech

Wikipedia formatting

iTunes playback position

Changing playback speed

Other TTS uses

Other software

Another Wikipedia TTS service

Another method of converting Wikipedia articles for text-to-speech apps

Footnotes

Motivation

There are often times when I need to do a physical task and want to listen to

something useful while I do it. At other times, I may prefer to listen rather than read

because I'm tired of reading. I find that it takes less mental effort to listen than to

read (although listening is also slower and harder for visual or mathematical

content).

Since 2006, my remedy had been to listen to podcasts on my iPod. This works well,

but there are times when I want to learn about a more targeted topic than whatever

happens to be discussed on some podcasts. If I'm near my computer, one solution

is to search for YouTube videos on the topic, because YouTube has a much greater

selection than iTunes, and I also can skip the laborious process of inserting my iPod,

opening iTunes, adding the podcast to the iPod, later deleting it, etc. However, this

doesn't work in cases where I need to be away from my computer—such as when

I'm cleaning the house, getting ready for bed, or doing other afk tasks.

NaturalReader and Text2Speech

The NaturalReader text-to-speech (TTS) software is impressive. It has a free trial

version, which I downloaded and began using in summer 2014. The

understandability and pronunciation capabilities are surprisingly good. I think these

are hands-down the clearest voices:

David Desktop, US English

Zira Desktop, US English.

I use Zira Desktop, and it seems to have been hard-coded to get pronunciation right

even for some acronyms and names that are not phonetic. For example it correctly

reads "spp." as "species".

NaturalReader has a "Floating bar" mode in which you can simply highlight text on a

web page to read it rather than copying the text into the reader. The software also

helpfully has speed controls, although when the speed is too fast, understandability

of the voices becomes harder.

All of what I've described is available in the free version of NaturalReader. A $70

paid version of the software also allows for exporting TTS audio to MP3 format,

which can then be added to an iPod.

Note: In 2017, I tried the Mac version of NaturalReader (NaturalReader 14). It's

clunkier to use than the Windows version, and the voices are unfortunately much

harder to understand than Windows's Zira Desktop. The Mac version also

sometimes chokes when trying to save text to MP3. Therefore, on a Mac, I switched

to an alternative program, Text2Speech, which is not only a superior product in

many ways to the Mac version of NaturalReader but is also vastly cheaper: the

Text2Speech PRO app, needed to create MP3 files, is only $4, while NaturalReader

is $70 for the same functionality. The voices on NaturalReader sound more human-

like, but I think this actually makes them less understandable than the more robotic

but clearer voices available with Text2Speech. My favorite Text2Speech voice is

Tessa, with Alex and Veena also being competitively understandable.

While I haven't done any rigorous measurements, my informal impression is that it

becomes easier to understand a text-to-speech voice after getting many hours of

experience with it.

Wikipedia formatting

A few Wikipedia articles, such as "Barack Obama", contain an Ogg audio file in the

upper-right corner in which a real person reads the article. But for most articles, TTS

is the only way to listen.

Wikipedia articles have some quirks to iron out when being read by TTS. When

copying out the text, I follow these steps:

1. Copy into Notepad++ the summary at the top, above the table of contents.

2. Copy the body below the table of contents and until the "See also" or

"References" at the bottom.

3. Do a Replace All operation to remove stray "[edit]" tags. Because I have my

Find-Replace function in "Regular expression" mode for the next step, I find

\[edit\]

and replace it with an empty string.

4. Remove the footnote numbers, which can be confusing when read aloud. Do

this by replacing

\[\d+\]

with empty string. In most articles, there should be few or no be false-positive

replacements.

5. Copy and paste the processed text into NaturalReader, and use its functionality

to export to MP3. Then add the file into my iTunes Music library, and copy it

onto my iPod.

Steps 3-4 above, as well as some extra cleaning, are done in the converter tool at

the top of this page. To see its full details, view this page's source and search for

the convert() function.

Other articles may cite using parentheses, like "(Smith et al., 2002)", rather than

footnotes. To remove everything in parentheses, you can replace to empty string

this regular expression (regex):

\([^)]+\)

Of course, this will have false positives (e.g., it also captures acronym definitions

and other statements in parentheses, like this one right now). Depending on the

format of citations in the paper, a more precise regex may work. For instance, this

removes citations of the form "(authors, year)":

\([^\d]+, \d\d\d\d\)

iTunes playback position

If you have to stop listening to a Podcast or iTunes U file part of the way through,

your iPod probably remembers the position and picks up where you left off.

However, it doesn't do this for Music files, presumably on the assumptions that

songs are short and people don't resume them halfway through.

Unfortunately, when I create an MP3 file, I can only seem to add it to the Music

section of my iTunes library. This means that when I listen to it on my iPod, iTunes by

default reverts to the beginning of the file if I leave it paused too long. Then I have to

use binary search to find where I left off, and this is time-consuming. For iPods that

can't skip ahead and backward, this limitation might be fatal.

Fortunately, it seems this defect is meliorable. When your iPod is plugged in to

iTunes, navigate to the Music section, and select all the non-music audio files. Then

right-click on the selected area, click "Get Info" -> "Options", and set "Remember

position" to "Yes".

Changing playback speed

On my iPod, it appears that I can change playback speed only for audiobooks. This

is done by selecting Settings -> Playback -> Audiobooks and then picking Slower,

Normal, or Faster. Unfortunately, this doesn't work by default for TTS files,

podcasts, or iTunes U files.

However, Andy Naselli shares an excellent workaround: Select one or more files, Get

Info -> Options and change "Media Kind" to "Audiobook". This seems to work for

any file type I've tried.

Empirically, I found that the speedup is only 1.2 to 1.25 times, i.e., a 30-second

segment of audio completes in 24-25 seconds.

Other TTS uses

Prereading: Some materials, such as certain academic papers, can be hard for me

to fully understand by listening to them. Usually this is because they contain lots of

technical content or numbers/symbols. I find that TTS can still be useful in such

cases as a way to "grease the wheels" in my brain for the material, so that when I

then read the material by eye shortly after listening to it, I can understand it more

quickly. This is because listening to the text helped my brain to begin processing

some of the hard-to-unpack statements or words in the text, even though I couldn't

understand everything by ear.

Proofreading: TTS can also be helpful for re-reading and proofreading text I've

written myself, since it's sometimes easier to hear errors in speech than to detect

them in written text, especially if they're not marked as spelling mistakes by my

word processor.

Other software

Two of my friends, Max Maxwell Brian Carpendale and Sören Simon Mind, use

TextAloud. Max recommended NeoSpeech Bridget as the best voice. As far as

speed, he said:

Currently what I do to speed up the audio is turn it into a file at normal

speed and then speed it up with a player that has pitch correction. I

think pitch correction makes the difference between why some

software for speeding up audio is better than others. I use Astro Player

for the Android, but you might be able to find something else that

works with your iPod.

Another Wikipedia TTS service

Pediaphon is a website that converts Wikipedia articles to audio files for you.

However:

1. Its TTS software is inferior to NaturalReader, in comprehensibility and

pronunciation.

2. It doesn't remove footnote numbers from the text.

Another method of converting Wikipedia articles for text-to-

speech apps

Mike Ouimet sent me the following message with an alternate method of converting

Wikipedia articles to TTS-friendly text:

I wish to share with you a new and very efficient method I developed to

cleanly extract the main body of text from any Wikipedia article. This

3-step method produces a very smooth TTS reading by generating

plain text without inline citation numbers, photo captions, table of

contents, or other extraneous items.

1. Insert the title of any Wikipedia article into this special, API-based

URL—for example, an article about the video game Pong:

https://en.wikipedia.org/w/api.php?

format=xml&action=query&prop=extracts&titles=Pong&redirects=true

2. Copy the resulting text and paste it into any standard "HTML to

plain text" converter, such as this one.

3. Copy and paste the resulting text into your text-to-speech app

and play it!

NOTE 1: The Safari web browser in iOS has a glitch that sometimes

prevents the output text in step 1 from being selectable (and

copyable). To resolve this, zoom in to the text ALL the way—you should

now be able to select a few words in a row. If not, you may have to

repeatedly tap the screen until it finally responds with the selection

tool. Then, zoom all the way back out and use the selection "grippers"

to highlight and copy the entire block of text.

NOTE 2: In some text-to-speech apps, such as Voice Dream, a one-

time setting can be made that will make all Wikipedia articles sound

even smoother. In Voice Dream, for example, one can go to

Pronunciation Dictionary and have it skip just 2 items so they are not

spoken aloud—2 asterisks and a long dashed line (these usually appear

between each section of a Wikipedia article when using this extraction

method):

**

----------------------------------------------------------

--

Footnotes

a. I don't remove {{citation needed}} requests because these help one determine how

much to believe a given statement.  (back)
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Book Review #1 

 Noam Chomsky’s 2003 bestseller, Hegemony or Survival:  America’s Quest for 

Global Dominance (301 pages), challenges not only the second Iraq war but a number of 

US military operations undertaken over the course of the last hundred years.  Chomsky’s 

depiction of the foreign-policy establishment parallels that of C. Wright Mills, while his 

faith in the ability of citizens to make informed decisions on public policy runs contrary 

to the more elitist views of James Madison and Walter Lippmann.  Chomsky’s 

proposition that the possible consequences of an action, rather than the actual outcome, 

determine the wisdom of the decision is quite convincing, but his overly simplistic 

statements of US hegemony versus the rest of the world are not. 

 The central argument of Hegemony or Survival is that the second Bush 

administration’s invasion of Iraq was hardly a radical new direction in American foreign 

policy; to the contrary, the US—whether under the leadership of Republicans or 

Democrats—has engaged in preemptive aggression for more than a century, such as in its 

invasion of Russia in 1918 (71) and its “Operation Mongoose” against Cuba in 1961 (83).  

Adducing intervention in Nicaragua (96), Vietnam (100), Panama (107), and a number of 

other countries, Chomsky declares the US to be the world’s foremost perpetrator of state 

terrorism.  Having established this context, Chomsky goes on to assail the Iraq war as 

being provocative of further Islamic terrorism and WMD development (121-123), while 

asserting that removal of economic sanctions against Iraq might have been a more 
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effective way to topple Saddam Hussein (249).  Finally, Chomsky warns of the dangers 

posed by American dismissal of nonproliferation treaties and development of advanced 

space weapons—which, he claims, threaten the survival of human civilization as we 

know it (228-235). 

 The terrorist policies of the US government are, according to Chomsky, 

orchestrated by the “elite sectors” of society (5).  “Controlling the general population has 

always been a dominant concern of power and privilege” (5), and this goal has been 

achieved “in part through measures to discipline the institutions responsible for ‘the 

indoctrination of the young’—schools, universities, churches, and the like […]” (7).  

Such rhetoric exhibits extraordinary similarity to the vision presented by C. Wright Mills 

in his 1956 classic The Power Elite.  Mills, like Chomsky, believed that the public is kept 

in its place by schools, churches, and the family, while national and foreign policy is 

controlled by a small group of corporate, military, and political leaders.  Through this 

“iron triangle,” Mills explained, economic and political institutions become one and the 

same, a claim that Chomsky echoes in quoting John Dewey:  “‘[Politics is] the shadow 

cast on society by big business’” (15). 

 Chomsky’s criticism of elite control is predicated on a belief that the general 

public should participate in power.  He condemns Wilsonian idealism for its notion “that 

government [should be] in the hands of ‘the good, though but a few,’” and he refers 

contemptuously to Alexander Hamilton’s description of the masses as a “‘great beast’” 

(5).  Chomsky sardonically notes the contradiction between the Bush administration’s 

desire for democracy in Iraq and its anger at the countries of “Old Europe” for following 

the wishes of the vast majority of its population (131-133)—indicating Chomsky’s belief 
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that governments should act in accordance with public opinion.  This position stands in 

contrast to that of Walter Lippmann, who suggested in his 1925 book The Phantom 

Public that common people are generally too uninformed and uninterested to take part in 

governmental affairs and that men of stature should be the ones to make decisions on 

their behalf.  The same view was echoed by James Madison in Federalist 10, which 

argued in favor of a large republic partially on the basis that it would give power to the 

most refined members of society and preclude the evils of majority rule. 

Several of Chomsky’s points throughout Hegemony or Survival derive from an 

intriguing truism:  “[A]ctions are evaluated in terms of the range of likely 

consequences.[…]  The actual consequences of an action may be highly significant, but 

they do not bear on the moral evaluation of the action” (187).  For example, Chomsky 

explains, Khrushchev’s decision to set up missiles in Cuba was not made right by the fact 

that nuclear war did not result (187).  This logic makes sense:  if someone offered me the 

chance of winning $1 when a flipped coin came up heads and of losing $1,000 when it 

came up tails, accepting the offer would be a bad decision—even if the coin did happen 

to come up heads—because the outcome was uncertain at the time when the decision was 

made.  On this basis, Chomsky points out, one should not scoff at those who warned that 

invading Iraq might provoke Saddam into using WMDs simply because that possibility 

did not actually happen.  Similarly, it was not wrong to heed legitimate warnings that the 

US invasion of Afghanistan might increase the number of Afghans “‘at grave risk of 

starvation’” from 5 million to 7.5 million (129) simply because that possibility did not 

materialize.  Of course we can be glad, in retrospect, that the worst-case scenarios were 

avoided, but that does not change the wisdom of the decision itself. 
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 Another of Chomsky’s major themes is less defensible.  In view of the vast public 

opposition to the Iraq war, particularly outside of the US, Chomsky concurs with a 

statement from the New York Times that “‘there may still be two superpowers on the 

planet:  the United States [government] and world public opinion’” (4).  This dualistic 

attitude is continued in Chomsky’s conclusion:  “One can discern two trajectories in 

current history:  one aiming toward hegemony, acting rationally within a lunatic doctrinal 

framework as it threatens survival; the other dedicated to the belief that ‘another world is 

possible’ […]” (236).  Such statements can create the perception that Chomsky believes 

everything the US does is wrong and everything the rest of the world does is right—a 

thesis easily refuted by consideration of the positive elements of American foreign policy 

(for example, creation of the United Nations, implementation of the Marshall Plan, 

participation in mutual disarmament) and the atrocities committed by many of the 

America’s former and current enemies (such as massacres in China, Cuba, and Iraq).  

This extreme view is not what Chomsky actually meant; he probably expected that his 

readers would be intelligent enough to fill in the omitted details.  His book was not 

supposed to be a balanced depiction of the crimes committed on all sides but, rather, a 

collection of rarely discussed events in American foreign policy that were intended to 

challenge the reader’s prevailing assumptions.  Unfortunately, Chomsky’s occasional 

black-and-white statements may lead readers to conclude that the author is foolishly 

simplistic. 

 Nevertheless, Hegemony or Survival is still an effective book.  With thoroughly 

documented evidence, Chomsky argues persuasively against both the Iraq war and a 

number of prior instances of American aggression.  Chomsky’s views of the foreign-
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policy elite and control of the population draw many similarities with the theory of C. 

Wright Mills, while his belief that public opinion should determine policy contrasts with 

the more elitist sentiments of James Madison and Walter Lippmann.  Though some of the 

language used in Hegemony or Survival may seem to indicate an overly simplistic 

worldview, the depth of Chomsky’s arguments—such as his assertion that the wisdom of 

decisions is determined by the range of possible consequences and not the actual 

outcome—strongly indicates otherwise. 
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2004 AP Free-Response Question #3:  Minor Parties 

 One of the distinguishing aspects of American politics is the dominance, with 

only minor aberrations, of the two-party system.  This is largely due to winner-take-all 

elections and other access barriers that make unlikely the success of a third-party 

candidate at the national level; that in turn convinces most voters—even those supporting 

the positions of the minor party—to stick with one of the major candidates.  Though they 

rarely win elections, third parties do make important contributions to American politics, 

by forcing the major parties to coopt their proposals and by energizing otherwise 

disaffected members of the electorate. 

 Two-party dominance is not an inherent tendency in democratic government and 

is, in fact, relatively rare; indeed, power is shared with smaller parties in most of Western 

Europe.  The factor creating a two-party dynamic in the United States, then, is largely the 

electoral system.  Most politicians in the United States are elected by plurality, meaning 

that the winning candidate is the one receiving the most votes.  Many European countries, 

in contrast, allow proportional representation, so that a minor party earning three percent 

of the vote can have three percent of the seats in parliament.  While minor parties can 

often win seats in the latter system, it is very hard to do so in the former.  On top of that, 

minor parties often must collect tens of thousands of signatures to appear on state ballots 

and do not always succeed.  They also do not have access to federal funds unless they 

earned at least five percent of the vote in the previous election, and they are generally 
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excluded from the presidential debates (which, after all, are run by the Democratic and 

Republican parties). 

 These electoral obstacles to victory lead to perhaps the greatest problem of all for 

minor parties:  the feeling—expressed in the cartoon—that a vote for a candidate who 

can’t win is a wasted vote.  Most voters fear that voting for a third party will allow the 

worse of the two major candidates to win.  In the 2000 election, for example, most 

progressives ultimately sided with Al Gore—even though their ideals were closer to those 

of Ralph Nader—because they could not stand George W. Bush.  As a result, Nader 

garnered only 2.7 percent of the popular vote, even though his support had been about 

twice that high in polls prior to election day.  The same was true, and to a much greater 

degree, in 2004, when Nader went from a high of seven percent in the polls down to 0.3 

percent in the actual election. 

 The cause of this wasted-vote syndrome is the perception among most voters that 

a campaign is only effective if it results in a victory.  History, however, presents many 

examples of third-party movements that lost the battle but eventually won the war.  By 

publicizing issues that neither major party is willing to champion and, in the process, 

depriving the major parties of votes that they had previously taken for granted, third-party 

movements can force the established parties to adopt new policy stances necessary for 

bringing disaffected voters back.  Perhaps the best example was that of the People’s 

Party, which ran in 1892 on a platform of civil-service requirements, shorter working 

hours, a progressive income tax, direct election of Senators, secret balloting, a 

Subtreasury System, and “free and unlimited coinage of silver.”  By 1896, the 

Democratic Party had adopted the Populists’ stances on income taxes, regulation of 



Tomasik 3 

railroads, and “free silver”; moreover, almost all of the abovementioned proposals were 

eventually implemented.  Another example of cooptation is the election of 1924, in which 

Robert “Fighting Bob” La Follette ran on the Progressive Party ticket and with the 

backing of the Socialist Party.  A significant portion of La Follette’s platform—including 

progressive income taxes, creation of a “national super-water-power system,” the 

abolition of injunctions in labor disputes, protection of the right to unionize and bargain 

collectively, and the abolition of child labor—was later implemented as part of Franklin 

D. Roosevelt’s New Deal. 

 Third parties also contribute to the American political system by motivating 

voters who feel left out by the dominant parties.  In 2000, for example, a considerable 

portion of Nader’s votes (37 percent in Florida, according to one exit poll) came from 

people who would have otherwise stayed home.  Nader, furthermore, drew the biggest 

crowds of any candidate in the 2000 presidential race (not counting the Democratic and 

Republican conventions):  in Madison Square Garden, for example, 15,000 supporters 

paid $20 each to hear Nader speak.  By energizing voters and mobilizing campaigners 

who would not have supported either major-party candidate, third parties can enliven 

elections and at the same time train activists who will go on to advocate the party’s 

agenda outside of the electoral arena. 

 The contributions of minor parties throughout American history are quite 

impressive considering the obstacles that they face:  a winner-take-all electoral system, 

ballot-access hurdles, limited access to presidential debates, and a resultant attitude 

among many voters that a vote for a third party is a wasted vote.  Though they have 

rarely won national elections, third parties have substantially impacted American politics, 
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by forcing the major parties to champion previously ignored positions and by energizing 

and mobilizing citizens disaffected with politics as usual.  



Brian Tomasik                              

Presented 29 April 2004 

Public Speaking Speech 4 – The Persuasive Speech 

 

 

Task  

 Prepare a speech that is intended to persuade the audience on a 

topic. 

 

 

Full-Sentence Outline of the Speech 

 

I. Begin with a contrast of the number of deaths from terrorism 

and hunger on September 11, 2001. 

II. The policies of the current administration derive from a 

preoccupation with terrorism. 

A. The invasions of Afghanistan and Iraq were premised on 

fighting terrorism. 

B. The USA PATRIOT Act was presented as necessary to 

strengthen security. 

C. It is hard to find a speech by President Bush that does not 

refer to the War on Terrorism. 

III. Present statistics to show that, in terms of the number of 

consequent deaths, terrorism is of relatively minor concern. 

IV. Present statistics on other causes of death in the US and around 

the world to put terrorism in perspective. 

V. Terrorism is an irrational preoccupation because it is immediate 

and visible rather than slow and cumulative. 

A.  Read and explain Mark Twain’s quote to support this idea. 
VI. Compare “homeland defense” spending to possible AIDS 

spending as an example of how our obsession with terrorism 

comes at great expense to other areas of preventable mortality. 

 



The Speech 

 
1) 

How many lives were lost in the terrorist attacks of September 

11, 2001?  Write “3,000” on the board.  
2) 

Approximately how many 

people died of hunger on that same day, September 11, 2001.  Write 

“24,000” on the board. 
1) 

Some believe that terrorism is the greatest threat to the security 

of the American people.  
2) 

Certainly the policies of the current 

administration would lead to that conclusion.  
a) 

Our interventions in 

both Afghanistan and Iraq were premised on fighting terrorism.  
b) 

We 

have been expected to accept the loss of some of our civil liberties in the 

form of the USA PATRIOT Act 
c) 

and to acquiesce to greater 

government secrecy in the name of “national security.”  d) 
It is hard to 

find a speech by President Bush that does not in some way refer to his 

paramount national goal:  the War on Terrorism. 

 
1) 

And yet, when the number of consequent deaths is our standard 

of comparison—as well it should be—terrorism is of relatively minor 

concern.  
2) 

Besides the 3,000 Americans killed on September 11, 2001, 

only four other Americans have been killed by terrorists within US 

borders since 1997. 

 Compare this to other causes of death in the United States.  
1) 

In 

2000, tobacco killed 435,000 Americans.  
2) 

In the same year, 400,000 

Americans were killed by poor diets and lack of exercise.  
3) 

Alcohol 

killed 85,000 Americans in 2000, not counting accidents from drunk 



driving.  
4) 

More Americans—3,200—died from drowning than from 

terrorism in 2001. 

 The global situation is far more staggering.  
1) 

8.8 million people 

worldwide die every year from hunger and hunger-related causes.  
2) 

6.2 

million people are killed each year by treatable diseases like AIDS, 

malaria, and tuberculosis! 

 
1) 

Given these statistics, what makes terrorism such an irrational 

obsession for so many Americans?  
a) 

For one thing, 
I) 

its unexpectedness 

II) 
and the understanding that it is a deliberate slaughter of human life 

make it more terrifying than other causes of death.  
b) 

Moreover, 

terrorism is immediate, visible, and, hence, memorable; hunger, poverty, 

and environmental degradation are slow, silent, and too often forgotten.  

3) 
Mark Twain captured the concept well in this passage from A 

Connecticut Yankee in King Arthur’s Court: 

 

“There were two ‘Reigns of Terror,’ if we could but remember and 

consider it; the one wrought murder in hot passions, the other in 

heartless cold blood; the one lasted mere months, the other had 

lasted a thousand years; the one inflicted death upon a thousand 

persons, the other upon a hundred million; but our shudders are all 

for the ‘horrors’ of the… momentary Terror, so to speak; whereas, 

what is the horror of swift death by the axe compared with lifelong 

death from hunger, cold, insult, cruelty, and heartbreak? A city 



cemetery could contain the coffins filled by that brief Terror which 

we have all been so diligently taught to shiver at and mourn over; 

but all France could hardly contain the coffins filled by that older 

and real Terror—that unspeakable bitter and awful Terror which 

none of us has been taught to see in its vastness or pity as it 

deserves.” 

 

4) 
Twain may have been referring to the Reign of Terror during the 

French Revolution of the late 1700s, but his insight into human nature—

concerning our natural emotional tendency to focus on violence that is 

immediate and visible rather than slow and cumulative—remains true 

today. 

 
1) 

This tendency may be natural, but it does not make for sound 

public policy.  
2) 

By focusing so much of our money and attention on the 

singular priority of terrorism, we neglect countless other areas of 

preventable mortality that are in much greater need of our efforts.  
3) 

The 

current administration hopes to spend at least $50 billion every year on 

homeland security.  
4) 

This is at the same time that an increase of just $1 

billion—1/50 of that amount—in our spending on worldwide AIDS 

programs could prevent an additional 1.6 million people from 

contracting HIV/AIDS within the first year of the programs and could 

treat 400,000 people who would otherwise die within two years!  



Programs like these have the potential to save far more lives than 

domestic antiterrorism efforts ever will. 

 
1) 

The threat of terrorism is not nonexistent; it is real, and it does 

result in hundreds of tragic deaths every year around the world.  
2) 

But it 

must be put in perspective.  
3) 

If we continue to devote so much of our 

energy to terrorism—both as individuals and as a nation—we will lose 

sight of those other areas of human need in which we have the potential 

to save countless more lives. 
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Public Speaking Speech 5 – The Rant Speech 

 

 

Task  

 Deliver a speech in which you rant.  In other words, rail, declaim, 

inveigh, cry out angrily about the wrongness of something.  You need to 

develop exactly what it is about the irking thing that evokes outrage in 

you. 

 

Full-Sentence Outline of the Speech 

 

I. Explain the rationale for the Iraq war. 

A. The evidence presented for Iraq’s possession of WMDs was 
tenuous. 

B. Yet, the invasion was justified with the doctrine of 

preemption. 

II. Describe the precautionary principle, the logical basis of the 

war. 

A. Compare it to walking through a dark, unknown cave. 

III. Transition to Bush’s rejection of the Kyoto climate-change 

treaty. 

IV. There is virtual scientific consensus on the dangers of global 

warming. 

A. It will lead to rising ocean levels and more severe weather 

patterns. 

B. Side effects of global warming currently kill 160,000 people 

every year around the world; this number may nearly double 

by the year 2020. 

V. The Bush administration’s logic of preemption as applied to 
Iraq should dictate immediate and intense actions against global 

warming. 

 



The Speech 

 Think back to 14 months ago, March 2003, when the US invasion 

of Iraq first began.  At that time, the principal justification put forward 

by the Bush administration was centered on the security of the American 

people:  Saddam Hussein, it was claimed, possessed biological and 

chemical weapons of mass destruction that he might conceivably hand 

over to terrorist organizations like Al Qaeda.  The evidence adduced in 

defense of this allegation was, in reality, quite tenuous; the 

Administration succeeded only in presenting a few shaky pieces of 

intelligence concerning, for example, uranium from Niger and aluminum 

tubes—many of which were discredited even before the war 

commenced.  Yet, the Administration emphasized the necessity of 

preemption, of acting before it was too late; the idea was that it would be 

better to discover that Iraq did not in fact possess weapon stockpiles 

after an invasion than to discover that Iraq did possess weapon 

stockpiles as a result of another devastating terrorist attack. 

This logic was, in essence, a form of the precautionary principle, 

which stipulates that when one knows little about the potential dangers 

of a situation, one should proceed with utmost caution and restraint until 

later findings dictate otherwise.  To use an analogy, if you are running 

through a completely dark cave and you have no idea what lies ahead of 

you, it’s best to stop and feel around for any walls or boulders or cliffs 

that may be in your path before continuing onward.  Many opponents, of 

course, argued that the invasion of Iraq was hardly a cautious alternative 



to continued weapons inspections, given that it would increase the 

likelihood of Saddam’s use of weapons of mass destruction as a last 

resort and would exacerbate anti-American hostility throughout the 

Middle East.  But this idea of preemption, of “better safe than sorry” was 

nonetheless the logical basis of the war’s justification. 

 Now think back to 38 months ago, March 2001, when the Bush 

administration announced its refusal to accept the Kyoto climate-change 

treaty, which called on industrialized nations to reduce their greenhouse-

gas emissions to below 1990 levels by the year 2012. 

 Unlike the charges against Iraq, the dangers of global warming 

were well known and widely accepted.  Virtually the entire international 

scientific community has acknowledged that global warming is 

occurring and is primarily the result of human activity.  The 

Intergovernmental Panel on Climate Change estimates that the earth’s 

average temperature could increase between 1.4 and 5.8 degrees Celsius 

by 2100.  This will mean more severe weather patterns like floods and 

droughts, the wider occurrence of insect-borne diseases, and rising ocean 

levels that could threaten ecological treasures like the Florida 

Everglades, as well as human housing along the coast.  A recent study 

by scientists from the World Health Organization and the London 

School of Hygiene and Tropical Medicine estimated that side effects of 

global warming—ranging from hunger to malaria—kill 160,000 people 



every year around the world; they expect that number to nearly double 

by the year 2020! 

 The Bush administration claimed that it could not accept the Kyoto 

treaty on the grounds that the scientific understanding of global climate 

change remained too shaky and uncertain.  Even if we were to go against 

the overwhelming findings of the scientific community and give Bush 

the benefit of the doubt on this, the Administration’s own doctrine of 

preemption as applied to the Iraq invasion should dictate a precautionary 

approach.  In other words, it is precisely because our ability to predict 

global warming is so inexact and it is precisely because our 

understanding of its effects is so incomplete that we must exercise 

caution in our emission of greenhouse gases.  The Bush administration 

should adhere to its own logic not just by embracing the Kyoto treaty—

which many scientists regard as inadequate—but by going further to 

advance even stronger measures that are demanded by the potential 

seriousness of the situation.  To do otherwise would be to continue 

running at full speed down a dark tunnel, without stopping to find out 

what it is that lies before us. 
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Comments on a cartoon about American voting

By Brian Tomasik

Due date: 17 Mar 2004

Matt Wuerker’s cartoon is

quite complex and highly

clever. He illustrates many

different factors that infiltrate

our elections: huge donations

from campaign contributors,

the tendency of the media to

“premasticate” issues (that is,

to eliminate all of the

complicating factors and

present a simple, easily

swallowed message), and the

relegation of third parties

through their exclusion from

the presidential debates. The

cartoon’s title seems to

indicate that these factors are

the real force behind our

election process. Mechanic

Uncle Sam’s statement, “…if

only I could fix these hanging chads…,” suggests indirectly that he has been very

successful in building the rest of the “voting machine.” The message of the cartoon,

then, is that the most substantial problem with our elections is not the literally

mechanically dysfunctional machines but the politically and socially dysfunctional

processes that, from the start, restrict the opinions of voters—and, hence, the types

of candidates capable of being elected. It is interesting, also, how the visual

depiction of the thought-narrowing factors as mechanical components gives a

whole new meaning to the term “manufacturing consent.”

Home   •   Back to top   •   About   •   Privacy   •   Search



Tomasik 1 

 

The 2002 Farm Bill 

Brian Tomasik 

8 January 2003 

 

Imagine a medicine intended to palliate the symptoms of a widespread malady, but which 

fails to address the causes of the problem and to provide relief to the most afflicted areas, and 

whose side effects largely prove worse than the ailment itself.  The agricultural commodity 

payments portion of the 2002 farm bill may fit such a description.  The Farm Security and Rural 

Investment Act of 2002 is the largest farm bill in U.S. history, as it will cost taxpayers at least 

$248.6 billion over six years (Mittal 1).  The bill—which deals with food stamps, agricultural 

research, and environmental conservation, in addition to crop subsidies, and which covers more 

than one billion acres of land that comprises over half of the continental United States (“The 

2002” 13)—was passed by Congress after 14 months of hearings and debates and signed by 

George W. Bush on May 13, 2002, despite his initial opposition to it the year before (Mittal 1).  

Under the 2002 bill, $189 billion will be distributed over ten years for crop supports (Lochhead), 

which is $83 billion more than past programs would have cost (Mittal 1).  The agricultural 

subsidies portion of the 2002 farm bill contains a few minor provisions that are beneficial, but 

most will prove unhelpful or even harmful to small farmers, both domestic and foreign. 

 Since agricultural subsidies began in the 1930’s, approximately $500 billion have been 

given out (Thurow and Kilman).  The 2002 farm bill provides farmers with direct payments, 

countercyclical payments, and marketing loans (Mittal 1).  Direct payments are a fixed, 

guaranteed subsidy for growing a certain type of crop.  If market prices fall below a set price, 

countercyclical payments are provided to alleviate the shortfall (Mittal 1); marketing loans also 
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serve to palliate low prices (Falda).  In 1980, a mere four percent of a farmer’s income was from 

government support; by 2000, that amount had grown to 40 percent (“The 2002” 13).  In that 

year, average payments to farmers totaled $20,800 (Vieth).  Unlike the 1996 Freedom to Farm 

Act, which attempted to reduce government commodity payments for crops (“The 2002” 13), the 

2002 farm bill will enlarge crop support subsidies by 80 percent over the intended amounts of the 

1996 Act (Pierri).  Because of the trade obligations of the U.S. as a member of the World Trade 

Organization (WTO), Congress hoped to slowly reduce the dependence of farmers upon 

government payments with the Freedom to Farm Act (Mittal 1). However, low crop prices forced 

farmers to overproduce, thereby further driving down prices and compelling the government to 

intervene with emergency relief subvention that resulted in the highest farm payments ever (“The 

2002” 13).  Therefore the actual payments from 1998 to 2001 were higher than those anticipated; 

the expected annual subsidies in the 2002 bill, while higher than the intended payments 

established in 1996, will be less than the actual amounts allocated for relief in the last four years 

(Guebert).  The 2002 farm bill augments support for corn, rice, wheat, and cotton by two-thirds 

(Allen, “Bush Gets”), reinstates payments to farmers for honey, mohair, and wool, and for the 

first time subsidizes milk, peanuts, chickpeas, and lentils (Pierri). 

  

Like a medicine that, once taken, requires greater and greater doses, the current farm bill 

policy necessitates the continued allocation of larger subsidies.  The guarantee of countercyclical 

payments eliminates any reason for farmers to limit their crop production, because they will 

receive the same amount of payment regardless of the price of the commodities.  The resulting 

overproduction further depresses prices, necessitating even greater subsidies to compensate for 

it.  A former government official and co-chair of the European-American Business Council, 
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Stuart Eizenstat, described the policy as “a Catch-22.  Because the bill is countercyclical, as 

prices decline you get more subsidies to try to make up for it, and you just keep the vicious cycle 

going” (Eizenstat qtd. in Vieth).  Even Secretary of Agriculture Ann M. Veneman cautioned in 

the fall of 2001 that the farm bill would cause overproduction, which “creates pressure for more 

government payments, thereby creating a self-defeating and ultimately unsustainable cycle” 

(Veneman qtd. in Allen, “Bush Signs”).  This may be one reason that Representative Ed Royce 

(R-CA) feels that “In the long term, our economy and farm sector will be better off if we phase 

out these subsidies” (Royce qtd. in Archibald, “Down”). 

 Another troubling aspect of the 2002 farm bill is the absence of a mechanism to aid 

farmers who are faced with poor yields.  In a year with a drought or other unfortunate weather 

conditions, overall farm yields are reduced.  This causes prices to rise, leading countercyclical 

payments to decrease as well.  With only the benefit of higher prices, farmers experiencing lower 

yields lose revenue.  Purdue University economist Allan Gray estimates that farmers 

experiencing a 20 percent loss in yields could see a 7 percent decline in income.  Gray explained 

that when both yields and subsidies decline and only prices increase, “You have two negatives 

and one positive and there is no way that one positive is going to offset two negatives.  You end 

up with lower revenues” (Gray qtd. in Falda).  While many farmers struggle through poor 

weather, a fortuitous few produce bountiful yields and thus enjoy large profits (Falda).   

 

The medication of the 2002 farm bill, like its predecessors, does little to relieve the 

symptoms of low income for the majority of small farms and instead furnishes the greatest relief 

to areas least affected by that affliction, namely large-scale farms.  The poorest eighty percent of 

American farms receive only one-sixth of the total agricultural subsidy payments, while the 
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richest ten percent obtain two-thirds of them (Archibald, “Wealthy”).  Farm households with 

average annual income levels above $135,000 are the recipients of 47 percent of commodity 

payments (Kristof).  150,000 farmers will claim eighty percent of the farm commodity 

subvention (Lochhead).  In Arizona, cotton farms that sell over $500,000 worth of products 

receive 83 percent of the state’s cotton subsidies (Moore).  In the last five years, 32,600 Texas 

farms received $6.6 billion, while the other 181,000 farms in Texas collectively obtained only 

$1.1 billion (Lindell).  From 1996 to 2000 in New York, an average of $114,499 was allocated 

for the upper 10 percent of farms receiving subsidies, while the average payments to all farms 

receiving subsidies was $19,557 (“The 2002” 13).  $1.8 billion, almost 67 percent of the 

California’s crop payments, went to less than 3,500 farms.  Of the twenty California farms that 

collected the most subsidies, eleven were rice farms and seven were cotton farms, and they 

averaged $596,000 annually.  In Firebaugh, which is on the western side of Fresno, California, a 

mere 203 farmers received $58 million in crop supports since 1996 (Arax and Bailey).  Ken 

Cook, president of the Environmental Working Group (EWG), explained that “There are 

thousands of subsidy recipients who clearly don’t meet the taxpayer’s image of the family farm.  

It’s a pretty significant departure from what the program was intended to do” (Cook qtd. in 

Archibald, “Wealthy”).  The President of the Heritage Foundation, Edwin J. Feulner, rhetorically 

questioned the inequity of the situation: “Why should multimillionaire hobby farmers and large, 

well-heeled corporations get lavish federal handouts while most family farmers get nothing but a 

tax bill?” (Feulner qtd. in Archibald, “Wealthy”).  The current level of the gross income of farms 

that cannot be exceeded in order for them to be eligible for government support is very high, at 

$2.5 million (“Rich”).  The 2002 farm bill reduced the total amount of payments an individual 

farm can obtain from $460,000 to $360,000, but that amount is still substantial (Allen, “Bush 
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Signs”).  Further, many large farms evade this moderate cap with loopholes that allow for even 

greater subsidies (Mittal 2). 

  

Large farms are not the only recipients of taxpayer funds.  From 1996 to 2001, payments 

were allocated to 44 state universities, 14 prison systems, and 413 city and town governments, 

according to a six-year investigation by the Washington Times (Archibald, “Down”).  Even the 

founder of CNN, Ted Turner, as well as ABC’s Sam Donaldson and fourteen members of the 

107th Congress are beneficiaries of the bill.  Many of these recipients are able to collect subsidies 

because they own land that was once used to produce crops, whether or not that is still the case 

(Archibald, “Wealthy).  Except for conservation or disaster aid, the lowest 80 percent of farmers 

nationwide received an average of $5,830 from 1996 to 2000, at the same time that several 

Fortune 500 companies collected tens or hundreds of thousands of dollars.  International Paper 

was the recipient of $375,393, Westvaco Corp., $286,740, Chevron, $260,223, DuPont, 

$188,732, Caterpillar, $171,698, John Hancock Mutual Life Insurance, $125,975, Georgia 

Pacific, $37,156, Archer Daniels Midland, $36,305, Mead Corp., $15,115, Deere and Company, 

$12,875, and Boise Cascade Corporation, $11,024, while Pfizer, Navistar, Kimberly-Clark, Eli 

Lilly Co., and RJ Reynolds Tobacco Co. also collected subsidies (“Farm Subsidy”).  State 

prisons in Alabama received $567,147, while 31 cities in Missouri collected $508,860, and 17 

cities and towns in Oklahoma gained $491,086.  The Walla Walla Regional Airport in 

Washington State was given $67,222, and the Nebraska State Historical Society acquired 

$31,919.  According to EWG, the city of St. Louis from 1996 to 2001 was the recipient of a 

$84,536 corn payment because land in its possession that was intended for flood control was 

being used by a tenant farmer to cultivate corn.  Several agricultural universities obtain farm bill 
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payments, both from programs for agriculture and unrelated foundations.  In six years, the 

University of Arizona, Texas Tech University, and Iowa State University each received $1.2 

million, while the Texas School for the Blind collected $14,309 and the Texas Tech Medical 

Foundation was paid $5,454.  During the same period of liberal payments to several institutions 

and wealthy individuals, the government refused support for tens of thousands of small farmers 

and ranchers who had applied for aid.  EWG’s Ken Cook explained that “What this program is 

about is not helping working farmers.  It ends up having taxpayers give money to people who 

own the right land” (Cook qtd. in Archibald, “Down”). 

 While the majority of federal subsidies are allocated to wealthy farms, many farmers do 

not receive any support at all.  Most USDA subsidies are for only eight “program crops”: corn, 

cotton, rice, wheat, soybeans, sorghum, barley, and oats (Lindell).  Only thirty percent of U.S. 

farmland is used to grow subsidized crops (“Frequently”), and a mere forty percent of American 

farmers collect commodity payments (Archibald, “Down”).  More than seventy percent of 

subsidies end up in only twelve states (“Frequently”).  Of California’s 74,000 farms, nine percent 

have obtained subsidies since 1996, as many of the state’s farms produce specialty crops, 

including peaches, grapes, strawberries, walnuts, plums, nectarines, almonds, and vegetables, 

which are not subsidized (Arax and Bailey).  Three-fifths of the farms in Texas, likewise, do not 

qualify for crop support payments (Lindell). 

  

The 2002 farm bill not only fails to help many American family farmers but has 

detrimental side effects on small farmers in poor nations worldwide.  Seventeen percent of the 

entire economic activity of 48 countries in sub-Saharan Africa is farming (Vieth).  Half of the 

gross domestic product of the poorest countries may be derived from agriculture, according to 
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estimations by Thomas Beierle of Resources for the Future (Lochhead).  Farm subsidies in richer 

countries generate crop overproduction and severely depress prices, sometimes to the extent that 

the price is lower than the production cost (Mittal 3).  For example, an acre of California rice is 

worth $650 on the world market but requires $700 to $800 to grow (Arax and Bailey).  With 

extreme surpluses, the U.S. exports one-third of its crops, and foreign sales account for a quarter 

of U.S. farm revenue (Becker).  Out of the total amount produced, 42 percent of American rice is 

exported, as are 35 percent of soybeans, 45 percent of cotton, 46 percent of sorghum, and 53 

percent of wheat (“Frequently”).  When these commodities are sold at or below the cost of 

production to Third-world nations, local farmers cannot compete, and may sometimes be forced 

out of business (Mittal 3).  U.S. corn is exported at prices twenty percent below the cost of 

production, while wheat is 46 percent below (Cassel).  Wielding the World Bank, International 

Monetary Fund (IMF), and international trade agreements, the U.S. coerces poor countries to 

accept American crops, reduce tariffs, and eliminate their agricultural subsidies, which allows 

the U.S. to dump crops onto those nations (Mittal 3).  Most export products, if sold at or below 

the cost of production, violate anti-dumping laws, but agricultural products avoid these 

limitations (Vieth). 

 Dumping of American crop surpluses has resulted in harmful impacts worldwide.  In 

Mexico, eighty percent of the poorest people reside in rural areas, and more than two million 

survive as corn farmers.  Dumping of American corn has rendered many Mexican corn farmers 

unable to sell their crops (Mittal 3).  Likewise, Australia may lose markets in Asia that will be 

filled by American produce.  Because U.S. subsidized agricultural commodities have lowered 

world prices and reduced the market for many of Brazil’s export crops, that country predicts it 

will lose $9.6 billion over the next four years.  Hugo Manni Ríos, vice-president of the 
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Uruguayan Association of Rice Growers, fears that the U.S. farm bill will compel Brazil to 

concentrate less on cultivation of cotton and soybeans and instead focus on growing rice.  This 

would create competition with rice production in Uruguay and then a “vicious circle that will 

produce a disaster” (Ríos, qtd. in Pierri).  The director of Iowa State University’s Center for 

International Agricultural Finance, Niel Harl, described the international situation that the farm 

bill generates: “Commodity prices will probably sink lower on a global basis.  For countries that 

do not subsidize their farmers as well as we do, that will mean economic and financial trauma.  

We’re making decisions here in the U.S. that affect the entire world, yet the rest of the world 

doesn’t have much say in what our policy is” (Harl, qtd. in Vieth). 

 One of the more dramatic examples of the harmful impact of farm subsidies may be 

observed with cotton.  While other industrialized nations allocate over $3 billion for cotton each 

year, the U.S. alone spends $2 billion annually on this crop, and 2001 cotton spending resulted in 

the highest domestic cotton production since 1926.  Even greater cotton subsidies are contained 

within the 2002 bill (Lochhead).  The 25,000 American cotton producers derive half of their 

income from subsidies, and the average net incomes of cotton farming families, which includes 

revenue separate from farming, is $800,000 per year, according to the USDA (Thurow and 

Kilman).  Subsidies in rich nations, coupled with a recent decrease in cotton demand (Vieth), 

may have been factors in the decline in cotton prices by two-thirds since 1995 to $.40 per pound, 

the lowest in approximately thirty years.  The 9.74 billion pounds of American cotton cultivated 

in 2001 depressed worldwide cotton prices to near or below the cost of production for most poor 

farmers.  Subsidies in the U.S., the world’s primary cotton producer, prove detrimental to 

farmers in poorer areas, especially Africa, which is the third largest producer of this fiber crop.  

In west and central Africa, two million families cultivate cotton, and although most of it is 
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picked by hand, it is the same quality as U.S. cotton.  In Mali alone, one of the ten least 

developed countries in the world, three million of the eleven million citizens rely on cotton for 

survival, and nearly 50 percent of the nation’s export revenue is provided by cotton sales. While 

some U.S. cotton farmers enjoyed at least a 16 percent increase in income from cotton payments, 

farmers in Mali experienced a 10 percent reduction in cotton revenue in 2002 (Thurow and 

Kilman).  In Burkina Faso, a nation largely dependent on cotton production, two million people 

make less than $1 per day.  A World Bank/IMF study predicted that if subsidies in rich nations 

were eliminated, the resulting increase in cotton prices could reduce poverty in Burkina Faso by 

half in six years (Lochhead).  A February 2002 World Bank study estimates that the elimination 

of U.S. cotton subsidies would augment the income of western and central African nations by 

$250 million annually (Thurow and Kilman).  The president of the Institute for Agriculture and 

Trade Policy, Mark Ritchie, summarized these impacts by explicating that the 2002 “farm bill, I 

think it’s fair to say, will put millions of small farmers out of business in Africa.  They will have 

to move to cities and become part of unemployed labor pools” (Ritchie qtd. in Vieth). 

 The U.S. is not alone in imposing low crop prices on poor nations.  European farmers 

derive around 40 percent of their revenue from government payments, while the proportion in 

Japan is 63 percent (Cassel).  According to studies by the World Bank, the U.S., Japan, and 

Europe collectively allocate $350 billion for agricultural crop payments, an amount equivalent to 

the gross domestic product of all of sub-Saharan Africa.  U.S. foreign aid to poor countries is 

about $10 billion annually, compared with roughly $18 billion directed to farm subsidies 

(Lochhead).  The leader of the UN Development Program, Malloch Brown, has calculated that 

agricultural subsidies in the U.S. result in a yearly loss of crop exports worth $50 billion for poor 

countries; this is approximately the level of foreign aid provided annually by developed nations 
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(Kristof).  While the U.S. farm bill is not fully responsible for this, the perpetuation of American 

crop subsidies reduces pressure on other industrialized countries to eliminate their crop support 

payments (Lochhead). 

  

 The 2002 farm bill has not been a solution to the decline of family farms.  To the 

contrary, it has accelerated that process by allocating the bulk of agricultural subsidies to the 

largest corporate farms or to private individuals and institutions.  It also does not apply to the 

majority of farms, fails to protect farmers who suffer from low yields, and necessitates greater 

amounts of future subsidies.  Moreover, current American farm policy is partially responsible for 

the continued poverty endured by many Third-world farmers. 
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Satire piece about Enron
By Brian Tomasik
17 February 2002

Only last year, Enron, a corporation that traded energy, was ranked as the seventh richest 

of the Fortune 500.  The cunning (1) corporation paid no taxes for four of the past five years 

because it was able to move assets to several of its 881 subsidiaries that were in other countries 

and free from taxes.  From 1995 to 1999, Congress spent much time on and eventually passed 

“financial modernization” legislation, which would deregulate the financial industry, despite 

several past lessons from history, which demonstrated how deregulation could lead to trouble.  

After disingenuous accounting and misrepresentation of the company’s income, the Enron 

Corporation filed bankruptcy in December 2001.  It must have been a shock to the Bush 

Administration that such a collapse could result from the “modernization” of the financial 

industry.  While the top executives sold their stocks and other benefits for a billion dollars, and 

the chairman of Enron, Kenneth Lay, got $30 million himself, the Enron employees were forced 

to hold on to their stock.  The employees lost 70 to 90 percent of their retirement money from 

October 16 to November 13 when the stock’s value was reduced to a few cents per share.  It’s 

comforting to know the executives of our corporations are so benevolent (2).  

Fortunately, we can count on our government to perform a thorough and complete 

investigation into this ignominious (3) scandal.  About 250 current members of Congress took 

donations from Enron, and many of those members are on committees investigating the Enron 

scandal:  Senator Jeff Bingaman, chairman of the Energy and Natural Resource Committee (who

received $14,124 from Enron), Senator Kay Bailey on the Commerce Committee (who received 

$99,500 from Enron), and several others (Pattern 3).  Surely these tractable (4) members, 

ensconced (5) with corporate contributions, will have no trouble remaining unbiased throughout 

http://www.sccs.swarthmore.edu/users/09/btomasi1/


the investigation.  Enron, a corporation that helped to design the Bush energy policy, donated 

$623,000 to George W. Bush throughout his career; it was also the single largest contributor to 

his presidential campaign (Pattern 1). It was very generous of Enron to do this without expecting 

any favoritism in return for these contributions.  From 1989 to 2002, through individual, political

action committee, and soft money donations, Enron gave $5.95 million in contributions to 

federal candidates.    Also, some government employees, after working to benefit Enron, 

coincidentally, joined the staff of the corporation.  In 1993, Wendy Gramm, the wife of Senator 

Phil Gramm, helped to keep Enron from being required to meet regulations.  Five weeks 

afterwards, she (unexpectedly) became a part of Enron’s board.  However, investigations into 

these matters must wait until our war on terrorism is finished because only after bombing 

countries, killing thousands of innocent civilians, and creating more hatred towards the United 

States, as we have done in Afghanistan, will America be safe from terrorists.



Home   •   Writings

Does society have the authority to outlaw drugs?

By Brian Tomasik

Due date: 5 Mar 2004

Note

Brian in 2017: As the last paragraph of this old essay explains, I strongly oppose

most of the War on Drugs in practice. Imprisoning nonviolent drug offenders is one

of the greatest modern injustices against humans in the United States.

Essay

Questions concerning the right of society to prohibit certain activities arise in many

areas—from abortion to gay marriage. One of those areas is the use of drugs for

nonmedical purposes, particularly those drugs that are currently illegal. Some

people feel that it is the right of an individual to use drugs just as much as it is the

right of an individual to eat and drink whatever he or she chooses; a person should

have the right to take drugs if he or she is willing to face the consequences, some

argue. However, it is within the authority of a society to proscribe drug use because

drugs are usually deleterious to the drug user and because the pernicious impacts

of drug use often extend beyond the drug user himself or herself.

Drug users very often endure health problems as a consequence of their actions.

Cigarettes have been irrefragably proven to contribute to lung cancer, emphysema,

and countless other respiratory ailments. Excesses of alcohol or minor doses of

some highly potent drugs can lead to death. The addictive nature of drugs,

moreover, renders severe drug abusers unable to function in the real world without

frequent drug hits. It is true that drug use is a type of personal choice, however

myopic a choice it may be. However, it is also true that society has a right to limit

freedom of action for the good of the individual. Public school attendance is

mandatory—even though it confines individual freedom of action—because society

has recognized that it is more important to ensure that people are educated than it

is to create unfettered liberty. Suicide is illegal—even though it might be considered

a rightful choice for an individual to make—because society has recognized that it is

more important to discourage the often-irrational taking of one’s own life than it is to

guarantee personal freedom of action. [Brian in 2017: I now disagree with outlawing

suicide.]

Not only is drug use unhealthy to the drug abuser, but it is damaging to other people

as well. When drugs are abused, the user can become confused and incapable of

rational judgment. This may not only cause the drug abuser to hurt himself or

herself, but it may also harm other people, such as when a drunk driver crashes into

a pedestrian or kills another driver. Drug use can also bring emotional trauma by

provoking fights within a family or by worrying those who care about the health of

the drug abuser. Society has a right to prohibit those individual actions that have an

inordinately baneful impact on the lives of others. An obvious example is that it is

illegal to abuse, rape, or kill another person even though such actions could

conceivably be construed—however tenuously—to be forms of the exercise of

individual liberty.

Society has the legitimate power to make illegal the use of nonmedical drugs. Not

only are most drugs detrimental to the user’s health, but they can also devastate

families emotionally and even kill other people. Society does have an obligation to

protect the rights of individuals to behave freely, but it has an even greater

obligation to ensure that people do what is best for themselves and what will not

devastate the lives of others.

(Note: While I believe that society has the right to proscribe drug use, I do not

believe it is the proper course of action. Marijuana and other currently illicit drugs

should no more be prohibited than should cigarettes or alcohol. Instead of wasting

taxpayer dollars to incarcerate nonviolent drug offenders in jails that may only

deprave them further, we should redirect those funds to rehabilitation programs that

strive to help drug addicts in a meaningful way. Dollar for dollar, rehabilitation is

many times more effective than the failed “War on Drugs.”)
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Sleep quality seems proportional to dreaming

First published: 2020 May 07. Last nontrivial update: 2020 May 07.

My sleep varies in quality in terms of how rested and alert I feel the following day.

I've noticed that apart from sleep length, one of the best predictors of how rested I'll

feel is how many dreams I had during the night and how "intense" they were. I

assume this is because dreams correlate with REM sleep. On some nights it feels

like I'm dreaming repeatedly, while on other nights I dream relatively little (unless I

do dream but have no memory of it).

In 2010 I was feeling weird/bad on a regular basis and saw a psychiatrist. We first

tried a regular SSRI without any noticeable effects. After a few months, we

discontinued the SSRI and switched to lamotrigine. The first night after taking it, I

had unusually strong dreams. These continued for a while. On 2010 Oct 13, I wrote

the following note about my experiences:

The lamotrigine has some interesting impacts on my sleep. (I know the

medication doesn't kick in for 4-6 weeks, but these must be more

short-term side effects.) In particular, it makes my dreams vivid and

intense. Upon Googling the matter, I find that this is expected, because

the medication increases REM sleep. The dreams aren't usually

nightmares, but I often wake up every ~1.25 hours after each episode

concludes[...].

The lamotrigine also worked successfully to bring my mental health back to a

normal state, and by 2011 I was feeling so good I discontinued it without needing

any further psychiatric medication. I wonder if the intense dreams were part of what

contributed to my recovery or if they were just a random side effect.

Subsidies for farm-animal welfare

First published: 2019 May 20. Last nontrivial update: 2019 May 20.

A main reason it's difficult to enact strong legislation to improve the welfare of farm

animals is that the meat industry has a lot of political power. Animal farmers and

meat sellers oppose requirements that increase their costs.

But what if welfare reforms didn't have to increase costs to the meat industry? What

if the government subsidized welfare improvements, such as larger and cleaner

housing facilities, better slaughter equipment, and veterinary care? The US federal

government already distributes massive subsidies to crop farmers, and a portion of

those subsidies are intended to incentivize environmental conservation. It doesn't

seem like too much of a stretch to imagine extending such subsidies to the realm of

farm-animal welfare.

Benefits of the subsidies approach:

The meat lobby would be much less opposed to such legislation and might

even support it, since it would improve the industry's public image, and

sometimes the subsidy payments for a given welfare improvement would

exceed the costs of implementing it.

One big problem with regular farm-animal regulation is that it can cause

production of farm-animal products to move to a different state or different

country where welfare standards are worse. But if you subsidize welfare

improvements, production is encouraged to stay where it is in order to get the

subsidies.

Downsides of welfare subsidies:

Subsidies tend to increase the amount of a product produced, so these

subsidies might slightly increase the total number of animals farmed.

Animal activists might dislike the idea of paying farms to be somewhat less

cruel to their slaves. This might make it harder to lobby for the legislation

(although if the meat industry would support the idea, maybe it could succeed

anyway).

Maybe there would be a risk that over time, the US federal government would

add meat subsidies not tied to welfare improvements. If the monetary amounts

given were substantial, this could significantly increase meat production.

Rather than being general subsidies incentivizing welfare measures, the government

payments could alternatively take the form of reimbursements for specific

expenses, such as the cost of switching to a better slaughter method. Of course,

farms might try to construe all kinds of expenses they incur as enhancing animal

welfare, so there would need to be attentive oversight regarding what sorts of items

were actually being reimbursed. There would also need to be inspection to make

sure farms were actually implementing the welfare improvements.

I don't recall hearing the idea of farm subsidies for animal welfare discussed by

animal advocates, though surely some people have thought of it before.

Being more rational by temporarily not caring

First published: 2019 Mar 05. Last nontrivial update: 2019 Mar 05.

It may be a trite thing to say, but I find that being too emotionally invested in a topic

is one of the main reasons people hold one-sided viewpoints without being willing to

hear or update on contrary arguments. This is especially true in politics, where many

people sort themselves into ideological echo chambers and refuse to acknowledge

that the other side has any legitimate points. It's also true in various other smaller-

scale debates, at work and at home. People (myself included) may resist criticism

because it's unpleasant to hear and it might imply that you should make

uncomfortable changes to your habits.

If you're a superhuman machine, the proper way to be rational about such things is

simply to consider all the arguments and update one's beliefs and actions

accordingly. But for most of us, doing this is really hard. We might emotionally like

our old habits or our current side in the debate without wanting to give those up.

For mere mortals like us, an alternative can be to be rational and dispassionate

temporarily and then allow ourselves to return to our comfortable cocoons

afterward. For example, you can listen to criticism for 2 minutes and then go right

back to ignoring it. Or you can read an article by someone whose viewpoint makes

you angry for 10 minutes, consider that this person makes some fair points, and

then let yourself go back to being angry at this viewpoint afterward. Because this

fair-minded attitude is only temporary, it's vastly less threatening than if you actually

had to change your behavior as a result of being fair-minded. :)

During the brief period of open-mindedness, you can adopt a sort of jaded,

apathetic attitude. For example: "Oh, someone I respect said my approach is

probably wrong. Hm, maybe it is. Oh well. This Is Fine." Or: "This person makes

some strong points that challenge the assumptions on which my current work is

based. Maybe what I'm doing isn't as positive as I thought. Oh well. So it goes."

After this period is over, you can go back to being your old emotional self, with all

your existing biases. However, maybe at least a bit of the more objective

perspective that you saw in the apathetic period can remain behind and plant a seed

that might over the long run have some impact.
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Day of the week is a checksum

First written: 2018 Dec 5.

When communicating dates over the phone, such as to schedule a doctor visit, it's

common to say both the day of the week and the date, like "Tuesday, July 11". One

reason to say the day of the week is just to give extra context on when the day is.

For example, if someone is usually busy on Tuesdays, then when the person hears

"Tuesday, July 11", she can switch to another date. However, another benefit of

saying the day of the week is as a "checksum" of sorts on the date. Day of the week

is like a hash function computed from the date that

differs dramatically for small changes to the input date (it's completely

different if the date is off by just a few days) and

has only a ~1/7 probability of accidentally matching if the date is wrong by

more than a few days.

Recommending your friend's charity

First written: 2018 Aug 28.

In politics, business, and other domains, conflicts of interest can sometimes be a

sign of corruption. For example, if you're friends with someone and then

recommend his company for a government contract, you might have recommended

the company to help out your friend rather than because it's the best applicant.

However, in other cases, trying to avoid conflict of interest is wrongheaded. For

example, the charities that I'm most involved with are the ones that I think have

highest impact relative to my values. If I then recommend those charities to donors,

one could allege: "You're only recommending them because you help out with them

and know the people on the teams." But this gets the arrow of causation backwards.

In fact, I help out with them and know the people on the teams because I

recommend the charities in the first place. If I came to believe that other charities

had higher impact, I would go become friends with them.

This is a common problem for individuals or organizations that aim to recommend

charities or interventions. Charity recommender Alice will naturally communicate

most with those people—call them Bob and Carol—who share Alice's goals and

favored approaches for making a difference. But then when Alice recommends Bob

and Carol, she may get called out for having a conflict of interest, due to being

friends with them. This might lead to a perverse incentive for Alice to avoid

interaction with the people she thinks are doing the best work.

The only solution I can see for this problem is for a critic, call him Dan, to get to

know Alice, Bob, and Carol up close for a long time, in order to verify whether the

relationship is primarily corruption or primarily camaraderie based around a shared

vision. (Of course, there can always be some of both, due to our natural biases to

favor our friends even if we don't intend to.)

Editing out "umm"s

First written: 2018 Aug 17

I say "umm" a lot during speeches and interviews. Many people don't notice, but

some people who do notice find it very annoying. I "umm" a lot because my speech

is pretty irregular: I think of a small chunk of words, say them, and then have to think

about the next chunk. Some people are able to speak more continuously, perhaps

by planning what they're going to say next while simultaneously speaking their

current thought. Maybe I could do this if I practiced a lot, but I haven't prioritized it

yet because I don't do that much public speaking. I've noticed that Sam Harris is an

example of someone who seems to be able to compose flawless sentences on the

fly and speak them without pauses, which seems to me like a superhuman ability.

I think I've partly been trained to say "umm" based on my experiences in

conversation. If I try to pause instead of "umm"ing during dialogue, interlocutors

tend to interrupt me. However, it seems that most people dislike "umm"s in the

context of a long speech by a single person.

Some podcasts I've been on edit out "umm"s, "you know"s, and false starts in

speaking. One example was an interview I did with the Future of Life Institute.

During the actual discussion, I literally said "umm" about every 10 to 15 seconds. I

also often started a sentence, stopped after a few words, and then rephrased how I

said the sentence. Most of these speech irregularities were removed in the final

podcast by editing. The flow of the audio is obviously improved as a result, though I

feel a bit awkward about listeners assuming that I'm much better at speaking than is

actually the case. It's the audio equivalent of airbrushing photos.

Regular eating for regular sleeping?

First written: 2018 Jul 11

For many years I've followed the advice: "Eat when you're hungry, and stop when

you're full." I try to avoid eating when I'm not hungry. Unfortunately, this can

sometimes lead to irregular eating patterns. And I find that a big determinant of my

sleeping schedule is my eating schedule. I can't fall asleep unless I've eaten within

the last few hours, or if I do fall asleep hungry, the sleep is of poor quality because

my body is more stressed than normal. So irregular eating may contribute to

irregular sleeping.

An example of disruption of my sleeping schedule in this way occurred on 2018 Jul

9. For several days before that date, I had been waking up and sleeping at roughly

the same time each day. On 2018 Jul 9, I for some reason wasn't hungry following

exercise the way I normally would be. I waited a few hours until I got hungry, and

during this time, my body kept me from getting tired due to not eating. I ate dinner a

few hours later than normal and therefore went to sleep a few hours later than

normal. However, since my body was still used to getting up at the time it had

previously woken up at, I awakened early the next day, with only about 5.5 hours of

sleep, unable to get back to bed. This sleep disruption reduced my alertness for

parts of the next ~2 days until things became somewhat more regular again.

Probably what I should have done in the above situation was eat at least a bit

following exercise, even if I wasn't very hungry, to keep my rhythm more regular. If I

eat when I'm not that hungry, I usually eat less than if I eat when I am hungry, so it's

not clear to me that eating when not hungry is actually bad from an overeating

perspective, and presumably the benefits in terms of regularity of rhythm are worth

it.

Should you proofread a friend's application?

14 May 2018

Suppose a friend is applying to college, or for a job, or for a grant. Should you offer

to proofread or otherwise improve the writing in your friend's application, ignoring

the time that it takes to do so?

If you take a relatively impartial view of the situation, it's not obvious. If you want the

admissions committee to make the best possible choices, then you should want the

applications they receive to accurately reflect the abilities of the applicants. If most

other applicants aren't getting proofreading help, then if you do provide

proofreading help to your friend, you may be giving your friend an unfair advantage

and (slightly) distorting the judgment of the admissions committee. On the other

hand, if everyone else is getting proofreading help too, you should help your friend

with proofreading in order to prevent the admissions committee from mistakenly

penalizing your friend. It's also possible that, for example, you know your friend

would be an excellent choice, but your friend has really bad grammar. In that case, it

might improve the accuracy of the committee's decision for you to proofread the

application.

You might have reasons to want your friend to be admitted even if he's less qualified

than other people. For example, maybe your friend will, unlike most other applicants,

use the position to earn lots of money to donate to effective charities. In this case

you might want to help your friend with the application even if it distorts the

admission committee's judgment.

The idea of letting the admissions committee use their best judgment about whom

to admit can be a helpful attitude if you find yourself rejected from a college or job.

Maybe the committee was right that you weren't the best fit. You might appreciate

the fact that you were rejected so that someone else who was a better fit could get

in instead.

Getting a tiny bit of Debrox in my mouth

14 May 2018

Today I used Debrox ear drops in preparation for an upcoming ENT visit that will

likely include earwax removal. As I was putting drops in my right ear, a tiny bit of

Debrox slid down my right cheek and touched my mouth. Apparently a tiny bit got

into my mouth because I tasted a mild amount of the substance. I promptly rinsed

out my mouth without swallowing.

I assumed this was almost certainly harmless, but I wanted to check online to make

sure. The Debrox box said: "If swallowed, get medical help or contact a Poison

Control Center [...] right away." I assumed this message was intended for kids who

accidentally ingest large portions of the Debrox bottle, rather than for getting one or

two drops in your mouth without even swallowing. So I didn't want to bother calling

a Poison Control Center only to clog up their lines with an almost certainly pointless

question.

However, I decided to try out the webPOISONCONTROL® tool anyway. If nothing

else, I could learn how to use the tool, which might be useful in the future. I was

pleasantly surprised to find that the tool gave me an answer without bothering a

human. After a series of questions, the tool said: "Based on the information you

provided, it is unlikely that significant toxicity will develop. You do NOT need to go to

the Emergency Room." I was glad to get a realistic answer—rather than a cover-

your-ass answer saying that I should seek professional help anyway.

Making fixed identifying information changeable

7 May 2018

In the aftermath of the 2017 Equifax data breach, Sarah Jamie Lewis quipped:

"Don't forget to change your name, date of birth, home address and social security

number regularly." While probably intended as humorous, I think this is actually a

good idea. Fixed pieces of data should generally never be used for identification. If

the US government were like a tech company, you would be able to log in to your

account and change your Social Security number when you suspected that

someone else might have it. You might also be able to change your username. And

birthdays could instead be another arbitrary identifier, or perhaps a two-factor

authentication key.

Home address is a bit different because it's not just used for identification but also

for sending mail to you, which means it can't just be an arbitrary string of

characters. Still, one improvement idea could be as follows. The United States

Postal Service (USPS) would create an ID that refers to your address. When you

order a package on Amazon, you only tell Amazon your address's ID. Only USPS or

other delivery services would know your actual address. The address ID could be

also changeable. This would be an easy way to combat junk mail, because if you

keep getting junk mail sent to your old address ID, you could just change your ID.

(Perhaps a similar approach ought to be used for email addresses: you should be

able to change your email address without having to close out your entire email

account.)

"Lottery of birth" without souls

2 May 2018

One way to evoke empathy for other organisms experiencing hardship is to think, "If

the lottery of birth had turned out differently, I could have been in that person's

position."

A naive way to understand this idea is to invoke souls. I can imagine the lottery of

birth as the process of deciding which body my soul will be attached to.

However, when we take a non-dualist view of identity and consciousness, we need a

different account of the lottery of birth. Strictly speaking, if I identify "me" with my

exact current brain state, then it would be very unlikely that "I" could have been in

someone else's position, because if "I" (i.e., someone with my exact genes and

epigenetic parameters) had grown up in some other situation, my brain would have

almost certainly have been different than it is now. Still, there might be enough

similarity between "a person with my genes growing up in this environment" and "a

person with my genes growing up in that environment" that I could still attribute the

identity of "me" to both of them.

Another approach could be to imagine a "body swap" (a common storytelling

device), which would help overcome the problem that if I had grown up in a different

environment, my brain would be different. In a body swap, we can put my exact

current brain into a new situation. Of course, there remain steep technical

difficulties about hooking up one person's brain to another person's body in a

functional way. And body swapping also has the problem that I wouldn't know what

the person I was swapped with would know, so my experience in his/her body

wouldn't match his/her own experience. (This problem is precisely what makes

body-swap fiction fun.)

A third approach is to swap not just brains but entire bodies, as in the film Trading

Places. This is arguably the least hypothetical way to think about lottery of birth,

because these kinds of trades of position could theoretically be done in real life

without any fancy tech. There still remains the issue that I would lack the memories

and skills of the person I'm trading with. Plus, other people would notice the swap

and would treat me differently than they would treat the other person.

Ultimately it doesn't matter if we come up with an exact physicalist description of

the lottery of birth, because the concept is just an exercise in empathy-building.

Even if we simply use a naive picture with souls, maybe that's good enough most of

the time, if the point is just to make us care more about each other.

Facebook etiquette

23 Apr. 2018

Some random suggestions for etiquette on Facebook:

If you're disagreeing with someone who made a good point, Like that person's

comment to reduce the feeling that the conversation is hostile.

Don't Like someone's comment until the same time as you're ready to post

your reply, so that the other person gets two notifications at once (1 for the

Like, 1 for the reply), rather than getting one notification for the Like and

another notification for the reply a few minutes later after you've written the

reply. This reduces the number of times the other person will be distracted by

notifications.

Don't write a comment that only consists of tagging someone who might be

interested in the post. That distracts other followers of the thread. Instead,

send a link to the post in a private message to the person you wanted to tag. If

you're already writing a substantive comment, then tagging someone in that

comment is of course fine.

I personally prefer not to share the same post in more than one Facebook

group, since this feels spammy. (Other people have different intuitions here.)

It's probably ok to share a post in both groups A and B if the membership of A

is mostly disjoint from the membership of B, so that any given person is likely

to only see one or the other post.

Analogies to link trading

21 Apr. 2018

The following idea occurred to me spontaneously after waking up halfway through

sleep one night a few weeks ago, apropos of nothing.

"Link trading" is when two or more people link to each other's content in the hopes

of boosting their search-engine rankings. (I've never done it because it's dishonest

and would be time-consuming; it seems better to just produce content worth linking

to.)

The general idea of "you promote me, and I'll promote you" is implicit in some other

practices that people do. For example:

I've heard that a few authors of academic articles deliberately add citations of

people who may be their peer reviewers. This can make an article more likely to

be accepted by the reviewers because the reviewers are happy to increase

their personal citation counts by seeing to it that this article is published.

When you invite a guest onto your podcast, the guest may then share that

podcast episode with her followers. The podcast promotes the guest's

message to its listeners, and the guest promotes the podcast to her audience.

I prefer college lectures over seminars

5 Apr. 2018

When I was at Swarthmore College, there were two main types of courses: lectures

and seminars. A similar distinction is common at other colleges. In lecture courses,

the professor would explain the course material at the blackboard, with some

degree of student participation when asking and answering questions. In contrast,

seminars involved students doing the presenting. In math and physics seminars,

students were assigned one or a few homework problems to work out on their own,

and they would then present the solutions in front of the class.

Seminars are presumably considered more advanced, because students have to

learn the material on their own rather than hearing it from a professor's lecture.

Swarthmore also had "first-year seminars" to give new students a taste of this

instructional format. I wonder whether seminars are partly an excuse for professors

to do less work, since professors don't have to lecture much and mostly watch

student presentations.

The big complaint I had with seminar courses is that most students are terrible at

explaining things. :) Some students didn't understand the material and presented it

wrong. Other students wanted to show off their smarts by rushing through the

answer to a problem with limited explanation of the intermediate steps. And most

students have less practice with how best to teach the material than a professor

does. (This is especially true at a small, non-research-heavy school like Swarthmore

where teaching ability is an important criterion in the hiring process.)

Another problem with seminars is that, because students are evaluated on their

presentations of a limited set of problems, they have less incentive to study all the

course material in a balanced way. Instead, it's more effective to focus on mastering

just a few homework problems.

Seminars might make more sense in the humanities, where a lot of the goal is to

have multivocal discussions rather than univocal lectures. Even in this case, I would

imagine that hearing a lecture on what different experts think of a topic would often

be more enlightening than hearing the opinions of non-expert classmates (some of

whom have only skimmed the day's reading material).

Mere exposure and celebrities

1 Apr. 2018

Why do people prefer to see movies with big-name celebrities rather than unknown

but equally talented actors? One possible explanation is that the presence of a

celebrity you like is a predictor of other things, such as that the movie's script will

be interesting or that the acting will be high-quality. However, I suspect that the

main reason people like celebrities is closer to the "mere-exposure effect": we like

what's familiar.

I find that as I get to know a celebrity (or author, or anyone) more, that person

begins to feel more like a friend or family member. Once that happens, it doesn't

matter as much if the person performs well, because you love the person

unconditionally. Parents don't go to see their children perform in the school musical

because of the quality of the singing but just because they love their kids. Similarly,

even if a celebrity is only mediocre at acting, you might enjoy seeing that person in

movies because you feel kinship with the person, even if some random stranger

could do a better job at acting the part. The same idea probably partly explains why

particular bloggers, politicians, and other public figures gain more popularity than

the quality of their work by itself would warrant.

In the past I might have felt embarrassed about being subject to the mere-exposure

effect, but now I'm happy to accept it and enjoy things based on it. The only case in

which it's problematic is when it biases your judgment on important issues. (Which

movie to watch next is generally not an important choice that requires unbiased

judgment.)

Ordinary morality ignores population size

27 Mar. 2018

I think the most powerful lever for changing the moral value of the world is often to

change the number of sentient individuals the world contains. For example, it's

much easier to decrease the number of wild animals than it is to modify on a large

scale the lives of those animals to be better or worse. Similarly, to reduce suffering,

it would be much easier to refrain from colonizing space than it would be to

massively reduce suffering in the lives of the multitudinous beings created as a

result of space colonization. Likewise, to increase happiness, it's often much easier

to create new beings than to improve the lives of existing beings (especially until the

hedonic treadmill is overcome).

My sense is that common-sense morality, and the kinds of moral values that inform

political discourse, almost entirely omit population size as a consideration, whether

for trying to reduce suffering or increase happiness. In political discourse or

personal ethics, it's as though you have to take the population size to be whatever it

will be, and the only allowable levers are those that change the quality of life of

whatever people exist. (One exception to this point may be veg*ism, which aims to

reduce the number of farmed animals that will be born.) For example, if you say you

want to "reduce suffering", ordinarily this will be interpreted to mean "reducing the

suffering of whatever people exist" rather than "causing fewer people to exist". And

likewise if you say your goal is to "increase happiness"; the idea of increasing

population size to increase happiness is never considered.

Perhaps part of the reason that ordinary morality omits consideration of population

size is that past political efforts to influence the human population size have often

been morally problematic or worse. (That said, some levers on population size, such

as government subsidies for parenthood, are less likely to lead to dark places.)

However, it remains unexplained why an individual's morality (rather than political

morality) rarely considers the decision to create a new life as being very morally

good or very morally bad, at least not until that life is conceived. Instead, the

decision of how many children to create is regarded as a personal choice, and the

ethics of parenthood doesn't really begin until after the children already exist.

(There may be some exceptions, such as when considering one's environmental

impact by creating new people.)

I love mindless chores

26 Mar. 2018

When I was a kid, I hated doing housework, like sweeping my room. I think the main

reason was that it was boring. But as an adult, I generally look forward to mindless

chores.

One reason for my change in attitudes was the invention of the iPod, which allowed

me to be mentally stimulated while doing mechanical tasks. (For noisy tasks, you

can wear earmuffs over the iPod earbuds.) Formerly boring tasks were now an

opportunity to relax and listen to something interesting.

Sometimes I don't listen to podcasts while doing housework but instead just reflect

on various topics. Housework provides an excuse to do this kind of relaxing

contemplation that I rarely get a chance to do otherwise. Housework is also a low-

end form of exercise, which makes it more rewarding than doing contemplation

while sitting still.

I also enjoy mindless computer tasks, such as making some repetitive change to my

websites that's too complicated or risky to do in an automated way. These mindless

tasks give me an opportunity to listen to music, which I almost never do otherwise,

because music distracts me from focused mental work.

Theoretically I could also listen to music while doing physical chores, but I typically

avoid that for two reasons:

1. Most physical chores are even more mindless than computer tasks, which

means I can listen to verbal podcasts rather than just music while doing them.

Even mindless computer tasks require some carefulness to ensure that you

don't mess something up on your computer, especially if you're editing a

document. In contrast, physical tasks are typically more forgiving of mistakes;

it's ok if you drop your laundry on the floor from time to time. Plus, physical

tasks seem to require less of the verbal part of my brain than computer tasks,

which means that verbal podcasts are less likely to interfere with my

performance of physical tasks than computer tasks.

2. Computer tasks can sometimes be tedious, so it's nice to save up the pleasure

of music as a reward for those chores in particular, rather than "spoiling

myself" by listening to music more often.

I imagine that if all I did was manual / mindless labor, I would get tired of it. Plausibly

the reason I enjoy it so much is that I don't get very much opportunity to do it.

Distractors revert you to your priors

20 Mar. 2018

When I walk on the sidewalk, I monitor the ground for bugs in order to avoid

stepping on them.

At my old apartment, there was a patch of sidewalk near a tree. At certain times of

the year, the tree dropped something (berries? seeds? I don't remember) that

looked a lot like bugs. When walking through the fallen tree litter, I would intuitively

be nervous about stepping on bugs, until I reminded myself that the tree litter was a

"distractor" that provided no evidence of bugs being present.

In the presence of tree litter, the probability of observing the visual scene that I

observe is roughly the same whether a bug is present or not, since whether a bug is

present or not, there will be lots of bug-like things littering the sidewalk. In other

words, P(observations | bug) ≈ P(observations | no bug), so that P(bug |

observations) / P(no bug | observations) = P(observations | bug) * P(bug) /

[P(observations | no bug) * P(no bug)] ≈ P(bug) / P(no bug). In other words, in the

presence of distractor cues, we can basically revert back to the priors we would

have before looking at the data. The probability of stepping on a bug while walking

on the tree-litter-covered sidewalk is about the same as the probability of stepping

on a bug while walking without looking over an ordinary sidewalk (ignoring real-

world complications like the possibility that bugs are particularly attracted to or

repelled by the tree litter).

On a non-litter-covered sidewalk, observations do provide evidence for the

presence or absence of bugs. For example, if you look at a sidewalk step and don't

notice any bug-like things on it, then P(observations | bug) is lower than

P(observations | no bug), since if a bug were present, it's unlikely you'd see an

empty sidewalk step. (Obviously here I'm only talking about visible bugs like ants.

The ground may contain tiny bugs like springtails that are too small to see without

looking extremely closely.)

Plot anti-twists

12 Feb. 2018

Note: This section contains spoilers for the movies Scream 2 and Scream 3.

When I was in 6th grade, my homeroom classroom had an ancient computer. My

teacher found an old collection of computer games stored on large floppy disks.

Each day, the student who got to the computer first was allowed to play games for

the 10-15 minutes before school started. I often got to the computer first and played

several games. One of them was a rock–paper–scissors game. While I don't know

for sure what the computer's strategy in this game was, my best inference for how it

worked was as follows.

1. On the first round, the computer picks randomly.

2. Suppose you play "rock" the first time. Then on the next round, the computer

assumes you'll play "rock" again, so it plays "paper" in order to beat "rock".

3. What about on the third round? Suppose you played "paper" on the second

round. The computer doesn't naively assume that you'll play "paper" again.

Instead, it assumes that you'll assume it'll follow its second-round strategy.

That is, the computer assumes you'll figure that it'll play "scissors" in order to

beat you if you play "paper" again. If you think the computer will play

"scissors", you should play "rock". Based on this, the computer decides to play

"paper" in order to beat the "rock" that it expects you to play.

4. On the fourth round, the computer assumes that you'll assume that it'll play its

third-round strategy.

5. And so on....

A similar idea in mystery stories can be the following. Imagine that you're the

computer, and the human rock–paper–scissors player is the writer of a murder

mystery.

1. In some stories, it's made rather obvious who the killer is. The strategy of the

human player (story writer) is rather simple: give away clear clues about who

the killer is. The computer (the audience) can win the game (solve the mystery)

merely by assuming a very simple strategy on the part of its opponent (the

story writer).

2. Usually a mystery writer doesn't make it quite so easy to solve the mystery.

The writer builds up a seemingly innocent character who turns out to be evil in

the end. This is like the human player (the writer) assuming that the computer

(the audience) will assume the human player (the writer) will follow a simple

strategy of making people who appear innocent turn out innocent. Given this,

the human player (the writer) can make an innocent person turn out guilty in an

effort to fool the computer (the audience). In turn, the audience can counteract

this by expecting a plot twist in which a seemingly innocent player turns out

guilty.

3. A third level is for the writer to assume the audience will expect a plot twist,

and then make what seems like an upcoming plot twist turn out not to be a plot

twist. In other words, the writer can make it seem like there's an innocent-

seeming character who will turn out to be guilty, but in fact that innocent

character is innocent after all.

I found myself falling for what seemed like this third-level strategy on the part of the

writers in both Scream 2 and Scream 3. In Scream 2, cameraman Joel Jones

appears innocent because he's "worried when he finds out about the fate of Gale's
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A Collection of Quick Observations (2016)

By Brian Tomasik

This page collects some random thoughts from 2016 that are too short or too

unimportant to deserve their own essays.
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Neurotransmitters are like local variables

5 Dec. 2016

In the past, I was confused about how the same neurotransmitter could mediate

many different functions. For example:

Approximately 90% of the human body's total serotonin is located in

the enterochromaffin cells in the GI tract, where it is used to regulate

intestinal movements. [...] The remainder is synthesized in

serotonergic neurons of the CNS, where it has various functions.

These include the regulation of mood, appetite, and sleep. Serotonin

also has some cognitive functions, including memory and learning.

In the popular imagination, serotonin is one of the "happy chemicals". So what is it

doing also regulating gastrointestinal motility?

Relative to my current (though still inadequate) understanding of neuroscience, the

answer is obvious: A molecule is as a molecule does. Happiness is not somehow

intrinsic to the serotonin molecule. Rather, serotonin can be used to signal various

things in various places, and in some cases, it can trigger a suite of knock-on

effects in the brain that are constitutive of happiness. Serotonin is just a signal and a

simple way for scientists to track what's happening. The molecule itself has nothing

special about it. So, in other contexts, the same molecule can be used to signal

other things to other parts of the nervous system.

Serotonin is like a local variable in a programming language. It takes on its meaning

based on context, and you can use the same local variable in different functions to

different effects. For example, we might have both of the following functions within

the same Python script:

def add(a,b):

  serotonin = a + b

  return serotonin

def say_hi():

  serotonin = "hi"

  print serotonin

Brookshire (2013): "The simplicity of a single molecule and its receptors is what

makes dopamine so flexible and what allows the resulting systems to be so

complex."

"Hole in the Bottom of the Sea"

31 Oct. 2016

When I was young (maybe in the age range 4 to 8?), my family and I visited my

paternal grandmother's house in Utica, NY. We were sitting at the table for lunch,

and I went to the toilet in an adjacent room. I shut the door and forgot that sound

could still transmit between the rooms.

As I sometimes did in those days, I began singing Grover Monster's rendition of

"There's a Hole in the Bottom of the Sea" aloud to myself, in a raspy Grover voice.

This continued for a few minutes, after which I washed up and returned to the

dining-room area. None of my family said anything explicitly, but as I returned, they

all had smirks on their faces. At that point I embarrassedly realized that they had

heard my private performance.

Things people love to hate

First written: 24 Aug. 2016. Last update: 4 Oct. 2018.

I generally avoid actively disliking things, except for actual moral tragedies like

suffering and cruelty. I find it unpleasant when people expound on how much they

dislike a movie, food, person, etc. For one thing, those attitudes put down people

who do like those things. But beyond that, it seems like it might reduce life

satisfaction to focus on how much you don't like things.

Rather, I prefer to like almost everything (that doesn't cause morally serious harm)

because life is more enjoyable that way. Everything is special in its own way and can

be appreciated. If you tell yourself you don't like something, you'll probably like it

less and therefore enjoy it less.

I find it irritating to read movie reviews by critics who say that a movie wasn't up to

their standards. I feel like: "Why should I care if you didn't like it? I had fun, and

there's no reason to focus on flaws, because they'll just make you enjoy the movie

less." An exception would be if you work in the movie industry and need to

accurately assess a movie's "quality" rather than just enjoying everything.

One reason people express their dislikes is that it's a way of bonding. Finding other

people who also dislike something establishes connection. The extreme example of

this is outgroup hatred, such as racism. But plausibly similar dynamics also operate

when people, e.g., rag on Justin Bieber; it's just that the latter case is more socially

accepted. (One plausible explanation why it's ok to make fun of Bieber is that this

amounts to "punching up" at someone with higher status, while making fun of other

ethnic groups amounts to "punching down".)

One thing people love to hate that I like is Auto-Tune. I enjoy Auto-Tune both to

enhance normal singing as well as when it's used for artistic effect. Probably some

people dislike (or claim to dislike) Auto-Tune because it's "cheating". Other people

might claim it's not "wholesome", in the way that store-bought food is supposedly

not as high-quality as home-made food. But whereas nutrition has relevant side

effects on one's health, a preference for or against Auto-Tune seems purely

aesthetic, and you may as well enjoy Auto-Tune as much as you can (unless

disliking it makes you even more satisfied with yourself than liking it would).

Many people also have a strange prejudice against "y'all", since it's associated with

the US South. But it's a really useful word. Using "you" is ambiguous between "you,

a specific person" and "all of you". "Y'all" is a helpful way to distinguish those cases.

Perhaps for the same reason, German (and maybe other languages) has a separate

word for "you all" ("ihr") than for "you" ("du"/"Sie").

It's common to express disapproval at reading celebrity news, such as when

celebrities get married or have a baby. Yet interest in similar events when they

happen for the family members and friends in your life is not only approved but is

almost socially demanded. Meanwhile, spending too much time on Facebook, where

one might learn about the events in the lives of one's friends, is frowned upon.

Some people love to preach these silly rules and scoff at those who disobey them.

Seeing things "in person"

9 Aug. 2016

I don't understand very well the impulse to travel in order to see a place for yourself.

I find that watching videos and looking at pictures on Google Images can be a

reasonable substitute for actually traveling, without the stress, jet lag, and cost of

actually traveling. Why is it important to see a tourist attraction in person when you

can Google it and see lots of pictures that are better than any pictures you could

take yourself?

Presumably part of the explanation is that people don't travel to a place just to see

it; they do so in part to have the feeling of having been there, which provides a sort

of extra sense of awe, similar to touching a religious relic. And people want to be

able to say "I've been to Italy" when signaling their status in conversation.

It's also possible that people haven't actually tried the alternative: Looking up

pictures, videos, and travel diaries online, and seeing that they're actually pretty

amazing in their own rights. Maybe because these alternatives are so cheap and

available, they don't feel special?

I think one good justification for seeing something in person is if you want to look for

things that you can't find online or that may not be often reported. For instance, it

may be valuable to visit a charity in person to get a pulse on the work culture and

those employee attitudes that may not be expressed publicly. Or you might worry

about selection bias in the information you can find online, so you want to get a

more representative sample of something yourself. And so on. But these efforts to

improve factual accuracy aren't very relevant to travel done for the sake of leisure,

where entertainment rather than truth is at least ostensibly the main goal.

Update, 13 Jan. 2017: In response to this paragraph, someone sent me their

personal testimony about travelling:

For me, the main purpose of travelling is not to see sights but to meet

people who have very different life experiences and to have interesting

conversations with them, to really "dive into" completely new

experiences with all five senses, and most importantly to get closer to

the people I'm travelling with. To substitute for this, looking at pictures

alone is not sufficient, but maybe this is possible to some extent by

reading travel diaries, spending weekends with the people I like,

listening to new kinds of music, cooking new types of food etc.

Always learning new words

9 Aug. 2016

I once knew a native German speaker who said she never encountered German

words that she didn't already know. I found this remarkable, though maybe she

mainly read news/etc. articles written to be understandable by lots of Germans?

However, she also said that she was always learning new English words.

I, too, am always learning new English words. I probably look up an average of ~3-5

words per day, counting technical terms. In high school, I used to study SAT-type

vocabulary a lot, both in preparation for the SATs and for fun. Now the two main

classes of words that I look up are (1) slang, for which I often consult Urban

Dictionary and (2) technical words, often biology terms. I don't consider slang any

less meritorious than "cultured" vocabulary, and I'm unsure why someone would,

except for signaling reasons.

Of course, I probably forget the meaning of most of the words I look up, but I also

forget most of the content that I read in general. I think reading word definitions is a

pretty informative activity because a word encapsulates a concept important

enough that people bothered to invent a word for it.

I doubt that my rate of learning new words will decrease substantially over time, in

part because there are so many existing words in the English language and in part

because Urban Dictionary is always growing, accumulating both widespread and

obscure words from people around the world.

Divorce may be better than the alternative

7 May 2016

Many commentators decry rising divorce rates in recent decades. However, I

suspect that this trend is positive on the whole.

Insofar as divorces result from bad marriages, it's plausible that getting a divorce

improves the situation relative to not getting one. If the spouses are rational actors

with properly calibrated expectations about future outcomes, then if they get a

divorce, the divorce must have been a net expected benefit to at least one of

spouses and possibly both. (However, there may certainly be cases where one side

benefits and the other side is harmed. On the other hand, if one side of the

relationship is suffering so much as to get a divorce, it's not clear that the other side

actually benefits in the long run from continuing the marriage.)

I haven't looked into the details of why divorce is rising, but presumably it has

something to do with less social taboo around divorce and greater financial

independence of women? Both of these factors are about greater freedom to make

one's own decisions without constraint, so both should be welcomed.

There are some cases in which rising divorce rates could be a bad sign, such as if

they resulted from people marrying too young and thereby making it more likely

they'd end up in an unhappy marriage. But marriage ages are rising, not falling, in

recent decades.

What about the impact on kids? I'm not sure divorce is that bad in the typical case.

It's probably better than having parents together who fight all the time. But these

are just my speculations without knowing the relevant literature on this topic.

Third-person lucid dream

19 Apr. 2016

I've on rare occasions had lucid dreams in which I could control what happened

next, though usually that power ended within 1-2 seconds.

Two nights ago, I had a dream that seemed subtly different. Rather than directly

controlling what happened next, I felt as though the character of myself within the

dream (viewed from a third-person standpoint) could control what happened next.

In particular, my dream-self decided that his current situation was frightening and

chose to transform the world into Super Mario's rolling green hills, green pipes, and

Goombas. Then my dream-self's powers ended.
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Thoughts on Management Style

By Brian Tomasik

First published: 2015 Dec 05. Last nontrivial update: 2017 Sep 09.

Summary

My general approach to managing volunteers and employees is to be mostly hands-

off, in the sense of letting people do what they want to do within limits. It then

becomes more important to hire the right people rather than manage in the right

way. I discuss a few motivations for this stance, partly drawn from past experience.

However, given that I'm young and have little management experience so far, I

expect my views on this topic will change with time.
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Introduction

Around 2010, while I was working at Microsoft, a colleague and I had a conversation

that went something like this:

colleague: This person is going to try an experiment to test this new

idea in this way.

me: But you think it should be done in a somewhat different way. Are

you going to encourage the person to do it your way instead?

colleague: No, I'll let the person try it his way and see how it goes. I

think people are most motivated when they can own their own projects

rather than being told what to do.

This exchange has stuck with me.

A general philosophy of hands-off management

If I care about a project intrinsically, I dislike being told what to do or that I need to

change it. This is one reason I publish so much on my own websites rather than

submitting to external venues: I find it unpleasant to cut or rewrite my work to suit

the constraints of an external publication or the whims of an editor. I love the

freedom that comes from being able to say whatever I want in whatever way I want,

without worrying about holding unpopular ideas or seeming weird. I would find it

demotivating to work for an organization where I was told what to write about at any

given time, since that would suck away the enthusiasm that comes from spontaneity

and controlling one's own path. Writing is art, and it takes the fun out of art if you're

given a long list of constraints that your end product has to meet.

Given that I dislike micromanagement, I tend to assume that other people feel

similarly. My management style tends to be telling people: "Here are things I think

are most important to work on. I encourage you to work on something in this

neighborhood, choosing the specific topic based on what you're most passionate

about. It's ok to work on other things that are less important as well if you need to,

as long as the total value of what you're doing is high enough."

This doesn't mean that anything goes or that people's work can't be evaluated. Both

managers and other colleagues should give regular performance feedback and

should clarify when someone's work is drifting too far from expectations. But I think

it's also important, especially in a research organization, to maintain epistemic

modesty, so that the manager doesn't only reward employees for taking the views

or approaches that the manager already favors. Even if the manager thinks an

employee's approach is misguided, it might be good to give the employee a bit of

time to test things out and possibly prove the manager wrong.

Benefits of hands-off management

Lots has been written on tradeoffs between hands-on and hands-off management

styles. Following are a few main reasons I incline toward the hands-off approach.

Saving time

Micromanagement is a time sink. There have been occasions when I've tried to give

specific instructions to someone else to do some task. Doing this takes nontrivial

time. Yet, it's not uncommon that the other person doesn't do the task the way I

intended, so I either need to take more time explaining or go back and do the task

myself. Also, other people (especially volunteers) are often less reliable, so I would

sometimes find myself in the position of setting up a note for myself to remember to

remind the other person to do something. As they say: "If you want something done

right, do it yourself."

Other people may sometimes not be as careful as I am, which is one reason I don't

hire other people to do small tasks for me. Often it takes more time to try to

outsource a task than to just do it yourself.

Of course, I don't intend offense to volunteers. It's natural that people will be

sidetracked by other things that may often be more important than whatever task

they signed up for in their free time.

People are hard to control

Sometimes when I hire or collaborate with another person, the other person tends to

do what s/he wants to do most of the time. Occasionally I can convince the person

to do things my way for a while, but in the long run, the person's focus inevitably

shifts back to what s/he is most passionate about. This poses the dilemma of either

micromanaging (which takes too much time) or letting the person roam free. Letting

people roam free seems to be the only scalable option.

Thus, it's very important to hire the right people from the outset—those who share

your values and approach.

Happier employees

As noted earlier, people are probably more passionate about a project they can

control, and giving employees more control probably increases employee

satisfaction.

Some occupations, like entry-level investment banking, are famous for their rigid

requirements on employees, but these industries make up for unpleasantness with

the promise of high compensation. Nonprofits typically can't do that.

Less distraction

When I do research and writing for a substantive essay, I prefer to avoid distractions,

including communication with other people, for long periods of time. Otherwise I

find it hard to keep lots of information in my head at once, and my enthusiasm for

research can be interrupted and then hard to restore.

A more relaxed approach to management means fewer distracting messages to

employees.

More creativity

Some of my past managers have been pretty hands-off, while others have been

more involved with details. While I found that hands-on management could have

upsides in certain cases (discussed below), I also noticed that if I was

micromanaged, I took less initiative. Rather than coming up with new ideas on my

own, I waited for my manager to tell me what to do.

This was especially true if my manager was the kind of person who didn't like ideas

that weren't his/her own, since in those cases, if I suggested something, my

proposal was usually not heeded. It wasn't obvious if making alternate suggestions

was even a positive thing for my performance evaluation. Of course, it's unfair to

paint all hands-on managers with this same brush.

Less communication overhead

Too many cooks spoil the broth, and too many people working on a single project

make the project slow. As Brooks’ law explains, the overhead of inter-person

communication can be huge.

I think a good model for scaling employees in a research organization is an Internet

forum. People produce results on their own, perhaps with some assistance as

desired. They post drafts for others to see. Whoever has time can give comments.

People can choose which projects they want to review and collaborate on. This

allows for automatic load balancing rather than putting too much burden on any

given person who's supposed to review material.

Benefits of hands-on management

A more hierarchical and closely coordinated organization

might spend a bit less time on suboptimal projects because there's more

discussion about what to work on ahead of time

will have a more uniform public-facing image (although this could be bad if one

values diversity of viewpoints)

might better fit those employees who are more motivated by external pressure

than by internal passion

offers more training wheels for new employees.

In some cases training wheels might be welcome. For instance, I've had jobs where I

wished I had been given more instruction from my manager so that I could learn

faster how to perform my role better. My intuition is that training wheels are less

useful in a research institute where there are fewer concrete tasks that need to be

done exactly the right way, but perhaps some employees would find more guidance

helpful.

Of course, one needn't create a false dilemma between hands-off vs. hands-on

management. A hands-off style can still allow employees to ask for hands-on

guidance when desired.

Decision-making: distributed or hierarchical?

A related question is how an organization should make decisions about high-level

issues, like goals, future plans, and hiring.

It seems people generally favor distributed, democratic decision-making for

governmental policy but hierarchical, authority-based decision-making in private

companies. The main tradeoff is that distributed decisions are often wiser

(assuming the participants are sufficiently informed and engaged), while top-down

decisions can be made faster and with an overall vision in mind. There were many

cases at Microsoft where I felt that top-down decision-making was suboptimal,

because managers didn't always know much about the on-the-ground affairs that

they were making pronouncements about. On the other hand, I wasn't able to see a

more democratic style of decision-making, so I can't say it would have been better

on balance.

One of my high-school teachers said: "If you want to kill something, send it to a

committee." Requiring approval from everyone slows down action. Getting approval

from lots of people can also waste time, since many eyes need to examine the same

proposal.

On the other hand, consensus decision-making has the virtue that it can unearth

disagreements that otherwise would have been ignored. If two people with the same

values disagree about a decision, they might benefit from presenting their

disagreements in order to update in each other's directions, thereby potentially

improving the final choice and the general epistemological accuracy of the decision-

makers going forward.

One compromise position between these extremes is to make decisions in small

groups but also let others know about those decisions and be open to comments

and objections that others may have. Others can comment only if they have time

and if they feel passionate enough to do so.

Keeping conventional wisdom in mind

Unless your organization is very different from other companies or nonprofits, it

seems risky to deviate too far from standard practices, since those practices have

been honed through enormous amounts of experimentation.

The ideas in this piece should be interpreted more as principles to keep in mind

rather than a specific blueprint for a non-standard approach to running an

organization.

An overarching theme of my recommendations is epistemic modesty: letting other

people's views influence how the organization runs rather than exerting lots of top-

down control.

Avoid hiring careerists

A careerist is "A person who pursues the advancement of his career at the expense

of other values." While hiring careerists is probably undesirable in most professions,

it's especially bad in fields like research where a person's output isn't easily

externally verified. A careerist trader on Wall Street might be ok as long as she

demonstrably makes a lot of money (and as long as she doesn't do so in ways that,

unbeknownst to the rest of the team, set the company up for long-term trouble).

Meanwhile, with research, it's more time-consuming to verify the quality of

someone's output.

A researcher who really cares about the topic she's writing about will be highly

motivated to explore it and will be more likely to fret over things that don't make

sense or over lingering doubts that some consideration has been missed.

Meanwhile, a careerist will tend to be less intrinsically motivated by the topic and will

tend to ignore messy details in favor of cleanly argued papers that superficially

appear more impressive and convincing.

If experimental results don't verify a hypothesis, a sincere researcher will report this

and revise her beliefs. Meanwhile, a careerist researcher is more likely to massage

the results until they support the desired conclusion.

People who work primarily to earn money are more likely to be careerists. This

suggests that paying higher salaries to researchers isn't obviously a good idea,

although this is only one small consideration in the overall decision about how much

to pay employees.

Careerism is one reason it's good to be skeptical of published studies. I would guess

that a decent fraction of academic researchers massage their results and omit

unflattering complications from published research in order to make it look more

impressive. If a study has messy results that don't necessarily support the authors'

hypothesis, I'm more likely to believe it than if the results all line up exactly how the

authors predicted.

Quantitative metrics should rarely be optimization targets

Some companies use relatively objective metrics to evaluate employee

performance. This might sometimes work well if the metric accurately captures

most of what you care about, such as the total value of sales that a salesperson has

made during a year. However, my sense is that in many cases, quantitative metrics

don't work well as goals, for a few reasons:

1. Noise: Many metrics may fluctuate significantly based on factors unrelated to

employee performance. If you reward employees for good performance on

metrics, you may be rewarding mostly random luck.

2. Granularity: Many possible metrics are too broad and are only modestly

affected by employee actions. This means that most of the metric will be noise

relative to the employee's performance. For example, most of how the US

economy fares is not controlled by the US president's personal choices, so

evaluating a US president based on the economy isn't that useful. (Yet many

voters seem to do this.) I would instead evaluate presidents based on more

specific assessments of the policies they actually implement.

3. Campbell's law: When a metric is optimized for, people tend to search for ways

to game the system. For example, if "number of Facebook Likes" is a metric,

you may make a lot of low-quality Facebook posts containing pictures of

kittens. If "number of papers published in journals" is a metric, you may

optimize for publishing on topics that peer reviewers are least likely to find

objectionable, even if those topics aren't very important, and you may neglect

publicizing the results of your papers to the wider public. And so on.

In my opinion, there's no simple substitute for qualitative, contextual, and holistic

evaluations of employee and organizational performance. Numbers are fine to look

at, but they should generally not become optimization targets.

Maybe some companies use quantitative targets because qualitative evaluations are

subjective and can't be trusted. For example, a selfish manager (call her Alice)

might tell her own manager (call him Bob) that all Alice's employees are doing great,

so that Bob will look more favorably on Alice's performance; however, this would

inflate the performance reviews of Alice's employees. This problem seems less

acute in an organization of people who actually care about altruism rather than just

making themselves look good.

External review, such as that done by GiveWell or Animal Charity Evaluators, can

help provide evaluation that's impartial but still qualitative and holistic.

High-impact vs. low-impact feedback

Do you have more impact by being a manager and advising other people on the

direction of their research? Or do you have more impact by being one of those

researchers making novel contributions?

In the past I tended to assume that managing generally had higher leverage

because you could affect the research direction for many people, which is more

valuable per unit time than getting into the weeds of detailed technical material on a

specific topic. I still think that shaping the general thrust of people's research can be

very important for this reason.

However, in other cases, giving feedback on others' work may be much less useful.

This is true in at least two broad cases:

1. The other person doesn't incorporate your feedback much. In this case, you

might write many paragraphs of insightful comments that will be read by one

recipient, mostly ignored, and then lost to posterity. It would have been better

if you had instead made those points in a public blog post replying to the main

article so that others could have seen them.

2. You end up doing a lot of "janitorial" work, such as fact-checking, suggesting

writing-clarity improvements, fixing grammar, and so on. If you need to make a

lot of such low-level corrections, this can consume a lot of time and is arguably

less valuable than writing your own high-quality paper directly. (Pointing out

hard-to-notice typos or grammar mistakes within a mostly error-free paper

can, I think, be very useful, because you might spot a needle in the author's

haystack that the author himself would have required great effort to find.)
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Concept search engines

6 Dec. 2015

One of my middle-school teachers tried to show his class how to think rather than

how to memorize. He found learning lists of facts out of context to be useless.

Rather, he challenged his students—in homework and on tests—to apply what they

knew to new situations they hadn't encountered before, relying on reasoning skills

to figure out the answers. While Jeopardy!-style questions are useful for game

shows because the answers are uncontroversial and precise, facts out of context do

little to enhance one's understanding of the world.

When I learn new material, I try to get the gist—absorbing the high-level concepts

and thinking patterns that the domain has to offer. Then I can pattern-match those

ways of thinking to other contexts where they might apply.

In one Q&A on C-SPAN, Steven Pinker mentioned that one topic that he found

interesting was how a person could draw analogies between domains. I assume that

the brain's connections between clusters of neurons help encode conceptual

relations, like "If something like X is true and something like Y is false, this tends to

lead to a dynamic process in which Z is the long-run equilibrium outcome." Then the

brain can pattern-match this structure against various concrete things it observes in

the world and notice when a given thing matches the concept. Presumably this

pattern matching works because if a given input thought matches the concept, then

a lot of the concept-encoding neurons will be activated simultaneously, allowing the

concept to become prominent and broadcast itself to other parts of the brain.

Production systems capture this idea of pattern matching to some extent. (Actually,

it was this kind of conceptual pattern matching in my brain that led me to think of

production systems as being a relevant analogy here.)

While knowing facts is less important in the age of Google, knowing concepts

remains useful, because we can't—yet—Google a concept. One existing way to

identify conceptual relations is via Wikipedia, especially the "See also" section. For

example, hylozoism is the view that all matter is alive. This concept has the general

structure that "All matter is X". A related idea is panpsychism—the claim that all

matter is conscious. And the "See also" section for hylozoism references the article

for panpsychism.

Concept search is an existing field of study. Improving it would push slightly closer

to artificial general intelligence (which would probably be bad), because drawing

analogies is something the brain does well but current computers typically don't.

Insofar as most words already represent concepts to lesser or greater degrees,

current word-based search engines are already conceptual search engines. The

main advantage of a purer conceptual search engine would be the ability to query

for structural relationships that don't yet have names or that are too obscure to ever

be named. We could call these "anonymous concepts", in analogy with anonymous

functions.

Deflating extraordinary claims

11 Nov. 2015

As I've gotten older, I've become increasingly inclined to deflate astonishing ideas.

For example, I'm skeptical that artificial general intelligence will reach vastly

superhuman abilities within hours or days after reaching human-level intelligence. I

don't think different charities differ millions of times in cost-effectiveness. Building a

movement now is not (in general) many times more valuable than building it a

decade later. I don't think focusing on the far future is obviously astronomically

more valuable in expectation than focusing on short-term suffering.

The trend over time is toward greater humility. This is consistent with the stereotype

that "young people think they know everything and believe past generations were

doing things all wrong, but as they grow older, they better appreciate why things are

as they are." Of course, there are plenty of topics that I still think are sorely

neglected. And many extraordinary facts, such as about physics or biology, do

indeed stand the test of scrutiny.

In general, the optimizer's curse suggests that those working on a given issue will

tend to regard it as having more outsized importance than it actually does, because

those who, for whatever reason, conclude that the issue has the most significance

will be more likely to end up working on it.

Don't feel bad; be awesome

2 Nov. 2015

The character Barney Stinson from How I Met Your Mother is not a good role model

in most respects, but the following sentiment is one I quite like:

Barney: You see, whenever I start feeling sick, I just stop being sick and

be awesome instead.

I don't think this is a good idea when one is physically ill, since allowing one's body

to recuperate is important. But I think this is good advice with regard to many forms

of mental uneasiness.

For example, sometimes I feel a bit tired but not tired enough to go to sleep. In such

cases, it helps to think to myself "I should be awesome instead" and thereby restore

myself to a more flow-like state of activity. Or I might be a bit upset by a comment

someone made to me. In such cases, rather than ruminating on hurt feelings, I

1. ask whether there's something I can learn from the incident

2. think of the situation as an interesting movement of particles in the spacetime

of the universe

3. and then mostly forget about it and go on being awesome instead.

Why is music pleasurable?

27 Aug. 2015

Much has been written in academic literature about why the brain enjoys music. I

haven't had the time to read it, but here's my first-pass speculation about a possible

answer, partly inspired by Jürgen Schmidhuber's writings. Browsing online, I see

that some similar hypotheses have already been developed.

The brain tries to predict sequences and feels reward upon correctly doing so. This

reward motives us to learn new things. Music is a relatively clean-cut sequence-

prediction task.

When we hear a song the first time, we develop sequential connections among

clusters of neurons to encode the progression of the notes. As we hear the song

over again, those connections become strengthened. The memory of the song's

sequence is used to predict what we'll hear next, and once we know the song, we

can better predict the next notes. This is why songs can become more enjoyable the

more they're heard, as well as why we enjoy internal repetition in a song (e.g., a

chorus).

Why, then, do we tire of songs after hearing them too often? Presumably the

neurons that mapa from correct sequence prediction to pleasant sensations display

habituation and fire less strongly to continued stimulation. This habituation wears

off after time, which is why you can once again enjoy hearing an old favorite song

after not hearing it for a few days/weeks/months. Habituation to pleasant stimuli is a

general brain phenomenon and shows up for virtually any type of reward, from

sensory-specific satiety to the Coolidge effect.

This discussion also helps explain why many people prefer harmonic music over

"modern music": Modern music is harder to predict. (For example, see

"Unpredictable Continuity" in this piece.) Likewise, this hypothesis may partly

explain cultural differences in music preferences, since people raised in a given

culture will have had more exposure to their own kind of music and so will have more

refined "n-gram models" for predicting the notes of new songs within that culture

and genre. (Of course, preference for the familiar and nostalgia can also explain a

significant portion of cultural differences in music taste.)

Emotional impact of past vs. present words

9 Jun. 2015

You work hard on an essay for English class and hand it in with pride. A few weeks

later, you get it back, and your teacher tells you that it was a "poor piece of writing".

You're upset all afternoon, feeling like a failure. Eventually you get over it. Three

months later, you think back on the incident and remember how bad you felt, but the

memory doesn't make you feel bad for hours afterward ("time heals all wounds").

Why the difference?

For some emotions, there's a relatively straightforward explanation. For instance,

suppose you feel grumpy due to not having eaten. If you look back on that situation

later (when you're not hungry), you don't feel the same way because your

physiology is different. In contrast, being told that your essay was "poor" only hurts

because of the words involved. The words alone trigger the physiological response.

So why doesn't recollecting the words revive that response?

One possibility is that the brain checks whether a thought is already known in

memory or not. If it's already known, then the emotional impact is dampened

relative to if it's a new thought. That said, there are times when I read old emails

with emotionally charged content, and even though I've since forgotten the contents

of those emails, they don't have quite the same force as if the emails were recent.

Maybe my brain also modulates the emotional impact of thoughts based on

knowledge of whether they correspond to situations in the present or in the past.

Dampening the emotional impact of past memories relative to present experiences

seems adaptive, since if you relived the full emotions of a memory, you might end up

double- or triple-counting its impact on you for purposes of reinforcement learning.

You might also become a lotus eater who passes the time only by reliving your most

pleasant of memories, rather than doing evolutionarily useful work.

There are some exceptions to the principle against double-counting strong

emotional experiences, like in PTSD or feeling sad over the end of a relationship,

where even the memory of an event can bring back the emotions of the event with

full force.

In Sonnet 30, Shakespeare comments on how past memories are still as strong as

when the events first happened:

Then can I grieve at grievances foregone,

And heavily from woe to woe tell o'er

The sad account of fore-bemoaned moan,

Which I new pay, as if not paid before;

The idea of "paying" for sorrows as if they were a debt to be eliminated aligns with

the idea that the brain normally habituates to or otherwise downweights past

negative events.

Unconscious thought production in dreams

19 May 2015

A few nights ago, I had a dream in which I had written a list of random suggestions

on my website. Someone else reblogged it. I was re-reading the list I had written and

noticed these entries:

Think about issues in a big-picture way, like Bill Gates does.

When you're doing mental calculations, such as for energy expenditure in your

home, round the numbers to just one significant figure to make the math

easier.

If you have 2/3 of a novel finished and are wondering whether to complete the

whole thing, blog the first 2/3 of it to see if people like it before continuing to

expend effort on it.

These aren't the best suggestions ever, and I don't necessarily agree with them in

real life. But they're not garbage either. What's most amazing is that

I don't think I've ever explicitly thought of any of these points before, but

I wasn't conscious of thinking of them during my dream—rather, they just came

to me as if I was actually reading them. In contrast, when I think of things to say

when awake, I tend to be conscious of the process of coming up with what to

say.

One possible explanation, inspired by Dennett's model of language production in

Consciousness Explained (Ch. 8), is that the process of consciously deciding what

to say involves (1) unconsciously generating lots of candidates and then (2)

deciding which of them to say or sending them back to the drawing board for

improvements. The process of generating candidates for what to say seems in my

experience to always fall below the level of conscious awareness, and what I am

conscious of is just my opinions about the quality of each candidate speech act. So

maybe what I experienced in my dream represented the raw speech-act candidates

coming through, while the conscious editor of those candidates was turned off and

so didn't generate any recollection of consciously having come up with those

candidates. Because the editor was turned off, the quality of the speech acts wasn't

as high as what I would say in waking life.

Maybe a similar explanation could account for dialogue in dreams, where I'm often

genuinely taken by surprise by what other dream characters say to me.

In any case, this is just a general hypothesis, and I don't know it's right.

Update, June 2015: Another new thought that I came up with in a dream was the

following: "If society tried to build only AGI, people would work on a relatively narrow

set of problems. In contrast, when society also has many other software needs,

people build a more comprehensive and robust set of tools, and those tools are

tested thoroughly by the millions of people using them." As usual, this isn't the most

insightful observation in the world, but it's not garbage either.

Dinosaur-footprint tires

19 May 2015

When I was around ~10 years old, my dad and I came up with an idea: Truck tires

should have imprints on them that look like dinosaur footprints, so that when those

trucks drove over mud or snow, it would look like dinosaurs had walked there. I'm

not sure this could be done well for big footprints, since presumably the big foot

indentation would reduce the tire's effectiveness, but it might work for little,

Compsognathus-like tracks.

At the time I wanted to patent the idea to make money from it. I saw commercials on

TV saying that if you have an idea, you should call some number to get patent

assistance. I never followed through.

Note: I think it's generally bad to drive on dirt/mud roads, especially in woods,

because doing so may crush tons of bugs.

Math debuggers

17 Apr. 2015

The number of mathematicians in the world is far smaller than the number of

programmers. Software development is typically seen as easier than advanced

math, and to some extent this is true: It requires more genius to be a great

mathematician than a great programmer. However, there's much that's shared

between math and programming, especially defining abstract structures that can be

composed into more complex structures. A mathematician's axioms for an abstract

structure are like a programmer's interface.

I think one of the main reasons that programming is easier to learn than abstract

math is that programming allows for better feedback. You can type programming

expressions into an interpreter or dummy program and see what comes out. You

don't have to refer back to the definition and imagine an example in your head—

uncertain whether you're constructing the example properly. In contrast, a program

compiler points out your exact errors for you. Worked examples in math textbooks

help enhance the concreteness of the subject matter, but they're not interactive.

When I was in college, I worked on Unix-based computers and mostly wrote

programs in plain text, using Vim or Emacs. My feedback came from compiler errors

and debugging "print" statements that I added to my programs. In 2009, when I

began working at Microsoft, I started to use Visual Studio, and it transformed my

relationship with programming. (Had I used Eclipse or other IDEs, I probably would

have had a similar experience.) Now instead of waiting for the compiler to complain

about errors, the IDE alerted me to problems right away. I could set variables to

watch as the program evolved, and I could try entering expressions in an

"Immediate Window". But the biggest improvement in my programming experience

was in the realm of debugging. Instead of manually typing commands and printing

variables one by one in a command-line debugger, I could just hover over variables

and see their values. If I hovered over an object, I could see its data fields and sub-

objects. For instance, if an object contained a dictionary, I could hover over the

object and then hover over its dictionary, and keep unpacking down the hierarchy.

This ability to hover over variables to see their values and how they're constructed

makes understanding code easier. I prefer to read code by running it in a debugger

—so that I can see what values variables have at a given point—rather than making

assumptions based on my memory of the sequence of steps so far. Learning math

would be facilitated if there were similar functionality for mathematical structures.

For example, if you hovered over a probability space, you could see that it's made of

a sample space, a set of events, and a probability function. The object could also

contain a statement of its constraints, such as that the sum of probability values

over the sample space is 1. In an Immediate Window, you could try entering P(x) for

some event x and see the probability value. You could then zoom in to the

probability function and see that it's actually a set of ordered pairs (x,p), with x

being an event and p being its probability. If you zoomed into a single real-valued

probability number (say, 0.6), you could see that a real number is itself an object

whose interface is defined by the real-number axioms, and there are several

possible concrete real number "classes" that can implement this interface.

Armed with a tool like this, abstract mathematical structures (random example: K3

surface) would become less intimidating. They could be unpacked in a similar way

as complex software objects are unpacked, and the user could experiment with

manipulating (finite) examples of the objects. There would of course remain a lot of

hard work in understanding the theorems about the objects, but at least grasping

definitions would be easier.

Programming/debugging tools would also make tax codes vastly simpler to

understand, and legal codes in general.

Watering alligators?

29 Mar. 2015

When I was a child, I and a friend were visiting a new area in upstate New York. We

were on a lawn, and across the street from us, we saw another house. A man was in

his driveway with a hose, spraying water over the driveway. This would have been

ordinary, except that the man also had one or two alligators on his driveway! They

were basking in the sun and moving around slightly. My friend and I agreed that this

was weird.

Many years later, when I was around age ~22, I asked my friend if s/he remembered

the incident. S/he said s/he did! That was odd, because this seems like the kind of

fantasy memory that I might have just made up in my childhood.

I still don't know how to explain this. Maybe the man was watering an air-filled

alligator doll. Maybe my friend and I were pretending at the time, and we somehow

managed to convince ourselves that what we had made up was real. Or maybe, with

low probability, the man really did own alligators.

Incidents like these drive home the fallibility of memory and help clarify how

religious visions and paranormal observations are possible. Some people tell me

they believe in the supernatural because of personal experiences with it. I can't

recall any meaningful supernatural experiences, only a few random unexplained

events. If seeing alligators in a driveway has supernatural import, I'd love to hear

what it is. :)

Childhood hospital visits

29 Mar. 2015

I remember only two visits to the hospital when I was young.

The first happened when I was maybe ~3 years old. My mom was about to put on a

new diaper. She left the room temporarily. I saw a metal diaper clip on the bed and

played with it in my mouth. Soon enough, I had swallowed it. My parents rushed me

to the hospital, where I got an x-ray to verify that the clip wasn't causing problems.

It turned out to be fine, and it probably came out in my stool soon thereafter.

(Interestingly, my parents had been reading me Curious George Goes to the

Hospital a lot around that time. In that story, George swallows a puzzle piece and

then goes to the hospital for an x-ray. I don't think there was a causal connection

between the book and my own incident, but who knows.) BTW, I wore diapers longer

than most children. Eventually, my dad offered me $20 if I would poop in the toilet

instead. I accepted the offer and dispensed with diapers thereafter.

The second situation happened when I was maybe ~4 to 6 years old. I was crawling

along the counter in my grandmother's kitchen. The counter led up to the stove. The

corner burner on the stove was red hot, but I didn't have much experience with

stoves, so I went ahead and put my left hand on the burner as I continued crawling

forward. My hand sizzled, and I probably cried with pain. I went to the hospital and

got a cast on my arm. (This was the only one of two times when I got a cast; the

other was for a slightly fractured bone in 2010. I've never broken a bone, so I don't

know how painful that feels.)

Forum spammers becoming more sophisticated

29 Mar. 2015

On the Felicifia forum a few years ago, we human participants noticed something

interesting: Random new users would leave comments that had somewhat relevant

words to the post topic and that didn't contain any spam links. We couldn't tell

whether these were actual spam posts. What would the spammers gain from them?

Soon enough, the answer was revealed: The spammers later on added spammy

links to their posts, presumably waiting until after forum moderators had seen the

posts and ok'ed them. In late 2014, we disabled new users to Felicifia because

almost all of the new members were spammers.

For the Facebook groups I manage, one tiresome chore is checking that new people

to be added are real people rather than spammers who will make posts to advertise

some product. Usually it's enough to check that the person to be added has mutual

friends with me or at least several friends in the group. If not, I need to click through

on the person's profile and guess manually whether the person is a spammer (and if

I still can't decide, I message the person to ask). In 2013 to early 2014, the signals

tended to be obvious: Usually spammers had profile pictures of attractive young

females, and for some odd reason, they usually had their genders listed as "Male"

(maybe because the spamming program forgot to change it to "Female"?). I've seen

fewer of these recently. In fact, I'm now seeing some apparently fake profiles whose

timeline posts have engagement in the comments. Maybe the spammers have

become sophisticated enough to create fake dialogues among their fake profiles to

hinder Facebook's anti-spam efforts? One signal that remains helpful is looking at

the profile's groups. Sometimes almost all the groups that a person belongs to start

with the same letter, which signals that the spam bot has been trying to join groups

in alphabetical order starting from some initial letter. It'll only be a matter of time

until the spammers get smart about this as well.

Matching moods with tasks

18 Mar. 2015

I try to do things when I'm most in the mood to do them. This reduces the effort

required to do a given task and increases my productivity when doing it. I have a

decent sense of what fraction of the time I'll have various moods in the future based

on past statistics (which I collect implicitly in my brain rather than explicitly on

paper).

I try to save up tasks until I have the best mood for doing them. Here are examples

of moods I may have at different times:

Reading emails/messages

Researching a topic

Listening to podcasts/essays

Writing

Managing todo lists

Coding

Exercising.

Some tasks are intrinsically more fun than others, so I try to reserve them as "junk

food" to do when I'm not in the mood for something more substantive. The "junk

food" comparison is not just metaphorical: If I do too many "junk food" tasks at

once, I physically feel as though I've eaten too much candy and need to do some

harder mental work to "burn off" the sensation. I would be surprised if similar brain

chemistry were not at play both in the case of junk food and fun non-food tasks.

There are rare occasions when I feel like I can do any task, no matter how

unpleasant. At these times, I imagine myself as Super Mario after he's just absorbed

an invincibility star: I want to kill as many of the hardest enemies as I can before the

star wears off.

There are other times when I'm in no mood to do anything useful and let myself

recuperate rather than over-straining my emotions by doing something difficult

when I'm in the wrong mood and thereby creating even more negative associations

with the harder task.

I like setting my own schedule as much as possible in order to better organize tasks

to fit with moods. When I have to do something quickly, I have less ability to sort

moods with tasks and so incur more stress cost as a result.

Why I wouldn't eat only Soylent

First written: 17 Mar. 2015; last update: 14 May 2018

It takes me 10-15 minutes to prepare food for a meal. The main reason I don't spend

much time on food preparation is that my meals aren't fancy. Most of the foods I eat

don't require any heating at all: raw fruits, raw vegetables, peanuts or peanut butter,

mushrooms out of the package, tofu out of the package, cheese, bread, pretzels,

canned olives, and so on. I occasionally microwave frozen items. The one thing I do

cook on the stove regularly is beans/lentils, but I can cook enough to last for the

week all at once. I collect my food for a meal into two or three large bowls that I can

take to my computer, and I only use a fork to eat them; I don't need a knife because I

pre-slice everything in the kitchen. While preparing food, I either listen to my iPod or

think about an open question that I need to resolve, so the time is not wasted. I use

the same bowls at every meal and only wash them every ~two days, because I store

them in the fridge between uses to slow bacterial growth.

Since I don't spend large amounts of time on food preparation, and the time I do

spend isn't really wasted, I don't see much motivation behind Soylent, a food

replacement. Maybe one selling point of Soylent is that it's nutritionally complete,

but I take a multivitamin to help in that regard, and there's no solid evidence that

multivitamins improve health anyway.

Even if Soylent has a slightly more optimized balance of nutrients than "real food", I

would still bet it's less healthy in expectation on account of unknown unknowns:

There's so much we still don't understand about nutrition, and you can't tell that

Soylent isn't missing something essential that science hasn't uncovered yet:

"We don't have a thorough understanding of how these nutrients and

plants and food items interact with one another," she said.

"There's no particular reason why a compound couldn't include

everything essential for human sustenance," said Katz at Yale

University. "The only problem is we may not yet know what that

inventory is in its entirety."

"This formula contains what we know we need but not what we might

need and don't know how to measure or quantify yet," said Ayoob, at

Albert Einstein. "There are hundreds of antioxidants and anti-

inflammatory compounds, for example, that we're still learning about."

Another nutritionist:

says that, if Soylent is formulated properly, a person could certainly live

on it, but she doubts they would experience optimal health. She fears

that in the long-term, a food-free diet could open a person up to

chronic health issues.

Nutrients from real food are much more useful to the body than fortified nutrients.

Maybe the Soylent developers have looked into this issue, but in general, I'd want to

be really certain that Soylent was as healthy as real food before switching to it.

Also, I feel mildly sick when I go for more than a day without eating vegetables. The

fiber, nutrients, moisture, etc. of vegetables feel wholesome and refreshing, and

fiber helps the stomach feel full. On a typical day, I might eat ~2 cucumbers, ~2

carrots, ~2 apples, ~2 tomatoes, and ~1 bell pepper, for example. The USDA

recommendations for fruit and vegetable consumption are pretty high, and most

people don't meet them.

Soylent is cheaper that fruits and vegetables, but at the cost of (1) possibly lower

mental productivity due to worse nutrition and (2) possibly greater long-term health

costs.

I prefer to pull content rather than have it pushed

15 Mar. 2015

My favorite way to learn is usually to become excited about a given topic and then

explore it when I'm in the right mood. It's like eating the kind of food that I'm most

hungry for.

However, many websites encourage a push model of learning: You subscribe to blog

posts, Facebook/Twitter feeds, email newsletters, etc. and have the updates

presented to you at the publisher's pace. This leads to the unfortunate situation

where I sometimes read materially I'm not optimally interested in at the moment only

because it's current. Fortunately, I can usually delay reading things until I become

interested in them, though this doesn't work for emails and other time-sensitive
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"There are bigger problems to worry about"

26 Dec. 2017

People sometimes reason in ways like this: "I used to think that avoiding stepping on

bugs was important. But then I realized that untold numbers of bugs are getting

crushed, eaten, poisoned, and so on every day. The number of bugs that I step on is

trivial by comparison. So I'm not going to worry about stepping on bugs anymore."

This is the kind of reasoning that the commonly told "Starfish Story" aims to

counter.

There's a right way and a wrong way to make use of the idea that your impact is tiny

compared with the magnitude of the problem. The wrong way is to give up entirely

because the task seems hopeless. But the right way is to ask whether your current

approach is inefficient and whether you could be helping on a much larger scale in

some other way. The fact that your efforts are small compared with the problem is

actually relevant to how motivated you should be to continue your current approach,

but that's because it suggests that you might want to look for a different, higher-

impact approach.

Edmund Burke is associated with the quote that "No one could make a greater

mistake than he who did nothing because he could do only a little." This is not quite

right, because the quantitatively bigger mistake would be made by him who only did

a little when he could have done a lot. The wrong way to respond to the "there are

bigger problems" idea is to do nothing instead of doing a little; the right way to

respond is by doing a lot instead of a little.

All of that said, I think there can often be instrumental and perhaps

personal/spiritual reasons to sometimes still care about avoiding small-scale harms

in addition to focusing on the bigger picture.

What's the difference between pain and preferences?

26 Dec. 2017

Different utilitarians disagree about whether hedonic experiences or preferences

should determine an individual's welfare. Subjectively, we can notice how

pain/pleasure and preferences don't always coincide. However, explaining this

difference at the level of brain functions is slippery.

I expect that a complete functionalist account of the distinction between

pain/pleasure and preferences would be complex and partly arbitrary, in a similar

way as a complete account of the differences between "liberty" and "justice" would

be complex and partly arbitrary. However, here I mention a speculative picture that I

made up without consulting the existing literature on this topic.

It seems to me that preferences are an important component of morally important

pain. In pain asymbolia, "patients report that they have pain but are not bothered by

it". Because this kind of pain doesn't involve any preference to avoid it, I would

guess that it doesn't count as bad even according to many hedonistic utilitarians.

This suggests that maybe the morally important hedonically based preferences can

be seen as subsets of the general class of preferences. Hedonistic preferences tend

to be the more "raw" drives that are associated with our reward/punishment

systems. In contrast, other kinds of preferences may be based more on "higher

reasoning" systems or at least other non-reward/punishment inputs.

One way oversimplified

picture might be as follows.

Imagine a robot that

computes a variety of

variables based on its present

conditions, such as "pain",

"pleasure", "energy level",

"adherence to rules", etc.

These variables feed into a

"drives/preferences system",

which decides upon the

agent's current motivations. The agent's current pain level is usually a strong input

to its overall preferences, but pain can sometimes be overridden by other factors. In

robots with pain asymbolia, the input channel that's supposed to feed the "pain"

variable into the motivation system is broken. Hedonistic utilitarians care about the

robot's drives that are based primarily on its "pain" and "pleasure" variables rather

than on other factors, while preference utilitarians care about any of the preferences

that the drives/preferences system computes.

Information integration in food webs

26 Dec. 2017

Consider the following statement: "a computational device integrates diverse

signals from its environment over time into a summary indication of the status of the

device's surroundings". This could refer to a sophisticated system of digital sensors,

or perhaps a recurrent neural network. However, it can also apply to a much wider

array of physical phenomena if we treat them as indicators of the conditions in

which they're embedded.

Steel and Bert (2011) argue that "mesofauna has multiple advantages over microbial

communities as indicators for the quality and status of compost" (p. 47). One

reason is that "by being one or two steps higher in the food chain, mesofauna serve

as integrators of physical, chemical, and biological properties related to their food

resources" (p. 47). We can think of compost animals like mites and worms as being

complex computations that summarize a diverse array of environmental inputs, such

as whether the compost has enough oxygen, has enough food, is not too acidic, has

predators, etc.

Bitstring avoidance and pain avoidance

23 Dec. 2017

Imagine a computer program that monitors a chunk of bits on disk. It aims to ensure

that the chunk of bits doesn't contain the pattern 01001101100101. If that pattern is

detected, then the program drops all other tasks and seeks to change the bitstring

to something else, such as by directly rewriting the bits or setting off other

processes that will change the bits. The program also monitors other processes in

an effort to prevent them from changing the bit pattern back to 01001101100101.

From the outside, such a program appears somewhat strange. "Why does it care so

much about that particular bitstring?", we might ask. Yet in a sense, pain-avoiding

animals like ourselves are similar to this program. Certain events can produce

patterns of neural firing ("1"s and "0"s of neural activity) that we recognize and seek

to "erase" from our nervous systems. Why are those particular patterns of nervous

activity so important? It's because they're the patterns that we're wired to try to

prevent. In a similar way, the 01001101100101 pattern is morally bad precisely

because a (somewhat) sophisticated agent is trying to prevent it.

Feeling free to not finish tasks

21 Dec. 2017

When I was in high school, I was obsessive about finishing all of my homework to

perfection, even if this meant saying up until 3 am. If a task was assigned, I had to

finish it, no matter what, right?

Toward the end of high school, I overheard a conversation with some friends about

one person's experience in college. He was asked what he did when he had too

much homework to get done during his normal waking hours. His reply was

something like this: "I just went to bed and didn't finish my homework. Retaining my

mental clarity was more important." I found this astonishing at the time. However, I

now think this is pretty good advice in most cases, except for really important tasks.

I usually let drives like wanting to sleep, wanting to exercise, wanting to get solid

work done, etc. take precedence over what I'm currently in the middle of doing,

even if it involves a conversation with someone else. Especially if the task you're in

the mood for is hard, like exercising or doing focused work, then it's a waste to

squander an opportunity when you are in the mood for that task. If I feel energized

enough to do something difficult but am still wasting time on a lower-effort activity, I

begin to feel an "I ate too much yummy (vegan) cake" sensation build up in my brain

and feel guilty about wasting the mood.

Being able to optimize your activities based on your present mood is a luxury that's

made possible when you don't have an externally imposed schedule. I find that if I

do have external requirements regarding what I work on, then I end up in a lot of

suboptimal situations in which I have to do X but would rather do Y at any given

time. For example, if you work in an office, you usually have to wait until the workday

is over to exercise, even if you're more in the mood to exercise right now.

Planned shower thoughts

13 Dec. 2017

Showering is the only time during an ordinary day when I have no external source of

stimulation available but am alert enough to think about important topics. (When

going to sleep, I try to avoid important thoughts, since they would keep me awake.

At all other times I have either a screen to look at or an iPod to listen to.)

For this reason, I sometimes "save up" questions for myself for the shower, so that I

don't waste "higher-quality" time on such thoughts. For example, in the shower I

might reflect upon how I spend my time, big-picture strategy for reducing suffering,

the nature of consciousness, or (sometimes) a math problem. These are topics that

I can think about for a while without much external input. Of course, I'm often lazy in

the shower and use the time to relax.

Sometimes people say they have their best thoughts in the shower. I disagree with

this, because I think better when I can interact with a stimulus, such as a written

text. In the shower it's easy for my mind to wander, and I'm not able to take in new

information or write down my insights right away.

Disagreeing without explanation

29 Nov. 2017

Suppose Alice posts an article she wrote, and Bob leaves a quick comment: "I'm too

busy to go into details, but I largely disagree with this post."

On the one hand, such "drive-by disagreements" are useful in that they provide

nonzero Bayesian evidence, especially if Bob is epistemically trustworthy. On the

other hand, unexplained disagreements can be frustrating, especially for Alice,

because Alice has no direct way of settling the dispute or correcting possible errors

in her view.

A reasonable compromise might be to expect that Bob either should give at least

one sentence of quick explanation or should link to a source that roughly expresses

his own view on the subject.

"Probabilities are not promises"

28 Nov. 2017

Sometimes I've had conversations that go roughly like this:

Person: I might or might not be available to talk tomorrow. I'll let you

know.

Me: No problem. What's your probability that you will be able to talk

tomorrow?

Person: Well, I don't want to promise anything.

Me: That's ok. Probability estimates are not promises.

Person: Ok, fine: 60%.

Sometimes people are reluctant to give probability estimates because they feel as

though doing so would be a quasi-promise, insofar as it might get my hopes up

about things working out. But it's useful to be able to exchange the information

contained in a probability estimate without any implied commitment.

Todo-list "crumbs"

19 Nov. 2017

I sometimes hear people say that they focus too much on quick tasks on their todo

lists because those tasks are "easy wins". My own mindset, perhaps trained by

years of thinking about how I best get work done, is often the opposite. If I'm feeling

motivated and not tired at a given time, I try to bite off a big chunk of work, get the

hardest parts done, and then leave remaining easy details for later. This is great,

except that, like eating big chunks of food, it leaves behind lots of little "crumbs"—

tiny tasks that individually don't require much effort but that collectively can make

for a messy dining-room table, or a messy todo list. Crumbs may also take the form

of inherently small tasks, like replying to emails or making a trivial edit to an essay.

Because I want to bite off big tasks when possible, I sometimes go several days

without cleaning up many crumbs. Fortunately, there are some periods when I'm

less motivated to eat big chunks and am more in the mood to collect my crumbs.

Small non-human carnivores eat a lot of animals

First written: ~2013; last update: 8 Nov. 2017

Some non-human predators that are smaller than humans eat more individual

vertebrate animals, and sometimes even more pounds of meat, than humans do.

A typical omnivorous human eats a small fraction of a single animal each day, except

when eating small fish or other small seafood. US per-capita meat consumption is

about 271 pounds per year, less than a pound per day.

In contrast:

"Adult Emperor Penguins consume 2-5 kg (4.4-11 lb) of food per day except at

the start of the breeding season or when they are building up their body mass

in preparation for molting. Then they eat as much as six kilograms (thirteen

pounds) per day." (source) "Each penguin eats about one pound of fish per

day." (source) "Each of the Zoo's penguins eat[s] 2 pounds of fish per day"

(source)

"If you do the math, you will find that one barn owl needs to eat about 79

pounds of mice a year." This amounts to about 3.5 individual mice per day.

(source)

Of course, animals eaten by non-human predators aren't factory farmed, which

makes a big difference. Still, the deaths of these prey animals are arguably worse

than those in human slaughterhouses on average because there's not even a

perfunctory attempt at stunning. Imagine being a fish swallowed live by a penguin.

While human meat consumption causes lots of suffering, so does predation in

nature.

Why can't humans fall asleep voluntarily?

8 Nov. 2017

Falling asleep takes time that could be used for other things. So why didn't humans

evolve the ability to voluntarily put themselves to sleep? One might say that falling

asleep, unlike moving muscles, isn't something a brain can "just decide to do". But

humans can wake up voluntarily and very quickly.

One hypothesis is that if humans could sleep voluntarily in a similar way as they can

hold their breath, they would use the ability as a simple form of "wireheading", to

avoid painful emotional experiences like hunger or social rejection by sleeping them

away rather than dealing with them. In other words, humans could avoid the "things

that keep us up at night".

Another possibility is that voluntary sleep would allow for sleeping during the day,

which would presumably be bad for diurnal animals.

I see that someone asked this same question on Quora, but none of the answers is

useful.

Machine learning as memorization

5 Nov. 2017

When I worked at Microsoft, one of my colleagues described our machine-learning

models as "memorizing" the training data. I found this to be an interesting

perspective, because ordinarily, supervised learning is described as "building a

predictive model" or something of that sort. But there is a sense in which

supervised learning is fundamentally a kind of memorization, since it involves

learning that "this input maps to this output", though doing so in a fuzzy enough

way to allow for generalization. Of course, overfit machine-learning models are even

closer to pure memorization of the training set.

The idea of learning as memorization can be applied to reinforcement learning too.

In a simple, deterministic environment like Grid World, Q-learning will over time

figure out what the best action is in a given state and then do that. The end of the

process is just kind of a lookup table: "if I'm in this state, then take this action". Q-

learning using neural networks isn't a pure lookup table of this sort, because you're

rarely in the exact same state twice, but it's still like a fuzzy lookup table: "when I'm

in this kind of general situation, then take this action". Of course, the underlying

details of implementing Q-learning are more complex, but this simplistic description

helps make the process less mysterious. In some sense, a Q-learning agent tries a

bunch of actions, and through trial and error, it "memorizes" what action to take in

each situation. (I'm not an expert on Q-learning, so I welcome corrections if this

description is mistaken.)

Are simulation environments a limiting factor for real-world AI?

First written: 21 Oct. 2017; last update: 7 Jun. 2018

I don't think artificial-intelligence (AI) progress in board or video games portends

much about "AI taking over the world" anytime soon, for a few reasons. A main

reason is that the real world is both vastly more complex than game worlds and

doesn't allow for enormous numbers of simulations of game play. An Atari-playing or

Go-playing reinforcement learner can run through enormous numbers of rounds of

the game at high speed in order to learn by trial and error. In most real-world

settings, actions take place at the speed of the physical world, and rewards based

on interactions with humans are bottlenecked by human input.

Irpan (2018) notes that many current deep reinforcement-learning systems require

very large numbers of samples to achieve good performance: "learning a policy

usually needs more samples than you think it will." Irpan (2018) continues: "There’s

an obvious counterpoint here: what if we just ignore sample efficiency? There are

several settings where it’s easy to generate experience. Games are a big example.

But, for any setting where this isn’t true, [reinforcement learning] faces an uphill

battle, and unfortunately, most real-world settings fall under this category."

Piekniewski (2018): "additional compute does not buy much without order of

magnitude more data samples, which are in practice only available in simulated

game environments."

In addition, many actions that a real-world reinforcement learner might try to take

would be disastrous and get the AI shut down. For example, if an AI that was set to

maximize the profits of a company tried out random actions like firing a bunch of

employees or selling a bunch of assets, it would drive the company into the ground

before it had completed a single "play of the game". In simulated games, recklessly

trying random actions is no problem, because you can reset the simulation and try

again.

So it seems that if an AI doesn't make extensive use of a priori reasoning, it must

use simulations of the real world in order to allow for trial-and-error learning. And its

performance will be limited by the accuracy of those simulations. Does this suggest

that one significant obstacle to world-conquering AI is the availability of highly

realistic world simulations? If so, how hard is it to build such simulations, and how

computationally expensive would they be to run?

The Campaign AI of Total War: Rome II uses Monte-Carlo Tree Search, as well as

some hand-crafted optimizations, to choose high-level strategies for literally taking

over the world (Champandard 2014). (I haven't played the game and so could be

misunderstanding a bit.) If the rules of the real world matched those of this video

game, then presumably such an AI would be a formidable force. A main reason why

this game AI doesn't take over the real world is that the real world's dynamics are

vastly more complicated.

Of course, even if we had computationally fast, high-accuracy simulations of the

real world, present-day AIs probably would still perform poorly because of the huge

space of possible actions to take. There are probably lots of special tricks that

humans use to compress the complexity of the real world and to locate good

solutions more quickly. Still, I'm curious how much of the distance to world-

conquering AI is due to limitations of AI algorithms vs. how much is due to

limitations of world simulations. (Of course, improvements in the theory of world-

simulation building can also directly contribute to improved algorithmic performance

for model-based AI agents who themselves build miniature world models.)

Is building more realistic world simulations easily scalable? Or do you need lots of

hand-crafted details specified by domain experts? Right now, the rules of video-

game worlds are typically hand-crafted. The history of AI—in which learning from

data usually eventually beats manual specification of rules—suggests that in the

long run, simulation models of the world will probably be at least partly learned

rather than specified directly.

Machine-learning work makes you appreciate errors

21 Oct. 2017

When I was learning to program in college, I was typically dismayed when I got

errors in my programs, either when compiling or at runtime. One might think that it

would be a relief to work on a project where you aren't constantly plagued by such

errors. However, after doing machine learning a bit during college and then for a few

years at Bing, I realized that hard errors are a blessing.

The problem with a lot of machine learning is that, except for literal code errors

when running your program, errors are soft. You might mess up some configuration

or feature, which results in degraded model performance, but there's no place in the

code where the program stops and dumps out a stack trace. As a result, you have to

go digging for the error yourself. If the etiology of the error is not obvious, you might

spend many hours tweaking the machine-learning configuration to see what factor

might be causing the poor performance, and training these new tweaked models

might itself take hours or days. After lots of experience with soft machine-learning

errors, I began to cherish the hard failures that are more prevalent in other realms of

software engineering.

This idea of not having hard errors also applies to most non-software domains.

Except for simple spell and grammar checking, I can't compile my writing to make

sure it's completely syntactically valid, nor can I execute my words and see if they

contain logical flaws. Most realms of reasoning don't involve hard errors, at least

until scientific theories are empirically tested.

Importance and difficulty of good sleep

16 Oct. 2017

While I'm generally skeptical of silver bullets in the realm of productivity, there's one

factor that makes an enormous difference to my mood, alertness, exercise

endurance, and ability to process information easily: how much sleep I got last

night. This point is probably abecedarian to most readers, but when I see people

arguing about what the optimal amount of sleep is, as if this were a non-obvious

open question, I have to wonder if they have the same biology as I do. My own

experience is that more sleep is always better. Anything less than 9 hours of sleep is

liable to reduce my mental functioning to some degree, while more than 10 hours

almost guarantees a long day of high productivity.

I'm a bit puzzled by interest in nootropics, meditation, diet, etc. as ways to improve

productivity, when it seems to me that priorities #1, #2, and #3 should be sleep,

sleep, and sleep. While I don't have great solutions for better sleep, I've found that

long periods of exercise (ideally 1.5 hours) during the day tend to allow me to sleep

for long periods at night, while getting fewer than 30 minutes of exercise often sets

me up for poor, short sleep. The downside of this fact is that, under ideal

circumstances, exercising and sleeping combined take up half of the day, but the

result is that I feel great during the remaining time.

Unfortunately, I often don't sleep fully, perhaps because I wake up in the night and

can't get back to bed, or because I simply stop feeling tired after only 7 or 8 hours

of sleep. On these days, I'm more likely to do work that requires less mental focus,

such as small chores, replying to emails, and so on. On days when I get better sleep,

I can do higher-value tasks that require mental clarity, like writing, fact-checking,

and proofreading.

Prison violence is "cruel and unusual punishment"

16 Oct. 2017

The US Constitution's prohibition on "cruel and unusual punishments" is one of its

most admirable features. Unfortunately, this ideal fails to be upheld in most actual

US prisons, for a variety of reasons.

Prisoners, regarded as dregs of society, typically have poor living conditions and

inadequate food. Prison guards are often indifferent or cruel, since nice people are

unlikely to want to work in prisons.

And then there's violence committed by other prisoners. If society had the

motivation to do so, we could significantly reduce such violence, but many people

don't care about prisoner welfare, and some people may delight in prison violence

because it's a way to sneak severe punishment into the prison system without any

official government policy of violence.

In addition to reducing prison violence through better monitoring and enforcement,

one obvious way to address this problem is to put fewer people in prison in the first

place, including large numbers of non-violent drug offenders.

Multicellular organisms are water reservoirs

First written: 14 Oct. 2017; last update: 17 Dec. 2017

One trend I've noticed from observing invertebrates in my yard is that detritivorous

invertebrates congregate in moist areas. That's because organic matter doesn't

really break down until it gets wet. Why is that? My assumption is it's because

bacteria generally require water in order to be active. I have the impression that

bacteria are fundamentally like aquatic organisms, in that they swim around in liquid

in order to perform their functions. The low-level biology of enzymes, RNA

translation, and so on are all processes that occur within water and use diffusion(?)

to move stuff around.

University of Illinois Extension (n.d.) says regarding backyard composting:

"Decomposer organisms need water to live. Microbial activity occurs most rapidly in

thin water films on the surface of organic materials. Microorganisms can only utilize

organic molecules that are dissolved in water."

How is it, then, that plants, animals, and fungi can live on land without being

submerged in water? The answer, it seems, is that they carry the water with them.

Most organisms are mostly made of water. Multicellular organisms are essentially

pools of water that can move around on land. By having such high water content,

eukaryotic cells can perform the functions of life in solution the way bacteria do.

On criticizing other cultures

11 Oct. 2017

A typical city-dwelling, college-educated liberal is likely to agree with statements

like this: "Rural white Southerners who take the Bible literally and think women have

a duty to be housewives are unenlightened, and their cultural values are distasteful."

Meanwhile, the same liberal would likely express tolerance toward rural indigenous

peoples from Australia who took their religion very seriously and maintained distinct

gender roles. This liberal would be quite offended if someone were to describe the

indigenous Australian culture using the same terminology often applied to white

Southern culture.

There's probably a good sociological reason for this double standard. Historically

humans have been inclined to demonize people from other cultures, sometimes

resulting in ghastly atrocities. Since acts of violence are more likely against foreign,

minority cultures than against politically powerful American subcultures, it's more

important to guard against racism against cultures that are more unfamiliar to most

Americans. And since racism is such a strong instinct, we need to avoid any

thoughts that might incline in that direction, including comparisons of which

cultures are "better" or "worse" than others—unless those cultures are "American",

in which case it's more acceptable to bash them. I suppose this trend extends

generally, with it being more acceptable for a person of type X to critique a culture

associated with other people of type X than it is for an outsider to do so.

When I was in school, there was such a strong effort to promote tolerance for other

cultures and to challenge ethnocentrist tendencies that students were effectively

taught something like: "Native Americans = good, Europeans = bad". It's obvious to

everyone that this is too simplistic, but many liberals might be surprised to discover

just how brutal some pre-European North American cultures were. (In contrast, it's

well known that European cultures of centuries past were often barbaric.) For

example, Iroquois warriors tortured their captives in horrific ways.

While I generally side with liberals on social issues, I appreciate the fact that

conservatives are often more willing to admit that other cultures have shitty parts to

them, just like our own culture has shitty parts to it. Of course, promoting this view

as an unqualified mass message is risky because of its tendency to increase racism

and xenophobia. Presumably the best solution is to try to change other cultures

slowly and indirectly through education and spreading Enlightenment-style values.

And of course the cultural relativists are right in some sense. There is no objective

moral truth, and evaluating good vs. bad parts of various cultures is ultimately just

my opinion. But my opinion doesn't have to be one of tolerance toward anything as

long as it's non-Western.
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Summary

This page describes my experiences with romance, what I would find attractive in a

partner, the wonders of love, the downsides of love, why I like being single, and how

romantic love relates to altruistic love.
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Note

As I explain in this piece, my experience with romance is quite limited. One of the

common themes I've heard in feedback on this article is that I haven't had enough

intimate relationships to get a more complete picture. This is certainly true, and

that's fine. This piece is intended merely to give an amateur's perspective on

romantic love, especially the earlier "butterflies in your stomach" parts of the

experience rather than what it's like to live with a partner for many years.

I think I do have enough life experience to know how much I like being single. I really

value freedom to make my own autonomous choices and freedom from

interruptions. These preferences help explain not only why I don't have a romantic

partner but also why I like being my own boss, why I don't enable push notifications

for social media, and so on.

My history with romance

Growing up, I had little interest in romance. I remember thinking that girls in my class

were pretty as early as when I was in ~first grade, but I didn't understand why

someone would want a relationship.

This continued into teenage years. While some of my classmates began dating, I

didn't think about the topic except through TV shows and occasional conversations

with friends. During high school, I spent almost all my waking hours on homework,

so romance would have been a non-starter anyway.

The trend continued into college. While I was somewhat less busy than in high

school, I continued to focus on academics and learning about reducing suffering in

the world. I had a few small crushes, but I never took things further because I was

focused on what I considered more important work.

A year after graduating from college, I created a profile on OkCupid because I

thought I might benefit from the companionship of a relationship. Post-college years

are more solitary than college years, which explains some of the difference in my

dispositions. I looked around the site and messaged a few people, but no one

replied, and I didn't find any of the people to be particularly good matches. After

several weeks, I mostly gave up, though I kept my profile open.

A few years later, I began to understand better the feelings that would motivate a

relationship. I revisited OkCupid and found some interesting people there, though all

the conversations trailed off after a while. I mostly retired from OkCupid once more.

Shortly thereafter, I met someone online but not through a dating site. Soon this

turned into a long-distance romantic relationship, which lasted several months.

When the relationship ended, I was sadder than I had ever been, but I felt glad that

the wonderful memories would remain and that our moments together persisted

eternally in the spacetime of our block universe.

After the end of the relationship, I returned to OkCupid for a long time. Both there

and on Facebook, I found a number of possible leads for future relationships, but

one way or another each of those possibilities eventually closed out. After about

another year, I decided I was okay with this; I didn't feel like a relationship would

necessarily improve my happiness by that point. In fact, a relationship would

plausibly make me worse off overall by creating addiction to a romantic partner.

This is basically where I remain to this day, though I maintain many fond feelings

about romance, as I'll discuss later in this piece.

Factors relevant to attraction

I think it can be interesting to talk often with a romantic partner about why you're

attracted to him/her. In addition to being informative, this can serve as a positive-

psychology exercise in which you focus on what you have instead of what you don't.

Your partner can feel elated from the praise, and you can feel warm giving it.

Following are some features that I think are important for my sense of attraction.

Gender

Sadly, I can't feel romantic sparks for other men. My brain seems to do some

internal computation that prevents such sparks from forming. I have some very

close male friends to whom I would plausibly feel romantic attraction if they were

female.

Altruism

I find altruism really important to romantic attraction. I've imagined relationships

with people who don't care very much about helping others, and even if such

people are really smart, I have a hard time feeling sparks. I have a sense of "Meh,

why should I be excited about this relationship?"

One reason altruism is great is that it could enable collaboration on important topics.

But beyond that, there's something viscerally compelling about a woman who wants

to reduce suffering, especially suffering by animals or digital agents, which are often

neglected in mainstream discourse. Most of my crushes have been on women who

were passionate about altruism, especially altruism for animals.

Along with altruism typically come traits like frugality with money, so that more

savings can be donated. Not conforming to social expectations like expensive gifts

is part of that.

Pulchritude

When I was younger, I told myself that physical attractiveness doesn't matter. Caring

about it is just "shallow" and "superficial". Unfortunately, I've come to realize this

isn't the case. The brain's neural network for romantic sparks seems to include a

"physical beauty" sub-network that can't be turned off even by effort of the will. I

wish this weren't true, but life really is not fair.

Helen Fisher distinguishes lust, romantic attraction, and attachment as separate

brain systems. Obviously pulchritude is relevant for lust, but I find that it also plays a

role in romantic attraction.

Despite the "ugly fact" that beauty matters, society takes beauty too far. Our beauty

obsession causes some women to waste inordinate amounts of time on makeup,

shaving, grooming, clothing selection, and similar activities. It may encourage

dieting and eating disorders. The money used on a cosmetic-surgery operation

could have helped hundreds or thousands of suffering animals. Yet the "beauty" rat

race still leaves 80 percent of women feeling insecure with their body images. And

to the extent that beauty is a positional good, no net benefit accrues as a result of

this.

I don't mean to imply that beauty obsession is purely cultural. It's a classic

prediction of evolutionary psychology that men should care a lot about beauty as an

indicator of youth and fertility. We can even put a positive spin on male

"shallowness" by saying that it's designed to make sure the babies produced are

healthy. Of course, in the modern age, cosmetics aim to override the underlying

signal that beauty carries about a woman's good genes and healthy development.

Even though there are natural reasons for beauty to matter quite a bit, biology is not

destiny, and we can make progress toward reducing cultural emphasis on beauty.

One documentary about faces that I watched noted that part of the problem is we

see too many beautiful people—far more than if we lived in a local tribe. Marketers

are engaged in an arms race to use the most attractive models to sell their products,

as a result of which expectations are set too high.

Some countries have taken steps in a positive direction, such as with Spain's body-

image law, Israel's law against too-thin models, and a proposal for a Self-Esteem

Act in the US to label photoshopped images.

Intelligence and success

A friend of mine introduced me to the word sapiosexual. I think intelligence is

attractive on a visceral level beyond conscious "on paper" kinds of compatibility

assessment. A similar statement applies to someone who is really good at what she

does.

Kindness and positivity

I once heard advice for business managers that there's no such thing as too much

praise as long as it's warranted. I feel the same way about positive emotions in

general. There's no such thing as being too sweet or too happy, as long as those

expressions are sincere. Being around cheerful people just makes me feel good,

because their emotions are contagious. I also connect well with people who are very

empathetic, compassionate, and caring. That said, it's also important to recognize

time constraints and not spend excessive effort checking in with one's partner.

On-paper attributes

A relationship has to be practical, so my interest is often curtailed when things

wouldn't work from a practical standpoint. For example, in a relationship I would

need to

remain childfree

not spend more than 30-60 minutes per day in the long run on the relationship

stay inside most of the time and not travel much.

Being loved back

Being loved by another person is a strong component of my feeling reciprocal love

for her.

Being in love

Relationship behaviors

My first relationship came very "naturally", as Selena Gomez would say. I acted just

like my normal self and appreciated the fact that I could be totally comfortable with

that. I find dating advice about "playing the game" to be distasteful, even though it's

certainly possible that modest steps in that direction could improve one's general

desirability—in a similar way as your odds of getting a job at a bank improve if you

wear a suit to the interview.

Personally, though, I don't really care. "Fuck dat shit", I thought to myself. I suspect

that on average, the women I would get along with best are less inclined to care

about conventional alpha-male signals, though as is the case with pulchritude, there

may be some extent to which the attractiveness of such features is deep-seated

and inaccessible to conscious modification, even by otherwise really compatible

people.

One thing I found striking about my relationship was how well my favorite Mister

Rogers songs applied to it. "It's You I Like" is just as wonderful when seen as a

romance poem as when used as a parent-to-child melody. In general psychologists

observe how people in love act like children. That said, Mister Rogers is decidedly

not just for children. We adults have at least as much to learn from many of his

lessons.

Being in love also brought out creativity and humor. I was more likely to think of

dumb jokes, share nice pictures, and compose thoughtful emails about my

emotions. Evolutionary psychologists speculate that sexual selection may have

played a role in developments like humor, language and music, and other displays of

ability. Whether or not this is true, the enhanced creativity that comes with being in

a relationship doesn't feel like an attempt at signaling, but then again, neither does

crying feel like an attempt at garnering sympathy or maternal love feel like an

attempt to pass along genes.

The wonderful feeling of love

Being in love was unlike any other form of happiness I've experienced. It was a sort

of omnipresent warm glow that filled everything in life. Of course, many other things

are enjoyable and even deeply meaningful in a long-lasting, satisfying way, but love

had a particular texture that made it clearly distinguishable. Sometimes I still have

moments when I fall back into that feeling, perhaps when contemplating old

memories, and the distinctive quale returns: "Ah, that's what love feels like. Wow."

Urban Dictionary has a nice entry on "true love". It's too long to quote in its entirety,

but it includes these lines:

Love is the greatest gift God ever gave man.

[...] Love is pure happiness. Love is the

feeling you get when all you have to do is

think of her and it brings a smile to your face

and a yourning [sic] to your heart.

Bertrand Russell expressed the feeling perfectly in

his autobiography:

in the union of love I have seen, in a mystic miniature, the prefiguring

vision of the heaven that saints and poets have imagined. This is what I

sought, and though it might seem too good for human life, this is what

– at last – I have found.

Love is not like anything else in this world (that I have experienced, at least). It really

seems to be from heaven.

After I fell in love, everything associated with my girlfriend seemed to have a magic

glow. It was as though she was King Midas, with whatever she touched turning to

gold. Even the bare letters of her name, written in an unadorned fashion, could

trigger a significant emotional response. This makes sense in light of the

associative-network structure of our brains.

It's not a surprise that so many pop songs, TV dramas, books, and other cultural

artifacts center around romance, since it's such a powerful emotional experience

that most humans can relate to, regardless of culture or socioeconomic status. Song

lyrics about love became more vivid after I experienced what they talk about for

myself. The character Bulldog explained it as follows in one episode of Frasier: "I

never felt this way before. You know, on my way to work, all these songs on the radio

suddenly made sense to me?" ( ).

Unlike when I was younger, I now appreciate romance stories (even unrealistic ones,

as long as they're sweet). Many of the movies I enjoy the most are romantic

comedies and "chick flicks". (My childhood self found such movies boring and was

more interested in fast-paced action, explosions, and magical creatures.)

Love's critics

Sometimes love is said to be "overrated". I personally don't agree, but different

strokes for different folks. Of course, it is true that love is not the best way to make

long-term decisions, but that doesn't mean it can't be an incredible experience—

definitely the best feeling I've had in my life.

Sometimes romantic love is claimed to be a special favoritism. To value one person

requires that you value everyone else less. I don't think this has to be true.

Subjectively, I may even love everyone more as a result of romantic love (see the

final section for further discussion). Of course, our time and money are finite, so as

a practical matter, we will end up spending more resources on someone we love.

But our resources are not necessarily fixed, especially when it comes to intangible

interpersonal variables like cheerfulness, friendliness, respect, and patience. Far

from being limited, these traits may grow the more they're exercised.

Finally, critics may scorn the idea of a "soulmate" by pointing out that statistically,

the world must contain many people who are at least as good as the person you

think is your soulmate. There are too many people in the world and too few

interactions for that not to be true. However, this ignores the path-dependent nature

of romance. Love hormones rewire a lover's brain toward his or her loved one. After

these changes happen, it may literally be the case that no one else in the world

would elicit the same degree of love response as your loved one—at least without

significant further rewiring toward that other person. This is not mysterious. I would

conjecture that a sufficiently complex image-classification neural network can be

trained to fire more strongly for some particular image than for basically any other

image.

Imprinting?

Scientists debate whether and how much an "imprinting" process is involved in

romance. It's clear that imprinting and reverse imprinting play important roles in

sexual attraction. Some defend an imprinting hypothesis in the romance context,

while others deny it. My own subjective experience jibes with some degree of

imprinting.

Love's dark sides

Even if I don't buy the criticisms discussed above, I agree that love does have some

problems.

Addiction and rehabilitation

During my relationship, I craved interaction with my girlfriend, and if she was too

busy to talk on some night, I would still think about her obsessively. ("A day without

you is like a year without rain", says Selena Gomez.) I would write emails so as to

continue engaging my romance brain circuits and pretend as though I was having a

conversation. Knowing that she would read the emails made the process not vastly

worse than talking with her directly. Still, the cravings were clearly similar to those of

an addict, and addiction is not a pleasant experience. One feels out of control of

one's emotions.

Over the months after the end of the relationship, I remained quite sad on many

days. Gradually the sad times became less frequent, though they could come

roaring back at full intensity periodically. After the breakup I still felt a very strong

need for romantic companionship. By about a year later, that feeling had waned,

much like a drug addict's waning cravings for his drug following a period of

rehabilitation.

This is not just an analogy. As Helen Fisher says, "romantic love is one of the most

addictive substances on Earth." The brain's dopamine system evolved for (among

other things) food, sex, and romance, and drugs of abuse are just hijacking that

system.

I don't have experience with recreational drugs (and don't intend to, since it's

unwise to start addictions), but I can imagine that some of them (empathogens??)

may cause feelings similar to being in love. Perhaps there are regions of the brain

that can be stimulated to induce the same. Yet drugs are regarded as shameful by

society, while "falling in love" is often seen as one of the most important, rewarding,

and special moments in life. Why the difference? Some reasons:

Falling in love "is productive" in that it helps society continue, by facilitating

reproduction and two-parent households. Of course, one can debate whether

reproduction is a good outcome, but those who survive in the long run will tend

to think so, because those who disagree tend to die out. (That said, ritual

celibacy remains surprisingly strong as a cultural ideal in the face of such

pressures.)

Falling in love is more or less unavoidable, unless you live in Antarctica with

only members of your own gender and no access to the outside world, or

unless you manipulate your body's biochemistry. Society is less likely to

"judge" things that everyone does (although traditional religions have been

rather successful at doing so in many other areas of life!).

A "real" relationship may evoke many kinds of brain activation that drugs or

brain stimulation would not. Maybe this is the reason people talk of "empty

hedonism" with drugs: It represents stimulation of some pleasure regions

without the full suite of somatic, cognitive, and belief-based brain changes that

would accompany a "real" experience of something like being in love.

In my experience, love is very much a belief-based phenomenon. What matters is

knowing that you and your partner love each other; this is more important than any

specific sensory stimuli.

For this reason, I would be happy with a long-distance relationship. Skype does a lot

to break down distance barriers; indeed, Nick Bostrom's marriage is mostly long-

distance over Skype. What I value most is emotional intimacy and the knowledge

that you and your partner really care about each other in a romantic way. It seems

that maybe ~99% of people OkCupid don't feel the same, as judging by almost

ubiquitous "near me" specifications in what people are looking for. (Even to the

extent that I care about distance, it seems to me still a better strategy to look

worldwide, because otherwise how are you going to find the really best matches?

But I think many people are less picky about a partner's interests than I am, as a

result of which they probably have many good local matches available.)

A friend of mine suggested that another reason for the difference in social attitudes

towards drugs vs. romance is that most people, being naive dualists, haven't

internalized the fact that romance too is just a biological phenomenon. This may be

part of the story as well, but I don't think it's the whole story. Even if I had no

altruistic obligations, I don't think I would "wirehead" to experience romance; I'd

rather have a "real" romance experience, even if it felt less hedonically pleasurable.

This is one of my stronger anti-experience machine intuitions. I have less intuition in

this direction for other pleasures. Love seems somehow more "holy"; context and

genuineness matter a lot.

Time sink

Love is also a spectacular time sink. During my relationship, I was able to feel bliss

all by myself for an hour while going to the store just by thinking about my girlfriend.

I didn't even think of getting bored, and I could have kept going. But this meant I

wasn't listening to podcasts the way I usually would have done, and hence, I wasn't

learning things that I could use to inform altruism work.

After the end of the relationship, I continued to be sad for a long time. I actually

didn't find the sadness unpleasant; it was a sort of "meaningful" sadness, similar to

watching a tragic movie. I don't know that I would cut out these experiences from

my life if I could. That said, they were amazingly unproductive from the standpoint

of other projects. Rather than occupying my hours with blissful thoughts as before, I

occupied them with the "sweet sorrow" of old memories, but the lack of ability to

focus on other projects continued. If I were to put all the anxious and sorrowful

moments alongside each other, they would have probably stretched over a few

weeks—all time during which I wasn't getting other things done.

Costs of kids and romance

Even when everything is going well, intense romantic love is a roller-coaster ride of

emotions. Bliss is interspersed by cravings, and both may be accompanied by some

sense of guilt about not being more productive in helping animals that are being

tortured at that very moment. Of course, I think it's altruistically important to

experience the array of life's emotions in order to develop a deeper appreciation of

what life is about. If you don't, how will you know what matters and in what

directions your altruism should push? But there are diminishing returns to any given

experience, and romantic love demands a lot of attention.

I've written an essay about the "The Cost of Kids". It points out just how much time

investment is required for parenting, especially for good parenting. That said, some

people feel that having children would be among life's most rewarding experiences,

and they may be incapacitated by not having children (to greater or lesser degrees

depending on the person).

Romantic relationships are similar. They require many minutes per day (or maybe

hours, especially in the early phases). Like with raising a child, this time cost may

not be optional, because if you're in love, it's not easy (and not healthy) to ignore

your feelings and do something more productive. Of course, you can learn a lot from

a relationship—maybe more than from a crying baby because your partner can talk

about a wider range of topics—but there remain plenty of facets to emotional

intimacy that are rather repetitive and uninformative.

Still, people may feel that romance cravings are too strong and that life would be

less bearable without romantic love, so the cost is worth it. The Muppet Movie

contains a brilliant song, "I Hope That Something Better Comes Along". Before they

begin singing it, Kermit the Frog and Rowlf the Dog exchange these thoughts:

Rowlf: That's why I live alone.

Kermit: You do, huh?

Rowlf: (starts the song's intro) Yep. I finish work, go home, read a book,

have a couple of beers, take myself for a walk and go to bed.

Kermit: Nice and simple.

Rowlf: Stay away from women. That's my motto.

Kermit: But I can't.

Rowlf: Neither can I. That's my trouble...

In addition, there may be cases where romance enhances productivity. One of my

coworkers called it combining 1 and 1 to make 11. During my relationship, I felt

emboldened to take on a project that I had previously resisted, because now I felt

like I had an emotional safety net and could tolerate the occasional unpleasantness

of the task in a way that I wouldn't have been able to do when I was single. In "I

Hope That Something Better Comes Along", Rowlf the Dog calls this "a new leash

on life." Moreover, if you and your partner share altruism interests, you can

collaborate together to great effect. I think of this as "the best of both worlds"—

doing something to help others and spending time with your girlfriend

simultaneously.

It's also worth noting that the cost of kids is not independent of the cost of

romance. Even if you intend to remain childfree, what if your partner changes her

mind? What if you've fallen so deeply in love that you don't feel you can leave the

relationship? At that point you'd be between a rock (having the kid) and a hard place

(breaking your heart by leaving). This is why I soon realized that if I searched on

OkCupid, I absolutely had to use the "doesn't want kids" filter, and I also biased my

evaluations toward older ages where women would be (slightly) more certain about

their impulses regarding parenthood. Doing otherwise would be like playing with

fire, because it could lead to a relationship where one of three things happened:

1. my partner eventually would have to leave to find someone who would have

kids

2. I'd be persuaded to reverse my vasectomy

3. we'd adopt a kid.

The childfree requirement also made dating outside of OkCupid quite difficult,

because information on whether someone wants kids is not listed anywhere else,

and it's not the kind of question you can ask someone until you know her pretty well.

And then at that point, there's only a maybe ~10% chance she'll be certain she

doesn't want kids, even adjusting for the observation that more educated women

are more likely childfree.

Of course, there's some chance that your own feelings about kids may change too.

As Kermit says in "I Hope That Something Better Comes Along":

I don't mean to scare ya, my friend, but I betcha

Come "Father's Day", the litter bug's gonna getcha;

In general, this impulse might be facilitated slightly by being in a relationship?

Trying to impress others

When you're first dating, especially if you're meeting someone you don't know, it's

generally advised to "make a good first impression". That includes looking nice,

dressing well, not seeming too weird at first, and so on.

Even after the first few dates, you may feel pressure to continue looking nice,

staying in shape, having a conventionally "successful" career, and so on, in order to

continue pleasing your romantic partner. I imagine this is especially the case if your

partner has a lot of other options on the dating market. The idea of "letting yourself

go" after marriage illustrates that people do often experience some pressure from

romantic partners to be a certain way.

The idea of feeling the need to impress a romantic partner sounds fairly miserable to

me. I don't want to spend time on things I'm not interested in, or alter my

personality, in order to meet the expectations of another person. For example, a lot

of women say they find confidence attractive in a man. I can picture what it might

look like if I tried acting more "confident" in a romantic context, and I imagine that it

would feel inauthentic and tiring.

I have pretty significant acne on my chest and back. As far as I can tell, it's harmless

from a health perspective, and it's covered up by shirts when I'm in public. But if I

were in the early stages of dating, I might feel pressure to try reducing the acne,

which would waste time. I might also feel more need to, say, trim my facial hair every

day, not wear clothes with holes in them, and do other effortful things that I don't

find useful.

Personal grooming is still expected to a lesser degree even just when coming in to

the office or going to a restaurant, which is one reason I'm not a huge fan of those

things either. One of the advantages of living in cyberspace is not needing to worry

about grooming beyond what's relevant from a health perspective. For example,

washing your hands regularly is useful for pure health reasons, while wearing

deodorant is not. (Indeed, deodorant may be slightly unhealthy, and it makes rashes

under my arms more likely.)

Dating might also put pressure on a person to have more "normal" beliefs, to avoid

seeming weird or extreme. I disregarded this pressure back when I was messaging

people on OkCupid, and that probably contributed to my low rate of replies. When I

did start a conversation with a woman on OkCupid, it would sometimes end quickly

if I mentioned my view that it would be ethically better if the world contained fewer

wild animals, so that there would be less extreme suffering in nature. I didn't mind

the fact that my views on wild animals tended to end conversations, because I favor

"failing early" ( ) rather than continuing with something that's

ultimately not going to work out. That said, an argument could be made that

introducing my unusual views more gradually would allow the other person to see

that they come from a place of thoughtfulness and compassion and aren't signs of

being merely unhinged.

A desire to impress potential romantic partners might influence one's choice of

career and cause one to pursue roles that have "high status" in one's community,

rather than doing what's most useful or best accords with one's moral values. If one

isn't pursuing relationships, the risk of being influenced by these drives is lower

(though still greater than zero). That said, these drives could also be altruistically

positive if they cause someone to feel more motivated or take on more ambitious

The Frasier Archives "Love Bites Dog"

Wikipedia "Fail-fast"

http://reducing-suffering.org/eternalism-and-its-ethical-implications/
http://www.health.harvard.edu/newsletters/Harvard_Mental_Health_Letter/2011/November/in-praise-of-gratitude
http://www.iitap.com/documents/ARTICLE_Lust%20Attraction%20Attachment%20-%20Helen%20Fisher.pdf
http://reducing-suffering.org/why-i-support-the-humane-slaughter-association/
http://www.people.com/people/archive/article/0,,20132200,00.html
http://www.psychologytoday.com/blog/the-scientific-fundamentalist/200810/barbie-manufactured-mattel-designed-evolution-ix
http://www.theguardian.com/media/2010/jan/18/spain-television-advertising
http://www.cbsnews.com/news/israeli-law-bans-ads-featuring-underweight-models/
http://www.huffingtonpost.com/seth-matlins/post_2329_b_932086.html
https://en.wiktionary.org/wiki/sapiosexual
https://en.wikipedia.org/wiki/Childfree
http://www.metrolyrics.com/naturally-lyrics-selena-gomez.html
http://pbskids.org/rogers/songs/index.html
http://pbskids.org/rogers/songLyricsItsYouILike.html
https://en.wikipedia.org/wiki/Theories_of_humor#Sexual_selection
https://www.era.lib.ed.ac.uk/handle/1842/2050
http://www.urbandictionary.com/define.php?term=true%20love
https://commons.wikimedia.org/wiki/File:Mutually_grooming_ponies_new_forest.jpg
https://en.wikiquote.org/wiki/The_Autobiography_of_Bertrand_Russell
http://www.kacl780.net/frasier/transcripts/season_4/episode_2/love_bites_dog.html
https://what-if.xkcd.com/9/
https://en.wikipedia.org/wiki/Imprinting_(psychology)#Sexual_imprinting
https://en.wikipedia.org/wiki/Imprinting_(psychology)#Westermarck_effect
http://www.theguardian.com/lifeandstyle/2009/aug/08/first-love
http://www.psychologytoday.com/blog/sticky-bonds/201007/first-love-lost-love-is-it-imprinting
https://en.wikipedia.org/wiki/A_Year_Without_Rain_(song)
https://www.ted.com/talks/helen_fisher_studies_the_brain_in_love/transcript
https://en.wikipedia.org/wiki/Empathogen-entactogen
https://en.wikipedia.org/wiki/Electrical_brain_stimulation
https://en.wikipedia.org/wiki/Antinatalism
http://www.newyorker.com/magazine/2015/11/23/doomsday-invention-artificial-intelligence-nick-bostrom
http://www.utilitarian-essays.com/evolution-and-wireheading.html
https://en.wikipedia.org/wiki/Experience_machine
http://www.utilitarian-essays.com/cost-of-kids.html
http://www.whysanity.net/muppets/better.html
https://en.wikipedia.org/wiki/Childfree#Education
https://en.wikipedia.org/wiki/Fail-fast
http://www.veganoutreach.org/whyvegan/
http://www.metrolyrics.com/you-drive-me-crazy-lyrics-britney-spears.html
https://en.wikipedia.org/wiki/Reference_class_forecasting
http://www.utilitarian-essays.com/bug-populations.html
http://www.utilitarian-essays.com/suffering-nature.html
http://www.neighborhoodarchive.com/music/songs/then_your_heart_full_of_love.html
http://www.utilitarian-essays.com/mr-rogers-unconditional-love.html
http://www.utilitarian-essays.com/video-games.html#individuation-vs-entitativity
http://www.imdb.com/title/tt0083791/quotes?item=qt0321922
http://utilitarian-essays.com/empathy-vs-principle.html
https://en.wikipedia.org/wiki/Expected_value
http://www.utilitarian-essays.com/horror-of-suffering.html


Applying EM to Probit Regression

In this model, our observed data hiy =

2

4
y1

. . .

yn

3

5 is a vector of our n data points (0’s and 1’s). Each yi

is associated with a scalar covariate xi, from which we construct a design matrix X =

2

664

1 x1

1 x2

. . . . . .

1 xn

3

775 .

✓ =

2

4
✓1

. . .

✓n

3

5 is unobserved, and will be thought of as our “missing data” in this problem (so this

✓ plays the role of the ✓ on the first handout). There exists some vector � =


�0

�1

�
such that

✓i = Xi� + ✏i for i = 1, . . . , n, where Xi =
⇥
1 xi

⇤
is the ith row of X, and ✏i

i.i.d.
⇠ N(0, 1). � is the

“unknown parameter” in this model, and is identified with � on the first handout. Given our data,
y, we have a posterior distribution f� | y(� | y) over �, and we want to find the value b� of � at which
this density is highest. That’s what the EM algorithm does.

Assume we’ve chosen some initial value �(0) for �, say �(0) =


0
0

�
. For t = 0 to N—where N is our

number of iterations—we apply the following steps. At the end, �(N) will be our approximation to
b�.

1. E Step: Compute Q(� |�(t)).

Since we only do this computation so that we can choose � to maximize Q(� |�(t)) in the M step,
it su�ces to find only those parts of Q(� |�(t)) that depend on �—the “su�cient statistics” of
Q(� |�(t)).

I’ll use the notation EX [g(X)] to refer to the expectation of some function g(X) with respect to
the random variable X, i.e.,

EX [g(X)] :=

Z
g(x)fX(x) dx.

By definition,

Q(� |�(t)) = E✓ | �(t), y

⇥
ln f✓, � | y(✓, � | y)

⇤
. (1)

Since f✓, � | y(✓, � | y) = f✓ | y(✓ | y)f� | ✓, y(� | ✓, y), (1) becomes

Q(� |�(t)) = E✓ | �(t), y

⇥
ln f✓ | y(✓ | y)

⇤
+ E✓ | �(t), y

⇥
ln f� | ✓, y(� | ✓, y)

⇤
,

where the first term on the right doesn’t involve �. Thus, it su�ces to maximize

E✓ | �(t), y

⇥
ln f� | ✓, y(� | ✓, y)

⇤
. (2)

Note that f� | ✓, y(� | ✓, y) = f� | ✓(� | ✓) because for each i, if we know ✓i, we know its sign, and
hence we automatically know yi. Moreover, f� | ✓(� | ✓) / f✓ | �(✓ |�)f�(�), and taking a uniform

1



prior f�(�) / const, we have f� | ✓(� | ✓) / f✓ | �(✓ |�). Thus (2) becomes

E✓ | �(t), y [ln (const)] + E✓ | �(t), y

⇥
ln f✓ | �(✓ |�)

⇤
. (3)

Our model specifies that ✓ ⇠ Nn(X�, I), so

ln f✓ | �(✓ |�) / �

1

2
(✓ � X�)0(✓ � X�),

and maximizing (3) is equivalent to minimizing an “expected sum of squares”:

E✓ | �(t), y [(✓ � X�)0(✓ � X�)] = E✓ | �(t), y [✓0✓] � 2 E✓ | �(t), y [�0X 0✓] + E✓ | �(t), y [�0X 0X�]

= const � 2�0
E✓ | �(t), y [X 0✓] + �0X 0X�.

(4)

2. M Step: Set �(t+1) := argmax
�

Q(� |�(t)).

Setting the derivative of (4) with respect to � to 0:1

�2
�
E✓ | �(t), y [X 0✓]

�
0

+ 2�0X 0X = 0
�
E✓ | �(t), y [X 0✓]

�
0

= �0X 0X

E✓ | �(t), y [X 0✓] = X 0X�

(X 0X)�1
E✓ | �(t), y [X 0✓] =: �(t+1).

Note that E✓ | �(t), y [X 0✓], a 2⇥1 vector, is the minimal su�cient statistic. However, in practice it’s
easiest to find just E✓ | �(t), y [✓], an n ⇥ 1 vector and use the fact that

E✓ | �(t), y [X 0✓] = X 0
E✓ | �(t), y [✓] .

1I’m using the following two rules of matrix calculus: For a, x 2 R
m, A 2 R

m⇥m, @ x
0
a

@ x
= a0, and @ x

0
Ax

@ x
=

x0 (A0 + A).

2



Tomasik 1 

Brian Tomasik 

AP Statistics 

1 June 2005 

Comparison of the Toxicity of Sodium Chloride  

and Calcium Chloride on Buttercrunch Lettuce Seeds 

 

Introduction 

 Sodium chloride, NaCl, also known as rock salt, is the most common and least expensive 

deicing chemical applied to roads during the winter.  A less common deicing agent is calcium 

chloride, CaCl2; this chemical is about three times more expensive and harder to handle than 

sodium chloride, but it is also more effective and continues working at lower temperatures. 

The present investigation will test the following hypotheses regarding these two salts by 

means of a lettuce-seed bioassay:  that both of them adversely impact roadside vegetation and 

that calcium chloride is more benign to such vegetation than sodium chloride.  Lettuce seeds are 

commonly used to measure the overall toxicology of environmental contaminants and should 

indicate with fair accuracy the relative impacts of sodium chloride and calcium chloride on 

roadside plants. 

 

Methodology and Procedure 

 (1) Preparing the seeds.  I purchased four bags of seeds of buttercrunch lettuce (Lactuca 

sativa L.).  Because the origins of the seeds or the conditions of storage in each of the bags may 

have been different, I mixed all four bags together so that these factors would not act as 

confounding variables.  Just before putting the seeds in Petri dishes, I soaked them for twenty 
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minutes in a ten-percent bleach solution (one part household bleach and nine parts deionized 

water) in order to kill fungal spores.  Then I filtered the solution away and rinsed the seeds five 

times with deionized water. 

 (2) Preparing the solutions.  I wanted to be able to determine whether each of the salts 

inhibited germination and radicle growth more than plain water, as well as whether one salt was 

more toxic than the other.  Therefore, I created nine solutions:  pure deionized water, 0.001-M 

NaCl, 0.001-M CaCl2, 0.01-M NaCl, 0.01-M CaCl2, 0.1-M NaCl, 0.1-M CaCl2, 1-M NaCl, and 

1-M CaCl2.  Comparing each of the salt solutions against the control would test whether the salt 

was more toxic than pure water, and comparing the two salt solutions of equal concentration with 

one another would indicate whether one salt was more toxic than the other at that concentration. 

 (3) Preparing the Petri dishes.  Using tongs, I put one round piece of filter paper into each 

of 27 dishes.  Then I added 2 mL of each solution to three different dishes and placed ten seeds 

into each dish so that they would have maximum space between them.  I put the dishes into large 

plastic bags, sealed off the ends of the bags with twist-ties, and fit the bags into a long, thin box 

that I taped shut to keep the seeds in the dark.  After eight days, I opened the box and recorded 

the results. 

 (4) Taking measurements.  For each of the nine solutions, I measured the proportion of 

seeds that had germinated and the radicle lengths of the germinating seeds.  I considered a seed 

to have germinated if a shoot had broken through the seed coat, even if no distinct radicle was 

visible.  I measured the length of the radicle (Figure 1) by stretching it out along the edge of a 

ruler. 
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QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

 
Figure 1, from “Collecting and Interpreting Lettuce Seed Bioassay Data,” Environmental 

Inquiry, Cornell University, 30 May 2005 

<http://ei.cornell.edu/toxicology/bioassays/lettuce/data.asp>. 

 

Results 

Table 1 

Proportion of Seeds Germinated and Radicle Lengths for Control Solution 

 Proportion 

Germinated 

Individual Radicle Lengths of Germinated Seeds (cm) 

Control 

(deionized 

water) 

28/30 7.70, 6.30, 6.20, 6.10, 6.05, 6.00, 5.85, 5.30, 5.00, 4.70, 

4.30, 3.40, 3.30, 3.10, 3.05, 3.00, 2.70, 2.55, 2.10, 1.95, 

1.70, 1.20, 0.70, 0, 0, 0, 0, 0 

 

 

Table 2 

Proportion of Seeds Germinated and Radicle Lengths for 0.001-M Solution 

 Proportion 

Germinated 

Individual Radicle Lengths of Germinated Seeds (cm) 

NaCl 

(0.001 M) 

28/30 7.00, 6.70, 6.60, 5.90, 5.80, 5.25, 5.25, 5.10, 4.75, 4.30, 4.00, 

3.35, 3.05, 2.95, 2.70, 2.15, 1.80, 1.65, 1.20, 1.15, 0.90, 0.90, 

0.80, 0.70, 0.30, 0.25, 0.10, 0 

CaCl2 

(0.001 M) 

29/30 7.35, 7.30, 6.70, 6.60, 6.10, 5.80, 5.80, 5.70, 5.60, 5.10, 5.00, 

5.00, 4.85, 4.50, 4.40, 4.20, 4.10, 3.70, 3.60, 3.50, 2.75, 2.30, 

1.80, 1.50, 0.95, 0.70, 0.70, 0, 0 

 

 

Table 3 

Proportion of Seeds Germinated and Radicle Lengths for 0.01-M Solution 

 Proportion 

Germinated 

Individual Radicle Lengths of Germinated Seeds (cm) 

NaCl 

(0.01 M) 

27/30 5.80, 5.10, 4.90, 4.90, 4.80, 4.65, 4.50, 4.50, 4.35, 4.35, 4.35, 3.80, 

3.80, 3.55, 3.50, 3.10, 3.10, 2.95, 2.30, 1.90, 1.05, 1.00, 0.80, 0.50, 

0.40, 0.40, 0.40 

CaCl2 28/30 7.20, 5.75, 5.45, 5.40, 5.40, 5.25, 5.15, 5.10, 5.00, 4.50, 4.00, 3.80, 
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(0.01 M) 3.70, 3.30, 2.45, 2.25, 1.90, 1.50, 1.45, 1.40, 1.40, 1.00, 0.80, 0.60, 

0.30, 0.30, 0.30, 0.15 

 

 

Table 4 

Proportion of Seeds Germinated and Radicle Lengths for 0.1-M Solution 

 Proportion 

Germinated 

Individual Radicle Lengths of Germinated Seeds (cm) 

NaCl 

(0.1 M) 

29/30 3.20, 3.10, 3.10, 2.95, 2.90, 2.65, 2.60, 2.35, 2.30, 2.30, 2.10, 2.00, 

2.00, 2.00, 1.95, 1.80, 1.70, 1.60, 1.60, 1.40, 1.25, 1.20, 1.20, 0.80, 

0.55, 0.45, 0.45, 0.40, 0.30 

CaCl2 

(0.1 M) 

23/30 1.70, 1.65, 1.60, 1.45, 1.35, 1.30, 1.20, 1.20, 1.20, 1.15, 1.15, 1.10, 

1.00, 1.00, 1.00, 0.95, 0.95, 0.65, 0.55, 0.15, 0.15, 0, 0 

 

 

Table 5 

Proportion of Seeds Germinated and Radicle Lengths for 1-M Solution 

 Proportion Germinated Individual Radicle Lengths of Germinated Seeds (cm) 

NaCl (1 M) 0/30 - 

CaCl2 (1 M) 0/30 - 

 

 

Statistical Analysis – Comparing Proportion Germinated for Salt Solutions and Control 

 Unfortunately, the assumption that n(p-hat) and n(1 – p-hat)  5 only held true for the 

comparison between the 1-M solutions and the control; therefore, this is the only comparison 

about which I have drawn conclusions using the two-proportion z test.  (Because n1 = n2, I have 

simply written n to represent both at once.) 

 (1) Control and 1-M NaCl.  (a) Definitions.  Let “1” represent “control”; let “2” represent 

“1-M NaCl.”  n1 = n2 = 30.  p-hat1 = 28/30; p-hat2 = 0/30; p-hat = 28/60.  (b) Hypotheses.  H0:  

p1 = p2.  Ha:  p1 > p2.  I used a one-sided alternative because I suspected a priori that the control 

solution will have better germination than the 1-M NaCl solution.  (c) Assumptions.  (i) two 

independent simple random samples  (ii) 10n  population; 10(30)  population; 300  

population  (iii) n(p-hat) = 30(28/60) = 14  5  (iv) n(1 – p-hat) = 30(32/60) = 16  5 .  (d) 

Results.  z = 7.2457; p = 2.1670 · 10
-13

.  (e) Conclusion.  A difference in sample proportions at 
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least this extreme would practically never happen by chance alone.  The null hypothesis is 

rejected in favor of the alternative, that the rate of germination of the 1-M NaCl solution was 

lower than that of pure deionized water. 

 (2) Control and 1-M CaCl2.  All of the numbers in this test were exactly the same as those 

above, because p-hatNaCl = p-hatCaCl2 = 0/30.  Thence I concluded that the rate of germination in 

the 1-M CaCl2 solution was lower than that of the pure deionized water. 

 

Statistical Analysis – Comparing Radicle Length for Salt Solutions and Control 

 (1) Control and 0.001-M NaCl.  (a) Definitions.  Let “1” represent “control”; let “2” 

represent “0.001-M NaCl.”  n1 = 28; n2 = 28.  x-bar1 = 3.2946 cm; x-bar2 = 3.0214 cm.  (b) 

Hypotheses.  H0:  1 = 2.  Ha:  1 > 2.  I used a one-sided alternative because I suspected a 

priori that the population mean radicle length of the control solution will be greater than that of 

the salt solution.  (c) Assumptions.  (i) two independent simple random samples  (ii) no clear 

skew and no outliers in either sample distribution   (d) Results.  t = 0.4414; df = 53.9673; p = 

0.3303.  (e) Conclusion.  A difference at least this extreme would result 33 times in a hundred, 

meaning that I cannot reject the null hypothesis.  I therefore cannot reach any conclusion. 

(2) Control and 0.001-M CaCl2.  (a) Definitions.  Let “1” represent “control”; let “2” 

represent “0.001-M CaCl2.”  n1 = 28; n2 = 29.  x-bar1 = 3.2946 cm; x-bar2 = 3.9862 cm.  (b) 

Hypotheses.  H0:  1 = 2.  Ha:  1 > 2.  (c) Conclusion.  It is already obvious that I will have P-

value greater than 0.5.  A two-sided test gives a P-value of 0.2566, so I can’t establish a 

statistically significant difference in either direction. 

 (3) Control and 0.01-M NaCl.  (a) Definitions.  Let “1” represent “control”; let “2” 

represent “0.01-M NaCl.”  n1 = 28; n2 = 27.  x-bar1 = 3.2946 cm; x-bar2 = 3.1389 cm.  (b) 
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Hypotheses.  H0:  1 = 2.  Ha:  1 > 2.  (c) Assumptions.  (i) two independent simple random 

samples  (ii) no clear skew and no outliers in either sample distribution   (d) Results.  t = 

0.2812; df = 49.6305; p = 0.3899.  (e) Conclusion.  A difference at least this extreme would 

occur 39 times in a hundred, so I cannot reject the null hypothesis. 

(4) Control and 0.01-M CaCl2.  (a) Definitions.  Let “1” represent “control”; let “2” 

represent “0.01-M CaCl2.”  n1 = 28; n2 = 28.  x-bar1 = 3.2946 cm; x-bar2 = 3.0286 cm.  (b) 

Hypotheses.  H0:  1 = 2.  Ha:  1 > 2.  (c) Assumptions.  (i) two independent simple random 

samples  (ii) no clear skew and no outliers in either sample distribution   (d) Results.  t = 

0.4457; df = 53.4777; p = 0.3288.  (e) Conclusion.  A difference at least this extreme would 

happen 33 times in a hundred, so I cannot reject the null hypothesis. 

(5) Control and 0.1-M NaCl.  (a) Definitions.  Let “1” represent “control”; let “2” 

represent “0.1-M NaCl.”  n1 = 28; n2 = 29.  x-bar1 = 3.2946 cm; x-bar2 = 1.8000 cm.  (b) 

Hypotheses.  H0:  1 = 2.  Ha:  1 > 2.  (c) Assumptions.  (i) two independent simple random 

samples  (ii) no clear skew and no outliers in either sample distribution   (d) Results.  t = 

3.1628; df = 34.3249; p = 0.0016.  (e) Conclusion.  Results at least this extreme would only 

happen two times in a thousand.  The null hypothesis is rejected in favor of the alternative:  the 

population average root length of the control solution was greater than that of the 0.1-M-NaCl 

solution. 

(6) Control and 0.1-M CaCl2.  (a) Definitions.  Let “1” represent “control”; let “2” 

represent “0.1-M CaCl2.”  n1 = 28; n2 = 23.  x-bar1 = 3.2946 cm; x-bar2 = 0.9761 cm.  (b) 

Hypotheses.  H0:  1 = 2.  Ha:  1 > 2.  (c) Assumptions.  (i) two independent simple random 

samples  (ii) no clear skew and no outliers in either sample distribution   (d) Results.  t = 

5.0913; df = 30.0265; p = 8.9809 · 10
-6

.  (e) Conclusion.  A difference at least this extreme 
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would practically never happen by chance alone.  The null hypothesis is rejected, and I can 

conclude that the lettuce-seed radicles were inhibited by the 0.1-M CaCl2 solution. 

 

Statistical Analysis – Comparing NaCl and CaCl2 

 Again, because the assumption that both n(p-hat) and n(1 – p-hat)  5 is not true, I cannot 

perform any two-proportion z tests. 

(1) 0.001-M NaCl and 0.001-M CaCl2.  (a) Definitions.  Let “1” represent “0.001-M 

NaCl”; let “2” represent “0.001-M CaCl2.”  n1 = 28; n2 = 29.  x-bar1 = 3.0214 cm; x-bar2 = 

3.9862 cm.  (b) Hypotheses.  H0:  1 = 2.  Ha:  1 < 2.  I used a one-sided alternative because I 

suspected a priori that NaCl would inhibit radicle growth more than CaCl2.  (c) Assumptions.  (i) 

two independent simple random samples  (ii) no clear skew and no outliers in either sample 

distribution   (d) Results.  t = -1.6207; df = 54.7103; p = 0.0554.  (e) Conclusion.  Because a 

difference at least this extreme would occur more than five times in a hundred, I cannot reject the 

null hypothesis. 

(2) 0.01-M NaCl and 0.01-M CaCl2.  (a) Definitions.  Let “1” represent “0.01-M NaCl”; 

let “2” represent “0.01-M CaCl2.”  n1 = 27; n2 = 28.  x-bar1 = 3.1389 cm; x-bar2 = 3.0286 cm.  

(b) Hypotheses.  H0:  1 = 2.  Ha:  1 < 2.  (c) It is already clear that the P-value will be greater 

than 0.5.  Because a two-sided test gives a P-value of 0.8332, I cannot conclude that there is a 

statistically significant difference in either direction. 

(3) 0.1-M NaCl and 0.1-M CaCl2.  (a) Definitions.  Let “1” represent “0.1-M NaCl”; let 

“2” represent “0.1-M CaCl2.”  n1 = 29; n2 = 23.  x-bar1 = 1.8000 cm; x-bar2 = 0.9761 cm.  

Already it is clear that I won’t be able to conclude that 1 < 2.  Therefore, I’ll use a two-sided 

alternative instead.  (b) Hypotheses.  H0:  1 = 2.  Ha:  1  2.  (c) Assumptions.  (i) two 
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independent simple random samples  (ii) no clear skew and no outliers in either sample 

distribution   (d) Results.  t = 4.2177; df = 45.8818; p = 1.1486 · 10
-4

.  (e) Conclusion.  A 

difference at least this extreme would barely ever be the result of chance alone.  Hence, there is a 

statistically significant difference between the population mean radicle length of NaCl and that 

of CaCl2, and the former is clearly larger than the latter. 

 

Conclusions 

 Both sodium chloride and calcium chloride did in fact adversely impact lettuce seeds 

when compared against the control solution.  At 1-M concentrations of each salt (the only 

concentration at which I was able to perform a test), germination was inhibited, while at 0.1-M 

concentrations of each salt (the only concentration at which I could establish statistical 

significance), the population mean radicle length of the germinating seeds was diminished. 

 The relative toxicity of the two salts was less clear.  At 0.001 M, the calcium chloride 

showed strong signs of being less harmful than the sodium chloride (though I could not prove 

anything definitively, as the P-value was 0.0554).  In contrast, at 0.1 M, the calcium chloride was 

significantly more harmful. 

 If I were to do this experiment again, I would focus on concentrations around 0.1 M, 

because it was there and only there that I found statistically significant differences in radicle 

length (both from the control and between the two salts).  I would also increase the sample size 

at each concentration so that I would be more likely to establish statistical significance and so 

that n(1 – p-hat) would be more likely to equal or exceed five, allowing me to compare the 

proportions of seeds that germinated. 
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Is it possible for an algorithm to predict when you'll meet your romantic soulmate?

And if it could, would you want to know? What if your emotions felt otherwise?

These are themes explored in the 2009 romance

film Timer. The movie follows Oona, an almost-30

orthodontist who signs up many potential

boyfriends with the timer device only to discover

that they don't trigger her own timer and hence are

not meant to be. Discouraged, Oona decides to

take things easy for a while and spends time with

Mikey, a 22-year-old grocery-store worker and

band member. The two begin to fall in love, though

they realize that Mikey's timer is set to go off with

someone else in a few months. Mikey later reveals

that he was using a fake timer, and in fact, he

rejects the idea of using the timer altogether. The

plot includes a few more twists that I won't spoil.

Timer appears on the surface like a fairly standard love story, though it's also a

science-fiction film, arguably on the order of The Twilight Zone or "Harrison

Bergeron". Or maybe "science fantasy" is a better description, because the ability of

the timers to predict with 98% accuracy when soulmates will first meet and make

eye contact seems beyond the reach of any reasonable technology. Not only does

this require determining an excellent romantic match, but it also requires knowing

when those two people will cross paths, which is presumably nigh impossible in a

world of butterfly effects. Then again, maybe this is part of the film's point.

In fact, it's never made clear whether the timers work. Most of society believes they

do, including Mikey, despite his rejection of the idea of measuring love with a "piece

of plastic". Oona questions whether timers may appear to succeed just because of

self-fulfilling belief. Oona's stepsister Steph replies: "The chicken, the egg. It's all a

big clusterfuck."

It's not clear to me whether 98% success rates could be achieved based purely on

expectations, but I'm not confident that's impossible,a especially in a society that

places extreme trust in claims of scientifically proven effectiveness. For comparison,

we could imagine a highly devout society that takes for granted the words of a

religious matchmaker about who should marry whom.

Oona's mother Marion believes in the timer because it predicted her meeting her

new husband, Paul, following her divorce from Oona's father, Rick. Oona asks

Marion why, if Marion's first marriage was a mistake, Oona's birth wasn't a mistake.

Marion tries to dismiss the apparent contradiction.

Oona visits Rick to find out why he never got a timer. She learns that he actually did

get one and used it to prove to Marion that their marriage was not going to work.

This leaves one to wonder whether the timer is a modern form of divination that can

help one prove what one wants to believe—at least when it comes to getting out of a

relationship if not getting into one.

That said, Rick is now paired with a woman, Delphine, even though her timer didn't

go off with him. "Your dad isn't my one," Delphine tells Oona, "but I love him. Fuck it,

you know?" In fact, Rick's timer hasn't started counting, meaning that his soulmate

is somewhere else and hasn't gotten a timer yet. Rick says: "A couple more lessons

to learn, I guess."

Marion insists that the timer is a vast improvement over the old days, when people

had to undergo a messy and emotionally taxing process to find a romantic partner.

On the other hand, after Marion's 9th-grade son (Jesse) is paired by the timer with

the daughter (Soledad) of Marion's Latin American house maid (Luz), Luz tells

Marion that it would have been better if Jesse and Soledad had run off and gotten

married against the parents' wills, so that the children could have forced the families

to recognize their love.

The film mentions masks worn by Mwali hunters in Bangladesh on the backs of their

heads to ward off Bengal-tiger attacks. This reference occurs both near the

beginning and at the end of the film, suggesting that its inclusion is more than

random. The masks may be a metaphor for the timers themselves, which are (fake?)

masks that ward off attempts at love that may fail and cause heartbreak. Steph's

advice when Oona first got involved with Mikey was not to see him after the first

night because if Oona got attached, Oona's heart would just be broken later when

Mikey's timer went off with someone else. Steph applied this advice herself,

occupying her time with one-night stands during her long wait for her timer to go off

at age 43.

Timer can be seen as a reaction against the idea that love can be turned into a

science, arguing instead that it inherently involves elements of risk and

unpredictability. I don't agree with this viewpoint. In some animals, mate choice is

determined by somewhat more basic cues,b and even in humans, successful

relationships can be predicted with moderate success using simple indicators.

Humans are ultimately machines that operate in a deterministic world. But the film is

right to point out the complexity of love and the skepticism with which one should

approach slick marketing about scientific matchmaking.

The more general theme of whether life is better with certainty or with taking some

risks is worth pondering. "Nah, we need a little mystery in life", says Mikey. This may

be true for human brains, though it needn't be the case for arbitrary minds. If I were

to create my own creatures (which I wouldn't do), I would code them to prefer the

happiness of certainty, though I can imagine other people finding such an

arrangement less than optimally valuable.

Timer can also be interpreted as arguing against the idea of soulmates altogether.

Following is one exchange from the film:

Oona: Do you think it's weird that we've never been in love?

Steph: No. It only happens once, so we're due.

Oona: Yeah, but do you think that they thought like that—that it only

happens once—before the timer? I'm just saying like the expression

"first love" does imply there are seconds and thirds.

Ultimately, Timer leaves open many interpretations—both about the way its

unresolved story ends and about what lessons its writer, Jac Schaeffer, was trying

to convey.

a. The end of one OkCupid blog post discusses how much made-up match scores affect

how well people hit it off with each other. Answer: OkCupid's rating matters a lot, but

actual personality match matters too.  (back)

b. Oxytocin and vasopressin play important roles in attachment (romantic and otherwise)

in mammals. Hypothetically, one could imagine the timers in the film working by

hidden subcutaneous injections of bonding hormones when two matched timers are in

close range with one another. The effectiveness would be enhanced if the timers

could detect when the couple was looking at each other and when other people

weren't around. That said, the film makes no allusion to this possibility, even though it

would help make sense of the timers' unbelievable success rates.  (back)
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This page compiles findings of some studies on satisfaction of arranged marriages.

A 1982 study compared 25 couples in love marriages with 25 in arranged marriages.

The love-marriage couples showed a decrease in love with longer marriage

duration, while the arranged-marriage couples showed an increase with duration.b

In contrast, a 1990 study surveyed 586 women in Chengdu, Sichuan, China. It found

that wives were more satisfied in love marriages, independent of the length of the

marriage, and even controlling for other background variables.c

A 2005 study surveyed 45 people in arranged marriages in India to measure how

important they felt different aspects of marriage were and how satisfied they were

with those aspects. The results were compared with existing data from the United

States on marriages of choice. Americans placed more importance on love and

loyalty than Indians, but the groups showed no significant differences in satisfaction

on those dimensions. On a scale measuring components of wellness, Americans

scored higher on realistic beliefs, work, humor, and self-care, while Indians scored

higher on spirituality, nutrition, and cultural identity; the populations did not differ on

the "love" dimension of wellness. In aggregate, there were no significant differences

in wellness, suggesting that differences in the factors largely balanced each other

out. The study authors note that there may have been some confounding variables

in this comparison and that further investigation is needed.d

A 2012 study by Pamela Regan and coauthors measured marital satisfaction,

commitment, companionate love, and passionate love for 28 arranged-marriage and

30 love-marriage Indians living in the United States. No significant differences were

found on any of the variables.e Regan notes that in many modern arranged

marriages, the participants have "veto" power, which makes the arranged marriages

studied here more of a hybrid. On the flip side, love-based marriages may also be

heavily influenced by parental and peer approval.f

David R. Johnson and Lauren K. Bachan contend that the sample size of the study

by Regan et al. was too small and hence lacked the statistical power to legitimately

claim the absence of significant differences. As an analogy, they cite the

"honeymoon effect" (a slight average decline in marital satisfaction with time),

which has been well established in the marriage literature but which has an effect

size small enough that if only 70 samples were taken (which is more than the 58 in

the Regan et al. study), it would be unlikely to be detected. The authors suggest

that most of the literature on satisfaction in arranged marriages has been plagued

by inconsistent results, exacerbated by small sample sizes.g

a. I originally wrote this content for Wikipedia's article, "Arranged marriage." It was all

but removed by a later editor. Because I submitted this text to Wikipedia, it falls under

a CC BY-SA 3.0 license.  (back)

b. Usha Gupta; Pushpa Singh (July 1982). "An exploratory study of love and liking and

type of marriages". Indian Journal of Applied Psychology 19 (2): 92–97.  (back)

c. Xu Xiaohe; Martin King Whyte (Aug., 1990). "Love Matches and Arranged Marriages: A

Chinese Replication". Journal of Marriage and Family 52 (3): 709–722.

doi:10.2307/352936.  (back)

d. Jane E. Myers; Jayamala Madathil; Lynne R. Tingle (2005). "Marriage Satisfaction and

Wellness in India and the United States: A Preliminary Comparison of Arranged

Marriages and Marriages of Choice". Journal of Counseling & Development 83 (2):

183–190. doi:10.1002/j.1556-6678.2005.tb00595.x.  (back)

e. Pamela C. Regan; Saloni Lakhanpal; Carlos Anguiano (June 2012). "Relationship

Outcomes in Indian-American Love-Based and Arranged Marriages". Psychological

Reports 110 (3): 915–924. doi:10.2466/21.02.07.PR0.110.3.915-924.  (back)

f. Schoenberg, Nara (22 Aug. 2012). "A surprising new look at arranged marriages".

Chicago Tribune. Retrieved 5 June 2014.  (back)

g. David R. Johnson; Lauren K. Bachan (Aug. 2013). "What can we learn from studies

based on small sample sizes? Comment on Regan, Lakhanpal, and Anguiano (2012)".

Psychological Reports 113 (1): 221–224. doi:10.2466/21.02.07.PR0.113x12z8.  (back)
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Summary

This piece describes a quirky situation I've encountered in which I need to increase

my annual income in order to be eligible for a US tax credit. It's mainly a reference

for myself and may not be of wide interest.
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Introduction

In Oct. 2013, I retired from Microsoft to work full-time on my charity, the

Foundational Research Institute. Between then and when I'm writing this piece (Apr.

2016), I've earned only a few thousand dollars of income from employment, and the

rest of my income has come from interest, dividends, and sales of stocks.

In 2014, after no longer having access to employer-sponsored health insurance, I

applied for insurance using the New York State health-insurance marketplace,

which was debuting that year following passage of the Affordable Care Act. Due my

virtually nonexistent income, I was technically eligible for Medicaid, but I avoided

signing up for that at the request of someone who thought it was unfair to take

money that's supposed to go toward people who actually can't support themselves.

2014 taxes

During 2014, I had ~$20K of income from dividends and dealing with a stock rights

issue. Fortunately, when all was said and done, I didn't end up paying much in taxes,

and I also got ~$1500 back from the IRS due to the Premium Tax Credit, which

compensates low-income people for how much more they pay for health insurance

than what they "should" pay, relative to some definition of what they should pay.

2015 taxes

In 2015, I assumed I'd get the Premium Tax Credit again, but I didn't. I wondered if

TurboTax was making a mistake in telling me that I wasn't eligible. But after further

poking around, I discovered that TurboTax was correct. I wasn't eligible because my

income was too low this year. Unlike in 2014, I didn't have a lot of income from stock

transactions. As a result, my income was below the Federal Poverty Level (FPL),

which in 2015 was $11,770. And "To be eligible for the premium tax credit, your

household income must be at least 100, but no more than 400 percent of the

federal poverty line for your family size." So I was earning too little in 2015 to get the

tax credit.

Medicaid Gap

The situation where people earn too little for a Premium Tax Credit is a problem in

some states that haven't expanded Medicaid. New York has expanded Medicaid,

and I just hadn't signed up for it.

Actually, in states that have expanded Medicaid (including New York), it looks like

tax-credit eligibility starts at 138% of the FPL, not 100%.

Solution: Increase my income

Unless I sign up for Medicaid (which would be a hassle due to the paperwork

required when changing doctors and would contradict the original motivation for not

signing up in the first place), I can get back the Premium Tax Credit by mimicking

what happened in 2014: I can increase my income above 138% of the FPL. The

easiest way to do this is to sell stocks with capital gains and then buy new stocks

with the resulting cash. This has the bonus that it gives me a higher cost basis on

my stocks, reducing future capital-gains taxes in the event that I ever start earning

more in subsequent years.

In 2016, the FPL will be "$11,880 for individuals". So this suggests that my income

(specifically, my MAGI, which is typically equal to my AGI) should be at least 1.38 *

$11,880 = $16,394.4.

NY State of Health has its own calculator of eligibility for financial help, but for some

reason, it says I would need to earn at least $23,541 before getting any assistance:

This amount seems to be double the 2015 FPL: 2 * $11,770 = $23,540. But I don't

know why its double the FPL if New York Medicaid eligibility stops at 138% of the

FPL. Plus, I didn't earn this much in 2014, yet I still got the tax credit that year.

So I'm not sure which income amount I need to exceed to get the tax credit. The

$23,541 cutoff is $7,146.6 more than the $16,394.4 cutoff. And since I pay New York

state income tax on all capital gains, increasing my income to the higher amount

would incur an extra ~$475 of New York income tax (and would also lower my tax

credit if the cutoff is indeed the lower one). That said, I wouldn't really pay extra

federal tax by going to the higher income amount because my income would come

from long-term capital gains, and the federal tax rate on those is 0% until one

reaches the 25% tax bracket, which starts at $37,650 in 2016.

Unless I figure out the right answer, I'll probably shoot for the lower income cutoff

($16,394.4) and then learn whether that was the right choice for future years.

[UPDATE, 17 Mar. 2017: Based on doing my 2016 taxes, I think the lower income

cutoff probably is indeed correct.]

Capital losses subtract from capital gains, so it would be counterproductive to do

tax-loss harvesting while following this strategy, and indeed, in 2016, I need to

generate enough capital gains so that I offset my accumulated harvested capital

losses from previous years.

In order to get a given amount of income from capital gains, you need to sell more

than that value of stock. For example, suppose you have a stock that you bought at

$25 a share and that now is worth $60 a share. Suppose you want $2000 of extra

income. The per-share capital-gain amount is $60 - $25 = $35. So you need to sell

$2000 / $35 per share = 57.1 shares (which you might round up to 58 shares). That

is, you'd sell 58 * $60 = $3480 in stock value.
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Summary

This piece collects reasons why, as of the 2020s decade, I don't publish nearly as

many articles on my websites as I did in the past. Some of the reasons are due to

changing circumstances in the effective-altruism movement, and some are due to

changes in my own beliefs and preferences.
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Introduction

Ever since I began school, I've been writing a lot. In elementary grades, I wrote

several research papers on animals (such as Komodo dragons), as well as other

topics such as Jimmy Carter's presidency. I also wrote several fiction stories during

each grade of elementary school. In 8th grade, my English teacher required his

students to keep a writing journal in which we had to practice writing large amounts

of text. My 11th-grade English teacher assigned his class a 500-word essay each

week.

I continued this habit of frequent writing beyond high school, by writing mini essays

to myself. In 2006, I got a website and started writing articles for it. My pace of

writing on my website increased in 2013-2014 as I was leaving my job at Microsoft

in order to do independent research and writing full-time. Eventually, my main

website, Essays on Reducing Suffering, accumulated several hundred articles.

By roughly 2019, I was writing fewer new articles than I had before. This was due to

a combination of many different factors, which I'll describe in the remainder of this

piece.

Growth and professionalization of effective altruism

In 2006, I was a random college student with a website of personal musings about

utilitarian ethics. I met a few other utilitarians online, especially as the original

Felicifia and Overcoming Bias communities emerged, but everything was still very

informal, and many core topics were just being discussed (among ourselves, at

least) for the first time. It was easy for people to make contributions because there

was so little existing writing on these issues (that we knew about, at least).

In the 2010s, the utilitarian and effective-altruism (EA) communities became more

organized, as GiveWell grew, 80,000 Hours was founded, and various other EA

organizations developed. More people began working on EA full-time, and more

total people joined the movement. In the later 2010s, the amount of money available

in EA exploded thanks to Open Philanthropy, cryptocurrency investments, high-net-

worth fundraising, and earning to give. Meanwhile, the people who had been in EA

for a long time were now older and wiser.

In this more mature EA world, it became harder and harder to say anything original.

The big-picture questions had been discussed many times, and new discussions

were usually refinements/updates to older discussions or elaboration of details

about a topic. Meanwhile, the amount of literature that needed to be read in order to

be up to speed on a given topic kept increasing. This is similar to what happens in

many academic and professional fields, where an increasing volume of knowledge

forces specialization and makes it harder to find novel insights.

In many cases, maybe it was always hard to make many novel contributions to the

literature, and in the old days, we just didn't know enough of that prior literature to

be worried about this fact. For example, even before I began writing about

utilitarianism in ~2005, there was already a mountain of academic discussion about

relevant issues, such as activist strategy, the nature of consciousness, decision

theory, and artificial-intelligence scenarios. Over time, I became increasingly aware

of that existing literature, which made my own contributions seem less useful than I

might have originally thought. (That said, I think I always realized that I was a bit of

an amateur, and I saw my writing as partly an exercise in helping me learn. This is

similar to why teachers assign research papers to students.)

One example where there was already a ton of prior literature was the topic of

consciousness. In the earlier days (~2008 to ~2015), I was mainly trying to figure

out the question for myself, using various articles, books, podcasts, and forum

discussions to help. As I read more, I discovered an increasing number of authors

who had already said the kinds of ideas that I had come up with. As of the late

2010s, the field of "illusionism" (which roughly describes my stance on

consciousness) was fairly well established, which made my own writings on the

topic feel less special. To be fair, some of these developments in the academic

literature didn't happen until after my own writings. For example, the special issue of

the Journal of Consciousness Studies on illusionism was published in 2016, while

many of my articles on consciousness were from 2014 or earlier. But I've also found

some books and articles from the 1990s that say similar things.

It seems to me that when people conduct research that doesn't involve new

experiments, most of the work involved is about finding the relevant information or

ideas that already exist somewhere, or else reinventing them. It's less likely that you

will personally come up with new discoveries (other than at a micro level, such as

when analyzing some particular question faced by a particular organization at a

particular point in time).

The growth and professionalization that applied to EA as a whole also applied to the

subset of EA focused on reducing risks of astronomical future suffering (s-risks).

Prior to ~2017, the amount of writing on s-risks was small, and I was able to read all

of it. By 2018-2021, the volume of writing on these topics kept growing, and I was

only able to keep up with a small fraction of it. Some of the writing on these topics is

technical, and understanding the details would require me to invest a lot of time on

learning the relevant background material. A similar trend happened to the fields of

wild-animal suffering and invertebrate welfare in the late 2010s.

Of course, this is a good "problem" to have. :) Making these fields larger and more

rigorous was the goal all along. But it does mean that I personally have less left to

contribute.

I could try to specialize in some particular sub-topic within one of these fields, in

order to be an expert in that domain and make contributions there. But the payoff

from doing that doesn't seem extremely high, and maybe partly due to personal

preference, I'm more inclined to take a high-level view and continue learning about

lots of things (both within and outside of EA) rather than focusing too heavily on one

thing. Of course, sometimes I might use this reasoning as an excuse to be lazy and

learn about less important topics for fun.

Now that I already have a large body of online writings, the marginal value of

additional writings is plausibly lower. If I were to write more, it would probably be

about increasingly niche issues. But I think the main value of my writings is to get

people interested via the big ideas, like wild-animal suffering, insect sentience,

suffering-focused ethics, and the concept of s-risks. From that starting point,

people can "graduate" to the more advanced research being done by organizations

like the Center on Long-Term Risk and the Center for Reducing Suffering.

As the EA and suffering-reduction communities matured, they also had more money

to spend on grants, as well as more people to connect with. I often felt that it was

more useful to give some high-level thoughts on grantmaking and organization

strategy than to write a new public-facing article for my website.

In the old days, many of my discussions about EA had been in public forums with

other amateurs. This meant it was possible to consolidate insights from those

discussions into public website articles. As EA became professionalized, more

discussions became private, which made publishing insights from those discussions

trickier.

Higher standards for my writing

In 2006, I was an unknown student who had written a few amateur ideas and put

them online. I had almost no readers, so the quality of my writings didn't seem to

matter that much; I was mainly just expressing myself and hoping it would influence

a few people. By the later 2010s, I had a lot of readers, many of whom were

themselves fairly educated on EA issues, so I felt more hesitant to write random

unpolished thoughts, except in ways that were informal/autobiographical (like the

essay you're reading now) or in pieces that I knew not many people would read

(such as my article on bit rot from 2019). When writing articles about reducing

suffering, I knew there would be numerous sharp-eyed critics who might notice

arguments or literature that I had missed, which meant I felt reticent to publish

something without doing lots of background research. Also, if there were already a

lot of smart people aware of these issues, writing an amateurish article seemed less

useful anyway.

As I mentioned in the previous section, to some extent this was always a problem.

For example, my amateur writings on consciousness could have always been

criticized extensively by expert neuroscientists or philosophers of mind. But since I

didn't have many of those experts in my social circles, I got less feedback about my

errors, and relative to the level of expertise of my readership, my articles might still

have been useful contributions.

As I learned more about the topics I was writing about, I sometimes discovered

mistakes in my previous views. Sometimes I corrected what I had written earlier, and

sometimes I just wrote a warning at the top of the page to announce my ignorance,

like I did with my page on investing and personal finance. As the number of articles

on my websites increased, the work required to make these corrections increased. I

also became more reluctant to write about new topics without a good

understanding of them, lest I keep creating messes of inaccuracy that would need

cleaning up later.

These days, I tend to feel like you can only write "state of the art" and relatively

error-free articles if (1) you're an expert in a particular field or (2) you're writing

about something you know personally, such as an organization you work with or

your personal life (which are special cases of being an expert in a particular field).

People who for their jobs have to write about lots of different topics often get things

wrong—sometimes small details but sometimes crucial points. At least half of

newspaper articles contain an error.

I feel like the standards for accuracy in comments are lower than in main articles, so

I tend not to refrain from putting my ignorance on display in comments. However, as

I mentioned, a lot of EA discussions occur in private these days, so they aren't

visible to outsiders.

In addition to being more careful about accuracy, I also became more conscious of

people's privacy. This meant that when I uploaded content that included other

people (such as old videos, or documents mentioning information about other

people), I spent more time asking people's permission and making sure that what I

was publishing didn't contain too much personal detail. I ask people's permission

before acknowledging them in an article or quoting non-public conversations, and I

save a record of that permission to my notes for future reference.

Maybe I have fewer strong opinions

As I get older, I often feel like I have fewer new ideas to share. I think this is partly

because I actually do have fewer original ideas. And part of the explanation is that

I'm now more aware that the things I might write have probably already been written

by someone else or might be wrong.

There's a saying that "young people think they know everything", and while that was

never literally true for me by any means, I think a much weaker statement in that

direction was true. When I was younger, I felt like I had important insights that

needed to be expressed to a greater degree than I do now. These days, I've been

exposed to enough intellectual viewpoints that any given one of them appears less

special. Most new ideas feel like the same old kind of stuff I've been hearing for a

long time. I still get temporarily obsessed with certain topics, but I'm less likely to

see those topics as groundbreaking.

I like this Quora answer by Allen Walker, although it's a bit exaggerated:

Not all young people think they know everything. Though generally

speaking, most young people do. That's due to the fact that the world

to them is a very small place.

When you're young, the entire world is made up of everything in front

of you. That's because as a youth, you can't see beyond the things you

can't see. This may sound plainly obvious but people don't know what

they don't know. And when you're young, if you don't know something,

it just simply doesn't exist. That's because you never experience the

real feeling of not knowing.

But as you grow older, you make more mistakes and you gain more

experience. You begin to realize that the world isn't just made up of the

things in front of you. That's when you being to ponder on the endless

wonders of the world that you know nothing about. That's when you

know that you don't know.

In the old days, I probably had more "Someone is wrong on the Internet" energy, i.e.,

when I saw an opinion I disagreed with, I felt motivated to write a rebuttal to explain

what I saw as the correct view. Nowadays, I may be more likely to think something

like this: "I intuitively disagree with that point of view, but I can see some arguments

for it. Delving into the background literature to form a more solid opinion would take

a long time, but I'm too busy with other things, so I'll just leave it." This illustrates a

general problem online: the people who are more careful when forming opinions are

a lot slower and produce a lot less content. Meanwhile, people who only skim an

article and reply to it without much context can produce a lot of Tweets and blog

posts. Thus, much of the content that exists is of this shallow variety.

From Aristotle's Rhetoric (Book II):

Young men [...] think they know everything, and are always quite sure

about it[...].

Elderly Men[...] are sure about nothing and under-do everything. They

'think', but they never 'know'; and because of their hesitation they

always add a 'possibly' or a 'perhaps', putting everything this way and

nothing positively.

Of course, these are all overgeneralizations. There were plenty of times in the past

when I felt unsure about things, and there are times now when I do have strong

opinions. For example, my allegiance to suffering-focused ethics remains high

because ethical views can't be factually incorrect; they're just opinions.

Other factors

I've always enjoyed organizing things, including information. Some of the motivation

for writing pieces on my website was to organize the information I found about

various topics. That's why many articles are more like collections of quotations from

other sources than they are original research papers. I still think this task of

organizing information is valuable and should be done, but I often feel like there's

just too much information for me to keep up with. For example, I used to add links to

new articles that I found about insect sentience to my "Do Bugs Feel Pain?" page.

Eventually I concluded that there were just too many new (and old) articles on the

topic, and I didn't have time to keep adding links to them.

I tend to become interested in more and more areas over time, as I get exposed to

new things. This means the amount of time I have to spend on any given topic area

is smaller, and it becomes infeasible to continue collecting information on each of

those topics. I also realize that people can often just do a web search or consult

Wikipedia to find a lot of relevant information, and I personally don't have to try to

collect it.

I like uploading things that I wrote or videos that I made a long time ago to my

website or to YouTube, because I personally enjoy revisiting that content and find it

fun to share it. I hope to upload some more old content some day, but often I find

myself too busy, and I feel overwhelmed by how much old content I have, most of

which I'll never have time to sort through. I could also be creating lots of new

personal content if I wanted to (such as new photos, videos, and written stories

about my life); this adds to the feeling that it would be an impossible task to ever

upload all of the sentimentally valuable data that I could upload.

Artificial intelligence (AI) advancements like GPT-3 and DALL-E reduce my

enthusiasm for preserving my own creative writing or drawings, because it feels like

there's an almost infinite supply of stories and drawings that an AI could create. As

AI language models improve in accuracy, they'll probably also be able to produce

some decent nonfiction writing. Already in 2022, GPT-3 can write a short, general

essay on reducing wild-animal suffering at the level of quality we might expect from

an average high-school student who was unfamiliar with EA's views on the topic.

Even my jokes will be replaceable by AI-made jokes within a few years or decades.

The prospect of cheap and effectively unlimited AI content in the not-so-distant

future makes saving or generating my own human-made content feel less

worthwhile.

In the late 2010s and early 2020s, I began spending more time on some "practical"

life areas that I had so far neglected to some degree. For example, I thought more

carefully about where I want to live, and I began learning more about how to

maintain a house. I learned more about best practices for using computers and

backing up data. I had more doctor visits than in the past due to some ongoing

health issues. In 2020 I began exploring romantic relationships again for the first

time in many years.

I also seemed to have more communications to reply to than in the past.

In general, I often feel more busy now than I used to, and it's harder to find time to

go off and research a topic to the depth that would be required to write about it,

especially relative to my higher standards for quality. It always feels like there's too

much else going on, and some of those other things seem more important than

reading or writing about abstract intellectual issues.

It's also possible that I'm slightly lazier than in the past. For example, as a form of

mental relaxation, I spend some time learning about current events or other topics

that aren't the most relevant to reducing suffering. In the first few years of EA, I

found it easier to consume a large volume of EA content because it was newer and

more exciting. Now I need more breaks from the EA bubble. In any case, I would

argue against any sharp distinction between "important" EA-relevant knowledge

and "unimportant" knowledge about other parts of the world.
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Summary

This page explores the question of how I should write ID values in HTML, especially

the IDs of section headings. My current convention is to use a style like this:

<h2 id="train_or_plane">Should I take a train or plane?</h2>
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Introduction

The most common reason I use HTML IDs is for a table of contents within an article.

I give an ID to each h2 , h3 , etc section heading, and then I build the table of

contents automatically to link to those sections.

Links to an ID within the same page are sometimes called "page jumps" and look

like this:

<a href="#a_later_section">this is a link to a later section</a>

The a_later_section string is called a "fragment identifier".

From roughly 2014 to 2019, my table of contents was created automatically using

the "Table of Contents Plus" WordPress plugin by Michael Tran. This plugin created

an ID for a heading automatically based on the heading's text. Here's an example

heading with an auto-generated ID:

<h2><span id="Update_Feb_2015_You_are_all_your_copies">Update, Feb. 2015: 

You are all your copies</span></h2>

From 2019 onward, I moved away from WordPress and began writing my heading

IDs by hand. I wanted to think carefully about what convention to use for naming

those heading IDs so that I could use that convention consistently going forward,

rather than switching unthinkingly between different conventions. This page

describes my deliberation regarding what convention to use.

My deviations from Tran's convention

One option could have been to keep using the exact same convention as Tran's

plugin used, for the sake of consistency. However, I didn't want to do this for several

reasons.

One obvious downside of Tran's convention is verbosity: it unnecessarily uses a

span element to hold the ID, when the ID could just be put on the h2 element directly,

like this:

<h2 id="Update_Feb_2015_You_are_all_your_copies">Update, Feb. 2015: You are 

all your copies</h2>

I haven't looked into the matter, but I would guess that maybe Tran chose to add the

span element in case the h2 element already had an ID? But when I'm setting IDs by

hand, I can see for myself that the h2 element will only have one ID.

Tran's plugin also sets the ID automatically based on the heading text. While this

has the virtue of saving the page author a bit of time, because the heading ID

doesn't have to be written out by hand, it also has a downside: if you later change

the heading's text, the ID also changes, which means that old links to that ID won't

work. Sometimes breaking links to sections of an article is inevitable, such as if you

remove a given section entirely. But if you only change a heading's text by a word or

two, it'd be nice to be able to keep the ID the same as before to avoid breaking any

inbound links, including links on other people's websites that you can't change.

When you set the ID by hand, you can know that it won't change until you

deliberately change it.

If you want heading IDs to remain constant even if the heading text changes slightly,

then it won't necessarily be the case that the ID perfectly matches the heading text.

For example, suppose the heading text

Update, Feb. 2015: You are all your copies

were rewritten to

Update from 2015: You are all of your copies at once

The heading ID would nonetheless remain fixed as

Update_Feb_2015_You_are_all_your_copies . Since there's not necessarily a perfect

relationship between the heading text and its ID, this opens the door to having the

heading ID be different from the heading text even from the outset. For example,

maybe we could write the heading ID more concisely like this:

<h2 id="all_your_copies">Update, Feb. 2015: You are all your copies</h2>

This concision is nice when you're typing out IDs by hand. It also implies a shorter

URL if someone shares a link to a section of your article.

Because heading IDs are chosen somewhat independently of the heading text, I also

think it makes sense for the heading ID to start with a lowercase letter, in contrast to

the section text, which starts with an uppercase letter. This lowercase-versus-

uppercase distinction makes it more clear that the ID is just an abbreviation and isn't

strictly tied to match the heading text.

Dashes versus underscores

Another decision I had to make was whether to keep using underscores to separate

words in the ID or whether to use dashes instead. There's apparently no consensus

on this issue, and there are many arguments on both sides (

). I consider Wikipedia a good model to follow,

and that site uses underscores in ID names, although Wikipedia is also one of the

rare sites to use underscores in its main URLs too.

One argument in favor of dashes is that URLs typically use dashes, so having the

fragment identifier also use dashes would improve consistency in the URL, like this:

https://briantomasik.com/naming-IDs/#dashes-versus-underscores

On the other hand, you could also argue in favor of underscores because they'd

more clearly show the distinction between the main URL versus the fragment

identifier:

https://briantomasik.com/naming-IDs/#dashes_versus_underscores

Ultimately the argument that tipped the balance for me in favor of underscores had

to do with ease of copying the ID in a text editor. In many text editors, if you double-

click on an ID separated by underscores, the whole ID is highlighted at once, which

makes copying it easy. In contrast, if the parts are separated by dashes, double-

clicking only highlights one part. In that case you have to expend a bit more effort to

select the entire ID.
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Summary

This page discusses my history with and a few thoughts regarding how thoroughly

to read papers that you cite. The answer to this question depends somewhat on

your personality and situation, so don't take my approach as necessarily

prescriptive.
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My history

When I was in high school, I was obsessive about reading carefully. I demanded of

myself that I understand every sentence of every text that I read. This was partly a

rational, learned behavior, because I mostly read textbooks, and with textbooks,

understanding every sentence is often a good idea. Several of my classes had DYRT

("did you read this?") quizzes based on textbook reading, and the DYRT-quiz

questions were often quite specific—requiring many hours of study of the textbook

material to get right.

When learning about colleges toward the end of high school, I heard stories of

college students who were assigned 500 pages of reading per week for a single

course. I thought to myself that students in those classes must be superhuman (or

else that I was just really inferior). In retrospect, I suspect that the students in those

classes did a lot of skimming and skipping of reading material.

In college, I became more lax about reading thoroughly, in part because of advice

that skimming was often the better way to read things. I actually never took college

courses that required skimming; I often thought that hard-science classes were

easier than other classes because the reading load was so much lighter. But in my

free time, I did a lot of skimming.

In 2007, when writing a literature review for one college course, I asked the

professor if I could cite an article based only on its "Abstract", because the full

paper wasn't available online or at the library. I was told that, no, I should read the

full article to put what was said in context. I thought to myself that this was overkill

and that most other students probably were also only reading abstracts for some of

their citations.

For writings on my own website, I historically was pretty lax about reading articles

before citing them. This practice was born of necessity: During college and while

working at Microsoft, I had very little free time and usually had to try to finish an

article I was writing within a day or two. Many of the original articles on my website

were written in a single sitting, with some material added later on when I came

across it, because I usually only had a few hours to put something together before I

had to return to homework or Microsoft work.

After I left Microsoft in 2013, I continued to write relatively quickly, in part out of

habit and in part because I wanted to cover a lot of intellectual ground without

dwelling on details. My focus was on breadth over depth. This probably made

sense, although the quality of the resulting articles was lower than what would have

been the case had I read more thoroughly. In a few cases, I took more time to read

the literature on a topic in detail, such as with "Do Artificial Reinforcement-Learning

Agents Matter Morally?" But even with that paper, I skimmed some of the articles I

cited (especially the technical neuroscience and AI ones) because there was so

much material to get through.

Reading articles more fully

By 2015, and especially in 2016, I'm beginning to spend more time to read the

material that I cite thoroughly. There are a few reasons for this:

Text-to-speech: Instead of reading articles on my computer, I now convert

most of them to podcast form and listen to them gradually over longer time

periods (such as when preparing food, using the restroom, checking myself for

ticks, etc.). I then return to the written article to read any figures, equations, or

other material that didn't translate well to audio form. This makes reading less

of a "waste of time".

SciHub: Now that I'm using Sci-Hub, I have access to the full text of almost all

the articles I want to cite. In the past, I came across article abstracts that had

useful information that I cited, but I couldn't read the full text (without incurring

the annoyance of finding the author's contact info and writing to her/him to

request a PDF copy). Sci-Hub has taken my ability to do thorough research to a

higher level in this regard.

Reading is edifying for the long run: If I were reading the full text of the articles

I cited purely to make sure that I correctly reported the information I was citing

from them, I would consider this something of a waste of time. However, I look

at the situation from a different perspective: There are lots of things I want to

read about anyway, so why not read various articles that are related to this

topic, which has the side benefit of helping me ensure that I cite them

correctly? In other words, most of the value comes just from reading in general.

Is reading "fine print" worthwhile?

Some papers I read, such as original scientific studies with lots of technical

implementation details and statistical analysis, aren't very insight-dense in the

sense of containing lots of high-level information about a topic per paragraph.

However, I still think it's useful to read such papers in order to get a sense of what

the fine print looks like—e.g., what it takes to carry out a study, what the standard

techniques are, what caveats should be applied to the results, how to do statistical

tests for a given type of problem, etc. These details would be more relevant if I were

planning to do my own original research in these fields (I'm not), but they're still

useful for being an informed consumer of studies by others in these fields.

Around 2005, I asked a friend of mine at college why the philosophy department

had students read primary-source writings by philosophers rather than just

assigning readings from a philosophy textbook. I thought that surely one could

gather more insight per paragraph by reading a textbook? In retrospect, I think some

textbook reading combined with some primary-source reading is optimal, since

primary sources convey what the cutting edge of a field is actually like, warts and

all, in a way that textbooks usually do not.

Another reason I like to read fine print is that I want to force myself to actually try to

understand things that may not at first make sense. When you skim material, you

tend to pick up information that's easy to process and skip over stuff that's too hard

to figure out. But figuring out things that don't immediately make sense is important

for intellectual growth. If you don't take the time to pore over a topic in detail, how

will you ever learn it?

I first got a Super Nintendo when I was in 4th grade. One of my parents insisted that

I could only play it if I also spent a certain amount of time on other things, such as

learning to play the piano. I worked my way through about two introductory piano

music books, and I could play the most basic of songs. However, I never got much

beyond that point because learning the new material seemed hard, and it was easier

to accumulate my "playing piano" time by repeating the easy songs I already knew.

I once had a friend ask me about a math-heavy academic paper that I had read. The

friend asked whether I was able to make sense of the paper. I said that I was able to,

though it took some effort to figure it out. My friend said, "Ok, I just need to not be

lazy while reading the paper."

An informal suspicion of mine is that part of the reason why "humanities" people

often think they're not good at math is that they may try to learn math at the same

pace as they read a novel. Unless you're a literal genius, this doesn't work. Math

requires slowing down, and people used to reading novels may find this unnatural

and boring.

Of course, skipping over fine print is necessary in many cases, in order to avoid

spending inordinate amounts of time understanding details that other people have

taken care of. But pushing oneself to really understand at least a few topics—

without just skipping over the parts that don't make sense—seems like an important

exercise.

Narrowing of focus

Reading the whole article makes more sense the more you plan to specialize in a

given topic, because in that case, reading the article is an especially useful

investment for the future. Once you've read the literature in a specific area, you can

write several papers about that topic without reading many entirely new articles,

because each of your papers may cite roughly the same sources. There are thus

economies of scale to specializing, although at the cost of flexibility and

interdisciplinary knowledge:

In order to get published, one must stay current with the literature in

one’s field. In most cases, that literature is enormous and constantly

growing. So, to phrase matters in economic terms, there is a very large

fixed cost to publishing in a given area. That fixed cost discourages

one from doing work in new areas and encourages one to remain in the

area one is already familiar with. The narrower the area, the easier it is

to learn enough to publish there.

I struggle with the question of how specialized to be. I want to produce high-quality

articles, which requires the kind of expertise that comes from reading extensively on

a given topic. But I also don't want to prematurely focus on one area when I might

later decide that another area is more altruistically important.

Fully reading the sources you cite makes more sense if you're preparing an article

for formal publication that will be hard or impossible to correct later.

Speed vs. accuracy tradeoff

How much time should you spend making sure you got your facts right? This is a

question that every researcher faces, although I haven't come across much

discussion of the issue. My impression is that people have pretty wide variation in

how careful they choose to be about fact-checking.

The podcast Stuff You Should Know often includes at the end of each episode

corrections on previous episodes. Some of the errors are non-trivial. Stuff You

Should Know is a podcast by generalists on a wide range of topics, so having some

errors is to be expected. Still, this is one of the most popular podcasts on iTunes,

and I would guess that its rate of factual mistakes is not vastly higher than normal.

This suggests that a lot of published media may contain more errors than one might

have thought. Those who spend more time making sure they get their facts right

will, unfortunately, put out less total content.

If it takes 10 hours to write an article in which 4% of sentences have an error, I would

guess it would take something like 20 or 30 hours to write the same article with an

error rate of 2%. To achieve greater accuracy, more effort is required both in terms

of reading the articles you're citing more carefully and cross-checking against other

sources. Further reducing the error rate to 1% might require significantly more time

investment. It's interesting to ponder where on this speed-vs.-accuracy tradeoff

curve to be.

Personally I try to be pretty careful about accurately reporting information from a

given source. I sometimes double- or even triple-check that what I wrote exactly

matches what the source article was saying. However, I don't necessarily undertake

the further effort of checking with other sources to make sure that the source I'm

citing got the information correct. So I'm sure my writings still do contain a decent

number of errors.

One benefit of writing in your area of expertise is that you can naturally make fewer

errors and even spot errors in the sources you may be citing.

Of course, there are likely many issues on which current science as a whole is

mistaken, so even if an article contains no errors when citing other sources, the true

error rate of the article, in terms of its match with reality, may be quite a bit higher

than 0%.

Quoting secondary sources

As of 2017, I'm trying to read the full

text of most of the articles I cite (i.e.,

hyperlink to), though I wouldn't extend

this policy to entire books. However, I

make an exception for citations within

the text of a secondary source. I'm

often ok with quoting from a Wikipedia

article that has references to primary-

source articles, or quoting from the

introduction of a scientific paper that

refers to other papers. The reasons are

1. Practicality: Tracing studies backwards would take an enormous amount of

time.

2. Trusting the secondary source: I hope that the secondary-source author

already correctly interpreted and paraphrased the primary-source articles

being cited.

Unfortunately, the assumption that the original, primary sources are correctly

interpreted by secondary sources is not always true, even for peer-reviewed

academic publications, as Rekdal (2014) documents.

Rekdal (2014) describes various good and bad ways of citing information first found

from secondary sources. I often use the third (pp. 641-42) of the options he

describes: Namely, being explicit that you got the information about the primary

source from the secondary source. For example, suppose James (2002) includes

the following sentence: "Ice is cold (Smith 1981)." In my own piece, I would tell the

reader about this as follows: "James (2002) says 'Ice is cold (Smith 1981).'" This is

superior to Rekdal (2014)'s fourth option of "citation plagiarism" (p. 642), where you

assume that James (2002)'s interpretation was correct and paraphrase what James

(2002) said about Smith (1981), without consulting Smith (1981) itself. For instance,

citation plagiarism might look like this: "The solid form of water has a low

temperature (Smith 1981)."

Rekdal (2014) says (pp. 641-42) that unless the primary source is difficult to obtain,

the third option (my typical approach) "could reflect a case of academic laziness,

but coupled with utmost honesty." Of course, one man's laziness is another man's

efficiency. I agree that for articles where accuracy is paramount, thoroughly

checking the primary sources is probably worth the effort. But in more applied

situations where quantity as well as quality of information is important, my approach

of collecting a bunch of relevant quotes without thoroughly vetting them may make

more sense. I doubt you'll find many business leaders or hedge-fund traders

carefully checking original primary-source articles, except in special cases.

My approach of quoting a secondary source with its citations attached has the

virtue of making it explicit that I'm trusting the secondary source's paraphrase,

which hopefully helps to reduce the pernicious effects of citation plagiarism:

“The worst, in my opinion, is citation plagiarism: referring to a primary

source you have copied from a secondary one, without consulting the

former,” Rekdal said. “You then turn one single observation,

interpretation or misinterpretation into two apparently independent

ones, mutually reinforcing each other in a way that is entirely

undeserved.”

Extensive quoting of secondary sources is a luxury that I can afford because I don't

submit my writings for formal publication, where such quotes would be frowned

upon.

In a discussion of the question "Is it unethical to cite a paper or book that you have

never looked at?", Jason opines: "If you are completely honest about exactly the

level of work you have done to verify that the cited source corroborates your fact,

you are in danger of being proven wrong, or of being dismissed as not having done

the appropriate level of verification, but you have behaved ethically." Another reply

by jakebeal says: "When you cite a source, you are not actually claiming that you

have read it. What you are actually doing is staking your professional reputation on

that source containing the information that you claim that it contains."
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Summary

This page records my evolving thoughts about how best to write citations and

bibliographic information in my articles.
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Why not bare URLs?

Many amateur blogs on the web don't worry about citations at all. People often cite

another web page using only a hyperlink. For short-term, throwaway writings, this is

usually fine. But if you want your site to last a long time (see the "Long Site" section

of ), then bare URLs aren't good because of the problem of

link rot ( ).

Another downside of citations via a bare hyperlink is that unless you explicitly

identify the author and/or title of the work in your text, you don't have a way to refer

back to the source later. That's fine if you only cite the source once, but if you want

to be able to talk about the source in multiple places within your article, then it helps

to explicitly name the source, like this as an example: "Smith (2008)".

Downsides of bibliographies and footnotes

Some web articles use in-text citations without any hyperlinks, like this:

<p>Ice is cold (Smith 2008).</p>

<h2>Works cited</h2>

<p>Smith, John. 2008. "The coldness of ice".</p>

This is how citations were done before hypertext became popular. The big downside

with this approach is that if a reader wants to look up the bibliographic information

or URL for a citation, s/he has to navigate all the way down to the "Works cited"

section of the page to find that information. It's much easier if a reader can just click

a link on the in-text citation itself.

Another approach can be to cite using footnotes, in which case the reader can click

the footnote to quickly find the bibliographic information. However, one downside of

this approach is that readers won't be able to distinguish between citational versus

discursive footnotes. Readers who don't want to read the citational footnotes may

therefore miss your discursive footnotes.

These problems can be remedied with more advanced styling of the page. For

example, some academic articles (like this one) contain in-text citations that, when

clicked, pop up bibliographic information that includes hyperlinks. But this level of

functionality adds complexity to your website.

Another cost of giving full citations is the manual work required to create them. Of

course, there are programs that automatically collect bibliographic data, and you

can get BibTeX data for academic articles from Google Scholar. But I'm nervous

about the accuracy of automated bibliographic data. When I wrote this paper, I

initially just collected BibTeX information from Google Scholar. But then a friend told

me that Google Scholar's citations could be inaccurate. I checked a few instances to

see if this was true, and I grudgingly realized that it was. I don't remember exactly

how many automated Google Scholar citations in that paper had errors, but it was

several—enough that I was forced to spend ~4 hours going back through all the

citations to check them. Maybe it's ok to have some inaccurate citations? Maybe

people don't care that much? But I'm nervous about not checking something that

has my name on it, so I'd rather not deal with this problem.

How to format and hyperlink in-text citations

As mentioned in the previous section, I prefer to hyperlink my citations rather than

requiring a reader to navigate all the way down to a "Works cited" list at the bottom

of the page. But questions remain regarding how to format and hyperlink in-text

citations. Following are some possibilities for writing an example two-sentence

passage:

1. In "What Is the Difference Between Weak Negative and Non-Negative Ethical

Views?", Simon Knutsson problematizes the naive idea that weak negative

utilitarians give more "weight" to suffering than happiness, while non-negative

utilitarians give "equal" weight. Knutsson believes we need to think about the

situation differently.

2. This paper problematizes the naive idea that weak negative utilitarians give

more "weight" to suffering than happiness, while non-negative utilitarians give

"equal" weight. The author believes we need to think about the situation

differently.

3. Knutsson (2016) problematizes the naive idea that weak negative utilitarians

give more "weight" to suffering than happiness, while non-negative utilitarians

give "equal" weight. Knutsson (2016) believes we need to think about the

situation differently.

4. Knutsson (2016) problematizes the naive idea that weak negative utilitarians

give more "weight" to suffering than happiness, while non-negative utilitarians

give "equal" weight. Knutsson (2016) believes we need to think about the

situation differently.

Pros and cons of each:

1. This approach provides the greatest amount of readily visible information,

which is good for readers who want that and bad for readers who don't. If the

hyperlink has rotted, the title is easily accessible for Googling, especially for

readers on touchscreen devices who may not have the ability to hover over the

link in order to see its title in the title="" attribute. Because of the verbosity of

this approach, I tend to avoid it (as of 2017).

2. This approach is the opposite of the previous one. It optimizes for not

cluttering the text, inviting readers to view the title and click the link only if they

care to know the details of the source. One downside is that because the

article is listed anonymously, you can't easily refer back to the source later on

in your piece.

3. The problem of referring back to an article multiple times is solved by this

option, which uses the regular name-year citation style to identify articles in

order to refer to them later. By hyperlinking the article at each citation, you

allow readers to navigate to the source article from any point in your piece.

However, hyperlinking on every occurrence of an in-text citation clutters the

text and may be distracting.

4. This option is the same as the previous one but only hyperlinks the first

mention of a citation. This is easier on the writer (since the hyperlink and title

only have to be written once) and avoids clutter. However, readers who skim or

skip around your article may miss the first instance of the citation and so may

not realize that you've given the hyperlink. Readers may wonder why the

citation has no link or title associated with it.

From roughly 2017 to 2018, I used option #4 both because of its benefits for readers

and because it was easy for me as the writer. I asked friends on Facebook about

some of these options, and many people liked option #4, although some preferred

#3.

Linking to a bibliographic entry?

In 2018, I toyed with the idea of doing (minimalist) bibliographic entries at the

bottom of my articles. However, I never ended up doing this method.

If I were to do this approach, I would link to a bibliographic entry from the first

mention of that source in the text. In other words, I would do approach #4 for

citations discussed above, but instead of linking to the source URL directly, I would

link to the bibliographic entry at the bottom of my page, which would contain the

author(s), year, a hyperlinked title, and perhaps other information. For example,

instead of a citation like

<a href="https://foundational-research.org/what-is-the-difference-between-

weak-negative-and-non-negative-ethical-views/" title="'What Is the 

Difference Between Weak Negative and Non-Negative Ethical Views?'">Knutsson 

(2016)</a>

I would write

<a href="#Knutsson_2016">Knutsson (2016)</a>

...

<h2>References</h2>

<p id="Knutsson_2016">Knutsson (2016). "<a href="https://foundational-

research.org/what-is-the-difference-between-weak-negative-and-non-negative-

ethical-views/">What Is the Difference Between Weak Negative and Non-

Negative Ethical Views?</a>" Foundational Research Institute.</p>

This is slightly more work than just linking to the cited article directly, but it has

some advantages:

1. Without a "References" list at the end, if a reader misses the first mention of an

in-text citation, that reader may not know where to find the source article. But

if there's a "References" section at the end, the reader can navigate there to

find the bibliographic info.

2. I think the hover-over title="" attribute doesn't display on touchscreen

devices, so touchscreen viewers can't easily see the title information. And even

desktop readers may not realize that they should hover over the hyperlink to

see title information. Including such information directly in the article makes it

super obvious where to find that info.

The effort required for me to add references in the "References" section shouldn't

be too high if I don't feel the need to include exhaustive bibliographic information or

to carefully follow standard bibliographic formatting rules. The purpose of

bibliographic information is ultimately just to allow readers to find the original

source, so as long as the information is presented clearly, I don't need to worry

about proper formatting too much. For example, for a journal article with volume

number 5 and issue number 2, I could write "volume 5, issue 2" rather than

remembering the more proper format of "5(2)". I think explicitly writing out "volume"

and "issue" is more transparent to readers anyway.

Unfortunately, I imagine I shouldn't add "References" sections when making small

additions to existing articles of mine, because it would be confusing to readers if

only a few of my references are in a "References" section and the rest are hyperlink

citations only.

Citation tooltips

In 2019, I developed a new way to display extra information about citations. I call it

"citation tooltips" because it displays bibliographic data in a box above the citation

when the user hovers a mouse over the citation. For example, here's a citation for

the article you're reading now using this method: 

. The idea is similar to Wikimedia's Reference Tooltips (

).

Starting in 2019 and continuing through the time I'm writing this in 2020, I'm using

the "citation tooltips" method for newly added citations. Unfortunately, I have a lot

of old hyperlinks and citations using older styles, and I may or may not ever get a

chance to convert them to this new approach.

In previous years, I used an approach similar to my current citation-tooltips method:

namely, I stored the title of the linked-to article in the title="" attribute of the

hyperlink. If an author stores text in the title="" attribute of a hyperlink, a reader

can see the text by hovering his/her mouse over the hyperlink, although it takes a

fraction of a second of hovering before the browser actually shows the content. I

think my citation-tooltips method is better than just using the title="" attribute for

several reasons:

My citation tooltips show up right away when a mouse hovers over a hyperlink.

In contrast, the title="" attribute has a delay that's browser-dependent and

can't be changed ( ). A delay makes it less

likely that readers will actually discover that the hover information exists.

The tooltip text that a browser shows for a title="" attribute is usually small

and ugly.

On some browsers, the title="" tooltip disappears after roughly 5 or 10

seconds ( ), which can be annoying if the tooltip has a lot of content

to read. My citation tooltips don't disappear until the user moves the mouse

away from the citation.

Touchscreen devices generally don't allow for seeing information in the

title="" attribute ( ), although in the worst case a touchscreen user

could view the HTML source of the page to see the relevant information. In

contrast, my citation tooltips can be seen on three out of three touchscreen

devices that I've tested, although it's not necessarily intuitive how to make the

tooltip show up with a touchscreen. On the touchscreen device that I have

most experience with, you can see my citation tooltips by putting a finger on

the hyperlink and holding it down until a pop-up menu for the hyperlink

appears showing options like "Open in new tab", "Copy link address", etc. If

you tap outside of the pop-up menu, the pop-up menu disappears, but the

citation tooltip is still visible above the hyperlink.

It's plausible that many of my readers on touchscreen devices won't ever figure out

how to show my citation tooltips, but that's ok because most readers don't really

need to see them. If the hyperlink hasn't rotted, then readers can just click through

to see the cited page for themselves. Even if the link has rotted, most readers

probably don't mind too much, and in many cases, they could look it up on the

Wayback Machine if need be. A lot of the purpose for my tooltips is just to store

bibliographic information for myself, so that if the link ever rots and the page isn't

available on the Wayback Machine, I can try to look it up some other way. Another

benefit of the tooltips is that they allow readers to preview the title, author(s), and

other information about a cited document without clicking through to it, but it's fine

if this "bonus feature" isn't obviously available to most touchscreen users.

My citation tooltips are implemented purely with CSS. The code is mostly taken from

Chris Bracco, as you can see in the comment at the top of the relevant CSS file.

Many people implement tooltips using JavaScript rather than pure CSS, but I prefer

to use JavaScript only as a last resort. As of 2020, almost all the pages on my

websites use no JavaScript at all, which means that people like me who browse the

web with JavaScript disabled by default won't lose any functionality. Only 0.2% of

pageviews worldwide disable JavaScript ( ), although the number

might be slightly higher among my reader base. So my choosing not to use

JavaScript is more of a principled philosophical stance than a practical issue of user

experience. I wish most websites didn't use JavaScript, except for real web

applications that require it.

That said, I'm open to suggestions on how to do my tooltip better, even if those

suggestions require JavaScript. For now, I like the simplicity of my CSS approach,

and I assume most readers don't care that much about this tooltip anyway, in which

case improving it is not a huge priority. The main way I imagine my tooltip could be

improved would be to make it easier for touchscreen users to display the tooltip. On

Wikipedia as of the time I tried it in 2020, if you click a footnote on a touchscreen

device, you get a pop-up box at the bottom showing the content of the footnote. I

could theoretically do the same thing for my tooltip boxes, but in that case, clicking

a link would no longer go to the linked-to page; it would just open the tooltip box.

Even if I were to put a link to the destination article in the tooltip box, touchscreen

users would have to click a second time to actually go to the destination page. It's

plausible that this would be a worse user experience than what I have now, where

you only need to click once to go to the destination page. I wonder if there's any

way besides clicking to easily bring up a tooltip on a touchscreen device? I guess

another option is to have an icon next to the citation that can be clicked to open up

the tooltip ( ), but these icons could be annoying to the majority of

visitors who don't care about the tooltip and just want to read the article.

The text of my citation tooltips is the value of a CSS content: property, which means

that I can't do formatting using HTML tags within the tooltip text 

. For example, if I tried to put an academic journal's

name within <i></i> tags, the tooltip text would just show the raw <i></i> tags

without actually italicizing the journal name. Therefore, I instead use Markdown

syntax for things like italicization. This seems fine to me because the tooltip text

doesn't have to look good; it's only there for a tiny fraction of readers who want

more information on a given citation.

I choose ad hoc which bibliographic data I want to put in my citation tooltips. I only

need to include data that would be particularly helpful for finding the original article

or that's otherwise interesting to readers. So title, author(s), dates, and similar

properties are probably worth including, but maybe the specific volume and issue

numbers of a journal article are less important. I write the bibliographic data in a

freeform manner rather than using a specific template because there can be

heterogeneous data that's hard to fit into a specific pigeon hole. For example,

consider this citation: . It's a GitHub project where the

"Authors" section says: "Glued together by Łukasz Langa. Multiple improvements by

Yang Zhang, Jean-Louis Fuchs, Phil Lundrigan, Ben Shepherd, and Peter Hofmann."

Trying to classify all those names into the "authors" category in a standardized

bibliographic format would miss the fact that there was one main author of the

project who accepted some contributions from additional people. With my tooltip

data, I'm not trying to write an exhaustive, standardized collection of bibliographic

information about a cited document; I'm just trying to list some highlights that are

interesting for humans to read.

I've been uncertain whether to use citation tooltips for new citations added to

existing pieces on my sites. Doing so means that a few citations in an article will

have a tooltip box, while most won't, which could be confusing. So far I've decided

to go ahead and add the citation tooltips for new citations, because in case I ever do

convert the old citations to the new method, I don't want to keep making more old-

style citations in need of conversion. As the saying goes, "if you find yourself in a

hole, stop digging". On the other hand, maybe it's unlikely I ever will find time to

convert the old citations to the new format...

Hyperlinking each instance of a citation

Another change I implemented in 2019 for my new citations was to insert them

automatically based on an ID, rather than needing to write them out by hand. This

made it easy to insert the same citation in multiple places within an article, or even

in multiple different articles. As a result of this convenience, I decided to add a

hyperlink and bibliographic information to each occurrence of an in-text citation, not

just to the first occurrence of that citation. In other words, I switched from using

option #4 to option #3 as discussed earlier.

Here are some reasons for hyperlinking each occurrence of a citation:

For people who are skimming or skipping around, it's clear where the hyperlink

and bibliographic information can be found—namely, directly on whatever

citation they're looking at.

Even if a person is reading carefully, if I didn't hyperlink each instance of a

citation, this person might have to go searching for the first occurrence of the

citation in order to find the hyperlink.

Hyperlinking every instance of a citation makes it clear when I'm directly citing

a source versus when a source is just being mentioned in passing, because a

source mentioned in passing won't have a blue hyperlink color. Sometimes

quotes from another article have citations in the quote, and I don't bother to

write down any bibliographic data about those quoted sources (since an

interested reader could find it in the article being quoted). Since those quoted

citations aren't hyperlinked, readers can know right away that I haven't written

down their bibliographic data anywhere in my article.

Some journals seem to take this approach of including hyperlinks for each

instance of a citation. For example, in , if you search for

"Tomasik 2015a", you can see that all instances of this citation have a blue

hyperlink on the "2015a" part.

Writing page numbers

Some academics include page numbers in their in-text citations in the following

way:

Blah blah blah (Dennett 1991, p. 204).

I use the same style for my citations. I can put a hyperlink on the "Dennett 1991"

part, like this:

Blah blah blah ( , p. 204).

When the author name is outside of the parentheses, some academics use this

style:

Dennett (1991, p. 204) says blah blah blah.

However, this doesn't work as well with hyperlinks. I don't want to hyperlink the

entire citation, including the page number, because the hyperlink doesn't actually

go to that specific page, just to the general work being cited. Semantically, the

hyperlink should be on just the "Dennett (1991" part. But it would look weird for the

hyperlink to stop midway through the parentheses. The best solution I've come up

with is to put the page number in a separate set of parentheses, like this:

 (p. 204) says blah blah blah.

I notice that the citations in the article  solve this problem in a

different way: they hyperlink just the year, not the author name. That also works,

though it feels a bit weird not to include the author in the hyperlink anchor text.
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an essay on one of my websites. Some of the instructions here are specific to how I

like to format images and don't apply to everyone.
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Introduction

I try to have at least one image on most of my website pages so that if those pages

are shared, Facebook will display a preview image, which makes the link more

visible and appealing.

Where to get images

I try to use mostly Creative Commons, GNU, or public-domain images unless

inclusion of a copyrighted image seems to constitute fair use. One exception is that I

also tend to include screenshots from academic papers without permission,

because doing so is much more valuable to readers than asking readers to go find

the information in the original publications.

I've found that the easiest way to get good variety of free images is to search

Wikimedia Commons, which I do using a Google Image search for {keyword

site:wikimedia.org}, e.g., this search for "stars". Alternatively, in Google Image

Search, you can click "Search tools" -> "Usage rights" and then pick a category.

In the rest of this piece, I'll assume I got an image from Wikimedia Commons, but

similar instructions could be followed for other images.

Copying image HTML

Suppose the image you want to use is this one. Near the top of that page is text to

the right of a globe icon saying "Use this file".

Once you click that, you get the following in the "HTML/BBCode" box at the bottom:

<a title="By Editor5807 (Own work) [GFDL

(http://www.gnu.org/copyleft/fdl.html) or CC BY 3.0

(http://creativecommons.org/licenses/by/3.0)], via Wikimedia

Commons"

href="https://commons.wikimedia.org/wiki/File%3ACattle_grazing_off_National_Cycle_Route_23_near_Newchurch.JPG">

<img width="512" alt="Cattle grazing off National Cycle Route 23

near Newchurch"

src="https://upload.wikimedia.org/wikipedia/commons/thumb/0/0d/Cattle_grazing_off_National_Cycle_Route_23_near_Newchurch.JPG/512px-

Cattle_grazing_off_National_Cycle_Route_23_near_Newchurch.JPG"/>

Copying the image file to your site

I think Wikimedia doesn't want your img src to point to the image on their site,

because then their server gets hit whenever your page gets loaded. Plus, having the

image on your own site avoids the risk that the Wikimedia image gets moved or

removed. So download the Wikimedia image and re-upload it to your server.

Wikimedia offers different image resolutions; I typically use something in the

ballpark of 640 x 480 pixels because this is a big enough resolution to not look

grainy but a small enough resolution to load fairly quickly.

Once you've uploaded the image to your site, it'll be accessible at some url, such as

http://reducing-suffering.org/wp-content/uploads/2016/03/640px-

Cattle_grazing_off_National_Cycle_Route_23_near_Newchurch.jpg .

Editing image HTML

Back in the HTML code for the image, replace the Wikimedia image file with the one

on your site:

<a title="By Editor5807 (Own work) [GFDL

(http://www.gnu.org/copyleft/fdl.html) or CC BY 3.0

(http://creativecommons.org/licenses/by/3.0)], via Wikimedia

Commons"

href="https://commons.wikimedia.org/wiki/File%3ACattle_grazing_off_National_Cycle_Route_23_near_Newchurch.JPG">

<img width="512" alt="Cattle grazing off National Cycle Route 23

near Newchurch" src="http://reducing-suffering.org/wp-

content/uploads/2016/03/640px-

Cattle_grazing_off_National_Cycle_Route_23_near_Newchurch.jpg"/>

Check that the author, alt description, etc. are correct based on what the Wikimedia

page says.

I also personally like to quote the photo caption from the Wikimedia page, like this:

<a title="'Cattle, seen grazing off the National Cycle Route 23

path, near Newchurch, Isle of Wight, in July 2011.' By Editor5807

(Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC BY

3.0 (http://creativecommons.org/licenses/by/3.0)], via Wikimedia

Commons"

href="https://commons.wikimedia.org/wiki/File%3ACattle_grazing_off_National_Cycle_Route_23_near_Newchurch.JPG">

<img width="512" alt="Cattle grazing off National Cycle Route 23

near Newchurch" src="https://reducing-suffering.org/wp-

content/uploads/2016/03/640px-

Cattle_grazing_off_National_Cycle_Route_23_near_Newchurch.jpg"/>

Finally, I prefer to make the width a percentage of the page width, and I add

align="right" or align="left" to the img tag:

<a title="'Cattle, seen grazing off the National Cycle Route 23

path, near Newchurch, Isle of Wight, in July 2011.' By Editor5807

(Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC BY

3.0 (http://creativecommons.org/licenses/by/3.0)], via Wikimedia

Commons"

href="https://commons.wikimedia.org/wiki/File%3ACattle_grazing_off_National_Cycle_Route_23_near_Newchurch.JPG">

<img width="40%" align="right" alt="Cattle grazing off National

Cycle Route 23 near Newchurch" src="https://reducing-

suffering.org/wp-content/uploads/2016/03/640px-

Cattle_grazing_off_National_Cycle_Route_23_near_Newchurch.jpg"/>

Then I add this HTML to my web page and make sure it looks ok.

Facebook preview

Even after your page has an image, Facebook may be slow to grab the image and

make it available when a link is shared. To force Facebook to scrape the image, visit

the Open Graph Object Debugger, enter your url, click "Debug" and fetch scrape

information, perhaps 2-3 times, until you see the image preview in the section "Link

Preview".
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Summary

In 2014, I wrote a piece enumerating some pros and cons of publishing altruistically

relevant content in formal journals. The present piece presents a more personal spin

on the topic, explaining why I myself tend not to submit papers for formal

publication. Some of my reasons are good, and some are more reflective of my

emotional whims.
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Research paper vs. research notebook

As of the time when I'm first writing this piece (late 2016), I'm a few months away

from 30 years old. I've been interested in altruism-related issues since age 13.

Suppose I have until age 70 to keep working on these topics. That means I'm

roughly (30-13)/(70-13) = 30% of the way through my altruistic lifetime. But the

gaps in my knowledge about how to best reduce suffering remain enormous.

My writing serves several purposes, but often the main purpose is to make as much

progress as I can on hard questions, some of which have basically never been

studied before—such as how to reduce the suffering of wild invertebrates due to

natural causes. Often, I'm mostly trying to figure things out for myself and leave

behind a paper trail of my findings in the form of a page on my website. My goal is

usually not to write a cohesive, cogent article that advances a particular argument in

which I have a great deal of confidence. My goal is usually, instead, to compile a

bunch of relevant information that I

found or ideas that I had in an

organized way for my own future

reference and for others to benefit

from. I note my confusions and

uncertainties, mark points that need

further research, and suggest

speculative possibilities that I haven't

yet investigated thoroughly. Thus, my

articles are sort of a public research

notebook.

Most of what I write is not of publishable quality. It's often not sufficiently original or

researched in sufficient depth. But shallow investigation often makes sense for my

purpose, which is to cover a lot of ground and have as many insights as I can before

I die, while maintaining some degree of high quality. I'm not optimizing for tenure or

grant money.

Helpful practices disallowed in formal publications

One practice that I like that's unacceptable in published writing is to extensively

quote my sources, even when mere factual material is being explained. I think this

practice is both faster and less error-prone than paraphrasing. It's what you would

do if you were trying to pass along notes to a friend about some topic. I'm uncertain

why it's not allowed in published writings—perhaps because it's "cheating" by

appropriating the words of others without contributing anything original. (But why is

there originality value in merely rewriting someone else's words in a new way?)

In addition to quoting words from source papers, I like to include screenshots of

tables and figures from source papers. These allow readers to quickly see numbers

for themselves without having to pull up the original articles. And since a picture is

(sometimes) worth a thousand words, including these figures is better than merely

trying to paraphrase the results using text. While formal publications can reproduce

figures in limited circumstances, they can't do this nearly as much as I feel is optimal

for the convenience of readers. (Textbooks do a better job at reproducing figures

and tables from other sources than novel research papers do.)

I also prefer to add page numbers whenever I cite information from a specific part of

a paginated document. While some journals allow this, it's often more standard to

omit page numbers in the sciences, and some journals will remove them. Rekdal

(2014), p. 572:

A philosophically minded colleague of mine whose sources are often

thick theoretical books had an article accepted in one of the most

prestigious journals in nursing science. One of the reviewers

recommended that he remove most of the page numbers from his

references, which he subsequently did. [...]

The poor advice my colleague received on this occasion is not an

isolated case. A few years ago, I received the final proofs for a book

chapter I had written, only to discover that the proofreader had

removed all the page numbers in my references, except one

accompanying a direct quotation.

Citing non-scholarly sources

Those writing for academic journals are often discouraged from including many

citations to non-scholarly sources. Maybe the purpose of this rule is to prevent

inaccurate material from entering scholarly journals? But I think that non-published

material is often useful, especially in domains where few or no scholars have written

about a topic. For example, suppose I want to mention the business operations of

different companies in an industry. Maybe there's scholarly literature about this, but

I'm more likely to find relevant information from news articles and company

websites. Or suppose I want to learn about the practices of small dairy farmers.

Maybe there are some scholarly surveys or books about this subject, but it's also

likely that one can find a lot of useful information from self-published blogs by the

farmers themselves, from informal videos on YouTube, etc. Indeed, what farmers

write about their own techniques may be more accurate than what a journal article

reports about them.

In some disciplines, like moral philosophy, there's in my opinion not really such a

thing as expertise. I think the informal opinions of people writing on forums, in

comment sections, in YouTube videos, etc. are often as valid as the opinions of

prestigious ethicists, since they're all just expressions of moral intuitions in various

guises. Why should citations of academic philosophy articles be allowed but

citations of forum discussions not be?

I prefer to cite a wide range of sources of varying "quality" and let readers decide

how much weight they want to give the different statements. The scholarly practice

of deliberately ignoring most of the written information in the world seems divorced

from reality. The next time you find a stock trader or management consultant who

only uses scholarly literature to draw conclusions, you should let me know.a That

said, there may be some value in having certain segments of information in society

(academic publishing, as well as high-quality journalism and such) that have higher

quality-control standards than other segments, to reduce the tendency for myths to

propagate.

Editing articles

Another benefit of owning my own articles rather than publishing them is that I can

update them constantly. As I learn new information, I often find tidbits that are

relevant to some past article I wrote. I can quickly edit the old article to add in the

new info, all on my own within a few minutes. With a published article, I probably

can't update it at all except in cases of outright errors, and contacting the necessary

authorities to do so is effortful.

de Lacey et al. (1985), p. 885: "A correction tucked away in some corner of a

subsequent issue is unlikely to be read." Of course, the situation is somewhat

improved if electronic journals link to the correction from the original article (or,

better yet, make the correction directly to original article).

Static publishing is, in my opinion, a relic of the pre-Internet era and is one of many

ways in which academic practices are antiquated. If you need to refer to a static

version of a web page, you can use WebCite. So it seems to me like Internet

publishing of HTML pages is strictly superior to static publishing of articles. If

academic articles could be edited in real time, we would have fewer persistent

errors and less need for up-front peer review. Publishing online is my form of peer

review, since I can fix errors when readers point them out.

"Irrational" reasons for self-publishing

I love writing, but I dislike writing according to someone else's requirements. Writing

in an assigned way is like being an artist who's told what to paint and using what

techniques. It stops being art and becomes a chore. Perhaps one could still express

creativity within the boundaries of what's allowed, but this is at least more difficult.

Some stylistic expectations on academic writing are useful, like making sure your

core thesis is clearly articulated and your evidence is well organized. But some other

expectations are annoying, like omitting many of the things that humanize writing:

informal language, speculation, anecdotes, and jokes. Of course, some academic

journals are more lenient than others.

One of the biggest inhibitors against my submitting writing for publication is the

experience of getting a draft back and being told to make changes that I disagree

with. I'm happy to make useful revisions, but in response to most criticisms, I feel:

"Yeah, well, you know, that's just like your opinion, man." If I were more rational

about the situation, I wouldn't be so annoyed and would just take reviewer/editor

comments as more information to help me adopt a different approach next time. But

my irrational, "I like it better my way" impulse is also the part of my brain that

strongly motivates my writing in the first place, and it has to be kept happy.

Finally, another irrational reason that I dislike journal submissions is that it takes

forever (i.e., months) to get a response. Once I've finished writing an article, I'm

excited about it and want to share it right away. I also want to get feedback right

away so that I can make changes while the material is still fresh in my head. In

contrast, submitting to an academic journal is like being asked to keep an exciting

secret for a year. (This is less true in cases where you can put a preprint online.)

In general, academia has a lot of rules, some sensible and some not, that one has to

play within. I don't like following someone else's rules. I want to do things the way I

think is best and most fun.

A steelmanned case for formal publishing

The best argument in favor of submitting articles to journals would probably go

something like this: "Yes, it's true you want to cover a lot of intellectual ground,

because very few people in the world have yet explored systematically what follows

from taking antispeciesist negative-utilitarian ethics seriously. But you don't have to

cover all that ground yourself. You should instead focus on building a community of

people who will further explore the kinds of issues that you write about, such as

wild-invertebrate suffering. By creating an academic field around these ideas, you'll

allow more people to follow in your footsteps."

This is a decent argument, but I think it applies more strongly to general movement-

building around suffering-reduction research, such as what the Foundational

Research Institute does, than specifically to academic publishing.

Many of the topics I write about aren't amenable to being published in journals

anyway, at least not top journals. This is sometimes because the topics are too

speculative and sometimes because they're too weird and interdisciplinary (e.g.,

how does cattle grazing affect aggregate invertebrate suffering?). Academic

philosophy often discourages articles that are too empirical, while ecology journals

are unlikely to accept articles with a normative angle (especially an anti-

conservation angle!).

In any event, I'm open to the possibility of formal publishing in the future in cases

where it makes sense to do so. And for people who are more rational and less

emotional than I am about writing, I would encourage exploring formal publishing as

an interesting option to try out.

Why I don't plan to publish a book

Since roughly 2013, people have been asking me if I've thought about writing a book

on reducing suffering. While things could always change in the future, so far I've

been disinclined to publish a book, for several reasons.

A big reason is that I dislike the permanence of a book. When I write online, I try to

be fairly careful but not necessarily extremely careful in checking my facts, ideas,

grammar, and the like, because if there's a problem, I can just edit the piece to fix it.

In contrast, if I publish something more permanent, I feel I should spend more effort

getting everything right, but that degree of perfectionism plausibly isn't an optimal

use of resources, unless the book will be very widely read or used for a purpose

where accuracy is essential, like if it's a book of guidelines for doctors or civil

engineers. I see my writings more as first drafts, where there's always more to be

improved later. This is similar to the philosophy of "eventualism" on Wikipedia

( ).

Publishing a book once every few years is like shipping a new version of software

once every few years, with no bug patches in between. Yes, you can write errata on

your website, but how many readers of the book will look those up? I feel like book

publishing made sense in the pre-Internet era where you couldn't immediately

update writings, and you had to bundle a lot of writing together to achieve economy

of scale. I'm less convinced that this approach makes sense today.

Maybe one could argue in favor of an online e-book in which each chapter is its own

HTML page. The main difference of that approach from the way I currently write

essays is that the e-book would be a step-by-step presentation that gradually

introduces concepts in a clear manner. I think having an e-book like this could

indeed add some value as a supplement to my current series of more modular

essays, but I'm not sure how much value it would add, and I generally feel like I'd

rather just improve the original version of an article than rewrite it. Sometimes other

people rewrite my ideas to make them more accessible, and I'm grateful for that.

Fundamentally, I feel like most of my thoughts are half-baked, and I don't have a

crisp set of answers that I want to convey to readers. I'm more inclined to keep

working on unpolished drafts and inspire other people to also explore these ideas,

rather than prematurely converging on conclusions that are likely to change within

10 years anyway as the field of research on how best to reduce suffering continues

to make progress.

As far as formal book publishing, I'm emotionally averse to the idea for many of the

same reasons I'm not very excited about formally publishing academic articles. I

prefer to write the way I want to write, rather than being told to write a certain way

by an editor; for me, that sucks the fun out of the activity.

While I haven't investigated the topic in depth, I tend to assume that there should

roughly be an "efficient market" regarding publishing books versus articles, i.e., the

impact per unit of effort is probably fairly similar in the two cases. Suppose that

weren't true and that book publishing was actually much more impactful than web-

article publishing in expectation ex ante. In that case we'd expect to see more

people publish books until book publishing became more saturated. Of course, this

efficient-market hypothesis may be wrong in particular cases, especially within

niche subfields in which there are relatively few authors.

Footnotes

a. Kyle Bogosian: "In academia, you can't draw any conclusions without having extensive

research that is peer-reviewed. But in finance and capital markets, which perform

functions that are similar to charity evaluation, analysts are a lot more flexible with

their estimates, projections, etc."  (back)
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 Students who serve as Writing Associates (WAs) spend a good deal of time giving 

written feedback. Their goal in doing so is not only to help other students improve their current 

papers but to help those students become better writers in the long term. But what types of 

comments are most effective at achieving this goal? In particular, what role does positive 

feedback play? Is it possible to give too many or too few positive comments? 

 Before beginning to examine the questions of what types of feedback are most helpful, 

it's important to first look at whether written comments do actually make any difference at all. In 

fact, some studies have challenged this assumption. Arnold, for instance, conducted a study of 

tenth-grade English classes in which two groups of students were given moderate amounts of 

feedback, sometimes focusing on mechanics and sometimes on organization, while the other two 

groups were given extensive feedback on everything from grammar to "general effectiveness" 

and were made to revise their writing until their teachers found it satisfactory (12). In the end, 

the students who had been given lots of feedback and had done extensive revisions showed no 

more improvement than those who had been given moderate amounts of feedback (14).  

 Fortunately, other studies have come to different conclusions. Underwood, for instance, 

examined the progress made by students in a high-school English class over the course of 

completing a number of different writing assignments (27). For the first paper, the teacher 

adopted a "conventional" commenting style that involved writing both marginal and end notes on 

grammatical and content-based issues (29). The teacher did not request that students make 

revisions (29). On the second paper, the number of students who had improved on grammar and 
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content was roughly equal to the number that had done worse—hence, the grading of the first 

paper appeared to have made little lasting impact (32). In marking up the second paper, however, 

the teacher used a different approach—this time giving only end comments and asking the 

students to revise (29). Between the second and third papers, all but one of the students in the 

class showed improvement on content (32). From this Underwood concludes that comments can 

make a difference, especially when they are coupled with a requirement for revision.  

 Interestingly, Underwood also found a negative correlation between marginal comments 

and quality of content revision: that is, when the instructor included micro-level comments in the 

margins, fewer students improved the content of their papers through revision than when the 

instructor only included comments at the end (40). Underwood's results are consistent with the 

more theoretical concerns that have been raised by other authors. For instance, Sommers notes 

that teachers too often make suggestions for both structural changes and micro-level changes at 

the same time in a given paragraph of a student work (151). The "remarkable contradiction of 

developing a paragraph after editing the sentences in it" leaves students confused about the 

relative importance of micro- and macro-level changes. Moreover, when the teacher lists the 

mechanical issues to be fixed, students see their writing as a series of small pieces, not a unified 

whole. In that case, "all they need to do is patch and polish their writing," and in the process, 

larger concerns get ignored (Sommers 151). 

 The Swarthmore College WA Handbook reinforces Sommers's point with the adage, "the 

more you say the less you convey" (12). Talking too much about grammar in a paper that also 

needs major structural changes can overwhelm the WAee; in addition, since micro-level changes 

are the easiest to make, the WAee may focus on them and ignore the paper's most important 

issues (WA Handbook 12). Along the same lines, Diederich suggests that teachers limit 
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themselves to one suggestion for improvement on each student paper (59). The conventional 

method of dealing with errors—"drowning them in red ink"—has shown practically no benefits, 

while the potential costs—"mak[ing] the majority of students hate and fear writing"—are 

considerable (Diederich 58). 

 The lesson of the above studies is that teachers must think carefully about the types of 

feedback that they write on student papers. But apart from avoiding an inordinate emphasis on 

mechanical issues, what can teachers do to make their comments more effective? One thing, 

suggests Kehl, is for teachers to spend more time writing high-quality comments that meet the 

same sort of standards—organization, use of detail, concreteness—that are required of student 

papers (974). Short phrases like "awk" and "inadequate topic development" are often too 

vague—and sometimes even undecipherable—to help students make changes (974). Beyond this, 

Kehl urges, teachers must also make an effort to "be human" in their written interactions with 

students (976). This means showing respect for the writer's individual growth (976). As poet 

William Stafford put it, "A student's writing should be welcomed and responded to—not 

necessarily praised greatly, and certainly not attacked for inadequacy:—just as we talk best when 

in congenial company, so we write best when met with response […]" (qtd. in Kehl 976). 

 Part of showing respect for student writing is finding a way to express comments—

including criticisms—in a nonjudgmental way. Boise State University's Writing Center 

guidebook recommends that tutors use "I" statements. For instance, instead of writing "This 

sentence is confusing," tutors could write "I don't understand what you're trying to say in this 

sentence." Along the same lines, Lamberg suggests that tutors can write down the feelings and 

thoughts they experience as readers going through the text (65). He gives the following example 

of a response that a tutor could give to a problem with thesis development: "After I read your 
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first paragraph, I expected you to be arguing in favor of more rights for students. But then your 

second paragraph starts out with how immature students are and the third paragraph goes on with 

that idea. I was confused about your thesis" (65-66). 

 Related to, though separate from, the issue of nonjudgmental criticism is positive 

feedback. This is a chance for teachers and tutors to give the student an unqualified statement of 

support. The Boise State University guidebook recommends devoting at least an entire full 

sentence to explaining a genuinely praiseworthy feature of the student's paper ("Notes"). This 

should be done, the guidebook advises, without "undercutting" remarks, e.g., "This is a good 

paper, but …" ("Notes"). 

 How much do teachers make use of positive feedback? Quite a lot, reports Smith. Her 

study, "The Genre of the End Comment: Conventions in Teacher Responses to Student Writing," 

analyzed end comments on first-year rhetoric and composition papers at Penn State, as well as a 

number of other papers from universities across the country (251-52). Smith found that 83 

percent of all evaluations of student papers as a whole were positive ones (254). Furthermore, 88 

percent of end comments started with a positive statement (261). This may reflect teachers' 

desire to avoid discouraging students by conveying an impression of "global failure" on an 

assignment (253). Teachers may also want to show students that their purpose in reading papers 

is not only to look for criticisms but also to highlight things students do well (261). 

 Unfortunately, Smith points out, this impulse may lead some teachers to write artificially 

positive statements. Afraid to stray from the "ritual opening" pattern for comments, these 

teachers may give "insincere or exaggerated praise in order to fulfill expectations" about how an 

end comment should be written (261-62). When this happens, "teachers' credibility and the 

effectiveness of the end comment may suffer" (254) because students will assume that the 
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teacher's remarks "take highly standardized forms" that are not worth reading (262). 

Furthermore, a student who does poorly on an assignment will often assume that the teacher's 

positive introductory statement is only there to make him feel better, while the "real reason for 

the grade" lies in the criticism portion of the comment (262). 

 Teachers can avoid diluting the effect of their positive comments, Smith recommends, by 

expanding the scope of what they talk about (262). For instance, a teacher might explain why a 

particular passage affected her as a reader. Alternatively, a teacher could give an example of a 

technique that the student used well and urge the student to apply the same principle to a section 

that wasn't done so well—thereby adding an instructive purpose to a positive statement. In 

addition, teachers could disperse their positive comments throughout their criticisms and 

suggestions for revision. That way, students would be less likely to ignore the positive comments 

as something the teacher included at the beginning out of habit or convention (262). Other 

literature on positive feedback offers similar suggestions. For instance, the Boise State 

University guidebook recommends that Writing Assistants avoid overly general statements—

e.g., "Great paper!"—and instead point out specific parts of the piece that were well done 

("Notes"). 

 While most teachers do give positive feedback, sometimes even in situations where it 

sounds forced or artificial, the question remains: Are positive comments even necessary? Do 

students need to be assured that they are doing a good job, or can they just be told where they 

need to improve? One evaluation of the response practices of two high-school teachers found it 

"crucial that we praise students' writing" in cases where students have actually done a 

commendable job (Bardine, Bardine, and Deegan 101). Molly Schmitz Bardine, one of the two 

teachers studied, noted that she always takes the time to find something genuinely positive to say 
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about every paper—even if that means praising a single example or sentence (Bardine, Bardine, 

and Deegan 97). Elizabeth Deegan, the other teacher in the study, explained that students want to 

know when they have done a good job (Bardine, Bardine, and Deegan 100). Especially for 

students who doubt their own writing abilities, giving "positive feedback on every paper is 

important, not only for their writing development, but also for their self-esteem" (Bardine, 

Bardine, and Deegan 101). 

 Also writing in support of positive comments, Diederich describes the responding style of 

one of his professors at Harvard (58). Instead of writing negative notes on student papers, the 

professor would merely point out one or two things that each paper did well. "The space between 

these high points in our papers was filled with the usual student bilge, which he never honored 

with a comment." Sometimes the professor would reward excellent writing further, by reading 

examples of it in front of the class. This type of reinforcement was effective because it motivated 

students to write well on their own. "I believe that a student knows when he has handed in 

something above his usual standard," Diederich explains. "[H]e waits hungrily for a brief 

comment in the margin to show him that the teacher is aware of it, too. To my mind, these are 

the only comments that ever do any student any good" (58). 

 Zak reached a similar conclusion after conducting a study with two sections of her 

Introduction to the Writing Process course at SUNY/Stony Brook (41). The course, which was 

mainly for students who had received low scores on the English placement test, taught basic 

composition skills (52-53). Zak divided her students into two groups: one to receive "normal" 

feedback (a combination of positive comments, questions, and suggestions for changes) and one 

to receive only positive comments (42). Zak found that the students in the latter group were very 

receptive to her commenting style (46). As one student wrote, "I like these comments because 
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they help me feel more comfortable with my composition. I wish my teacher can give me more 

comments. […] I appreciate these comments" (46). 

 What's more, Zak found, giving only positive feedback did not come at the cost reduced 

achievement. In both groups, students showed significant improvement between the beginning 

and end of the semester in the length, amount of detail, strength of descriptions, and overall 

quality of their papers (51). This was in spite of the fact that, for the positive-only students, Zak 

offered no suggestions (e.g., "Try to be more specific") or criticisms (e.g., "I don't understand 

what you mean") (42). One possible explanation for this trend was that the positive-only students 

were often more motivated to make revisions on their own (40). For instance, one student wrote 

the following response to Zak's approach: "Receiving positive feedback made me think that my 

writing was very, very good and it made me try to do better everytime. In fact, it made me have a 

competition towards myself. I wouldn't hand in anything that I didn't think was good enough" 

(46). 

 This last quotation, while optimistic, raises an important concern. If students who receive 

a lot of positive feedback believe that their writing is "very, very good," aren't their teachers 

being dishonest? As Zak questioned of herself at one point during the semester, "aren't I giving a 

false impression that the paper is good, and […] being patronizing?" (49). While Zak found that 

these concerns did not materialize, her results were based on a single basic-writing class at a 

large university. It's not clear whether the same would be true of most students at Swarthmore. 

Positive feedback may be valuable for basic writers who need to build confidence in their ability 

and need to be motivated to work hard on their assignments. But is it still valuable for students 

who feel confident in their abilities and are already motivated to do a good job? In addition, even 

if positive comments from teachers do help to motivate student improvement, as Diederich and 
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Zak found, is the same true of positive comments from WAs? Do students try to write their drafts 

well in order to get praise from WAs? Or do students mainly care about the judgments of their 

professors and come to WAs only with the purpose of getting suggestions for revision? These 

topics have not been fully addressed by the literature on positive feedback; our survey of 

Swarthmore students will aim to provide some initial answers to these questions. 
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Summary

This page discusses my personal enjoyment of writing research papers. I often

worry that my own direct research may be less optimal than outreach or supervising

others to do research, but one can also make the argument that I'm more productive

doing what I enjoy most.
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Research as a career
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Inspiration by Ralph Nader

In Nov. 2000, I heard a lecture by Ralph Nader at a local college.a Nader's speech

reoriented my life's priorities, away from selfish enjoyment and video games, and

towards politics and activism. As I learned more about Nader, I was inspired not only

by his message but by his personal life. I read several short biographies of Nader,

which explained how he worked almost nonstop at his projects.b The following

anecdote sounds a bit harsh, but it gives some idea of what I mean:

One night a law school student who was working on a project involving

energy companies and federal lands fell asleep at his desk at 2:00 am.

Nader, who maintained erratic hours, was passing through the office.

He saw the student, shook him awake, and asked, in all earnestness,

"Do you think Mobil Oil ever goes to sleep?"

Nader never had kids (and I don't plan to either, for the same reason). This article

quotes Karen Croft, "a writer who worked for Nader in the late 1970s":

So I asked him if he had ever considered getting married. He said that

at a certain point he had to decide whether to have a family or to have

a career, that he couldn't have both. That's the kind of person he is. He

couldn't have a wife—he's up all night reading the Congressional

Record.

Nader began reading the Congressional Record as a kid: "At 14, he was carrying

home armfuls of the Congressional Record, which he read from start to finish."

In 2000-2001, I began reading Nader's books and articles, as well as material

written by many related authors.

School research reports

In spring 2001, my English teacher required the students in his class to write

research reports on topics of their choosing. I think the length requirement was

probably something like 3-5 pages(?), but I was obsessed with my topic and wrote

~16 pages. This pattern continued in high school, where most of the research

papers I wrote were 2-3 times as long as they needed to be, because I was so

obsessed with learning about my topics and including all the relevant information I

could.

In 2002, one teacher asked me near the end of school if I had summer plans. I said I

didn't, and she replied, "I'm sure you'll find something good to do." I ended up

spending part of my summer writing an independent research paper on industrial

hemp. The next summer, I wrote a research paper on recycling paper.

Hoarding reading materials

During high school, I spent almost all my waking hours on school work, but within

the few hours per week that I had left over, I mostly read about politics and activist

issues (or occasionally worked on math puzzles). My family initially had a single

shared computer, and I wasn't used to reading things on the screen, so I printed out

news articles, research reports, and sometimes (inspired by Nader), transcripts of

Congressional testimony from the US Government Publishing Office. I collected

these printed papers in a stack on the floor of my room. When I finished an article, I

moved it to a second stack. The stack of finished papers grew, but the stack of

"papers to read" grew even faster, because I couldn't stop collecting reading

materials that looked interesting. One day, an adult I knew walked into my room and

saw my stack of reading material on the floor. He said something like, "You should

consider becoming a policy analyst, given that you like to read large volumes of

information."

Eventually I stopped printing articles out and instead read things on the computer.

(This was aided when I finally got my own laptop around 2003.) Now I didn't need to

collect reading materials, but my implicit (and sometimes explicit) list of "things I'd

like to read" continues to grow unchecked even to this day. I somewhat identify with

the desires of Henry Bemis from "Time Enough at Last"; this fictional character

finds that "all the books he could ever hope for are his for the reading" and "has all

the time in the world to read them without interruption."

When I walk into a library or

bookstore, I sometimes feel an almost

sexual excitement at seeing all the

pleasure-inducing items on the

shelves. Sadly, I'm only able to

consummate the relationship with a

tiny fraction of the items.

Research as a career

My love of reading and writing

research papers continues to the present and partly explains my career trajectory as

someone who investigates altruistically important intellectual topics. I often worry

that I'm biased in my judgment that foundational research is very important to

altruism on the margin, because that's also what I most enjoy. Still, I also think it

makes sense to pursue your interests to a reasonable degree because you'll often

be more motivated and productive doing what you like to do. I think many other

career paths (especially earning to give or fundraising) can have comparable or,

probably, higher impact than altruism-relevant research for those who are more

inclined in those directions.

As of the time of writing this piece (late 2016), I find that I'm at my happiest when

I'm writing my own research articles, unfettered by stylistic or content constraints

imposed by others. I'm often viscerally excited to wake up and return to my

research, while that's less often true for other things. (Creating my own

programming projects is something else that can evoke similar enthusiasm in me.)

Part of the reason I have an erratic sleep schedule is that I sometimes get so excited

about what I'm working on that I stay up too late and thereby disrupt my rhythm.

(But doing this is often rational, since I want to milk my enthusiasm for all it's worth

while I have it.)

A friend of mine inquired in early 2016 how I was doing. He asked: "Living the

dream?" I replied: "Yep!" This is true, because I can't think of something I'd rather

do with my life than what I'm doing now.

I sympathize with Luke Muehlhauser: "When doing research I very easily get into a

flow state". Luke adds: "I basically never get into a flow state doing management." I

actually can enjoy managing and administrivia, although I'm less likely to become

obsessed with it than with research. I enjoy management tasks more when I'm in a

more social mood and less when I'm in a more introverted mood.

Communicating with other people generally involves shorter attention spans, so I try

to save it up for times when I'm less in the mood for extended focus. For the same

reason, I don't enjoy instant-messaging chats, since there's usually a delay in

getting a reply, which means I either wait for the reply and waste time or switch to

something else for a few seconds and accomplish very little of that other task. I find

context-switching and multitasking unpleasant, because they interfere with the kind

of absorbed focus that I feel is necessary to produce a high-quality output product.

Footnotes

a. The lecture was similar to this one. I now disagree with Nader on several policy issues,

but I still find him inspiring and extremely smart.  (back)

b. I may have had Nader-level assiduity in high school, but I eventually learned that

moderation is better for the long term. I now think it's generally unwise to adopt

extreme lifestyles.  (back)
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Less Confident Tutees May Benefit from More Direct

Tutors

By Brian Tomasik

7 November 2006

This is an essay I wrote for a college course. I don't remember what the

bibliographic information was for the cited articles, but you might be able to track

down the cited articles by Googling phrases from them that I quoted.

Most writing centers, including our own at Swarthmore College, have the explicit

goal of, as Stephen North has said, "produc[ing] better writers, not better writing"

(Wingate 9). Tutoring sessions, notes Carol Severino, should emphasize "the play of

the process" over "the efficiency of producing a product" (Cogie 39). As a result,

tutors often feel the need to avoid giving students answers and to instead force

them to figure things out on their own. This positive impulse can be taken to an

extreme, however; as Alice Gillam, Susan Callaway, and Katherine Wikoff observe,

"tutors frequently evaluate their tutoring effectiveness in terms of their use of

authority" (Cogie 38). Arguing against the simplistic notion that directiveness is

always bad and nondirectiveness is always good, Cogie and Latterell present cases

in which dogmatic efforts to be nondirective could become counterproductive.

Instead, they argue, tutors should strike a balance between directiveness and

nondirectiveness that depends on the type of work being done—whether the tutor

brings up specific, content-based points or broader thought-based questions—and

on the background and motivation of the tutee. I argue, on the basis of both

evidence from the texts and personal experience, that a third factor is also highly

relevant to the directive-nondirective balance: namely, the level of confidence of the

tutee. When the tutee is comfortable and certain of his own ability, nondirective

styles can be very effective; however, in cases where the tutee is shy, nervous, or

diffident, tutors should temper their nondirectiveness with techniques to affirm the

tutee's abilities.

Before discussing the issue of confidence, I summarize the other factors that Cogie

and Latterell cite as relevant to the directive-nondirective balance. Latterell

describes her experiences tutoring Carlos, a student who did not fit in to the

traditional academic setting and was therefore unable to make his work his own

(113). In this case, attempting to center the dialogue around Carlos's needs and to

empower Carlos to be the, as Jeff Brooks expressed, "the only active agent" in the

discussion (Latterell 111) proved ineffective, inasmuch as Carlos remained

disengaged and unmotivated. After trying for over a year to effectuate her idealized

notion of student empowerment, Latterell realized that her usual approach was not

working (107). Cogie presents a different example, one in which the tutor, Ken,

struggled to balance directiveness and nondirectiveness in helping his tutee,

Janelle, come up with some basic ideas that she needed to move along her paper

(Cogie 44-45). Cogie argues that since Janelle lacked much of Ken's "situated

knowledge of academic research" (42), Ken might have been more successful if he

had directly told Janelle what she needed to do. As Susan Blau, John Hall, and Tracy

Strauss observe, there are "too many examples of tutors dancing around a direct

question, when they already knew the answer […]. Generally speaking, a directive

approach seems better suited for content, nondirective for process" (Cogie 45).

This perspective is reflected in the conventional wisdom that discussion of

grammatical and other micro-level issues is best done explicitly, while the process

of developing and organizing ideas, such as in a pre-writing conference, can greatly

benefit from nondirectiveness.

A third issue that determines the best mix of directiveness and nondirectiveness,

however, is the degree of confidence of the tutee. In cases where the tutee is self-

assured and comfortable, a nondirective approach can often help her to flourish.

One example of this was my eighth-grade Earth Science class, taught by Mr. X. For

the most part, students in Mr. X's class were confident of their abilities. Earth

Science was an advanced course in which only a fraction of the eighth-grade class

was enrolled, and all of the students in the class were also taking advanced math.

Mr. X knew that his students were "used to getting all As," so he felt that he could

challenge them without making them feel stupid. "If you want to get better at

playing ping-pong, you don't do so by playing with your little sister—unless she's

really good," he would say. "Instead, you do so by playing with someone better than

you." As a result, Mr. X asked us tough questions all the time—during lectures, on

homework and labs, and (especially) on tests. He gave us just enough factual

information for us to solve the problems and then set us to the task of figuring out

the rest. During one lecture in particular, Mr. X spent a full 45 minutes helping the

class to answer the question of how to determine the volume of a rock by measuring

the decrease in its weight when submerged in water. He could have told us the

answer in two minutes, but he recognized the value in "teaching us to think" and to

solve problems on our own. When the class finally did discover the answer, we felt

excited and (to use Latterell's word) empowered. As my eighth-grade year

progressed, I felt increasingly confident about coming up with my own answers to

puzzles and problems, in large part because Mr. X's class had taught me the

process of doing so.

Such a strongly nondirective style may not work so well in cases where the tutee

lacks self-confidence. For instance, when I recently tried to teach a friend about

Bayes' Theorem (an elementary but powerful rule in probability), I started off with a

completely nondirective approach. I asked her open-ended questions about what it

meant to talk about the probability that two events happened together, in the hope

that she would come to an intuitive understanding of the theorem by herself. I have

no doubt that she could have done it had she persisted, but because she thought

she wasn't smart enough to understand such things, she said, "Just tell me the

answer; I won't be able to figure it out." I realized that continuing with my Socratic

approach would have been counterproductive, because her failure to immediately

see the answer would have just reinforced her lack of self-confidence. So instead, I

gave her a more structured walkthrough of the theorem, leaving some particularly

easy parts for her to solve. For instance, I asked, "If A will happen ten times as often

as not-A, what is the probability of not-A?" My friend was able to answer this

question on her own, and I think doing so gave her some confidence that the

material wasn't incomprehensible after all.

Harris reports that there are many writing tutees in my friend's position: these

"apprehensive students […] may be very likely to shut up" in tutoring sessions (26),

and as Wingate says, they may be "thrown into a tizzy when a tutor starts asking

questions about the assumptions of a project or even to have technical jargon

explained" (14). Janelle was probably such a student; at the start of her session she

explained, "I don't know [where to go with my paper]. I'm kinda stuck." Ken

responded in ways that bordered on being directive, such as giving away answers

before Janelle would have found them on her own and recapitulating the main ideas

of Janelle's paper (Cogie 41). Ken's concluding summary of Janelle's research

"provide[d] a more complete answer than did Janelle to his own earlier question on

her paper's direction" (Cogie 45). Cogie acknowledges that this is a rather directive

style, but defends it on the grounds that it "affirms the real substance" of Janelle's

research (45) and shows what a complete summary would look like (46).

I have found Ken's approach effective, not just in my friend's case, but also in the

case of Mr. Y, a high-school student whom I tutored in math. Like my friend, Mr. Y

was diffident, quiet, and often unresponsive. There were times when I asked open-

ended questions related to a problem, to see if he could work his way to the answer

on his own. But Mr. Y often just fell silent, indicating that he didn't know how to

proceed. It became clear—as in my friend's case, and perhaps Janelle's case—that

Mr. Y lacked the self-confidence to dive into a complex question on his own, so I

began to provide more concrete guidance, giving him tips along the way. I didn't

give Mr. Y all the answers—just enough so that he could wend his way to the

solution and feel good about his accomplishment. Had the tutoring continued for a

longer period of time, perhaps Mr. Y would have become more confident in his

problem-solving abilities—the way I did through Mr. X's class. At any rate, Mr. Y did

appear to grow more comfortable during our sessions together; had I dogmatically

insisted that he solve the problems through my questions alone, without offering

partial solutions to help him along, he probably would have instead grown more

apprehensive about tutoring sessions.

The proper balance between directiveness and nondirectiveness depends on a

number of factors. Latterell, for instance, relates how her nondirective approach

broke down in the case of a student who couldn't make the material his own. Cogie

mentions that content-based tutoring (on matters of grammar, conventions, and

basic "situated knowledge") is often more effective when conveyed explicitly. In

addition, I've argued that the tutee's level of confidence is also highly relevant. If

tutees are unsure of their own abilities, they will often feel uncomfortable, rather

than stimulated, when they are asked open-ended questions. In these cases, a more

directive approach—summarizing the tutee's argument in order to affirm its merit

and helping the tutee along to difficult answers—can help to improve, not

undermine, the tutee's learning. At the end of her session with Ken, Janelle said:

"Yeah. I'm not stuck anymore" (Cogie 41). This method of helping a tutee to

overcome a daunting challenge can indeed be empowering.
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Writing Essay

Brian Tomasik

I wrote this essay in spring 2006 as part of my application to become a Swarthmore College 

Writing Associate (WA). I was accepted to the program.

It was the morning of January 21, 2001. My first class of the school day was Earth 

Science, and my teacher, Richard Lasselle, had promised the class a test. As I knew very well 

from previous experience, Mr. Lasselle’s exams were extraordinarily challenging, so I was not 

surprised when the very first question on the test asked me to use two new formulas—the 

potential and kinetic energy of a particle—that I had never seen before. As I pondered over the 

problem, I thought to myself, This is a question that only Mr. Lasselle would write.

And at the time, that statement was probably true. My previous teachers had, in general, 

focused their tests and homework around recall of factual information, and as a result, I learned 

that memorizing was the best way to succeed in school. In Mr. Lasselle’s class, things were 

completely different. Instead of asking me to recapitulate old information, his questions forced 

me to apply and manipulate that information toward solving a novel problem. For example, in 

the case of the first question on the test, I had to use the fact that energy is conserved in order to 

find the velocity of the particle given the amount of potential energy it had lost. Through 

questions like these, I learned more than information: I learned how to think. Over the course of 

the school year, I became better and better at analyzing problems, using logic, and—more 

generally—figuring out how to teach myself. In the process, I came to understand what William 

Butler Yeats meant when he said, “Education is not filling a bucket, but lighting a fire.”

The same principle applies to all areas of learning, including the WA program. It is easy 

for someone to write corrections on a paper and then tell the student to make the changes. What 

is more challenging, but ultimately more useful, is to sit down and ask questions that allow the 

http://briantomasik.com/
http://www.swarthmore.edu/writing/writing-associates-program


student to figure out revisions on her own. This may not always work. For example, there may be

stylistic conventions or grammatical points that must be stated explicitly. But particularly on the 

macro level of argumentation, organization, and clarity, a WA could do a lot just by asking the 

right questions. For instance, when a student is developing his paper’s thesis, a WA might ask 

him to give a precise outline of the logical progression of his argument. I know that this approach

helps me a great deal, not only in avoiding fallacious reasoning but in figuring out exactly what it

is that I’m trying to say. This logical progression also provides a natural structure for the paper as

a whole, with each paragraph or section representing a defense of one particular step.

Thinking about writing as problem solving is a good idea in general, as it breaks the 

process into manageable pieces and contributes to clarity of thought. However, it’s especially 

important in cases like the WA program where students will not have the resource forever. So 

while WAs do perform the technical tasks of proofreading and editing, their most important 

function is to help students teach themselves. Indeed, as Mr. Lasselle demonstrated, that’s the 

purpose of an educator in any context.
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Introduction

This page describes a few assorted themes that underlie my general writing style. I

don't actually have an explicit style; rather, these are just some ideas that may run

through my head when deciding how to write an essay.
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Footnotes

My history

I think I wrote fairly normally from a young age through middle school, though I did

enjoy playing with language, in part inspired by grammar I learned in my German

class.

In high school, I began studying vocabulary words and generally reading the

dictionary as preparation for SATs and for fun. I also enjoyed the word puzzles of

Shakespeare's plays and was inspired by Ralph Nader's large vocabulary. These

factors contributed to an increasing bombast in my writing. I endeavored to employ

sesquipedalia wherever possible, even if they rendered my prose more cumbersome

to read. When writing school assignments, I reined in my grandiloquence to avoid

sounding weird, but when writing in private journals, I let loose with unusual verbal

constructions that I found satisfying.

Around the start of college, I began to change my approach somewhat. One

inspiration was George Orwell's famous "Politics and the English Language", which

includes these recommendations:

(ii) Never use a long word where a short one will do. [...]

(v) Never use a foreign phrase, a scientific word, or a jargon word if you

can think of an everyday English equivalent.

I became less concerned about making my sentences sound like 18th-century

English prose. As a result, I was also able to write faster.

Around the same time, I became somewhat less obsessive about perfect grammar

after I watched a documentary which pointed out that grammar is ultimately

arbitrary. For instance, I realized, it's not actually more clear to use "whom" instead

of "who" in the objective case; doing so it just a rule that developed and is now on

its way out.

To use big words or not?

I remain conflicted on whether to use less common vocabulary words. Some

reasons in favor of doing so:

I personally find it really enjoyable to read articles that use big words. They sort

of tickle my brain.

Doing so may signal some degree of sophistication. For instance, big words are

common in New Yorker articles and other so-called "high culture" publications.

And reasons against:

Some have told me that my prose can occasionally be hard to read due to big

words.

One man's sophistication is another man's pretentiousness.

In general, my current approach is to use big words freely, either when they seem

particularly apposite, or just to add flavor or humor to the writing. However, I don't

go out of my way to figure out how to change a sentence so that it contains bigger

words.

Prose vs code

We could compare simple words in natural-language text to the core functions of a

programming language, like addition or printing output to the terminal. These basic

words are likely to be successfully interpreted by almost anyone. Meanwhile, more

complex words in prose can be compared with programming functions defined in

external libraries: they provide powerful specific functionality, but not everyone has

these words/functions "installed" in their brains/computers yet. Sometimes you can

accomplish the same task as an external library's function using combinations of

core operations in the programming language, just like you can explain a jargon

word using combinations of simpler words.

With programming, I prefer to only use external libraries when necessary, so that the

code can run on more people's machines without requiring them to import

additional libraries. More libraries means more dependencies that could break

things or pose a security risk when they're updated in the future, or they might fail

to be maintained.

In the case of natural language, it's also true that using complex words will cause

your writing not to fully "run" in the brains of more readers, but this situation is

much less severe than in the case of programming, because often a reader can fail

to know a few words and still understand most of the text. Moreover, it's often good

to encourage readers to "install" more words in their brain for future use, which

doesn't significantly add maintenance or security complexity. The definitions of

words change slowly enough that updates to their meanings are unlikely to "break"

existing writing any time soon, although over long time periods this can be a

problem ( ).

In non-technical prose, another consideration is that repeating the same simple

words over and over can feel repetitive, and using a variety of words adds spice to

the writing. However, in contexts where precision is essential, it may be best to

reuse the same word to avoid confusion.

How much expertise to assume?

My essays tend to presume a high level of reader knowledge. Partly this is because

many of my readers are experts, and I worry about talking down to them. The other

reason is that in the age of Wikipedia, it's possible to look up details on which

readers aren't clear, and I don't find compelling the idea of reproducing introductory

information that already exists into my essays. Why should I reinvent the wheel if

Wikipedia already explained it better? Of course, this assumes that my readers have

enough motivation to look up what they don't know.

I also tend to assume a high level of philosophical sophistication, again partly

because I worry about talking down to experienced readers and partly because

explaining the basics has already been done suitably by others. For the most part, I

try to write only novel ideas—or at least material that's specific to myself. (For

instance, most of what I say in this piece has probably already been written by

someone somewhere, but it's not "standard knowledge" the way that, say, the basic

schools of ethics are.)

I also freely assume mathematical sophistication by readers and don't worry much

about including equations. On the other hand, I think it's often better to explain a

concept in words and by means of examples than using formulas because formulas

are often less scrutable in an unnecessary way.

Math envy

I suspect that some academics try to over-use Greek symbols and notation in order

to dress up their articles as more rigorous and deserving of more admiration. The

fewer people who can understand it, the more intelligent you must be, right? Other

authors probably over-use notation because they worked out the ideas in their

heads using special notation and don't realize how hard it can be for outsiders to

pick up the notation.

I really like this blog post:

math envy. Y'know, the idea that math=intelligence. This utter

foolishness leads to the simultaneous fear and awe of anyone who

throws math around, as if the presence of mere symbols and equations

demonstrates the clear superiority of the author's throbbing, bulging,...

intellect. This utter foolishness leads, therefore, to authors who feel the

need to add superfluous "mathematics" to their writings in order to

demonstrate that their... intelligence measures up that of their

colleagues.

Well, turns out, someone finally got around to doing a study on math

envy: Kimmo Ericksson (2012) "The nonsense math effect", Judgment

and Decision Making 7(6). As expected, those with less training in

mathematics tend to rate utterly irrelevant "mathematical content"

more highly than its absence. [...] Not to name names, but I've read

more than one NLP paper that throws in some worthless equation just

to try to look more worthwhile.

Against mathematical elitism

Honestly, I think a lot of mathematical ideas are quite amenable to purely verbal,

conceptual explanation. This doesn't necessarily make them less rigorous, and

people are more likely to use the ideas properly if they understand them at a

conceptual level than if they blindly manipulate symbols. Correspondingly, I think

most math is not beyond the ken of Average Joe, and if something doesn't make

sense, it's probably because the author didn't explain the idea well enough rather

than because the idea is inherently inaccessible to regular minds. Much of math is

difficult merely because it's so detailed and requires so much background

knowledge—sort of like a legal document—rather than because you need to be a

genius to comprehend it.

Consider Newtonian physics. We have a rich vocabulary to describe an object's

speed, acceleration, mass, shape, wind resistance, friction, and much more. All of

this can be done without equations. We can explain and visualize an object's

behavior at an intuitive level. There's no reason why the same can't be done for any

branch of math or physics. All the components of an equation or proof can in

principle be described in conceptual terms. With enough training, abstract

mathematical operations can all become as intuitive as Newtonian physics. The

main barriers are just the amount of material that needs to be learned and lack of

time/motivation to learn it.

When people say "Math is too hard", I think what's often really going on is "I'm not

interested enough in math to learn all the background material and spend a lot of

time training my brain to make mathematical theorems more intuitive."

Modularity and essay length

I try to keep my essays roughly independent of one another—with cross-linking

when necessary—because this reduces dependencies and doesn't force readers to

have read some essays before others. This is also useful because I typically write

the essays out of order.

In the past I've tended to write long essays out of convenience, but I now think

shorter essays are probably better. One reason is that, though I'm not an expert at

search-engine optimization, I would guess that long pages don't necessarily rank

better than short pages, since if the match between a query and a web page is

measured by similarity of a normalizeda word distribution, then having more words

shouldn't generally improve the match, and indeed, having more words might

reduce the match because the page would cover more total topics. Of course, it's

possible that page length would improve the quality score assigned to a page.

The net effect of page length on ranking any given web page is unclear, but if pages

are shorter, you can have more of them, thereby increasing total page views from

search engines. Of course, what matters is how much of your content people read

rather than just how many page views there are, but assuming people usually don't

read much of a page they stumble upon, then having more page views would

increase the total number of words that people read. Plus, more page views means

exposure to more total people.

As of 2016, I try to write essays that are as focused as possible on a single issue

while still being self-contained and not requiring lots of cross-referencing to other

web pages. This approach is inspired by programming, where one is advised to

write small functions and classes.

Another benefit of shorter articles is that you don't have to worry as much about

accidentally messing stuff up when editing the article—such as accidentally deleting

parts of the article or doing a poorly designed find-and-replace on the article text—

because there's less total content in the article to mess up, so the damage if you do

mess something up is more limited.

Updates

I dislike the idea of writing essays that will become outdated. My website is a living

document that I try to update as my views change (though because of the number

of writings I have, I can't always update everything satisfactorily). It's more helpful to

readers if a single essay on a coherent topic contains the full set of my thoughts

than if I have different thoughts from different times scattered across several date-

stamped blog posts. Thus, I treat my site a lot like a wiki—a private wiki that only I

edit.

Why I don't like crossposting

People sometimes crosspost a blog post that first appeared on one site to another

site. I'm not particularly annoyed when other people do this, and I can see some

cases where it makes sense. But I personally dislike crossposting and try to avoid it.

Why?

1. The most important reason is that I update many of my writings over time, and

if I have N copies of the same article in different places, I need to update all N

copies. This is one of the reasons programmers avoid duplicating code. If

you're lazy and don't update all versions, then people may read the out-of-date

version. (See the next section on "Single source of truth".) This is also why I

don't like uploading papers to sites like academia.edu, although published

academic papers are, sadly, less likely to be updated over time, making the

problem less severe in that case.

2. Crossposting feels somewhat spammy, because if you want people to read

your post, you should just link to it, not copy over the whole text. Crossposting

also may unfairly give you an advantage on Google because now if either one

of the two copies of your article ranks high for a query, you get clicks. On the

flip side, search engines might penalize you for duplicate content. Using

"canonical links" could help with this, but most informal, copy-and-paste

instances of crossposting that people do probably don't make use of this

possibility.

As an alternative to crossposting, what about publishing directly on someone else's

website and not on your own site? I don't like this option either because I have

complete control over my own site, including making sure that it stays online,

making sure that formatting doesn't get messed up by style updates, avoiding

broken links by creating redirects when necessary, and making sure the site is

backed up. If I also have content on other people's sites, I need to worry about

those things for those other sites too. (Several sites where I've posted content in the

past have gone offline or had their formatting messed up.)

It's also nice to have all my main published content on just one or a small number of

websites for reasons like the following. Imagine that one day you realize you've been

using a technical term incorrectly throughout your writings. Or maybe you've been

using some part of HTML syntax wrong. You want to go through your articles and

correct the mistakes. If your articles are all on one or two sites, you can download

those sites, grep through them, find the places where revisions are required, and

then make those revisions. If you have your content on more total sites, you have to

download and grep through more different things, and to make the fixes, you have to

log in to more different website accounts. Or maybe someone else posted the

article for you on their blog, in which case you'd have to pester that person to make

the edit on your behalf. Maybe the person who originally posted the content 5 years

ago has now moved on to another phase of life and is hard to get in contact with.

And so on. All these issues are ameliorated by concentrating the content you care

about in a small number of places that you fully control.

What do I recommend instead of crossposting? Reddit. Have a forum where it's ok

to just share links to an article without copying over the full article text, but where

you can still have high-quality, lengthy, Google-indexed comment threads with

upvoting/downvoting. Reddit also allows for custom posts on a subreddit in case

there's no original article to link to, or in case the OP wants to comment on the

article rather than just linking to it.

Single source of truth

In a situation where data (HTML files, images, PDF files, etc.) can constantly be

updated, it's important to have a "single source of truth" that stores the definitive,

latest version of your content. For this reason, I try to keep my website clean, such

as by deleting images that I no longer use and setting up redirects whenever a page

moves. If you keep old files lying around, you may forget whether they're supposed

to be there for some reason, and you risk one day accidentally linking to an old copy

of, say, a PDF file rather than to the latest version. Therefore, I recommend to keep

only the latest version of the file on your website.

Of course, it's good to retain old copies of files for version control and redundant

backups. In fact, duplicating content many times over makes it more secure against

data loss and data corruption. However, this should be done somewhere other than

on your live site (such as in a "backups" folder in your personal files). Your backups

can be duplicative and messy because you won't confuse them for being the "live",

latest versions of your website files.

I try to use the same practice of cleaning out old content for my personal files as

well. Here's an example of why this is valuable. In the past I created a todo-list file

(call it file1.txt), and later, I carelessly created a copy of the file and modified it

(call it file2.txt) while leaving the old version lying around. Many years later, when I

was reviewing these files, I didn't know if there was anything in file1.txt that I still

wanted, or whether I only needed file2.txt. As a result, I had to spend a good deal

of time reviewing and comparing the two files. If I had instead deleted file1.txt

after I knew I was done with it, I would have saved myself this trouble. The general

principle is to organize and annotate your data (including deleting it if it's no longer

needed, or moving it to a folder explicitly marked for archiving of old material) while

you have fresh in your head information about what should be done with it, rather

than needing to figure that out over again at some later date. Cleanliness on your

computer is not just for neat freaks—it actually has significant utilitarian value.

Repeating myself

I generally aim to avoid repeating myself in my online writings. For instance, I try to

use facts, quotes, or detailed arguments in only one location on my websites. The

motivation for this is that I don't want to be someone who creates a lot of content

just by repeating the same points. This comment from Bill Watterson on why he

ended Calvin and Hobbes has stuck with me:

By the end of 10 years, I'd said pretty much everything I had come

there to say.

It's always better to leave the party early. If I had rolled along with the

strip's popularity and repeated myself for another five, 10 or 20 years,

the people now "grieving" for "Calvin and Hobbes" would be wishing

me dead and cursing newspapers for running tedious, ancient strips

like mine instead of acquiring fresher, livelier talent. And I'd be agreeing

with them.

That said, I have, perhaps unfortunately, repeated myself a few times when writing

about subjects like consciousness, although my goal with writing so many different

consciousness essays was partly to drive my viewpoint home by saying it using

many different explanations.

I also repeat myself when I write pieces or make videos that are aimed for a different

audience than people who will read my detailed writings. And I often repeat myself

in comment sections of different blogs or on different Facebook threads.

Logical quotation

In 10th grade (2002), I was taught to use the American style of quotation, where

periods and commas go inside quotation marks even when they don't belong, like

"this." This style contrasts with "logical quotation", like what I did just there—

keeping the commas and periods where they logically belong. One American friend

of mine encouraged logical quotation because it made more sense even though it

wasn't standard, but I stuck to American quotation lest readers mentally penalize

me on the assumption that I didn't know the rules at all. But in 2014, I discovered

that Wikipedia uses logical quotation, so I switched to that thenceforth. Because I

haven't gone back to change the quotation style in my earlier writings, you can date

sentences I've written as before or after mid-2014 based on quotation style (in

analogy with the law of superposition in geology).

Sentence-case capitalization

Besides American-style quotation, another rule I was taught in school that I

eventually abandoned was capitalizing all major words in article titles; this is called

"title case" capitalization. I continued doing this until 2018 because I thought it was

how you were supposed to do things. However, different websites use different

styles. For example, Wikipedia articles, as well as many news sites, use so-called

"sentence case" capitalization, in which only the first word and proper nouns are

capitalized. I think sentence case is better for several reasons, including the

following:

Sentence case is easier. When using sentence-case capitalization, you don't

have to agonize over whether a word gets capitalized based on its part of

speech, number of letters, and so on. There are websites where you can enter

a title and get the appropriate capitalization, but doing that takes extra effort.

Plus, there's a variety of different ways to capitalize the major words in a title,

which means you might accidentally switch between different methods over

time, causing inconsistency. With sentence-case capitalization, there's not

much ambiguity about which words are capitalized.

Title case loses information about which words are proper nouns.

When you're writing text with a typewriter, perhaps title case can be helpful as a

way to distinguish the title from the body of a paper. But on most websites, you can

use text styles and placement to distinguish the title, making capitalization

unnecessary.

Should "etc" have a period?

The standard abbreviation of "et cetera" is "etc." I'm usually too lazy to add italics,

so it could be written as "etc.". I used to consider it a harmless error when people

wrote "etc" without a period, but as of 2018, I've decided I generally prefer the

period-less "etc". The reason is that adding a period can make it look like you're

ending the sentence. For example, if I write "Go buy pens/paper/etc. at the store.", it

could look at first glance like the sentence is just "Go buy pens/paper/etc." In

particular, word-processing programs sometimes assume that "etc." ends a

sentence, and therefore, these programs may wrongly capitalize the following word:

"Go buy pens/paper/etc. At the store." This is less problematic for abbreviations like

"i.e." that often are immediately followed by a comma, which shows that the

sentence isn't ending.

Voice

I mostly write the way I would speak. One friend told me that my "writing is not

heavily stylised writing, but it's very pleasing to read. It's warm and comforting, like

I'm being hugged by the words as I read them." It's also easiest to write quickly with

a conversational tone.

Ambiguous pronouns

I've noticed that many of my most confusing sentences are those that use "it",

"these", and similar pronouns. The purpose of pronouns is usually to avoid using the

same word/phrase twice in a row, but doing thatb using the same word/phrase twice

in a row is better than the opposite problem of having an unclear sentence. I think

writers should probably err more on the side of clumsy but clear sentences than

elegant but vague ones.

Of course, sometimes there are ways to write a passage that avoid confusion while

still using a pronoun instead of the original word. This page gives one example of

that:

Error: When Samuel dropped the goblet onto the glass table, it broke.

(What broke? The table or the goblet?)

Correction: The goblet broke when Samuel dropped it onto the glass

table.

Drafts

When I was in school, teachers would often insist on writing a first draft and then

rewriting an essay into a final draft. I find this aggravating and stopped doing it once

it was no longer required. The problem is that I'm fatigued by the second-round

draft and don't put my full effort into it because it feels like I'm just doing the same

thing over. I wonder if multiple drafts were more

important in typewriter days before electronic word

processors made it possible to rewrite arbitrary

pieces of text without disrupting the whole essay.

Once an essay is done, I reread it twice, using the

first pass to carefully comb the words and the

second to check the overall fluency of the sentences and transitions.

Outlining and "house of cards"

When I think of a new essay I want to write, it feels like an avalanche building up in

my brain. Ideas keep accumulating and picking up steam the more I think about the

topic. I rarely explicitly write outlines of my essays, but I plan the general structure in

my head, possibly including some key sentences. I need to write down the ideas all

at once while they're fresh or else I risk forgetting some of them. A blog post I read a

while back and can't find now referred to this fragility of ideas in one's head as a

"house of cards". If you're distracted for too long, the short-term memory traces

fade, and the house collapses.

Transitions, sectioning, and pictures

Teachers in school make a big deal of transition sentences to connect paragraphs. I

find myself naturally including these in cases where they seem sensible. I often

picture transitions between paragraphs like dominos or puzzle pieces: Two

paragraphs fit together by sharing some idea at their borders.

Schools tend to emphasize essays with only raw text. This seems unfortunate,

because raw text is suboptimal for conveying ideas efficiently. Readable essays

make copious use of sections, which not only allow for quickly finding information

but also provide a built-in tl;dr for a piece, similar to self-documenting function

names in code. Wikipedia seems to understand this.

I also try to use bullets, numbering, and other text structures as much as possible

because

this distinguishes the items more clearly than using marker words in a

paragraph would, and

scaffolding beyond a mass of text in a paragraph is more helpful to skimmers.

Likewise, diagrams and pictures convey ideas more clearly and quickly than text

does. They should be used as much as is sensible, though admittedly they also

require more effort to create.

Summaries: good

Until 2007, most of the essays I wrote took the style of many philosophy papers by

jumping into the subject without any Abstract or Summary at the beginning. A

reader of my site told me s/he prefers papers with abstracts (as do most scientists).

From this point onward I began adding Summaries to most of my writings. This was

one of the best pieces of advice I've ever gotten on how to write well. I think my

essays are clearer by having a Summary at the top, and the Summary also makes it

much easier for casual readers to glean the gist of my point rather than navigating

away on the grounds that my piece was too long.

I really think that almost any writing longer than a few paragraphs should have a

Summary (except for fiction where the plot would be spoiled by doing so). Often

magazine-style articles begin with a catchy event to grab the reader's attention. I

think this isn't nice to the reader. Even these pieces should offer a Summary before

jumping into the juicy details, since there are many cases where a reader simply

lacks the time to digest the whole piece.

Conclusions: bad

Many of my essays for school were required to use the five-paragraph format:

introduction, three body paragraphs, and conclusion. I often found this annoying,

because I ended up saying basically the same things in the second half of my

introduction as in the conclusion. I didn't see any point to having both. I felt like a

five-paragraph essay was a mozzarella stick with a huge amount of bread on it:

there was just a tiny amount of substance in the three body paragraphs surrounded

by two repetitive summaries on either end.

Now that I don't have requirements on my writing, I usually omit conclusions.

Sometimes I design the last sentence or two of the essay to wrap up and repeat a

high-level idea, but I don't think this is necessary. If the reader wants a conclusion,

he can go back and reread the "Summary".

Perhaps George W. Bush would be more fond of making the same point again in a

concluding section. In 2005, he said "See, in my line of work you got to keep

repeating things over and over and over again for the truth to sink in, to kind of

catapult the propaganda."
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This is an essay I wrote for a college course. I don't remember what the

bibliographic information was for the cited articles, but you might be able to track

down the cited articles by Googling phrases from them that I quoted.

Many pedagogical issues center around the question: What is the best way to teach

a specific subject matter? In some cases, however, scholars debate a more basic

question: Is it even possible to teach a particular subject matter through traditional

instruction? The debate between process and post-process approaches to

pedagogy is one of the latter kind. While process theorists contend that there are

some basic suggestions and exercises that teachers can give students to help them

through the process of completing a written work, post-process thinkers eschew

any authoritative instruction at all—tending to focus instead on dialogue about

writing. I have found that process-oriented approaches can be successful at giving

students a foundation on which to build and at challenging students to try new

techniques. However, a purely process approach can fail to give students a sense of

authority and a feeling of relevance to their own work; for these components of

writing, a post-process, discussion-oriented pedagogy is needed.

Before discussing the merits and shortfalls of process pedagogy, it will be helpful to

give a specific definition of the way in which I will use the word. Indeed, as Breuch

points out, various authors have given the term many different meanings (106-09).

Some post-process writers have characterized the process approach as, in the

words of Erika Lindemann, "what-centered"—that is, teaching rigid, formulaic

content of the type found in introductory rhetoric textbooks (Breuch 105). On the

other hand, Lindemann reports, process pedagogy was originally intended to refer

to a "how-centered" approach, in which students do not just learn the material but

actively apply it (Breuch 106). For instance, instead of simply being told to pre-

write, write, and post-write according to certain steps, students would actually try

out those steps through reinforcing examples. When I refer to "process pedagogy"

in this paper, I mean the latter type—pedagogy in which students actively engage

with what they learn.

On the surface, the process approach seems like an effective one to take. After all,

good writers do generally seem to undertake certain specific steps in planning their

work (Flower and Hayes 66). For instance, experienced writers more than novice

writers tend to consider the audience for which they are writing, the way in which

they want to portray themselves, and the message they wish to get across (Flower

and Hayes 72). There do seem to be, then, at least some basic principles that

underlie most good writing. Perhaps the facts that Flower and Hayes present do not

capture all, or even most, of what makes a piece of writing good, but they do show

that there is at least something to the notion of a definite writing process.

Process pedagogy, then, attempts to encourage students to try out these various

habits of good writers—considering their audience, deciding upon the images they

want to convey about themselves, and so on. Of course, even if we uncritically

accept the results of Flower and Hayes, it's not clear whether the process approach

succeeds when applied pedagogically. Clearly good writers make use of the

rhetorical-problem strategies that Flower and Hayes outline, but is the reverse also

true? Does using those rhetorical-problem strategies make students good writers?

From my own experience, I think the answer is "yes," at least to a certain extent. Two

particular reasons come immediately to mind.

First of all, process-based instruction gives students a base on which to start, when

they would otherwise be paralyzed by lack of direction. For instance, at the

beginning of my first AP course in high school—tenth-grade European History—I

remember feeling unsure of what to do with the sample AP-test essay prompts that

were assigned. I had written very few essays of this type before, so I had little idea

how to begin approaching them. Fortunately, both my teacher and an

upperclassman I knew were able to give me lessons on how to organize outlines of

the material, write introductions and thesis statements, and put together

conclusions. After that, I was able to practice outlining and writing essays on my

own, and I become quite good at it. Soon, in fact, I was helping others to practice

the same skills that I had acquired through this process-pedagogical teaching style.

Perhaps some post-process thinkers would argue that AP-test essays are just

mechanical, so that learning to write such an essay is little different from learning

the rules of grammar. In either case, they might say, the process is artificially

constrained. But isn't that always the case? Don't writers for Seventeen magazine

also have to meet certain specific—though perhaps different—criteria (Flowers and

Hayes 66)? And in any event, the techniques that I developed in writing essays for

AP European History have proved useful in later situations.

The second way in which I have found process-based instruction valuable is that it

has often forced me to try new things that I wouldn't have pursued voluntarily. My

tenth-grade English teacher, for example, regularly assigned exercises in which he

required his students to try out new stylistic techniques. One of these assignments

was to write a narrative paragraph that conveyed to the reader the emotional state

of a character through actions (e.g., "Ted slowly tapped his pencil against his desk

and looked up at the clock") instead of explicit declaration (e.g., "Ted felt bored in

class"). My eleventh-grade English teacher did something similar. He asked us to

identify interesting rhetorical, organizational, and stylistic features of the essays that

we read, and then incorporate those features into our own writing pieces. In both of

these classes, I was forced to try out different approaches to writing that I wouldn't

have explored any other way. And some of them stuck with me; for instance, I used

the technique of conveying emotion through action instead of words in my college-

admissions essay.

Thus, process pedagogy has a lot to offer. But there are times when it can be taken

too far—as Lisa Ede notes—"by overzealous" teachers who have "oversimplified and

rigidified a complex process" (Breuch 107). An extreme case of this was

demonstrated in a high-school English course that a friend of mine took. For each

assignment, the teacher would create an extensive multi-page checklist of

requirements, down to details like how many sentences to include in a paragraph

and what the paper's first sentence should say. My friend abhorred writing papers

for the class; the papers into which s/he put in the most effort and interest were

those on which s/he received the worst grades (because they were the ones that

least followed the teacher's guidelines). At the end of the year, my friend decided

that the course had made him/her hate writing.

Most examples of "overzealous" process pedagogy are probably not this extreme.

Nevertheless, they do illustrate where post-process critics are coming from: In its

worst forms, "the process paradigm has reduced the writing act to a series of

codified phases that can be taught" (Breuch 97). Freire compares this to a

"banking" process, in which teachers merely deposit information onto passive

students, who "patiently receive, memorize, and repeat" it (Breuch 119). While this

is clearly not all that went on during my own interactions with process pedagogy

(since my teachers emphasized actively practicing the writing techniques that they

taught), Freire's analogy does point out that there is something missing from a

purely process-based approach.

What was missing, many post-process thinkers argue, was a chance to become

involved with the material in a give-and-take fashion, to treat "writing [as] an activity

—an interaction with others" (Breuch 113), and to engage in what Irene Ward calls

"functional dialogism" about writing (Breuch 103). Among post-process thinkers,

there is much debate about how such ideas can be put into practice—and indeed,

whether a "post-process pedagogy" is possible at all (Breuch 97-98). I see two

principal ways in which post-process thought can be incorporated alongside

existing process-based instruction. The first is for post-process scholarship to be

taken "in spirit," as something that guides the ideals of a teacher's activities and

assignments. Presumably my friend's English teacher would not have been so intent

on imposing onerous paper requirements if she had recognized that writing is not a

thing to be mastered (Breuch 105)—particularly not by following rigid rules. The

second method for realizing post-process pedagogy is through what Breuch calls

"mentoring"—the act of "spending time and energy in our interactions with students

—listening to them, discussing ideas with them, letting them make mistakes, and

pointing them in the right direction" (120). Breuch further points out that "Writing

centers provide a concrete context for post-process theory because one-to-one

interactions are the primary practice of writing center tutors" (120).

One-to-one dialogue offers some of the elements of learning that are missing from

purely process-oriented instruction. For one thing, when students take part in a

dialogue, they can stand on equal footing with their colleagues or their writing tutor.

In a traditional lesson, by contrast, students may feel as though they are not in a

position to challenge the material being taught, because it comes from a figure of

authority. Even teachers who "seek the same collegial tone as [peers or] tutors"

may be perceived as superiors because of the existing power structure of academia

and because, at the end of the day, they control student grades (Harris 35-36).

A second advantage of a one-on-one style is that students can receive help specific

to their own papers and to themselves. During an ordinary lesson, some students

may already be familiar with the material taught, while others may fail to see its

importance. But in a discussion that the student himself controls, the student learns

and grapples with issues of direct relevance to his paper and to his writing in

general. After many of my own one-on-one conversations with peers—whether

about writing or ethics or physics—I have come away with a sense of "Okay, I see

that now. I had always wondered about that point, but I had never seen my thought

on the topic addressed before." It is in cases like these—when individuals have

questions and ideas outside the scope of even the best lectures and practice

exercises—that dialogue becomes an essential pedagogical supplement.

From my own experience, the process approach to teaching can be beneficial for

student writers. Not only does it give them a starting point from which to practice

and refine their skills, but it also introduces them to new models and techniques that

they wouldn't encounter on their own. However, process pedagogy can be taken too

far and made too restrictive, with baleful consequences for student motivation.

Moreover, even the best process instruction can fail to give students feelings of

authority and a sense that their learning is relevant directly to them; for this, a

discussion-based and tutor-based post-process approach is also needed. But as

Harris notes, "Writing centers do not and should not repeat the classroom

experience […]. Instead, writing centers provide another, very crucial aspect of what

writers need—tutorial interaction" (27). The question, then, is not whether process

pedagogy is right or post-process pedagogy is right; both are right in the sense that

each contributes something valuable that the other cannot.
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Introduction

"Essays on Reducing Suffering" (reducing-suffering.org) is a collection of thoughts

on philosophy and altruism, written from a suffering-focused perspective. Articles,

pictures, code, and other materials that are less directly related to reducing

suffering are collected on briantomasik.com .

The rest of this current article discusses some frequently asked questions about my

websites themselves, rather than about the content of my writings.
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Contact me

A contact form can be found here.

Article updates

My views on various topics change regularly, in both large and small ways. I try to

update my articles with new information and changed views to the extent I have

time, but given how many articles I have and how much my views change, keeping

everything up-to-date would be a both Herculean and Sisyphean task. In addition,

it's somewhat interesting to have different parts of my website written by different

versions of myself, and it's not obvious that my current views are always better than

my past ones. (Indeed, sometimes I revert back to views I held previously.)

When I make non-negligible revisions to an article (such as changing a whole

paragraph rather than just fixing some typos), I change the "Last nontrivial update"

date at the top of the article. This date only means that I've made some edit or other

to the article. Sadly, it doesn't mean that I've reread the entire article to make sure

the information is all up-to-date as of that date, since that would take way too much

time. So recently updated pieces often still contain some outdated information.

Website comments

Perhaps unfortunately, I don't enable comments on my sites. The main reason why

might seem a bit silly, but it makes sense to me: I don't have time to reply to all the

comments I would get if I enabled commenting, and I would feel bad about that. It

feels to me a bit "rude" to invite people to give comments and then fail to reply to

them. (I already sometimes fail to reply to private messages that people send me,

and I feel bad about that too. :) )

The other benefit of not having comments is that it allows my site to be much

simpler from a technical perspective. I can just serve simple HTML pages, with no

need for a database, nor integration with a third-party commenting system like

Disqus.

If you can't leave comments on the website, what can you do? Some options:

If you have a lot of points to make, I think the best solution is to write your own

blog post replying to mine. If you want, I can probably link to your post from the

article of mine that you're critiquing. Writing your own top-level post will

arguably get your opinions and your online brand more traffic than if they were

buried within a long comment thread.

Even if you only have one or two critiques to make, if you already have an

existing blog post on roughly the same topic, you could add your critiques to

that blog post of yours. Then you can point me to your blog post.

Look for an existing discussion of my article on Reddit, Facebook, or

elsewhere, and leave comments there. Or create a new discussion on those

platforms.

Write me a private message. If I have time, I might (with your permission)

incorporate your critique into my article, although I may be too busy/lazy to get

around to doing that.

Site search

I don't have a box for searching this site because I want to minimize the site's

technical complexity and because you can easily do your own site search using a

search engine. On Google, Bing, DuckDuckGo, and perhaps other search engines,

you can find results specifically on the domain reducing-suffering.org with a search

like this:

cattle grazing site:reducing-suffering.org

Here's a screenshot of this search on Google:

The site: operator is just one of many tools for advanced searches (

). As an example, another operator is intitle: . To find pages on

briantomasik.com of which the title contains the word "writing", you could do this

search:

intitle:writing site:briantomasik.com

It's possible that a few pages on my sites may not be in Google's index and

therefore wouldn't be returned by a search, but I'd guess that something like ~99%

of my pages are indexed.

Citation tooltips

Citations on my sites created during or after 2019 show a box of bibliographic

information when you hover over them. Because you have to hover over the citation

to see the tooltip box, this feature works best on a desktop computer where you can

use a mouse, but it may work on mobile too if you tap and hold your finger on the

hyperlink rather than just clicking the hyperlink. The tooltip goes away when the

mouse isn't on the citation, so if you want to copy information from the tooltip box

rather than just reading it, you can view the source HTML of the page, search for the

citation, and look at the data-tooltip="" attribute. For more discussion, see the

"Citation tooltips" section of .

RSS

I don't currently have RSS for these websites, mainly so that I have one less thing to

think about and keep updated. Even if I did have RSS enabled, I wouldn't put very

many pieces into the feed. Most of my work on my websites these days consists in

additions and revisions to existing articles, and most of the new pages that I upload

are half-baked or niche content that I expect most of my readers wouldn't find very

interesting. The few articles that I think are actually high-quality I post to Facebook

and Twitter, so if you're on those platforms, you can subscribe to those pages.

Most of my content is relatively timeless, so I imagine that a reasonable way to read

my new content is to come back every few years and see if there are articles you

don't remember from before. Or if you're reviewing an old page, you might stumble

on some new sections in it. This is similar to how I revisit Wikipedia articles: when

I'm looking something up, I may notice new information that I didn't see before.

That said, if you really want to try and find new stuff, one way can be to search the

site for the current year, or the current year and month. For example, if the current

year is 2019 and the current month is July, you could search things like this:

2019 site:briantomasik.com

or

"2019 Jul" site:reducing-suffering.org

Usually this will match words in the date line at the top of the article.

Submitting translations

I welcome translations of the articles on my websites. I prefer translations in HTML

format if possible, for reasons explained in the "PDF vs. HTML" section of 

. However, I can also take PDFs or other formats. You can

download the HTML of the English article and translate that HTML file, preserving all

the HTML tags, so that I can copy-paste your translation onto my site. You can

alternatively put the translation on your website if you prefer. If one of my articles

already has translations that I know about, they'll be listed under the "Summary"

paragraph(s), before the table of contents.

A few previous translations of my articles that were hosted on other people's

websites have since gone offline. In contrast, I plan to keep my websites online

indefinitely. So there may be a longevity argument for putting the translation on my

site, depending on how likely you think you are to maintain your own site for the long

term. On the other hand, if your entire site is in your language, it may be easier for

readers to encounter the article there, rather than looking for it on my mostly-

English website. Hosting it on your own site also allows you to edit the translation

more easily.

Colored boxes

In 2019 I began using colored boxes to distinguish particular kinds of things in my

articles. Readers don't necessarily need to know what a given color means, since

the main point is just to distinguish a section of text as different from regular text.

However, for the curious, I've listed below the different kinds of colored boxes I have

in my CSS:

a blockquote

an informational notice

a box below the "Summary" section, for listing translations or other formats of

the article

a box for an example or definition

Q: an interview question

an in-article footnote

dialogue, such as in a movie script

No site ads

In 2006, when I first created the site that became "Essays on Reducing Suffering", I

contemplated the idea of including ads in order to generate some revenue that I

could donate. However, I leaned against it. Looking back, I now think it's obvious

that adding ads would have been a bad decision.

The income from ads is generally minuscule, but ads cause a huge reduction in the

perceived quality of a website, especially a non-famous one. Readers may associate

ad-filled websites with spam and content farms, and ads may make it look like the

site's primary aim is to bring in money rather than to provide information.

Plus, insofar as many of my readers are altruistic themselves, I don't want them to

waste their money buying products after seeing ads on my site. Increasingly, there's

also a risk of malvertising.

What year to use when citing my articles?

Besides bare hyperlinks, the citation method I most often see people use is the

name-year format, which looks like this: "Smith (1988) says blah." The year used is

the year of publication. However, what should one do for articles like many of mine

that are edited over the years? A similar question applies for citing Wikipedia using

the name-year format, since Wikipedia articles are also often edited continuously.

My articles have a "First published" date and a "Last nontrivial update" date. When

academics cite my articles, I see some of them using the former and some using the

latter as the year of publication in citations. If one has to choose between these

options, I think the "First published" date makes slightly more sense because

Often, though not always, most of the material was written around the time of

the "First published" date, and later revisions may have been relatively small.

The "First published" date remains fixed (unless the entire article gets split up

or merged or something), while the "Last nontrivial update" date will tend to

keep changing. Using the "Last nontrivial update" date, one scholar's "Tomasik

(2015)" citation in an article the scholar publishes in, say, 2016 might refer to

the same article of mine as another scholar's "Tomasik (2017)" citation in an

article that scholar publishes in, say, 2018.

Rather than using only the "First published" or "Last nontrivial update" date, I think

it makes more sense to use both, like "Tomasik (2015-2017)". This is what I try to do

when citing other people's articles that extend over multiple years. I don't know if

this approach is allowed in formal publications.

However, even this method is still vulnerable to the problem that the "Last nontrivial

update" year keeps changing over time. For that reason, for my own articles and

Wikipedia articles, which may keep updating indefinitely, I dispense with a year

altogether and cite them with the article title (possibly abbreviated) in place of the

year, like:

Wikipedia ("Johann Sebastian Bach") says blah.

Another reason to do this is that across all my web pages, if I cited by year, there

would be many different citations that would all look like "Wikipedia (2010)" or

"Tomasik (2013)". Using a partial or full title instead of a year makes the citation

more unique.

This whole situation feels messy, and there's no perfect solution. I think the name-

year method is pretty elegant for regular academic papers, where the year of

publication is fixed and a single author is unlikely to have huge numbers of articles

all with the same year. When those assumptions don't hold, it stops working very

well.

Explaining the username for my YouTube channel

My YouTube channel's url is https://www.youtube.com/user/Prioritarian/ . When I

first created a YouTube account, I never expected to upload my own videos, so I

didn't put too much thought into the username. While I'm sympathetic to

prioritarianism, I don't think I technically subscribe to it based on what little I know

about it; I think my view is closer to regular negative utilitarianism. I care much more

about extreme suffering than mild suffering, and this concern for the worst off

seemed similar enough to prioritarianism that I just decided to go for that name

rather than picking a moniker that would be more precise.

I think prioritarianism typically decides who is worst off based on the total of an

individual's wellbeing over a whole lifetime. In contrast, my view would be to

consider each moment of hedonic experience separately, both within and across

lives. For example, a person who lives 80 extremely pleasant years and endures just

5 seconds of torture would be judged as pretty well off when considering the whole

lifetime in aggregate. However, I think those 5 seconds of torture should be given

very high moral priority, because during those 5 seconds, the person was extremely

badly off. My morality may be close to a version of prioritarianism that applies to

each person-moment of subjective experience separately, ignoring how those

person-moments are distributed across different people.

Also, I don't think worse-off person-moments intrinsically deserve higher priority.

It's just that I think extreme suffering is really really bad, such that relieving it weighs

very heavily in a utilitarian calculation.
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As of the time of this writing, this privacy statement applies to reducing-

suffering.org, briantomasik.com, and a third site I'm currently creating, since these

sites all use the same structure. I might make changes in the future, but hopefully I'll

remember to update this page if so.

From ~2007 until mid-Jan 2019, I used StatCounter to count page views and report

other information. Eventually I found I wasn't using the data very much, since I

already had more than enough feedback about my websites to read in the form of

comments on Facebook, Reddit, and other places. So for now, I've decided to omit

any special web analytics from the site, both for simplicity and for the sake of visitor

privacy. Because there are no StatCounter-type analytics, I don't believe this site

uses any cookies (though let me know if I'm wrong about that).

Without StatCounter-type analytics, I also don't need any JavaScript on ~97% of my

pages. (The other ~3% of pages have built-in calculators that require JavaScript.) I

prefer to avoid using JavaScript for ordinary presentation of content on the page to

make the site equally useable by people (like me) who disable JavaScript by default

when browsing the web.

Even though I'm not currently using StatCounter-type analytics, my hosting

company apparently still keeps basic logs of requests to the site, including IP

address, date/time, what was requested, referring URL, and user agent.
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Guiding principles in the Humane Control of Rats 

and Mice 
 

 

1.0 Scope  
 

It is often necessary to control rats and mice when they come into conflict with human 

interests. It is a good principle, whether controlling using lethal or non-lethal means, 

to do so humanely: that is to prevent unnecessary suffering. The ideal is to control 

infestations without causing fear or pain. Currently used methods can fall well short 

of this ideal and because of the very large numbers of pest rodents killed, the control 

of rats and mice is a major worldwide animal welfare problem. The aim of this 

document is to provide guidance on the humaneness of current control methods to 

assist people in choosing suitable methods.  

 

This document focuses on the humaneness of control methods for rats and mice, both 

lethal and non-lethal, that is, it covers the impacts of these methods on the welfare of 

the individual animal. In order to keep our task in producing this document (at least in 

its first edition) to manageable proportions, it focuses on rats and mice (see Appendix 

1 regarding dormice) because these are the rodents with which we are most often in 

conflict. The document does not address in detail important aspects other than 

welfare, such as the relative effectiveness of the methods, how they should be 

deployed, user safety, or the potential for affecting non-target species (including 

humans). This is because these are large subjects about which information is already 

available from other sources (eg Central Science Laboratory, 2002; Health and Safety 

Executive, 2003; Rural Development Service, 2006; Natural England, 2007; 

Campaign for Responsible Rodenticide Use, 2008), and in some cases also from the 

manufacturers of the various products.  

 

Although the principles discussed here apply widely, particular aspects of the advice 

provided (eg regarding the range of permitted methods and the law governing their 

use) are focused on the situation in Europe and specifically the UK. 

 

 

2.0 The UFAW Humane Rodent Control Working Group 
 

This leaflet has been produced by the UFAW
1
 Humane Rodent Control Working 

Group. This Group is working to promote welfare improvements in the control of 

rodents through: 

(i) providing advice and guidance about current methods 

(ii) promoting research into new, humane methods 

(iii) advocating the need for a national animal welfare advisory body to keep 

pest control methods under review and to provide advice about research 

and other needs, and to liaise with like bodies in other countries. 

 

 

 

                                                 
1  The Universities Federation for Animal Welfare.   www.ufaw.org.uk.   
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3.0 Why are rodents controlled? 
 

There are more than 2000 species of rodents in the world. Most cause no conflicts 

with human interests. Some are endangered and need measures to protect their 

populations. However, a few species – mainly of rats and mice – can present threats to 

human interests. Rodents are controlled for various reasons including: 

 

• Prevention of disease in humans, farmed livestock and companion animals  

• Prevention of loss or damage to growing crops and stored foodstuffs 

• Prevention of structural damage to property and installations 

• Protection of biodiversity (eg where introduced rodents threaten native fauna) 

• Because of social abhorrence of rat and mouse infestations 

 

The common species of mice involved in infestations and controlled in the UK are the 

house mouse Mus domesticus and the Wood mouse Apodemus sylvaticus.  

 

4.0 Key guiding principles  
 

It is important to consider carefully if control measures really are needed – does the 

presence of rodents have to be addressed? It is not tolerable to have mice in food 

preparation areas but many may take a more relaxed attitude to those in a garden shed. 

If there is a problem that has to be addressed, can it be solved by improvements to the 

integrity of the building? That is, can it be solved through measures to exclude 

rodents? If it is necessary to capture or kill them, then try to use methods that 

minimise the risk of suffering to the animals.  

 

Control may only be needed when there is a combination of circumstances that create 

a conflict with human interests. Control of rat or mouse populations should not be 

taken to be a standard procedure to be always undertaken as a matter of course 

regardless of circumstances but, because of its potential welfare impact on the animals 

(including their dependent young), it should be based on an assessment of the need.  

 

Thus in tackling problems caused by rats and mice, those controlling rodents should 

respect their welfare by adhering to the following principles: 

 

• affect no more animals than necessary to achieve the aim 

• refine control methods so as to minimise unnecessary suffering (fear and pain) 

 
To summarise, there is nothing nonsensical or paradoxical about killing kindly. Where 

killing has to be done, ‘kindly’ is the right way to do it. 

 

5.0 Call in a pest control agency or do it yourself? 
 

The first important decision for anyone who wishes to tackle a rodent problem is 

whether to call in a pest control operative from the local authority or from a 

professional pest control agency, or to carry out control measures themselves. The 

information presented here about the various methods gives some insight into the 

issues that anyone who takes on this work will have to consider. For example, if you 

are not sure that you can humanely kill a rodent that has been caught alive in a trap, 
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then do not to set a trap without first making some arrangements for dealing with this 

situation (ie plans for release – see below - or despatch). If you cannot take whatever 

actions may be necessary to use any of the methods described in this document as 

humanely as possible then it may be better to call in a pest control operative who will 

be competent and capable of humanely using the methods selected. The choice of 

appropriate and humane methods can be discussed with the operative. If you use a 

commercial pest controller you can seek assurance from them that they are competent 

in the methods they propose to use and discuss with them the humaneness of the 

method employed.  

 

When calling in a professional pest control operative it is important to discuss in 

advance arrangements for any animals found that will need to be humanely 

despatched (eg those injured but alive in traps, or those dying as a result of 

rodenticides). Will it be you or the pest controller who deals with these? And what 

will be the arrangements for animals found ‘out of hours’ in the evening/ weekend? 

 
6.0 Control Options 

 

6.1 Prevent access  
 

The best cure is prevention. If there is no access to food, water, shelter or nesting 

sites, rodents will go elsewhere and will not be able to produce or maintain significant 

populations. Therefore, where practicable, preventing access – rodent proofing - 

especially of food storage areas, should be the first measure adopted for the 

prevention and control of infestations. However, effective proofing against mice is 

very difficult. Good housekeeping to ensure that food and waste are inaccessible is 

essential. Materials (such as wire wool) are available from pest control suppliers and 

DIY stores that can help prevent rodent entry into buildings, for example, through 

cracks and holes. Measures should be taken to ensure the swift and humane 

catching/killing of any rats or mice that may be trapped inside at the time of proofing, 

and proofing works should not be completed until the site is pest free. Otherwise, 

rodents trapped inside are likely to cause damage.   

 

6.2 Rodenticides 
 

Rodenticides are the most widely used approach to control of rats and mice. The 

anticoagulant agents are widely considered to be the most cost-effective method of 

controlling substantial infestations.   

 

6.2.1 Anticoagulant rodenticides.   

 

Anticoagulants kill by disrupting blood clotting mechanisms and leading to death by 

blood loss. Bleeding can occur externally or into the gut, tissues, body cavities, joints, 

and inside the skull.  

 

Pros:  Safety: successful treatment may be possible in cases of accidental human or 

companion animal consumption of the rodenticide. 
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Cons:  Rats may show signs including weakness, lameness, and breathing difficulties, 

for up to about 48 hours prior to death (which in rats is typically about 3-9 days after 

ingesting a lethal dose). Bleeding into joint spaces and inside the skull is known to be 

very painful in humans and there is a concern that anticoagulants may cause this in 

rodents. For this reason the UK’s Pesticide Safety Directorate described this method 

as ‘markedly inhumane’ (Mason & Littin, 2003; MAFF, 1997).  

 

Anticoagulant agents are available for use by the public.   

 

6.2.2 Alphachloralose 

 

If ingested in sufficient quantity, it depresses brain activity, slows the heart rate and 

depresses metabolic rate leading to death through hypothermia and respiratory failure. 

  

Pros:  Because of its mode of action – anaesthesia leading to death through 

respiratory failure and hypothermia – it is thought to be humane. The UK’s Pesticide 

Safety Directorate described this method as ‘relatively humane’ (MAFF, 1997).  

 

Cons:  It is not legally permitted or suitable for use against rats.  

 

6.2.3 Cellulose pellets 

   

It is suggested that these cause disturbance to the normal functioning of the digestive 

tract, resulting in death after about 4-7 days, with animals becoming huddled and 

lethargic in the last few hours before dying (Mason and Littin, 2003).  

 

Pros:  Rodents killed by this method are unlikely to cause secondary toxic effects if 

eaten by predators. 

 

Cons: It seems likely, in view of its probable mode of action and the signs reported, 

that there would be some associated adverse welfare effects but we are unaware of 

detailed data on the clinical or pathological effects from which to assess the welfare 

impact.  

 

6.3 Trapping 
 

Various types of traps are discussed below. An important welfare consideration in the 

use of traps is the frequency with which they are inspected. Live traps need to be 

inspected often enough to avoid compromising seriously the welfare of trapped 

animals by, for example, hunger, thirst or exposure. Traps designed to kill need to be 

inspected so that any animals that may have been injured but not killed can be 

despatched as soon as possible. There is obviously a tension here between the welfare 

advantages of very frequent inspection and as to what can be realistically be done in 

practice. We have made suggestions below about inspection times in some cases but 

those responsible for setting traps will, in all cases, have to use their judgment about 

inspection times taking account of welfare and other considerations. Once an 

infestation has been controlled, traps (live or other) should not be re-set on the off 

chance of subsequent infestation. 
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6.3.1 Live-capture traps 

 

Rats and mice can be caught in live-capture traps. This option has an immediate 

attraction to some who wish to avoid killing. However, their use requires careful 

thought because they can have a significant adverse welfare impact on the trapped 

animal. 

    

Pros:  If non-pest species are caught they can be released. 

 

Cons:  There are two important disadvantages of live traps. First, the welfare 

consequences of being trapped which may include injuries associated with trying to 

escape. Secondly, captured rodents must be disposed of (ie released or killed) 

humanely. Dealing with live caught animals, especially rats, is very challenging. 

Simply letting animals go is likely to be unsatisfactory for various reasons (including 

their welfare – see below) and killing live rats and mice humanely is beyond the 

experience (or competence) of many people.  

 

The welfare of captured rodents is covered by the Animal Welfare Act 2006 (see Box 

1). This Act puts in place a duty of care for the welfare of all animals under human 

control. If live traps are used they must therefore be of a suitable type (unlikely to 

cause injury to the animals); they must be inspected sufficiently frequently so that 

trapped animals are not at risk of water or food deprivation or to exposure. We 

recommend at least twice daily, this is a compromise between what is ideal for 

welfare and what is likely to be practicable. Trapped animals must be dealt with 

humanely. Release of an animal elsewhere is not necessarily a humane thing to do – 

translocated animals may fail to adapt to or integrate into new territory and may suffer 

and die as a result (Mason and Littin, 2003). Killing is much less likely to carry a risk 

of causing suffering than release in an unfamiliar area, and release of some species 

may be illegal. See Box 1 for notes on the law relating to release of rodents.   

 

Devices are available (at least to professionals) that can send a signal to a mobile 

‘phone to indicate when a trap has been sprung. The use of such devices means that 

animals caught in traps can be despatched soon after capture so that risks to welfare 

can be minimised. Inspections should still be carried out at appropriate intervals in the 

event of no ‘alerts’ being received in order to check if this is because traps are empty 

or failure of the messaging system.  

 

When the intention is to kill live trapped rodents, it is necessary to have made 

preparations to use a humane and effective method of killing prior to setting the trap.  

See Box 2 for information about killing methods. As noted in Box 1, the welfare of 

trapped rodents is covered by the Animal Welfare Act 2006. However, if the animal is 

killed in an appropriate and humane manner then, under Section 4(4) of this Act, the 

suffering will not be considered to be unnecessary. 

 

In summary, whilst well designed live-catch traps have the potential to be humane, 

they also have the potential to be used very inhumanely. This can result from two 

main factors: the length of time animals are left in the trap and the method of killing. 

Both of these issues should be considered carefully prior to using such traps. 
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Box 1. Law relating to release of captured rodents  

 

The legal framework relating to the release of captured rodents includes both (i) animal 

welfare and (ii) species conservation elements. The latter addresses the potential risks to 

UK wildlife and biodiversity of releasing species that are not considered to be 

‘ordinarily resident’ in the UK. 

 

(i) The welfare of captured rodents is covered by the Animal Welfare Act 2006 

(http://www.opsi.gov.uk/acts/acts2006/en/ukpgaen_20060045_en_1), which puts in 

place a duty of care for the welfare of all animals under human control (even on a 

temporary basis). The implications of this to the release or killing of captured rodents is 

unclear but the capture, release or killing of rodents in circumstances that compromised 

or might compromise their welfare may be open to challenge if the animals needs are 

not met as far as is reasonable in the circumstances. If suffering is caused which is 

deemed to be unnecessary then this will constitute an offence under this Act. Whether 

the suffering is unnecessary requires the consideration of a number of factors such as 

whether the suffering could have reasonably been avoided or reduced, whether the 

control operation was for a legitimate purpose and whether the suffering was 

proportionate to the purpose of the control operation concerned. 

 

(ii) Section 14 of the Wildlife and Countryside Act 1981 (WCA) (available at 

http://www.opsi.gov.uk/legislation/about_legislation.htm) prohibits the release into the 

wild any animal which is 1) of a kind that is not ordinarily resident in and is not a 

regular visitor to GB in a wild state or 2) is included in Part 1 of Schedule 9.  Currently 

(June 2008), the black rat (Rattus rattus), the fat/edible dormouse (Glis glis), the grey 

squirrel (Sciureus carolinensis) and the Mongolian gerbil (Meriones unguiculatus) are 

listed on Part 1 of Schedule 9 and therefore cannot be released, except under licence.  

 

Under the WCA there is no prohibition on the release of other species of rats or mice 

which are ordinarily resident in GB. For example, the view of the Department for the 

Environment, Food and Rural Affairs (Defra) is that the release of brown/common rats 

(Rattus norvegicus) into the wild is not unlawful under the Wildlife and Countryside 

Act 1981 because, despite their non-native origins, they could be classed as 'ordinarily 

resident' in Great Britain as they are now well-established. However, this is not to say 

that it is acceptable or permissible to release them on other people’s property.  

 

Bearing in mind the exceptions above, although the law does not prevent the release of 

captured target animals (brown rats or mice), it is often likely to be an unwise thing to 

do either because it is counterproductive to control and/or because it may have adverse 

welfare consequences for the animal (see text). Release near the point of capture is 

unlikely to solve the problem as the animals are likely to return unless the premises have 

been effectively proofed. Release in an unfamiliar environment may have adverse 

welfare consequences as animals may have trouble finding food and shelter. Also if the 

area contains suitable habitat it is likely to already be occupied by other members of 

their species and may not support additional animals.  
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6.3.2 Spring-powered killing traps (known as snap traps, spring traps, or 

break-back traps)  

 

These traps are intended to cause death by crushing vital organs. 

  

Pros:  Death can be very rapid.  

 

Cons:  If animals are not killed outright but are instead caught by for example a limb, 

tail or by the muzzle, they will suffer pain and distress. Unless discovered very 

promptly by the operator, this may lead to a prolonged time to death as a result of 

injuries and exposure and possibly also from wounding by other animals. These traps 

do not offer the possibility of releasing non-target species unharmed. 

 

For welfare reasons, only traps with the power and of a size and design appropriate to 

kill the target animal should be used, they should be well-maintained, set and 

positioned so as to minimise the risk of causing sub-lethal injuries. They should also 

be positioned so as to minimise the risks of harming non-target species (eg birds), by 

placing them, for example, under cover in runs large enough only to permit the target 

species. Spring traps must be placed in tunnels (see Rural Development Service, 

2006).  

 

As even the most appropriate traps set to the best standards have the potential to mis-

catch occasionally, they must be checked as often as possible and, we suggest, at least 

twice daily (see comments on inspection frequency above). Animals trapped but still 

alive must be humanely killed immediately on discovery (see Box 2). 

 

Under the Pests Act of 1954, the Spring Traps Approval Order 1995 (as amended) 

makes provision for an approval procedure for all spring traps. Information on spring 

traps that are currently approved is provided at: www.defra.gov.uk/wildlife-

countryside/wildlife-manage/pest-control/approved-traps.htm.  

There is currently, under this legislation, a blanket approval for all break-back traps 

commonly used for the destruction of rats and mice.  

 

There is no requirement for traps to be tested for humaneness prior to being placed on 

the market and, as far as we are aware, no information is available on the humaneness 

of the various designs available. Mason and Littin (2003) reported evidence that 

between designs of snap traps used in the USA, the incidence of mis-captures by a leg 

or tail varied from 4 to 57%.  
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Box 2. Humane methods for killing live-trapped rats and mice 

 

The Wild Mammals Protection Act 1996 requires that in the context of pest control, 

animals should be killed in a ‘reasonably swift and humane manner’. 

 

As outlined in the text, many people may find that humane killing is not an easy 

procedure.   

 

The following methods are considered to be humane: 

• Destruction of the brain by a strong and accurate blow to the head with a 

suitable implement  

• Lethal overdose of appropriate gaseous or injectable anaesthetic (this 

technology is not available for general use) 

• Destruction of the brain by shooting   

 

The latter two methods are unlikely to be available or applicable in most cases. The 

efficacy and humaneness of the first, depends on a strong and accurate blow with a 

suitable implement such as to destroy the brain. In the case of a mouse caught on a glue 

board, some achieve this by turning the board over and powerfully and instantly, 

crushing the mouse beneath it. Removing live animals, especially rats, from traps and 

restraining them to deliver such a blow is very difficult and potentially dangerous – it is 

important to avoid bites. Some operators advocate allowing the rat to run into a sac, held 

over the end of the trap before it is opened, and then gripping the animal through the 

sack to hold it still to deliver a heavy blow to the head. If the blow is delivered with 

sufficient force and accuracy this is a humane and reliable method but the humaneness 

is obviously dependent on these two factors - force and accuracy. The method requires 

skill and a firm resolve. Not everyone is suited temperamentally to these procedures for 

killing live-caught rodents.  

 

Drowning  

Some have argued that drowning may be seen as having various advantages for the 

householder - it is easy to undertake (requires no extra restraint of the trapped animal 

nor removal from the trap) and requires no specialist equipment. It is effective providing 

the animal is submerged for long-enough (a few minutes).  The time to death of rats in 

fresh water was found to average 2.6 minutes (Yamamoto et al, 1983). However, 

drowning is likely to cause severely unpleasant feelings of fear and pain or extreme 

discomfort associated with wanting to breathe and with water entering the respiratory 

tract. It is a matter of judgement whether one considers live trapping followed by 

drowning to be worse than other methods in current use (several of which, as described, 

can have severe adverse impacts on welfare) but the consensus view of the UFAW 

Working Group is that drowning is not humane method and should be avoided. This is 

in line also with the Rural Development Service’s (2006) advisory note on rat control 

which stated that: ‘Drowning is not a humane method of dispatch and could result in 

prosecution…’.    

 

After killing, regardless of method used, it is very important to confirm death. The 

important sign to check is: 

• No breathing or other movement. 

 

Where experience allows, other signs that operators may wish to check for are: 

• No blink reflex if the surface of the eye is gently touched with a soft implement 

(eg a feather, straw, cotton-bud stick) 

• No reaction to a sharp pinch of the soft tissue of a paw 

• No heart beat 

 

If there is any suspicion that an animal might still be alive, the killing procedure should 

be repeated immediately taking care to ensure it is effective.   
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6.3.3 Glue boards.   

 

These are what their name suggests: boards covered in a viscous glue.  Animals stick 

to these boards and unless killed, will die, probably slowly, as a result of injuries, 

starvation, dehydration, exposure or suffocation. 

 

Pros:  Non-toxic and therefore may be seen as advantageous in some food processing 

environments.  

 

Cons: Unless animals that become stuck on glue boards are promptly killed using a 

humane method (see Box 2), they will be at increasing risk of injuries associated with 

escape attempts, starvation, dehydration, exposure (and possible injury through 

aggression from other animals), or suffocation if their muzzles become stuck in the 

glue. Because it is perceived that there is a high risk of severe welfare consequences, 

Mason and Littin (2003) state that they ‘tend to be avoided by responsible pest control 

operatives’.   

 

Glue boards should only be used when they can be checked very frequently to avoid 

the above risks  (at the very least twice daily).  

 

6.3.4 Stretched rubber ring strangulation system.  

 

These traps operate by, when triggered, releasing a stretched rubber ring which closes 

tightly around the rodent’s neck causing death by constricting the windpipe and the 

blood vessels that supply the brain. A trap of this design has passed New Zealand’s 

standard for humane traps – which requires that traps cause irreversible 

unconsciousness within 180 seconds. 

 

Pros:   Non-toxic and therefore may be seen as advantageous in some food processing 

environments.  

 

Cons:  The same considerations apply as with spring-traps (above).  

 

6.3.5 Gas traps 

 

When mice enter this kind of trap, an electronic detection system triggers the closure 

of the doors of the trap and the release of a measured dose of carbon dioxide. At 

sufficient concentrations, the inhalation of carbon dioxide causes loss of 

consciousness and death.    

 

Pros:  Does not involve manual killing. If the gas concentration is sufficient, 

unconsciousness is likely to occur in a few (<30) seconds and death within about two 

minutes. 

 

Cons:  It is likely that inhalation of carbon dioxide causes some discomfort in the 

brief period before unconsciousness. This method is not available for use by the 

public and these traps can only be used by specific pest control professionals and, 

currently, for the control of mice only.   
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6.3.6 Electrocution devices.  

 

These devices deliver an electric shock to the mouse or rat that enters them which 

causes death by causing cardiac arrest.  

 

Pros and Cons: The humaneness of these devices will depend upon whether sufficient 

current runs through the brain and for long enough to cause immediate loss of 

consciousness from which the animal will not recover prior to death. If this occurs 

then, based on studies of electrical stunning and killing of farmed animals, it is likely 

that the method is very humane; if not, and the animal remains conscious, the shock is 

likely to cause severe pain prior to the animal’s death from cardiac arrest (probably 

within 2 minutes). We are not aware of much information about the efficacy and 

humaneness of these devices.  

 

6.4 Repellents 
 

Several products are marketed that may repel rats and mice including some that emit 

ultrasound and others that are based on chemicals. Rats and mice are resourceful and 

persistent animals and are not easy to repel. In a review of literature on rodent control, 

Mason and Littin (2003) concluded that ultrasound emitting devices ‘seem to have 

little or no success’. Because animals are free to move away from repellants, they are 

unlikely to have significant welfare impacts. 

 

6.5 Other Methods 
 
For completeness, two other procedures  - neither applicable for use by the general 

public (in one case because of safety risks and in the other because it is not a 

permitted method) - are briefly mentioned below.  

 

6.5.1 Aluminium phosphide 

 

Aluminium phosphide can be used only by professionals, for the fumigation of 

burrows out of doors. In contact with moisture, it produces phosphine which is a 

highly toxic gas. It causes death by blocking cellular metabolism leading to death 

through cardiac and respiratory failure. Affected rodents show signs of respiratory 

irritation and pain and other forms of discomfort (Mason and Littin, 2003). 

 

6.5.2 Explosive propane/oxygen mixture 

 

This explosive gas mixture has been used to destroy burrows by blast damage on 

ignition after it has been pumped into the burrow system. This is NOT a permitted 

killing method. See Defra website: http://www.defra.gov.uk/wildlife-

countryside/vertebrates/pdf/rodenator.pdf 

 

6.6 Dealing with partially poisoned animals 

 

During treatment with rodenticides, rats and mice may sometimes be found poisoned 

but still alive. Such target animals should be humanely killed immediately (see Box 2) 

and disposed of safely.   
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7.0 Conclusions and recommendations 
 

It is apparent from the above that there is no perfect method of control. It is not 

possible to make generic recommendations about which methods will be acceptable 

from a humaneness point of view in all situations. This is because, it is clear that the 

humaneness of the various methods can vary greatly according to how carefully they 

are used. Considering the factors above, and relating them to your particular situation, 

will help ensure the risks of causing suffering are minimised. 

 

To summarise: 

 

• Where possible, in preference to catching or killing methods, use non-direct 

methods (such as proofing and good house-keeping) to solve the problem or to 

reduce the need for catching/ killing to a minimum.  

 

• Decide if you are able to undertake all necessary steps humanely, including 

dealing with any injured animals and the killing of animals if needed. If not 

call a pest control operative. 

 

• Where live capture or kill traps are used, they must be set only after ensuring 

that the practicalities of checking the traps at appropriate intervals (see above) 

and of humanely killing any animals caught, have been considered and 

planned for. 

 

• Only use traps designed to catch or kill your target animal. 

 

• Never set a trap if you do not know how to set it to minimise the likelihood of 

mis-captures and injuries. 

 

• Ensure you follow label directions when using rodenticides. This will increase 

the chances of animals taking a lethal dose and dying as quickly as possible. 

 

• Never set a trap yourself if you are not prepared to: (i) inspect the traps 

frequently enough to prevent unnecessary suffering, (ii) deal humanely with  

any rats or mice caught, and (iii), deal with any animals injured.  

 

 

8.0 Disposal of dead rats and mice 
 

Rats and mice (dead or alive) can carry infections that are dangerous to humans and 

other animals. If killed by rodenticides, carcases are likely to carry residues of 

rodenticides that can present serious risks to wildlife scavengers or predators. 

Carcases, bait stations and uneaten bait should be disposed of carefully and 

hygienically according to current legislation and the advice on rodenticide product 

labels. For further advice contact the product manufacturer or your Local Authority.    

  

 

27th November 2008 
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Appendix 1.   A note about Dormice 

 

Defra does not consider ‘Dormice’ to be covered by the term ‘mice’ under the Pests 

Act 1954 or Orders made under it. Dormice are not closely related to other mice: mice 

are in the family Muridae and Dormice are in the family Gliridae. Although, edible 

dormice (Glis glis) do live in houses (lofts) in certain parts of the country, they cannot 

be trapped or killed except under licence. All UK Dormice species are included in 

Schedule 6 of the Wildlife and Countryside Act 1981 (WCA) and a licence is needed 

from Natural England for ‘setting in position an article which is of such a nature and 

so placed as to be calculated to cause bodily injury to any wild animal included in 

Schedule 6 which comes into contact therewith’. Dormice are protected from any trap, 

snare, electrical device for killing or stunning or any poisonous, poisoned or 

stupefying substance. Furthermore, a licence is needed in order to use various other 

methods of taking (capture) which are not calculated to cause injury, eg nets (under 

WCA, Section 11(2)(a). For a full account of the legal prohibitions on taking and 

killing animals on Schedule 6 see the WCA Section 11. 
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Abstract

One of the central problems in statistics and machine learning is regression: Given values of input variables, called
features, develop a model for an output variable, called a response or task. In many settings, there are potentially thousands
of possible features, so that feature selection is required to reduce the number of predictors used in the model. Feature
selection can be interpreted in two broad ways. First, it can be viewed as a means of reducing prediction error on unseen
test data by improving model generalization. This is largely the focus within the machine-learning community, where the
primary goal is to train a highly accurate system. The second approach to feature selection, often of more interest to
scientists, is as a form of hypothesis testing : Assuming a “true” model that generates the data from a small number of
features, determine which features actually belong in the model. Here the metrics of interest are precision and recall, more
than test-set error.

Many regression problems involve not one but several response variables. Often the responses are suspected to share
a common underlying structure, in which case it may be advantageous to share information across the responses; this
is known as multitask learning. As a special case, we can use multiple responses to better identify shared predictive
features—a project we might call multitask feature selection.

This thesis is organized as follows. Section 1 introduces feature selection for regression, focusing on `0 regularization
methods and their interpretation within a Minimum Description Length (MDL) framework. Section 2 proposes a novel
extension of MDL feature selection to the multitask setting. The approach, called the “Multiple Inclusion Criterion” (MIC),
is designed to borrow information across regression tasks by more easily selecting features that are associated with multiple
responses. We show in experiments on synthetic and real biological data sets that MIC can reduce prediction error in
settings where features are at least partially shared across responses. Section 3 surveys hypothesis testing by regression with
a single response, focusing on the parallel between the standard Bonferroni correction and an MDL approach. Mirroring
the ideas in Section 2, Section 4 proposes a novel MIC approach to hypothesis testing with multiple responses and shows
that on synthetic data with significant sharing of features across responses, MIC outperforms standard FDR-controlling
methods in terms of finding true positives for a given level of false positives. Section 5 concludes.

1 Feature Selection with a Single Response

The standard linear regression model assumes that a response y is generated as a linear combination of m predictor variables
(“features”) x1, . . ., xm with some random noise:

y = �1x1 + �2x2 + . . . + �mxm + ✏, ✏ ⇠ N (0, �2), (1)

where we assume the first feature x1 is an intercept whose value is always 1. Given n observations of the features and
responses, we can write the y values in an n⇥ 1 vector Y and the x values in an n⇥m matrix X. Assuming the observations
are independent and identically distributed, (1) can be rewritten as

Y = X� + ✏, ✏ ⇠ Nn(0, �2In⇥n), (2)

where � =

2

4
�1

. . .
�m

3

5, Nn denotes the n-dimensional Gaussian distribution, and In⇥n is the n⇥ n identity matrix.

The maximum-likelihood estimate b� for � under this model can be shown to be the one minimizing the residual sum of
squares:

RSS := (Y �X�)0(Y �X�). (3)

The solution is given by

b� = (X 0X)
�1

X 0Y (4)

1



and is called the ordinary least squares (OLS) estimate for �.
In some cases, we may want to restrict the number of features in our model to a subset of q of them, including the

intercept. In this case, we pretend that our X matrix contains only the relevant q columns when applying (4); the remaining

m� q entries of the b� matrix are set to 0. I’ll denote the resulting estimate by b�q, and the RSS for that model by

RSSq := (Y �X b�q)
0(Y �X b�q). (5)

1.1 Penalized Regression

In many cases, regression problems have large numbers of potential features. For instance, [FS04] predicted credit-card
bankruptcy using a model with more than m = 67,000 potential features. In bioinformatics applications, it is common to
have thousands or tens of thousands of features for, say, the type of each of a number of genetic markers or the expression
levels of each of a number of gene transcripts. The number of observations, in contrast, is typically a few hundred at best.

The OLS esimate (4) breaks down when m > n, since the m⇥m matrix X 0X is not invertible due to having rank at most

n. Moreover, it’s implausible that a given response is actually linearly related to such a large number of features; a model b�
with lots of nonzeros is probably overfitting the training data.

The statistics and machine-learning communities have developed a number of approaches for addressing this problem.
One of the most common is regularized regression, which aims to minimize not (3) directly, but a penalized version of the
residual sum of squares:

(Y �X�)0(Y �X�) + � k�kp , (6)

where k�kp represents the `p norm of � and � is a tunable hyperparameter, to be determined by cross-validation or more

sophisticated regularization path approaches.1

Ridge regression takes the penalty as proportional to the (square of the) `2 norm: � k�k22. This corresponds to a Bayesian

maximum a posteriori estimate for � under a Gaussian prior � ⇠ N (0m⇥1,
�2

�
Im⇥m), with �2 as in (1) [Bis06, p. 153]. Under

this formulation, we have

b� = (X 0X + �Im⇥m)�1X 0Y,

which is computationally valid because X 0X + �Im⇥m is invertible for � > 0. However, because the square of a decimal

number less than one is much smaller than the original number, the `2 norm o↵ers little incentive to drive entries of b� to
0—many of them just become very small.

Another option is to penalize by the `1 norm, which is known as lasso regression and is equivalent to a double-exponential
prior on � [Tib96]. Unlike `2, `1 regularization doesn’t square the coe�cients, and hence the entries of b� tend to be sparse.
In this way, `1 regression can be seen as a form of feature selection—i.e., choosing a subset of the original features to keep in
the model (e.g., [BL97]). Sparsity helps to avoid overfitting to the training set; as a result, the number of training examples
required for successful learning with `1 regularization grows only logarithmically with the number of irrelevant features,
whereas this number grows linearly for `2 regression [Ng04]. Sparse models also have the benefit of being more interpretable,
which is important for scientists who want to know which particular variables are actually relevant for a given response.
Building regression models for interpretation is further discussed in Sections 3 and 4.

If `2 regression fails to achieve sparsity because coe�cients are squared, then, say, ` 1
2

regression should achieve even more

sparsity than `1. As p approaches 0, k�kp approaches the number of nonzero values in �. Hence, regularization with what is
called the “`0 norm” is subset selection: Choosing a small number of the original features to retain in the regression model.
Once a coe�cient is in the model, there’s no incentive to drive it to a small value; all that counts is the cost of adding it in
the first place. The `0 norm has a number of advantages [LPFU08], including bounded worst-case risk with respect to the `1
norm and better control of a measure called the “false discover rate” (FDR), explained more fully in Section 3. Moreover, as
[OTJ09, p. 1] note, “A virtue of the [`0] approach is that it focuses on the qualitative decision as to whether a covariate is
relevant to the problem at hand, a decision which is conceptually distinct from parameter estimation.” However, they add,
“A virtue of the [`1] approach is its computational tractability.” Indeed, exact `0 regularization requires subset search, which
has been proved NP-hard [Nat95]. In practice, therefore, an approximate greedy algorithm like forward stepwise selection is
necessary [BL05, p. 582].

In a regression model, residual sum of squares is proportional up to an additive constant to the negative log-likelihood of
�. Therefore, `0 regularization can be rephrased as a penalized likelihood criterion (with a di↵erent � than in (6)):

�2 lnP (Y | b�q) + �q, (7)

1See, e.g., [Fri08] for an excellent introduction.
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where q is the number of features in the model, and P (Y | b�q) is the likelihood of the data given a model containing q features.
As noted in [GF00], statisticians have proposed a number of choices for �, including

• � = 2, corresponding to Mallows’ Cp [Mal73], or approximately the Akaike Information Criterion (AIC) [Aka73],

• � = lnn, the Bayesian Information Criterion (BIC) [Sch78], and

• � = 2 lnm, the Risk Inflation Criterion (RIC) [DJ94, FG94].

It turns out that each of these criteria can be derived from an information-theoretic principle called Minimum Description
Length (MDL) under di↵erent “model coding” schemes (e.g., [FS99, HY99]). MDL forms the focus of this thesis, and its
approach to regression is the subject of the next subsection.

1.2 Regression by Minimum Description Length

MDL [Ris78, Ris99] is a method of model selection that treats the best model as the one which maximally compresses a
digital representation of the observed data. We can imagine a “Sender” who wants to transmit some data in an email to a
“Receiver” using as few bits as possible [Sti04]. In the case of linear regression, we assume that both Sender and Receiver
know the n ⇥m matrix X, and Sender wants to convey the values in the n ⇥ 1 matrix Y . One way to do this would be to

send the raw values for each of the n observations Y =

2

4
y1

. . .
yn

3

5. However, if the response is correlated with some features,

it may be more e�cient first to describe a regression model b� for Y given X and then to enumerate the residuals Y �X b�,
which—having a narrower distribution—require fewer bits to encode.

To minimize description length, then, Sender should choose b� to minimize

D(Y | b�) + D(b�), (8)

where the first term is the description length of the residuals about the model, and the second term is the description length
of the model itself.2 Exactly what these terms mean will be elaborated below.

1.2.1 Coding the Data: D(Y | b�)

The Kraft inequality in information theory [CT06, sec. 5.2] implies that for any probability distribution {pi} over a finite or
countable set, there exists a corresponding code with codeword lengths d� lg pie. Moreover, these code lengths are optimal
in the sense of minimizing the expected code length with respect to {pi}. If Sender and Receiver agree on a model for the
data, e.g., (1), then they have a probability distribution over possible configurations of residuals ✏, so they will agree to use
a code for the residuals with lengths

D(Y | b�) = � lg P (✏ | b�) = � lg P (Y | b�), (9)

that is, the negative log-likelihood of the data given the model. This is a standard statistical measure for poorness of fit.3

Consider a stepwise-regression scenario in which our model currently contains q�1 features (including the intercept term),

and we’re deciding whether to include an extra qth feature. Let Yi denote the ith entry (row) of Y and b�q a model with all q
features. (2) and (9) give

D(Y | b�q) = � lg

nY

i=1

P (Yi | b�q)

= �
nX

i=1

lg


1p

2⇡�2
exp

✓
� 1

2�2
(Yi �X b�q)

2

◆�

=
1

2 ln 2


n ln(2⇡�2) +

RSSq

�2

�
,

(10)

2This is what [Gru05, p. 11] calls the “crude, two-part version of MDL.” Beginning with [Ris86], Rissanen introduced a “one-part” version
of MDL based on a concept called “stochastic complexity.” However, it too divides the description length into terms for model fit and model
complexity, so it is in practice similar to two-part MDL [Sti04].

3We use “idealized” code lengths and so drop the ceiling on � lg P (Y | b�) [BY98, p. 2746]. Also, since P (Y | b�) is a continuous density, we would
in practice need to discretize it. This could be done to a given precision with only a constant impact on code length [CT06, sec. 8.3].
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where RSSq is as in (5). Of course, �2 is in practice unknown, so we estimate it by4

b�2 =
RSSq

n
. (11)

Inserting this estimate for �2 in (10) gives

D(Y | b�q) =
1

2 ln 2

⇥
n ln(2⇡b�2) + n

⇤

=
n

2 ln 2


ln

✓
2⇡RSSq

n

◆
+ 1

�
.

(12)

Unfortunately, in practice, (11) seems to cause overfitting, especially when used for multiple responses as in Section 2.2.2.
The overfitting comes from the fact that b�2 assumes that the current qth feature actually comes into the model; if this is not
the case, the estimated variance is spuriously too low, which allows random noise to appear more unlikely than it really is.
To prevent overfitting, we use instead an estimate of b�2 based on the model without the current feature: b�q�1. That is,

b�2 =
1

n

nX

i=1

(Yi �X b�q�1)
2 =

RSSq�1

n
, (13)

which means that (10) becomes instead

D(Y | b�q) =
n

2 ln 2


ln

✓
2⇡RSSq�1

n

◆
+

RSSq

RSSq�1

�
. (14)

1.2.2 Coding the Model: D(b�)

Just as D(Y | b�) depends on the model for the residuals that Sender and Receiver choose, so their coding scheme for b� itself
will reflect their prior expectations.5 When the number of features m is large (say, 1000), Sender will likely only want to

transmit a few of them that are most relevant, and hence the b� matrix will contain mostly zeros.6 So the first step in coding
b� could be to say where the nonzero entries are located; if only a few features enter the model, this can be done relatively
e�ciently by listing the indices of the features in the set {1, 2, . . . ,m}. This requires dlg me bits, which we idealize as just
lg m.

The second step is to encode the numerical values of those coe�cients. Rissanen [Ris83] suggested the basic approach
for doing this: Create a discrete grid over some possible parameter values, and use a code for integers to specify which grid
element is closest.7 [Sti04] described a simple way to approximate the value of a particular coe�cient b�: Encode an integer
version of its z-score relative to the null-hypothesis value �0 (which in our case is 0):

*
b� � �0

SE(b�)

+
=

*
b�

SE(b�)

+
, (15)

where hxi means “the closest integer to x.” The z-score can then be coded with the idealized universal code for the positive
integers of [Eli75] and [Ris83], in which the cost to code i 2 {1, 2, 3, . . .} is

lg⇤ i + b,

4 This is the maximum-likelihood estimate for �2, which Sender uses because, ignoring model-coding cost, maximizing likelihood is equivalent
to minimizing description length. In practice, of course, many statisticians use the unbiased estimate

b�2 =
RSSq

n � q
.

[Sti04, Appendix A] makes an interesting case for this latter value within the MDL framework. However, we use the maximum-likelihood estimate
for its elegance and convenience.

5Again by the Kraft inequality, we can interpret 2�D(�) as a prior over possible models �. In fact, this is done explicitly in the Minimum
Message Length (MML) principle (e.g., [Wal05]), a Bayesian sister to MDL which chooses the model b� with maximum P (� |Y ), i.e., the model
that minimizes

� lg P (� |Y ) = � lg P (�) � lg P (Y |�) + const.

6For convenience, we assume that Sender always transmits the intercept coe�cient b�1 and that, in fact, doing so is free of charge. Thus, even
if Sender were to encode all other feature coe�cients as 0, Receiver would at least have the average Y of the Y values to use in reconstructing Y .

7Thus, Sender transmits only rounded coe�cient values. Rounding adds to the residual coding cost because Sender is not specifying the exact
MLE, but the increase tends to be less than a bit [Ris89].
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where lg⇤ i := lg i + lg lg i + lg lg lg i + . . . so long as the terms remain positive, and b ⇡ lg 2.865 ⇡ 1.516 [Ris83, p. 424] is the
constant such that

1X

i=1

2�(lg⇤ i+b) = 1.

We require the lg⇤ instead of a simple lg because the number of bits Sender uses to convey the integer i will vary, and she
needs to tell Receiver how many bits to expect. This number of bits is itself an integer that can be coded, hence the iteration
of logarithms. The middle row of Table 1 shows example costs with this code.

i 1 2 3 4 5 10 100

Universal-code cost for i 1.5 2.5 3.8 4.5 5.3 7.4 12.9
Universal-style cost for i, truncated at 1000 1.2 2.2 3.4 4.2 5.0 7.0 12.6

Table 1: Example costs of the universal code for the integers.

In fact, in practice it’s unnecessary to allow our integer code to extend to arbitrarily large integers. We’re interested in
features near the limit of detectability, and we expect our z-scores to be roughly in the range ⇠ 2 to ⇠ 4, since if they were
much higher, the true features would be obvious and wouldn’t require sensitive feature selection. We could thus impose some
maximum possible z-score Z that we might ever want to encode (say, 1000) and assume that all of our z-scores will fall below
it. In this case, the constant c can be reduced to a new value cZ , now only being large enough that

ZX

i=1

2�(lg⇤ i+cZ) = 1. (16)

In particular, c1000 ⇡ 1.199, which is reflected in the reduced costs shown in the third row of Table 1. As it turns out, cZ ⇡ 1
over a broad range (say, for Z 2 {5, . . . , 1000}).

In our implementation, we avoid computing the actual values of our z-scores (though this could be done in principle),
instead assuming a constant cost of 2 bits per coe�cient. Though MDL theoretically has no tunable parameters once Sender
and Receiver have decided on their models, the number of bits to specify a coe�cient can act as one, having much the same
e↵ect as the significance level ↵ of a hypothesis test (see Section 3.3 for details). We found 2 bits per coe�cient to work well
in practice.

1.2.3 Summary

Combining the cost of the residuals with the cost of the model gives the following formula for the description length as a
function of the number of features q that we include in the model:

� lg P (Y | b�q) + q(lg m + 2). (17)

Note the similarity between (17) and the RIC penalty for (7).

2 MIC for Prediction

Standard multivariate linear regression as described in Section 1 assumes many features but only a single response. However,
a number of practical problems involve both multiple features and multiple responses. For instance, a biologist may have
transcript abundances for thousands of genes that she would like to predict using genetic markers [KCY+06], or she may have
multiple diagnostic categories of cancers whose presence or absence she would like to predict using transcript abundances
[KWR+01]. [BF97] describe a situation in which they were asked to use over 100 econometric variables to predict stock prices
in 60 di↵erent industries.

More generally, we suppose we have h response variables y1, . . . , yh to be predicted by the same set of features x2, . . . , xp

(with x1 being an intercept, as before). In parallel to (2), we can write

Y = X� + ✏, (18)

where now Y is an n⇥ h matrix with each response along a column. X remains n⇥m, while � is m⇥ h and ✏ is n⇥ h.
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In general, the noise on the responses may be correlated; for instance, if our responses consist of temperature measurements
at various locations, taken with the same thermometer, then if our instrument drifted too high at one location, it will have
been too high at the other. A second, practical reason we might make this assumption comes from our use of stepwise
regression to choose our model: In the early iterations of a stepwise algorithm, the e↵ects of features not present in the model
show up as part of the “noise” error term, and if two responses share a feature not yet in the model, the portion of the error
term due to that feature will be the same. Thus, we may decide to take the rows of ✏ have nonzero covariance:

✏i ⇠ Nh(0,⌃), (19)

where ✏i is the ith row of ✏, and ⌃ is an arbitrary (not necessarily diagonal) h⇥ h covariance matrix. In practice, however,
we end up using a diagonal estimate of ⌃, as discussed in Section 2.2.2.

2.1 Multitask Learning

The näıve approach to regression with the above model is to treat each response as a separate regression problem and
calculate each column of b� using just the corresponding column of Y . This is completely valid mathematically; it even
works in the case where the covariance matrix ⌃ is non-diagonal, because the maximum-likelihood solution for the mean of
a multivariate Gaussian is independent of the covariance [Bis06, p. 147]. However, intuitively, if the regression problems are
related, we ought to be able to do better by “borrowing strength” across the multiple responses. This concept goes by various
names; in the machine-learning community, it’s often known as “multitask learning” (e.g., [Car97]) or “transfer learning”
(e.g., [RNK06]).

Several familiar machine-learning algorithms naturally do multitask learning; for instance, neural networks can share
hidden-layer weights with multiple responses. In addition, a number of explicit multitask regression methods have been
proposed, such as curds and whey, which takes advantage of correlation among responses [BF97], and various dimensionality-
reduction algorithms (e.g., [AM05]).

Some techniques even do explicit feature selection. For instance, [BVF98, BVF02] present Bayesian Markov Chain Monte
Carlo approaches for large numbers of features. [ST05] present a Multiresponse Sparse Regression (MRSR) algorithm that
selects features in a stepwise manner by choosing at each iteration the feature most correlated with the residuals of the
responses from the previous model.8 We have not explored the above algorithms in detail, but comparing them against MIC
could be a fruitful direction for future work. Below we elaborate on two multitask-learning approaches that we have used.

2.1.1 AndoZhang

Ando and Zhang [AZ05] aim to use multiple prediction problems to learn an underlying shared structural parameter on the
input space. Their presentation is general, but they give the particular example of a linear model, which we’ll rewrite using
the notation of this thesis. Given h tasks and m features per task, the authors assume the existence of an H ⇥m matrix9 ⇥,
with H < m, such that for each task k = 1, . . . , h,

Y k = X�k + X⇥
0�k

⇥,

where superscript k denotes the kth column and �⇥ is an H⇥h matrix of weights for the “lower dimensional features” created
by the product X⇥0 (p. 1824). The transformation ⇥ is common across tasks and is thus the way we share information. The
authors develop an algorithm, referred to as AndoZhang in this thesis, that chooses (p. 1825)

hn
b�, b�⇥

o
, b⇥

i
= argmin

{�,�⇥},⇥

hX

k=1

✓
1

n

��Y k �X
�
�k + ⇥

0�k
⇥

���2
+ �k

���k
��2
◆

such that ⇥⇥
0 = IH⇥H .

Here {�k}
h
k=1 are regularization weights, and (unlike Ando and Zhang) we’ve assumed a constant number n of observations

for each task, as well as a quadratic loss function. k·k2 denotes the square of the `2 norm.
Ando and Zhang present their algorithm as a tool for semi-supervised learning: Given one particular problem to be solved,

it’s possible to generate auxiliary problems from the known data, solve them, and then use the shared structural parameter
⇥ on the original problem. Of course, the approach works just as well when we start out with all of the tasks as problems
to be solved in their own right.

8Another sparse-regression algorithm is BBLasso, described in Section 2.1.2 below.
9The authors use h instead of H, but we have already used that variable to denote the number of tasks.
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2.1.2 BBLasso

A few multitask learning methods actually do feature selection, i.e., building models that contain only a subset of the original
features. AndoZhang, with its `2 regularization penalty, leaves in most or all of the features, but `1 methods, such as BBLasso
presented below, do not.

[AEP08] present an algorithm for learning functions of input features across tasks. This is more general than the approach
considered in this thesis of choosing merely a subset of the original features, but [AEP08, sec. 2.2] note that their approach
reduces to feature selection with an identity function. Regularizing with an `1 norm over features, their problem thus becomes

b� = argmin
�

 
RSS� + �

mX

i=1

k�ik
!

, (20)

where RSS� = trace [(Y �X�)0(Y �X�)] is the residual sum of squares for all h responses, and �i denotes the ith row of �.
The ith term in the sum represents the magnitude of coe�cients assigned to feature i; the sum over these values for each i
amounts to an `1 norm over the rows.

The `2 norm favors shared coe�cients across responses for the same features. To see this, [AEP08, p. 6] suggest the case
in which the entries of � can only be 0 or 1. If h di↵erent features each have a single nonzero response coe�cient, the penalty
will be �

Ph
j=1 1 = �h, since k�ik = 1 for each such feature i. However, if a single feature shares a coe�cient of 1 across all

h responses, the penalty is only �

qPh
j=1 12 = �

p
h. The same number and magnitude of nonzero coe�cients thus leads to

a much smaller penalty when the coe�cients are shared.
In principle the penalty term can be made even smaller by including nonzero coe�cients for only some of the responses.

For instance, in the example above, the penalty would be
p

h/2 if just half of the responses had nonzero coe�cients (i.e.,
coe�cients of 1). However, in reality, the coe�cient values are not restricted to 0 and 1, meaning that unhelpful coe�cients,
rather than being set to 0, tend to get very small values whose square is negligible in the `2-norm penalty. In practice, then,
this algorithm adds entire rows of nonzero coe�cients to b�.

Of course, as [OTJ09, p. 4] note, the `2 norm used here could be generalized to an `p norm for any p 2 [1,1). p = 1
corresponds to “no sharing” across the responses, since (20) would then reduce to the objective function for h independent
`1-penalized regressions. At the opposite extreme, p =1 corresponds to “maximal sharing”; in that case, only the maximum
absolute coe�cient value across a row matters.

A number of e�cient optimization approaches have been proposed for (20) with p = 2 and p =1; see, e.g., the related-
work sections of [TVW05] and [ST07] for a survey. In particular, [OTJ09] propose a fast approximate algorithm using a
regularization path, that is, a method which implicitly evaluates (20) at all values of �.

2.2 Regression by MIC

Following Section 1.2, this section considers ways we might approach regression with multiple responses from the perspective
of information theory. One strategy, of course, would be to apply the penalized-likelihood criterion (17) to each response in
isolation; we’ll call this the RIC method, because the dominant penalty in (17) is lg m, the same value prescribed by the
Risk Inflation Criterion for equation (7).

However, following the intuition of BBLasso and other multitask algorithms, we suspect that features predictive of one
task are more likely predictive of other, related tasks. For example, if two of our responses are “level of HDL cholesterol” and
“level of LDL cholesterol,” we expect that lifestyle variables correlated with one will tend to be correlated with the other.
The following multitask coding scheme, called the Multiple Inclusion Criterion (MIC), is designed to take advantage of such
situations by making it easier to add to our models features that are shared across responses.

2.2.1 Coding the Model

The way MIC borrows strength across responses is to e�ciently specify the feature-response pairs in the m⇥h matrix b�. The
näıve approach would be to put each of the mh coe�cients in a linear order and specify the index of the desired coe�cient
using lg(mh) bits. But we can do better. If we expect nearly all the responses to be correlated with the predictive features,
we could give all of the responses nonzero coe�cients (using 2h bits to code the values for each of the h response coe�cients)
and simply specify the feature that we’re talking about using lg m bits, as in Section 1.2.2. We’ll call this the fully dependent
MIC coding scheme (or Full MIC for short). It amounts to adding entire rows of nonzero coe�cients at a time to our b�
matrix, in much the same way that BBLasso does.

In many cases, however, the assumption that each feature is correlated with almost all of the responses is unrealistic.
A more flexible coding scheme would allow us to specify only a subset of the responses to which we want to give nonzero
coe�cients. For instance, suppose we’re considering feature number 703; of the h = 20 responses, we think that only responses
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{2, 5, 11, 19} should have nonzero coe�cients with the current feature. We can use lg m bits to specify our feature (number
703) once, and then we can list the particular responses that have nonzero coe�cients with feature 703, thereby avoiding
four di↵erent lg(mh) penalties to specify each coe�cient in isolation.

A standard way to code a subset of a set of size h is to first specify how many k  h elements the subset contains and
then which of the

�
h
k

�
possible subsets with k elements we’re referring to [CT06, sec. 7.2]. In particular, we choose to code k

using

lg⇤ k + ch (21)

bits, with ch as defined in (16).10 We then need lg
�
h
k

�
additional bits to specify the particular subset. We refer to this code

as partially dependent MIC (or Partial MIC for short).

2.2.2 Coding the Data

As usual, D(Y | b�q) = � lg P (Y | b�q) for the model that Sender and Receiver choose, which in this case is (18). If we allow
rows of ✏ to have arbitrary covariance as in (19), then

D(Y | b�q) =
1

2 ln 2

"
n ln

�
(2⇡)h|⌃|

�
+

nX

i=1

⇣
Yi �Xi

b�q

⌘0

⌃
�1

⇣
Yi �Xi

b�q

⌘#
, (22)

with subscript i denoting the ith row. Since ⌃ is in fact unknown, we estimate it using maximum likelihood:

b⌃F =
1

n

⇣
Y �X b�q�1

⌘0 ⇣
Y �X b�q�1

⌘
, (23)

where the subscript F stands for “full covariance,” and we use b�q�1 instead of b�q to prevent overfitting, as in the single-
response case of Section 1.2.1.

In practice, we find that estimating all h2 entries of ⌃ leads to overfitting. Therefore, in our experiments, we estimate ⌃

using a diagonal matrix b⌃D that’s the same as b⌃F except that the o↵-diagonal entries have been set to 0. In this case, (22)
reduces to a sum of h terms like (14) for each response separately. We also experimented with shrunken estimates of the form
b⌃� = �b⌃D + (1 � �)b⌃F for � 2 [0, 1] and observed informally that for � > 0.5 or so, b⌃� performed comparably with b⌃D.

However, there did not appear to be a performance advantage, so we continued to use b⌃D, which is faster computationally.11

2.2.3 Comparing the Coding Schemes

This section has discussed three information-theoretic approaches to multitask regression: RIC, Full MIC, and Partial MIC.
In general, the negative log-likelihood portion of RIC may di↵er from that of the other two, because Full and Partial MIC
may use a nondiagonal covariance estimate like b⌃F , while RIC, only operating on one response at a time, implicitly uses b⌃D.
However, since we also use b⌃D for Full and Partial MIC, the real di↵erences come from the coding penalties.

These are compared in Table 2 for various values of k, the number of responses for which we add the current feature
under consideration. Of course, Full MIC is only allowed to take k = 0 or k = h, so it actually has h nonzero coe�cients in
all three rows of the table. However, if the extra h� k coe�cients correspond to non-predictive features, the extra reduction
in residual-coding cost that Full MIC enjoys over the other methods is likely to be small.

The numbers beside the coding-cost formulas illustrate the case m = 2,000 features and h = 20 responses. As expected,
each coding scheme is cheapest in the case for which it was designed; however, we note that the MIC methods are never
excessively expensive, unlike RIC for k = h.

2.3 Implementation

As mentioned in Section 1.1, searching over all possible combinations of zero and nonzero coe�cients for the model that
minimizes description length is computationally intractable. We therefore implement MIC using a forward stepwise search
procedure, detailed in Algorithm 2.1. Beginning with a null model containing only an intercept feature, we evaluate each
feature for addition to this model and add the one that would most reduce description length, as computed using Algorithm

10We could also assume a uniform distribution on {1, 2, . . . , h} and spend lg h bits to code k’s index. However, in practice we find that smaller
values of k occur more often, so that the lg⇤-based code is generally cheaper.

11We also experimented with two other regularized full covariance-matrix estimators, proposed in [LW04] and [SORS], respectively. While we
never ran systematic comparisons, our informal assessment was that these methods generally did not improve performance relative to our current
approach and sometimes reduced it.
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Table 2: Costs in bits for each of the three schemes to code the appearance of a feature in k = 1, k = h
4 , and k = h response

models. In general, we assume m� h� 1. Note that for h 2 {5, . . . , 1000}, ch ⇡ 1. Examples of these values for m = 2,000
and h = 20 appear in brackets; the smallest of the costs appears in bold.

k Partial MIC Full MIC RIC

1 lg m + ch + lg h + 2 [18.4] lg m + 2h [51.0] lg m + 2 [13.0]
h
4 lg m + lg⇤

�
h
4

�
+ ch + lg

�
h

h/4

�
+ h

2 [39.8] lg m + 2h [51.0] h
4 lg m + h

2 [64.8]

h lg m + lg⇤ h + ch + 2h [59.7] lg m + 2h [51.0] h lg m + 2h [259.3]

2.2. Updating our model, we re-evaluate each remaining feature and add to the model the next-best feature. We continue
until we find no more features that would reduce description length if added to the model.

Algorithm 2.1: StepwiseRegressionMIC(X, Y, method)

// “method” is either “partially dependent MIC” or “fully dependent MIC.”
Make sure that the matrix X contains a column of 1’s for the intercept.

Initialize the model b� to have nonzero coe�cients only for the intercept terms. That is, if b�
is an m⇥ h matrix, exactly the first row has nonzero elements.

Compute b⌃ based on the residuals Y �X b� (whether as b⌃F , b⌃D, or something in between).
while true8
>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>:

Find the feature f that, if added, would most reduce description length.
(If method is “fully dependent MIC,” then “adding a feature” means making
nonzero the coe�cients for all of the responses with that feature. If method is “partially
dependent MIC,” then it means making nonzero the optimal subset of responses,
where the “optimal subset” is approximated by a stepwise-style search
through response subsets.)

Let b�f denote the model that would result if this new feature were added.

if DescrLength(X, Y, b�f , b⌃,method) < DescrLength(X, Y, b�, b⌃,method)

then

(
b�  b�f

Update b⌃.

else break

return (b�)

Algorithm 2.2: DescrLength(X, Y, b�, b⌃,method)

Let m be the number of features (columns of X) and h the number of responses (columns of Y ).
d 0 // Initialize d, the description length.

d d + D(Y | b�) // Add the likelihood cost using (22).
for j  1 to m // Add the cost of feature j, if any.

do

8
>>>>>><

>>>>>>:

k  number of nonzero responses for feature j
if k > 0

then

8
>><

>>:

d d + lg m // Cost to specify which feature.
d d + 2k // Cost to specify nonzero coe�cients.
if method == “partially dependent MIC”

then d d + lg⇤ k + ch + lg
�
h
k

�
// Specify which subset of responses.

return (d)

The above procedure requires evaluating the quality of features O(mr) times, where r is the number of features eventually
added to the model. For Partial MIC, each time we evaluate a feature, we have to determine the best subset of responses
that might be associated with that feature. As Algorithm 2.1 notes, this is also done using a stepwise-style search: Start with

9



no responses, add the best response, then re-evaluate the remaining responses and add the next-best response, and so on.12

Unlike an ordinary stepwise algorithm, however, we don’t terminate the search if, at the current number of responses in the
model, the description length fails to be the best seen yet. Because we’re interested in borrowing strength across responses,
we need to avoid overlooking cases where the correlation of a feature with any single response is insu�ciently strong to
warrant addition, yet the correlations with all of the responses are. Moreover, the lg

�
h
k

�
term in Partial MIC’s coding cost

does not increase monotonically with k, so even if adding the feature to an intermediate number of response models doesn’t
look promising, adding it to all of them might. Thus, we perform a full O(h2) search in which we eventually add all the
responses to the model. As a result, Partial MIC requires a total of O(mrh2) evaluations of description length.13

However, a few optimizations can reduce the computational cost of Partial MIC in practice.

• We can quickly filter out most of the irrelevant features at each iteration by evaluating, for each feature, the decrease
in negative log-likelihood that would result from simply adding it with all of its responses, without doing any subset
search. Then we keep only the top t features according to this criterion, on which we proceed to do the full O(h2)
search over subsets. We use t = 75, but we find that as long as t is bigger than, say, 10 or 20, it makes essentially no
impact to the quality of results. This reduces the number of model evaluations to O(mr + rth2).

• We can often short-circuit the O(h2) search over response subsets by noting that a model with more nonzero coe�cients
always has lower negative log-likelihood than one with fewer nonzero coe�cients. This allows us to get a lower bound
on the description length for the current feature for each number k 2 {1, . . . , h} of nonzero responses that we might
choose as

(model cost for other features already in model)

+ (negative log-likelihood of Y if all h responses for this feature were nonzero)

+ (the increase in model cost if k of the responses were nonzero).

(24)

We then need only check those values of k for which (24) is smaller than the best description length for any candidate
feature’s best response subset seen so far. In practice, with h = 20, we find that evaluating k up to, say, 3 or 6 is
usually enough; i.e., we typically only need to add 3 to 6 responses in a stepwise manner before stopping, with a cost
of only 3h to 6h.14

2.4 Experiments

We evaluate MIC on several synthetic and real data sets in which multiple responses are associated with the same set of
features. We focus on the parameter regimes for which MIC was designed: Namely, m� n, but with only a relatively small
number of features expected to be predictive. We describe the details of each data set in its own subsection below.

For comparing MIC against existing multitask methods, we used the Matlab “Transfer Learning Toolkit” [KR], which
provides implementations of seven algorithms from the literature. Unfortunately, most of them did not apply to our data
sets, since they often required meta-features (features describing other features), or expected the features to be frequency
counts, or were unsupervised learners. The two methods that did apply were AndoZhang and BBLasso, both described in
Section 2.1.

The AndoZhang implementation was written by the Transfer Learning Toolkit authors, Wei-Chun Kao and Alexander
Rakhlin. It included several free parameters, including the regularization coe�cients �k for each task (all set to 1, as was the
default), the optimization method (also set to the default), and H. [AZ05, pp. 1838-39] tried values of H between 10 and
100, settling on 50 but finding that the exact value was generally not important. We performed informal cross-validation for
values between 1 and 250 and found, perhaps surprisingly, that H = 1 consistently gave the best results. We used this value
throughout the experiments below.

The BBLasso implementation was written by Guillaume Obozinski, based on a paper [OTJ06] published earlier than the
[OTJ09] cited above; however, the algorithm is essentially the same. For each parameter, we used the default package setting.

AndoZhang and BBLasso are both classification methods, so in order to compare against them, we had to turn MIC into
a classification method as well. One way would have been to update (22) to reflect a logistic model; however, the resulting

computation of b� would then have been nonlinear and much slower. Instead, we continue to apply (22) and simply regress
on responses that have the values 0 or 1. Once we’ve chosen which features will enter which models, we do a final round of
logistic regression for each response separately with only the chosen features.15

12A stepwise search that re-evaluates the quality of each response at each iteration is necessary because, if we take the covariance matrix b⌃ to
be nondiagonal, the values of the residuals for one response may a↵ect the likelihood of residuals for other responses. If we take b⌃ to be diagonal,
as we end up doing in practice, then an O(h) search through the responses without re-evaluation would su�ce.

13Full MIC, not requiring the search through subsets of responses, is only O(mr) in the number of evaluations of description length.
14If b⌃ is diagonal and we don’t need to re-evaluate residual likelihoods at each iteration, the cost is only 3 to 6 evaluations of description length.
15This contrasts with BBLasso, which in the default Transfer Learning Toolkit implementation uses the original regression coe�cients (mostly
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2.4.1 Synthetic Data

We created synthetic data according to three separate scenarios, which we’ll call “Partial,” “Full,” and “Independent.” For
each scenario, we generated a matrix of continuous responses as

Ysim = Xsim�sim + ✏sim,

with m = 2,000 features, h = 20 responses, and n = 100 observations. Then, to produce binary responses, we set to 1 those
response values that were greater than or equal to the average value for their columns and set to 0 the rest, yielding a roughly
50-50 split between 1’s and 0’s because of the normality of the data. Each entry of Xsim was i.i.d. N (0, 1), each nonzero
entry of �sim was i.i.d. N (0, 1), and entry of ✏sim was i.i.d. N (0, 0.1), with no covariance among the ✏sim entries for di↵erent
responses.16 Each response had 4 beneficial features, i.e., each column of �sim had 4 nonzero entries.

The scenarios di↵ered according to the distribution of the beneficial features in �sim.

• In the Partial scenario, the first feature was shared across all 20 responses, the second was shared across the first 15
responses, the third across the first 10 responses, and the fourth across the first 5 responses. Because each response
had four features, those responses (6 � 20) that didn’t have all of the first four features had other features randomly
distributed among the remaining features (5, 6, . . . , 2000).

• In the Full scenario, each response shared exactly features 1�4, with none of features 5�2000 being part of the model.

• In the Independent scenario, each response had four random features among {1, . . . , 2000}.

Figure 1 illustrates these feature distributions, showing the first 40 rows of random �sim matrices.

Figure 1: Examples of �sim for the three scenarios, with the nonzero coe�cients in black. The figures show all 20 columns of
�sim but only the first 40 rows. (For the Partial and Independent scenarios, the number of nonzero coe�cients appearing in
the first 40 rows is exaggerated above what would be expected by chance for illustration purposes.)

Table 3 shows the performance of each of the methods on five random instances of these data sets. Test-set errors for the
“True Model” are those obtained with logistic regression for each response separately using a model containing exactly the
features of �sim that had nonzero coe�cients. In addition to test-set error, we show precision and recall metrics. Coe�cient-
level precision and recall refer to individual coe�cients: For those coe�cients of the data-generating �sim that were nonzero,
did our final b� show them as nonzero, and vice versa? Feature-level precision and recall look at the same question for entire
features: If a row of �sim had any nonzero coe�cients, did our corresponding row of b� have any nonzero coe�cients (not
necessarily the same ones), and vice versa?

The best test-set error values are bolded (though not necessarily statistically significant). As we would expect, each of
Partial MIC, Full MIC, and RIC is the winner in the synthetic-data regime for which it was designed, although Partial MIC
competes with Full MIC even in the Full regime. Though the results are not shown, we observed informally that AndoZhang
and BBLasso tended to have larger di↵erences between training and testing error than MIC, implying that MIC may be less

zeros). To enhance comparability, we should have adopted a consistent approach for evaluating test-set predictions: Either (1) use the original
coe�cients or (2) regress again on the selected features, for both MIC and BBLasso.

16We mentioned in Section 2.2.2 that MIC performed best when we used b⌃D, the diagonal covariance-matrix estimate. One might wonder
whether this was due only to the fact that we created our synthetic test data without covariance among the responses. However, this was not the
case. When we generated synthetic noise using a correlation matrix in which each o↵-diagonal entry was a specific nonzero value (in particular,

we tried 0.4 and 0.8), the same trend appeared: MIC with b⌃D had slightly lower test error.

11



Table 3: Test-set accuracy, precision, and recall of MIC and other methods on 5 instances of the synthetic data sets generated
as described in Section 2.4.1. Because synthetic data is cheap and our algorithms, once trained, are fast to evaluate, we used
10,000 test data points for each data-set instance. Standard errors are reported over each task; that is, with 5 data sets and
20 tasks per data set, the standard errors represent the sample standard deviation of 100 values divided by

p
100 (except

for feature-level results, which apply only to entire data sets and so are divided by
p

5). Baseline accuracy, corresponding to
guessing the majority category, is roughly 0.5. AndoZhang’s NA values are due to the fact that it does not explicitly select
features.

Method True Model Partial MIC Full MIC RIC AndoZhang BBLasso

Partial Synthetic Data Set

Test error 0.07 ± 0.00 0.10 ± 0.00 0.17 ± 0.01 0.12 ± 0.01 0.50 ± 0.02 0.19 ± 0.01
Coe↵. precision 1.00 ± 0.00 0.84 ± 0.02 0.26 ± 0.01 0.84 ± 0.02 NA 0.04 ± 0.00

Coe↵. recall 1.00 ± 0.00 0.77 ± 0.02 0.71 ± 0.03 0.56 ± 0.02 NA 0.81 ± 0.02
Feature precision 1.00 ± 0.00 0.99 ± 0.01 0.97 ± 0.02 0.72 ± 0.05 NA 0.20 ± 0.03

Feature recall 1.00 ± 0.00 0.54 ± 0.05 0.32 ± 0.03 0.62 ± 0.04 NA 0.54 ± 0.01

Full Synthetic Data Set

Test error 0.07 ± 0.00 0.08 ± 0.00 0.08 ± 0.00 0.11 ± 0.01 0.45 ± 0.02 0.09 ± 0.00
Coe↵. precision 1.00 ± 0.00 0.98 ± 0.01 0.80 ± 0.00 0.86 ± 0.02 NA 0.33 ± 0.03

Coe↵. recall 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.63 ± 0.02 NA 1.00 ± 0.00
Feature precision 1.00 ± 0.00 0.80 ± 0.00 0.80 ± 0.00 0.36 ± 0.06 NA 0.33 ± 0.17

Feature recall 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 NA 1.00 ± 0.00

Independent Synthetic Data Set

Test error 0.07 ± 0.00 0.17 ± 0.01 0.36 ± 0.01 0.13 ± 0.01 0.49 ± 0.00 0.35 ± 0.01
Coe↵. precision 1.00 ± 0.00 0.95 ± 0.01 0.06 ± 0.01 0.84 ± 0.02 NA 0.02 ± 0.00

Coe↵. recall 1.00 ± 0.00 0.44 ± 0.02 0.15 ± 0.02 0.58 ± 0.02 NA 0.43 ± 0.02
Feature precision 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.83 ± 0.02 NA 0.30 ± 0.05

Feature recall 1.00 ± 0.00 0.44 ± 0.02 0.14 ± 0.02 0.58 ± 0.03 NA 0.42 ± 0.06

likely to overfit.17 Resistance to overfitting is a general property of MDL approaches, because the requirement of completely
coding b� constrains model complexity. This point can also be seen from the high precision of the information-theoretic
methods, which, surprisingly, show comparable recall to BBLasso. Full MIC behaves most like BBLasso, because both
algorithms select entire rows of coe�cients for addition to b�.

2.4.2 Yeast Growth

Our first real data set comes from [LCCP09, pp. 5-6]. It consists of real-valued growth measurements of 104 strains of yeast
(n = 104 observations) under 313 drug conditions. In order to make computations faster, we hierarchically clustered these
313 conditions into 20 groups using single-link clustering with correlation as the similarity measure. Taking the average of
the values in each cluster produced h = 20 real-valued responses, which we then binarized into two categories: values at least
as big as the average for that response (set to 1) and values below the average (set to 0).18 The features consisted of 526
markers (binary values indicating major or minor allele) and 6,189 transcript levels in rich media for a total of m = 6,715
features.

The “Yeast Growth” section of Table 4 shows test errors from 5-fold CV on this data set. Though the di↵erence isn’t
statistically significant, Partial MIC appears to outperform BBLasso on test error. In any event, Partial MIC produces a
much sparser model, as can be seen from the numbers of nonzero coe�cients and features: Partial MIC includes nonzero
coe�cients in an average of 4 rows of b�, in contrast to 63 for BBLasso. Partial MIC also appears to outperform Full MIC
and RIC, presumably because the assumptions of complete sharing or no sharing of features across responses rarely hold
for real-world data. Like Partial MIC, AndoZhang did well on this data set; however, the algorithm scales poorly to large
numbers of responses and so took 39 days to run.19

17On the other hand, overfitting is a function of the regularization parameter chosen. We merely used the default parameter values in the
Transfer Learning Toolkit, but we presumably could have controlled overfitting by using higher regularization penalties.

18The split was not exactly 50-50, as the data were sometimes skewed, with the mean falling above or below the median. Table 4 reflects this
fact, showing that a classifier that simply guesses the majority label achieves an average error rate of 0.41.

19Much of the reason for this is that AndoZhang, as currently implemented, only produces predictions for one of the responses after it trains on
all of them. Thus, in order to predict all 20 responses, we had to run it separately 20 times. It is probably possible to train once and then predict
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Table 4: Accuracy and number of coe�cients and features selected on five folds of CV for the Yeast Growth, Yeast Markers,
and Breast Cancer data sets. Standard errors are over the five CV folds; i.e., they represent (sample standard deviation)
/
p

5. The “Majority Label” column represents a classifier which guesses the more common of the 0 / 1 labels seen in the
training set. AndoZhang’s NA values are due to the fact that it does not explicitly select features.

Method Partial MIC Full MIC RIC AndoZhang BBLasso Majority Label

Yeast Growth

Test error 0.38 ± 0.04 0.39 ± 0.04 0.41 ± 0.05 0.39 ± 0.03 0.43 ± 0.03 0.41 ± 0.04
Num. coe↵. sel. 22 ± 4 64 ± 4 9 ± 1 NA 1268 ± 279 NA
Num. feat. sel. 4 ± 0 3 ± 0 9 ± 1 NA 63 ± 14 NA

Yeast Markers

Test Error 0.34 ± 0.07 0.44 ± 0.04 0.27 ± 0.06 - 0.45 ± 0.05 0.53 ± 0.03
Num. coe↵. sel. 20 ± 1 68 ± 26 37 ± 2 NA 1044 ± 355 NA
Num. feat. sel. 16 ± 1 3 ± 1 37 ± 2 NA 52 ± 18 NA

Breast Cancer

Test error 0.33 ± 0.08 0.37 ± 0.08 0.36 ± 0.08 0.44 ± 0.03 0.33 ± 0.08 0.39 ± 0.04
Num. coe↵. sel. 3 ± 0 11 ± 1 2 ± 0 NA 61 ± 19 NA
Num. feat. sel. 2 ± 0 2 ± 0 2 ± 0 NA 12 ± 4 NA

2.4.3 Yeast Markers

The Yeast Growth data set described above includes as features both markers and transcripts for 104 yeast strains. We can
consider these as variables for prediction in their own right, without reference to the growth responses at all. In fact, regression
of transcripts against markers is commonly done; it’s known as “expression quantitative trait loci” (eQTL) mapping [KW06].
Since the marker variables are already binary (major or minor allele at the given location), we decided to flip the problem
around from the usual eQTL setup: Using the m = 6,189 transcripts as features, we predicted a subset of 20 of the 526
markers (numbered 25, 50, 75, . . . , 500 for a good distribution along the genome).

The results are shown in the “Yeast Markers” section of Table 4. Unlike the case of the Yeast Growth data, there is
apparently less sharing of feature information across markers, as RIC appears to outperform Partial MIC on test error. We
did not run AndoZhang on this data set.

2.4.4 Breast Cancer

Our Breast Cancer data set represents a combination of five of the seven data sets used in [vtVDvdV+02]. It contains
1,171 observations for 22,268 RMA-normalized gene-expression values. We considered five associated responses; two were
binary—prognosis (“good” or“poor”) and ER status (“positive” or “negative”)—and three were not—age (in years), tumor
size (in mm), and grade (1, 2, or 3). We binarized the three non-binary responses into two categories: Response values at
least as high as the average, and values below the average. Some of the responses were unavailable for some observations, so
we eliminated those observations, leaving 882. Of those, we kept only the first n = 100, both to save computational resources
and to make the problem “harder.” To reduce the features to a manageable number, we took the m = 5,000 that had highest
variance.

Table 4 shows the results. In this case, BBLasso did as well as Partial MIC on test error; however, as usual, Partial MIC
produced a much sparser model. Sparsity is important for biologists who want to interpret the selected features.

3 Hypothesis Testing with a Single Response

As the experimental results in Section 2.4 demonstrate, regression can be an e↵ective tool for predicting one or more responses
from features, and in cases where the number of features is large, selection can improve generalization performance. However,
as we noted with the Yeast and Breast Cancer data sets, accuracy is not always the only goal; sometimes model interpretability
is important. Indeed, in science, the entire goal of regression is often not prediction but rather discovering a “true model,”
by testing hypotheses about whether pairs of variables really have a linear relationship. For instance, an econometrician
regressing housing prices on air-pollution levels and resident income [HR78] is not trying to predict price levels but to study
consumer demand behavior.

all 20 responses simultaneously, but we wanted to avoid introducing errors by changing the code.
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Hypothesis testing with a small number of features is straightforward: Given a regression coe�cient, we can compute a
t statistic, and if it exceeds some threshold, we reject the null hypothesis that the coe�cient is 0. The situation becomes
slightly more complicated when we have many features whose coe�cients we want to examine. Section 3.1 reviews some
standard approaches to this multiple-testing problem, and Section 3.2 recasts them in the light of MDL. This sets the stage
for an MIC approach to hypothesis testing in Section 4.

3.1 Multiple-Testing Procedures

Consider the case of a single response variable y (say, a gene-transcript level), and suppose we’re trying to determine which
of m features (say, genetic markers) are linearly correlated with the response. If we test each feature at a significance level
↵, the overall probability that we’ll falsely reject a true null hypothesis will be much greater than ↵—this is the problem of
multiple hypothesis testing.

3.1.1 Bonferroni Correction

A standard way to control against so-called alpha inflation is called the Bonferroni correction: Letting H1, . . . ,Hm denote
the null hypotheses and p1, . . . , pm the associated p-values, we reject Hj when pj  ↵

m . By Boole’s inequality, this controls
what is known as the family-wise error rate (FWER), the probability of making any false rejection, at level ↵ under the
complete null hypothesis that all of H1, . . . ,Hm are true.20 In fact, Bonferroni controls FWER in a strong sense as well: For
any subset of null hypotheses, the probability of falsely rejecting any member of that subset when all members are true is
also bounded by ↵ [Hoc88, p. 800].

The Bonferroni correction is a single-stage testing procedure in which, unfortunately, testing a larger number of hypotheses
reduces the power for rejecting any one of them [Sha95, p. 569]. This is especially problematic when the number of hypotheses
tested is in the thousands or tens of thousands, as is common with, e.g., microarray or fMRI data. However, statisticians have
developed several multistage testing procedures that help to overcome this limitation by conditioning rejection thresholds for
some test statistics on the results of rejections by others.

3.1.2 Improvements on Bonferroni

One of the first of these was the Holm step-down procedure [Hol79]. Here, we let p(1), . . . , p(m) denote the p-values sorted in
increasing order and H(1), . . . ,H(m) the corresponding null hypotheses. We begin by looking at p(1): If it fails to be  ↵

m ,
we stop without rejecting anything. (This is what Bonferroni would do as well, since no p-value is  ↵

m .) However, if we
do reject H(1), we move on to H(2) and reject if and only if p(2)  ↵

m�1 . We continue in this manner, rejecting H(j) when
p(j)  ↵

m�j+1 , until we fail to reject a hypothesis. Like Bonferroni, the Holm method controls FWER in the strong sense for

independent or dependent test statistics [Hoc88, p. 800].
Simes [Sim86, p. 751] proposed a more lenient approach: Reject the complete null hypothesis if any of the following

inequalities holds, j = 1, 2, . . . ,m:

p(j) <
j↵

m
.

This controls FWER for independent test statistics at level ↵. Moreover, simulation studies suggested that it remained true
for various multivariate-normal and multivariate-gamma test statistics [Sim86, p. 752]. Unfortunately, unlike the Bonferroni
and Holm procedures, the Simes approach says nothing about rejecting individual hypotheses once the complete null is
rejected [Sim86, p. 754], although [Hoc88] and [Hom88] subsequently proposed limited procedures for doing so.

3.1.3 FDR and the BH Procedure

In his closing discussion, Simes [Sim86, p. 754] proposed that if we wanted to reject individual null hypotheses, we might
reject the ordered hypotheses H(1), . . . ,H(q) such that

q = max

⇢
j : p(j) 

j↵

m

�
. (25)

However, he cautioned that there was “no formal basis” for this. Indeed, [Hom88, p. 384] showed that in certain cases, the
FWER of this procedure could be made arbitrarily close to 1 for large m.

20When the test statistics are independent or positive orthant dependent, one can replace ↵
m

by 1� (1�↵)
1
m , but the resulting improvement in

power is small for small ↵ [Sha95, p. 570].
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However, Benjamini and Hochberg [BH95] pointed out that the Simes procedure could be said to control a di↵erent
measure, which they called the false-discovery rate (FDR). Letting V denote the (unobservable) random variable for the
number of true null hypotheses rejected and S the (unobservable) random variable for the number of correctly rejected null
hypotheses,

FDR := P (V + S > 0) E

"
V

V + S

�����V + S > 0

#

(where V +S, the number of null hypotheses rejected in total, is observable). Thus, FDR is the expected proportion of falsely
rejected null hypotheses. This statistic is more flexible than FWER because it accounts for the total number of hypotheses
considered; if, for instance, we had m = 1,000,000 hypotheses, the FWER would be very high, but the proportion of false
rejections could still be low. Because of this flexibility for large m, FDR has become standard in bioinformatics, neuroscience,
and many other fields.

[BH95, p. 293] showed that the Benjamini-Hochberg (BH) step-up procedure (25) controls FDR at ↵ for independent test
statistics and any configuration of false null hypotheses. [BY01] extended this result to show that the procedure also controlled
FDR for certain types of positive dependency. This included positively correlated and normally distributed one-sided test
statistics, which occur often in, for instance, gene-expression measurements [RYB03, p. 370].

Various extensions to the BH procedure have been proposed. For instance, [BL99] suggested a step-down approach for
independent test statistics that, while not dominating the BH step-up procedure, tended experimentally to yield higher power.
[BY01, p. 1169] showed that replacing ↵ by ↵/

Pm
j=1

1
j would control FDR at ↵ for any test-statistic correlation structure,

though this is often more conservative than necessary (p. 1183). [YB99] proposed a resampling approach for estimating FDR
distributions based the data, in order to gain increased power when the test statistics were highly correlated. Many further
modifications to the BH procedure have been put forward since. However, in this thesis, we stick with the original version
given by (25).

3.2 Hypothesis Testing by MDL

MDL compares log-likelihoods of data under various models, choosing a more complicated model if and only if it has
su�ciently lower negative log-likelihood. Appendix A shows that, in fact, this process is equivalent to a standard statistical
procedure known as a generalized likelihood-ratio test, at some implied significance level ↵.

Hypothesis testing di↵ers slightly from regression, however. The goal with regression is to minimize test-set error by
choosing a few highly informative features. Because MIC penalizes for each feature, if we find several, very similar features
that are all correlated with the response, stepwise regression by MIC will likely include only one of them. For instance,
suppose the true model is y = f1 +2f2 + ✏, where f1 and f2 are nearly identical features. Not wanting to waste model-coding
bits, regression MIC would probably give the model y = 3f1 + ✏ or y = 3f2 + ✏.

With hypothesis testing, we aim to find all of the features that are significantly correlated with the response. In the
above example, we would hope to include both f1 and f2 in our set of relevant features. To do this, we regress Y on each
feature in isolation; we keep those features that, according to MDL, deserve nonzero regression coe�cients. Conceptually, we
can think of this as a for-loop over features, in a given iteration of which we call an MIC-stepwise-regression function using
the regular Y matrix but with an X matrix that contains only the current feature (and an intercept). There’s one catch,
though: Since our for-loop searches through m potential features to add, we’re e↵ectively doing m hypothesis tests, and we
need to incorporate some sort of multiple-testing penalty. Below we describe a way to motivate such a penalty from an MDL
perspective.

Section 1.2 described a scenario to motivate ordinary MDL regression: Sender wanted to transmit data Y to Receiver
when both Sender and Receiver knew the value of an associated matrix X of features. Now suppose instead that there are
m di↵erent Receivers, where Receiver i knows the values only of the ith feature (i.e., the ith column of X). All the Receivers
want to reconstruct Y , so Sender has to transmit messages to each of them telling them how to do it, possibly using the
feature that they individually know. The messenger Hermes visits Sender and tells her some ground rules: Sender must
transmit directly to each Receiver only information about how to reconstruct Y given a model. All model information itself
(i.e., all the b� coe�cients) Sender has to transmit to Hermes, who will then visit each Receiver and tell him his appropriate
coe�cient (possibly 0 if Sender hasn’t bothered to encode a model for that feature). As a bonus, Sender is allowed to include
in each model the intercept coe�cient of Y for free, meaning that if Sender doesn’t specify a feature regression coe�cient for
Receiver i, that Receiver at least gets the average Y to use in reconstructing Y . Letting b�q denote the model Sender tells
Hermes, Sender’s total description length is

D(b�q) + Dm(Y | b�q),
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where

Dm(Y | b�q) :=
mX

i=1

D(Y |Mi). (26)

Here, we define Mi to be a null model, containing only the free intercept term, if Sender doesn’t specify a nonzero regression
coe�cient for Receiver i in b�q. Otherwise, Mi contains both a costless intercept term and the regression coe�cient for feature
i.

The result should be something like a series of hypothesis tests, in which the features in b�q correspond to the rejected
null hypotheses. The idea is that, because Sender has to tell Hermes which coe�cients go to which Receiver, the coding of
b�q will involve a penalty that grows with the number of possible features, which is what we need to protect against alpha
inflation from multiple tests.

3.3 MDL Multiple-Testing Corrections

We consider two coding schemes that Sender might use to tell Hermes which features are contained in her model b�q.

3.3.1 Bonferroni-Style Penalty

Suppose m = 5,000 and Sender wants to use nonzero coe�cients for features 226, 1,117 and 3,486. One way to tell Hermes
this is to transmit the binary representation of each of these numbers, using an idealized lg m bits for each one. Then, as in
Section 1.2.2, Sender spends 2 bits to specify each coe�cient. The resulting message to Hermes costs 3 lg m + 3 · 2 bits. In
general, Sender’s description length will be

q lg m + 2q + Dm(Y | b�q). (27)

For each feature j, let � lg ⇤j denote the decrease in residual coding cost that would result from using a nonzero coe�cient
for feature j. (See the Appendix for the motivation behind this notation.) Then minimizing (27) is equivalent to the following
decision rule: Looking at the features in decreasing order of their � lg ⇤j values, add feature j to the model as long as

� lg ⇤j � lg m + 2. (28)

Interestingly, (39) in Appendix A.4 shows that this is equivalent to a Bonferroni correction at some implied ↵. In fact,
according to Appendix A.5, taking a cost per coe�cient around 2,21 as we did for stepwise regression, corresponds to an ↵

around 0.05.

3.3.2 BH-Style Penalty

If Sender expects to code more than one coe�cient, rather than coding an entire index to specify each feature, she may
find it advantageous to use a scheme similar to (21). There, the scheme was used to convey a subset of nonzero response
coe�cients in Partial MIC; here it would describe a subset of features from {1, . . . ,m}. Using this code, Sender’s description

length using b�q would be

lg⇤ q + cm + lg

✓
m

q

◆
+ 2q + Dm(Y | b�q). (29)

Apart from the two (small) terms at the beginning, this can be made to correspond at some implied ↵22 with (44) and thus
approximately with the ordinary BH procedure.

4 MIC for Hypothesis Testing

As was the case with regression, real-world hypothesis-testing problems often involve multiple responses. [TVW05, sec. 1]
discuss the task of identifying a subset of 770 wavelength features that best predict 14 chemical quantities (e.g., pH, organic
carbon, and total cations). Expression quantitative trait loci (eQTL) mapping is the process of looking for correlations
between potentially thousands of gene-expression transcripts and genetic markers (e.g., [SMD+03]). Section 4.1 reviews some
existing ways to deal with this problem, and then Section 4.2 describes the MIC approach. Experimental comparisons of the
various methods are described in Section 4.3.

212.77 to be exact, for m = 1 and one degree of freedom, though this changes somewhat with m and the number of degrees of freedom.
22In fact, the same ↵ as for the Bonferroni case above.
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4.1 Existing Approaches

We describe a few examples of ways to perform hypothesis testing with multiple responses.

4.1.1 Bonferroni and BH

Probably the most straightforward approach is to treat each response separately and apply, say, the Bonferroni or BH proce-
dures of Section 3.1 one response at a time. We’ll refer to these approaches as simply “Bonferroni” and “BH,” respectively.

According to [KCY+06, p. 20], a number of early eQTL studies took this approach, applying single-transcript mapping
methods to each transcript separately. However, because such methods are designed to control false positives when analyzing
a single transcript, multiple tests across transcripts may result in inflated FDR [KCY+06, p. 23].

4.1.2 BonferroniMatrix and BHMatrix

To account for the greater number of hypothesis tests being performed with h > 1 responses, we might penalize not just by
↵
m but ↵

mh . The procedure that consists in applying the latter Bonferroni threshold to each p-value in our m ⇥ h matrix
of p-values is what we’ll call “BonferroniMatrix.” E↵ectively, we’re imagining our matrix of p-values as one long vector and
applying the standard Bonferroni correction to that.

Similarly, we can imagine turning our matrix of p-values into a single vector and applying the BH method to it: We’ll call
this approach “BHMatrix.” In contrast to BH, it has a harsher starting penalty ( ↵

mh rather than ↵
m ), but it also allows us to

pick out the best p-values from any location in the entire matrix, not just p-values in the particular column (response) that
we’re currently examining. [KCY+06, p. 21] describes a conceptually similar approach, called “Q-ALL,” that used so-called
q-values [Sto03] to identify significant marker-transcript correlations.

The result of BonferroniMatrix at level ↵ is the same as that of regular Bonferroni at level ↵
h , so if we’re looking at a

range of significance levels, it su�ces to examine just Bonferroni or BonferroniMatrix; we’ll show results for Bonferroni only
in what follows. The same is not true for BH vs. BHMatrix, so we report on both methods.

4.1.3 Empirical Bayes

The BHMatrix approach does not treat each response separately, since, for example, if one response has lots of low p-values
that pass the harshest thresholds of the step-up procedure, it can leave easier thresholds for the other responses. But this
doesn’t really “share information” across responses in a meaningful way.

One approach that does is called EBarrays [KNLG03], which uses an empirical Bayes hierarchical model to estimate
a prior for the underlying means of each transcript (response), allowing for stable inference across transcripts despite the
small sample size of each individually. The goal is to determine, at each marker (feature), which transcripts show significant
association. Originally designed for sharing transcript information one marker at a time, the method has been extended
to a mixture over markers (MOM) model that uses the EM algorithm to assign probabilities that a transcript correlates
to each marker [KCY+06]. As the names suggest, these methods apply specifically to eQTL problems, though of course,
the empirical-Bayes shrinkage framework applies more generally. We give this as just an example of previous approaches to
sharing strength across responses that have been developed for hypothesis testing.

4.2 The MIC Approach

While the EBarrays approach shares information across responses, it fails to take advantage of one potentially important
source of shared strength: Namely, that features strongly associated with one response are perhaps more likely to be associated
with other responses. In the case of eQTL, for example, we might suspect this type of sharing across responses by marker
features corresponding to trans-regulatory elements, which a↵ect expression of many di↵erent genes.

On the other hand, the MIC approach of Section 2 does pick up on sharing of features across responses, so we propose
a method for hypothesis testing by MIC. Just as the single-response version of hypothesis testing by MDL in Section 3.2
applied single-response regression to each feature individually, so we can also imagine applying the multiple-response MIC
regression approach of Section 2.2 to each feature individually in order to do multiple-response hypothesis testing.

This amounts basically to a for-loop of the MIC Stepwise Regression Algorithm 2.1 over each feature, except that the
costs of coding the features are di↵erent from usual because of the setup that Hermes imposed (see Section 3.2). Just as
in that section, we can consider a Bonferroni-style (“Bonferroni-MIC”) and a BH-style (“BH-MIC”) coding scheme, using
feature penalties of q lg m and lg⇤ q + cm + lg

�
m
q

�
, respectively. Below we make each of these approaches more explicit.
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4.2.1 Implementation

With Bonferroni-MIC, we can evaluate each feature one at a time for inclusion based on whether StepwiseRegressionMIC

(Algorithm 2.1) would have included nonzero coe�cients for that feature, with the following exception. That algorithm
includes a feature penalty of lg of the number of features (columns) in the given X matrix. Here, when we give the algorithm
only one column of X at a time, this term would normally be just lg 1. However, the coding scheme that Hermes imposed
requires us instead to use lg m bits to specify a feature, where m is the total number of features in X. Pseudocode appears
in Algorithm 4.1.

Algorithm 4.1: Bonferroni-MIC(X, Y, method)

b�  0
for i = 1 to m // Loop over the features.8
>><

>>:

Essentially, we call
b�i  StepwiseRegressionMIC(Xi, Y,method),

except that the usual penalty term corresponding to lg of the number of columns of the
input Xi matrix (just 1 here) is replaced by lg m, where m is the number of columns of X.

return (b�)

BH-MIC is slightly trickier, because the cost of adding a new feature depends on how many features are already in the
model. Our approach, outlined in Algorithm 4.2, is to loop through features and evaluate whether they would include nonzero
coe�cients when no feature-coding cost is imposed (i.e., no (lg m)-like term is charged). This fills b� with a possibly inflated
number of nonzero coe�cients that we subsequently trim down if necessary. To do this, we evaluate the cost of keeping
the best q of the currently nonzero features for each q from 0 to the current number of nonzero features qorig, choose the

optimal value q⇤, and zero out the rest. Note that zeroing out those rows of b� is su�cient; we have no need to go back and
recompute the optimal subset of responses for the remaining features, because the cost to specify the included features is the
same regardless of the response subset.

Algorithm 4.2: BH-MIC(X,Y, method)

b�  0
for i = 1 to m // Loop over the features.8
>>>>>><

>>>>>>:

Essentially, we call
b�i  StepwiseRegressionMIC(Xi, Y,method),

but without any cost to code features (the usual lg m term). We also record si,

the (positive) number of bits saved by using the current subset of nonzero coe�cients b�i

instead of having all the coe�cients zero. If b�i == 01⇥h, i.e., all the coe�cients
are already all zeros, si  0.

Sort the si in decreasing order and call them s(i). s(1) corresponds to saving the most bits, etc.

qorig  number of nonzero features currently in b� (possibly too many)

q⇤  max
q2{1,...qorig}

(
qX

i=1

s(i) �
✓

lg⇤ q + cm + lg

✓
m

q

◆◆)
(or q⇤  0 if none of these is positive)

Zero out the rows of b� corresponding to features whose inclusion saves fewer than s(q⇤) bits.

return (b�)

In both Bonferroni-MIC and BH-MIC, the algorithmic complexity is dominated by the for-loop. In Section 2.3, we saw
that a call to StepwiseRegressionMIC required O(mirh

2) evaluations of description length, where we’ve used mi to
denote the number of columns of Xi. In particular, mi = 1 for each i and r is at most 1, so the complexity within a given
for-loop iteration is only O(h2). Overall, then, these algorithms evaluate description length O(mh2) times.

4.2.2 Hypothesis-Testing Interpretation

Consider a single feature. In Section 3.2, we noted the correspondence between MDL regression on that feature and a
statistical likelihood-ratio test of whether its regression coe�cient was nonzero. With h > 1 responses, MIC hypothesis
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testing searches over subsets of responses to have nonzero coe�cients with the feature. Each evaluation of description length
during this process can be interpreted as a hypothesis test, in the way explained in the Appendix. In particular, when we
evaluate the description length for some subset S ⇢ {1, 2, . . . , h} of the responses being nonzero, we’re implicitly doing a
likelihood-ratio test with these null and alternative hypotheses:

H0 : � = 01⇥h vs.

H1 : �i 6= 0 for i 2 S,
(30)

where � is the 1 ⇥ h matrix of true regression coe�cients of the feature with the h responses. In theory, MDL performs
exponentially many such tests, one for each subset S,23 though they are obviously highly correlated. We can interpret
the lg⇤ k + ch + lg

�
h
k

�
penalty to specify the subset of k of the responses (as described in Section 2.2.1) as something of a

multiple-testing correction for doing all of these implicit hypothesis tests.
Section 3.3 and the corresponding portions of the Appendix pointed out the approximate correspondence between partic-

ular penalties and particular corrections: For instance, that lg m in log-likelihood space is essentially a Bonferroni correction
in p-value space, or that a cost per coe�cient of 2.77 approximately corresponds to ↵ = 0.05. With h > 1 responses, these
approximations are somewhat rougher. The reason is that in (30), k = |S|, the di↵erence in dimension of the parameter
spaces between H0 and H1, is often greater than 1. In this case, �2 ln⇤ ⇠ �2

(k), and for k > 1, the standard-normal approxi-
mation using � in Appendix A.3 no longer goes through. Nevertheless, we can expect the Bonferroni- and BH-style penalties
from Section 3.3 to do roughly the right things for multiple responses; we needn’t make them match the Bonferroni and BH
procedures exactly. (If we did, what would be the point of using information theory?)

4.3 Experiments

When we measure the performance of our algorithms in terms of test-set error, we can use cross-validation to run experiments
on real data sets, as we did in Section 2.4. When, instead, we need to judge how well our algorithm identifies truly nonzero
coe�cients, we have to fall back to synthetic data. That’s because the real world doesn’t tell us the true � matrix24—we
only know it if we make it ourselves. Thus, in this section, we rely entirely on synthetic data. However, we can sometimes
base our synthetic data on a real-world data set, and we do this with the Yeast Growth data in Section 4.3.2.

For each of the scenarios below, we generated 25 random instances of the data sets, corresponding to 25 random �sim

matrices, taking n = 100 training data points and h = 20 responses. Because synthetic data is cheap, we evaluate test-set
error on 10,000 test data points. We calculate error for each response as SSE/

p
n, where SSE is the sum of squares error

from the ordinary-least-squares regression of the given response on exactly the features selected by the algorithm (plus an
intercept). We report precision and recall at the coe�cient level (whether each particular nonzero coe�cient was selected).
We calculate these results separately for each response in each data set, so that standard errors represent standard deviations
divided by

p
20 · 25.

We compare the following feature-selection approaches:

• “Truth”: Use an oracle to select exactly the true features.

• “Bonf,↵=↵0”: For each response separately, select those features whose p-values with the response are  ↵0/m. We
calculate the p-value for a given feature and response by regressing the response against only that feature and an
intercept, and evaluating the p-value of the slope regression coe�cient.

• “Indep,cpc=c0”: Apply the RIC algorithm described in Section 2.2 to each response separately, using c0 as the cost to
code a coe�cient value. (c0 does not include the cost to specify which features enter the model, which is always lg m.
It shouldn’t fall below 0, and the lowest value we tried was 0.1.)

• “Bonf-MIC”: Bonferroni-style MIC, as described in Algorithm 4.1. The cost to code a coe�cient is 2 bits.

• “BH,↵=↵0”: For each response separately, calculate p-values the same way as with “Bonf,↵=↵0,” but apply the BH
procedure (25) at level ↵0 instead of the Bonferroni correction.

• “BHMat,↵=↵0”: Apply the BH procedure at level ↵0 to the entire m⇥ h matrix of p-values all at once.

• “BH-MIC”: BH-style MIC, as described in Algorithm 4.2. The cost to code a coe�cient is 2 bits.

23Of course, in practice we do only O(h2) of them during our stepwise-style search through responses to include.
24Indeed, there may not be any true � matrix, because the data are not really generated according to our model (18), though the approximation

works well enough.
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The MIC methods have no free parameters (if we fix the cost per coe�cient at 2 bits), so they give point values for precision
and recall. To allow for comparison, then, we ran the other methods at a variety of ↵0 or c0 levels, presenting results for
↵0 or c0 levels at which precision approximately matched that of MIC; relative performance can then be assessed based on
recall. Because we tried only a discrete grid of ↵0 or c0 values, precisions did not always match exactly, so we took the highest
precision not exceeding the MIC value. This puts MIC at a slight disadvantage in comparing recall, because its precision is
often slightly higher than that of the other methods.

In our tables below, we make bold those results that represent the best performance among the three Bonferroni-style
methods and also among the three BH-style methods. Here, “best performance” is based on the observed average value, but
the di↵erences are often not statistically significant.

4.3.1 Simulated Synthetic Data

We created three data sets in the same manner as described in Section 2.4.1, the only di↵erence being that we took m = 1,000
features instead of 2,000 (for no particular reason). Table 5 shows the results for the Partial, Full, and Independent scenarios.

MIC appears to have had worse test-error than the other methods except in the Full scenario, where it performed close to
the Truth. As the especially poor Independent performance suggests, this is probably due to the fact that MIC has a harder
time picking up on single nonzero coe�cients in a given row of �sim, due to its “higher overhead” cost to put them in (see
Table 2 for k = 1).

Of course, for hypothesis-testing algorithms, test error is not the most important metric. On recall, MIC does outperform
its competitors in the Partial and especially Full scenarios. And as we would expect, it performs worse in the Independent
case, again due to its high overhead for individual coe�cients on a row of b�.

Partial Scenario

Method Truth Bonf,↵=1 Indep,cpc=0.1 Bonf-MIC BH,↵=0.3 BHMat,↵=0.3 BH-MIC

Train Err 0.31 ± 0.00 0.52 ± 0.01 0.63 ± 0.01 0.56 ± 0.01 0.51 ± 0.01 0.52 ± 0.01 0.53 ± 0.01
Test Err 0.32 ± 0.00 0.57 ± 0.01 0.66 ± 0.01 0.59 ± 0.02 0.56 ± 0.01 0.57 ± 0.01 0.57 ± 0.01

Coe↵ Prec 1.00 ± 0.00 0.74 ± 0.01 0.96 ± 0.00 0.76 ± 0.01 0.70 ± 0.01 0.73 ± 0.01 0.74 ± 0.01
Coe↵ Rec 1.00 ± 0.00 0.60 ± 0.01 0.53 ± 0.01 0.71 ± 0.01 0.61 ± 0.01 0.60 ± 0.01 0.73 ± 0.01

Full Scenario

Method Truth Bonf,↵=2 Indep,cpc=0.1 Bonf-MIC BH,↵=0.45 BHMat,↵=0.5 BH-MIC

Train Err 0.31 ± 0.00 0.49 ± 0.01 0.61 ± 0.01 0.30 ± 0.00 0.49 ± 0.01 0.48 ± 0.01 0.30 ± 0.00
Test Err 0.32 ± 0.00 0.54 ± 0.01 0.63 ± 0.01 0.33 ± 0.00 0.54 ± 0.01 0.53 ± 0.01 0.33 ± 0.00

Coe↵ Prec 1.00 ± 0.00 0.62 ± 0.01 0.97 ± 0.00 0.62 ± 0.01 0.59 ± 0.01 0.57 ± 0.01 0.61 ± 0.01
Coe↵ Rec 1.00 ± 0.00 0.61 ± 0.01 0.53 ± 0.01 0.99 ± 0.00 0.61 ± 0.01 0.61 ± 0.01 0.99 ± 0.00

Independent Scenario

Method Truth Bonf,↵=0.1 Indep,cpc=0.1 Bonf-MIC BH,↵=0.04 BHMat,↵=0.05 BH-MIC

Train Err 0.31 ± 0.00 0.59 ± 0.01 0.59 ± 0.01 0.82 ± 0.02 0.59 ± 0.01 0.59 ± 0.01 0.70 ± 0.01
Test Err 0.32 ± 0.00 0.62 ± 0.01 0.62 ± 0.01 0.86 ± 0.02 0.62 ± 0.01 0.62 ± 0.01 0.73 ± 0.02

Coe↵ Prec 1.00 ± 0.00 0.96 ± 0.01 0.96 ± 0.01 0.96 ± 0.01 0.96 ± 0.01 0.96 ± 0.01 0.96 ± 0.01
Coe↵ Rec 1.00 ± 0.00 0.53 ± 0.01 0.54 ± 0.01 0.40 ± 0.01 0.54 ± 0.01 0.54 ± 0.01 0.47 ± 0.01

Table 5: Test-set accuracy, precision, and recall of MIC and other methods on 25 instances of the synthetic data sets generated
as described in Section 2.4.1, except with m = 1,000.

4.3.2 Simulated Yeast Data

We created a synthetic Yeast Growth data set based on the one described in Section 2.4.2. As will be explained below,
talking about the “true coe�cients” of a synthetic model requires that the features be relatively uncorrelated. However,
the transcript features of the original data set were highly correlated, so we included only the 526 marker features in the X
matrix. As before, we made use of the 20 growth clusters as the Y matrix. We created four types of data sets with varying
degrees of correlation among the features, but the basic data-generation process was the same for each, and we describe it
below.
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We started by trying to approximate what the true distribution of nonzero coe�cients in � might look like by running
the RIC algorithm described in Section 2.2 with a cost of 3 bits per coe�cient. The resulting 526⇥ 20 b� matrix contained 33
nonzero coe�cients, many of them in blocks of four or five down certain columns due to correlation among adjacent marker
features.

The next step was to construct a true � matrix �sim resembling, but not identical to, b�.25 We did this based on summary
statistics about b�: What fraction f of the features had any nonzero coe�cients? (f = 0.05 for the actual b�.) Of those that
did, what was the average number a of nonzero coe�cients in each row? (a = 1.3 here.) And what were the sample mean µb�

and standard deviation �b�
of the nonzero coe�cient values? (Actual values were �0.12 and 0.20, respectively.) We initialized

an empty 526⇥ 20 matrix �sim and, to fill it in, walked down the rows, each time flipping a coin with probability f to decide
whether to give that row nonzero coe�cients. We drew the number of nonzero coe�cients from a Poisson distribution with
rate a (capped at 20, the total number of responses) and distributed those coe�cients randomly among the 20 columns.
The values of each of those coe�cients were drawn independently from a normal distribution with mean µb�

and standard
deviation �b�

. When we had finished walking down the rows, we checked to make sure that the total number of nonzero

coe�cients in �sim was within 25% of that in the original b�; if not, we started the process over.
We then constructed a simulated 100⇥ 526 X matrix Xsim by drawing each row from a multivariate-normal distribution

with some covariance b⌃X based on the covariance matrix of the real X matrix. The first three variants of our synthetic data
set consisted of taking b⌃X to be one of b⌃X

D (diagonal), b⌃X
� with � = 0.5 (half diagonal, half full), and b⌃X

F (full), with the

subscripts as in Section 2.2.2. Figure 2 plots, respectively, b⌃X
D , b⌃X

0.5, and b⌃X
F as correlation matrices (i.e., each entry is scaled

to fall in the range [0, 1]), with red indicating “high correlation” and blue, “low correlation.”
All three of the above variants involved normally distributed feature values, even though X itself consisted only of 0’s

and 1’s (minor and major allele, respectively). Thus, as the fourth variant, we took Xsim to be the original binary-valued X
matrix.

Figure 2: Correlation matrices of the 526 marker features in the Yeast Growth data set. The figures correspond to, from left
to right, diagonal shrinkage, half-diagonal shrinkage, and no shrinkage. Red = correlation near 1, yellow = correlation near
0.8, light blue = correlation near 0.2, dark blue = correlation near 0. Due to the relatively high correlation among features,
measures of precision and recall are slightly misleading, because which features are “truly correlated” with responses becomes
unclear, as the text explains.

Finally, we estimated b⌃D in the manner of Section 2.2.2 with only an intercept feature in the model. With these matrices
in place, we computed

Ysim = Xsim�sim + ✏sim,

with each row of ✏sim being independently distributed as Nh(0, b⌃D).
Table 6 shows the results for each variant of the data set. In general, MIC performs essentially indistinguishably from the

other methods. This is probably because a, the average number of responses per feature, is only 1.3 for this particular data
set, implying that there isn’t substantial sharing of features across responses. There does appear to be enough sharing that
MIC doesn’t perform as much worse than the other methods as in the case of the Independent synthetic data set in Table 5.

The precision of each of the methods degrades significantly as the correlation among the features increases. In fact, these
numbers are somewhat misleading, because the notion of a “true coe�cient” becomes fuzzy when features are correlated.

25If we took �sim to be equal to b�, then the RIC algorithm might have artificially high precision and recall. That’s because we’re defining the
“true features” for the synthetic data set as those that the RIC algorithm returned on the real data set. Since we designed the synthetic data set
to imitate the real one, we might expect RIC to return similar patterns of coe�cients in both cases. Generating a new matrix to serve as �sim also
allows for randomization over multiple instances of this synthetic data set. Of course, one downside of this simulation approach is that correlational
structure from the original problem is lost.
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We generated the data by imposing a particular �sim matrix, with nonzero coe�cients in certain locations. For instance, for
response 3, we might have given feature 186 a coe�cient of 0.2, causing a correlation between that feature and that response.
However, because feature 186 is correlated with, say, features 185 and 187, features 185 and 187 will also be correlated
with response 3, so we end up selecting them as well. This isn’t necessarily wrong to do, because the data really do show
a correlation; the arbitrariness of our choice of zeros and nonzeros in �sim is at fault for the large apparent rate of “false
positives.”

Each row of X distributed Nm(0, b⌃X
D)—no correlation among features.

Method Truth Bonf,↵=0.1 Indep,cpc=0.1 Bonf-MIC BH,↵=0.06 BHMat,↵=0.085 BH-MIC

Train Err 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00
Test Err 0.02 ± 0.00 0.03 ± 0.00 0.02 ± 0.00 0.03 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00

Coe↵ Prec 1.00 ± 0.00 0.92 ± 0.01 0.90 ± 0.01 0.92 ± 0.01 0.91 ± 0.01 0.91 ± 0.01 0.92 ± 0.01
Coe↵ Rec 1.00 ± 0.00 0.80 ± 0.01 0.81 ± 0.01 0.79 ± 0.01 0.81 ± 0.01 0.81 ± 0.01 0.80 ± 0.01

Each row of X distributed Nm(0, b⌃X
0.5)—some correlation among features.

Method Truth Bonf,↵=0.055 Indep,cpc=1 Bonf-MIC BH,↵=0.03 BHMat,↵=0.045 BH-MIC

Train Err 0.02 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00
Test Err 0.02 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.02 ± 0.00

Coe↵ Prec 1.00 ± 0.00 0.78 ± 0.01 0.76 ± 0.01 0.78 ± 0.01 0.75 ± 0.01 0.75 ± 0.01 0.75 ± 0.01
Coe↵ Rec 1.00 ± 0.00 0.79 ± 0.01 0.79 ± 0.01 0.80 ± 0.01 0.79 ± 0.01 0.79 ± 0.01 0.80 ± 0.01

Each row of X distributed Nm(0, b⌃X
F )—lots of correlation among features.

Method Truth Bonf,↵=0.19 Indep,cpc=0.1 Bonf-MIC BH,↵=0.07 BHMat,↵=0.06 BH-MIC

Train Err 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00
Test Err 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00

Coe↵ Prec 1.00 ± 0.00 0.19 ± 0.01 0.20 ± 0.01 0.19 ± 0.01 0.15 ± 0.01 0.15 ± 0.00 0.15 ± 0.01
Coe↵ Rec 1.00 ± 0.00 0.84 ± 0.01 0.84 ± 0.01 0.84 ± 0.01 0.86 ± 0.01 0.85 ± 0.01 0.85 ± 0.01

Real, original X matrix.

Method Truth Bonf,↵=0.17 Indep,cpc=0.1 Bonf-MIC BH,↵=0.06 BHMat,↵=0.055 BH-MIC

Train Err 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00
Test Err 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00

Coe↵ Prec 1.00 ± 0.00 0.15 ± 0.00 0.15 ± 0.00 0.15 ± 0.00 0.13 ± 0.00 0.13 ± 0.00 0.13 ± 0.00
Coe↵ Rec 1.00 ± 0.00 0.82 ± 0.01 0.81 ± 0.01 0.83 ± 0.01 0.84 ± 0.01 0.84 ± 0.01 0.84 ± 0.01

Table 6: Test-set accuracy, precision, and recall of MIC and other methods on 25 instances of the synthetic data sets
generated as described in Section 4.3.2, with m = 526 features.

5 Conclusion

The MDL principle provides a natural framework in which to design penalized-regression criteria for feature selection. In the
case of a single response, one example of this is RIC, which can be characterized by an information-theoretic penalty of 2 lg m
bits per feature when selecting from among m total features. We proposed an extension of this criterion, called MIC, for the
case of multiple responses. By e�ciently coding the locations of feature-response pairs for features associated with multiple
responses, MIC allows for sharing of information across responses during feature selection. The method is competitive with,
and sometimes outperforms, existing multitask learning algorithms in terms of prediction accuracy, while achieving generally
sparser, more interpretable models.

MDL can also be viewed in the domain of hypothesis testing as a way of correcting against alpha inflation in multiple tests.
We explained how MDL regression applied to each feature separately can be interpreted along the lines of standard Bonferroni
and Benjamini-Hochberg feature-selection procedures. Again using the MIC approach, we extended this to hypothesis testing
with multiple responses, allowing for greater power in selecting true coe�cients when features are significantly shared across
responses.
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A MDL and Hypothesis Testing

Information theory describes an isomorphism between probabilities and code lengths in which the idealized code length of
some symbol x is � lg P (x) [Gru05, p. 28]. There is a similar, though only approximate, relationship between MDL and
the process of statistical hypothesis testing : namely, that MDL will tend to introduce an extra parameter into a model in
roughly the same cases that a hypothesis test would reject the null hypothesis that the parameter is zero. This is perhaps
unsurprising, because MDL is a tool for model selection, and hypothesis testing is about rejecting models that fit the data
poorly.

A.1 Generalized Likelihood Ratio Tests

Given two models M0 and M1 and data D, statisticians define ⇤ to be the ratio of their likelihoods:

⇤ :=
P (D |M0)

P (D |M1)
. (31)

In many cases, these models correspond to the same probability density function with di↵erent parameter settings. For
instance, in regression of a single response y on a single feature x (with no intercept for simplicity):

y = �x + ✏, ✏ ⇠ N (0, �2), (32)

M0 might specify that, given x, y is distributed N (0, �2), i.e., that � = 0, while M1 might say that given x, y is distributed

N (b�x,�2), where b� is the maximum-likelihood estimate for � derived from the training data. Note that M1 here depends
on the observed data D. Some authors prefer to speak of fixed probability distributions M✓ with parameters ✓ ranging over
di↵erent parameter spaces ⇥0 and ⇥1 [LM05, p. 463], in which case

⇤ =

sup
✓2⇥0

P (D |M✓)

sup
✓2⇥1

P (D |M✓)
.

In the regression example, ⇥0 = {0} while ⇥1 = R, the entire real line.
In fact, it will be convenient to consider � lg ⇤, which is large when ⇤ is small. In some sense, � lg ⇤ measures the

“badness of fit” of M0 relative to M1. Over di↵erent data sets D, � lg ⇤ will take on di↵erent values, according to some
probability distribution. If M0 is true, � ln⇤ is unlikely to be very large, so we can define a threshold T↵ such that

P (� lg ⇤ > T↵ |M0) = ↵ (33)

and reject M0 whenever � ln⇤ exceeds this threshold. This is known as a generalized likelihood ratio test (GLRT), of which
many standard statistical hypothesis tests are examples, including the t-test on the significance of a regression coe�cient
[LM05, p. 685].

A.2 Model Selection

Consider the approach that MDL would take. It “rejects” M0 in favor of M1 just in the case that the description length
associated with M1 is shorter:

`(M1) + `(D |M1) < `(M0) + `(D |M0), (34)

where `(·) stands for description length. By the discussion in section 1.2.1, `(D |M1) = � lg P (D |M1), so that (34) becomes

`(M1)� `(M0) < lg P (D |M1)� lg P (D |M0),

or

� lg ⇤ > `(M1)� `(M0). (35)

If M1 is more complicated than M0, then `(M1)�`(M0) will be positive, and there will be some ↵ at which `(M1)�`(M0) =
T↵ as defined in (33). Thus, selecting between M0 and M1 is equivalent to doing a likelihood ratio test at the implicit
significance level ↵ determined by `(M1)� `(M0).
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A.3 Example: Single Regression Coe�cient

While MDL introduces the quantity � lg ⇤, it is more common in statistics to deal instead with �2 ln⇤ = �(2 ln 2) lg ⇤

because of the following result: If M0 and M1 both belong to the same type of probability distribution satisfying certain
smoothness conditions, and if M0 has parameter space ⇥0 with dimensionality dim(⇥0) while M1 has parameter space ⇥1

with dimensionality dim(⇥1) > dim(⇥0), then under M1, �(2 ln 2) lg ⇤ is asymptotically chi-square with degrees of freedom
equal to dim(⇥1) � dim(⇥0) [Ric95, sec. 9.5]. In particular, if the probability distribution is normal (as in our regression
model), then the chi-square distribution will be not just asymptotic but exact.

In (32), where we have a single regression coe�cient, dim(⇥1) � dim(⇥0) = 1, so that under M1, �(2 ln 2) lg ⇤ has a
chi-square distribution with 1 degree of freedom, which is the same as the distribution of the square of a standard normal
random variable Z ⇠ N (0, 1). Thus, we can rewrite (33) as

P (�(2 ln 2) lg ⇤ > (2 ln 2)T↵ |M0) = ↵ () P (Z2 > (2 ln 2)T↵) = ↵

() P (Z < �
p

(2 ln 2)T↵) =
↵

2

() �(�
p

(2 ln 2)T↵) =
↵

2
,

(36)

where � is the cumulative distribution function of the standard-normal distribution. Using the approximation �(�x) ⇡ 1
4e�

x2

2

for relatively large x > 0,26 (36) becomes

1

4
exp

✓
� (2 ln 2)T↵

2

◆
=

↵

2
() T↵ = � ln(2↵)

ln 2
= � lg ↵� 1. (38)

A.4 Bonferroni Criterion

The Bonferroni criterion in p-value space says “reject H0 when the p-value is less than ↵
m .” By (33), we can express this in

log-likelihood space by saying “reject H0 when � lg ⇤ > T ↵

m
,” where, by (38),

T ↵

m
= lg m� lg ↵� 1. (39)

Note the similarity to the decision criterion (28).

A.5 Closeness of the Approximation

It’s worth reflecting on why these correspondences are only approximate. Indeed, if code length is just negative log probability,
and a p-value p is a probability, then, say, the Bonferroni rule of rejecting when p < ↵

m is equivalent to rejecting when
� lg p > lg m � lg ↵, which looks basically the same as (39). However, ⇤, which is used by MDL, is not exactly equal to p;
the former is a comparison of a probability density function at two points, while the latter is an area under the probability
density function in extreme regions. Still, the two are often quite close in practice.

How close? Suppose we observe some value ⇤⇤ for ⇤. The associated p-value is

p = P (⇤ < ⇤⇤ |M0) = P (�2 ln⇤ > �2 ln⇤⇤ |M0).

26This follows from approximating

�(�x) =

Z �x

�1

1
p

2⇡
e�

t2

2 dt

by the value of the integrand at t = �x, assuming 1p
2⇡

⇡ 1
4
.

Another way to see the approximation is as follows. [Pól45, pp. 63-67] proved that for x � 0,

0.5 � �(�x) ⇡
1

2

s

1 � exp

„

�
2x2

⇡

«

. (37)

If x is large enough that �(�x)2 is negligible compared with �(�x), then we can multiply by 2 and square both sides of (37) to give

1 � 4�(�x) ⇡ 1 � exp

„

�
2x2

⇡

«

() �(�x) ⇡
1

4
exp

„

�
2x2

⇡

«

Assuming ⇡ ⇡ 4 gives the result.

Note that �(�x) ⇡ 1
x
p

2⇡
e�

x2

2 tends to give a tighter approximation, especially for x bigger than ⇠ 2, but it’s less mathematically convenient

here.
I credit [Sti, p. 17] with inspiring the approach of using an approximation to � to compare hypothesis testing and coding costs.
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If �2 ln⇤ ⇠ �2
(k) under M0,

p = 1� F�2
(k)

(�2 ln⇤⇤) , (40)

where F stands for the cumulative distribution function. Figure 3 compares ⇤⇤ to the associated p-value for the case of k = 1
degree of freedom; a straight, 45-degree line would be a perfect match, but the approximation is generally correct to within
a factor of 2 or 3.

We can use this curve to compute the ↵ implied by a more complicated model M1 in (35). Letting �c := `(M1)�`(M0),
(35) and (40) give

↵ = 1� F�2
(k)

((2 ln 2)�c) .

Table 7 shows examples for k = 1 degree of freedom. ↵ = 0.05 is achieved at �c = 2.77 bits.27

�c (bits) 1 2 3 4
Implied ↵ 0.24 0.1 0.04 0.02

Table 7: Example implied ↵ values against the increase in coding cost �c of the more complicated model, for k = 1 degree
of freedom.

Figure 3: The actual p-value P (⇤ < ⇤⇤ |M0) vs. ⇤⇤ for k = 1 degree of freedom.

A.6 BH-Style Penalty

Suppose we regress y on each of m features separately. We would obtain m p-values, to which we could apply the BH step-up
procedure (25). Alternatively, we could evaluate, for each feature j, a negative log-likelihood ratio:

� lg ⇤j = � lg P (Y |M0)� (� lg P (Y |M1j)) ,

where M1j denotes the alternative hypothesis in which feature j has a nonzero, maximum-likelihood coe�cient.
In the same way that we obtained (39), we can derive a BH-type rejection level of j↵

m :

T j↵

m
= lg m� lg j � lg ↵� 1.

27[BL05, p. 582] present a very similar discussion, only with log base e and with their � equal to �c
2

. The numerical values given are equivalent.
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We can now restate the BH procedure as follows: Put the � lg ⇤j in decreasing order, and let � lg ⇤(j) be the jth biggest.
Reject H(1), . . . ,H(q) such that

q = max
�
j : � lg ⇤(j) � lg m� lg j � lg ↵� 1

 
. (41)

We could rephrase (41) as choosing the q that maximizes

qX

j=1

�
� lg ⇤(j) � lg m + lg j + lg ↵ + 1

�

or that minimizes

�
qX

j=1

�
� lg ⇤(j) � lg m + lg j + lg ↵ + 1

�
= lg

mq

q!
� q(lg ↵ + 1) +

qX

j=1

�
lg P (Y |M0)� lg P (Y |M1(j))

�
. (42)

Since lg P (Y |M0) is a constant with respect to q, we can subtract it m times from (42) to give

lg
mq

q!
� q(lg ↵ + 1) +

qX

j=1

� lg P (Y |M1(j)) +
mX

j=q+1

� lg P (Y |M0) = lg
mq

q!
� q(lg ↵ + 1) + Dm(Y | b�q) (43)

with Dm(Y | b�q) as in (26), in which b�q is the model containing the q features with highest negative log-likelihood ratio values.
Now, if m� q, then mq ⇡ m!

(m�q)! , and (43) becomes

lg
m!

q!(m� q)!
� q(lg ↵ + 1) + Dm(Y | b�q) = lg

✓
m

q

◆
� q(lg ↵ + 1) + Dm(Y | b�q), (44)

in very close analogy to (29).28
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Abstract. We address the problem of joint feature selection in multi-
ple related classification or regression tasks. When doing feature selection
with multiple tasks, usually one can “borrow strength” across these tasks
to get a more sensitive criterion for deciding which features to select. We
propose a novel method, the Multiple Inclusion Criterion (MIC), which
modifies stepwise feature selection to more easily select features that are
helpful across multiple tasks. Our approach allows each feature to be
added to none, some, or all of the tasks. MIC is most beneficial for se-
lecting a small set of predictive features from a large pool of potential
features, as is common in genomic and biological datasets. Experimental
results on such datasets show that MIC usually outperforms other com-
peting multi-task learning methods not only in terms of accuracy but
also by building simpler and more interpretable models.

1 Introduction

We consider the problem of feature selection for a set of related tasks which
are expected to partially share common sets of predictive features. When one is
trying to predict a set of related responses (“tasks”), be they multiple clinical
outcomes for patients or growth rates under different conditions for yeast strains,
it may be possible to “borrow strength” by sharing information between the
models for the different responses.

The problem of building shared models for multiple related tasks is popularly
known as “Multi-Task Learning” or “Transfer Learning” and has been studied
extensively [1–7]. To give a couple examples: [2] do joint empirical risk minimiza-
tion and treat the multi-response problem by introducing a low-dimensional sub-
space which is common to all the response variables. [7] construct a multivariate
Gaussian prior with a full covariance matrix for a set of “similar” supervised
learning tasks and then use semidefinite programming (SDP) to combine these
estimates and learn a good prior for the current learning task. Some traditional
methods such as neural networks also share parameters between the different
tasks [1]. However, none of the above methods does feature selection. This limits
their applicability in domains such as genomics, where often only a handful of
the thousands of potential features are predictive so that feature selection is very
important.



There has been some work on feature selection for multi-task learning. [8]
uses maximum-entropy discrimination to select a single subset of features across
multiple SVM regression or classification problems that share a common set of
potential features. Several other papers work within the framework of regularized
regression, taking the penalty term to be an !1 norm over features of an !p norm
over the coefficients for each feature (an “!1 − !p” penalty). [9] consider the
case p = ∞, while [4, 10] use p = 2. [4] show that the general subspace selection
problem can be formulated as an optimization problem involving the trace norm.
[10] focus on the case where the trace norm is not required and instead use a
homotopy-based approach to evaluate the entire regularization path efficiently
[11]. The idea behind !1 − !p penalties is that when p > 1, the cost of making
a coefficient nonzero is smaller for features that are shared across more tasks.
Indeed, for either p = 2 or p = ∞, these algorithms tend in practice to yield
nonzero coefficients for all of the tasks associated with features that get selected.

Our approach is different. Unlike the above algorithms, we not only select
features but select tasks for each feature. This amounts to an !0 − !0 penalty
(“two-level” sparsity), with one !0 penalty on features and the other on the as-
sociated tasks.4 Optimization with an exact !0 penalty requires subset selection,
known to be NP-hard [12], but a close solution can be found by stepwise search.
Though approximate, stepwise !0 methods generally yield sparser models than
exact !1 methods [13].

In this paper, we use the information-theoretic Minimum Description Length
(MDL) principle [14] to derive an efficient coding scheme for multitask stepwise
regression that we call the Multiple Inclusion Criterion (MIC). MIC gives im-
proved performance in prediction for multiple related tasks when there are many
candidate features of which only a few are predictive and the predictive features
are shared by different tasks. Because it allows each feature to be considered rel-
evant for only a subset of the tasks, MIC achieves sparser models than methods
which always share features across all tasks.

The rest of the paper is organized as follows. After outlining the notation
used, we describe the MIC coding scheme and its properties in detail. We then
present experimental results on synthetic and real datasets, and conclude.

2 Multiple Inclusion Criterion (MIC) for Feature
Selection

2.1 Notation Used

The symbols used throughout this section are defined in the Table 1. All the
values in the table are given by data except m∗, which is unknown. In particular,
we have an n × h response matrix Y, with a shared n × m feature matrix X.

4 Another case of two-level sparsity could be an !1 − !1 penalty, but as [10] note, this
is equivalent to a single !1 penalty over the entire set of features and fails to share
information across tasks.



Table 1. Symbols used and their definitions.

Symbol Meaning

n Number of observations
m Number of candidate features
m∗ Number of beneficial features
h Total number of tasks
k Number of tasks into which a feature

has been added
j Index of feature
ν Index of observation

2.2 A Brief Overview of MIC

In general, penalized likelihood methods like MIC aim to minimize an objective
function of the form

score = − log(likelihood of Y given X) + F × q, (1)

where q is the current number of features in the model. As [15] notes, various
penalties F have been proposed, including F = 1, corresponding to AIC (Akaike
Information Criterion), F = ln n

2
, corresponding to BIC (Bayesian Information

Criterion), and F = lnm, corresponding to RIC (Risk Inflation Criterion—
similar to a “Bonferroni correction”) [16].

Each of these penalties can be interpreted within the framework of the Mini-
mum Description Length (MDL) principle [14]. MDL envisions a “sender,” who
knows X and Y, and a “receiver,” who knows only X. In order to transmit Y us-
ing as few bits as possible, the sender encodes not the raw Y matrix but instead
a model for Y given X, followed by the residuals of Y about that model. The
length S of this message, in bits, is called the description length and is the sum
of two components. The first is SE , the number of bits for encoding the residual
errors, which according to standard MDL is given by the negative log-likelihood
of the data given the model; note that this is the first term of (1). The second
component, SM , is the number of bits used to describe the model itself and can
be seen as corresponding to the second term of (1). We use the phrase total

description length (TDL) to denote the combined length of the message for all
h tasks.

In the setting of multiple responses,5 we select features for the h tasks si-
multaneously to minimize S. Thus, when we evaluate a feature for addition into
the model, we want to maximize the reduction of TDL ∆Sk incurred by adding

5 We interchangeably use the terms “multiple responses” and “multiple tasks,” though
our setting is more specific than that of standard multitask problems in which each
task may have a different feature matrix; we assume all tasks share the same feature
matrix.



that feature to a subset k of the h tasks (1 ≤ k ≤ h):

∆Sk = ∆Sk
E − ∆Sk

M

where ∆Sk
E > 0 is the reduction in residual-error coding cost due to the data

likelihood increase given the new feature, and ∆Sk
M > 0 is the increase in model

cost to encode the new feature.6

As will be seen in Section 2.3, MIC’s model cost includes a component for
coding feature coefficients that resembles the AIC or BIC penalty, plus a com-
ponent for specifying which features are present in the model that resembles the
RIC penalty.

In Section 2.4 we compare three approaches to stepwise regression with mul-
tiple tasks: (1) a feature is added to all tasks or none; (2) features are added
independently to each task (i.e., no transfer); or (3) features can be added to a
subset of tasks but the tasks share strength. We first describe a code for approach
(3) below.

2.3 Coding Schemes for MIC

Code ∆S
k
jE Let E be the residual error matrix:

E = Y − Ŷ,

where Y and Ŷ are the n × h response and prediction matrices, respectively.
∆Sk

jE is the decrease in negative log-likelihood that results from adding fea-
ture j to some subset k of the h tasks. If all the tasks were independent, then
∆Sk

jE would simply be the sum of the changes in negative log-likelihood for each
of the h models separately. However, we may want our model to allow for nonzero
covariance among the tasks. This is particularly true for stepwise regression, be-
cause in the first iterations of a stepwise algorithm, the effects of features not
present in the model show up as part of the “noise” error term, and if two tasks
share a feature not yet in the model, the portion of the error term due to that
feature will be the same.

Thus, letting εν , ν = 1, 2, . . . , n, denote the error for the νth row of E, we

assume εν

i.i.d.

∼ N (0, Σ), with Σ an h × h covariance matrix. In other words,

P (εν) =
1

√

(2π)h|Σ|
exp

(

−
1

2
ε
T
ν
Σ

−1
εν

)

in which (·)T , (·)−1, and | · | are the matrix transpose, inverse, and determinant,
respectively. Therefore,

SE = − log

n
∏

ν=1

P (εν)

=
n

2
log

(

(2π)h|Σ|
)

+
1

2 ln 2

n
∑

ν=1

ε
T
ν Σ

−1
εν ,

(2)

6
∆Sk

E is always greater than zero, because even a spurious feature will slightly increase
the data likelihood.



where the 1

ln 2
factor appears because we use logarithm base 2 (here and through-

out the remainder of the paper). Note that the superscript k in ∆Sk
jE indicates

that the reduction is incurred by adding a new feature to k tasks, but the cal-
culation ∆Sk

jE is over all h tasks; i.e., the whole residual error E is taken into
account.

Code ∆S
k
jM To describe ∆Sk

jM when a feature is added, MIC uses a three-part
coding scheme:

∆Sk
jM = !I + !H + !

θ̂
,

where !I is the number of bits needed to describe which feature is being added,
!H is the cost of specifying the subset of k of the h task models in which to
include the feature, and !

θ̂
is the description length of the k nonzero feature

coefficients. We now consider different coding schemes for !I , !H , and !
θ̂
.

Code !I For most data and feature sets, little is known a priori about which
features will be beneficial.7 We therefore assume that if a feature xj is beneficial,
its index j is uniformly distributed over {1, 2, . . . , m}. This implies !I = log m

bits to encode the index, reminiscent of the RIC penalty for equation (1).
RIC often uses no bits to code the coefficients of the features that are added,

based on the assumption that m is so large that the log m term dominates. This
assumption is not valid in the multiple response setting, where the number of
models h could be large. If a feature is added to k of the h tasks, the cost of
encoding the k coefficients may be a major part of the cost. We describe the cost
to code a coefficient below.

Code !
θ̂

This term corresponds to the number of bits required to code the
value of the coefficient of each feature. We could use either AIC or the more
conservative BIC to code the coefficients. As explained below, we use 2 bits for
each coefficient, similar to AIC.

Given a model, MDL chooses the values of the coefficients that maximize the
likelihood of the data. [18] proposes approximating θ̂, the Maximum Likelihood
Estimate (MLE), using a grid resolved to the nearest standard error. That is,

instead of specifying θ̂, we imagine encoding a rounded-integer value of θ̂’s z-
score ẑ, where θ̂ = θ̂0 + ẑ SE(θ̂), with θ̂0 being the default, null-hypothesis value

(here, 0) and SE(θ̂) being the standard error of θ̂.
We assume a “universal prior” distribution for ẑ, in which half of the prob-

ability is devoted to the null value θ̂0 and the other half is concentrated near
θ̂0 and decays slowly. In particular, for θ̂ &= θ̂0, the coding cost is 2 + log+ |ẑ|
+ 2 log+ log+ |ẑ| bits, where log+ denotes logarithm base 2 if the argument is
positive, else 0. This prior distribution makes sense in hard problems of feature
selection where beneficial features are just marginally significant. Since ẑ is quite
small in such hard problems, the 2 bits will dominate the other two terms. In
fact, we simply assume !

θ̂
= 2.

7 Following [17], we define a “beneficial” feature as one which, if added to the model,
would reduce error on a hypothetical infinite test set.



Code !H In order to specify the subset of task models that include a given
feature, we encode two pieces of information: First, how many of the tasks (k)
have the feature? Second, which subset of k tasks are those?

One way to encode k is to use log h bits to specify an integer in {1, 2, . . . , h};
this implicitly corresponds to a uniform prior distribution on k. However, since
we generally expect that smaller values of k are more likely, we instead use
coding lengths inspired by the “idealized universal code for the integers” of [19]
and [18]: The cost to code k is log∗ k + ch, where log∗ k = log+ k + log+ log+ k +
log+ log+ log+ k + . . ., and ch is the constant required to normalize the implied
probability distribution over {1, 2, . . . , h}. c∞ ≈ log 2.865 ≈ 1.516 [18], but for
h ∈ {5, . . . , 1000}, ch ≈ 1.

Given k, there are
(

h
k

)

possible subsets of tasks. Taking the subsets to have
some pre-specified ordering, we can list the index of our desired subset within
that ordering using log

(

h
k

)

bits.
Thus, in total, we have

!H = log∗ k + ch + log

(

h

k

)

.

2.4 Comparison of the Coding Schemes

The preceding discussion outlined a coding scheme for what we might call “Par-
tially Dependent MIC,” or “Partial MIC,” in which models for different tasks
can share some or all features.

As suggested at the end of Section 2.2, we can also consider a “Fully De-
pendent MIC,” or “Full MIC,” scheme in which each feature is shared across all
or none of the task models. This amounts to a restricted Partial MIC in which
k = 0 or k = h for each feature. The advantage comes in not needing to specify
the subset of tasks used, saving !H bits for each feature in the model; however,
Full MIC may need to code more coefficient values than Partial MIC.

A third coding scheme is simply to specify each task model in isolation from
the others. We call this the “RIC” approach, because each model pays log m

bits for each feature to code its index; this is equivalent, up to the base of the
logarithm, to the F = lnm penalty in equation 1. (However, we include an
additional cost of !

θ̂
bits to code a coefficient.) If the sum of the two costs is

sufficiently less than the bits saved by the increase of the data likelihood from
adding the feature to the model, the feature will be added to the model. RIC
assumes that the beneficial features are not significantly shared across tasks.

We compare the relative coding costs under these three coding schemes for
the case where we evaluate a hypothetical feature, xj , that is beneficial for k

tasks and spurious for the remaining h− k tasks. Suppose that Partial MIC and
RIC both add the feature to only the k beneficial tasks, while Full MIC adds it
to all h tasks. We assume that if the feature is added, the three methods save
approximately the same number of bits in encoding residual errors, ∆Sk

E . This
would happen if, say, the additional h− k coefficients that Full MIC adds to its
models save a negligible number of residual-coding bits (because those features



are spurious) and if the estimate for Σ is sufficiently diagonal that the negative
log-likelihood calculated using (2) for Partial MIC approximately equals the sum
of the negative log-likelihoods that RIC calculates for each response separately.

Table 2 shows that RIC and Partial MIC are the best and the second best
coding schemes when k = 1, and that their difference is on the order of log h.
Full MIC and Partial MIC are the best and the second best coding schemes
when k = h, and their difference is on the order of log∗ h. Partial MIC is best
for k = h

4
.

Table 2. Costs in bits for each of the three schemes to code a model with k = 1,
k = h

4
, and k = h nonzero coefficients. m " h " 1, !I = log m, !

θ̂
= 2, and for

h ∈ {5, . . . , 1000}, ch ≈ 1. Examples of these values for m = 2,000 and h = 20 appear
in brackets; the smallest of the costs appears in bold.

k Partial MIC Full MIC RIC

1 log m + ch + log h + 2 [18.4] log m + 2h [51.0] log m + 2 [13.0]
h
4

log m + log∗
`

h
4

´

+ ch + log
`

h
h/4

´

+ h
2

[39.8] log m + 2h [51.0] h
4

log m + h
2

[64.8]

h log m + log∗ h + ch + 2h [59.7] log m + 2h [51.0] h log m + 2h [259.3]

2.5 Stepwise Search Method

To find a model that minimizes TDL, we use a modified greedy stepwise
search as shown in Algorithm 1. For each feature, we evaluate the change in
TDL that would result from adding that feature to the model with the optimal
number of associated tasks. We add the best feature and then recompute the
changes in TDL for the remaining features. This continues until there are no
more features that would reduce TDL if added. The number of evaluations of
features for possible addition is thus O(mms), where ms is the number of features
eventually added.

To select the optimal number of task models (k) in which to include a given
feature, we again use a stepwise-style search. In this case, we evaluate the re-
duction in TDL that would result from adding the feature to each task, add
the feature to the best task, recompute the reduction in TDL for the remaining
tasks, and continue.8 However, unlike a normal stepwise search, we continue this
process until we have added the feature to all h task models. The reason for this
is two-fold. First, because we want to borrow strength across tasks, we need to
avoid overlooking cases where the correlation of a feature with any single task

8 A stepwise search that re-evaluates the quality of each task at each iteration is
necessary because, if we take the covariance matrix Σ to be nondiagonal, the values
of the residuals for one task may affect the likelihood of residuals for other tasks. If
we take Σ to be diagonal, as we do in Section 3, then an O(h) search through the
tasks without re-evaluation suffices.



Algorithm 1 Partial MIC

1: Include the intercept (feature number 1) in all h response models.
2: remaining features = {2, . . . , m}.
3: keep adding features = true.
4: while keep adding features do
5: for j in remaining features do
6: // Find the best subset of response models to which to add feature j.
7: for k = 1 to h do
8: Try including feature j in the best k response models. (We greedily assume

that the best k responses are the union of the best k − 1 responses with the
remaining response that, if included, would most increase likelihood.)

9: Compute ∆Sk
jE , the decrease in data residual cost, and ∆Sk

jM , the resulting
increase in model-coding cost, relative to not including feature j in any
response models.

10: end for
11: Let kj be the value of k that maximizes ∆Sk

jE − ∆Sk
jM .

12: ∆Sj := ∆S
kj

jE − ∆S
kj

jM .
13: end for
14: Let j∗ be the feature j that maximizes ∆Sj , the reduction in TDL for adding

feature j.
15: if ∆Sj∗ > 0 then
16: Add feature j∗ to the appropriate kj∗ response models.
17: remaining features = remaining features − {j∗}.
18: else
19: keep adding features = false.
20: end if
21: end while



is insufficiently strong to warrant addition, yet the correlations with all of the
tasks are. Second, the log

(

h

k

)

term in Partial MIC’s coding cost does not increase
monotonically with k, so even if adding the feature to an intermediate number of
tasks does not look promising, adding it to all of them might still be worthwhile.
Thus, when evaluating a given feature, we compute the description length of
the model O(h2) times. Since we need to identify the optimal k for each feature
evaluation, the entire algorithm requires O(h2mms) evaluations of TDL.

While not shown explicitly in Algorithm 1, we use two branch-and-bound-
style optimizations to cut this cost significantly in practice:

1. Before searching through subsets of responses to find the optimal subset for
each feature, we make an O(m) sweep through the features to compute an
upper bound on the decrease in TDL that could result from adding that
feature as

(decrease in TDL if the feature is added to all h response models) − log m.

(3)

Here, the first term is an upper bound on the benefit of adding the feature
to the optimal number of response models (since adding a feature can only
make a model fit better), and the second term underestimates the model
cost of adding the feature, regardless of how many response models would
actually be used. We sort the features in decreasing order by this upper
bound, and when we reach features whose upper bounds are less than the
best actual decrease in TDL observed so far, we terminate the search early.

2. For the stepwise search over responses, we can bound from above the poten-
tial benefit of adding the feature to k response models as

(decrease in TDL if the feature is added to all h response models)

−

(

log∗ k + ck + log

(

h

k

)

+ 2k

)

,
(4)

where the subtracted term represents the coding cost of including the feature
in k response models. We can stop the search early when no higher value of
k has an upper bound that exceeds the best reduction in TDL seen so far
for any feature’s response subset.9

Although we did not attempt to do so, it may be possible to formulate MIC
using a regularization path, or homotopy, algorithm of the sort that have become
popular for performing !1 regularization without the need for cross-validation
(e.g., [20]). If possible, this would be significantly faster than stepwise search.

3 Experimental Results

This section evaluates the MIC approach on three synthetic datasets, each of
which is designed to match the assumptions of, respectively, the Partial MIC,

9 We say “no higher value of k” rather than “the next higher value of k” because (4)
does not decrease monotonically with k, due to the log

`

h
k

´

quantity.



Full MIC, and RIC coding schemes described in Section 2.4. We also test on two
biological data sets, a Yeast Growth dataset [21], which consists of real-valued
growth measurements of multiple strains of yeast under different drug conditions,
and a Breast Cancer dataset [22], which involves predicting prognosis, ER status,
and three other descriptive variables from gene-expression values for different cell
lines.

We compare the three coding schemes of Section 2.4 against two other mul-
titask algorithms: “AndoZhang” [2] and “BBLasso” [10], as implemented in the
Berkeley Transfer Learning Toolkit [23]. We did not compare MIC with other
methods from the toolkit as they all require the data to have additional struc-
ture, such as meta-features [6, 7], or expect the features to be frequency counts,
such as for the Hierarchical Dirichlet Processes algorithm. Also, none of the
neglected methods does feature selection.

For AndoZhang we use 5-fold CV to find the best value of the parameter
that [2] call h (the dimension of the subspace Θ, not to be confused with h as
we use it in this paper). We tried values in the range [1, 100] as is done in [2].

MIC as presented in Section 2.3 is a regression algorithm, but AndoZhang
and BBLasso are both designed for classification. Therefore, we made each of our
responses binary 0/1 values before applying MIC with a regular regression likeli-
hood term. Once the features were selected, however, we used logistic regression
applied to just those features to obtain MIC’s actual model coefficients.10

As noted in Section 2.3, MIC’s negative log-likelihood term can be computed
with an arbitrary h × h covariance matrix Σ among the h tasks. On the data
sets in this paper, we found that estimating all h2 entries of Σ could lead to
overfitting, so we instead took Σ to be diagonal. Informal experiments showed
that estimating Σ as a convex combination of the full and diagonal estimates
could also work well.

3.1 Evaluation on Synthetic Datasets

We created synthetic data according to three separate scenarios—called Partial,
Full, and Independent. For each scenario, we generated a matrix of continuous
responses as

Yn×h = Xn×mwm×h + εn×h

where m = 2,000 features, h = 20 responses, and n = 100 observations. Then,
to produce binary responses, we set to 1 those response values that were greater
than or equal to the average value for their column and set to 0 the rest; this
produced a roughly 50-50 split between 1’s and 0’s because of the normality of
the data. Each nonzero entry of w was i.i.d. N (0, 1), and entry of ε was i.i.d.
N (0, 0.1), with no covariance among the ε entries for different tasks. Each task
had m∗ = 4 beneficial features, i.e., each column of w had 4 nonzero entries.

The scenarios differed according to the distribution of the beneficial features
in w.

10 This contrasts with BBLasso, which in the default Transfer Learning Toolkit imple-
mentation uses the original regression coefficients (mostly zeros).



– In the Partial scenario, the first feature was shared across all 20 responses,
the second was shared across the first 15 responses, the third across the
first 10 responses, and the fourth across the first 5 responses. Because each
response had four features, those responses (6 − 20) that did not have all
of the first four features had other features randomly distributed among the
remaining features (5, 6, . . . , 2000).

– In the Full scenario, each response shared exactly features 1 − 4, with none
of features 5 − 2000 being part of the model.

– In the Independent scenario, each response had four random features among
1, . . . , 2000.

For the synthetic data, we report precision and recall to measure the quality
of feature selection. This can be done both at a coefficient level (Was each
nonzero coefficient in w correctly identified as nonzero, and vice versa?) and at an
overall feature level (For features with any nonzero coefficients, did we correctly
identify them as having nonzero coefficients for any of the tasks, and vice versa?).
Note that Full MIC and BBLasso always make entire rows of their estimated
w matrices nonzero and so tend to have larger numbers of nonzero coefficients.
Table 3 shows the performance of each of the methods on five instances of the
Partial, Full, and Independent synthetic data sets. On the Partial data set,
Partial MIC performed the best, closely followed by RIC; on the Full synthetic
data, Full MIC and Partial MIC performed equally well; and on the Independent
synthetic data, the RIC algorithm performed the best closely followed by Partial

MIC. It is also worth noting that the best-performing methods tended to have
the best precision and recall on coefficient selection. The performance trends of
the three methods are in consonance with the theory of Section 2.4.

The table shows that only in one of the three cases does one of these methods
compete with MIC methods. BBLasso on the Full synthetic data shows compa-
rable performance to the MIC methods, but even in that case it has a very
low feature precision, since it added many more spurious features than the MIC
methods.

3.2 Evaluation on Real Datasets

This section compares the performance of MIC methods with AndoZhang and
BBLasso on a Yeast dataset and Breast Cancer dataset. These are typical of bi-
ological datasets in that only a handful of features are predictive from thousands
of potential features. This is precisely the case in which MIC outperforms other
methods. MIC not only gives better accuracy but does so by choosing fewer
features than BBLasso’s !1 − !2-based approach.

Yeast Dataset Our Yeast dataset comes from [21]. It consists of real-valued
growth measurements of 104 strains of yeast (n = 104 observations) under 313
drug conditions. In order to make computations faster, we hierarchically clus-
tered these 313 conditions into 20 groups using correlation as the similarity



Table 3. Test-set accuracy, precision, and recall of MIC and other methods on 5
instances of various synthetic data sets generated as described in Section 3.1. Standard
errors are reported over each task; that is, with 5 data sets and 20 tasks per data set,
the standard errors represent the sample standard deviation of 100 values divided by√

100 (except for feature-level results, which apply only to entire data sets and so are
divided by

√
5). Baseline accuracy, corresponding to guessing the majority category, is

roughly 0.5. Note: AndoZhang’s NA values are due to the fact that it does not explicitly
select features.

Method True Model Partial MIC Full MIC RIC BBLasso AndoZhang

Partial Synthetic Dataset

Test error 0.07 ± 0.00 0.10 ± 0.00 0.17 ± 0.01 0.12 ± 0.01 0.19 ± 0.01 0.50 ± 0.02
Coeff. precision 1.00 ± 0.00 0.84 ± 0.02 0.26 ± 0.01 0.84 ± 0.02 0.04 ± 0.00 NA

Coeff. recall 1.00 ± 0.00 0.77 ± 0.02 0.71 ± 0.03 0.56 ± 0.02 0.81 ± 0.02 NA
Feature precision 1.00 ± 0.00 0.99 ± 0.01 0.97 ± 0.02 0.72 ± 0.05 0.20 ± 0.03 NA

Feature recall 1.00 ± 0.00 0.54 ± 0.05 0.32 ± 0.03 0.62 ± 0.04 0.54 ± 0.01 NA

Full Synthetic Dataset

Test error 0.07 ± 0.00 0.08 ± 0.00 0.08 ± 0.00 0.11 ± 0.01 0.09 ± 0.00 0.45 ± 0.02
Coeff. precision 1.00 ± 0.00 0.98 ± 0.01 0.80 ± 0.00 0.86 ± 0.02 0.33 ± 0.03 NA

Coeff. recall 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.63 ± 0.02 1.00 ± 0.00 NA
Feature precision 1.00 ± 0.00 0.80 ± 0.00 0.80 ± 0.00 0.36 ± 0.06 0.33 ± 0.17 NA

Feature recall 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 NA

Independent Synthetic Dataset

Test error 0.07 ± 0.00 0.17 ± 0.01 0.36 ± 0.01 0.13 ± 0.01 0.35 ± 0.01 0.49 ± 0.00
Coeff. precision 1.00 ± 0.00 0.95 ± 0.01 0.06 ± 0.01 0.84 ± 0.02 0.02 ± 0.00 NA

Coeff. recall 1.00 ± 0.00 0.44 ± 0.02 0.15 ± 0.02 0.58 ± 0.02 0.43 ± 0.02 NA
Feature precision 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.83 ± 0.02 0.30 ± 0.05 NA

Feature recall 1.00 ± 0.00 0.44 ± 0.02 0.14 ± 0.02 0.58 ± 0.03 0.42 ± 0.06 NA

measure. Taking the average of the values in each cluster produced h = 20 real-
valued responses (tasks), which we then binarized into two categories: values at
least as big as the average for that response (set to 1) and values below the aver-
age (set to 0).11 The features consisted of 526 markers (binary values indicating
major or minor allele) and 6,189 transcript levels in rich media for a total of
m = 6,715 features.

Table 4 shows test errors from 5-fold CV on this data set. As can be seen from
the table, Partial MIC performs better than BBLasso and AndoZhang. RIC and
Full MIC perform slightly worse than Partial MIC, underscoring the point that
it is preferable to use a more general MIC coding scheme compared to Full MIC
or RIC. The latter methods have strong underlying assumptions, which cannot
always correctly capture sharing across tasks. Like Partial MIC, AndoZhang did
well on this data set; however, because the algorithm scales poorly with large

11 The split was not exactly 50-50, as the data were sometimes skewed, with the mean
falling above or below the median.



Table 4. Accuracy and number of coefficients and features selected on five folds of CV
for the Yeast and Breast Cancer data sets. For the Yeast data, h = 20, m = 6,715,
n = 104. For the Breast Cancer data, h = 5, m = 5,000, n = 100. Standard errors
are over the five CV folds; i.e., they represent (sample standard deviation) /

√
5. Note:

AndoZhang’s NA values are due to the fact that it does not explicitly select features.

Method Partial MIC Full MIC RIC BBLasso AndoZhang

Yeast Dataset

Test error 0.38 ± 0.04 0.39 ± 0.04 0.41 ± 0.05 0.43 ± 0.03 0.39 ± 0.03
Num. coeff. sel. 22 ± 4 64 ± 4 9 ± 1 1268 ± 279 NA
Num. feat. sel. 4 ± 0 3 ± 0 9 ± 1 63 ± 14 NA

Breast Cancer Dataset

Test error 0.33 ± 0.08 0.37 ± 0.08 0.36 ± 0.08 0.33 ± 0.08 0.44 ± 0.03
Num. coeff. sel. 3 ± 0 11 ± 1 2 ± 0 61 ± 19 NA
Num. feat. sel. 2 ± 0 2 ± 0 2 ± 0 12 ± 4 NA

numbers of tasks, the computation took 39 days (at least using a näıve extension
of the default Transfer Learning Toolkit implementation).

Breast Cancer Dataset Our second data set pertains to Breast Cancer, con-
taining data from five of the seven data sets used in [22]. It contains 1,171
observations for 22,268 RMA-normalized gene-expression values. We considered
five associated responses (tasks); two were binary—prognosis (“good” or “poor”)
and ER status (“positive” or “negative”)—and three were not—age (in years),
tumor size (in mm), and grade (1, 2, or 3). We binarized the three non-binary
responses into two categories: Response values at least as high as the average,
and values below the average. Finally we scaled the dataset down to n = 100
and m = 5,000 (the 5,000 features with the highest variance), to save computa-
tional resources. Table 4 shows test errors from 5-fold CV on this data set. As
is clear from the table, Partial MIC and BBLasso are the best methods here.
But as was the case with other datasets, BBLasso puts in more features, which
is undesirable in domains (like biology and medicine) where simpler and hence
more interpretable model are sought.

4 Conclusion

We proposed a novel coding scheme, MIC, for feature selection in the presence of
multiple related tasks. MIC is a penalized-likelihood method based on the princi-
ple of Minimum Description Length (MDL). Sharing across tasks happens at two
levels in MIC. Firstly, we (optionally) build a shared covariance matrix for the
tasks (important when the various tasks are nearly identical), and secondly, we
use a shared coding scheme to specify which of the tasks (models) each feature
is added to. Among many attractive properties of the method is its immunity



to overfitting and the absence of any free parameters that might require cross
validation, unlike !1 regularization methods. Results on synthetic and real data
demonstrate that MIC performs better than state-of-the-art Multi-Task Learn-
ing Methods, not only in terms of accuracy but also in terms of simplicity of the
resulting models. MIC works best when there are many features of which only
a few are relevant, a situation that occurs commonly in computational biology
and bioinformatics applications.
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% README for MIC code
% 16 June 2009
% 
% This file contains all the functions needed to run stepwise regression
% using the three coding schemes described in 
%  Paramveer S. Dhillon, Brian Tomasik, Dean Foster, and Lyle Ungar.
%   "Multi-Task Feature Selection using the Multiple Inclusion Criterion
%   (MIC)." ECML PKDD '09.
% Given an n x m matrix X of features and an n x h matrix Y of responses,
% the algorithms can be run as follows:
%  mic(X,Y,'method','Partial MIC')
%  mic(X,Y,'method','Full MIC')
%  mic(X,Y,'method','RIC')
% For example:
%  X = randn(100,5);
%  w = zeros(5,3); w(2,2) = 1; w(4,1) = -1;
%  Y = X * w + randn(100,3) * 0.1;
%  mic(X,Y,'method','Partial MIC');
% Several functions have additional parameters documented below; however,
% they were all set to the current default settings for the experiments
% in the above-cited paper.
% The amount of output can be increased by changing the 'verbosity' setting
% from 0 to 1 or 2.

function [betaHat YHat] = mic(X, Y, varargin)
% Many of the parameters are self-explanatory, but here are some that
% need elaboration:
%  method: 'Partial MIC' uses the log^* k + c_h penalty to code k, the
%   number of nonzero responses. To use log h to code k instead, set
%   method to 'partial_logh'. The 'Full MIC' setting is what you'd expect.
%   'indep', however, is NOT 'RIC' from the paper: Rather, it uses
%   the regular MIC likelihood term, just with a diagonal sigmaHat, and
%   employs h-1 semicolons to distinguish which features go with which
%   response. To run RIC as described in the paper, use
%   'RIC', which calls mic on each response
%   separately, so that (with h==1) the result will be equivalent to RIC.
%  hypothesis: Default is 'no'. Otherwise, do the hypothesis version of MIC,
%   in which we regress on each feature separately.
%  eyeParam: sigmaHat is a convex combination of the full cov estimate and
%   a diagonal one. sigmaHat = (1-eyeParam)*(full estimate) + eyeParam *
%   (diagonal estimate). The default is eyeParam==1 because, by default, we
%   want sigmaHat to be diagonal.
%  forceDiagSigmaHat: Pretty much redundant -- this just makes sure that
%   eyeParam is set to 1 and that we're regularizing sigmaHat using the
%   convex-combination approach.
%  useAltSigmaHat: Default is false. If true, recompute sigmaHat each time
%   we try adding a new feature. Tends to cause overfitting....
%  shrinkMethod: Different ways to regularize sigmaHat. 'givenEyeParam' is
%   the convex-combination method described above and seems to work best.
%   To see the details of others, look in the documentation for the
%   sampleCov function.
%  costPerCoeff: Actually set to 2, though in a roundabout way that first
%   sets it to DEFAULT (== -3) and then changes it. This is to allow it to
%   differ for the hypothesis and non-hypothesis versions.
%  nBestFeaturesCheck: During an iteration of stepwise search, look through
%   only this number of the best features, where 'best' means 'biggest
%   improvement in log-likelihood when all responses are added'.
%  altHypAndDiagSigmaHat: As a warning says below, don't use this: It
%   causes overfitting.
%  pForFeatureCost: Will be set to p unless another value is provided. It's
%   not meant to be changed by an external user, just when we call
%   ourselves in the hypothesis-code for-loop.

% Define constants.
NOT_PROVIDED = -1;
NONE = -2;
DEFAULT = -3;

% Parse input.
parser = inputParser;
parser.FunctionName = 'mic';
parser.addRequired('X', @(x)or(isnumeric(x),islogical(x)));
parser.addRequired('Y', @(x)or(isnumeric(x),islogical(x)));
parser.addParamValue('method', 'Partial MIC', ...
    @(x)any(strcmpi(x, {'partial_logh','Partial MIC','Full MIC',...
    'indep','RIC'})));
% WARNING: 'indep' is NOT 'Independent' as used in the ICML paper; rather
% 'RIC' is. See the explanation in the parameter-definition
% section at the beginning of the file.
parser.addParamValue('hypothesis', 'no', @(x)any(strcmpi(x, {'no','bonferroni-style', 'simes-style'})));
parser.addParamValue('verbosity', 0, @(x)or(x==0,or(x==1,x==2)));
parser.addParamValue('eyeParam', 1, @(x)and(isnumeric(x),x>=0)); % diagonal!!
parser.addParamValue('forceDiagSigmaHat', 1, @(x)or(x==true,x==false));
parser.addParamValue('useAltSigmaHat',0,@(x)or(x==0,x==1));
parser.addParamValue('shrinkMethod', 'givenEyeParam', ...
    @(x)any(strcmpi(x, {'givenEyeParam','LedoitWolf', 'SchaferEtAl'})));
parser.addParamValue('costPerCoeff', DEFAULT);
parser.addParamValue('omitInterceptBetaHats', 0, @(x)or(x==0,x==1));
% Use the above for hypothesis versions where we care about which
% features are chosen and don't want to deal with intercept.
parser.addParamValue('nBestFeaturesCheck',75,@(x)x>0); % set to Inf for maximum search, but slow
parser.addParamValue('altHypAndDiagSigmaHat', 0, @(x)or(x==0,x==1));
parser.addParamValue('pForFeatureCost', NOT_PROVIDED)
parser.parse(X, Y, varargin{:});
X = parser.Results.X;
Y = parser.Results.Y;
method = parser.Results.method;
hypothesis = parser.Results.hypothesis; % Do hypothesis-testing version?
verbosity = parser.Results.verbosity;
eyeParam = parser.Results.eyeParam;
forceDiagSigmaHat = parser.Results.forceDiagSigmaHat;
useAltSigmaHat = parser.Results.useAltSigmaHat;
shrinkMethod = parser.Results.shrinkMethod;
costPerCoeff = parser.Results.costPerCoeff;
omitInterceptBetaHats = parser.Results.omitInterceptBetaHats;
nBestFeaturesCheck = parser.Results.nBestFeaturesCheck;
altHypAndDiagSigmaHat = parser.Results.altHypAndDiagSigmaHat;
pForFeatureCost = parser.Results.pForFeatureCost;

% WARNING: Don't use this option because it causes overfitting!!
altHypAndDiagSigmaHat = false;

% Do hypothesis MIC?
if(strcmpi(hypothesis,'no')) % Ordinary stepwise MIC
    % Set costPerCoeff for non-hypothesis version.
    if(costPerCoeff==DEFAULT)
        costPerCoeff = 2;
    end

    % Require that exactly the first column of X be 1s.
    firstColOnes = all(X(:,1)==1);
    if(~firstColOnes)
        X = [ones(size(X,1),1) X];
        if(omitInterceptBetaHats)
            warning('Adding a column of 1s to X. It will not show up in betaHat, so Yhat ~= X * betaHat.');
        else
            warning('Adding a column of 1s to X. This will be reflected in the dimensions of betaHat.');
        end
    end
    assert(~any(all(X(:,2:end)==1)),'No other column should be all 1s.');

    % Initialize values.
    [n,p] = size(X);
    if(pForFeatureCost==NOT_PROVIDED)
        pForFeatureCost = p;
    end
    [n2,h] = size(Y);
    assert(n == n2);
    if(forceDiagSigmaHat || ismember(method,{'indep'}))
        shrinkMethod = 'givenEyeParam';
        eyeParam = 1;
    end

    % Create a 'model' struct to store important state.
    model.X = X;
    model.Y = Y;
    model.h = h;
    model.verbosity = verbosity;
    model.useAltSigmaHat = useAltSigmaHat;
    model.altHypAndDiagSigmaHat = altHypAndDiagSigmaHat;
    model.q = ones(1,h); % # features for each response

    % Store a method that, given residuals, computes sigmaHat.
    model.isCorrMatrix = false; % change to 'true' if we ever standardize X and Y
    model.sigmaHatOfResiduals = ...
        @(residuals)sampleCov(residuals,'eyeParam',eyeParam,...
        'shrinkMethod',shrinkMethod,...
        'detMakePosStruct',struct('do',1,'isCorrMatrix',model.isCorrMatrix));
    model.sigmaHatIsDiag = and(strcmpi(shrinkMethod,'givenEyeParam'),...
        eyeParam>.999);

    % Start computing betaHat.
    model.betaHat = zeros(p,h);
    model.betaHat(1,:) = mean(model.Y); % Initial intercept terms.
    model.curResiduals = model.Y - model.X * model.betaHat;
    model.curNullSigmaHat = model.sigmaHatOfResiduals(model.curResiduals);
    model.curNullSigmaHatInv = inv(model.curNullSigmaHat);
    if(verbosity>1)
        fprintf('Initial sigmaHat:\n');
        initialSigmaHat = model.curNullSigmaHat;
        initialSigmaHat = initialSigmaHat
    end

    % Split between RIC and the other two methods.
    if(strcmpi(method,'RIC'))
        % Ignore everything we've done so far, and get betaHat by doing h
        % separate calls to MIC indep with h==1.
        for iResponse = 1:h
            model.betaHat(:,iResponse) = mic(X,Y(:,iResponse),...
                'method','indep',...
                'hypothesis',hypothesis,...
                'costPerCoeff',costPerCoeff-1,... % This is important. We reduce cost per coefficient because 'indep' normally pays 1 bit too many because of semicolons.
                'omitInterceptBetaHats',0,... % Not now. Do that at the end of ourselves.
                'verbosity',verbosity,...
                'eyeParam',eyeParam,...
                'forceDiagSigmaHat',forceDiagSigmaHat,...
                'useAltSigmaHat',useAltSigmaHat,...
                'shrinkMethod',shrinkMethod,...
                'altHypAndDiagSigmaHat',altHypAndDiagSigmaHat,...
                'nBestFeaturesCheck',nBestFeaturesCheck,...
                'pForFeatureCost',pForFeatureCost);
        end
    else
        % Store model coding costs for later use.
        if(strcmpi(method,'Full MIC'))
            % We should only ever be looking at costs for the Full MIC model.
            model.modelCostOfK = repmat(NaN,1,h);
            model.modelCostOfK(h) = log2(pForFeatureCost) + ... % log2(pForFeatureCost) for the feature cost
                nonFeatureCodingPenalty(method,h,h,costPerCoeff);
        else
            model.modelCostOfK = log2(pForFeatureCost) + ... % log2(pForFeatureCost) for the feature cost
                arrayfun(@(k)nonFeatureCodingPenalty(method,h,k,costPerCoeff),1:h);
        end

        % Initialize coding cost.
        if(ismember(method,{'indep'}))
            model.codingCost = h-1; % code the h-1 semicolons
        else
            model.codingCost = 0;
        end

        % Store info on what features we've used.
        model.nFeatures = 1;
        model.featuresNotYetUsed = 2:p;

        % Below is model with just intercept terms. This assumes no cost to code the
        % intercept coefficients (cheating...).
        [model.likelihoodCost shouldEqualBetaHat] = ...
            likelihoodCostOfResponseSubset(ones(1,h),1,model);
        assert(all(all(shouldEqualBetaHat-model.betaHat<.00001)));

        if(verbosity>0)
            fprintf('\n\n');
            fprintf('Method=%s, costPerCoeff=%i\n',method,costPerCoeff);
            print_diagnostics(model,1,h,NaN,NaN);
        end

        % Store previous values of the costs for use in printing out changes
        % later on.
        prevCodingCost = model.codingCost;
        prevLikelihoodCost = model.likelihoodCost;
        bestCostSoFar = model.codingCost + model.likelihoodCost;

        % Try adding features until it no longer helps.
        for nFeatures = 2:p
            % Find the next best feature.
            bestFeatureToAdd = NONE;

            % Choose a set of features to examine to see if we want to add
            % them. If we don't care about speed, look through all the
            % remaining features. Otherwise, choose a subset of them.
            
            % Sort the unused features by log-likelihood of the Full MIC model
            % and, if we're optimizing, check the smallest ones only.
            negLogLikeCosts = arrayfun(@(feature)likelihoodCostOfResponseSubset(ones(1,h),feature,model),model.featuresNotYetUsed);
            [sortedNegLogLikeCosts indNegLogLikeCosts]=sort(negLogLikeCosts);
            checkTheseFeatures = model.featuresNotYetUsed(indNegLogLikeCosts(1:min(nBestFeaturesCheck,length(indNegLogLikeCosts))));
            % TODO: Sort checkTheseFeatures in increasing order by cost at
            % that index.
            % TODO: sort the responses and do similar branch+bound there!
            % TODO: improve my lower bound on k in the response
            % branch+bound to be the one in the paper.

            % Now check the features.
            if(verbosity>2 && ~strcmpi(method,'Full MIC'))
                fprintf('\tConsidering feature');
            end
            for curFeature = checkTheseFeatures
                % TODO: Add branch+bound check to see if even bother with
                % this feature. Is the lower bound on its description
                % length (i.e., its residual cost plus lg p) smaller than
                % the best actual description length seen so far?
                if(verbosity>2 && ~strcmpi(method,'Full MIC'))
                    fprintf(' %i,',curFeature);
                end

                % Get costs if add.
                if(strcmpi(method,'Full MIC'))
                    [curNegLogLike candidateNewBetaHat] = ...
                        likelihoodCostOfResponseSubset(ones(1,h),curFeature,model);
                    costIfAdded = curNegLogLike + ...
                        model.codingCost + ...
                        model.modelCostOfK(h);
                else
                    [candidateNewBetaHat costIfAdded curNegLogLike] = ...
                        bestResponseSubset(curFeature,model,bestCostSoFar);
                end

                % Is it low enough?
                if(costIfAdded < bestCostSoFar)
                    bestFeatureToAdd = curFeature;
                    bestCostSoFar = costIfAdded;
                    bestLikelihoodCost = curNegLogLike;
                    bestNewBetaHat = candidateNewBetaHat;
                    if(verbosity>2 && ~strcmpi(method,'Full MIC'))
                        fprintf('\n\t\tNew cost = %f with %i responses for feature %i.\n\tconsidering feature',bestCostSoFar,nnz(bestNewBetaHat(curFeature,:)),curFeature);
                    end
                end
            end

            % Add that feature to the model.
            if(bestFeatureToAdd~=NONE)
                % Update state.
                model.nFeatures = model.nFeatures + 1;
                model.likelihoodCost = bestLikelihoodCost;
                model.betaHat = bestNewBetaHat;
                cur_k = nnz(model.betaHat(bestFeatureToAdd,:));
                model.codingCost = model.codingCost + model.modelCostOfK(cur_k);
                model.curResiduals = model.Y - model.X * model.betaHat;
                model.curNullSigmaHat = model.sigmaHatOfResiduals(model.curResiduals);
                model.curNullSigmaHatInv = inv(model.curNullSigmaHat);
                model.q = arrayfun(@(col)nnz(model.betaHat(:,col)),1:model.h);

                % Remove the feature from list of unused features.
                indexOfFeatureToRemove = ...
                    find(model.featuresNotYetUsed==bestFeatureToAdd);
                assert(length(indexOfFeatureToRemove)==1);
                model.featuresNotYetUsed(indexOfFeatureToRemove) = [];

                % Print diagnostics.
                print_diagnostics(model,bestFeatureToAdd,cur_k,prevLikelihoodCost,prevCodingCost);
                if(verbosity>1)
                    curSigmaHat = model.curNullSigmaHat;
                    curSigmaHat = curSigmaHat
                end

                % Store previous values of the costs for use in printing out changes
                % later on.
                prevCodingCost = model.codingCost;
                prevLikelihoodCost = model.likelihoodCost;
                assert(abs(bestCostSoFar-(model.codingCost+model.likelihoodCost))<.001);
            else
                break;
            end
        end
    end % End of split between 'RIC' and the other two methods.

    % Return betaHat.
    betaHat = model.betaHat;

    % Prepare return results.
    YHat = X * betaHat;
    if(omitInterceptBetaHats)
        betaHat = betaHat(2:end,:);
    end
    if(verbosity>1)
        fprintf('Final sigmaHat:\n');
        finalSigmaHat = model.curNullSigmaHat;
        finalSigmaHat = finalSigmaHat
    end
    if(verbosity>0)
        min_p_and_20 = min(size(betaHat,1),20);
        fprintf('First %i rows of betaHat:\n',min_p_and_20);
        firstRowsOfBetaHat = betaHat(1:min_p_and_20,:)
    end
elseif(ismember(hypothesis,{'bonferroni-style','simes-style'}))
    % Gives FDR's around 0.05-0.1.
    if(costPerCoeff==DEFAULT)
        costPerCoeff = 2;
    end

    % Should not have a column of 1's in X.
    assert(~any(all(X==1)),'No column of X should be all 1s.');

    % Initialize values.
    [n,p] = size(X);
    if(pForFeatureCost==NOT_PROVIDED)
        pForFeatureCost = p;
    end
    [n2,h] = size(Y);
    assert(n == n2);

    % Initialize output matrices.
    betaHat = zeros(p,h);
    YHat = repmat(NaN,n,h); % There is no single YHat for hypothesis version.

    % BONFERRONI-STYLE HYPOTHESIS
    if(strcmpi(hypothesis,'bonferroni-style'))
        % Fill in each row of betaHat as the result of regressing on just that
        % x.
        for iFeature = 1:p
            fprintf('Doing feature %i.\n',iFeature);
            cur_X = [ones(size(X,1),1) X(:,iFeature)];
            betaHat(iFeature,:) = mic(cur_X,Y,...
                'omitInterceptBetaHats',1,...
                'hypothesis','no',...
                'method',method,...
                'costPerCoeff',costPerCoeff,...
                'verbosity',0,...
                'eyeParam',eyeParam,...
                'forceDiagSigmaHat',forceDiagSigmaHat,...
                'useAltSigmaHat',useAltSigmaHat,...
                'shrinkMethod',shrinkMethod,...
                'altHypAndDiagSigmaHat',altHypAndDiagSigmaHat,...
                'nBestFeaturesCheck',nBestFeaturesCheck,...
                'pForFeatureCost',pForFeatureCost);
            nnz_cur_feature = nnz(betaHat(iFeature,:));
            if(nnz_cur_feature > 0)
                fprintf('\tPut in %i responses.\n',nnz_cur_feature);
            end
        end
    % SIMES-STYLE HYPOTHESIS
    elseif(strcmpi(hypothesis,'simes-style'))
        % Guess the number of features that will be put in. When we guess
        % right (which must happen eventually), that's our answer.
        guessed_n_features = 1;
        while(true)
            total_feature_cost = codeForIntegers(guessed_n_features, p) + ...
                log2nChoosek(p,guessed_n_features);
            amortized_feature_cost = total_feature_cost / guessed_n_features;
            p_such_that_lg_p_is_cost = 2^amortized_feature_cost;
            if(verbosity > 0)
                fprintf('Guessing %i features with amortized cost %.3f.\n',...
                    guessed_n_features,amortized_feature_cost);
            end
            betaHat = mic(X,Y,...
                'method',method,...
                'hypothesis','bonferroni-style',...
                'costPerCoeff',costPerCoeff,...
                'verbosity',verbosity,...
                'eyeParam',eyeParam,...
                'forceDiagSigmaHat',forceDiagSigmaHat,...
                'useAltSigmaHat',useAltSigmaHat,...
                'shrinkMethod',shrinkMethod,...
                'altHypAndDiagSigmaHat',altHypAndDiagSigmaHat,...
                'nBestFeaturesCheck',nBestFeaturesCheck,...
                'pForFeatureCost',p_such_that_lg_p_is_cost);
            n_features_betaHat = nnz(sum(abs(betaHat),2));
            if(verbosity > 0)
                fprintf('Actually %i features.\n\n',n_features_betaHat);
            end            
            if(n_features_betaHat==guessed_n_features)
                break; % We're done; we have the betaHat we want.
            elseif(n_features_betaHat<guessed_n_features)
                if(and(n_features_betaHat==0,guessed_n_features==1))
                    break; % That's fine; it just means betaHat has all 0s....
                else
                    error('n_features_betaHat fell below guessed_n_features. Should not happen.');
                end
            else
                guessed_n_features = guessed_n_features + 1;
            end
        end
    end
end

function sigmaHat = sampleCov(epsHat, varargin)
% function sigmaHat = sampleCov(epsHat, PARAM1, val1, PARAM2, val2, ...)
%  Compute a sample covariance matrix. Allows the option of a shrinkage
%   estimate.
%  Input:
%   epsHat: n x h matrix of the sample values of Y - YHat.
%   Optional parameter-value pairs:
%       'eyeParam'  The coefficient of "shrinkage" toward the
%              identity matrix. Default is 0.
%       'shrinkMethod'  One of the following:
%          'givenEyeParam'  Take a convex combination of the empirical
%              estimate and the identity with eyeParam in front of the
%              identity part.
%          'LedoitWolf' Use the shrunken estimator
%               recommended in the following paper:
%               Ledoit, O. and M. Wolf (2004) A Well-Conditioned Estimator for
%               Large-Dimensional Covariance Matrices. Journal of Multivariate
%               Analysis 88, 365-411.
%          'SchaferEtAl' Use the shrunken estimator based on
%               http://www.strimmerlab.org/software/corpcor/
%       'subtractEpsMean'   Should epsHat be forced to have sample
%               mean of zero by subtracting off its mean?
%               Default is true because Matlab's own 'cov' function
%               does this.
%       'df'    Degrees of freedom to subtract in the denominator
%               (e.g., possibly n-p for a regression with n data points
%               and p predictors). Default is 1 if subtractEpsMean is
%               true, else 0.
%   This function gives the same answer as Matlab's 'cov' function when
%   none of these parameters is set away from their default values.
%  Output:
%   sigmaHat: h x h sample covariance matrix.
%  Sample Call:
%   sampleCov([3 4; 2 1; 8 9; 2 2],'eyeParam',0.5,'df',2)

% Set defaults.
NOT_PROVIDED = -4;

% Get input.
parser = inputParser;
parser.FunctionName = 'sampleCov';
parser.addRequired('epsHat', @isnumeric);
parser.addParamValue('eyeParam', 0, @(x)and(isnumeric(x),x>=0));
parser.addParamValue('shrinkMethod', 'givenEyeParam', ...
    @(x)any(strcmpi(x, {'givenEyeParam','LedoitWolf', 'SchaferEtAl'})));
parser.addParamValue('subtractEpsMean', 1, @(x)or(x==true,x==false));
parser.addParamValue('detMakePosStruct', struct('do',0,'isCorrMatrix',1));
% This parameter holds a struct whose first field tells whether to
% make the resulting sigmaHat have positive determinant and whose second
% field tells whether, in the process, we should assume that sigmaHat
% represents a correlation matrix.
parser.addParamValue('df', NOT_PROVIDED, @(x)and(isnumeric(x),or(x>=0,x==NOT_PROVIDED)));
% If you want the best unbiased estimate, take df==# free parameters,
% including the intercept to the regression model.
parser.parse(epsHat, varargin{:});
epsHat = parser.Results.epsHat;
eyeParam = parser.Results.eyeParam;
subtractEpsMean = parser.Results.subtractEpsMean;
shrinkMethod = parser.Results.shrinkMethod;
detMakePosStruct = parser.Results.detMakePosStruct;
df = parser.Results.df;

% Set df if not given.
if(df==NOT_PROVIDED)
   if(subtractEpsMean)
       df = 1;
   else
       df = 0;
   end
end

% Get sizes.
[n, h] = size(epsHat);

% Subtract mean? Matlab's 'cov' function does.
if(subtractEpsMean)
    epsHat = epsHat - repmat(mean(epsHat),n,1);
end

% Check df is okay.
if df >= n
    error('df > n; using df = %i',df);
end

S_h = epsHat' * epsHat / (n-df);

% Choose method.
switch shrinkMethod
    case 'givenEyeParam'
        if(df==1)
            diagSigmaHat = diag(var(epsHat)); % divide by n-1
        else
            diagSigmaHat = diag(var(epsHat,1)); % divide by n
        end
        sigmaHat = (1-eyeParam) * S_h + eyeParam * diagSigmaHat; % Can change target.
        % Note: Above we're shrinking toward a diagonal matrix with the
        % *MLE* variances (divide by n, not n-1). This is because a t-test
        % implicitly uses this type of covariance matrix (because it's a
        % GLRT).
    case 'LedoitWolf'
        % Note: This tends to be pretty conservative in the amount it
        % shrinks. For instance, on one data set, the resulting sample
        % covariance matrices had determinant values on the order of those
        % obtained by taking eyeParam ~= 0.01.
        m_h = trace(S_h) / h;
        d_hSq = frobeniusNorm(S_h-m_h*eye(h));
        temp = 0;
        for i = 1:h
            temp = temp + frobeniusNorm(S_h(:,i) * S_h(:,i)' - S_h);
        end
        bBar_hSq = temp / h^2;
        b_hSq = min(bBar_hSq, d_hSq);
        a_hSq = d_hSq - b_hSq;
        sigmaHat = (a_hSq / d_hSq) * S_h + (b_hSq / d_hSq) * m_h * eye(h);
    case 'SchaferEtAl'
        % This case took much debugging, but it finally works! I checked it
        % against the real version of the function in R on two separate
        % examples, and both produced correct output. The second example
        % involved lambdaStar and lambda both between 0 and 1, so I didn't
        % just get lucky by having one of them get set to 1, which might
        % have hidden errors.
        
        % Compute rij and hat variances of rij.
        % See p. 28 of
        % http://strimmerlab.org/publications/shrinkcov2005.pdf
        X = epsHat;
        centeredX = X - repmat(mean(X),n,1);
        scaledCenteredX = centeredX ./ repmat(std(X),n,1); 
        % Standardize X first.
        
        R = zeros(h,h);
        VarHatR = zeros(h,h);
        for i = 1:h
            for j = 1:h
                wij = scaledCenteredX(:,i) .* scaledCenteredX(:,j); % wij is n x 1.
                wBarij = mean(wij);
                R(i,j) = (n / (n - df)) * wBarij;
                VarHatR(i,j) = (n / (n-df)^3) * sum((wij - wBarij) .^ 2);
            end
        end
        
        % Now compute lambdaStar.
        numerator = sum(sum(VarHatR)) - sum(diag(VarHatR));
        RSq = R .^ 2;
        denominator = sum(sum(RSq)) - sum(diag(RSq));
        if denominator==0
            lambdaStar = 1;
        else
            lambdaStar = numerator / denominator;
        end
        if(lambdaStar>1) lambdaStar = 1; end
        
        % Compute RStar.
        RStar = R * min(1,max(0,1-lambdaStar));
        for i = 1:h
            RStar(i,i) = 1;
        end
        
        % Look at sample variances.
        sigmaHat = zeros(h,h);
        variances = diag(S_h); % Get variances.
        target = median(variances);
        
        % Compute lambda.
        centerSq = centeredX .^ 2;
        numerator2 = sum((n^2 / (n-df)^3) * var(centerSq,1));
        % use the divide-by-n variances with var(.,1)
        denominator2 = sum((sum(centerSq) / (n-df) - target) .^ 2);
        if denominator2==0
            lambda = 1;
        else
            lambda = numerator2 / denominator2;
        end
        if(lambda > 1) lambda = 1; end
        
        % Compute sigmaHat (what the paper calls S*).
        newVariances = lambda * target + (1-lambda) * variances;
        newSDs = sqrt(newVariances);
        
        for i = 1:h
            for j = 1:h
                sigmaHat(i,j) = RStar(i,j) * newSDs(i) * newSDs(j);
            end
        end
    otherwise
        error('shrinkMethod does not match possibilities.');
end

% Check that determinant is positive?
if(detMakePosStruct.do)
   sigmaHat = detMakePos(sigmaHat,detMakePosStruct.isCorrMatrix);
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function val = frobeniusNorm(A)
% function val = frobeniusNorm(A)
%  Input:
%   A: a x b matrix
val = trace(A*A') / size(A,1);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [M detM] = detMakePos(M,isCorrMatrix)
% Given a square matrix M, check that its determinant is positive. If not,
% make it positive definite using nearPD. Note that mathematically, 
% checking the determinant is necessary but not sufficient for positive 
% definiteness. However, checking, say, eigenvalues could get expensive,
% so we're lazy and don't bother -- if it's a problem, it will show up
% elsewhere.
% The 'isCorrMatrix' input argument is used by nearPD to decide whether
% the given matrix is a correlation matrix or a regular covariance matrix.

% Parse input.
parser = inputParser;
parser.FunctionName = 'detMakePos';
parser.addRequired('M', @(M)and(isnumeric(M),size(M,1)==size(M,2)));
parser.addRequired('isCorrMatrix', @(x)or(x==0,x==1));
parser.parse(M, isCorrMatrix);
M = parser.Results.M;
isCorrMatrix = parser.Results.isCorrMatrix;

% Check determinant. If not positive, change M.
detM = det(M);
if(detM <= 0)
    M = nearPD(M,'isCorrMatrix',isCorrMatrix);
    detM = det(M);
    assert(detM > 0, 'nearPD failed to make the matrix positive-definite.');
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function val = nonFeatureCodingPenalty(method, h, k, costPerCoefficient)
% nonFeatureCodingPenalty
%  Input:
%   method: Which coding method to use.
%   h: # responses.
%   k: # nonzero responses in the subset.
%   costPerCoefficient: How many bits does it take to code a coefficient?
%  Output:
%   val: The cost of coding nonzero parameters (if any), exept for the
%     cost of identifying which features are in the model; that part
%     comes later in the mic.m code.

if k == 0
    val = 0;
else
    switch method
        case 'indep'
            val = k * (costPerCoefficient + 1); % the +1 is for semicolons
        case 'partial_logh'
            val = log2(h) + log2nChoosek(h, k) + k * costPerCoefficient;
        case 'Partial MIC'
            val = codeForIntegers(k,h) + ...
                log2nChoosek(h,k) + k * costPerCoefficient;
        case 'conservativePartial'
            val = k * twoLogCodeCost(h/k) + k * costPerCoefficient;
            % !!!CAN CHANGE THE ABOVE TO MAKE IT correspond to actual
            % distances.
        case 'Full MIC'
            assert(h == k, ['Number of rejected  ' ...
                'hypotheses should equal number of responses.'])
            val = k * costPerCoefficient;
        otherwise
            error('Unknown method');
    end
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function val = codeForIntegers(k,h,varargin)
% codeForIntegers
%  Input:
%   k: A positive integer to be encoded.
%   h: The upper bound on the range of possible integer values. That is,
%     our code is for the integers {1, 2, ..., h}.
%   startAtZero (optional): If true, code {0, 1, ..., h}.
%  Output:
%   The cost of coding the integer k.
%
% Based on A universal prior for integers and estimation by minimum
% description length, Rissanen 1983.

% Parse input.
parser = inputParser;
parser.FunctionName = 'codeForIntegers';
parser.addRequired('k', @(x)and(isscalar(x),x>=0));
parser.addRequired('h', @(x)and(isscalar(x),x>0));
parser.addParamValue('startAtZero',0,@(x)or(x==0,x==1));
parser.parse(k,h,varargin{:});
k = parser.Results.k;
h = parser.Results.h;
startAtZero = parser.Results.startAtZero;

% Check inputs
if(~startAtZero)
    assert(k>0,'Cannot code 0 unless startAtZero==true.');
end
assert(h >= k, 'h must be >= k.')

% Starting at zero?
if(startAtZero)
    val = codeForIntegers(k+1,h+1,'startAtZero',0);
else
    % c_omega = log2(2.865); We would use this if we had a code over the
    % entire integers, but we actually just have a code on 1:h.
    % So calculate a more appropriate normalization factor.
    if h==6715
        normalizingConst = 1.2155; % Memoized values -- a hack but it works.
    elseif h==1000
        normalizingConst = 1.1987;
    elseif h==Inf
        normalizingConst = log2(2.865064);
    else
        probabilitiesOneToH = arrayfun(@(k)2^(-log2Star(k)),1:h);
        normalizingConst = log2(sum(probabilitiesOneToH));
    end
    val = normalizingConst + log2Star(k);
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function cost = twoLogCodeCost(dist)
% twoLogCodeCost
%  Input:
%   dist: An integer distance in {0, 1, 2, ...} to be coded. Hopefully it's
%     fairly small.
%  Output:
%   cost: The coding cost of that distance using a code that's roughly
%     2*log(dist). We make some minor modifications for various cases.
assert(dist>=0,'dist can not be negative.');
% Add check that dist is an integer.
if(dist==0)
    cost = 2*ceil(log2(dist+2));
else
    cost = 2*ceil(log2(dist+1));
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% log2Star
%  Input:
%   x: A positive number.
%  Output:
%   val: log2*(x)
function val = log2Star(x)
assert(x>0,'Cannot take log2Star of a non-positive number.');
val = 0;
curTerm = log2(x);
while(curTerm > 0)
   val = val + curTerm;
   curTerm = log2(curTerm);
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function val = log2nChoosek(n,k)
% log2nChosek
%  Input:
%   n: A nonnegative integer.
%   k: A nonnegative integer <= n.
%  Output:
%   log base 2 of n choose k, computed to take advantage of the fact that
%   log grows slowly, so that values can be found even for very large
%   n and k.

% Check inputs
assert(isscalar(n) && isscalar(k), 'n and k must be a scalar.')
%assert(???, 'n and k must be integers.');
% Is there a way to check that a number is an integer? isinteger doesn't
% work....
assert(n >= 0 && k >= 0, 'n and k must be positive.')
assert(n >= k, 'n must be >= k.')

% Compute, using a formula that works even for very large n and k.
val = sum(log2(n-k+1:n)) - sum(log2(1:k));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function out = negLogLikelihood(epsHat,sigmaHat,varargin)
% negLogLikelihood
%  Input:
%   epsHat: An n x h matrix of residuals for a particular subset of
%     features.
%   sigmaHat: The sample covariance matrix to use.
%   Optional parameters:
%    'sigmaHatInv': The inverse of sigmaHat.
%  Output:
%   out: The negative log likelihood term.

% Define constants.
CHANGE_ME = -5;
PRINT_WARNING = 0;

% Parse input.
parser = inputParser;
parser.FunctionName = 'negLogLikelihood';
parser.addRequired('epsHat', @isnumeric);
parser.addRequired('sigmaHat', @isnumeric);
parser.addParamValue('sigmaHatInv', CHANGE_ME, @isnumeric);
parser.addParamValue('isCorrMatrix', false, @(x)or(x==0,x==1));
parser.addParamValue('howMuchCheckPosDef', 2, @(x)or(x==1,x==2)); % 2 == all the time, 1 == only if det <= 0.
parser.addParamValue('sigmaHatIsDiag', 0, @(x)or(x==0,x==1));
parser.addParamValue('altHypAndDiagSigmaHat', 0, @(x)or(x==0,x==1));
parser.addParamValue('q', CHANGE_ME, @(x)or(all(x>=0),all(x==CHANGE_ME)));
% q is a 1 x h array of the number of features in model, including the intercept
% It's not needed unless altHypAndDiagSigmaHat==1.
parser.parse(epsHat, sigmaHat, varargin{:});
epsHat = parser.Results.epsHat;
sigmaHat = parser.Results.sigmaHat;
sigmaHatInv = parser.Results.sigmaHatInv;
isCorrMatrix = parser.Results.isCorrMatrix;
howMuchCheckPosDef = parser.Results.howMuchCheckPosDef;
sigmaHatIsDiag = parser.Results.sigmaHatIsDiag;
altHypAndDiagSigmaHat = parser.Results.altHypAndDiagSigmaHat;
q = parser.Results.q;

% Get n and h.
[n h] = size(epsHat);

if(~altHypAndDiagSigmaHat) % Do it the usual way.
    % If sigmaHat isn't positive-definite, recompute one that is.
    if(~sigmaHatIsDiag && howMuchCheckPosDef==2)
        if(any(eig(sigmaHat)<=0)) % Then sigmaHat isn't positive-definite.
            sigmaHat = nearPD(sigmaHat,'isCorrMatrix',isCorrMatrix);
            % A matrix being positive-definite implies that its inverse is.
            sigmaHatInv = inv(sigmaHat);
            fprintf(2,'\nChanging sigmaHat to be positive-definite.');
        end
    end

    % If necessary, compute sigmaHatInv.
    if(sigmaHatInv==CHANGE_ME) sigmaHatInv = inv(sigmaHat); end

    % Get input dimensions.
    [h1, h2] = size(sigmaHatInv);
    assert(h==h1 && h==h2,'sigmaHatInv not square!');
    [h3 h4] = size(sigmaHat);
    assert(and(h==h3,h==h4),'sigmaHat not same dimensions as sigmaHatInv.');

    % Check determinant of sigmaHat. If sigmaHatIsDiag==1, the determinant is
    % easy....
    if(~sigmaHatIsDiag)
        detSigmaHat = det(sigmaHat);
    else
        detSigmaHat = prod(diag(sigmaHat));
    end
    if(detSigmaHat <= 0 && howMuchCheckPosDef >= 1)
        out = negLogLikelihood(epsHat,nearPD(sigmaHat,'isCorrMatrix',isCorrMatrix),...
            'isCorrMatrix',isCorrMatrix,'howMuchCheckPosDef',...
            howMuchCheckPosDef);
    else
        % Compute.
        firstTerm = (n*h/2) * log2(2*pi) + (n/2)*log2(detSigmaHat);
        undividedSecondTerm = 0;
        % If sigmaHatInv is diagonal, use a shortcut in computing
        % this second term.
        %sigmaHatIsDiag = all(all((sigmaHatInv~=0)==eye(size(sigmaHatInv))));
        if(sigmaHatIsDiag)
            summedEpsHatSq = sum(epsHat .^ 2);
            undividedSecondTerm = summedEpsHatSq * diag(sigmaHatInv); % row * column
        else
            for i = 1:n
                undividedSecondTerm = undividedSecondTerm + ...
                    epsHat(i,:) * sigmaHatInv * epsHat(i,:)';
            end
        end
        if(undividedSecondTerm <= 0)
            fprintf(2,'sigmaHatInv was supposed to be positive definite!...\n\n');
        end
        out = firstTerm + undividedSecondTerm / (2 * log(2));
        
        % Check to see if out is negative. It would be unusual if it is, but
        % not necessarily an error, because we're dealing with density
        % functions and not discrete probabilities here.
        if(out <= 0)
            if(PRINT_WARNING > 0)
                fprintf(2,'-log2(likelihood) <= 0: %g.\n',out); % print to stderr
            end
        end
    end
else % case: altHypAndDiagSigmaHat
    dividedSumSqErr = sum(epsHat.^2) ./ (n-q);
    onePlusLogSumSq = 1 + log(2 * pi * dividedSumSqErr); % 1 x h vector
    out = (n/2) * sum(onePlusLogSumSq);
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [negLogLike candidateNewBetaHat] = ...
    likelihoodCostOfResponseSubset(subset,curFeature,model,varargin)

% Parse input.
parser = inputParser;
parser.FunctionName = 'likelihoodCostOfResponseSubset';
parser.addRequired('subset');
parser.addRequired('curFeature');
parser.addRequired('model');
parser.parse(subset,curFeature,model,varargin{:});
subset = parser.Results.subset;
curFeature = parser.Results.curFeature;
model = parser.Results.model;

% Use likelihood of MLE betaHat values?
% Compute what the new betaHat would be if curFeature were to have
% nonzero coefficients with the subset 'subset' of responses.
% We don't want to set model's betaHat field to this new betaHat,
% though, because we may not end up using it, so we store it as a
% temporary 'candidateNewBetaHat'.
oldBetaHat = model.betaHat;
candidateNewBetaHat = oldBetaHat;
cur_q = model.q + subset;
for col = find(subset)
    if(oldBetaHat(curFeature,col)==0)
        featuresForThisResponse = fast_union(curFeature,find(oldBetaHat(:,col)));
        candidateNewBetaHat(featuresForThisResponse,col) = ...
            model.X(:,featuresForThisResponse) \ model.Y(:,col);
    end
end

% Get residuals.
candidateEpsHat = model.Y - model.X * candidateNewBetaHat;

if(model.altHypAndDiagSigmaHat)
    [n h] = size(candidateEpsHat);
    dividedSumSqErr = sum(candidateEpsHat.^2) ./ (n-cur_q);
    onePlusLogSumSq = 1 + log(2 * pi * dividedSumSqErr); % 1 x h vector
    negLogLike = (n/2) * sum(onePlusLogSumSq);
else
    % Recompute sigmaHat?
    if(model.useAltSigmaHat)
        sigmaHat = model.sigmaHatOfResiduals(candidateEpsHat);
        % This isn't the MLE for sigmaHat, but oh well!
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Abstract

We implement the algorithm of (Rychly

and Kilgarriff, 2007) for computing distri-

butional similarity among words based on

shared context relations in a manner de-

signed to scale to billion-word corpora.

1 Introduction

Several NLP tasks require knowledge of the distri-

butional similarity of words in a particular large cor-

pus. Two words are distributionally similar if one

could be substituted for the other in a sentence with

a high probability of preserving the plausibility of

seeing the sentence in real text (Weeds and Weir,

2005, p. 442). For instance, we expect “apple” and

“banana” to be distributionally similar because they

can both substitute for x in phrases like “eat the x,”

“slice the x,” “fresh x,” “rotten x,” and “x-flavored.”

A list of distributionally similar words can be used

for a number of tasks. One example is cooccurrence

smoothing in n-gram language modeling, in which

unseen n-grams can be given higher probability if

they contain words that are similar to those of seen

n-grams (Essen and Steinbiss, 1992; Dagan et al.,

1993; Dagan et al., 1999). Even more common is

the use of distributional similarity to approximate

semantic similarity, based on the so-called distri-

butional hypothesis (Harris, 1954), the assumption

that, to quote John Firth, “You shall know a word

by the company it keeps” (Firth, 1957). (Curran,

2004, sec. 1.4) surveys a number of applications of

semantic similarity using cooccurrence information,

including parse selection, collocation identification,

sentiment classification, and query expansion in in-

formation retrieval and question answering.

The most straightforward use of similarity infor-

mation is for thesaurus construction. While man-

ually constructed tools like Roget’s thesaurus and

WordNet can also be used for identifying synonyms

in standard English, such resources are not available

for all languages, nor can they be easily adapted to

the technical terminology of a particular domain (Ju-

rafsky and Martin, 2008, p. 658).

(Curran and Moens, 2002) find that the quality

of automatically extracted thesauri continues to im-

prove as input-text size increases into the hundreds

of millions of words. As a result, (Gorman and

Curran, 2006) investigate a number of approxima-

tion algorithms for scaling to large corpora. (Rychly

and Kilgarriff, 2007) subsequently proposed a much

faster algorithm requiring essentially no approxima-

tions, and this paper describes our implementation

of this latter approach.

Section 2 of this paper describes the general algo-

rithmic challenge of problem, section 3 describes the

specifics of our implementation, section 4 illustrates

our output, and section 5 describes ways in which

one could augment our package and more systemat-

ically evaluate the results.

2 Algorithm Complexity

As is standard in the distributional-similarity liter-

ature, (Gorman and Curran, 2006) base their algo-

rithm on context relations of the form (w, r, w0).
For instance, from “bake the cake,” they would ex-

tract (cake, dir-obj, bake). The pair (r, w0) is



called an attribute by (Gorman and Curran, 2006)

and a feature by other authors (Lin, 1998a; Weeds

and Weir, 2005). For each attribute, we can list the

number of times a given word has it (see Table 1).

Table 1: Example context vectors for two words.

Attribute cake cookies

(dir-obj, bake) 5 3

(dir-obj, eat) 4 9

(subject, swam) 0 0

(modified-by, yummy) 2 1

. . . . . . . . .

A number of measures have been proposed for

computing the similarity of two words as a function

of their attribute counts (Curran, 2004; Weeds and

Weir, 2005), but they are in general O(m), where

m is the number of attributes. Given n total words,

a naı̈ve nearest-neighbor algorithm that compares

each word to each other word is O(mn2).
(Gorman and Curran, 2006) evaluate several ap-

proximation schemes, including dimensionality re-

duction and randomization techniques to reduce the

context-vector size m and data structures to ap-

proximate the O(n2) nearest-neighbor search. They

find that Spatial Approximation Sample Hierarchy

(SASH) (Houle and Sakuma, 2005) performed al-

most as well at matching synonyms from a gold

standard as doing the full O(n2) computation but

took an order of magnitude less time.

However, Rychlý and Kilgarriff (Rychly and Kil-

garriff, 2007) point out that most of the entries

of Table 1 are zeros, since most words don’t ap-

pear in most contexts. So rather than fixing two

columns and looking at the (small number of) rows

they share, one can fix a row and look at all of the

columns with nonzero entries. This number is gen-

erally small (usually less than 1000), and in the rare

case when it’s larger than p = 10, 000, the authors

skip it, since extremely common contexts are un-

likely to be informative anyway. The worst-case

run-time is thus O(mp2) with p ⌧ n.

For each pair of words with nonzero counts in a

given row, Rychlý and Kilgarriff increment partial

sums of the similarity between the words. Storing

a full word-by-word similarity matrix in RAM be-

comes impossible for large corpora, so the authors

suggest two alternatives:

1. External-memory sorting: Write the partial-

sum increments out to a file to which an

external-memory mergesort can later be ap-

plied.

2. In-memory partitioning: Build the similarity

matrix in RAM, but store only the rows cor-

responding to words in a selected range (e.g.,

words 1 through 99, 100 through 199, etc.).

Write out each partial matrix to a file and then

start over with the next range of words.

Applying their algorithm to large corpora of up to

1.9 billion words, Rychlý and Kilgarriff keep com-

putation time below 2 hours.

3 Implementation Details

We implement the algorithm of Rychlý and Kilgar-

riff in Python as a module for the Natural Language

Toolkit (NLTK) (Bird and Loper, 2004).

3.1 Relation Extraction

Our module assumes the existence of input context

relations (w, r, w0) that will be supplied by the user.

NLTK currently lacks a module for extracting such

relations from a corpus, so we use Lin’s Minipar

(Lin, 1998b), which is only available in the form of

Linux and Windows binaries.

Minipar relations come with associated parts of

speech (POS)—e.g., “buy V:obj:N car”—so our pro-

gram gives the user the option, enabled by default,

to attach the POS to the word—e.g., “buy(V)” and

“car(N)”—so that thesaurus results will be POS-

specific, as are standard thesauri like Roget’s. To

ensure that our input relations are clean and seman-

tically meaningful, we restrict consideration to those

in which both w and w0 are nouns, verbs, or adjec-

tives; however, this is a configurable parameter in

our program.

3.2 Similarity Functions

(Curran, 2004, chapter 4) presents a number of sim-

ilarity functions, each consisting of a component

weight function and measure function, explained

further below.

For a given context c, say (dir-obj, bake), and

word w, say, cake, the weight function wgt(w, c)



indicates how useful or interesting it is that w has

context c. For instance, one might use a TF-IDF

score, which gives more credit to more common

(w, c) relations but discounts contexts that are very

common in general. After evaluation, (Curran,

2004, p. 85) finds that a t-test weight performs best

against gold-standard thesauri:

wgtttest(w, c) =
p(c, w) � p(c)p(w)

p

p(c)p(w)
, (1)

where p(·) is the maximum-likelihood probability

estimate based on frequency counts. We use this as

our default weight function,1 but our program could

easily extend to other weight functions computable

from the values p(c), p(w), p(c, w), and the total

number of relations N , including all of those shown

in Table 1 of (Weeds and Weir, 2005, p. 446).

A measure function is a way of combining

weights for two words wi and wj over all of their

contexts. Words that share large weights in many

contexts are taken to be more distributionally simi-

lar. (Curran, 2004, p. 84) found best performance

from two measures:

measdice-mod(wi, wj) =
X

c2Cij

2 min (wgt(wi, c), wgt(wj , c))

X

c2Cij

wgt(wi, c) + wgt(wj , c)

(2)

and

measjaccard(wi, wj) =
X

c2Cij

min (wgt(wi, c), wgt(wj , c))

X

c2Cij

max (wgt(wi, c), wgt(wj , c))
,

(3)

where

Cij := {c : (wi, c) and (wj , c) both exist}. (4)

1According to (Jurafsky and Martin, 2008, p. 662) and ref-
erences cited therein, it is standard to bound weights from be-
low by 0, since negative weights tend to be unreliable unless
the input corpora are sufficiently large. (Curran, 2004, p. 85-
86) echoes this finding. As a result, our program defaults to a
weight function that is actually the max of the quantity in (1)
and 0.

Both of these involve two sums over contexts (one

in the numerator and one in the denominator), so in

the algorithm of Rychlý and Kilgarriff, we maintain

two separate partial sums and divide them at the end.

Some of the other measures considered in (Curran,

2004, sec. 4.2), such as cosine and Lin, only sum

over Cij in the numerator and have marginal sums

over contexts for each word separately in the de-

nominator. Our program doesn’t currently allow for

such measures, but making changes to do so would

be straightforward.

3.3 Memory

Our program is intended to support both the

external-memory sorting and in-memory partition-

ing methods. However, our implementation of the

external-memory multiway mergesort currently con-

tains a relatively major stumbling block, which

prevents our algorithm from fulfilling its original

goal—namely, it does not deal gracefully with op-

erating system limits on the number of open files.

This can mean that when processing a large dataset,

it will simply crash after some time in analyzing the

data. Some more careful attention to how many files

are being created and more recursive merges would

alleviate this problem.

It would also be desirable to implement some

form of heuristic which could distinguish between

the cases in which a partitioned in-memory sort

would be appropriate, as those tend to be signifi-

cantly faster, and when an external-memory sort is

required.

4 Evaluation and Results

4.1 Measures

In (Curran, 2004, sec. 2.2), distributional similarity

is evaluated with a “gold standard” list of 300 com-

mon nouns along with the union of their synonyms

from four major thesauri. For each of the nouns,

Curran returns up to 200 candidate synonyms and

computes two measures: a direct-match score (the

percent of returned synonyms present in the gold

standard) and an inverse-rank score (e.g., if words

1, 4, and 199 appear in the gold standard, the score

is 1

1
+ 1

4
+ 1

199
= 1.255).

While Curran lists the words that he evaluates, he

isn’t able to reproduce the entire set of gold-standard



entries for those words. Since manually reconstruct-

ing those entries would be very difficult, we chose a

different gold-standard: The synset lists in WordNet.

We take the true synonyms of a word with a given

part of speech to be the union of all other words in

any of its synsets. By using WordNet, we can gen-

erate a gold-standard synonym list for every word in

our thesaurus that also appears in WordNet, not just

for 70 high-frequency nouns.

4.2 Corpus

Our input consists of the 1,200,000 context rela-

tions extracted from the “CE” subset of the British

National Corpus (BNC). We have also extracted

80,500,000 relations from the entire A-K subset of

the BNC, but we haven’t had time to run our algo-

rithm on the latter.

4.3 Results

From the thesaurus generated from the “CE” rela-

tions, 4,880 of the words appear in WordNet. The

average direct-match score is only 0.07%, and the

average inverse-rank score is 0.003. These com-

pare poorly against, say, the results in (Gorman and

Curran, 2006), which showed typical direct-match

scores of 2-5% and inverse-rank scores between

0.76 and 1.71. However, our results are not directly

comparable, because we evaluate all of the words

we can, not just 300 frequent nouns, and we use a

more limited thesaurus, as WordNet has fewer en-

tries than, say, Roget’s (Weeds and Weir, 2005, p.

462).

Following is a sample entry from our thesaurus

for the adjective “loving.” All of these words had

similarity scores of 1.0:

abstruse, accessible, accomplished, ambi-

tious, astonishing, basic, beautiful, cer-

tainly, cogent, consistently, cynical, def-

initely, disgusting, eloquent, exclusive,

extraordinary, famous, ferocious, fer-

vent, gratifying, gruelling, gutsy, hated,

historic, humiliating, incriminating, in-

tractable, levelheaded, long-drawn-out,

memorable, modern, notably, passionate,

photographed, popular, potent, powerful,

protected, rational, readily, recent, roman-

tic, sacred, scrumptious, serious, shock-

ing, successful, sustained, unchildlike,

unimpressed, unusual, urgent, valued, ve-

hement, viable.

Many of them bear little similarity to “loving,” and

the fact that they had perfect scores shows that our

training corpus is currently too small.

5 Future Work

(Curran, 2004) and (Weeds and Weir, 2005) present

a variety of weight and measure functions beyond

those we have implemented. While ours are the ones

that (Curran, 2004), our module would ideally pro-

vide the other options as well.

In addition, we have only tested our program on a

very limited data set, far smaller than those to which

it is designed to scale. We would like to try it on

a larger portion of the BNC, as well as perhaps the

1B-word Oxford English Corpus and the 1.9B-word

Itwac on which (Rychly and Kilgarriff, 2007) ran

their algorithm.

Finally, it would be interesting to examine other

similarity measures. If we had access to Cur-

ran’s gold-standard list, we could directly compare

against his results (something which (Rychly and

Kilgarriff, 2007) did not try themselves). And

there are many evaluation techniques in addition

to the gold-standard approach, such as correlat-

ing distributional-similarity measures against Word-

Net’s hierarchical measures (Weeds and Weir, 2005,

sec. 5.1).
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ABSTRACT/R…SUM…  

Measures of international transport cost for OECD countries 

This paper presents new estimates of country-specific international transport costs for 21 OECD countries 
over the period 1973-2005.  The methodology is based on direct measures of air, maritime, and road 
transport costs rather than on cif/fob ratios or other balance of payments data employed in previous studies. 
Transport costs are calculated as costs per kilogramme for each mode of transport at a bilateral level and 
then aggregated. Australia and New Zealand are found to have the highest transport costs among the 
OECD countries considered, followed by Japan. The time trends are sensitive to the choice of deflator, but 
the results do not show an overall downward trend in transport costs for OECD countries, contrary to 
conventional wisdom, but consistent with Hummelsí (2007) recent study of global transport costs. 

JEL classification codes: F10, F14, L90, L91, L92, L93. 

Key words: international trade; transport costs; maritime transport; air transport; road transport; shipping; 
distance; OECD. 
 

***** 
Les mesures internationales des co˚ts de transport pour les pays OCDE 

Ce document prÈsente des nouvelles estimations de co˚ts de transport internationaux par pays, pour 
21 membres de líOCDE pendant la pÈriode 1973-2005.  La mÈthode repose sur des mesures directes des 
co˚ts de transport par voies maritime, aÈrienne et routiËre, plutÙt que sur des ratios cif/fob ou díautres 
donnÈes issues de la balance des paiements employÈs dans des Ètudes prÈcÈdentes.  Les rÈsultats indiquent 
que líAustralie et la Nouvelle ZÈlande ont les co˚ts de transport les plus ÈlevÈs parmi les pays de líOCDE 
considÈrÈs, suivi par le Japon.  Les tendances dans le temps sont sensibles au choix du dÈflateur, mais il 
níapparaÓt pas de tendance globale ‡ la baisse des co˚ts de transports pour les pays de líOCDE, 
contrairement aux idÈes reÁues, mais en accord avec líÈtude rÈcente de Hummels (2007) sur les co˚ts de 
transport au niveau mondial. 

Classification F10, F14, L90, L91, L92, L93. 

Mots-clÈs : commerce international ; co˚ts de transport ; transport maritime ; transport routier ; transport 
aÈrien ; expÈdition ; distance ; OCDE 
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MEASURES OF INTERNATIONAL TRANSPORT COST FOR OECD COUNTRIES 
 
 

By Stephen S. Golub and Brian Tomasik1 
 

1. Introduction 

1. Globalisation is widely thought to have contributed importantly to world economic growth in 
both the first era of globalisation, in the second half of the 19th century, and the second era, in the second 
half of the 20th century. Improved transportation technology, along with trade liberalisation, is a leading 
candidate for explaining the expansion of world trade in both eras. In the 19th century, the increasing use of 
steamships and railroads was a crucial driver of global integration (North, 1958). Since the 1970s, 
containerisation has revolutionised maritime shipping (Levinsohn, 2006). At the same time, air shipments 
have become a substantial and growing mode of transport for high-value goods. In 2005, although air 
transport accounted for less than 1% of U.S. exports and imports by weight, in value terms air shipments 
represented about a third of imports and more than half of exports (US Department of Transportation, 
2005). Within contiguous regions, truck transport has also been facilitated by the development of highway 
networks and now accounts for the bulk of exports and imports for surface transport of merchandise in 
Europe and North America (US Department of Transportation, 2005; KPMG, 2000).  

2. These global trends may conceal considerable variation across countries, however. The extent to 
which particular countries can benefit from global integration depends not only on the technology of 
transport, but also on their geographical situation and infrastructure, as the literature on growth and 
development has emphasised (e.g. Radelet and Sachs, 1998; Limao and Venables, 2001). Countries that 
face high transport costs, due to distance from important markets, being landlocked, or other geographical 
barriers, are likely to be at a disadvantage. The goal of this paper is to ascertain the extent to which 
transport costs differ among OECD countries and how these differences have varied over time.   

3. Despite the potential importance of transport costs as a factor conditioning economic growth, 
there have been few attempts to compute transport costs at the national level and over time. The usual 
approach to measuring country-specific transport costs is to compare the value of bilateral trade flows as 
reported by the exporting and importing countries and then aggregate across partner countries. In principle, 
the value of bilateral trade reported by the exporter is ìfree on boardî (fob), i.e. does not include freight 
and insurance, whereas the same trade as reported by the importer includes ìcost insurance freightî (cif). 
The available studies of international differences in transport costs, including Radelet and Sachs (1998) 
and Limao and Venables (2001), have mostly relied on cif/fob ratios calculated by the International 
Monetary Fund (IMF). The United Nations Conference on Trade and Development (UNCTAD) Review of 

Maritime Transport, the pre-eminent publication on maritime transport costs, has also resorted to 
comparisons of the value of bilateral trade ratios to measure national-level transport costs. Hummels and 
Lugovskyy (2006), however, show that cif/fob ratios are severely flawed measures both for cross-sectional 
and time-series analyses of transport costs, due to the lack and unreliability of the underlying trade data, 
which requires the IMF in many cases to impute values. 

                                                      
1.  Stephen Golub is Professor of Economics and Brian Tomasik is a student at Swarthmore College in the 

USA. This is a background paper for the OECD project on Non-Policy Determinants of Economic Growth. 
We would like to thank Sveinbjˆrn Blˆndal both for inviting us to contribute to this project and for his help 
and comments, as well as those of Alain de Serres and HervÈ Boulhol. Paul Goldsmith-Pinkham 
contributed helpful research assistance. All errors are our own responsibility.   
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4. Hummels (2007) presents various direct measures of maritime and air transport shipping costs at 
a global level and for a few particular countries, but no comparable country-specific direct indicators are 
available. In the current paper, Hummelsí (2007) approach is used as a point of departure for computing 
country-specific maritime and air transport costs for 21 OECD countries. In addition, road transport costs 
are taken into account. 

5. The strategy of this paper is to derive bilateral transport cost per kilogramme shipped for each of 
the three modes of transport and then aggregate using GDP weights over partners and transport modes. In 
practice, however, bilateral transport cost data are limited, requiring some simplifying assumptions. 
Despite the limitations of the data and method, enough information is available to put together a 
comprehensive data set of new transport cost estimates for the 21 OECD countries over the 1973-2005 
time period. Section 2 presents the computational approach, Section 3 the data, Section 4 the results and 
Section 5 the concluding remarks. 

2. Transport Cost Methodology 

6. This section presents the method of aggregating surface, air, and maritime transport costs for 
each country, on the assumption that potential bilateral trade is proportional to GDP. Actual trade weights 
are not used in view of the likely endogeneity of trade patterns with respect to transport costs. Consider the 
transportation costs of an OECD country X. The objective is to calculate Xc , the average cost of 
transporting 1 kilogramme that X faces:2 

X

X
X

W

G
c =  ,                                                                                                                            (1) 

where XG  is the cost that X faces in trading (exports and imports), and XW  is the total volume of trade in 
physical weight. 

7. Several simplifying assumptions are made about the composition of trade by mode of transport, 
necessitated by the availability and quality of data. First, it is assumed that all trade that X does with its 
"neighbours" is by land.3 "Neighbours" of X are defined as all OECD countries that are connected by land 
to X and are in the same continent, including X itself. For example, Canadaís neighbours include Canada 
itself and the United States. Belgiumís neighbours include all of OECD Europe. Japanís only neighbour is 
itself. Because of the large GDP shares of the United States and Europe, and the large distances involved 
especially in the United States and Canada, road costs matter much more for the United States and Europe 
than for Oceania and Japan. Second, all trade that X does with non-neighbours j will be by ocean or air, 
with the proportion by tonnage that is done by air being Xjq  and the proportion by tonnage by maritime 

transport Xjq−1 . The share Xjq is assumed to be the same for all origin countries X and partner countries j, 

so all subscripts may be dropped from q.
4 Note that landlocked countries in Europe can engage in maritime 

transport by first shipping overland to ports. 

                                                      
2.  As an alternative, costs per dollar of value shipped, i.e. ad valorem transport costs, were also computed. 

The results are also discussed briefly in section 4.4. 

3.  According to Hummels (2007), 90% of US trade with its neighbours is by land. Of that, the bulk is by road. 
There is some country-specific data on shares of road transport within Europe but the data are incomplete 
and sometimes implausible. 

4. Calculations were made based on individual country data on q also, but these data displayed implausible 
variations and the results were not reasonable for some countries. 



 ECO/WKP(2008)17 

 7

8. Consider first shipments to and from neighbour countries i, all of which are assumed to be via 
road. Since it is assumed that countries trade in proportion to their GDPs, the quantity that X transports to 
and from country i is XiWp , where ip  is country iís share of world GDP. Let the cost of transporting a 

kilogramme of freight by road from X to i be Xir . The total costs of all of X's shipments by road to its 

neighbour i is then 
iXXi rWp  and the total cost of shipping to all of X's neighbours is 

Xii

i

X
R
X rpWG ∑=  .                                                                                                                (2) 

9. Now consider non-neighbours j. X ships XjWp  to j; the amount shipped by air is XjWqp . Denote 

the cost of transporting a kilogramme of freight by air from X to j as Xja . The total costs of air transport 

that X faces will then be 

Xjj

j

X
A
X apqWG ∑=  .                                                                                                             (3) 

10. Using analogous notation, with m representing "maritime", X's total costs of ocean transport is 

Xjj

j

X
M
X mpWqG ∑−= )1(  .                                                                                                      (4) 

11. Substituting (2), (3), and (4) into (1), the average total cost of transporting 1 kilogramme that X 

faces is broken down into three contributions: 

X

M
X

A
X

R
X

X

X
X

W

GGG

W

G
c

++
== = ∑

i

iXi rp  + Xjj

j

apq∑  + Xjj

j

mpq ∑− )1(  .                            (5a) 

Equation (5a) provides a formula for aggregating the costs of the three alternative modes of transport. The 
bulk of the effort in devising average transport costs is focused on obtaining a panel data set of the bilateral 
measures Xir , Xia , and Xim , the costs per kilogramme of shipping by road, air, and sea, for each country 

X. The contribution of each of these unit costs is then found by weighting the unit costs by partner country 
GDP ip  for neighbours and jp  for non-neighbours. Given that i

i

p∑  + j

j

p∑  = 1, the total average cost 

per kilogramme, Xc , can be expressed as a weighted average of the average cost per mode of transport, 
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3. Data and Computations of Transport Costs 

12. Transport costs were calculated for 21 OECD countries over 1973-2005. The 21 countries are 
Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, 
the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom and 
the United States. 

13. For air and road transport, outbound (export) and inbound (import) costs are not distinguished. 
Partial data indicate that inbound and outbound air transport costs sometimes differ, but there is 
insufficient data to analyse them separately. For road transport, there is little basis for distinguishing 
between inbound and outbound costs since road transport is confined to within-neighbour transport, where 
rates are unlikely to differ much, e.g. between European countries. In the case of maritime transport costs, 
however, both outbound and inbound rates are computed. 

3.1. GDP Weights 

14. Real GDP weights were used to aggregate bilateral transport costs into country totals for each 
mode of transport. GDP data for each of the 21 OECD sample countries, as well as for regional aggregates 
of the rest of the world, were obtained from World Bank World Development Indicators. The 4 non-OECD 
regions considered were Eastern-Central Europe, South Asia, East Asia and Latin America. This, 
combined with the OECD countries themselves, covered 97% of world GDP. Real GDP values at the 
market exchange rate were used rather than PPP-based measures of GDP. For the OECD countries, the 
choice of market versus PPP exchange rates made very little difference, but it had an important bearing on 
the shares of non-OECD regions. PPP exchange rates seemed to give excessively large weights to non-
OECD countries.  

15. All European countries are assumed to be ìneighbours,î as are the United States and Canada, and 

Australia and New Zealand.5 Japan does not have any neighbours except itself. The GDP share, i

i

p∑ , of 

neighbours in 2004 is shown in Table 1. 

Table 1.  Share of "Neighbours" in World GDP, 2004  

Per cent 

Europe 27.0 

USA and Canada 35.1 

Australia and New Zealand 1.5 

Japan 15.0 

3.2. Air Transport 

16. In computing air transport costs, the data sets employed were the same as used by Hummels 
(2007), namely ICAO for 1973-1993 and the United States Bureau of Labor Statistics (BLS) for 
1994-2006. ICAO reports air freight costs for selected city-pair routes within specified regions (e.g. 

                                                      
5. This assumption is of course not correct for Australia and New Zealand, but has an insignificant effect on 

the computations given the small GDP shares of each of these two countries. Also, Ireland and the United 
Kingdom are not exactly land-neighbours for the rest of Europe, but the distances to be covered by sea to 
reach continental Europe are small.  
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London to New York within the North AmericañEurope region, London to Zurich in the intra-Europe 
region, Tokyo to Paris in the East AsiañEurope region, etc.). ICAO used a large number of bilateral rates to 
compute regression coefficients by region for each year. The regression is specified with cost as a 
nonlinear function of the bilateral distance XjD between X and j: 

Xja
βα XjD=  .                                                                                                                    (6) 

17. The regression coefficients α and β in equation (6) differ by region.6 In order to estimate XjD , 

distance measures were taken from CEPII data on Geodesic Distances. CEPII provides distances between 
every pair of countries (including a country to itself) using a population-weighted average of distances to 
the 25 largest cities in each country, in addition to the capital-to-capital distance. CEPIIís "distances" series 
is used for inter-country distances. 18. ICAOís regression coefficients were applied to the inter-country 
distances, for each bilateral OECD country pairing as well as with the other 4 major non-OECD regions of 
the world. This provided an estimate of bilateral air transport costs for each of the OECD countries for 
1973-1993 with 20 partner OECD countries and 4 non-OECD regions. Figure 1 compares the computed 
costs based on a regression and the actual rates for the London-New York route, one of the few routes 
reported directly in most of the annual ICAO publications. Figure 1 illustrates that the regression method 
yields similar results to the actual rates. All air costs are expressed in current dollars per kilogramme 
shipped. 

Figure 1. Regression vs actual cargo rates for London to New York 

3

4

5

6

7

Regression value Actual value

( $ / kg )

 
Source: ICAO and OECD calculations. 

                                                      
6. If β = 1 the cost is linear in distance. For the most part β is close to but not identical to 1.  Overall the 

results would not have been very different if costs had been assumed to be linear with distance.  
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19. For 1994-2006, all 1993 costs computed using the ICAO data were extended with BLS air-freight 
indexes for the United States, as in Hummels (2007).7 BLS reports an index of air freight costs for US-
Europe and US-Asia, for both inbound and outbound directions. To update the US-Japan and US-Australia 
routes, the US-Asia BLS index was used. Likewise the US-Europe routes were updated based on the US-
Europe BLS index, and all other routes were updated with the average world index values that BLS also 
provided. 

20. The GDP weights for all non-neighbours j were then used to obtain average air transport costs for 
each OECD country, i.e., j

j

Xjj

j

pap ∑∑ / . The calculations include GDP weights for non-OECD 

partner regions. In particular, East Asiaís rising share of world GDP slightly lowered Japanís relative 
transport costs over time due to Japanís proximity to China and other East Asian countries. For other 
OECD countriesí air transport costs, inclusion of non-OECD partners had minimal effects. 

3.3. Maritime Transport 

21. Bilateral maritime transport cost measures for manufacturing goods by origin and destination 
country are sparse.8 As the measure of international maritime transport costs, the cost of shipping a twenty-
foot container (TEU) is used. For most OECD countries, exports are dominated by manufactured goods 
rather than commodities, so the focus on containerised shipping is appropriate. Australia and Canada, 
however, are major exporters of bulk commodities such as wheat, coal and iron, so the measure reported 
here may be less meaningful for these two countries, but was nonetheless chosen as the best available 
standard indicator across countries. 

22. Container transport cost data were obtained from UNCTADís Review of Maritime Transport 
(RMT) on the three major transatlantic routes (those connecting Europe, North America, and Asia, in both 
directions) for 1995-2006.9 Various maritime freight price indexes were used to extrapolate backwards 
from 1995 to 1970. The US Bureau of Labor Statistics has a series extending back to 1990, and a maritime 
freight cost index for electronic goods starting in 1985 was obtained from the Japanese government. The 
longest available series is the German index published by RMT and used by Hummels (2007). The latter 
was used to backcast all series when no other data were available. 

23. The cost of maritime shipping per kilogramme was converted from cost per TEU (a measure of 
volume) using the average weight of a container at West Coast ports in the United States in 1999 (Pacific 
Maritime Association 1999).  

24. No internationally comparable data are available for Australia and New Zealand container 
shipping costs. Australia's and New Zealandís costs were assumed to exceed Japanís by a factor reflecting 
the fact that these countries are farther from the United States and Europe than is Japan. The simple 

                                                      
7. Numerous inquiries were made to other organizations such as the International Air Transport Association 

(IATA) to obtain more detailed data for the post-1993 period, but they met with no success. 

8.  For bulk commodities, the Baltic Exchange Index provides information about the development of 
transportation costs.  

9. Bilateral rates are also available from Maerskís web site, but not in a systematic or consistent manner, 
rendering comparisons across countries and over time difficult.  Various other private companies were also 
contacted, as were other possible sources such as the trade journal Containerization International, 
government agencies, and individuals, but more detailed disaggregated information across countries and 
over time is not available from any of these sources.  Containerization International appears to be the 
source of the UNCTAD data. 
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average distance differential was found to be about 1.3, i.e. maritime costs for Australia and New Zealand 
were assumed to exceed Japan's costs by a constant rate of 1.3.10  

25. Maritime costs were also assumed to be the same for all countries within each region, e.g. the 
costs were assumed to be the same to ship from the United States to any point in Europe and vice versa. 
This assumption is necessitated by lack of data but is also partially corroborated by the limited existing 
information, e.g. from Maerskís web site. 

26. Each regionís average maritime transport cost was computed as the weighted average 

j

j

Xjj

j

pmp ∑∑ / , where GDP weights jp are now aggregated at the level of the four OECD regions 

(North America, Europe, Asia, and Oceania) rather than by country.11 These calculations were undertaken 
separately for exports and imports. 

3.4. Road Transport 

27. As explained in the preceding section, road transport is assumed to take place between 
ìneighboursî only. Road costs per kilogramme are computed as the cost per kilogramme per kilometre 
multiplied by the distance between each pair of neighbours using the CEPII data described in section 3.2.12 
Road cost per kilogramme per kilometre is obtained from the United States Department of Transportation 
for 1990-2000.13 For other years, US road transport cost is extrapolated backwards and forwards using the 
US GDP deflator.14 Europeís road costs per kilometre were taken to be 1.4 times those of the United 
States, based on a study by KPMG (2000) comparing US and European road transport costs. For Japan and 
Oceania, road transport costs per kilometre were assumed to be the same as in the U.S. in the absence of 
any other country-specific data. Average road transport cost is obtained using neighbour GDP weights: 

∑∑
i

i

i

iXi prp / . 

                                                      
10. It turns out that this 1.3 ratio is nearly identical to the ratio of Australian to Japanese air transport costs that 

was obtained, providing some corroboration of the validity of this approximation. 

11. Asiaís weight was adjusted to reflect the rising share of developing countries in East Asia in world GDP 
(mainly attributable to China). No other non-OECD regions were considered due to lack of data on 
regional maritime transport costs.  Given the relative lack of importance of these other regions for air 
transport costs noted in section 3.2, however, this is unlikely to have a significant effect on the results for 
maritime transport. 

12.  Intra-country distances for the road transport computations are based on surface areas. The underlying 

assumption behind the internal distance π/3/2 iii aread =  is that a country is a disk where all suppliers 

are located in the center and consumers are located uniformly over the area. 

 

13. See US Department of Transportation (2000). Values for cost per truck per kilometre were taken from p. 
21. The average weight of a truckload was taken from p. 27. Other sources of information yielded similar 
magnitudes for US road transport costs per kilometre, notably Maerskís web site and a World Bank 
(undated) study. 

14. An oil price index was also experimented as an alternative to the GDP deflator for extrapolating road costs. 
However, the GDP deflator correlated much better with the actual numbers over the period 1990-2000. 
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3.5. Total Average Transport Cost 

28. Total average transport costs are computed as a weighted average of the road, air and maritime 
average transport cost per kilogramme using the results from the 3 modes of transport, as shown in 
equation (5b). The share q of non-neighbour trade expressed in weights by air versus sea, assumed to be 
the same for all countries as noted in section 2, is based on Hummels (2007). It varies from 0.36% in 1973 
to 0.85% in 2005.  

29. Recall that i

i

p∑  + j

j

p∑  = 1 where i and j represent ìneighbourî and "non-neighbour" 

countries, respectively. The contributions of air and maritime transport cost to total average cost for 
country X therefore depend both on the share of non-neighbours 1≤∑ j

j

p for X in world GDP, and the 

costs of shipping by air and sea to each of these non-neighbours. For Oceania and to a lesser extent Japan, 
ìneighboursî account for a small share of world GDP, so road transport has a much smaller weight in 
overall transport costs than in Europe and North America. j

j

p∑ is close to 1.0 for Oceania and averages 

around 0.65 for the United States and Europe and 0.85 for Japan. 

30. Two alternative deflators are used to convert nominal transport costs to real terms: US GDP 
deflator and US manufacturing sector deflator. The latter is a better indicator of tradable goods prices for 
OECD countries since most exports of OECD countries are manufactures. US price indexes were used 
since all the transport cost variables are computed in US dollars. 

4. Transport Cost Results 

4.1. Air Transport 

31. Based on equation (5a), the air transport cost contribution to total average cost is Xjj

j

apq∑ , i.e. 

q times the sum of the product of the share of each non-neighbour j in world GDP, jp , times the average 

cost of shipping 1 kilogramme by air to that non-neighbour Xja , measured in US dollars. This contribution 

reflects both the relative importance of non-neighbours and bilateral air transport costs. 

32. Figure 2 presents the real average air transport cost per kilogramme j

j

Xjj

j

A

X papc ∑∑≡ /   
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Figure 2. Average air transport cost 
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Source: ICAO, BLS and OECD calculations. 

for the four ìregionsî: Australia-New Zealand, Europe, Japan, and the United States-Canada, expressed in 
2000 US$ per kilogramme. Real average air transport costs exhibit a general downward trend for all 
regions over the 1973-2005 period when deflated by the US GDP deflator. When the US manufacturing 
deflator is used, however, real air transport costs hardly changed over the 1973-2005 period, reflecting 
lower price increases in manufacturing than for the overall economy.  

33. The contribution of air to total average transport cost, represented in Figure 3, shows a different 
pattern due to the sizeable increase in the share q of trade by air versus sea. For instance, using the GDP 
deflator, the air contribution has increased by 40% on average over the sample period, even though the 
average air transport cost has dropped by half. Moreover, Oceaniaís air transport cost contribution is 
consistently much higher than that of the other regions. This reflects primarily Oceaniaís greater distance 
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to major destinations, leading to high A

Xc ; it also to a lesser extent reflects the fact that j

j

p∑ is close to 

1.0 as noted in section 3.5. Japanís air transport cost contribution is above that in North America and 
Europe due to these same considerations. The air transport cost contributions in Europe and North America 
are quite similar. 

Figure 3. Air contribution to total average transport cost 
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Source: ICAO, BLS and OECD calculations. 

34. There is little country variation within each region, e.g. air transport costs are very similar for all 
individual European countries. This reflects the geographical proximity of European countries to each 
other relative to other destinations, and the use of the same regression coefficients for all European 
countries relating cost to distance. The ICAO regression equations were specific only to the level of 
continental route groups, so countries in the same route group can only differ to the extent that their 
distances to other countries vary. 
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4.2. Maritime Transport 

35. Analogously to air transport, the maritime transport cost contribution of total costs is 

Xjj

j

mpq ∑− )1( , where Xjm is the cost of shipping 1 kilogramme to non-neighbour j. Again, the relative 

importance of non-neighbours and the cost of shipping by destination both enter into the contribution of 
maritime transport to total costs. As explained in section 3.3, the data for maritime transport costs are less 
complete than for air transport, with strictly comparable cross-continental data from UNCTAD only 
available from 1995 to 2006 along with partial country-level data back to 1985, and that only for the major 
transatlantic routes involving North America, Europe and Japan. There are no internationally comparable 
data on Oceania. Therefore Oceania's Xjm were estimated, as described in section 3.3. The cost of shipping 

to and from other East Asian destinations is also assumed to be the same as to and from Japan, and Asia 
and Japan are used interchangeably in the discussion that follows.  

36. Figure 4 plots the average maritime transport cost per kilogramme and Figure 5 displays the 
maritime cost contributions by region, both using alternative deflators and broken down by outbound 
versus inbound. Comparing Figures 2 and 4 reveals that transporting 1 kilogramme by air is 40 to 60 times 
more expensive than by sea.  
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Figure 4. Average maritime transport cost   

 

Source: UNCTAD, BLS and OECD calculations. 
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Figure 5. Maritime contribution to total average transport cost 

 

 

Source: UNCTAD, BLS and OECD calculations. 
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37. In the case of outbound shipping (Figures 4, Panels A and B, and 5, Panels A and B), Japanese 
maritime export costs exceed those of North America and Europe, for reasons similar to those described 
for air transport costs. Maritime transport costs, however, are much more volatile than air transport costs. 
Maritime transport costs are also very sensitive to the direction of shipping; in recent years, costs of 
shipping from Asia to Europe or Asia to North America have been about double the respective costs of 
shipping from Europe to Asia and North America to Asia. Figures 4, Panel C and 5, Panel C show the 
results for inbound instead of outbound traffic; in this instance Japanese costs fall below those of Europe 
around 1997. The high variability of maritime shipping cost over time and by destination may reflect the 
short run inelasticity of supply and demand for container shipping.15 The rising cost of shipping from Asia 
to Europe and North America since the late 1990s probably reflects booming Chinese exports, and the 
rising Chinese trade surplus, which have been driving up the price of container shipping from Asia relative 
to the price of shipping to Asia. By construction, Oceaniaís shipping costs exceed those of Japan by a 
factor of 1.3 for both inbound and outbound traffic, and are therefore generally the highest. 

38. When the GDP deflator is used to convert to real terms, maritime shipping costs display marked 
fluctuations but no clear trend, but with the manufacturing deflator, real maritime shipping costs tend to 
rise over time, especially for Asia and Europe. 

4.3. Road Transport 

39. In contrast to air and maritime transport, road transport is based on trade with neighbours i only: 

∑
i

iXirp , where 
iXr  are road costs per kilogramme for shipping from country X to neighbour country i. 

The average road cost per kilogramme is ∑∑
i

i

i

iXi prp / . Following the same rationale as in the 

preceding sub-sections, Figures 6 and 7 display the average road transport cost per kilogramme and the 
contribution of road costs to total transport costs, respectively.

                                                      
15. The high correlation observed before 1985-1990 in the fluctuations by region reflects the fact that there is 

no country-specific data before then. US maritime price indexes go back to 1990 and Japanese data to 
1985. All other data are backcast using the German index reported by Hummels (2007). Also, of course, 
the perfect correlation of Japanese and Australian costs is by construction. 
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Figure 6.  Average road transport cost 

 

 

Source: US Department of transportation, KPMG and OECD calculations. 
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Figure 7. Road contribution to total average transport cost 

 

 

Source: US Department of transportation, KPMG and OECD calculations. 
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40. The average road transport cost R

Xc  is the product of the average cost per kilometre and the 
distance between neighbours, including the internal distance within countries. The contribution is that 

average times the share of neighbours in world GDP, summed over all neighbours: R

X

i

i cp 






∑ . Figures 6 

and 7 illustrate the very minor importance of road transport costs for Japan and Oceania relative to North 
America and Europe. This manifests the much larger share of neighbours in European and North-American 
GDP and also, especially in the case of North America, the greater distances to be covered for intra-
neighbour transport. European and North-American road transport costs are very similar, reflecting several 
considerations: 1) the economic sizes of the two regions are roughly equal, 2) European road costs per 
kilometre shipped are estimated at 40% above those of North America, but 3) the distances to be covered 
in North America are larger, i.e. population density is higher in Europe, lowering cost per kilogramme 
shipped, ceteris paribus. Conversely, the fact that Japan has lower average road transport cost than North 
America is entirely due to its relatively small size, as the cost per kilometre is assumed to be the same. The 
even lower road contribution for Japan relative to that of North America reflects the fact that ìneighboursî 
have a lower world GDP share for Japan (see Table 1). Again, the choice of deflator affects the trend over 
time but not the inter-regional differentials. 

Figure 8.  Average road transport cost in selected European countries 

 

 

Source: US Department of transportation, KPMG and OECD calculations. 
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41. Within Europe, road transport costs vary considerably, as shown in Figure 8 for selected 
European countries. Countries such as Germany, France, Belgium and the Netherlands have relatively low 
road transport costs, below those of Europe as a whole, but countries on the outer edges of Europe, such as 
Portugal, Greece and the Nordic countries have road transport costs above the European average. This 
reflects the variations in the GDP-weighted distance to travel to the heart of Europe, where the bulk of 
European GDP is located.  

4.4. Overall Results 

42. This section presents the results for total average transport cost by region, aggregating the 
contributions of the three modes of transport. Unless specified otherwise, the results are based on outbound 
(export) transport costs for maritime transport. The aggregation method is based on equation (5a) in the 
methodology section:  

                            
∑=

i

iXiX rpc + Xjj

j

apq∑  + Xjj

j

mpq ∑− )1(
.
 

43. The contributions of the three modes differ somewhat between countries, due to the variance in 
the economic size of neighbours. The contributions to cost also depend on the relative costs per 
kilogramme, Xja , Xjm , and 

iXr  . Xja is much higher than the other two, i.., air transport cost 

per kilogramme is very high, but the share of air transport q is low, although rising over time. q  is 
currently still less than 1% of world non-neighbour trade by weight, but air transport cost per kilogramme 
is 40-60 times greater than that for maritime transport. 

44. Figure 9 shows the shares of total average cost by mode of transport in 1973 and 2005 by 
country. Maritime transport in 2005 accounts for the bulk of transport costs ranging from about 50% of 
costs for the United States and Canada to a high of about 70% of total costs for Oceania. For most 
countries, the share of costs attributable to maritime transport has shown little change since the early 
1970s, except for the United States and Canada which experienced declines of close to 10 percentage 
points. Air transport costs currently represent about 25-30% of total costs, up by between 5-10% points for 
all countries since the early 1970s. The rising share of air transport in total costs reflects the fact that the 
volume of air shipments has increased proportionately more than the cost of shipping by air has fallen. The 
share of road transport is more variable, representing less than 1% of total costs for Oceania and Japan to 
around 20-30% for the United States, Canada, and European countries. 
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Figure 9. Shares of transport cost by mode of shipping in total average cost (export), 1973 and 2005 

 

 

1. Data for the year 1973 are represented in the first column of each country, data for the year 2005 in the second 
column. Data have been sorted on the maritime transport cost for 2005. 

Source: OECD calculations. 

45. Figure 10 presents total average transport cost by region and varying by type of deflator and 
direction of traffic. Oceaniaís costs are by far the highest. North American and European transport costs 
are generally fairly similar, although the former decline relative to the latter starting around 2002. These 
trends are mostly driven by maritime transport cost developments, given their preponderance in the 
weighting. 
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Figure 10. Total average transport cost 

 

Source: OECD calculations. 
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46. Figure 11 shows the transport cost results for exports from individual countries for the beginning 
(1973) and end (2005) of the sample period deflated by the US GDP price deflator. Individual European 
country costs vary somewhat, due largely to the differing road costs noted in section 4.3. Countries on the 
periphery of Europe, such as Greece, Portugal, and Finland, have total transport costs about 10-20% above 
those of the more centrally located countries within Europe, such as France and Germany. 

47. Transport costs were also calculated per unit of value shipped as an alternative to cost per 
kilogramme. If the share of air versus maritime shipments is again assumed constant across countries at a 
point in time, the use of values rather than physical weight has minimal effect on the cross-sectional 
variation of transport costs. The time pattern of fluctuations is also similar for the two methods. Given that 
the weight-to-value ratio of traded goods has declined over time, however, ad valorem transport costs fall 
cumulatively over the sample period, relative to transport cost per kilogramme, by about 30%, reflecting 
the rising share of goods shipped by air and the much lower weight-to-value ratio for the latter compared to 
goods shipped by sea.   

Figure 11. Individual country real total average transport cost
1
  

 

1.  The nominal average transport cost for exports deflated by the US GDP price deflator. 

Source: OECD calculations. 
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48. This paper presents a first attempt to compute transport costs at the country level based on direct 
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results should be treated with caution given the deficiencies of the data. The time trends are also sensitive 
to the method of deflation. 

49. The results show that Australia and New Zealand have the highest transport costs among the 
OECD countries considered, reflecting their isolation and large distance from other regions. Japanís costs 
exceed those of Europe and North America in recent years for outbound traffic, but not inbound traffic, 
reflecting developments in maritime transport whereby the cost of shipping from Asia has risen sharply 
relative to cost of shipping to Asia. Within Europe there is some variation in transport costs, reflecting 
primarily the different geographical locations of countries relative to the heart of Europe, and the 
consequent variation in road transport costs.  
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DEBUNKING THE IDYLLIC VIEW OF NATURAL PROCESSES: 

POPULATION DYNAMICS AND SUFFERING IN THE WILD∗ 

OSCAR HORTA 

University of Santiago de Compostela 

ABSTRACT 

It is commonly believed that animal ethics entails respect for natural processes, because nonhuman 

animals are able to live relatively easy and happy lives in the wild. However, this assumption is wrong. 

Due to the most widespread reproductive strategy in nature, r-selection, the overwhelming majority of 

nonhuman animals die shortly after they come into existence. They starve or are eaten alive, which 

means their suffering vastly outweighs their happiness. Hence, concern for nonhuman animals entails 

that we should try to intervene in nature to reduce the enormous amount of harm they suffer. Even if 

this conclusion may seem extremely counter-intuitive at first, it can only be rejected from a speciesist 

viewpoint. 

Keywords: Anthropocentrism, natural processes, population dynamics, r-selection, speciesism. 

1. THE APPEAL OF THE WORD “NATURAL” 

The word “natural” has a strong appeal for many people. It is commonly used as if it 

identified a valuable and morally relevant feature. That is, as if the fact of something being 

natural added some kind of value to it, making it good or at least better in some respect. In 

present times, however, this assumption has been seriously challenged. This has happened in 

several ways. For instance, some theorists have discussed whether it would be good or not to 

enhance the capacities human beings have. This amounts to questioning whether our natural 

features are ones we should consider good in themselves, and, therefore, something  it is bad 

to alter.  

                                                 
∗ Published in Télos, 17, 2010, 73–88. For helpful comments, I want to thank Mark Lee, Leah 

McKelvie, Cátia Faria, Daniel Dorado, Kate Marples and David Pearce. This work has been done 

with the support of the Spanish Ministry of Science and Innovation (research project FFI2008-06414-

C03-01/FISO). Correspondence can be sent to OHorta (a) dilemata.net. 
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Criticisms of assigning value to natural human features address only part of the 

problem with the assumption that what is (or is considered to be) natural is good. Restricting 

our focus to an analysis of the value of human nature and setting aside other meanings of 

“natural” is reasonable only if we think that the only individuals we should care about are 

human beings. However, such a view should be rejected as arbitrary, on the basis that human 

beings are not the only ones for whom things can be good or bad. There are other beings 

apart from humans for whom this is the case: sentient nonhuman animals. So the question of 

whether what is natural is good or not will necessarily be relevant for them as well. Once this 

objection is assumed, a criticism of the attribution of value and normative relevance to nature 

should not stop with human nature. It should be extended, in a way that may have far wider 

consequences. We have to question whether nature itself, and natural processes in particular, 

are something valuable.  

This paper will assess this problem. To do so, we will start by taking a look at the 

different ways in which nature has been considered valuable.  

2. WAYS OF IDEALIZING NATURE 

Nature is often believed to instantiate a number of values. According to some 

environmentalist views, this is so because the existence of living entities is good in itself.1 

According to others, it is the existence of biocenoses, ecosystems or even mere biotopes or 

physical landscapes that is valuable.2 Other views value biodiversity or natural history.3 At 

any rate, all these positions find something intrinsically valuable in nature. In addition, 

according to an anthropocentric viewpoint, nature can be considered highly valuable in an 

                                                 
1 Taylor, Paul, Respect for Nature, Princeton: Princeton University Press, 1986; Varner, Gary E., 

“Biocentric Individualism”, in Schmidtz, David and Willot, Elizabeth (eds.), Environmental Ethics: 

What Really Matters, What Really Works, Oxford: Oxford University Press, 2002, 108–20. 
2 Leopold, Aldo, Sand County Almanac, with Essays on Conservation from Round River, New York: 

Ballantine Books, 1966 [1949]; Callicott, John Baird, In Defense of the Land Ethic: Essays in 

Environmental Philosophy, Albany: State University of New York, 1989. 
3  Rolston III, Holmes, Environmental Ethics: Duties to and Values in the Natural World, 

Philadelphia: Temple University Press, 1988. 
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instrumental way, primarily as a source of nourishment, but also as one of scientific 

enrichment, recreational and emotional satisfaction, etc.4 

However, these are not the only reasons many people think the existence of nature is 

something valuable. There are many who believe that nature is a rich source of value because 

of the existence of nonhuman sentient animals who have happy lives. 

Certainly people who believe this are aware that animals are systematically killed by 

other animals, and they may well think that animals also starve or die by disease, suffer 

hardships related to the climate, and so on. They may also know that this implies they suffer. 

But they fail to infer from this that all these circumstances make nonhuman animals’ lives 

bad enough to require a qualification or abandonment of the idea that nature is a happy place. 

Of course different opinions are also maintained.5 However, the idyllic view of nature, which 

we can define as the idea that happiness is prevalent in nature, seems to be widespread 

nowadays. 

3. SHOULD WE REALLY ACCEPT THE IDYLLIC VIEW OF NATURE? 

This romantic idea that happiness outweighs suffering in the wild has a crucial impact on the 

kind of attitude and policies we may favor towards nature. Surely, if we assume some of the 

environmentalist or anthropocentric positions described above we may not care at all about 

whether wild animals live happy lives or terrible ones. However, if we do care about animal 

suffering, we have a serious issue here. If the idyllic view is wrong, and if suffering prevails 

in nature, the reasons we have to support an environmentalist view may be challenged by 

other reasons that may overcome them. And for those who do not assume such 

anthropocentric or environmentalist conceptions of value and believe that what we should 

care about is the positive and negative wellbeing of all sentient individuals, this is an 

essential point. 

                                                 
4 Many theorists defend this, see for instance Bookchin, Murray, The Philosophy of Social Ecology: 

Essays on Dialectical Naturalism, Montreal: Black Rose Books, 1990; Hargrove, Eugene C. 

“Foundations of Wildlife Protection Attitudes”, in Hargrove, Eugene C. (ed.), The Animal 

Rights/Environmental Ethics Debate, The Animal Rights/Environmental Ethics Debate: The 

Environmental Perspective, Albany: State University of New York, 1992, 151–83. 
5 See for instance Mill, John Stuart, Nature, in his Collected Works, vol. X, London: Routledge and 

Kegan Paul, 1969 [1874], 373–402; Dawkins, Richard, River Out of Eden: A Darwinian View of Life, 

New York: Basic Books, 1995, ch. 4. 
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In the following sections I will examine whether the idyllic view of nature is true, that 

is, whether happiness really prevails over suffering in the wild. 

We may think that this task is impossible to carry out, since we have no access to the 

phenomenal experiences animals have, so there is no way to know whether suffering or  

happiness prevails for them. If this criticism were right, it would show the idyllic view of 

nature to be unwarranted, though it would also undermine its critique. A sterile scepticism 

would be all we would have left. However, even if this criticism is at least partly right, it is 

not completely so. The reason why this is so is that even if we cannot be completely sure of 

the kind of experiences that animals are having in the wild, we can nevertheless make 

informed guesses about them. And these guesses can be well-grounded in our knowledge of 

relevant facts about what happens to them in their lives. We have reasons to believe they can 

have positive and negative experiencies,6 and we know some facts about their lives that 

appear to be relevant to the kind of experiences they may have. Given this, and in line with a 

Bayesian epistemological approach, we can make justified estimates about what we have 

most reason to think regarding the wellbeing of wild animals. 

4. WE USUALLY CHOOSE UNREPRESENTATIVE EXAMPLES WHEN WE THINK ABOUT 

NATURE 

Many people tend to have in mind very unrepresentative animals when they try to imagine 

the kind of lives wild animals live. They usually think of big animals that have very few or 

no predators such as tigers, whales, elephants, cheetahs, etc. And even when they have in 

mind animals that do have predators, they are likely to think of animals that are not really 

representative of those living in nature. They may have in mind big herbivores, such as, say, 

gazelles, who can suffer very painful deaths by being hunted by big cats or canids, and who 

can suffer from thirst, hunger, and disease, but who may also have several sources of 

pleasure in their life. Moreover, they have in mind adult animals. When we consider the life 

of one of these animals, we might think it is unfortunate that she undergoes such terrible 
                                                 
6 Smith, Jane A., “A Question of Pain in Invertebrates”, Institute for Laboratory Animal Research 

Journal, 33, 1991, 25–32; Griffin, Donald R., Animal Minds, Chicago: University of Chicago Press, 

1992; Ng, Yew-Kwang, “Towards Welfare Biology: Evolutionary Economics of Animal 

Consciousness and Suffering”, Biology and Philosophy, 10, 1995, 255–85; Allen, Colin and Bekoff, 

Marc, Species of Mind: The Philosophy and Biology of Cognitive Ethology, Cambridge: MIT Press, 

1997. 
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suffering, and that it would have been much better if she had been spared it, yet we can easily 

imagine that the positive wellbeing she also experiences may well outweigh all these 

disvalues. 

This may drive us to think that the idyllic view of nature, though idealized and 

exaggerated, may still have some truth to it. However, such a conclusion would be far too 

hasty. It would be based on insufficient consideration of the kinds of lives that nonhuman 

animals live. As I have pointed out, when we examine this problem we tend to think of the 

story of an animal who dies in her adulthood. But, as we will now see, most animals live 

lives that are starkly different from those we tend to imagine. Most animals are not big 

vertebrates, most of them never reach adulthood, and, in most cases, their lives contain little 

more than suffering. 

I will now explain the reasons why this is so, and why the idyllic view of nature must 

be drastically questioned in light of this fact. In order to understand this, we need to consider 

one issue that may pass unnoticed at first sight, but that, as Ng and Dawrst7 have shown, is 

crucial: the kinds of reproductive strategies that are prevalent in nature. To see why this is so, 

we need to start by examining some very basic notions of population dynamics whose 

enormous relevance to the question will be made clear in the following sections. 

5. REPRODUCTIVE STRATEGIES 

The wellbeing that animals may experience is closely linked to their chances of survival in a 

certain environment. This, in turn, is something that can be examined when we consider the 

way in which a population of animals may vary in a certain ecosystem. In population biology 

this is examined by means of several differential equations, depending on the factors one 

wants to analyse. A very basic one which represents the growth of populations is the 

Verhulst equation of population growth—or population dynamics— 8 which can be 

formulated as follows: 

                                                 
7 Ng, “Towards Welfare Biology”; Dawrst, Alan, “The Predominance of Wild-Animal Suffering over 

Happiness: An Open Problem”, Essays on Reducing Suffering, 2009, http://www.utilitarian-

essays.com/wild-animals.pdf. 
8 Verhulst, Pierre-François, “Notice sur la loi que la population poursuit dans son accroissement”, 

Correspondance Mathématique et Physique, 10, 1838, 113–121. 
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dN/dt = rN(1-N/K) 

The factors that this equation contains are explained as follows: 

(i) t stands for the period of time during which the growth of a population is considered; 

(ii) N stands for the initial population size (that is, N is a natural number which represents 

the quantity of individuals the population in question has at the point when t starts); 

(iii) r denotes the reproductive rate for the population in question (that is, the number of 

offspring it has relative to the number of individuals from previous generations); and 

(iv) K represents the carrying capacity of the population’s environment during t (that is, 

the maximum population size that the environment can maintain, given the 

conditions the environment has for the survival of the members of this population). 

Therefore, what this equation says is that the degree to which a population grows 

during a certain time t depends on two factors (apart from its initial size N): the size of the 

progeny that on average each animal has (which is expressed by r) and the survival rate that 

on average that progeny has (which is determined by K). 

These factors determine the different reproductive strategies that different populations 

of animals may have. Two main ones are commonly distinguished:9 

(i) K-selection. Some animals have a high survival rate among their progeny. This 

requires investing lots of energy and time in them—i.e., in their gestation, their care, 

their education, etc. This means that it is not possible for these animals to have many 

descendents. Therefore, this reproductive strategy is referred to as K-selection, since 

the success of this strategy rests in making its individuals maximally prepared to 

survive given the conditions which the factor K express. In other words, because in 

the case of these animals, although r is very low, K is maximized. 

(ii) r-selection. Conversely, other animals can have a very high reproductive rate because 

they do not have to invest a lot in each of their descendents’ survival. This 

reproductive strategy is referred to as r-selection, since maximizing r is what 

determines reproductive success in this case, even though K may be extremely low. 

                                                 
9 MacArthur, Robert H. and Wilson, Edward O., The Theory of Island Biogeography, Princeton: 

Princeton University Press, 1967; Pianka, Eric R., “On r- and K- Selection”, American 

Naturalist, 104, 1970, 592–97. 
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This is, of course, a simplification of what goes on in nature, where complex 

reproductive strategies are put into practice. The strategies which many animals follow 

actually combine to some extent elements of r- and K-selection.10 But the dichotomy can 

give us a fair picture of what happens in general in nature, at least with regard to the key 

facts that we need to consider as far as suffering in the wild is concerned. 

6. SUFFERING AS A BY-PRODUCT OF SUCCESSFUL REPRODUCTIVE STRATEGIES 

The reproductive strategies mentioned above have been selected for because they are 

successful when it comes to gene transmission. This means that most individuals are 

sacrificed for the sake of the transfer of genetic information to new generations. r-selection 

entails that for each individual who survives to maturity, there are many hundreds or 

thousands who starve or are eaten shortly after they start to be conscious. The very low 

survival rate among members of r-selected species means most of them die shortly after they 

come into existence. Many die before being developed enough to be sentient. However, 

many of them live long enough to be sentient when they die. This means that they have very 

few opportunities for positive experiences, if any.  

But that is not all. Since in most cases they either starve or are killed by other animals, 

their deaths are likely to be rather painful. This means that their lives contain proportionally 

far more suffering than positive wellbeing. Hence, we have good reason to conclude that 

these animals live lives whose overall levels of wellbeing are negative. Coming into 

existence has brought them far more negative things than positive ones. This is not 

something that has any evolutionary use in itself, of course. However, it is an inevitable by-

product of one successful reproductive strategy. Reproductive strategies are not selected for 

maximizing happiness. Rather, they are selected because they are successful for gene 

transmission. Unfortunately, this process also entails that suffering is also significantly 

increased, and, in those cases in which K is exceptionally low and r extremely high (as 

frequently happens), actually maximized.  

                                                 
10 In line with this, for criticisms of an r- and K-selection reductionism see Stearns, Stephen C., “The 

Evolution of Life-History Traits: A Critique of the Theory and a Review of the Data”, Annual Review 

of Ecology and Systematics, 8, 1977, 145–71. 
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7. WHY THE PREVAILING REPRODUCTIVE STRATEGY DETERMINES THE BALANCE BETWEEN 

VALUE AND DISVALUE IN NATURE 

The mere fact that there are individuals who have to undergo such terrible lives will be in 

itself something highly disvaluable for a number of theories in axiology and ethics, such as 

egalitarianism, sufficientarianism, prioritarianism and those views which accept some form 

of maximin principle. However, there is more to say here. The magnitude of the disvalue that 

r-selection causes is significantly raised by the fact that this situation is not merely suffered 

by some individuals every now and then. The fact is that the overwhelming majority of the 

sentient beings who come to existence have to endure this fate. There are two reasons for 

this: 

(i) There are few survivors in each r-selected species. As we have seen in the previous 

sections, r-selection entails that only a tiny minority of those sentient beings who 

come to existence survive. On average, in stable populations the surviving 

individuals in each generation is more or less equal to the number of the previous 

generation. The rest of them will not survive, and will most likely find themselves in 

the situations described above. Bear in mind that the lower the value of K in the 

Verhulst equation, the higher the number of casualties. And, as I have pointed out 

above, given the energy limitations for every animal about to reproduce, the higher 

the value of r, the lower the value of K. Moreover, even if K remained equal for 

populations of animals with different birth rates, the higher the value of r, the higher 

the number of casualties (both in absolute terms and in proportion to the number of 

survivors). So every time that members of r-selected species reproduce, huge 

numbers of animals are sentenced to suffer and die shortly after. And we must note 

that the average clutch size of many animal species can be considerably big, as Ng 

points out:11 for instance, the bullfrog (Rana catesbeiana) lays on average 6,000-

20,000 eggs and the American lobster (Homarus americanus) can lay around 8,500 

eggs. Of course, many of them never end up developing into sentient beings. But the 

number of eggs that do give rise to sentient beings is still extremely high. In light of 

this, it seems that most of the sentient animals that belong to species that are r-

selected live lives with more suffering than wellbeing. 

                                                 
11 See Ng, “Towards Welfare Biology”. 
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(ii) There are few animal species in which r-selection does not prevail. Unfortunately for 

most animals, K-selection is rather uncommon in comparison with r-selection. Most 

animals follow an r-selection strategy. This happens, in particular, in the case of 

small animals. It is a general strategy among invertebrates, that are by far the most 

numerous animals on Earth. But it is also widespread among vertebrates, in particular 

in the case of fishes (bony, cartilaginous or jawless) and amphibians, and also among 

other animals such as reptiles. 

The consideration of these two points leaves little room for manoeuvre. The overwhelming 

majority of the animals of the overwhelming majority of species appear to have significant 

suffering but little (or no) happiness in their lives. Therefore, we have very strong reasons to 

conclude that there is far more suffering than happiness in nature. 

There are two objections, however, that could be presented against this conclusion. 

First, we must note that many animals that belong to r-selected species have very simple 

central nervous systems, and we may be unsure about whether they are sentient. This is a 

very problematic question.12 Though we may have good reasons to think that many small and 

simple invertebrates are indeed sentient, this objection is still reasonable. Second, because 

the lives of the animals who die shortly after coming into existence are so brief, the total 

suffering they have to endure is not so great after all. 

These are important points which we need to consider very seriously. It is undoubtedly 

right that they must drive us to qualify the conclusions we should draw according to the facts 

mentioned above. Because of them, the expected amount of suffering present in nature is 

much lower than it would have been if the casualties of r-selection had to endure longer 

agonies and if there were no doubts of any kind regarding their sentience. But even with this 

qualification, it appears that a sensible estimate of the amount of suffering present in nature 

will still be significantly greater than a similar estimate of the amount of happiness present in 

nature. The asymmetry between the number of individuals who survive early infancy and 

those who do not is so big that these two objections, important as they are, do not weigh 

enough to counterbalance it. I will show one example that illustrates this in the next section. 

                                                 
12 See Smith, “A Question of Pain in Invertebrates”. 
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8. AN EXAMPLE: THE CASE OF ATLANTIC COD (GADUS MORHUA) IN THE GULF OF MAINE 

In order to see that the disvalue which r-selection generates can be so high that the two 

objections I have presented do not alter the conclusions I have presented thus far, consider 

just one example regarding a certain species of animals, the Atlantic cod (Gadus morhua). 

These animals can lay from a few thousand to several million eggs.13 Let us suppose that 

they lay 2 million each time. It is estimated that in 2007 there were around 33,700 tons of 

Atlantic cod in the Gulf of Maine bank alone.14 An adult cod can weigh up to 25-35 kg.15 

Assuming they have an average weight of 33,7 kg, there would be around a million of these 

animals (the average weight I have proposed is too high, though on the other hand I am 

assuming, for the sake of simplicity, that these animals are all adult animals). Assuming the 

cod population remains stable, on average only two of the eggs that a female cod lays in her 

life end up developing into adults. Thus, a total of 2 trillion eggs laid will fail to become 

adults. Assume each egg has a 0.1 probability of developing into a young, immature fish, a 

codling, and that there is a 0.1 probability that codlings are sentient. Finally, assume that on 

average they suffer for just ten seconds before they die.  

All of these are extremely conservative assumptions. Yet they entail that each time 

these animals reproduce we can expect that 200 billion seconds of suffering is experienced 

(and these are only the cods in the Gulf of Maine). Since there are 31,556,926 seconds in a 

year, this amounts to 6337.7529 years of suffering. If this continues over an average human 

lifespan (that is, six decades), the number of years of suffering generated would be 380, 

265.174. All this for a very specific species in a very specific area. 

                                                 
13 Jørstad, Knud E.;  Fjalestad, Kristinne T.; Ágústsson, Thorleifur and Marteinsdottir,  Gudrun, 

“Atlantic cod—Gadus morhua”, in Svåsand, Terje (ed.), Genetic Impact of Aquaculture Activities on 

Native Populations, 2007, 10–16, p. 11, http://genimpact.imr.no/__data/page/7650/atlantic_cod.pdf. 
14 Mayo, Ralph K.; Shepherd, Gary; O’Brien, Loretta; Col, Laurel A. and Traver, Michele, The 2008 

assessment of the Gulf of Maine Atlantic cod (Gadus morhua) stock, Woods Hole: US Department of 

Commerce, Northeast Fisheries Science Center, 2009, 

http://www.nefsc.noaa.gov/publications/crd/crd0903/crd0903.pdf. 
15 Cascorbi, Alice and Steven, Melissa M., Atlantic Cod (Gadus morhua) Northeast Region (U.S. and 

Canada):  Seafood Report—Seafood Watch, Monterey: Monterey Bay Aquarium, 2004, p. 6, 

http://www.seachoice.org/files/assessment/report/48/MBA_SeafoodWatch_AtlanticCodReport.pdf. 
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9. THE EVIL OF DEATH 

Thus far we have just considered the disvalue of suffering. However, there is something else 

we can take into account here. According to some theorists (as at least mental-statist total 

utilitarians do), in order to consider the value or disvalue contained in the life of an 

individual we just need to know the positive and negative experiences she has had and 

aggregate them. However, many others think that there is something else to consider apart 

from this (even though they may be accused of double-counting by utilitarians). These other 

theorists can claim that the deprivation of goods is something disvaluable that must be added 

to the calculus of wellbeing I have just considered. They will argue that the fact that a 

sentient being dies shortly after she has started to be conscious is bad for her not only 

because her death may be painful, but also because it deprives her of the positive experiences 

she could have had.16 Those who assume this will add extra disvalue to the fact that the lives 

of these animals include more suffering than wellbeing, because of their early deaths. 

We must note that this does not alter in essence the conclusion we reached in the 

previous section. I have pointed out that we may add the harm of death to the disvalue 

resulting from the experienced positive and negative wellbeing because according to a 

number of axiologies this is an important disvalue. However, even if we rejected this claim, 

we would still have to maintain that the prevalence of suffering—and thus of disvalue—in 

nature is remarkable. 

10. THE QUESTION OF INTERVENTION IN NATURE 

Thus far I have said nothing about the way we should act with regard to nature. However, the 

practical conclusions that can be derived from what we have seen in previous sections are not 

difficult to guess. Whatever ethical theory we hold will not be credible if it says that the facts 

presented above regarding the massive suffering of uncountable animals are not something 

that needs to be taken into account in our moral decisions. Until now, the question of whether 

to act to benefit wild animals has been seldom tackled. Some theorists have reflected on 

whether we should accept the evils that animals suffer in nature or try to do something to 

                                                 
16 On the question of the harm of death see for instance Nagel, Thomas, “Death”, Noûs, 4, 1970, 73–

80; McMahan, Jeff, The Ethics of Killing: Problems at the Margins of Life, Oxford: Oxford 

University Press, 2002; Broome, John, Weighing Lives, Oxford: Oxford University Press, 2004. 
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mitigate them.17 However, this idea is still new and may be a strange one to many people. 

Nevertheless, it appears quite reasonable in light of what we have seen here. Indeed, it would 

be strange not to think about ways in which we could act to improve the situation of animals 

in the wild once we are aware of the immense amount of suffering present in it. 

Despite this, the idyllic view of nature is so prevalent that it is obvious that the idea of 

intervention in nature will be met with much opposition. Many may claim that any kind of 

intervention at all would be dangerous for its unforeseen and potentially disastrous 

consequences, or that we have no right to carry it out. There are reasons, however, to reject 

such criticisms as speciesist. Humans intervene constantly in nature. In most cases, they do 

so in order to obtain benefits for themselves. The most clear case in which this happens is 

when humans radically change some landscape for purposes such as agriculture, mining, 

construction, etc., though there are many other ways in which humans alter the environment. 

Besides, human beings often intervene in nature for  environmental purposes. They do so, for 

instance, in order to conserve some species or landscapes. In some cases, they even work to 

transform an existing ecosystem in order to restore some biocenoses that existed 

previously.18 

It is interesting to note that these practices are seldom met with strong objections. This 

shows us why the criticisms of the idea that we should help wild animals are biased. Such 

criticisms express concerns that are not really taken seriously when human beings are 

                                                 
17  This has been done in particular in the case of predation, as in Sapontzis, Steve F., 

“Predation”, Ethics and Animals, 5, 1984, 27–38; Bonnardel, Yves, “Contre l’apartheid des espèces: 

À propos de la prédation et de l’opposition entre écologie et libération animale”, Les Cahiers 

Antispécistes, 14, 1996, http://www.cahiers-antispecistes.org/article.php3?id_article=103; Fink, 

Charles K., “The Predation Argument”, Between the Species, 13 (5), 2005, 

http://digitalcommons.calpoly.edu/bts/vol13/iss5/3/; Pearce, David, “Blueprint for a Cruelty-Free: 

Reprogramming Predators”, The Abolitionist Project, 2009, 

http://www.abolitionist.com/reprogramming/index.html; McMahan, Jeff, “The Meat Eaters”, The New 

York Times, 19 September 2010, http://opinionator.blogs.nytimes.com/2010/09/19/the-meat-eaters/; 

McMahan, Jeff, “A Response”, The New York Times, 19 September 2010, 

http://opinionator.blogs.nytimes.com/2010/09/28/predators-a-response/. 
18 For a critique of this practice see Shelton, Jo-Ann, “Killing Animals that Don’t Fit In: Moral 

Dimensions of Habitat Restoration”, Between the Species, 13 (4), 2004, 1–21, 

http://digitalcommons.calpoly.edu/bts/vol13/iss4/3/. 
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involved, thus showing a clear speciesist prejudice.19 If humans were suffering and dying and 

altering an ecosystem would help them, nobody would object that it was too dangerous or 

that we had no right to do it. For instance, few people object to agriculture, which is needed 

for human subsistence, even though agriculture means altering radically the previously 

existing ecosystems. 

 Therefore, interventions in nature would not be new at all, since, as I have just pointed 

out, we carry them out constantly.20  The only thing that would be completely different 

(although it is a very important difference) is that thus far we have been intervening for the 

sake of human interests or in order to further some environmental purposes, and the proposal 

here is to do it for the sake of the wellbeing of animals. These are different purposes which 

are often opposed, as the main argument presented in this paper shows.  

A proposal such as the one I am making here may be questioned because, while 

anthropocentric and environmental ideals are seen as important, the wellbeing of nonhuman 

animals is seen as completely irrelevant. This is why, as I mentioned above, such criticisms 

can only be held if we assume speciesist positions.21 

As I mentioned above, there are people who defend some environmental principles 

who may be prepared to completely disregard the plight of nonhuman animals. However, it is 

interesting to note that among those who claim to defend these environmental principles very 

few are consistent. With the exception of theorists such as Linkola22 who defends the mass-

killing of human beings for the sake of the environment (a view which few of us would 

probably support), most of those who claim to be defenders of holism or biocentrism just 

maintain these principles insofar as they do not conflict with human interests.23 Their views, 

when they disregard the suffering of nonhuman animals, are speciesist, and must be rejected. 

                                                 
19 Horta, Oscar, “The Ethics of the Ecology of Fear against the Nonspeciesist Paradigm: A Shift in the 

Aims of Intervention in Nature”, Between the Species, 13 (10), 2010, 163–87, 

http://digitalcommons.calpoly.edu/bts/vol13/iss10/10/. 
20 Cowen, Tyler, “Policing Nature”, Environmental Ethics, 25, 2003, 169–82. 
21 I shall not address here the question of why we should reject all kinds of speciesist positions, but 

see on this Horta, Oscar, “What Is Speciesism?”, Journal of Agricultural and Environmental Ethics, 

23, 2010, 243–66. 
22 Linkola, Pentti, Can Life Prevail?: A Radical Approach to the Environmental Crisis, London: 

Integral Tradition Publishing, 2009. 
23 See for instance Leopold, Sand County Almanac, with Essays on Conservation from Round River; 

Callicott, In Defense of the Land Ethic; Varner, “Biocentric Individualism”. 
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11. WHY THE PREVALENCE OF SUFFERING IN NATURE IS SO RELEVANT 

We have seen that we have very strong reasons to conclude that suffering is vastly prevalent 

in nature. However, we might think that this is not really as crucial as I claimed above. We 

could argue that, strictly speaking, there is an important respect in which discovering this 

could be of little practical relevance. 

It may be possible to intervene in order to reduce the harms that nonhuman animals 

suffer in the wild. But note that, provided we are not speciesist, this is something we would 

also have reasons to do even if the suffering of wild animals did not outweigh their 

wellbeing. So we might consider the arguments I presented above unnecessary. It would not 

be so crucial, after all, to know whether or not suffering outweighs wellbeing in nature. The 

point at stake here would rather be whether or not we can and should intervene in nature in 

order to reduce the harms that wild animals suffer. 

This is right to some extent (in particular if what we have in mind are ways to 

minimize the suffering that some beings endure without acting in ways that impede their 

continuing to come into existence). However, there are reasons why being aware of the 

prevalence of suffering in nature is extremely important. 

First, the usefulness of intervention might be questioned if we had the wrong view of 

nature as an idyllic place. We might be discouraged to intervene by being too cautious 

regarding the further effects our action may have. Of course, we have to be very careful. But 

if we believed that happiness prevails we might easily be too cautious and fail to act when it 

was necessary. We might think that, after all, nature generates a significant amount of 

wellbeing, and even if this means that some individuals have to endure lives that are not 

worth living, trying to fix this could reduce the total amount of positive wellbeing in nature. 

Egalitarians, prioritarians, sufficientarians and negative utilitarians should not be convinced 

by such an argument, since for them helping those who suffer a great harm would be required 

even at the risk of reducing the wellbeing of other individuals with positive levels of it (I am 

myself sympathetic to this view). And some deontologists, virtue ethicists and care ethicists 

would also agree with this view. But for others, such as (non negative) utilitarians, this might 

be a reason not to act. This is one reason why pointing out that suffering outweighs wellbeing 

in nature can be important. By indicating this, we show that such qualms would hardly be 

warranted. 

Second, if in nature happiness outweighed suffering, we would have a reason to 

actively defend the conservation of nature, even if that meant sacrificing a number of sentient 
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animals who would be innocent casualties of it. Again, egalitarians, prioritarians, 

sufficientarians, negative utilitarians and others would have other kinds of reasons that would 

counter this claim, but non-negative utilitarians would accept it. But if this claim is false, as 

we have seen, not even these utilitarians have reasons based on the wellbeing of individuals 

to defend such an enterprise. 

We are all so familiar with the idyllic view of nature that it seems extremely 

counterintuitive to think that it may be blatantly false. For this reason, the consequences to be 

derived from the fact that in nature suffering is so great are hard to accept. But if we want to 

be consistent, if we really do not want to be blind to the facts, and, finally, if we really want 

to be committed to the search for the good of those suffering, we cannot ignore them. This is 

an extremely important issue that we need to tackle. 

12. PRACTICAL CONSEQUENCES 

I have not addressed here the kinds of measures that could be implemented in order to reduce 

the disvalue present in nature. I have just mentioned that intervention for this sake should not 

be considered a mere fantasy, especially in light of the fact that we do intervene in nature 

constantly for the sake of other purposes (agriculture, building, all kinds of industrial 

processes…) The only real way to oppose all intervention in nature would be by advocating 

immediate mass suicide for every one of us, something we would all surely reject. So the 

question is not “Should we intervene in nature?”, but rather “In what ways should we 

intervene?”  

There are some ways we could intervene right now in order to help animals living in 

nature. For instance, they often starve, and there are many situations in which it would be 

perfectly feasible for us to feed them (this is so, for example, in cases in which winters are 

particularly severe for them). There are other cases in which they die due to diseases that we 

could cure. Moreover, there are also situations in which nonhuman animals suffer and die 

because of the ways in which we currently intervene in nature. We could change the ways we 

act in order to improve these situations.24 

Of course, it is clear that by intervening in different ways now we could help some 

animals, but only a small number of them, and we would not be addressing the main 

                                                 
24 For an example of this, see Horta, “The Ethics of the Ecology of Fear against the Nonspeciesist 

Paradigm”. 
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problems with regard to disvalue in nature I have discussed above. But in the future we may 

have the capacity to intervene in new ways which would reduce the huge amount of suffering 

and death existing in nature in a far more significant way. However, for that to occur, we 

need to start to work now to set up the conditions that will make it possible. This entails 

doing three things.  

First, we need to start to discuss these issues immediately. We need to question the idea 

that nature is an idyllic place in which any kind of intervention should be considered taboo.  

Second, we must question speciesism. As I have pointed out above, most of those who 

reject intervention in nature for the sake of nonhuman animals do accept that we intervene 

when human interests are at stake. This radically differential consideration is due to the fact 

that most people are speciesist. In fact, even many of those who sympathise with the idea that 

nonhuman animals should not be exploited and who assume a vegan lifestyle still maintain 

many speciesist views. As long as that continues to happen, it will be very difficult for us to 

advance the idea that we should actively help nonhuman animals living in the wild.  

Therefore, in order to further this view, we should strongly advocate that more and more 

activism against speciesism is carried out. Of course, this should be done with an approach 

that clearly distinguishes the case against speciesism from any environmentalist view (note 

that most of the public is unaware of the arguments we have seen in this paper and, 

unfortunately, may confuse these positions). 

Third, it is very important to learn in which ways it is possible for us to intervene in 

nature. Even if significant intervention for the sake of nonhuman animals is not going to be 

carried out now, doing research on it may lead to it becoming possible sooner. Discovering 

and showing the feasibility of new ways we could intervene would also help us to defend the 

case for intervention.     

Because the main causes of disvalue in nature are things we cannot solve right now, 

our primary focus today should be on doing these three things, rather than engaging in 

carrying out particular interventions. We might think that this is not a very effective way of 

changing the situation in which nonhuman animals find themselves in nature today. But, as I 

have argued in this last section, that would be a naïve view. Promoting debate on this issue, 

doing research on it and questioning speciesism appear to be the most important ways in 

which we all can work today in order to reduce the immense amount of suffering and death 

that exists in the world. 
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Nonmoral Nature 
by Stephen Jay Gould 
 
 When the Right Honorable and Reverend Francis 
Henry, earl of Bridgewater, died in February, 1829, he 
left £8,000 to support a series of books “on the power, 
wisdom and goodness of God, as manifested in the 
creation.” William Buckland, England’s first official 
academic geologist and later dean of Westminster, was 
invited to compose one of the nine Bridgewater Treatises. 
In it he discussed the most pressing problem of natural 
theology: if God is benevolent and the creation displays 
his “power, wisdom and goodness,” then why are we 
surrounded with pain, suffering, and apparently 
senseless cruelty in the animal world? 
 Buckland considered the depredation of 
“carnivorous races” as the primary challenge to an 
idealized world where the lion might dwell with the 
lamb. He resolved the issue to his satisfaction by arguing 
that carnivores actually increase “the aggregate of animal 
enjoyment” and “diminish that of pain.” Death, after all, 
is swift and relatively painless, victims are spared the 
ravages of decrepitude and senility, and populations do 
not outrun their food supply to the greater sorrow of all. 
God knew what he was doing when he made lions. 
Buckland concluded in hardly concealed rapture: 
 

The appointment of death by the agency of carnivora as the 
ordinary termination of animal existence, appears therefore 
in its main results to be a dispensation of benevolence; it 
deducts much from the aggregate amount of the pain of 
universal death; it abridges, and almost annihilates, 

throughout the brute creation, the misery of disease, and 
accidental injuries, and lingering decay; and impose such 
salutary restraint upon excessive increase of numbers, that 
the supply of food maintains perpetually a due ratio to the 
demand. The result is, that the surface of the land and 
depths of the waters are ever crowded with myriads of 
animated beings, the pleasures of whose life are coextensive 
with its duration; and which throughout the little day of 
existence that is allotted to them, fulfill with joy the 
functions for which they were created. 

 
 We may find a certain amusing charm in 
Buckland’s vision today, but such arguments did begin 
to address “the problem of evil” for many of Buckland’s 
contemporaries—how could a benevolent God create 
such a world of carnage and bloodshed? Yet this 
argument could not abolish the problem of evil entirely, 
for nature includes many phenomena far more horrible 
in our eyes than simple predation. I suspect nothing 
evokes greater disgust in most of us than slow 
destruction of a host by an internal parasite—gradual 
ingestion, bit by bit, from the inside. In no other way can 
I explain why Alien, an uninspired, grade-C, formula 
horror film, should have won such a following. That 
single scene of Mr. Alien popping forth as a baby parasite 
from the body of a human host, was both sickening and 
stunning. Our nineteenth-century forebears maintained 
similar feelings. The greatest challenge to their concept of 
a benevolent deity was not simple predation—but slow 
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death by parasitic ingestion. The classic case, treated at 
length by all great naturalists, invoked the so-called 
ichneumon fly. Buckland had sidestepped the major 
issue. 
 The “ichneumon fly,” which provoked such 
concern among natural theologians, was actually a 
composite creature representing the habits of an 
enormous tribe. The ichneumonoidea are a group of 
wasps, not flies, that include more species than all the 
vertebrates combined (wasp, with ants and bees, 
constitute the order Hymenoptera; flies, with their two 
wings—wasps have four—form the order Diptera). In 
addition, many non-ichneumonoid wasps of similar 
habits were often cited for the same grisly details. Thus, 
the famous story did not merely implicate a single 
aberrant species (perhaps a perverse leakage from 
Satan’s realm), but hundreds of thousands—a large 
chunk of what could only be God’s creation. 
 The ichneumon, like most wasps, generally live 
freely as adults but pass their larva life as parasites 
feeding on the bodies of other animals, almost invariably 
members of their own phylum, the Arthropoda. The 
most common victims are caterpillars (butterfly and 
moth larvae), but some ichneumons prefer aphids and 
other attack spiders. Most host are parasitized as larvae, 
but some adults are attacked, and many tiny ichneumons 
inject their brood directly into the eggs of their host. 
 The free-flying females locate an appropriate host 
and then convert it into a food factory for their own 
young. Parasitologists speak of ectoparasitism when the 
uninvited guest lives on the surface of its host, and 

endoparasitism when the parasite dwells within. Among 
endoparasitic ichneumons, adult females pierce the host 
with their ovipositor and deposit eggs within. (The 
ovipositor, a thin tube extending backward from the 
wasp’s rear end, may be many times as long as the body 
itself.) Usually, the host is not otherwise inconvenienced 
for the moment, at least until the eggs hatch and the 
ichneumon larvae begin their grim work of interior 
excavation. 
 Among ectoparasites, however, many females lay 
their eggs directly upon the host’s body. Since an active 
host would easily dislodge the egg, the ichneumon 
mother often simultaneously injects a toxin that 
paralyzes the caterpillar or other victim. The paralyzes 
may be permanent, and the caterpillar lies, alive but 
immobile, with the agent of its future destruction secure 
on its belly. The egg hatches, the helpless caterpillar 
twitches, the wasp larvae pierces and begins its grisly 
feast. 
 Since a dead and decaying caterpillar will do the 
wasp larvae no good, it eats in a pattern that cannot help 
but recall, in our inappropriate anthropocentric 
interpretation, the ancient English penalty for treason—
drawing and quartering, with its explicit object of 
extracting as much torment as possible by keeping the 
victim alive and sentient. As the king’s executioner drew 
out and burned his client’s entrails, so does the 
ichneumon larvae eat fat bodies and digestive organs 
first, keeping the caterpillar alive by preserving intact the 
essential heart and central nervous system. Finally, the 
larvae completes its work and kills its victim, leaving 
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behind the caterpillar’s empty shell. Is it any wonder that 
ichneumons, not snakes or lions, stood as the paramount 
challenge to God’s benevolence during the heyday of 
natural theology? 
 As I read through the nineteenth- and twentieth-
century literature on ichneumons, nothing amused me 
more than the tension between an intellectual knowledge 
that wasps should not be described in human terms and 
a literary or emotional inability to avoid the familiar 
categories of epic and narrative, pain and destruction, 
victim and vanquisher. We seem to be caught in the 
mythic structures of our own cultural sagas, quite 
unable, even in our basic descriptions, to use any other 
language than the metaphors of battle and conquest. We 
cannot render this corner of natural history as anything 
but story, combining the themes of grim horror and 
fascination and usually ending not so much with pity for 
the caterpillar as with admiration for the efficiency of the 
ichneumon. 
 I detect two basic themes in most epic 
descriptions: the struggles of prey and the ruthless 
efficiency of parasites. Although we acknowledge that 
we may be witnessing little more than automatic instinct 
or physiological reaction, still we describe the defenses of 
hosts as though they represented conscious struggles. 
Thus, aphids kick and caterpillars may wriggle violently 
as wasps attempt to insert their ovipositors. The pupa of 
the tortoiseshell butterfly (usually considered an inert 
creature silently awaiting its conversion from duckling to 
swan) may contort its abdominal region so sharply that 
attacking wasps are thrown into the air. The caterpillars 

of Hapalia, when attacked by the wasp Apanteles 
machaeralis, drop suddenly from their leaves and 
suspend themselves in air by a silken thread. But the 
wasp may run down the thread and insert its eggs 
nonetheless. Some hosts can encapsulate the injected egg 
with blood cells that aggregate and harden, thus 
suffocating the parasite. 
 J. H. Fabre, the great nineteenth-century French 
entomologist, who remains to this day the preeminently 
literate natural historian of insects, made a special study 
of parasitic wasps and wrote with an unabashed 
anthropocentrism about the struggles of paralyzed 
victims (see his books Insect Life and The Wonders of 
Instinct). He describes some imperfectly paralyzed 
caterpillars that struggle so violently every time a 
parasite approaches that the wasp larvae must feed with 
unusual caution. They attach themselves to a silken 
strand from the roof of their burrow and descend upon a 
safe and exposed part of the caterpillar: 
 

The grub is at dinner: head downwards, it is digging into the 
limp belly of one of the caterpillars. . . . At the least sign of 
danger in the heap of caterpillars, the larva retreats . . . and 
climbs back to the ceiling, where the swarming rabble 
cannot reach it. When peace is restored, it slides down [its 
silken cord] and returns to table, with its head over the 
viands and its rear upturned and ready to withdraw in case 
of need. 

 
 In another chapter, he describes the fate of a 
paralyzed cricket: 
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One may see the cricket, bitten to the quick, vainly move its 
antennae and abdominal styles, open and close its empty 
jaws, and even move a foot, but the larva is safe and 
searches its vitals with impunity. What an awful nightmare 
for the paralyzed cricket! 

 
 Fabre even learned to feed some paralyzed victims 
by placing a syrup of sugar and water on their 
mouthparts—thus showing that they remained alive, 
sentient, and (by implication) grateful for any palliation 
of their inevitable fate. If Jesus, immobile and thirsting on 
the cross, received only vinegar from his tormentors, 
Fabre at least could make an ending bittersweet. 
 The second theme, ruthless efficiency of the 
parasites, leads to the opposite conclusion—grudging 
admiration for the victors. We learn of their skill in 
capturing dangerous hosts often many times larger than 
themselves. Caterpillars may be easy game, but 
psammocharid wasps prefer spiders. They must insert 
their ovipositors in a safe and precise spot. Some leave a 
paralyzed spider in its own burrow. Planiceps hirsutus, 
for example, parasitizes a California trapdoor spider. It 
searches for spider tubes on sand dunes, then digs into 
nearby sand to disturb the spider’s home and drive it 
out. When the spider emerges, the wasp attacks, 
paralyzes its victim, drags it back into its own tube, shuts 
and fastens the trapdoor, and deposits a single egg upon 
the spider’s abdomen. Other psamunocharids will drag a 
heavy spider back to a previously prepared cluster of 
clay or mud cells. Some amputate a spider’s legs to make 
the passage easier. Others fly back over water, skimming 
a buoyant spider along the surface. 

 Some wasps must battle with other parasites over 
a host’s body. Rhyssella curvipes can detect the larvae of 
wood wasps deep within alder wood and drill down to a 
potential victim with its sharply ridged ovipositor. 
Pseudorhyssa alpestris, a related parasite, cannot drill 
directly into wood since its slender ovipositor bears only 
rudimentary cutting ridges. It locates the holes made by 
Rhyssella, inserts its ovipositor, and lays an egg on the 
host (already conveniently paralyzed by Rhyssella), right 
next to the egg deposited by its relative. The two eggs 
hatch at about the same time, but the larva of 
Pseudorhyssa has a bigger head bearing much larger 
mandibles. Pseudorhyssa seizes the smaller Rhyssella 
larva, destroys it, and proceeds to feast upon a banquet 
already well prepared. 
 Other praises for the efficiency of mothers invoke 
the themes of early, quick, and often. Many ichneumons 
don’t even wait for their hosts to develop into larvae, but 
parasitize the egg directly (larval wasps may then either 
drain the egg itself or enter the developing host larva). 
Others simply move fast. Apanteles militaris can deposit 
up to seventy-two eggs in a single second. Still others are 
doggedly persistent. Aphidius gomezi females produce 
up to 1,500 eggs and can parasitize as many as 600 aphids 
in a single working day. In a bizarre twist upon “often,” 
some wasps indulge in polyembryony, a kind of iterated 
supertwinning. A single egg divides into cells that 
aggregate into as many as 500 individuals. Since some 
polyembryonic wasps parasitize caterpillars much larger 
than themselves and may lay up to six eggs in each, as 
many as 3,000 larvae may develop within, and feed upon 
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a single host. These wasps are endoparasites and do not 
paralyze their victims. The caterpillars writhe back and 
forth, not (one suspects) from pain, but merely in 
response to the commotion induced by thousands of 
wasp larvae feeding within. 
 Maternal efficiency is often matched by larval 
aptitude. I have already mentioned the pattern of eating 
less essential parts first, thus keeping the host alive and 
fresh to its final and merciful dispatch. After the larva 
digests every edible morsel of its victim (if only to 
prevent later fouling of its abode by decaying tissue), it 
may still use the outer shell of its host. One aphid 
parasite cuts a hole in the bottom of its victim’s shell, 
glues the skeleton to a leaf by sticky secretions from its 
salivary gland, and then spins a cocoon to pupate within 
the aphid’s shell. 
 In using inappropriate anthropocentric language 
for this romp through the natural history of ichneumons, 
I have tried to emphasize just why these wasps became a 
preeminent challenge to natural theology—the 
antiquated doctrine that attempted to infer God’s essence 
from the products of his creation. I have used twentieth-
century examples for the most part, but all themes were 
known and stressed by the great nineteenth-century 
natural theologians. How then did they square the habits 
of these wasps with the goodness of God? How did they 
extract themselves from this dilemma of their own 
making? 
 The strategies were as varied as the practitioners; 
they shared only the theme of special pleading for an a 
priori doctrine—our naturalists knew that God’s 

benevolence was lurking somewhere behind all these 
tales of apparent horror. Charles Lyell, for example, in 
the first edition of his epochal Principles of Geology 
(1830-1833), decided that caterpillars posed such a threat 
to vegetation that any natural checks upon them could 
only reflect well upon a creating deity, for caterpillars 
would destroy human agriculture “did not Providence 
put causes in operation to keep them in due bounds.” 
 The Reverend William Kirby, rector of Barham, 
and Britain’s foremost entomologist, chose to ignore the 
plight of caterpillars and focused instead upon the virtue 
of mother love displayed by wasps in provisioning their 
young with such care. 
 

The great object of the female is to discover a proper nidus 
for her eggs. In search of this she is in constant motion. Is the 
caterpillar of a butterfly or moth the appropriate food for her 
young? You see her alight upon the plants where they are 
most usually to be met with, run quickly over them, 
carefully examining every leaf, and, having found the 
unfortunate object of her search, insert her sting into its 
flesh, and there deposit an egg. . . . The active Ichneumon 
braves every danger, and does not desist until her courage 
and address have insured subsistence for one of her future 
progeny. 

 
 Kirby found this solicitude all the more 
remarkable because the female wasp will never see her 
child and enjoy the pleasures of parenthood. Yet her love 
compels her to danger nonetheless: 
 

A very large proportion of them are doomed to die before 
their young come into existence. But in these the passion is 
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not extinguished. . . . When you witness the solicitude with 
which they provide for the security and sustenance of their 
future young, you can scarcely deny to them love for a 
progeny they are never destined to behold. 

 
 Kirby also put in a good word for the marauding 
larvae, praising them for their forbearance in eating 
selectively to keep their caterpillar prey alive. Would we 
all husband our resources with such care! 
 

In this strange and apparently cruel operation one 
circumstance is truly remarkable. The larva of the 
Ichneumon, though every day, perhaps for months, it gnaws 
the inside of the caterpillar, and though at last it has 
devoured almost every part of it except the skin and 
intestines, carefully all this time it avoids injuring the vital 
organs, as if aware that its own existence depends on that of 
the insect upon which it preys! . . . What would be the 
impression which a similar instance amongst the race of 
quadrupeds would make upon us? If, for example, an 
animal . . . should be found to feed upon the inside of a dog, 
devouring only those parts not essential to life, while it 
cautiously left uninjured the heart, arteries, lungs, and 
intestines,—should we not regard such an instance as a 
perfect prodigy, as an example of instinctive forbearance 
almost miraculous? [The last three quotes come from the 
1856, and last pre-Darwinian, edition of Kirby and Spence’s 
Introduction to Entomology. ] 

 
 This tradition of attempting to read moral 
meaning from nature did not cease with the triumph of 
evolutionary theory in 1859—for evolution could be read 
as God’s chosen method of peopling our planet, and 
ethical messages might still populate nature. Thus, St. 
George Mivart, one of Darwin’s most effective 

evolutionary critics and a devout Catholic, argued that 
“many amiable and excellent people” had been misled by 
the apparent suffering of animals for two reasons. First, 
whatever the pain, “physical suffering and moral evil are 
simply incommensurable.” Since beasts are not moral 
agents, their feelings cannot bear any ethical message. 
But secondly, lest our visceral sensitivities still be 
aroused, Mivart assures us that animals must feel little, if 
any, pain. Using a favorite racist argument of the time—
that “primitive” people suffer far less than advanced and 
cultured folk—Mivart extrapolated further down the 
ladder of life into a realm of very limited pain indeed: 
Physical suffering, he argued,  
 

…depends greatly upon the mental condition of the sufferer. 
Only during consciousness does it exist, and only in the 
most highly organized men does it reach its acme. The 
author has been assured that lower races of men appear less 
keenly sensitive to physical suffering than do more 
cultivated and refined human beings. Thus only in man can 
there really be any intense degree of suffering, because only 
in him is there that intellectual recollection of past moments 
and that anticipation of future ones, which constitute in 
great part the bitterness of suffering. The momentary pang, 
the present pain, which beasts endure, though real enough, 
is yet, doubtless, not to be compared as to its intensity with 
the suffering which is produced in man through his high 
prerogative of self-consciousness [from Genesis of Species, 
1871]. 

 
 It took Darwin himself to derail this ancient 
tradition—and he proceeded in the gentle way so 
characteristic of his radical intellectual approach to 
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nearly everything. The ichneumons also troubled Darwin 
greatly and he wrote of them to Asa Gray in 1860: 
 

I own that I cannot see as plainly as others do, and as I 
should wish to do, evidence of design and beneficence on all 
sides of us. There seems to me too much misery in the world. 
I cannot persuade myself that a beneficent and omnipotent 
God would have designedly created the Ichneumonidae 
with the express intention of their feeding within the living 
bodies of Caterpillars, or that a cat should play with mice. 

 
 Indeed, he had written with more passion to 
Joseph Hooker in 1856: “What a book a devil’s chaplain 
might write on the clumsy, wasteful, blundering, low, 
and horribly cruel works of nature!” 
 This honest admission—that nature is often (by 
our standards) cruel and that all previous attempts to 
find a lurking goodness behind everything represent just 
so much special pleading—can lead in two directions. 
One might retain the principle that nature holds moral 
messages, but reverse the usual perspective and claim 
that morality consists in understanding the ways of 
nature and doing the opposite. Thomas Henry Huxley 
advanced this argument in his famous essay on 
Evolution and Ethics (1893): 
 

The practice of that which is ethically best—what we call 
goodness or virtue—involves a course of conduct which, in 
all respects, is opposed to that which leads to success in the 
cosmic struggle for existence. In place of ruthless self-
assertion it demands self-restraint; in place of thrusting 
aside, or treading down, all competitors, it requires that the 
individual shall not merely respect, but shall help his 

fellows. . . . It repudiates the gladiatorial theory of 
existence.… Laws and moral precepts are directed to the end 
of curbing the cosmic process. 

 
 The other argument, radical in Darwin’s day but 
more fimiliar now, holds that nature simply is as we find 
it. Our failure to discern a universal good does not record 
any lack of insight or ingenuity, but merely demonstrates 
that nature contains no moral messages framed in human 
terms. Morality is a subject for philosophers, theologians, 
students of the humanities, indeed for all thinking 
people. The answers will not be read passively from 
nature; they do not, and cannot, arise from the data of 
science. The factual state of the world does not teach us 
how we, with our powers for good and evil, should alter 
or preserve it in the most ethical manner. 
 Darwin himself tended toward this view, although 
he could not, as a man of his time, thoroughly abandon 
the idea that laws of nature might reflect some higher 
purpose. He clearly recognized that the specific 
manifestations of those laws—cats playing with mice, 
and ichneumon larvae eating caterpillars—could not 
embody ethical messages, but he somehow hoped that 
unknown higher laws might exist “with the details, 
whether good or bad, left to the working out of what we 
may call chance.” 
 Since ichneumons are a detail, and since natural 
selection is a law regulating details, the answer to the 
ancient dilemma of why such cruelty (in our terms) exists 
in nature can only be that there isn’t any answer—and 
that framing the question “in our terms” is thoroughly 
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inappropriate in a natural world neither made for us nor 
ruled by us. It just plain happens. It is a strategy that 
works for ichneumons and that natural selection has 
programmed into their behavioral repertoire. Caterpillars 
are not suffering to teach us something; they have simply 
been outmaneuvered, for now, in the evolutionary game. 
Perhaps they will evolve a set of adequate defenses 
sometime in the future, thus sealing the fate of 
ichneumons. And perhaps, indeed probably, they will 
not. 
 Another Huxley, Thomas’s grandson Julian, spoke 
for this position, using as an example—yes, you guessed 
it—the ubiquitous ichneumons: 
 

Natural selection, in fact, though like the mills of God in 
grinding slowly and grinding small, has few other attributes 
that a civilized religion would call divine. . . . Its products 
are just as likely to be aesthetically, morally, or intellectually 
repulsive to us as they are to be attractive. We need only 
think of the ugliness of Sacculina or a bladder-worm, the 
stupidity of a rhinoceros or a stegosaur, the horror of a 
female mantis devouring its mate or a brood of ichneumon 
flies slowly eating out a caterpillar. 

 
 [It is amusing in this context, or rather ironic since 
it is too serious to be amusing, that modern creationists 
accuse evolutionists of preaching a specific ethical 
doctrine called secular humanism and thereby demand 
equal time for their unscientific and discredited views.] If 
nature is nonmoral, then evolution cannot teach any 
ethical theory at all. The assumption that it can has 
abetted a panoply of social evils that ideologues falsely 

read into nature from their beliefs—eugenics and 
(misnamed) social Darwinism prominently among them. 
Not only did Darwin eschew any attempt to discover an 
antireligious ethic in nature, he also expressly stated his 
personal bewilderment about such deep issues as the 
problem of evil. Just a few sentences after invoking the 
ichneumons, and in words that express both the modesty 
of this splendid man and the compatibility, through lack 
of contact, between science and true religion, Darwin 
wrote to Asa Gray: 
 

I feel most deeply that the whole subject is too profound for 
the human intellect. A dog might as well speculate on the 
mind of Newton. Let each man hope and believe what he 
can. 
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Animal ethics has received a lot of attention over the last four decades. Its focus, 
however, has almost exclusively been on the welfare of captive animals, ignoring the 
vast majority of animals: those living in the wild. I suggest that this one-sided focus is 
unwarranted. On the empirical side, I argue that wild animals overwhelmingly 
outnumber captive animals, and that billions of wild animals are likely to have lives 
that are even more painful and distressing than those of their captive counterparts. 
On the normative side, I argue that as long as we have duties of assistance towards 
humans suffering from natural causes, and we reject anthropocentrism, we also have 
duties of assistance towards animals suffering in the wild. 
 
Keywords: animal ethics, anthropocentrism, duties of assistance, suffering, wildlife 
 
 

Introduction 
If you have an open wound, a fractured bone, or terminal cancer, you suffer. But 
how do wounds, bone fractures, and cancers feel for animals such as sparrows, 
rabbits, and bears? Theoretically, it is possible that it does not feel like anything at 
all, because animals might not be conscious. Perhaps animals are just complicated 
machines, more like clocks and cars than like humans. Though it is difficult to 
establish conclusively that animals really are conscious, however, it is also 
increasingly difficult to see why rejecting consciousness in animals is any more 
reasonable than rejecting consciousness in other human beings. 

Although solipsism at the species level might make sense within religious 
contexts where humans are taken to have originated separately from all other 
animals, it coheres well with neither neuroscience nor evolution. Comparing 
ourselves to sparrows, rabbits, and bears, we may observe that we have the same 
kind of neurons, the same main brain parts, and the same pain pathways (C and A 
delta fibers) that they have. Sparrows, rabbits, and bears, moreover, react to noxious 
stimuli the same way we do, and they stop doing so when anesthetized (see Griffin 
& Speck 2004; Dawkins 2015). Since we and other animals are genetically, 
neurologically, and functionally very close, we would need weighty evidence to 
conclude that, despite these similarities, humans work in fundamentally different 
ways from other animals: humans consciously, animals non-consciously.1  

This is an open access article distributed under the terms of the Creative Commons 

Attribution 4.0 International License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited. 



 

92                                                                                                                   ETIKK I PRAKSIS NR.1 2016 

Increased understanding of animal consciousness helped spur the animal ethics 
movement. Keeping animals in small cages, castrating them without anesthetics, 
and branding them with glowing irons—practices that, if performed on humans, 
would land the perpetrator in prison for decades—are common farming practices 
around the world. Millions of farm animals live and die under such conditions. 
Opposing human disregard for animal welfare, Peter Singer (1990) famously argues 
that just as we have gradually expanded our circle of moral concern to encompass 
ethnic groups other than our own, and finally humanity as a whole, we should 
further expand it to include other sentient species. According to Singer, it is 
suffering as such that is bad, and it is bad whoever experiences it. 

Though the animal ethics movement is commendable, its circle of moral 
concern has hitherto expanded almost exclusively to captive animals. With very few 
exceptions—most notably, David Pearce and Jeff McMahan, whom I shall discuss in 
detail below—animal ethicists have failed to adequately take into account the 
suffering of animals living in the wild. Wild animals, however, vastly outnumber 
captive animals, and arguably, billions of wild animals live lives that are even more 
painful and distressing than those of their captive counterparts. Though it might 
well be difficult to alleviate suffering in the wild, and comparatively easier to 
alleviate suffering caused by humans, disregarding wild animal suffering from the 
outset involves a form of anthropocentrism that, sadly, enjoys wide acceptance even 
among those who purport to oppose the doctrine. We might dub this the second 
anthropocentrism. While traditional anthropocentrics are concerned only with 
human suffering, anthropocentrics of the second kind are concerned only with 
human-caused suffering. I will suggest, however, that if we take suffering as such to 
be bad (roughly along the lines that Singer does), it is unclear why the species 
membership of those who cause the suffering is morally relevant while the species 
membership of those who suffer is not. 

My aim in this paper is not to sway those who are indifferent to animal welfare. 
Rather, my aim is to make those who are concerned with animal welfare more 
concerned with the welfare of wild animals. Moreover, I shall exclusively discuss 
welfarist concerns, so if there are other grounds to care for animals, they lie beyond 
the scope of this paper. My discussion is limited to mammals and birds, the reason 
for which is that these are the animals whose ability to suffer is least disputed. If fish, 
amphibians, reptiles, and/or invertebrates can also suffer, my conclusion is 
amplified. 
 
 

The empirical side 
Let me start by defending three empirical claims: (1) that there are vastly more wild 
than captive animals; (2) that wild animals have the same capacity to suffer as 
captive animals; and (3) that many, perhaps most, wild animals suffer at least as 
much as their captive counterparts. These are all empirical claims that say nothing 
about the value significance of wild animal suffering. As such, we should accept or 
reject these claims irrespective of our ethical views. 

How many captive animals are there? According to the Food and Agriculture 
Organization of the United Nations (2014), the total number of livestock in the 
world is—at any given time—roughly 25 billion, the majority of which are chicken, 
followed by ducks, cattle, and sheep. Although this figure leaves out pets and 
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laboratory animals, let us take for granted, for the sake of convenience, that the 
number of livestock is roughly representative of the number of captive animals. 

How many wild animals are there? According to Brian Tomasik’s (2014a) 
estimations, which are generated from research data on the typical prevalence of 
various animals in various environments coupled with data on the global prevalence 
of these environments, there are—at any given time—between 60 and 200 billion 
birds and between 100 and 1,000 billion mammals. If we assume the middle 
estimate for both birds and mammals, there are, at any given time, 700 billion wild 
birds and wild mammals combined. This is roughly 25 times the number of birds 
and mammals in captivity. (If we were to include in our estimates fish, amphibians, 
reptiles, and invertebrates, which are rare in human captivity but very prevalent in 
the wild, we would end up with thousands of times more wild than captive animals.) 

A further empirical premise is that wild animals have the same ability to suffer 
as captive animals. By this I simply mean that if you tear the skin of both a wild and 
a captive animal, there is no compelling reason to believe that this would hurt more 
for the captive animal than for the wild animal. In fact, if we were to conclude that 
there is a difference between the two, we should probably conclude that while 
captive animals are more docile (due to drugs and lack of stimulation), wild animals 
remain sharp and focused. Let us assume, however, that the ability to suffer is the 
same, or roughly the same, in captive and wild animals. 

How much do wild animals actually suffer? Very likely, some wild animals suffer 
very little. Some live long and peaceful lives, have few natural enemies, and have 
ample supplies of food. When they die, moreover, many animals die quick and 
painless deaths. 

The fact that some lives in the wild are pleasant, however, does not contradict 
the fact for billions of wild animals, life is filled with suffering. One prominent 
source of suffering is predation. Every day, millions of animals are eaten alive, and 
though some of them are killed quickly, larger animals will often stay alive for 
minutes or hours before they die of blood loss, suffocation, drowning, or internal 
bleeding from poisoning (Tomasik 2014b). While some become paralyzed, and are 
likely to feel nothing, others feel excruciating pain. 

Predation is a very visible cause of suffering. In response to this, Tyler Cowen 
(2003) and Jeff McMahan (2010) have argued that if we can easily prevent a 
predator attack, we have at least a pro tanto moral reason to do so. In their view, the 
way predators kill their prey is often so gruesome that if a human were to treat 
animals similarly, we would have strong reasons to intervene – and for the animal 
that is eaten alive, the species membership of the attacking predator is likely to 
matter very little. 

Though this is an important observation, I think Cowen and McMahan fail to 
appreciate that suffering caused by predation is likely to account for only a small 
fraction of the total suffering in nature. Though death from predation might be the 
most violent and visible cause of suffering, deaths from disease and parasites tend to 
be more drawn out in time. The same is true of deaths from droughts, floods, and 
freezing. Life in the wild is also a constant quest for nutrition; at any given time, 
thousands of animals are in the process of starving to death. Though there is no 
agent responsible for this suffering, and though it might be hard for us to detect it, 
the suffering is nonetheless real and prevalent. 
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When a parent animal starves or freezes to death, gets eaten, or dies from 
disease, its young offspring will often face an equally painful death. This borders on 
an important point, namely that most suffering in nature is likely to be endured by 
very young individuals. The reason is not primarily that many parent animals die 
(although that is also the case), but that most wild animals give birth to many more 
offspring than are likely to reach adulthood. While humans normally give birth to 
just one child per year, and provide extensive care to each child (this is called the K-
selection strategy), many animals follow a different reproductive strategy: they give 
birth to dozens or hundreds of offspring every year, and care very little for each 
individual (the r-selection strategy). These strategies both work to spread the 
parents’ genes in the population, but the r-selection strategy—which is most 
common in smaller animals—leads to enormous amounts of suffering because of 
the very large number of young individuals that are left to starve to death or get 
eaten, either by their stronger siblings or by other predators (for an elaboration, see 
Horta 2010). If the average female in a given animal population gives birth to 50 
offspring every year—and the population size remains stable year after year—then 
the majority of individuals in that population will be individuals dying before 
reaching adulthood. If we grant that animals become conscious shortly after birth, 
as we assume to be the case with humans, their deaths will often involve pain, and 
since their lives are very short, they will have very few good things in life to weigh 
up for all that is bad. 

For these reasons, Richard Dawkins is almost certainly correct when he writes: 

The total amount of suffering per year in the natural world is beyond all 
decent contemplation. During the minute that it takes me to compose this 
sentence, thousands of animals are being eaten alive, others are running for 
their lives, whimpering with fear, others are being slowly devoured from 
within by rasping parasites, thousands of all kinds are dying of starvation, 
thirst and disease (Dawkins 1995: 131-32). 

Wild animal suffering is mostly invisible to us. Humans never see the vast majority 
of wild animals, and those that are seen by us are predominantly healthy and 
moving. We do not see the young individuals starving to death or the adult 
individuals being devoured by parasites, and we must keep in mind that even if we 
saw them, their suffering would often not be apparent to us. While we have evolved 
to pick up pain cues from other human beings, we are much worse at picking up 
pain cues from non-human animals, especially those that are genetically remote 
from us. Moreover, many animals hide signs of weakness and disease to avoid 
attracting predators (including humans) looking for easy prey. 

When Thomas Hobbes wrote that life, in the state of nature, is “solitary, poor, 
nasty, brutish, and short,” he meant human life (Hobbes 1651/1996: XIII.9). It 
seems, however, that the description is also fitting for the lives of many non-human 
animals. 

Because of the brutality of wildlife, one could even make the provocative case 
that a typical life in the wild is even more painful and distressing than a typical life 
in human captivity. Although factory farming is often grotesque, animals in 
captivity are seldom killed in ways that draw out their deaths over several minutes 
or hours; they are not exposed to predators until they are slaughtered; they typically 
have access to sufficient amounts of food and water; and the temperature tends to 
be comfortable. Concerning larger animals, such as cattle, individuals with serious 
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diseases will often be euthanized. For this reason, it is not clear that the average life 
in the wild is filled with any less suffering than the average life in captivity. 
However, even if wild animals do, on average, suffer less than captive animals, the 
sheer number of wild animals is still so overwhelming that the majority of suffering 
on Earth almost certainly takes place among animals living in wild nature.  

 
 

The normative side 
If the majority of suffering in the world takes place in wild nature: How should we 
relate to it? As long as we grant that suffering is bad (which seems to be a modest 
premise), and as long as we further grant that we have a pro tanto reason to help 
avoid that which is bad, it seems that we have at least a pro tanto reason to help 
alleviate suffering in the wild. So what might justify our almost total disregard for 
most of the world’s suffering?  There seem to be two main kinds of justificatory 
reasons for our disregard: moral reasons, according to which wild animal suffering 
should not concern us, even if we could do something about it, and pragmatic 
reasons, according to which wild animal suffering, though it might be a tragedy, is a 
tragedy about which we are capable of doing virtually nothing. Let us consider these 
lines of reasoning in turn. 
 
Moral reasons 

One moral argument in support of the view that wild animal suffering should not 
concern us is that what happens in the wild is natural and, for this reason, not bad. 
We might put this argument as follows: 

P1: Wild animal suffering is natural suffering. 
P2: Natural suffering is not bad. 
C: Wild animal suffering is not bad. 

The crucial premise in this argument is P2. As it stands, however, this premise is 
almost certainly false. To see why, it might be instructive to look to parallel cases 
involving humans, and to observe that although cancers and infections are both 
natural, we nonetheless think that they are very bad. The question of the naturalness 
of an event is distinct from the question of its badness. 

Consider these two cases: In one case, a man throws a rock at your head and you 
get a severe pain that lasts for two days. In the other case, an avalanche causes a rock 
to hit your head and you get a severe pain that lasts for two days. Though there 
might well be moral differences between the two cases—an agent might be 
responsible in the former case but not in the latter—the badness of the damage to 
your head is the same. Thus, if you knew that you had to be subjected to one of the 
two events, you probably would not care much if an avalanche or a human would be 
the cause of the rock hitting your head, all else being equal. If this is right, the 
naturalness of a cause does not seem to affect its degree of badness (or at least, does 
not affect it very much). 

Alternatively, it might be argued that what makes us justified in disregarding 
wild animal suffering is not specifically that the suffering is natural, but that it 
happens in the wild part of nature, and that for this reason, “badness,” in an 
ethically relevant sense of the term, does not apply. On this view, although wild 
nature might well be filled with pain, agony, bloodshed, aggression, hunger, and the 
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like, and although these things are very bad when they occur in contexts involving 
humans, they do not have any ethical significance in wild nature. Ethical terms, we 
might say, play no role in biology. 

In response to this, I concede that, very likely, many ethical terms do not apply 
to wild nature. Presumably, acts in wild nature can qualify as neither just nor unjust, 
and there is arguably no such thing as duty, desert, or honesty in groups of non-
human animals. The fact that some ethical concepts do not apply to wild nature, 
however, is insufficient to conclude that we should throw out all ethical concepts, 
including basic evaluative concepts such as “good” and “bad.” To see why, it is 
worth observing that although concepts such as “duty” and “desert” arguably do not 
apply to what prelinguistic toddlers do to each other, we still think that things can 
go better or worse for toddlers and that their interests are ethically significant. Most 
obviously, prelinguistic toddlers can suffer, and even if we reject the view that 
suffering is the only thing that matters, surely it matters a lot. 

Concerning the argument that ethical terms play no role in biology, Jeff 
McMahan points out that this tells us nothing about whether such terms apply to 
wild nature: 

To suggest [...] that the claim that suffering is bad for those who experience 
it is “biologically preposterous” [as J. Baird Callicott suggests] makes no 
more sense than to say that it is mathematically preposterous. The claim 
that suffering is bad is neither biologically sensible nor biologically 
preposterous, for it is not a claim about biology at all. Nor does biology 
have anything at all to say about it. Suffering is of course a biological 
phenomenon and it occurs in the natural world. But the badness of 
suffering is not a biological phenomenon. It is nevertheless neither an 
illusion nor a projection; it too is a part of reality, just not a part that is 
accessible to the investigative tools of natural science (McMahan 2015: 
290). 

McMahan’s point is that although a discipline such as biology does not employ a set 
of terms (such as “goodness” and “badness”), this does not imply that other 
disciplines cannot rightfully employ those terms when studying the same object. 
This should be a mundane point, for although most of us think that ethical terms do 
apply to humans and human societies, ethical terms play no role in biological 
explanations of human behavior and human societies. Ethical terms belong to 
ethics, and the proper sphere of ethics is not determined by the boundaries of other 
disciplines. 

A different moral argument as to why we may disregard wild animal suffering is 
that wild animals constitute an out-group with which humans should not interfere. 
Tom Regan writes: 

[T]he total amount of suffering animals cause one another in the wild is not 
the concern of morally enlightened wildlife management. Being neither 
accountants nor managers of felicity in nature, wildlife managers should be 
principally concerned with letting animals be, keeping human predators out 
of their affairs, allowing these ‘other nations’ to carve out their own destiny 
(Regan 1983:  357).2  

Regan also writes that wild animals “do not need help from us in the struggle for 
survival.” (Regan 2004: xxxviii; quoted in McMahan 2015) 
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Regan’s first point, that humans should “let animals be,” rests on the premise 
that animals, as a whole, belong to a distinct group from which humans are 
excluded. But why should we think that a gazelle is interfered with from something 
external when a human interferes but by something internal when a tiger interferes? 
Surely a human and a tiger are equally external to a gazelle. Moreover, as Martha 
Nussbaum observes, “the death of a gazelle after painful torture is just as bad for the 
gazelle when the torture is inflicted by a tiger as when it is done by a human being.” 
(Nussbaum 2006: 379) 

When we consider the relationship between a gazelle and a tiger, we also see that 
Regan is wrong in claiming that wild animals “do not need help from us in the 
struggle for survival.” Though it might be true that animal species tend to survive 
without our help (although that is also only a half-truth, for most species have gone 
extinct through no fault of humans), at the level of individual animals—which are 
the ones that can suffer—it is undeniable that in a great many cases, prey do not 
succeed in their struggle for survival. Moreover, when a gazelle’s thighs are ripped 
to pieces by a tiger, it is strange to claim that what is in the gazelle’s best interest is a 
non-interventionist policy that leaves it and the tiger alone to “carve out their own 
destiny,” as Regan puts it. Why does Regan assume that gazelles are radical 
libertarians that desire nothing but laissez faire? 

Another moral argument against human concern for wild animal suffering is 
that although what goes on in wild nature can be bad, and although it is not in 
principle wrong for us to intervene (to, say, help a gazelle from being killed slowly 
by a tiger), we have very weak or non-existent duties to help. According to this line 
of argument, we might have a strong duty not to inflict suffering on wild animals, 
but we do not have a duty to rescue wild animals if their suffering has a different 
causal origin. 

This borders on the more general question of the extent to which we have a duty 
to prevent, or alleviate, suffering which is not caused by us. Such duties are 
commonly called duties of assistance. In the case of humans, most accept that we 
sometimes have strong duties of assistance. For example, in considering Peter 
Singer’s (1972) drowning child example (a child is drowning in a shallow pond and 
you can save the child at moderate cost to yourself), most agree that we have a duty 
to save the child. It seems, moreover, that our duty to save the child is as strong, or 
roughly as strong, if the child slipped and fell into the pond (a natural cause), as it 
would be if the child were pushed into the pond by a human being who is now 
unable or unwilling to help. 

Let us change Singer’s example so that it involves an animal rather than a 
human.3 What if a puppy, rather than a child, was drowning in a shallow pond and 
you could save it at a low cost? Although we might well have weaker reasons to save 
the puppy than to save the child (a child might have better reasoning abilities, an 
ethically more significant emotional repertoire, a mourning family, life plans, and so 
on), it seems that as long as we reject anthropocentrism (the view that species 
membership as such is ethically relevant), we cannot draw a sharp line between our 
duties of assistance towards animals and our duties of assistance towards humans. It 
seems, moreover, that we should indeed save the puppy drowning in the pond if we 
could do so at a low cost (our pants would need cleaning, say), even if the puppy fell 
into the pond by accident and was not placed there by a human. Neither the fact 
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that a form of suffering happens in wild nature, nor the fact that it is an animal’s 
suffering, seems to make us justified in simply disregarding it. 

 
Pragmatic reasons 

According to a different line of argument, wild animal suffering might be very bad, 
and might be bad in a way that has the potential to give rise to duties of assistance. 
As a matter of fact, however, this line of argument goes, wild animal suffering does 
not give rise to any duties because there is virtually nothing we can do to prevent it.  

One variant of this argument appeals to the precautionary principle. Peter 
Singer argues: 

As for wild animals, for practical purposes I am fairly sure, judging from 
man’s past record of attempts to mold nature to his own aims, that we 
would be more likely to increase the net amount of animal suffering if we 
interfered with wildlife, than to decrease it. Lions play a role in the ecology 
of their habitat, and we cannot be sure what the long-term consequences 
would be if we were to prevent them from killing gazelles (Singer 1973).4  

Although I think Singer is wrong in claiming that by intervening, we would be 
destined to create more net suffering, let us first, for the sake of the argument, 
assume that he is correct. Would we then be permitted simply to ignore wild animal 
suffering? I think not. If wild animal suffering is a great evil that we are incapable of 
stopping, it might be useful to think of our situation as analogous to that of a poor 
peasant living next to a concentration camp. Would we think that such a peasant, 
because he is merely a peasant, would be justified in simply ignoring what goes on 
behind the gates of the camp? If he were made aware of what happens, it seems that 
he should at least acknowledge that what goes on is very bad and that he should be 
prepared to act to save escapees should the opportunity ever arise. He should also 
examine every possible way to help, and he should regularly challenge the 
assumption that there really is nothing he can do now or that he can prepare to do 
in the future to help the people in the camp. This is a very different approach from 
what most of us, animal ethicists included, take toward the suffering of wild 
animals. 

Singer is mistaken, however, in holding that there is nothing we can do to 
prevent suffering in the wild. First, and most obviously, it is in our power to help 
individual wild animals. We can help them by feeding them and giving them shelter, 
or, if they suffer greatly, by euthanizing them. Here it might be objected that 
although these are heart-warming proposals, such a project is very naive: countless 
millions of animals are suffering, so helping a few isolated individuals will matter 
very little. Those who reject anthropocentrism, however, should note that this is not 
how we tend to think about cases involving humans. When we learn that Oskar 
Schindler helped individuals escape concentration camps, we do not react by saying 
that this was probably not worth the trouble since so many millions were not saved. 
The reason we do not react this way is that for those who were in fact saved, being 
saved meant everything, irrespective of how many others were not saved. Recall the 
famous starfish story, where a man encounters a woman on the beach who, after a 
storm, helps stranded starfish back into the sea: 

‘Excuse me Miss, but why are you wasting your time? There are thousands 
of stranded starfish and miles of beach. Are you crazy? You can't possibly 
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make a difference!’ The woman paused for a moment; thoughtfully looked 
at the stranger and then down at the starfish she cradled delicately in her 
hand, before turning away and gently tossing the starfish back into the 
surf. Looking back at the stranger she said, ‘Sure made a difference to that 
one.’ (Eiseley 1972: 63) 

As long as we reject anthropocentrism, it is hard to make the case that helping 
individual animals is not worthwhile. Though the question of the number of other 
suffering individuals is relevant to questions of resource allocation (since it might be 
better to help other individuals instead), it is difficult to see how the number of 
other animals suffering lowers the value of saving one animal from an otherwise 
painful death. 

Concerning interventions on a larger scale, we must certainly proceed with great 
caution. Still, Singer’s comparison with earlier human interventions is not entirely 
fair, for even though it is true that humans have harmed animals on a large scale in 
the past, this need not speak to human inefficiency or folly, since it has virtually 
never been our goal to avoid harm to animals. If avoiding harm to animals had been 
our aim, chances are that we would have been much more successful in achieving it. 

How might we intervene to alleviate wild animal suffering on a large scale? To 
approach an answer to this question, let us first consider a very naive solution: 
Bombing the forests with aspirin. Although doing so would presumably alleviate 
some pain in the short term, it would almost certainly not be advisable, for it would 
disturb the lives of the animals affected in ways that could leave them in an even 
worse condition after the pharmacological effect wore off. The aspirin solution, 
therefore, is clearly vulnerable to Singer’s objection that intervention is likely to 
create more harm than good. 

Although no one has defended the aspirin solution, other solutions have been 
suggested. Jeff McMahan argues that, in the future, it might be possible and 
advisable to turn carnivores into herbivores through genetic engineering (McMahan 
2010). Though this proposal would only help end suffering caused by predation 
(which I suggest is only a small fraction of the total suffering in nature), the 
proposal is an interesting one since, presumably, ending predation would help 
reduce net suffering, and it is not far-fetched to alter dietary preferences through 
genetic engineering. What is more far-fetched is to make post-carnivores thrive on a 
radically different diet and to make sure that the absence of predators will not lead 
to a Malthusian explosion in the populations of other animals whose lives will 
consequently be very bad. 

David Pearce has put forth an even more radical solution: that as technology 
advances, we should aim, ultimately, to use bio- and nanotechnology to intervene in 
wild animals’ central nervous systems, altering them such that their pleasure/pain 
mechanism is replaced by a mechanism that, phenomenally, consists purely of 
gradients of bliss. In Pearce’s view, a gradients-of-bliss mechanism could, in theory, 
be functionally identical to a pleasure/pain mechanism, and could guide animals to 
act as they do today without the raw, phenomenal pain that Darwinian evolution 
has instilled in us (Pearce 1995). The technologies required to carry out Pearce’s 
plan are even further beyond reach than the technologies required by McMahan’s. 
Pearce’s plan, moreover, includes what seems to be an unnecessary complexity, for 
if there ever comes a time when we can micromanage nature the way Pearce hopes, 
then why would we make sure that animals act the way they do today? If our aim is 
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to eliminate suffering, it seems that this could be done in far simpler ways than by 
replacing the pleasure/pain mechanism with a functionally identical gradients-of-
bliss mechanism. This borders on another solution discussed by Pearce, more as a 
thought experiment than as a suggestion. Pearce asks: If we could push a button 
that, quickly and painlessly, destroyed all sentient life, should we push it? Although 
the idea is repulsive to most, according Pearce, ending the lives of billions of happy 
animals could be a price worth paying to bring all the world’s suffering to an end 
(Pearce 2015). 

Although any means to bringing about a large-scale reduction in wild animal 
suffering is bound to be radical and futuristic, let me here sketch what I think is 
likely to be the least problematic strategy. That strategy would be to drastically 
reduce the number of sentient animals living in the wild while preserving members 
of all species in large wildlife parks where the worst forms of suffering can be 
avoided. Let us call this the Noah’s Ark Suggestion. My aim in the following is to 
outline and give a partial defense to this suggestion. The defense is partial because 
my aim is not to argue that this suggestion should be put into practice. My aim, 
more modestly, is to provide an example which illustrates that we are not justified in 
simply assuming that there is nothing we can do, now or in the future, to reduce 
wild animal suffering. I shall sketch and defend the suggestion in response to a 
number of objections. 

One objection to the Noah’s Ark Suggestion is that in order to implement it, we 
would—as in the case of pushing Pearce’s button and, indeed, as in the case of the 
mythological Noah’s Ark—need to kill enormous numbers of animals, billions of 
which would be likely to have lives worth living. The proposal, one might say, would 
involve a partial button pushing, which is also an extreme measure. There are two 
ways to respond to this objection. One response is that it might be worth it, for 
although killing healthy animals would indeed be an extreme measure, wild animal 
suffering is an extreme problem, and so it might be worth paying a very high price 
to bring it to an end.  It is interesting to note, moreover, that we seldom think that 
animals are harmed much by being killed as long as they are killed painlessly. 
Humans kill millions of animals every day, the central ethical objection to which is 
not merely that animals are killed, but that many of them suffer greatly before they 
are killed (pace McMahan 2002). Accordingly, if sufficiently many wild animals 
have sufficiently bad lives, killing some animals with good lives might be worth it. 

To illustrate this, imagine that you are witnessing a barn on fire. Inside are 20 
cows. You now have only two options: One option is to do nothing, which will 
result in 10 cows escaping the barn unharmed while the remaining 10 cows will 
burn to death in agony. The other option is to kill all 20 cows instantaneously (with 
a poisonous gas, say). Should you kill them all or should you do nothing? If it is a 
tragedy that a cow burns to death, but not a tragedy that a cow is painlessly killed, 
then a weighty reason counts in favor of killing all 20 cows. If this is right, we cannot 
rule out strategies that involve killing more animals than just those that are 
suffering. 

Another reply is to point out that drastically reducing the size of wildlife 
populations can be achieved without any killing at all: It can be achieved by 
drastically limiting reproduction. If we could sterilize animals on a large scale (and, 
before we did so, could confine sufficient numbers to wildlife parks), we could phase 
out wild populations without killing a single animal. Admittedly, it is true that this 
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approach would result in future animals that could have had good lives in the wild 
never being born, but this is presumably a much smaller loss, since there would be 
no animals to miss out on these potential goods. Presumably, no one is harmed by 
never being born. 

Another way to challenge the Noah’s Ark Suggestion is to appeal to 
environmental reasons. One such reason is that we might endanger species by 
holding them in wildlife parks. This is potentially a good objection. It is not clear, 
however, that species are valuable even apart from the well-being of its members, 
but if they were, we could presumably make wildlife parks even safer than wild 
nature if we apply modern reproductive technologies where necessary and 
cryopreserve eggs, sperm, and embryos as backup. While many species go extinct in 
wild nature, few species that humans actively seek to protect suffer the same fate. 

A different argument might be that the quality of life for the animals living in 
wildlife parks would be very low. Perhaps these animals would have a thwarted 
development, and would be constantly frustrated due to not being able to act on 
their instincts. If the wildlife parks are large and varied, however, and are located in 
the animals’ natural habitats, it seems that most of the animals would be able to live 
lives almost as they would otherwise have done, but absent the most extreme and 
unnecessary suffering that takes place so frequently in unregulated nature. Unless 
we think that a life is made good simply by virtue of being natural, it seems that 
animals would have, on balance, much better lives in wildlife parks than in the wild. 

A third environmental objection might be that by eradicating large portions of 
wildlife, we would create environmental instability. In considering this objection, it 
is important to keep in mind, first, that an intervention in nature is not an 
intervention in a harmonious system, but an intervention in a warzone. As such, 
animals do not start dying if such a system gets destabilized (they do that in 
enormous numbers anyway), but different individuals die than would otherwise 
have died. It is not clear that this worsens the situation. In the long run, moreover, 
the difference would not be great at all, since within two or three decades, virtually 
all of the animals that were alive would have died anyway. The destabilization only 
leads to different timings of the deaths of the various animals. A second thing to 
keep in mind is that if the phasing out is sufficiently extreme, it becomes less of an 
environmental problem. If no wild wolves exist, their population will not be 
negatively affected by there being no wild rabbits. The central problem would be the 
effect on humans, who seldom starve and get eaten at young age, and who, 
presumably, tend to have lives worth living. There is no reason to believe, however, 
that nature would collapse without wild variants of the animals that we discuss in 
this paper. Ecosystems have existed on Earth for millions of years without the so-
called “higher” animals. While it is true that the “top” cannot exist without the 
“bottom,” the “bottom” can exist well without the “top,” and has done so 
throughout most of Earth’s history. 

Finally, it might be suggested that preserving nature has intrinsic value, and that 
this counts against the Noah’s Ark Suggestion. But how far does this objection get 
us? Earth has undergone radical changes throughout its 3.5 billion year history, and 
as such, it would be curious if it had just now reached the state that is intrinsically 
valuable and ought to be preserved in perpetuity. If what has intrinsic value is not its 
current state, however, but the very existence of nature (and perhaps the existence of 
many different species), this will remain unaffected by the Noah’s Ark Suggestion. A 
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somewhat different variant of the argument might appeal to nature’s current 
aesthetic value. It is unclear, however, how much the world’s aesthetic value would 
decrease if we confined higher animals to wildlife parks. All non-living things 
(oceans, lakes, mountains, etc.) and most plants would remain intact. So would the 
animals, although they would be restricted to areas where their most intense and 
unnecessary suffering could be avoided. Even if the proposal would involve some 
loss in aesthetic value, however, it is not at all clear that we are justified in letting 
billions of animals suffer for the sake of avoiding an aesthetic loss. 
 
 

Conclusion 

The suggestion that we should take wild animal suffering seriously as an ethical 
issue runs contrary to many of our most powerful biases. It concerns animals for 
which we, instinctively, feel very little sympathy, and whose suffering we humans 
did not cause and thus do not feel obliged to help alleviate. The suffering is also far 
removed from our daily lives and it exists on a scale of magnitude so large that it is 
hard for us to grasp it. Finally, wild animal suffering challenges a romantic view of 
nature, which is deeply held by many, and since all large-scale solutions lie far in the 
future, it is easy for us simply to disregard it. 

When we correct for our biases, however, it becomes difficult to justify our 
disregard. This might most obviously be the case for utilitarians, who hold that we 
should be concerned with alleviating suffering irrespective of where it takes place 
and what caused it. Utilitarianism, however, is not the only ethical theory that 
obliges us to take wild animal suffering into account; to the extent that other 
theories also oblige us to care about animal welfare, and ascribe to us duties of 
assistance, adherents to these theories should also care about animals suffering in 
the wild, albeit perhaps to a lesser extent than utilitarians do. Indeed, it is hard to see 
how any ethical theory—with the exceptions of egoism, strict anthropocentrism, 
and the idea that all that is natural is good—could permit us to ignore wild animal 
suffering the way the topic is currently ignored. Here it is also interesting to note 
that although caring about wild animal suffering might seem alien from a Western, 
Judeo-Christian point of view, other intellectual traditions view these matters very 
differently. Buddhism, Hinduism, and Jainism, for example, all hold that the natural 
world is filled with suffering, that suffering is bad for all who endure it, and that our 
ultimate aim should be to bring suffering to an end. In this respect, these world-
views seem more apt than the Judeo-Christian world-view, according to which the 
natural world, being designed by God, is in fundamental harmony.  

Which steps can we take to reduce suffering among wild animals? First of all, we 
can help individual animals by feeding them and giving them shelter, by giving 
them basic veterinary care, and—if they are very ill—by euthanizing them. Another 
small step is to stop so-called rewilding projects. Some prominent environ-
mentalists, such as E. O. Wilson (2014), argue that half of the Earth should be 
rewilded. Others, like George Monbiot (2013), defend rewilding on a smaller scale, 
and several wildlife groups now work actively to reintroduce animals such as 
wolves, beavers, and lynx in places where they have been extirpated. Such programs 
should be brought to an end. Rewilding causes great amounts of unnecessary 
suffering, and ending these programs is very cheap; the programs are costly, so if we 
stop them, we will be left with more wealth, not less, to pursue other goals. 
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Our primary aim, however, should be to get wild animal suffering on the 
research agenda, and to make sure that it is taken into account in the development 
of future technologies. Future technologies are our only hope for reducing wild 
animal suffering on a large scale, whether through wildlife parks or through other 
means. We should also make sure that by introducing new technologies, we do not 
increase wild animal suffering. If we engage in terraforming and spreading life to 
other planets, we might easily create enormous amounts of suffering in man-made, 
yet unregulated, nature. 

One way to increase the chances that the suffering of wild animals will be taken 
into account in research and development is to challenge the biases and 
assumptions that make it so difficult for us to address it. Most important, perhaps, is 
the pre-Darwinian fiction that life in nature is harmonious, and that without human 
intervention, all is fine and good. The truth is quite the opposite. If we imagined 
that from now on, animals started emitting a red light every time they suffered, then 
from space, Earth would no longer be a blue planet, but a red and glowing one. 
 
 

Notes 
1 This is not to deny that certain forms of suffering, such as fear of death or the 
feeling of meaninglessness, might presuppose distinctly human abilities, such as 
language. It is not clear, however, how much that detracts from animals’ overall 
ability to suffer. Note that in the case of prelinguistic toddlers, we do not assume 
that their lack of language skills makes their suffering less intense. 
2 Gary Francione holds a very similar view, suggesting that “we should simply leave 
them alone.” (Francione 2008: 13). 
3 Thanks to Francesca Minerva for suggesting this example. 
4 Later, Peter Singer has written that we “do enough if we eliminate our own 
unnecessary killing and cruelty towards other animals.” (Singer 1990: 227) Although 
I will not pursue this suggestion further here, it is unclear how Singer, granted that 
he is a maximizing utilitarian, can hold that a certain level of assistance is “enough,” 
other than by this level being the optimal level. Interestingly, however, Singer now 
appears to have changed his mind regarding wild animals, albeit not in print (Singer 
2015). Thanks to an anonymous reviewer for pointing this out.  
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Abstract The paper is concerned with whether the reductio of the natural-harm-argument

can be avoided by disvaluing non-human suffering and death. According to the natural-

harm-argument, alleviating the suffering of non-human animals is not a moral obligation for

human beings because such an obligation would also morally prescribe human intervention

in nature for the protection of non-human animal interests which, it claims, is absurd. It is

possible to avoid the reductio by formulating the moral obligation to alleviate non-human

suffering and death with two constraints: The first concerns the practicability of intervention

and establishes a moral obligation to intervene only in cases where this is humanly possible.

The other constraint acknowledges that lack of competence in humans can risk producing

more harm than good by intervening. A third way of avoiding the problematic version of the

natural-harm-argument considers whether human and non-human suffering and death are

sufficiently different to allow different types of responses. I argue that the attempt to avoid

the reductio of the natural-harm-argument by disvaluing non-human death can only work

with an anthropocentric bias, which accords to non-human suffering and death a fundamen-

tally different value and that it fails to dismiss the moral obligation created by the harm that

non-human animals face in the wild.
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One of the main challenges that animal ethics has to confront is the question of how to deal

with harm faced by non-human animals in nature. The fact that there is a great deal of

suffering in the wild, which surpasses that caused by humans leads not only to attempts to

rise to the challenge but also to dismissals of the moral obligation to alleviate non-human

animal suffering altogether. The main question of this paper is concerned with whether the

reductio of the natural-harm-argument can be avoided by disvaluing non-human suffering

and death. According to the natural-harm-argument, alleviating the suffering of non-human
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animals is not a moral obligation for human beings because such an obligation would

prescribe human intervention in nature for the protection of non-human animal rights and/or

interests.1 This, the natural-harm-argument claims, is absurd.

I shall first discuss the natural-harm-argument in some detail, concentrating especially on

the predation argument, which is the version in which the natural-harm-argument appears

most frequently. I shall go on to discuss three of the most common responses to the natural-

harm argument, according to which human intervention in nature to alleviate harm to non-

human animals is not morally obligatory and in some instances not permissible: The Moral

Agency Argument, the Argument from Hubris and the Implementation Argument. These

reject the conclusion that humans should intervene in nature for the sake of non-human

animals. By adapting these arguments, I shall consider two ways of retaining the moral

obligation to intervene in nature while avoiding the reductio of the natural harm argument by

formulating two constraints to the moral obligation of human intervention in nature: The

practicability constraint and the hubris constraint.

In the second part of the paper I shall consider an alternative attempt at retaining the

obligation to alleviate non-human suffering while avoiding the reductio of the natural-harm

argument. This approach takes the reductio seriously and considers it to be a challenge to

generally accepted views on suffering and death. The obligation to intervene in natural

processes to alleviate suffering and death to non-human animals exists only if these are

considered to be bad enough to create a moral demand towards its prevention. If suffering

and death were not as bad as to create this demand, then they would not provide moral

reasons to alleviate or prevent them to the same degree. Disvaluing non-human suffering and

death can be accomplished along two lines. The first line questions whether human and non-

human suffering and death are different in relevant respects to require different types of

responses; i.e. intervention in nature in the former case but not in the latter. The second line

questions how bad suffering and death are as such.

I shall end by evaluating the first of these ways of responding to the natural-harm-

argument. I shall conclude that the attempt to avoid the reductio of the natural-harm-

argument by dismissing death can only work with an anthropocentric bias, which accords

to non-human suffering and death a fundamentally different value than to human suffering

and death. I shall argue however that death and incapacitating suffering may indeed be more

or less bad according to certain capacities of the individual in question. While this difference

by itself is not enough to prescribe non-intervention, taken together with the limits to human

agency laid by the hubris and practicability constraints, I shall conclude that an obligation to

intervene in nature for the sake of non-human animals exists as yet in particular cases but not

globally.

1 The Natural-Harm Argument and Some Responses

The allegedly absurd results of considering the combat of non-human animal harm as a

moral obligation comes out best in the Predation Argument. In an influential formulation, the

reductio of the Predation Argument is as follows:

1) „Suppose humans were obligated to alleviate avoidable animal suffering

2) Animals suffer when they are preyed upon by other animals

1 In this paper I shall remain neutral about whether the concepts of rights or that of interests is best suited to

capture the moral demand emanating from non-human animals.
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3) Therefore, humans would be obligated to prevent predation

4) But such an obligation would be absurd

5) Therefore, contrary to the hypothesis, humans are not obligated to alleviate avoidable

animal suffering“(Sapontzis 1984, 27)

We can easily extend this argument to include not only predation as a source of harm but

other natural causes as well:

1) Suppose humans were obligated to alleviate avoidable animal suffering

2) Animals suffer due to natural causes, e.g. predation, famine, disease and natural

catastrophes

3) Therefore, humans would be obligated to intervene in nature, e.g. by preventing

predation

4) But such an obligation would be absurd

5) Therefore, contrary to the hypothesis, humans are not obligated to alleviate avoidable

animal suffering

Line four of the argument is what turns it into a reductio and requires some clarification.

The sense of absurdity is presupposed and seems to stem from strong intuitions. One reason

for the apparent absurdity of the suggestion of human intervention in nature to alleviate

avoidable animal suffering is the fact that its scope and therefore the area of necessary

intervention is unimaginably great: „The total amount of suffering per year in the natural

world is beyond all decent contemplation. During the minute it takes me to compose this

sentence, thousands of animals are being eaten alive; others are running for their lives,

whimpering with fear; others are being slowly devoured from within by rasping parasites;

thousands of all kinds are dying of starvation, thirst and disease” (Dawkins 1995, 131). An

indicator for the rarity of living healthily till beyond a successive reproductive age in the

wild is the discrepancy between the average number of offspring that adults of various

species produce and the fact that their population remains fairly constant over countless

generations – as long at least, as their ecosystems remain intact. While it is common to

glorify nature as a place of perfect harmony and equilibrium, it can, in fact, be considered as

the cause of a great deal of suffering, in which the total amount of suffering outweighs the

total amount of well-being (Dawrst 2009; Clarke and Ng 2006).

Nevertheless, although the predation argument is used as a reductio against equal concern

for non-human animal interests, the evoked image of Sisyphean human agents, diving in

oceans trying to prevent the big fish from eating the little one; endlessly labouring in broom

cupboards and jungles to keep spiders from trapping insects and other nonsensical images

contribute to overlooking the fact that humans already are and have for a long time been

intervening in nature for the sake of non-human animals.2 This does not happen only in the

case of domesticated animals, in which intervention is often only a means to the goal of

realising human interests. It is also not the case that it is out of purely environmental

concerns for, say the good of a species that individual animals are rescued from a variety

of life-threatening situations they find themselves in. In fact, human intervention in nature

for the well-being of individual, non-human animals is so common, that it passes without

much comment and is not handled as an extraordinary, supererogatory act which could be

used in a reductio. Human agents adopt abandoned animals, save them from drowning,

2 Intervention in nature for the sake of ecosystems, biodiversity or against the extinction of species under

threat by captive breeding programmes and the reintroduction of animals into the wild enjoys relatively wide

appeal already.
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starving and injuries, come together spontaneously or found organisations to protect indi-

vidual animals from harm or to save them from imminent threat, as the same matter of course

as they would do for human animals. This is not a romantic distortion of the world but

simply an appreciation of the frequency and normality with which intervention in nature for

the sake of non-human individuals occurs. The question is not, whether humans should or in

fact do intervene in nature to alleviate non-human harm or how absurd such intervention is.

The question is rather, if intervention is morally obligatory and if yes, what such an

obligation entails.

If intervention in nature for the sake of non-human animals is so common, why then is the

predation argument considered to be a reductio of the view that humans are morally

obligated to intervene in nature to prevent non-human suffering and death? What is it about

the argument that seems to capture an intuitive sense that the conclusion is too absurd to be

considered and even more: That it should be absurd enough to help dismiss even the

otherwise intuitively more appealing dictum that humans are morally obligated to alleviate

avoidable non-human suffering? I shall now turn to three of the most common responses to

the natural harm argument, which reject the obligation of intervening in nature for the sake

of non-human moral patients. These arguments agree with the principle that avoidable, non-

human animal suffering should be alleviated but they disagree with the conclusion that

humans are morally obligated to intervene in nature in order to hinder or alleviate harm

caused by natural processes.

1.1 The Moral Agency Argument

The first argument to be evaluated in this context is the Moral Agency Argument.3 According

to the Moral Agency Argument, humans don’t have a moral obligation to intervene in nature

because most animals who cause harm in nature are not moral agents.4 This argument is based

on the intuition that if an event is caused by something other than a moral agent, then there is

nobody responsible for the event. As many animals (including many humans) are not moral

agents who can be called to responsibility or expected to be accountable for their actions, their

actions fall outside the scope of accountability. One version of the Moral Agency Argument is

theMoral Obligation Version: Animals cannot be obligated not to be predators. There is nothing

morally right or wrong about their being predators. Therefore there are no grounds for human

intervention. This response presumes “that themoral value of an action derives entirely from the

agent’s responding or not responding to moral rules” (Sapontzis 1984, 28). Another version is

the Autonomy Version, according to which humans ought not to intervene because they must

3 A prominent example of the moral agency argument appeared in Tom Regan’s The Case for Animal Rights.

Based on his postulation that animals have a valid claim to respectful treatment, Regan argues that human

beings have “a prima facie duty to assist them [animals] when others treat them in ways that violate their

rights” (Regan 1983, 282). However, a predator’s attack of a prey does not create in (human) moral agents the

obligation to assist the prey because the predator, not being a moral agent, cannot violate any rights. “Only

moral agents can have duties, and this because only these individuals have the cognitive and other abilities

necessary for being held morally accountable for what they do or fail to do. Wolves are not moral agents. They

cannot bring impartial reasons to bear on their decision making – cannot, that is, apply the formal principle of

justice or any of its interpretations. That being so, wolves in particular and moral patients generally cannot

themselves meaningfully be said to have duties to anyone, nor, therefore, the particular duty to respect the

rights possessed by other animals. In claiming that we have a prima facie duty to assist those animals whose

rights are violated, therefore, we are not claiming that we have a duty to assist the sheep against the attack of

the wolf, since the wolf neither can nor does violate anyone’s rights” (Regan 1983, 285).
4 The claim that no other animals than humans can be considered as moral agents does not go unchallenged

and there is a good case to be made for an extension of the community of moral agents to include more non-

human animals (comp. de Waals 1997; Shapiro 2006; Bekoff and Pierce 2009).
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honour the competence, autonomy or sovereignty of animals.5 This argument is in a particu-

larly precarious position, for while it wants to reject the obligation to intervene by using the

principle of respect for autonomy, it wants to retain the idea that other animals are not

(autonomous) moral agents who can be held accountable.

One reason for the popularity of versions of the moral agency argument might be found in

the hold of contractarianism on moral imagination as well as in an otherwise commendable

precautionary principle when it comes to attributing blame and responsibility to possible agents

of morally blameworthy acts. In contractarianism the moral community is occupied by moral

agents while moral patients are either actually or potentially moral agents. If a given entity is not

a moral agent, it can have neither rights nor duties. The implications of this position have been

criticised by a number of philosophers, famously by Jeremy Bentham, who has argued that the

condition for being a moral patient is sentience and has pleaded for the dismissal of many a

quality irrelevant for moral considerability (Bentham 1996, 283).

The attraction of the precautionary principle is echoed in a long tradition of legal philosophy,

according to which a suspect is to be considered innocent unless proven guilty and a lack of

mental competence excludes them from legal accountability altogether. Bizarre examples of

historical cases, in which individual animals or families of animals were taken to court for

harming humans or their property show that animals were indeed at times considered as moral

and/or legal agents and thus deemed to be suitable candidates for punishment (Evans 1906).

When today the Moral Agency Argument rejects the idea of morally culpable non-human

animals, then part of its attraction seems to lie in developments not only in the field of animal

cognition but also in legal principles meant to protect the innocent frommiscarriages of justice.

Despite such attractions however, the moral agency argument fails. One reason for this

failure is that intervention in nature does not require the causes of harm to be moral agents. It is

not the case that humans ought to intervene to hinder or alleviate harm only in cases when this

harm is caused or threatened by moral agents. When human patients are under threat, such as

from natural disasters like earthquakes or tornados or from (non-human) predators, intervention

is considered to be morally obligatory regardless of whether the source of threat is a moral agent

or not.6 Additionally, even if such a distinction were acceptable, the moral agency response

would be relevant only for the case of predation, not for other causes of harm in nature. Harm in

nature does not stem from non-human predators alone. Hunger or thirst, excessive cold or heat

as well as natural disasters are all causes of harm, which remain untouched by the moral agency

argument, as in these cases there is not even the possibility of considering whether the causes

might be moral agents, as it might be the case with some non-human animals.

1.2 The Argument from Hubris

The second argument against human intervention in nature that I shall evaluate is the

Argument from Hubris, which is based on the worry that such intervention would be an

5 In his attempt to establish that lamenting predation does not obligate intervention, Raterman makes an

analogy between the respect for an adult child’s autonomy and “something like my respect for nature’s

autonomy” and argues that this respect might create “a strong and legitimate reluctance in me to meddle in

‘nature’s affairs’ – or, if that is too vague a notion, in any individual predator’s affairs” (Raterman 2008, 23).

Donaldson and Kymlicka argue for recognising wild animals sovereignty and take this recognition to draw

limits to “our obligations in terms of positive assistance to wild animals” (Donalds and Kymlicka 2011, 167)
6 If we would adapt the moral agency argument to the human case it would result in highly counter-intuitive

prescriptions of not being obligated to intervene when a child is under threat by a tiger as opposed to an adult

human. Since the adult human can be considered as a moral agent but the tiger cannot, the moral obligation

would exist in the former case but not in the latter.
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indicator of human megalomania and an overestimation of human capacities with unpre-

dictable consequences, which might range from bad to disastrous. Such consequences may

include the welfare of the very animals that intervention means to protect from harm. Peter

Singer’s position on the elimination of carnivorous species in Animal Liberation is an

example: “Judging by our past record, any attempt to change ecological systems on a large

scale is going to do far more harm than good. For that reason, if for no other, it’s true to say

that, except in a few very limited cases, we cannot and should not try to police all of nature”7

(Singer 2002, 226). Sue Donaldson and Will Kymlicka similarly approve of a general

“hands off” policy with regard to wild animals due to human fallibility, i.e. the danger of

producing more harm than good (Donaldson and Kymlicka 2011, 186) while retaining a

duty of positive assistance as far as it respects the sovereignty of wild animals.

The argument from hubris is based on a sceptical appraisal of human competence.

Elements of such competence are the ability to reach right judgements in moral

questions and the ability to implement these, i.e. the ability to perform morally right

actions. An individual or collective moral judgement could be admirable in some sense

but it might lack phronesis; i.e. it might not be practicable or even desirable in the

world as it is. Even to contemplate an extensive intervention in nature demonstrates a

lack of humility and a desire to play God.8 In short, human views on morality may be

faulty and in cases they are not, humans may simply be incapable of implementing

morally praiseworthy maxims without causing more harm than good. To ignore these

possibilities, i.e. to ignore, neglect or reject the fallibility of human agents is what

prompts accusation of hubris.9

Furthermore, human beings’ certainty concerning their moral stance as well as their

position of agency in morality, can lead them to act in ways that are paternalistic or that

impose anthropocentric values on others. Such sceptical views on human intervention can

also fall back on the history of near-catastrophic effects of human activities on nature. The

loss of a vast number of species, the even greater number of species under threat of

extinction, depletion of resources and of the wilderness, the thinning of the ozone layer

and last but not least on-going climate change threaten to irrevocably change the planet in a

way that much of the diversity and possibly the very conditions of life will be lost.10 Concern

for the planet and for the living beings on it can arguably be better catered for not by human

intervention but on the contrary by limiting the sphere of human influence to as little as possible

and preserving greater areas of wilderness.11

7 In response to a question as to whether it is “man’s duty to impose a peace throughout the animal kingdom”,

Singer adds: “If, in some way, we could be reasonably certain that interfering with wildlife in a particular way

would, in the long run, greatly reduce the amount of killing and suffering in the animal world, it would, I

think, be right to interfere” (Singer 1973)

9 Another possible charge of hubris against a moral obligation to intervene in nature for the sake of non-

human animals is independent of whether or not intervention is or can with a high degree of certainty expected

to be successful. However, to refrain from intervention in such a case out of a desire not to play God would be

to reject the moral obligation under debate outright and would involve a rejection of much of what we believe

constitutes moral agency.
10 Whether entirely or possibly with the exception of some of the sturdiest species like waterbears or bacteria,

the prospect is alarming for intervention-sceptics.
11 A proponent of this position is Charles Fink: “As a general policy we do more good for animals by

protecting them from human encroachment than by protecting them from natural predators” (Fink 2005, 15)

8 Singer responds in this vein to the question of suffering in the wild: „[…] once we give up our

claim to ‚dominion‘over the other species we should stop interfering with them at all. We should

leave them alone as much as we possibly can. Having given up the role of tyrant, we should not try

to play God either“(Singer 2002, 226).
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This position seems to be strong in having an empirical record of near-catastrophic

human activities to point to. Nevertheless, it is not obvious that it is right. For one, such

an apocalyptic vision of (further) human activity is not unavoidable. Until recently, human

intervention in nature did not take place with the goal of securing ecosystems for non-human

living beings, for protecting species or individual, non-human animals. The danger that the

planet is faced with is not the result of misguided human intervention for the sake of the

environment or non-human animals, but the consequence of agricultural, military, commer-

cial and industrial enterprises, which were ignorant of or disregarded their effect on nature. It

is not a foregone conclusion that humans are incapable of correctly judging and rightly

implementing policies, which protect non-human interests on earth, even if it seems prudent

not to expect too much.

Proponents of this position might also counter and criticise the hubris argument for

having a romantic nature of nature, which considers nature to be a source of unfailing

wisdom. Any interference in the delicate harmony of nature must then be necessarily for the

worse and humans should maintain a proper deference towards nature. Such a stance can be

criticised for either being ignorant of the vast amount of suffering on earth, or for disregard-

ing it for the sake of what is thought to be the greater good.

1.3 The Implementation Argument

The Implementation Argument is related to the practical branch of the Argument from Hubris

but it is not specifically concerned with whether one ought to intervene in nature for the sake of

non-human interests. According to the implementation argument, the principle that avoidable

non-human suffering should be alleviated is a valid principle. What the implementation

argument calls into question is the practicability of the obligation derived from such a principle.

Demanding equal moral consideration for non-human animals is pointless, the argument goes,

when it’s impossible practically or too costly to be contemplated.

The response to the argument from hubris that well-informed and non-anthropocentric

intervention need not be catastrophic applies also to the implementation argument.

Intervention need not be dismissed as a megalomaniac fantasy of policing the very last

nook and cranny of the world, where an insect is under the threat of being devoured by a

spider. Similarly, if human intervention aims at the extinction of a species, this must not

necessarily be considered to be a bad thing. It would require an extreme form of conserva-

tionism to lament the extinction of, say, smallpox and the extinction of certain bird, reptile or

mammalian predators might similarly lead to more gain than harm, even if the cost is an

otherwise lamentable decline in biodiversity. The argument from hubris and the implemen-

tation argument, in their most palatable formulations, should be considered as restrictions to

the scope of intervention and an espousal of the principle of erring on the side of caution,

rather than as reasons for a wholesale rejection of the obligation of intervention in nature for

the sake of non-human animals.

It is thus possible to avoid the reductio by formulating the moral obligation to alleviate

non-human suffering and death in the wild in a way as to incorporate two constraints: The

first one concerns the practicability of intervention and establishes a moral obligation to

intervene only in cases where this is humanly possible. The second constraint acknowledges

that the lack of relevant information or competence in humans can risk producing more harm

than good. Intervention to avoid non-human animal suffering would therefore be a realistic

option only in cases, in which it can reasonably be estimated not to result in more harm than

good. Such a reformulation acknowledges the element of hubris and thereby counteracts an

intuitive resistance to the idea of extensive human intervention in nature.
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2 Reconsidering the Disvalue of Suffering and Death

We saw that the reductio of the natural harm argument is avoidable in certain reformulations

of the principle of alleviating non-human harm and that the challenge of the moral obligation

to intervene in nature with this purpose is by no means discredited by arguments attempting

to brand it as absurd. I shall now consider a third way of attempting to evade the moral

obligation posed by suffering and death in the wild. Such an obligation exists only if we

consider these to be sufficiently bad as to create a moral demand for its alleviation. If we

reject the premise that death and suffering, as the prime cases of harm, are bad, then the

moral obligation to intervene in nature in order to alleviate such harm disappears.

How then can we disvalue suffering and death? The method I shall consider here

questions whether there is a relevant difference between the suffering and death of humans

as compared to those of non-humans. This move would keep in place the moral obligation to

intervene in nature in order to alleviate human suffering and death. We can assume that in the

case of humans, there is a wide consensus on the worth of human life and the disvalue of

human suffering and death. Both precautionary and rehabilitating interventions are generally

considered to be not only morally permissible but morally obligatory in cases, in which

humans are threatened or harmed by natural causes. In this attempt to evade the moral

obligation put by the natural harm argument, the reason why humans would not be morally

obligated to intervene in nature in order to alleviate non-human harm would therefore not be

based on considerations of ignorance, hubris or practicability but simply on the reason that

harm suffered by non-humans is not as bad and therefore not as morally demanding as harm

suffered by humans.

2.1 Is Non-Human Animal Suffering Not That Bad?

The widespread conviction that there is a moral obligation to intervene in nature in order to

alleviate human harm thus opens up one way of considering the question whether non-

human animal suffering is bad enough to obligate intervention. If humans and other animals

are similar in all relevant respects and one is considered to be the legitimate recipient of

moral consideration, which obligates intervention in nature, does the principle of equality

found a corresponding obligation to intervene in nature for the sake of the other as well?

Considering the question of equality here is part of our endeavour to see whether human and

non-human suffering and death are too different as to make the principle of equality

misplaced in the context of suffering in the wild.

The method I shall follow takes as a starting point the principle of equality as a normative

ideal and discusses not whether human and non-human animals are sufficiently alike to

deserve the status of moral patiency12 but rather whether the differences between human and

non-human suffering and death are sufficient to call for different treatment in the particular

question of whether human intervention in nature is a moral obligation. If there is a strong

case to be made for a differentiated dealing with human and non-human moral demands in

the question of intervention, then it requires a complex and pluralistic approach (comp.

Williams 1973; Walzer 1983). To develop such an approach, I am going to make us of some

elements, with which Walzer develops an account of justice as to reign in different spheres

and adapt them to the question of harm suffered by non-human animals in the wild (Walzer

1983). Justice, in Walzer’s view, is served when the valid good in one sphere cannot be

12 I take Peter Singer to have shown the relevance of the principle of equality for the question of the moral

considerability of non-human animals (Singer 1976; Singer 2002) and I follow his use of the relevant terms.
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converted into advantages in another sphere. Disregarding this principle, i.e. converting one

good into another is unjust (Walzer 1983, 19). How we treat a moral patient needs to follow the

right reasons in a given, particular case. Walzer’s “doctrine of right reasons suggests that we pay

equal attention to the ‘different qualities,’ and to the ‘individuality’ of every man and woman,

that we find ways of sharing our resources that match the variety of their needs, interests, and

capacities” (Walzer 1996, 661). If we add non-human animals to theWalzer’s men and women,

the question that follows is, what obligations such an understanding of justice puts on humans

as moral agents when it comes to the question of non-human harm in nature.

2.2 Different Values of Life

Subscribing to the principle of equal consideration in the treatment of human and non-

human animals, the question turns essentially to one of a correct differentiation and

evaluation of types of harm with which different types of moral patients are afflicted or

threatened. In this context, I shall primarily consider death and whether non-human life is

essentially less worth than human life to justify different responses to threats in nature. Such

a move leads the question to better established life-boat thought experiments, in which one

has to choose between the loss of a human being or another animal in extreme situations of

threatened survival (Regan 1983, 324; Francione 2000, 151).

If we consider death to be the end of life and life to be the condition for everything else that

can be valuable for its subject, then death is not only a loss of life but of everything else of value

attached to it. The death of one individual can therefore differ from the death of another

individual in the quantity and quality of what is actually or potentially lost. Some intuitive

sense of this difference may be part of the explanation of why the death of a child is generally

considered to be tragic in a way that the death of a centenarian is not. Although both individuals

lose the same thing, i.e. life and although this means the end of their time on earth for both, there

seems to be a clear difference in what each could have expected out of their future lives. If we

understand life not simply as the opposite of death, but as the necessary basis for a number of

capacities, experiences and expectations along with their corresponding values, then the loss of

life of one individual will bring about a loss of certain other things, which will necessarily differ

from those of another individual. Prominent among these is consciousness: Consciousness is as

yet necessarily coupled to biologically intact life-functions and most things of value, all

possibility of harm and gain for the individual in question is coupled to consciousness.

If we work with a pluralist and aggregative system of value, the distinction between life

and consciousness already divides entities into more basic forms of life, which we may

assume to have no consciousness and more complex ones with consciousness. The usual

approach to the question of different values of life is to consider value to increase with the

number and nature of capacities. In the approach I am suggesting however, having con-

sciousness is not something that makes the life of an entity valuable. Rather, it constitutes a

separate sphere which is valuable in itself. The connection between life and consciousness is

necessary only because of the present biological links. Consciousness independent of

organic life is not unimaginable and may yet come to be in future.

Other qualities might not be as fundamental as consciousness but still important enough

to consider them as establishing a sphere of their own. Even if far from being implemented

universally, the idea that e.g. access to education is a sphere of justice in which social origin

should have no effect, has become mainstream. According to another similar principle,

financial power should be irrelevant for access to health care. In short, “we owe different

duties to different qualities” (Pascal, quoted in Walzer 1983, 18). The exclusion of women or

slaves from the franchise was one of many cases, in which a quality, e.g. being a woman,
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was used as means of exclusion from the exercise of rights granted in another sphere, e.g.

self-determination. Denying a woman the right to vote on grounds of her sex is a paradigm

example of dismissing the autonomy of the spheres in question, while denying a dog the

right to vote is not.

A differentiated and complex understanding of equal consideration requires a determination

of the spheres and additionally a determination of the entities, which can be considered to be

agents and patients in these spheres.While the cognitive and political capabilities of dogs do not

seem to be sufficient for them to be considered as agents in the field of representative

democracy, there is no doubt that their capabilities for decision-making in other regards make

them agents, the preferences of which should be taken into account. As agency and patiency are

conceptually independent, a dog can be a patient in a sphere in which she is not an agent. In the

example above, although it is no injustice to deny a dog the vote in parliamentary elections, she

should be considered as an agent in spheres, in which she has and expresses her preferences and

she should be considered to be a patient in other spheres and decisions taken in the sphere of

politics should consider the interests/rights of dogs (Donaldson and Kymlicka 2011).

What relevance does this adaptation of a complex principle of equal consideration have

for how we treat other living beings in general and other animals in particular? If we agree

that animals have inherent value13 then the fact that there are different spheres of value to be

taken into account in an individual’s life enables us to determine whether more or less harm

is suffered by an entity by death according to the number of spheres it can be considered to

occupy. The injustice of a woman being excluded from standing for parliament on the basis

of her sex for example, can be multiplied if she is also excluded from the spheres of health

care and higher education but inclusion in and exclusion from these spheres follow their own

rules. Victories may be gained in one sphere – she may be considered as eligible to profit

from health care in the same way male citizens can – without this inclusion affecting her

position in other spheres.

In the question concerning positive duties for protecting the interests of non-human

animals in the wild, this differentiation could be used to circumvent the reductio of the

natural harm argument: Moral agents are not morally obligated to intervene in nature for the

sake of non-human animals in the same way that they are obligated for the sake of human

animals because, usually, the loss of life, health or the free and unencumbered use of the

faculties of a non-human animal does not affect as many spheres as that of a human animal.

In other words; since humans are able to occupy more spheres, in which they can be harmed

or benefited, their loss of life, health or capabilities excludes them from a greater number of

spheres and is therefore a greater evil. In short, human death and suffering leads to a greater

loss of opportunities, valuable experience and activity in a greater number of spheres than

non-human animal death and suffering. Therefore, while it is morally obligatory to intervene

in nature to protect the rights/interests of humans, it is not obligatory to do the same for the

sake of non-human animals. The difference between what suffering and death means for a

human being is essentially different than what it means for a non-human being and this

allows us to avoid the reductio of the natural harm argument.

2.3 Back to Square One

There are – at least – three reasons why this attempt at avoiding the reductio fails. The first

reason is simply a recapitulation of the well-known argument that even if there might be

13 As they do in two of the most influential approaches; in the utilitarian framework of Peter Singer and the

deontological framework of Tom Regan (Singer 1987).
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differences on average, there seems to be no quality, which differentiates all non-human

animals from all human animals. The attempt at defining human beings by what distin-

guishes them from all other animals has a long history. From the most familiar versions, in

which humans are considered to be the only animal that can think, use tools or use language

to more modern candidates of distinction like empathy, recreational sex or music, increasing

sophistication in research methods reaffirms that differences between humans and other

animals are differences in degree rather than in kind. Arguing for intervention in nature for

the sake of all humans but not for the sake of other animals therefore falls into the speciesist

trap. Differentiating the amount and nature of the spheres an individual is active in from

those of another can therefore work only in individual cases and cannot found a principle of

non-intervention in nature.

The second reason is concerned with the method of establishing the worth of human lives

and non-human lives by using thought experiments of extreme cases. The difference in the

approach between such cases and the present question of intervening in nature is the fact that

while thought experiments such as life-boat cases require one sacrifice for the sake of the

wellbeing of another, intervention in nature does not necessarily require such a choice.

Methods of intervention can aim at minimising overall harm without gravely harming

innocent threats like predators, endangering the conditions for life on earth or harming

human beings. While it may be the case that a differentiation of spheres helps to enable

better decisions in lifeboat cases, it does not help us in finding a blanket solution to this

problem.

The third reason why disvaluing non-human suffering and death fails as a method

for avoiding the reductio of the natural harm argument is concerned with the legitimacy

of using different spheres in this context. The pluralistic approach to complex equality

may in fact only re-establish the usual hierarchy of the worth of living beings with

humans accorded the highest value. By doing so, it threatens the sanctity of life and the

dignity of individuals and re-opens the door for disvaluing the value of life and

suffering of beings according to how much they deviate from the standard of the

healthy, able, young and male human.

The pluralistic approach to different spheres in the context of non-human harm in the wild

does indeed seem to make the same mistake it sets out to avoid. It does this, because the

interests of non-human animals in the wild that we are concerned with are set in the most

fundamental of spheres: Life, health and the freedom to pursue their own life. While it may

be true that justice requires a pluralistic approach in which different spheres are treated as

autonomous and that an increasing number of capacities in an increasing number of spheres

leads to a greater loss coupled to the loss of life or incapacitating suffering, it does not follow

that it is (more) permissible to value the life, health and freedom of individuals according to

the length and breadth of other spheres they are able to occupy. For while it seems correct to

argue that there is a greater loss involved in one case than in the other, this method is actually

just another way of making irrelevant qualities bear on the most basic interests. The loss of

life for a healthy, active human may mean a loss of activity in a greater number of spheres

than for a healthy, active dog. But it can do this only by considering the value of non-human

animal life and health as lesser than that of humans based on the latter’s competences in

spheres such as politics, art or science. Arguing that the loss of life of a dog is a lesser evil

than that of a human due to the amount of spheres they can occupy, thereby makes a full

circle and returns to the very position it set off to reject: Considering irrelevant qualities as

relevant for moral considerability in the most fundamental interests. Using a differentiated

account of spheres occupied by human and non-human animals would therefore enable us to

argue that human death and suffering are evil in a way as to make it a positive duty to

Harm in the Wild: Facing Non-Human Suffering in Nature



intervene in nature for their sake but that non-human animal death and suffering are not evil

in the same way only at the unacceptable cost of anthropocentricism.14

3 Conclusion

The harm faced by non-human animals in the wild continues to pose a challenge to animal

ethics. I have argued that the most common responses to the natural harm argument do not

provide reasons to reject the obligation to intervene in nature. Rather, the points they raise

can be accommodated in the formulation of such an obligation as constraints and can serve

to help establish the scope of intervention in a given case. In the case of suffering for

example, we as human beings are not yet in the position to draw a fully exhaustive picture of

what type of suffering is adaptive, good, acceptable or positively harmful under which

conditions. An avowal of our limitations however need not prescribe a blanket policy of

non-intervention. We already know some things, we are adding to our knowledge of animal

lives and to the sophistication of our ethical tools and we can do more still.

The attempt at rejecting the obligation to intervene in nature by disvaluing non-human

death and suffering fails likewise. I took as my starting point the wide-spread consensus

about the obligation to assist human beings when facing harm from natural causes and

considered the use of different spheres in order to make a case for a justifiably differentiated

treatment of human and non-human animals. I followed Walzer in his characterisation of

these spheres as having their own autonomy and that it is unjust to convert the currency valid

in one sphere to the currency valid in another. I then suggested that some individuals are able

to be active in a greater number of spheres than others and that a loss of life, health or

capacities may therefore mean the additional loss of a greater or lesser number of things of

value according to the number, variety and amount of unhampered activity in these spheres.

As non-human animals are more restricted in the number, variety and amount of activity in

their spheres than human animals, their loss of life, health or capacities is not as great an evil

as that of human animals and therefore does not obligate human moral agents to the positive

duty of intervening in nature for their sakes in the same way. This attempt at rejecting the

obligation fails, mainly because it is based on speciesist generalisations and makes irrelevant

competences bear on the fundamental spheres of life, health and freedom.

The challenge of harm in the wild thus remains in place. Although considering different

spheres helps us develop a more differentiated approach to evaluating the capacities, needs

and preferences of individuals, what we need to counter the challenge is an even more

differentiated approach: “[…] the idea that we could have a single simple rule – whether an

interventionist commitment to ‘supplant the natural by the just’ or a non-interventionist

commitment to ‘let them be’ – seems implausible” (Donaldson and Kymlicka 2011, 179).

We need to find individual answers to individual problems while circumventing a variety of

moral pitfalls from paternalism to speciesism, from hubris to indifference. We also need to

consider more factors than only capacities and spheres, e.g. by following the suggestion of

14 Charles Fink, who also considers the move of “arguing that human life (ordinarily) has greater value than

animal life” (Fink 2005, 12) to explain away the inconsistency in postulating a moral obligation to protect

human beings, but not non-human animals from natural harm, counters with a thought experiment: “Suppose

the earth was invaded by carnivorous aliens who could satisfy their nutritional needs only by consuming

human flesh. Suppose further that these aliens far surpassed human beings in intelligence, rationality, and so

on, so that alien life was judged to have greater value than human life. Would we, for this reason, have no

obligation to protect human beings from these alien predators?” (ibid.)
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taking into account concrete relations between agents and patients (Palmer 2010; Donaldson

and Kymlicka 2011; Ebert and Machan 2012).15

One thing we seem to be able to establish however, is that it is not absurd to try to rise to the

challenge even if we seem to be faced with the impossibility of adequately responding to

conflicting demands and even if the charge of absurdity seems to be unavoidable: “Were we to

carry out our duty to assist the sheep against the wolf’s violations of the sheep’s rights, we could

only succeed in violating the wolf’s rights, whereas if we allow the wolf to violate the sheep’s

rights, we fail to do what we should to assist the sheep.Whatever we do, therefore, we stand to

be morally condemned, which is absurd” (Regan 1983, 285). The absurdity proclaimed here by

hypothetical critics assumes that there are no situations, in which moral condemnation can be

avoided. There is no need to assume this: We know that there are situations in which a moral

tragedy is unavoidable. In fact, the question of intervention in nature for the sake of non-human

animals might just be such a case, where we are faced with moral tragedy, whatever we do.

Problems with ignorance, hubris and implementation may draw limits to what we can achieve

but nevertheless “[w]e have to reach conclusions based on glaring inadequacy of available

empirical knowledge and a clear norm system” (Naess 1991, 135).Moral failure in this question

is not the inevitable inadequacy with which we must face the problem of harm in the wild but

rather the attempt to dismiss the moral obligation altogether.
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Nature, Mr. Allnut, is what we are put in this world to rise above. 

Katherine Hepburn, in the African Queen 

 

 

It seems to me that many theories of the universe may be 

dismissed at once, not as too good, but as too cosy, to be true. 

One feels sure that they could have arisen only among people 

living a peculiarly sheltered life at a peculiarly favourable period 

of the world’s history. No theory need be seriously considered 

unless it recognises that the world has always been for most 

[humans] and all animals other than domestic pets a scene of 

desperate struggle in which great evils are suffered and inflicted. 

C. D. Broad
1
  

 

 

Comparisons, sad as they are, must be made to recognize where a 

great opportunity lies to prevent or mitigate suffering. The misery 

of animals in nature – which humans can do much to relieve – 

makes every other form of suffering pale in comparison. Mother 

Nature is so cruel to her children she makes Frank Perdue look 

like a saint. 

Marc Sagoff
2
 

 

                                                
1 Broad (1938, vol.2, p. 774). 

2 Sagoff (1984, p. 303). Frank Perdue, founder and CEO of Perdue Farms, one of the biggest chicken-

producing corporations in the United States. 
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Abstract 

 

In this thesis I claim that, on the assumption that we have reasons to assist other 

individuals in need, there are decisive reasons to intervene in nature to prevent or reduce 

the harms wild animals suffer, provided that it is feasible and that the expected result is 

net positive. Moreover, I claim that these reasons are as strong as those we would have 

to intervene in order to help human beings that were in similar circumstances. This is 

because: (a) all sentient individuals, including nonhuman animals, are morally 

considerable, irrespective of their species or other alleged species-specific attributes; (b) 

the interests of wild animals are systematically frustrated by different natural events, so 

that most of them have lives of net suffering; and (c) the various objections that may be 

put forward against intervention in nature ultimately fail to show that our reasons 

against intervening are sufficiently strong. 

 

 

 

Resumen 

 

En esta tesis sostengo que, bajo la asunción de que tenemos razones para ayudar a otros 

individuos en necesidad, tenemos razones decisivas para intervenir en la naturaleza para 

prevenir o reducir los daños que los animales salvajes sufren, siempre que ello sea 

factible y que el resultado esperado sea netamente positivo. Asimismo, sostengo que 

estas razones son tan fuertes como las que tendríamos para intervenir con el fin de 

ayudar a seres humanos que se hallaran en circunstancias similares. Ello es porque: (a) 

todos los individuos sintientes, incluyendo los animales no humanos, son moralmente 

considerables, con independencia de su especie o de otros atributos supuestamente  

específicos a la especie; (b) los intereses de los animales salvajes son frustrados 

sistemáticamente por diferentes eventos naturales, de manera que la mayoría de ellos 

tiene vidas de sufrimiento neto; y (c) las diversas objeciones que pueden formularse 

contra la intervención en la naturaleza no logran finalmente mostrar que nuestras 

razones en contra de intervenir sean lo suficientemente fuertes. 
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Introduction 

 

 

 

This thesis relies on two main assumptions. Here is the first one: suffering is bad. Being 

burned alive or starving to death make you suffer. They feel bad. If you could do 

something to prevent bad things from happening, or otherwise alleviate their impact on 

individuals, without thereby bringing about more bad things in the world, and without 

jeopardizing anything of similar or greater importance, you ought to do it. This is the 

second assumption.  

 

The moral case for helping other people in need is very much premised on these two 

assumptions. It has been famously described in the literature by Peter Singer
3
 in The 

Drowning Child experiment. Here is how it goes:  

 

“To challenge my students to think about the ethics of what we owe to people in 

need, I ask them to imagine that their route to the university takes them past a 

shallow pond. One morning, I say to them, you notice a child has fallen in and 

appears to be drowning. To wade in and pull the child out would be easy but it 

will mean that you get your clothes wet and muddy, and by the time you go 

home and change you will have missed your first class. I then ask the students: 

do you have any obligation to rescue the child? Unanimously, the students say 

they do. The importance of saving a child so far outweighs the cost of getting 

one’s clothes muddy and missing a class that they refuse to consider it any kind 

of excuse for not saving the child.”
4
 

 

Despite the students’ reluctance to consider possible reasons for not saving the child, 

they (and the reader) are then asked to contemplate several variations on the original 

example that may change their intuitions. For instance, what if there are other 

bystanders who could also save the child, but nevertheless fail to do so? Do you still 

have reasons to pull the child out? The widespread intuition seems to be, again, that you 

                                                
3 See also Singer (1971) and Unger (1996). 

4 Singer (1997). 



 xii

ought to do it, no matter what others around you decide to do. But, then, Singer asks, 

would it make a difference if the child were not right in front of you but farther away, 

say, in a distant foreign country? Similarly, the common reaction is that, in itself, 

distance cannot ground a morally relevant difference between the two cases. 

Irrespective of distance or nationality, we should help that child in need. 

 

The power of Singer’s experiment is that it describes a real world scenario. That is, in 

Singer’s words, “we are all in that situation of the person passing the shallow pond: we 

can all save lives of people, both children and adults, who would otherwise die, and we 

can do so at a very small cost to us.”
5
 Therefore, we ought to do it, for instance, by 

donating to effective aid agencies. That seems right. To be sure, there are additional 

complications in the example. Yet, for present purposes, I will leave them aside.  

 

Now consider a further variation on Singer’s experiment. Imagine that instead of a 

human child, the individual in the pond is now a baby chimpanzee. Would that make a 

difference? One may confidently say that, according to Peter Singer, it would certainly 

not. The fact that the child is not human is no reason for failing to help her. Appealing 

to species membership in order to justify responding differently in this case would be as 

unjustified as appealing to the child’s sex or nationality in the previous one. For moral 

purposes, they are all equally irrelevant criteria (for the time being, we can assume that 

this is indeed the case. I will provide support for this claim in chapters 1 and 2).  

 

As before, we can provide real world analogues to this hypothetical scenario. Consider 

the following situation described by primatologist Jane Goodall: 

 

“That polio outbreak in 1996 was one of the most traumatic times (…). It was 

just this one chimpanzee, Mr. McGregor, coming in, dragging with both 

paralyzed legs, and finally falling out of the tree and dislocating one arm (…). 

Gradually, other chimps appeared that we hadn’t seen for a while, and they’d be 

dragging an arm or dragging a leg, or they never came back. It was an absolute 

terrible time. The doctor in Kigoma – the European doctor – knew there was an 

outbreak among people. He should have been administering the polio prevention 

                                                
5 Ibid. 
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drops. He hadn’t done it. He should have (…). As soon as we realized, we 

immediately got the whole dose of the vaccine from Nairobi, and we would put 

the required number of drops into a banana (…). [I]t was a horrible, horrible 

time, and we lost many wonderful chimpanzees.”
6
  

 

Goodall had the vaccine. Her position was, in line with what we have seen before, that 

since she was in a position to help the sick chimpanzees and to prevent many others 

from suffering the same fate, that is what she ought to do. In fact, as she states, “the 

European doctor” acted wrongly by failing to administer the polio prevention drops to 

the chimpanzees. Surely, Goodall did not believe that because they were not human 

beings, she did not have an obligation to help them. Rather, one might say, she had the 

belief that independently of considerations about species membership, their well-being 

and lives mattered to the extent that it provided her with compelling reasons to act on 

their behalf.  

 

Many people would agree that Goodall did the right thing, while the European doctor 

acted wrongly. But then, again, it cannot make a difference whether the chimpanzee is 

right in front of you or farther away – for example, suffering and struggling in the wild. 

Distance and geographical situation are not, in themselves, morally relevant criteria. 

Thus, they cannot justify different responses in cases which are similar in all the 

important respects. 

 

Yet some might object that Singer’s and Goodall’s are not relevantly analogous cases 

and thus, do not allow us to infer the same conclusion. First, while in The Drowning 

Child we are all in a position to prevent or alleviate some very bad things from 

happening to individuals in need, it is not the case that we are in a similarly suitable 

position regarding animals that suffer in the wild. Of course, not everyone is, as Jane 

Goodall, in the wild. Furthermore, there are not – or rather there are not as many
7
 – aid 

agencies for wild animals. So, it could be argued, in the case of wild animals, the 

distance factor constitutes an unsurmountable difficulty. Then, it might be added, 

perhaps no such agencies exist precisely because there is no need for that aid. While it is 

                                                
6 Academy of Achievement (2009). See also Goodall (1986). 

7 The Gorilla Doctors (www.gorilladoctors.org) constitutes a salient example. 

http://www.gorilladoctors.org)
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beyond any reasonable doubt that these particular animals are suffering and in need, 

these conditions are not representative of how animals fare in nature. Usually, wild 

animals live fairly well. Thus, it might be concluded, whereas there are indeed many 

distant human beings in need, and we therefore have an obligation to help them, often 

the best we can do for the majority of wild animals is just “to leave them alone”.  

 

This dissertation is partly motivated by the aim to show that this is not the case. As a 

matter of fact, there are strong reasons to believe that the last objection is largely based 

on an idealized view of wild animals’ lives. I will call this: 

 

The idyllic view of nature: the belief that the aggregate value of wild animal 

well-being is net positive. 

 

If this is false (as I will argue in chapter 3), then we have as much reason to extrapolate 

from helping a particular chimpanzee in need to helping other wild animals in similar 

circumstances as we had to extend our obligations to help the drowning human child to 

helping distant human beings in need. Of course, one might say, it would still have to be 

shown that in both cases we are in an equally suitable position to help (I will provide 

support for a more refined versions of this claim in chapter 4). At this time, however, let 

us just proceed by formulating our problem in the following way:  

 

The problem of wild animal suffering and intervention in nature: ought we to 

prevent or alleviate the harms wild animals suffer by intervening in nature, 

provided that we do not bring about an expectably worse state of affairs for the 

individuals affected? 

 

First and Second Wave Animal Ethics
8
 

 

The problem of wild animal suffering and intervention in nature has been, until very 

recently, almost completely absent from the literature. Evidence of this is, for instance, 

the fact that (to my best knowledge) this is the first PhD dissertation on this topic. 

                                                
8 This terminology has been used to distinguish the first batch of animal ethicists (e.g., Peter Singer, Tom 

Regan, Stephen Clark, Bernard Rollin) from those that emerged later on (e.g., Mary Midgley, Gary 

Francione, Evelyn Pluhar, David DeGrazia). See DeGrazia (1996). 
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Debates in animal ethics have predominantly focused on the reasons we may have to 

refrain from harming animals that are currently under human control.
9
 There are 

apparently good reasons for this. Human action causes significant harm to an appalling 

number of animals that come into existence only to experience the daily suffering and 

the excruciating deaths associated with systemic animal exploitation.
10

 If animal well-

being is morally relevant and animals are made to suffer and killed while we could 

otherwise prevent it, then we ought to stop doing so.  

 

In contrast, the situation of animals in the wild has not been seen as problematic. As a 

matter of fact, the belief that animal well-being is morally relevant has often been 

combined with the belief in a strong obligation of non-intervention in the wild – in turn, 

usually grounded, to a greater or lesser extent, on the aforementioned idyllic view of 

nature.
11

 

 

Until very recently few philosophers had challenged the compatibility of such beliefs 

and addressed the moral problem of wild animal suffering and intervention in nature. 

Some of them have done this by focusing on the moral problem of predation,
12

 that is, 

the discussion about our reasons to intervene in the wild to prevent or reduce the harms 

inflicted on wild animals by their predators.  

                                                
9 See, for instance, Ryder (1975); Singer (2009 [1974]); Regan (1975, 2004 [1983]); LaFollette & Shanks 

(1996); Spiegel (1988); Fox (1999); Francione (2000, 2008); Cavalieri (2001); Cohen & Regan (2001); 

Nobis (2002); Rowlands (2002); Dunayer (2004); Sapontzis (ed.) (2004); Donaldson & Kymlicka (2011); 

McPherson (2014); Bruers (2015). 

10 It is estimated that over sixty billion land animals and one to three trillion marine animals are bred or 

captured and brutally killed every year, so that they can be converted into food products and clothing. 

Many more millions of animals are killed annually in worldwide experiments, after enduring painful and 

distressful experiences, such as incarceration and vivisection. Many others are in agony or desolation, 

confined, forced – and often killed – to entertain human populations in a wide array of circumstances. See 

FAO – Food and Agriculture Organization of the United Nations (2013); Mood & Brooke (2010); 

fishcount.org.uk (2012). 

11 See for instance Regan (2004 [1983]); Clark. (1977); Benton (1993); Gaard (ed.) (1993); Adams & 

Donovan (eds.) (1995, 2007); Donovan & Adams (eds.) (1996); Francione (2000); Dunayer (2004); 

Balcombe (2006); Donaldson & Kymlicka (2011); Hadley (2015). 

12 Sapontzis (1984, 1987); Everett (2001); Cowen (2003); Fink (2005); McMahan (2010a, 2010b, 2015). 
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However, even though it is the case that wild animals are severely harmed by predatory 

activity, there are further causes of wild animal suffering in nature. It is, therefore, 

useful to clarify that the assessment of predation-induced harms and the corresponding 

management of carnivores only accounts for a fraction of the harms wild animals suffer. 

Notwithstanding that, it is true that the conclusions reached through investigating the 

moral problem of predation can be expanded to include other causes of wild animal 

suffering.
13

  

 

Awareness about other forms of wild animal suffering, and especially by how they are 

determined by population ecology has been triggered by the crucial work of Yew-

Kwang Ng.
14

 He claimed that the dynamics of animal populations in nature generates 

disvalue from the point of view of the individuals involved, for the sake of natural 

processes. An increasing number of animal ethicists have been following the path 

opened by Ng’s work and have offered more sustained philosophical arguments about 

the implications of accepting the magnitude of the disvalue that exists in nature. Others 

have also considered whether we should intervene in nature to aid animals without 

necessarily assuming that natural disvalue is so high.
15

  

 

Notwithstanding this, objections to aid animals in nature based on a “laissez-faire 

intuition” according to which we should let nature be are still prevalent in the literature. 

Some of them are put forward by appealing to the nonexistence of morally relevant 

entanglements between human beings and wild animals in order to justify simply letting 

them be.
16

 Others, while challenging the more traditional approaches to the wild as a 

“flat moral landscape”, have nevertheless, been reluctant to accept more pervasive 

interventions in nature for the sake of wild animals. According to these authors, because 

wild animals are part of separate and sovereign “communities”, there is an obligation of 

                                                
13 Faria (2015). 

14 Ng (1995). Later popularized by Tomasik (2015 [2009]) and Horta (2010a, 2015). 

15 See Kirkwood & Sainsbury (1996); Bovenkerk, Stafleu, Tramper, Vorstenbosch & Brom (2003); 

Clarke & Ng (2006); Hadley (2006); Morris & Thornhill (2006); Nussbaum (2006); Horta (2010a, 2015); 

Donaldson & Kymlicka (2011); Dorado (2015); Faria & Paez (2015); Pearce (2015); Torres (2015); Ng 

(forthcoming). This debate was pioneered by Gompertz (1997 [1824]). 

16 Palmer (2010). 
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non-interference, which implies a duty to preserve the ecosystems they inhabit.
17

 This 

dissertation will address these views and consider whether they are sound.  

 

Another way in which intervention to aid wild animals may be opposed is by claiming 

that it conflicts with environmentalist aims. In fact, the relatively scarce work on wild 

animal suffering must be clearly demarcated from the extensive literature in 

environmental ethics, which endorses the moral considerability of other nonhuman 

contents of the natural world, such as species or ecosystems. The profound axiological 

and normative discrepancies between animal and environmental ethics have been 

conclusively established in the literature.
18

 This thesis will not focus on such 

discrepancies, but will address some of these environmentalist positions insofar as they 

are used as part of the case against intervention in the wild.  

 

Third Wave Animal Ethics: Animal Ethics Goes Wild 

 

We might think that, even if the problem wild animal suffering and intervention in 

nature has been a traditionally neglected topic, that should not worry us, as this is not a 

very important problem. However, this is a moral issue that may seriously affect a great 

number of individuals. On a rough estimate, the number of animals in the wild vastly 

outweighs the number of animals under human control.
19

 Thus, both considering the 

work that needs to be done and the billions that can benefit from it, few other issues 

may be considered, on the same criteria, more important. Peter Singer himself has 

recently suggested that this is one of the most pressing moral issues and encouraged 

moral philosophers to do research on it, and others to find ways that will make it 

increasingly more feasible to help animals in the wild.
20

 Consider this a further step 

towards making animal ethics go wild.  

                                                
17 Donaldson & Kymlicka (2011). 

18 See for instance Callicott (1980); Sagoff (1984); Hargrove (ed.) (1992); Crisp (1998). 

19 The number of sentient animals living in the wild could raise to 1021 or 1022 according to Tomasik 

(2015a [2009]). 

20 Peter Singer has mentioned this in recent talks. For instance, his keynote address at the VII Josep 

Egozcue Conferences, Center of Contemporary Culture of Barcelona, June 26, 2014 and at the conference 

Animal Liberation: Forty Years On, University of Rennes 2, May 28, 2015.  
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I proceed as follows. I start by examining two traditional debates in animal ethics: 

chapter 1 discusses the reasons why nonhuman animals should be morally considerable; 

and chapter 2, the concept and justification of speciesism. I will work under the 

assumption that, other things being equal, the conclusions reached throughout these 

chapters will apply similarly both to nonhuman animals under human control and 

nonhuman animals living in the wild. In chapter 3 I then examine the empirical 

evidence about wild animal suffering, in particular, data from population dynamics, in 

order to determine the magnitude of the problem. I will then assess the extent to which 

the available evidence gives us reasons to intervene in nature on behalf of wild animals.  

Having cleared the ground, both philosophically and empirically, by rejecting 

speciesism and establishing the enormity of wild animal suffering, I provisionally claim 

that there are decisive reasons to aid animals in nature. 

 

Since the number of possible objections to this view is very large, it was necessary to 

develop a taxonomy to organize them. I elaborate on Albert O. Hirschman’s 

classification of the arguments against social progress (the arguments from perversity, 

futility and jeopardy) in The Rhetoric of Reaction.
21

 In chapter 4 I then discuss 

perversity and futility objections to intervention, whilst in chapter 5 I analyze jeopardy 

objections. Two types of objections to intervention, however, do not sit comfortably in 

Hirschman’s taxonomy and are discussed in two separate chapters. In chapter 6 I debate 

relational objections, whilst in chapter 7 I focus on what one may term priority 

objections. 

 

Although each objection requires its own, individual, refutation, some analytical tools 

are useful to dismantle the objection on several occasions. Bostrom and Ord’s Reversal 

Test,
22

 for example, which detects instances of status quo bias in debates about 

cognitive enhancement, can be usefully employed to identify status quo bias in applied 

ethics more generally, including the debate on intervention in nature on behalf of 

animals. However, whilst revealing status quo bias undermines some of the objections, 

new arguments are required in other cases. I conclude that if it is feasible to prevent or 

alleviate wild animal suffering by intervening in nature, without thereby bringing about 

                                                
21 Hirschman (1991). 

22 Bostrom & Ord (2006). 
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an expectably worse state of affairs for the individuals affected, we ought to do it. The 

path I will follow may be more clearly observed in the following diagram: 

 

 

 

Finally, I should note that the thesis concerns intervention on behalf of nonhuman 

animals that live in nature. Since it would be awkward to employ this cumbersome 

locution every time I refer to the individuals I am discussing, I will sometimes refer to 

them, loosely, and variously as “animals in nature”, “animals in the wild” or even “wild 

animals”. I am aware, however, that the terms are not strictly speaking co-extensive. 

Worse still, referring to wild animals may suggest that they are fierce or aggressive. 

Nevertheless, my use of this term is to be understood without that particular 

connotation. Furthermore, also for linguistic economy, I will often use simply “animals” 

to refer to nonhuman animals.  
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1. THE MORAL CONSIDERABILITY 

OF NONHUMAN ANIMALS 

 

 

In this chapter I claim that wild animals are morally considerable beings. I argue that 

because nonhuman animals possess the capacity for conscious experiences, they have a 

well-being of their own – a necessary and sufficient condition for having moral 

consideration. I further argue that the interest in avoiding suffering of nonhuman 

animals is morally relevant and that taking this interest into account may require 

different courses of action from moral agents. Finally, I assess whether (and to what 

extent) under certain theoretical assumptions, death may be bad for nonhuman animals.  

 

  

1.1 Moral considerability 

 

Arguments about the moral considerability of nonhuman animals (i.e., about whether 

animals are the sort of entities that should be taken into account) usually proceed as 

follows:   

 

(i) A certain attribute (e.g., a capacity) x bestows moral considerability; 

(ii) Animal P possesses x; 

(iii) Therefore, P is morally considerable; 

 

The attribute possessed by many animals, and which is usually considered relevant for 

moral considerability in the animal ethics literature is sentience. By ‘sentience’ I will 

refer here to the capacity to have conscious experiences of positive or negative 

valence.
23

  

 

                                                
23 It is still a matter of contention whether some animals do have such capacity, even if it is well beyond 

any reasonable doubt that many of them do. See for instance Griffin (1981, 1992); Dawkins (2012 

[1980]); Rollin (1989); Smith (1991); Sandøe & Simonsen (1992); DeGrazia (1996); Allen & Bekoff 

(1997); Mather (2001); Gregory (2004); Adams et al. (2006); Haynes (2008); Braithwaite (2010); Broom 

(2014). 
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Even though far from uncontroversial, this view nowadays enjoys wide acceptance. 

Many authors have argued for the moral relevance of the capacity for positive and 

negative conscious experiences, claiming it is sufficient for an individual to have a well-

being of her own.
24

 From this position these writers have often arrived at a series of 

conclusions about the unjustified character of the human exploitation of nonhuman 

animals. Nevertheless, they have seldom explored the implications that accepting 

sentience as sufficient for moral considerability has for those animals that live in the 

wild. Particularly, they have rarely approached the problem of whether we should 

intervene in nature to help them when they are in need. 

 

This aim of this dissertation is to examine whether these implications indeed follow for 

nonhumans living in the wild once we accept this premise. Due to lack of space, and 

given the need to focus on further specific objections against intervening in nature, it 

lies beyond the scope of this dissertation to provide a complete argument about the 

relevance of sentience for moral considerability. My point of departure, then, shall 

consist in accepting the view that if an individual has a well-being of her own, then she 

is morally considerable.
25

 Notwithstanding that, later on (chapter 2) I will consider two 

                                                
24 See, for instance, Gompertz (1997 [1824]); Salt (1980 [1892]); Nelson (1956); Godlovitch (1971); 

Godlovitch et al. (eds.) (1971); Ryder (1975); Singer (2009 [1974], 2011 [1979]); Regan (1975, 2004 

[1983]); Clark (1977); Rollin (1981); Sapontzis (1987); Rachels (1990); Pluhar (1995); Dombrowski 

(1996); LaFollette & Shanks (1996); Bernstein (1998, 2015); Rowlands (1998); Francione (2000, 2008); 

Cavalieri (2001); Dunayer (2004); Garner (2005); Korsgaard (2005); Aaltola (2012).  

25 I shall very briefly sketch here one way how the relevance of sentience for moral considerability can be 

defended. It is based on an assumption that many people may find intuitively plausible: that our moral 

decisions should be made taking into account what is relevant for the results those decisions will have. If 

this is so, then decisions concerning what entities are moral considerable should be made in accordance to 

what is relevant for the scenarios resulting from our assignation of moral considerability to different 

individuals. When engaged in moral reasoning affecting different individuals, an agent deliberates about 

which of the different available courses of action to undertake, given (at least in part) how they affect 

herself and others. In light of this, what is necessary to ground moral consideration is whether a being can 

be affected by a certain action or event and, thereby, be harmed or benefited by it. Those beings who can 

be harmed or benefited by agents are those who have a well-being. That is, those to whom positive and 

negative things can happen. This is, therefore, the relevant factor for the results of those decisions 

implying that some individuals will be harmed or benefited. Accordingly, if moral considerability should 

be granted depending to what is relevant in such decisions, then we will have to conclude that moral 

considerability should be granted to those entities who can have a well-being of their own. 
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important objections to this position – speciesism and personism. I shall argue that they 

ought to be rejected, so that, irrespective of her species and complexity of psychological 

capacities, if a being is sentient, then she is fully morally considerable. 

 

Most of us would agree that having a well-being is a condition satisfied by most 

nonhuman animals, given that they can have positive and negative experiences.
 26

 

Certainly, some have denied this by claiming that nonhuman animals are automata 

without mental states, but nowadays few philosophers still agree with such a view. 

Because it is sufficiently uncontroversial, in this dissertation I will not argue either for 

the claim that there are animals who are sentient. As stated, my aim in this work is to 

examine what follows if we accept this, together with other plausible views.  

 

Therefore, it can hardly be denied that many nonhuman animals are morally 

considerable by claiming that they are not sentient. A different way to do so, however, 

would be to claim that, even if many nonhuman animals are sentient, they do not have a 

well-being of their own. I will examine this view in the following section. 

 

 

1.2 Nonhuman well-being  

 

The best way to proceed in order to examine whether nonhuman animals have a well-

being of their own seems to be by considering, first, what the most accepted accounts of 

well-being claim it consists in. That shall enable us, later, to determine whether 

nonhuman animals can indeed possess one. According to the most widespread 

classification,
27

 there are three such accounts: hedonism (also called experientialism or 

mental state welfarism),
28

 the desire-based theory (also known as desire 

satisfactionism)
29

 and the objective list theory.
30

 I will now discuss what each of these 

                                                
26 Bernstein (1998, p.16). 

27 Parfit (1984, pp.493-501). 

28 Sumner (1996); Feldman (2004). 

29 Griffin (1986); Heathwood (2006). 

30 Hurka (1993); Nussbaum (2006). 
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views claims, as well as their implications for nonhuman animals in light of the criterion 

for moral considerability presented above. 

 

From a hedonist perspective, an experience of pleasure – generated, say, by P satisfying 

an intense thirst – contributes to P’s well-being, whereas an experience of intense 

suffering – caused, for instance, by an illness – detracts from it.
31

 Thus, P has an interest 

in having her thirst satisfied and an interest in avoiding pain and other negative 

experiences. P is, therefore, harmed when her interests in having positive experiences 

and in avoiding aversive ones are disregarded, so that either P is led to suffer from 

negative experiences or she is deprived of positive experiences she might otherwise 

have had. Conversely, P is benefited when these interests are attended. 

 

Now suppose we accept the aforementioned assumption that the possession of a 

capacity to have a well-being suffices for moral considerability. If hedonism is right and 

the only thing that matters for well-being is the value of experiences, then all beings 

with the capacity for having such experiences are morally considerable. Thus, 

nonhumans’ interests in having positive experiences and in avoiding negative ones 

gives us reasons for acting on their behalf. 

 

An alternative account of well-being, the desire-based theory, would claim that what 

contributes to individual well-being is how an individual’s desires are satisfied and 

frustrated, and not the extent to which the value of her experiences changes. Thus, P has 

an interest in fulfilling her desire of x and an interest in avoiding the frustration of that 

desire, independently of the conduciveness of her desires to positive or negative 

experiences regarding x. Preventing P from fulfilling her desire of x thus harms her 

whereas satisfying P’s desire in x benefits her.  

 

Some might say that we can escape bestowing moral consideration to nonhuman 

animals if we believe that a desire-based theory such as this offers a more compelling 

account of what makes an individual’s life go well or badly than hedonism. The reason 

                                                
31 I shall use the term “suffering” in its inclusive usage so as to denote any negative affective state that 

includes an unpleasant consciousness or feeling. Suffering and its positive counterpart – pleasure (or 

happiness) – conjointly comprise the full valence of affective experience. 
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would be that the formation of desires allegedly requires a more sophisticated cognitive 

capacity than mere sentient experience. Thus, so the argument goes, by lacking the 

relevant desire formation capacity, merely sentient beings (e.g., many nonhuman 

animals but also human infants) would not have a well-being of their own. Only those 

who do have those sophisticated capacities would. However, this seems 

counterintuitive. One may plausibly ask: 

 

“Assuming one was convinced of an infant’s incapability of forming desires, 

would a mother be acting irrationally by requesting anesthesia for her daughter 

during an operation? Surely we are diminishing the welfare of a dog by 

mercilessly beating it, even if the dog is incapable of desiring that the beating be 

stopped.”
32

  

 

The point is that if an individual is in great pain or in any other aversive state it seems 

implausible to claim that because she lacks the cognitive endowment necessary to form 

desires about her own subjective experience, her life is not going worse for her.  

 

Nonetheless, it is possible to account for this within a desire-based theory. One way to 

do so would be to claim that desires must be understood counterfactually. That is, 

desires whose satisfaction counts for an individual’s well-being are not necessarily 

those she actually has but those that she would have with the relevant information and 

under certain specified conditions of rational reflection.
33

 Of course, if that is so, the 

same applies both for human and nonhuman merely sentient beings, since there is, in 

principle, nothing that prevents the same counterfactual situation from obtaining in 

either case. 

 

In addition, there is a more straightforward way in which desire-satisfactionists can 

deny that one needs to have complex cognitive abilities in order to form the appropriate 

sort of desires. They can argue that if an individual has a certain negative experience, 

then that entails that such individual shall develop a desire against having that 

experience. Some have even argued that it is the fact that such a desire is formed what 

                                                
32 Bernstein (1998, p. 77). 

33 Singer (2011[1979]); de Lazari-Radek & Singer (2014, p. 225-227).  
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bestows negative valence to an experience.
34

 If one accepts this view, then it must be 

concluded that the domain of the beings that can be benefited or harmed according to a 

desire-based account will coincide with the domain that would be drawn by those who 

claim that only mental states can be valuable or disvaluable. 

 

Therefore, each of these two ways allows us to conclude that sentient nonhuman 

animals can have a well-being of their own. Again, if that is what is necessary for moral 

consideration, then according to desire satisfactionist theories nonhuman animals are 

morally considerable.  

  

Finally, an objective list account of well-being would consider that well-being is 

determined by the presence or absence of certain objectively good and bad things in the 

life of the individuals that are capable of having them. Thus, if P has an interest in x, 

then that would be so independently of x generating any positive or negative experience 

for P or x being the object of P’s desire. The mere presence or absence of x would be 

what harms or benefits P.  

 

Some may claim that on the best objective list account of well-being there are no 

objective goods which are present in the lives of nonhuman animals. Likewise, they 

could claim that there are no objective bads in their lives either we might have reasons 

to prevent from happening. This view is, however, very difficult to accept. The claim 

that it is not bad for an animal in intense pain to suffer appears to be highly 

implausible.
35

 In addition, this view also has counterintuitive consequences for the 

human case. If some item in the objective list is valuable for an individual, then it must 

be so as well for others who can enjoy it. For instance, if, as an objective list theorist 

might claim, knowledge is good for you, then it seems difficult to deny that it can be 

good for me too. Accordingly, if suffering is in itself bad for a human being, it must be 

bad also for other beings who can experience it. Thus, it must be bad for nonhuman 

animals. 

 

                                                
34 See Sidgwick (1996 [1874]). 

35 See, for instance, Sapontzis (1987); Nussbaum (2006). 
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For that not to be the case, it should be for reasons different from the nature of suffering 

itself. Some may argue that suffering is bad for a human being, but not for another 

animal, because only the former has certain complex cognitive capacities. Yet this 

contradicts the usual view about why suffering is bad. Suffering (as we experience it 

when we feel extreme pain) seems to be bad for us simply because of how it feels. We 

do not believe that, if our cognitive capacities were higher, the pain of a burn would be 

worse for us. Moreover, if pain was bad for us because of our cognitive capacities, we 

would have to reject the assumption presented before that whether a certain item in the 

objective list is good or bad for someone depends on the capacity an individual has to 

possess it. Denying that, however, seems to be unjustified.  

 

According to this, it seems that any plausible version of the objective list theory must 

include basic hedonic experiences at least as part of what is objectively good (or bad). 

According to these positions, therefore, sentient nonhuman animals have a well-being of 

their own. If this is what matters in order to be morally considerable, then again sentient 

nonhuman animals will be so. 

 

To conclude, as Parfit famously put it: 

 

“These three theories partly overlap. On all these theories, happiness and 

pleasure are at least part of what makes our lives go better for us, and misery and 

pain are at least part of what makes our lives go worse. These claims would be 

made by any plausible Objective List Theory. And they are implied by all 

versions of the Desire-Fulfilment theory. On all theories, the Hedonistic Theory 

is at least part of the truth.”
36

 

 

Accordingly, on any plausible account of well-being sentient nonhumans animals are 

individuals with a well-being of their own who can be harmed or benefited by our 

actions. First, either hedonic experiences are all that matter or they are at least part of 

what is objectively good. In either case, nonhuman positive and negative hedonic 

experiences necessarily matter too. Second, if what matters instead is how individual 

desires are fulfilled, then on the most plausible accounts of desires positive and negative 

                                                
36 Parfit (1984, p. 4). 
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hedonic experiences give rise to preferences for and against their presence that can be 

fulfilled or thwarted. 

 

This implies that sentience is a necessary and sufficient condition for any individual P to 

have interests. Sentience, or the capacity for conscious experiences, is a precondition for 

suffering and enjoying, inasmuch as it is a prerequisite to having experiences at all. 

Thus, a being P suffers or enjoys if, and only if, P can be affected by x – i.e. if, and only 

if, P is sentient.  

 

This can be illustrated by a well-known passage from Peter Singer’s Practical Ethics: 

 

“The capacity for suffering and enjoying things is a prerequisite for having 

interests at all, a condition that must be satisfied before we can speak of interests 

in any meaningful way. It would be nonsense to say that it was not in the 

interests of a stone to be kicked along the road by a schoolboy. A stone does not 

have interests because it cannot suffer. Nothing that we can do to it could 

possibly make any difference to its welfare. A mouse, on the other hand, does 

have an interest in not being tormented, because it will suffer if it is.”
37

 

 

As Singer points out, many nonhuman animals satisfy this condition. They can suffer 

and enjoy what occurs to them and hence their lives can go well or bad insofar as their 

interests are negatively or positively affected.  

 

Given all this, if we accept the assumption pointed out above that those beings who 

have a well-being must be morally considerable there are strong reasons to conclude 

that sentient animals should be morally considerable individuals. The question that may 

now arise is the extent to which their well-being matters. This will be assessed in the 

following sections. 

 

 

 

 

                                                
37 Singer (2011 [1979]). 
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1.3 Equal consideration 

 

A number of positions in normative ethics assume the principle of equal consideration. 

This principle states that the equal interests of different individuals count the same, 

regardless of the identity of these individuals. Yet, in order to understand this claim, one 

must first characterize what an interest is. The term “interests” can actually be 

understood in several different ways. But here I will simply employ it according to its 

widespread usage in the animal ethics literature. In that sense, P has an interest in x if 

and only if x contributes to P’s well-being.
38

 Accordingly, a being has an interest in 

what contributes to her well-being and in avoiding what detracts from it. Of course, the 

answer to what would be most in an individual’s interests will depend on the theory of 

well-being one endorses.  

 

What the principle of equal consideration states is that if a being has an interest not to 

suffer, her suffering must be accounted for just as it would if it were the equal suffering 

of another individual. Two equal interests are two interests that are comparatively 

equally important to those who have them. Accordingly, an equal interest not to suffer is 

an interest of the same weight, corresponding to an instance of suffering of an 

equivalent intensity and duration. All things being equal, any change in the weight of an 

interest not to suffer obtains just in case there is a change in intensity and the duration of 

the suffering experienced. Thus, if P and Q instantiate equally intense suffering and for 

an equally long time, P and Q have equal interests no to suffer. The principle of equal 

consideration claims that, if this is so, then P and Q’s interests not to suffer should have 

the same weight in moral deliberation. In other words, it claims that those interests 

provide us with equally strong reasons for action.  

 

An important implication of this principle is that independently of the species to which 

P and Q belong, their equal interests should be equally considered. Thus, giving greater 

weight to the similar interests of Q (e.g., human) over P (e.g., nonhuman) would be 

unjustified.  

 

                                                
38 See Feinberg (1980). 
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Of course, one may wonder about the reasons to accept this principle. A first reason in 

favor of it is that it appears to be the default view on the consideration of individual 

interests. This is so because if we accept that the interests of all individuals matter, and 

we are not provided with any further reasons to take into account that may draw 

differences among them, it then seems that these interests must matter equally. If that 

were not the case, it would have to be because of other, additional reasons. Yet until 

those reasons were provided, and until they were verified as sound, we ought to 

conclude that equal interests count the same, given that we have the same reasons to 

consider them – that is, that they are all interests of some weight. 

 

Some may dispute that the interests of humans and nonhuman animals should count the 

same. They may claim that when making interspecies comparisons of suffering it is 

false that humans and other animals have an equal interest not to suffer. Due to human 

beings’ higher cognitive capacities, so may the argument go, their suffering is much 

worse compared to that of nonhuman animals under similar circumstances. This 

objection, however, misses the point. Whether humans suffer more than nonhuman 

animals under similar circumstances is not something that affects the normative claim 

that, when humans suffer just as much as other animals, their suffering should count the 

same. The principle of equal consideration claims that equal interests count the same, 

not that unequal interests count the same. 

 

Moreover, while there are circumstances in which humans do suffer more than 

nonhuman animals, the opposite can also be the case. Consider, for example, a 

hypothetical experiment on a human individual in which a significant amount of pain 

was inflicted on her during a long period of time. Insofar as the human being would be 

able to conceptualize the suffering she would be inflicted upon, the argument goes, her 

suffering would be worse than the suffering of an animal of another species undergoing 

the same experiment but lacking such capacity. Thus, the argument concludes, human 

interests not to suffer are stronger than nonhumans’ and should thus be favored over the 

interests not to suffer of members of other species.  
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Yet the objection is misguided, as it has been successfully shown in the literature.
39

 

Possession of higher cognitive capacities does not necessarily amount to suffering more. 

In fact, it can have the opposite effect. As Rollin says: 

 

“In terms of countering the pernicious moral power of the claim that animals 

can’t anticipate and remember pain and that therefore their pain is insignificant, 

the most relevant point has little to do with the presence or absence of concepts. 

It comes rather from the following insight: That if animals are indeed, as the 

above argument suggests, inexorably locked into what is happening in the here 

and now, we are all the more obliged to try to relieve their suffering, since 

themselves cannot look forward to or anticipate its cessation, or even 

remember, however dimly, its absence. If they are in pain, their whole universe 

is pain; there is no horizon; they are their pain. So, if the argument is indeed 

correct, then animal pain is terrible to contemplate, for the dark universe of 

animals logically cannot tolerate any glimmer of hope within its borders.”
40

 

 

The point can be pressed even further. Consider a slight qualification of the previous 

example. Imagine that the experiment is necessary to make the life of the affected 

individual worth living. While the individual with a higher cognitive apparatus would 

be able to understand the net value of the procedure, it would be impossible for the low-

capacity individual to apprehend it, and thus her suffering would be comparatively 

much worse. Moreover, even if it were the case that high-capacity individuals had a 

stronger interest not to suffer than low-capacity individuals, the argument would still 

fail to show that human interests not to suffer are stronger than nonhuman ones, since 

many human beings would also fail to exemplify the alleged relevant capacity (this will 

be discussed in more detail in chapter 2). So, if our reasons to reduce someone’s 

suffering depend on the weight of her suffering and not on her species, it is then false 

that human interests not to suffer provide us with stronger reasons to prevent it than 

similar interests not to suffer of nonhuman individuals.  

 

                                                
39 For instance, Singer (2009 [1974]); Rollin (1981); Sapontzis (1987); Pluhar (1995); Bernstein (1998); 

Cavalieri (2001); Horta (2010b).  

40 Rollin (1989, p. 144). 
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Nevertheless, as stated above, this is not to deny that satisfying the interest not to suffer 

of different individuals may require, sometimes, different actions from moral agents. In 

fact, when facing the same event, different individuals may not suffer equally. In that 

sense being treated in the same way may not be required by the principle of equal 

consideration. For example, when punched with the same strength, a human baby and a 

human adult may experience a different intensity of suffering. Likewise, a similarly 

strong punch, when given to a piglet, may cause greater suffering than when given to an 

adult human being. Equal consideration of interests requires, then, accounting for such 

differences among individuals.   

 

  

1.4 The badness of death  

 

Thus far it has been argued that if we accept that it is bad that nonhuman animals suffer, 

and that we have reasons to prevent this from happening, then, whenever we can, we 

should help them when they are in need. This is sufficient to build a positive case for 

intervening in nature to aid the animals that live there.  

 

A different topic is whether nonhuman animals are harmed by death and whether, due to 

this, we should intervene to save their lives when possible. It is not really necessary to 

examine this problem in order to assess whether we should help animals in the wild, 

since, as indicated, for this purpose it is enough to take their suffering into account. 

Nevertheless, it can be useful to proceed to such examination. If nonhuman animals are 

harmed by death, then there will be further reasons to aid those animals whose lives are 

at risk, and these reasons should be added to those we already have to prevent their 

suffering.  

 

As argued in the previous section, because human and nonhuman animals have an 

interest not to suffer, whenever death causes sentient beings to suffer to the same extent, 

it necessarily harms them equally. Yet the question we are asking here is a different one. 

It is not whether painful death harms nonhuman animals, but rather whether, 

independently of the suffering experienced at the moment of dying, animals are harmed 
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by ceasing to exist.
41

 For simplicity, I will henceforth use “death” to refer to death as 

such, independently of the suffering that may accompany it when it occurs. 

 

This debate is independent from the one about what death consists in and the underlying 

ontological views about the persistence conditions over time of sentient individuals. In 

this section, I will put these ontological issues aside and focus exclusively on how to 

determine whether and to what extent death can be bad for nonhuman animals. In order 

to examine this problem I will first assess a standard account of the harm of death, the 

one that claims that death is bad insofar it deprives us of future goods.    

 

a) The Deprivation Account 

 

There is widespread – even if not universal – agreement that if death is bad, then it is 

because of what it deprives us of. Since Thomas Nagel’s influential article “Death”,
42

 

the Deprivation Account has now been established as the “orthodox view” about the 

badness of death.
43

 

 

The Deprivation Account. Death is bad for an individual because it deprives her 

of a further life that would have been good for her. 

 

Death thus harms individuals because it takes away from them all the goods that life 

would contain if they had remained alive. One implication of this is that sometimes 

death may be good. This happens in those cases in which it deprives individuals of a life 

not worth living. For example, if by dying at a certain time someone is prevented from 

experiencing excruciating suffering during a period of 24 hours after which she would 

have died anyway, then compared to the remaining life she would otherwise have 

experienced, death was not bad for her. Another implication of this is that depending on 

                                                
41 Singer (2011 [1979]); McMahan (2002); Višak (2013); Višak & Garner (2016).  

42 Nagel (1970). 

43 In present times the Deprivation Account has been defended in particular in Feldman (1992); Feit 

(2002); Bradley (2009). For criticism of the Deprivation Account see Epicurus (1964 [ca. 300 BC]); 

Silverstein (1980); Suits (2001). On the debate concerning the Deprivationist Account see also McMahan 

(1988, 2002); Kamm (1993); French & Wettstein (eds.) (2000); Scarre (2007); Belshaw (2009); Luper 

(2009).  
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the amount of good that a life might include, death can be more or less bad to 

individuals. Consider for instance the case of someone dying at 20 when she could have 

lived a good life until 80, and the death of someone dying at 80 that could have lived 5 

more good years. While we could consider both deaths to be harmful, we would think of 

the death of the twenty-year-old (compared with the future life she could have lived) as 

a greater misfortune, since the eighty-year-old would have lost less years of life.
44

 

 

Note that this account is not committed to any particular view about what makes a life 

go well or badly for someone. In fact, the Deprivation Account might be further 

completed with different axiological assumptions, such that: 

 

1. Death at t is bad for the individual P who dies if it deprives P of a future of 

net positive experiences (hedonism); 

2. Death at t is bad for the individual P who dies if it deprives P of a future of 

net desire-fulfilment (desire-based theory); 

3. Death at t is bad for the individual P who dies it deprives P of a future 

containing a net amount of objectively good things (objective-list theory). 

 

Thus, according to the Deprivation Account, in order to decide whether the death of an 

individual is bad for her, her actual level of well-being must be compared to the well-

being she would have had if she remained alive. For example, suppose that Jane died at 

age 20. Let us assume, for simplicity, that the right theory of well-being is hedonism. 

The total sum of positive and negative experiences Jane suffered during her lifetime has 

a net positive amount of 250 units of well-being. Had she remained alive, she would 

have had 20 more good years and then suffered during her final 5 ones. Had she not 

died, her lifetime well-being would have been 450. Subtracting this value from her 

actual lifetime well-being level of 250 gives us -200. This is the disvalue of her dying at 

age 20 instead of at 45. We can thus consider that her death was very bad for her. If, 

however, the last years of her life would have been spent in misery, her death at 20 

instead of at 45 would have been good for her. 

 

                                                
44 According to a more radical, egalitarian, deprivationist view, the harm of death grows in a way 

inversely proportional to how much one has lived in the past. See Cavalieri (2001). 
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Now, if we accept that the Deprivation Account offers an adequate explanation of why 

the death of human beings might be a bad thing for them, we might then ask whether 

under the same assumptions death may be bad for nonhuman animals as well. Since the 

death of nonhuman animals also involves the deprivation of the goods they might have 

otherwise enjoyed if they had not died, it seems to follow that death harms them too. 

Thus, all things being equal, they have an interest in not being harmed, by continuing to 

live. 

 

There have been, however, different attempts to dispute this implication. The first one, 

which assumes a desire-based view, consists in denying that death is bad for nonhuman 

animals, since they cannot be attributed the relevant desire, which is the desire in 

continuing to live. The second attempt consists in claiming that while is true that death 

deprives nonhuman animals of their future life, what they lose in dying must be 

discounted by some other variable.  

 

b) The Attribution of Desires 

 

As previously mentioned, on a desire-based view death can be bad for an individual 

insofar as it deprives her of a future of net desire-fulfilment. Some desire 

satisfactionists, however, understand differently the way in which death can be harmful. 

According to Ruth Cigman, for instance, death is harmful just in case it frustrates some 

desires we now have.
45

 This can happen in two ways:  

 

(i)  P can be harmed by death if, and only if, P has an actual desire to live, which 

presupposes the capacity to formulate certain relevant concepts (such as the 

concept of herself as a temporally extended individual); 

Or,  

(ii) P can be harmed by death, if and only if, P has long-term future oriented 

desires for whose satisfaction continuing to live is instrumentally necessary 

(e.g., having a career). 

 

                                                
45 Cigman (1980). 
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Either of these views requires a strong cognitive apparatus for the formation of a desire 

to live, which most animals fail to possess (e.g., self-awareness). Only long-term future 

oriented individuals, with a capacity to see themselves as extended over time, can have 

a desire in continuing to live and can have long-term future oriented desires. Only them, 

these views conclude, can be harmed by death, which thwarts those desires. Allegedly, 

most humans can project themselves to the far future, covering the whole extent of their 

lives. Therefore, death would deprive them of that whole future. On the contrary, most 

nonhuman animals, by lacking the necessary psychological capacities to harbor the 

relevant desires, cannot be harmed by death. Hence, they have no interest in continuing 

to live that gives us reasons against killing them or to prevent them from dying.  

 

Against these views, what the Desire Fulfilment version of the Deprivation Account 

implies, as we saw above, is that death harms an individual merely if it deprives her of a 

future of net desire-fulfilment. For that to be possible, the only condition that needs to 

obtain is the following one: 

 

(iii) P can be harmed by death if P has short-term future oriented desires for 

whose satisfaction continuing to live is instrumentally necessary (e.g., 

eating, resting, avoiding suffering...). 

 

Unlike the previous criteria, this one seems to be satisfied not only by humans, but also 

by other animals. There seems to be extremely strong evidence that many nonhuman 

animals qualify for having the relevant desires according to (iii). Even though 

controversial, this view is capable of accommodating strong intuitions about the desire 

to continue to live of human beings that would also fail to qualify for the relevant desire 

on (i) and (ii). That would be the case, for example, of human beings lacking complex 

cognitive capacities to form a desire to live or humans lacking self-chosen future 

projects or goals. Under (i) and (ii), these human beings would simply lack an interest in 

continuing to live. According to (iii), however, their short-term desires would 

sufficiently ground an interest in remaining alive. 

 

Against this view, it could be argued that even if we accept that having short-term 

desires is sufficient to have an interest in living, the strength of that interest would still 

be proportional to how far in time one can picture future life events that concern them. 
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The implication of this would be that the interest not to die of an individual with a 

similarly valuable future, but with lesser capacity to project herself into the future, 

would be less weighty than the interest of an individual who can be attributed a desire to 

live that covers her whole future. Individuals with no capacity to project themselves into 

the future would still not qualify for having the relevant desire. All else being equal, the 

strength of our reasons to prevent the frustration of such interest would therefore have to 

be correspondingly adjusted. This would be a combination of the Deprivation Account 

of the Badness of Death and the claim that death is harmful as long as we have long-

term future oriented desires. Nevertheless, if, as argued, the Deprivation Account 

adequately explains why death is a harm, we do not need to accept such a view. 

 

Another objection would consist in claiming that only those beings with complex 

intellectual capacities can form desires. However, as previously mentioned, on the most 

plausible versions of the desire-based view, this is not so. We can thus conclude that all 

beings with a capacity for positive and negative experiences can be said to have 

preferences. This conclusion follows clearly if we assume the view that whenever we 

have a positive or negative experience we automatically develop a preference for and 

against it. This view implies that all beings who can have a positive experience will 

have a satisfied preference whenever such a benefit occurs. If this is so, that means that 

such a being will satisfy the condition of having short-term desires that the Deprivation 

Account of the Badness of Death requires for someone to be harmed by dying. 

 

Consider now the view that the desires we should care about are not those that 

individuals actually have but those that they would have formed under ideal conditions 

of deliberation. These desires would thus exist in a non-actual possible world. One 

could oppose this the claim that nonhuman animals are harmed by dying by saying that 

we must only care about ideal desires that exist in possible worlds that are closest to 

ours in some respect. Some believe
46

 that those possible worlds are the ones in which 

the individual in question has psychological capacities similar to those she possesses in 

the actual world. That would exclude the worlds in which nonhuman individuals have 

the necessary capacities to desire to live. It is unclear, however, how this restriction may 

be justified.  

                                                
46 For instance, Singer (2011 [1979]). 
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The appeal of an ideal version of the desire-based view, as opposed to an actual desire 

version, is that it tells us to be concerned for the desires an individual would have if she 

possessed all the relevant information and conducted a faultless reasoning. On the view 

we are considering here we are thereby excluding from our consideration those possible 

worlds in which a sentient individual possesses the psychological capacities that would 

allow her to deliberate in that way. Thus, we are settling for desires which, in the case of 

beings with complex cognitive capacities, we would not consider as determinant of the 

interests of individuals, as given by their well-being. 

 

There is a straightforward way, then, in which an appeal to ideal desires leads us to 

conclude that it is justified to attribute a desire to live to any sentient individual with a 

net valuable future. Actually, it follows that it would be unjustified not to do so. This is 

because that is a desire that individual would actually entertain if she had all the 

information and deliberated under ideal conditions. On such a version of the desire-

based view, the interest in continuing to live of a nonhuman sentient is as strong as the 

interest in continuing to live of a cognitively complex human with a similarly worthy 

future. 

 

Therefore, there are adequately plausible versions of the desire-based view in which 

death may harm nonhumans. These accounts can grant that death harms nonhumans as 

much as it harms humans, depending on the future they are deprived of. If this is 

correct, then no matter which of the three broad theories about well-being we hold onto 

(hedonism, desire satisfactionism or objective list views), it is defensible to claim that 

there is no distinctive sense in which death is less bad for nonhuman animals – or, in 

general, for individuals lacking complex cognitive capacities. 

 

c) Time-Relative Interests 

 

Let us now consider a different account of the harm of death that also differs from the 

Deprivation Account – the Time-Relative Interest Account, whose first and main 

proponent is Jeff McMahan.
47

 According to the Time-Relative Interest Account, the 

Deprivation Account of the Badness of death tells us only part of the truth regarding 

                                                
47 McMahan (2002). 
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why death is a harm. It must be further refined in order to accommodate the notion that 

we can be connected to different degrees with our own future, which conditions the way 

in which being deprived of it may harm us. On this view, the badness of death is a 

function of two variables: 

 

(i) The amount of good P is deprived of at a certain time t1, considering the 

value a certain event would have for her at a later time t2; 

and, 

 

(ii) The prudential connection between P at t1 and P at t2. 

 

McMahan believes that the prudential connection an individual has with her own future 

self is determined by the degree to which she is psychologically related with that future. 

Specifically, in McMahan’s words: 

 

“The following relations are instances of direct psychological connections: the 

relation between an experience and a memory of it, the relation between the 

formation of a desire and the experience of the satisfaction or frustration of that 

desire, and the relation between an earlier and a later manifestation of a belief, 

value, intention, or character trait. When there are direct psychological 

connections between a person P1 at time t1 and a person P2 at t 2, P1 and P2 are 

psychologically connected with one another. Because the number of such 

connections may be many or few, psychological connectedness over time is a 

matter of degree. It may be strong or weak.”
48

 

 

This implies that the interest of P at t1 in continuing to live is relative to the amount of 

good P at t1 loses by dying, discounted by the psychological distance with her future. 

The least psychologically related the individual is with her future, the less prudentially 

connected P at t1 is with her future self (P at t2), and hence the less P at t1 is harmed now 

by not living in the future. In other words, P at t1’s interest in continuing to live weakens 

in direct proportion to the psychological connection P at t1 has now with P at t2.  

 

                                                
48 Ibid., p. 39. 
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On the version of the Time-Relative Interest Account defended by McMahan, the 

case previously discussed regarding the prudential value of Jane’s life would now have 

to be assessed in the other terms. In order to decide whether Jane's death is bad for her, 

her actual level of well-being must be compared to the well-being she would have had if 

she remained alive, but now discounted by the degree of psychological connectedness 

between Jane at t1 and Jane at t2. Again, let us assume hedonism and suppose that Jane 

died at age 20. The total sum of positive and negative experiences Jane suffered during 

her lifetime results in a net positive amount of 250 units of well-being. Had she 

remained alive, she would have had 20 more good years and then suffered during her 

final 5 ones. Had she not died, her lifetime well-being would have been 450. 

Subtracting this value from her actual lifetime well-being level of 250 gives us -200. So 

as to factor in Jane's prudential connection with her future, McMahan suggests we 

proceed as follows: 

 

“The prudential unity relations in effect function as a multiplier with respect to 

the value of the event. If, for example, the prudential unity relations would be of 

maximum strength, we calculate the importance of the event from one’s present 

point of view by multiplying the value the event will have when it occurs by 1; 

thus the extent to which one ought rationally to be egoistically concerned about 

the event is proportional to the value the event will contribute to one’s life. If, 

however, the prudential unity relations would be weaker, the extent to which the 

event matters from one’s present point of view declines. We should multiply the 

value that the event will have when it occurs by some fraction representing the 

strength of the prudential unity relations. There is, in short, a discount rate for 

weakened prudential unity.”
49

 

 

Then, the disvalue of Jane’s dying at 20 must now be calculated factoring in the degree 

to which prudential unity relations (i.e., psychological connectedness) would hold 

between Jane now and Jane at a later time when future valuable events would occur. If 

her prudential unity relations are of maximum strength, we multiply -200 by 1. The 

disvalue of Jane’s death then coincides on this account with -200. If contrariwise Jane’s 

prudential unity relations are weak (for example, we can assume that Jane* has a severe 

                                                
49 Ibid., p. 80. 
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mental condition that weakens her prudential unity relations to half the strength of 

Jane's) then we have to apply a 0.5 fraction to -200. The result then becomes -100. The 

important implication is that even though Jane and Jane* have the same lifetime well-

being, the badness of their deaths differs. While Jane is greatly harmed by dying at 20 

and thus has a strong interest in continuing to live, Jane* is harmed to a much lesser 

extent and thus her interest in continuing to live is significantly weaker.  

 

Applied to nonhuman animals the argument is straightforward. Even though death may 

often deprive nonhuman animals of a life of net positive value, their death cannot be 

understood as a great misfortune. At least, death is not as bad for them as it is for adult 

human beings. The reason is that nonhuman animals are usually weakly psychologically 

related to their futures. Due to this psychological discontinuity, when they die they are 

deprived of very little and death does not harm them significantly.  Thus, a greater 

discount should be applied when calculating how much nonhuman animals lose in 

dying. Of course, due to the difference in psychological capacities among nonhuman 

animals, the discount rate will vary greatly among individuals.  

 

Notwithstanding the prominence of this view, neither the Time-Relative Interest 

Account, nor the way McMahan understands it, are immune to criticism. The ways in 

which it can be disputed have different implications regarding the assessment of the 

badness of death for nonhuman animals. In any case, the claim that it is worse for 

humans to die is consistent with the claim that it is extremely bad for nonhuman animals 

to die, and this could suffice for present purposes. One may, however, challenge 

McMahan’s view. 

 

(i) Accepting the Time-Relative Interest Account but not McMahan’s version of it 

 

It is possible to accept the Time-Relative Interest Account, in general, but to reject, in 

particular, the calculus of the degree of psychological connectedness it assumes. 

According to Jeff McMahan, an individual’s degree of psychological connectedness is 

directly related to the degree of psychological complexity it possesses. More 

psychological complexity amounts, according to McMahan, to a greater number of 

contents of consciousness. As he says: 
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“An infant is unaware of itself, unaware that it has a future; it therefore has no 

future directed mental states: no desires or intentions for its future. Because its 

mental life is so limited, there would be very few continuities of character or 

belief between itself now and itself as a person. And if it had lived to become a 

person, it would then remember nothing of its life as an infant. It is, in short, 

almost completely severed psychologically from itself as it would have been in 

the future. This is the principal reason why its time-relative interest in continuing 

to live is so weak. It is almost as if the future it loses might just as well have 

belonged to someone else.”
50

 

 

Hence an individual with higher cognitive complexity has more contents of 

consciousness that connect her to her future. Under this assumption, nonhuman animals, 

who generally possess less complex cognitive capacities, have less contents of 

consciousness relating them to their future. Therefore, death is not as bad for them as 

for other individuals with higher cognitive complexity but with a similarly valuable 

future.  

 

There is, however, some discrepancy regarding the calculation of the degree of 

psychological connectedness between an individual at some time and her future self. 

For example, it has been claimed that higher complexity (and hence quantity) of mental 

contents does not necessarily amount to higher psychological connectedness.
51

 It is, in 

fact, possible that an individual with fewer mental contents has higher psychological 

connectedness than an individual with a higher amount but a more changeable 

psychology. Consider two individuals with different levels of mental complexity at 

different points in their existence, as well as their corresponding mental states. This 

could be represented as follows: 

 

Paula: 

t1: {m1, m2, m3, m4, m5, m6, m7, m8}  

t2: {m1, m2, m3, m4, m11, m13, m19, m21} 

 

                                                
50 Ibid., p. 170. 

51 See Horta (2010c). 
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Quentin: 

t1: {m1, m2, m3, m4}  

t2: {m1, m2, m3, m7} 

 

The first observation is that, compared with Quentin, Paula has a greater amount of 

mental contents that relate her to her future. Thus, according to the Time-Relative 

Interest Account, Paula is more psychologically connected to her future than Quentin 

and hence her interest in continuing to live is stronger than Quentin’s. Nevertheless, 

though Paula’s total amount of connected mental contents is greater than the total 

amount of Quentin’s in absolute terms that is not the case in relative terms. That is, 

while Paula retains 50% of her mental contents between t1 and t2, Quentin retains 75% 

of them with her future self. One might plausibly claim that what is relevant in 

determining the degree of psychological connectedness is precisely how much 

qualitative similarity there is between individuals at some time in their existence and 

their future selves, and not how many connected mental contents they have in total.  

 

A different example may more clearly illustrate the point. Consider Zoe at a certain time 

in her life t1 with a certain amount of mental contents. Imagine two different possible 

scenarios. At t2 Zoe has the same amount of mental contents except for one which was 

irreversibly lost and a new one which appeared. At t2’ Zoe has been greatly enhanced, 

such that even though all the mental contents she had at t1 remain at t2’, at t2’ she has a 

huge amount of new mental contents. This could be represented as follows: 

 

Zoe: 

t1: {m1, m2, m3, m4, m5, m6, m7, m8, m9, m10} 

t2: {m1, m2, m3, m4, m5, m6, m7, m8, m9, m11} 

t2’: {m1, m2, m3, m4, m5, m6, m7, m8, m9, m10, m12, m13, m14, m15, m16, 

m17, m18, m19, m20, m21, m22, m23, m24, m25, m26, … m99, m100} 

 

Even though Zoe at t1 is 90% connected to Zoe at t2 and only 10% connected to Zoe at 

t2’, McMahan’s account of the Time-Relative Interest Account tell us that the 

psychological connectedness between Zoe at t1 and Zoe at t2’ is higher because the total 

amount of connected mental contents is also higher. But this seems hard to accept. The 

extent to which this appears to be implausible might be further observed if we conduct a 
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backward looking assessment of the mental connectedness of Zoe – that is, for instance, 

between each of Zoe’s two possible future scenarios and Zoe at t1. It then becomes clear 

that Zoe at t2’ is only very weakly related to her past (i.e., with Zoe at t1) – only 10% 

connected – whereas Zoe at t2 is very strongly related to her past (i.e., with Zoe at t1) – 

90% connected.  

 

If this proportional approach to the calculus of psychological connectedness is sound, 

then an individual with less complex psychology does not necessarily have a weaker 

interest in continuing to live. And if so, nonhuman animals could be as strongly 

psychologically related to their future (or even more) as the more cognitively endowed 

individuals (e.g., human beings).  

 

If this is so, then the notion that humans typically lose much more by dying than 

nonhuman animals, based not only on the assumption that their lives will be better, but 

also because they are more prudentially connected to their own future can be rejected. 

This is because although humans may have more mental contents, such mental contents 

typically vary more throughout their lives. It seems reasonable to think that the mental 

contents of, say, a mouse will remain more similar throughout her whole life than those 

of a human being. If this is correct, then the interest in living of human beings and of 

other animals will not differ in the way that McMahan’s version of the Time-Relative 

Interest Account entails. 

 

(ii) Rejecting the Time-Relative Interest Account 

 

Another way to dispute the conclusion that the interest in living of nonhuman animals is 

comparatively weaker than that of human beings is to endorse a Time-Neutral Account 

of the badness of death instead. According to such an account, the badness of death is a 

function of the amount of goods that someone is deprived of at a certain time, which are 

those that would have accrued to her in the future if she had remained alive. Thus, an 

individual’s interest in being alive depends solely on the full amount of benefits she 

would have obtained in the future, independently of the psychological distance between 

the actual individual and her future self. This means that no discount is applied on the 

basis of diminishing degrees of psychological connectedness.  
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The major implication of this is that if Paula and Quentin have a future of similar net 

value, then their deaths are similarly bad for them. Hence, their interests in continuing 

to live are similarly strong, independently of their species or their degree of 

psychological complexity.  

 

If this is the view we ought to endorse, then the interest in living of human beings and 

of other animals will depend exclusively on the amount of good (and bad) each of them 

is deprived of by death. It would not differ in the way the Time-Relative Interest 

Account entails, either on McMahan’s version of it, or on the proportional version 

presented above.  

 

d) Impersonal views  

 

In the previous section I examined different positions on how to assess the interest in 

living of nonhuman animals. There remains the alternative, however, of approaching the 

problem of the badness of death by denying the assumption on which all the previous 

positions rely. Namely, that what has normative importance is the prudential disvalue of 

death, that is, how bad it is for the individual that ceases to exist. In other words, one 

can deny that what gives us our reasons against killing, or preventing someone from 

dying, is the person-affecting value of death. Instead, one might claim that what 

provides us with such reasons is the badness of death impersonally conceived. If that is 

the case, then the only thing that matters is the loss of value in the world impartially 

considered and not to whom that value accrues. For those assuming this view, all other 

considerations are irrelevant, such as individual desires to continue to live or an 

individuals’ relation with her future.  

 

Thus, even if ceasing to exist could not be said to be bad for the one who dies, we 

would still have reasons to prevent an individual with a life worth living from dying 

based on the loss of the impersonal value that a life of positive net value would entail. 

Because the possession of certain desires or of psychological complexity is no longer 

significant for the badness of death conceived in this way, it follows that the deaths of a 
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nonhuman or a human with a similarly future of net positive value are similarly bad. 

Thus, our reasons to ensure that they continue to exist would be as strong.
52

 

 

On an impersonal view of the badness of death, the fact that humans or other animals 

die is bad if they would otherwise have had net positive lives. Nonetheless, on this view, 

their death would not qualify as bad if because of their death other individuals came into 

existence who had lives of greater net positive value than the first ones would have had. 

In addition, this view implies that the deaths of humans or other animals would not be 

bad if their lives would have been net negative. 

 

e) Final remarks  

 

In this section I examined the problem of the badness of death as applied to nonhuman 

animals. That is, the problem of whether ceasing to exist may harm animals and, if so, 

the extent to which it may comparatively harm them relative to human beings. In other 

words, I assessed the strength of nonhuman interests in continuing to live. I disputed the 

widespread view according to which, under almost any theoretical assumptions, 

nonhuman animals lack an interest in being alive or, at most, that the strength of such 

interest is always comparatively weaker than that of human beings.
53

 Given the 

divergence of competing views on this debate, my conclusions are conditional. If death 

harms human beings for such and such reasons, then, under the same assumptions there 

are many nonhuman animals that are also harmed by ceasing to exist. 

                                                
52 Singer now explicitly endorses an impersonal view on the badness of death (2015). For a detailed 

analysis of Singer’s commitment to this view see Paez (2016 forthcoming). I owe this point to Eze Paez.  

53 Note that, even so, we could certainly think of many cases in which a nonhuman animal’s future has the 

same surplus of positive value than the future of a human being. Alternatively, we can also think of other 

cases in which some human beings have a much lower psychological connectedness than some nonhuman 

individuals. This is the case of human babies and infants but also of severely cognitively impaired adult 

human beings. On McMahan’s account, because of the greater discount rate that we must apply to these 

humans’ future with lower psychological connectedness, these humans have a weaker interest in 

continuing to live, and so death is less harmful for them than would be for nonhuman individuals with 

higher psychological connectedness. Thus, according to this position the interest in continuing to live of a 

great number of nonhuman individuals will be stronger than the interest in continuing to live of many 

human beings. This shows that the interest in continuing to live is not something coextensive to the 

species individuals belong to but rather variable across and within species. 
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This allows, of course, for the possibility that often the interest of a human being in 

continuing to live may be stronger than the interest of a nonhuman animal. 

Nevertheless, it also allows for the possibility that many times the opposite is the case. 

Therefore, when discussing the badness of death we must reject the view that human 

and nonhuman animals harbor fundamental different interests in being alive and favor 

instead the view that such interest (if it exists) simply varies among individuals across 

species. 

 

 

1.5 Conclusion  

 

In this chapter I defended the view that due to their capacity for conscious experiences, 

nonhuman animals have a well-being of their own – a necessary and sufficient condition 

to be morally considerable. I further claimed that this is the case independently of the 

theory of well-being one might endorse (hedonism, the desire-based view or the 

objective-list theory). I then argued for the quite uncontroversial claim that nonhuman 

interests not to suffer are morally relevant and that equal instances of suffering should 

be equally considered, irrespective of the species individuals belong to. It follows that 

our reasons to prevent or alleviate nonhuman suffering are as strong as our reasons to 

prevent equal instances of human suffering. I then argued for a conditional claim: if 

death is bad at all, then under certain theoretical assumptions, death is also bad for 

nonhuman animals and, sometimes, it may be comparatively worse than for human 

beings. If so, under certain views, the nonhuman interest in continuing to live gives us 

additional reasons to prevent them from dying. 

 

It might be said that the argument of this thesis will greatly rely on whether death 

constitutes a harm to nonhuman individuals. Yet, this is far from being the case. The 

main reason is that it does not depend on the strength of nonhuman animals’ interest in 

continuing to live, but only on the strength of their interest not to suffer. Nonetheless, if 

we believe that death constitutes a harm to nonhuman animals, we have additional 

reasons to try and prevent them from being harmed in that way. On that assumption, we 

would thus have not only compelling reasons to prevent or reduce the suffering 



 

 28

nonhuman animals endure in the wild but also to avoid their deaths whenever we can – 

with the proviso that they would have lives of positive net value. 
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2. SPECIESISM 

 

 

In chapter 1, I claim that nonhuman animals are morally considerable, and that there are 

no grounds for considering them disadvantageously in comparison to human beings. 

This conclusion may nonetheless be disputed if we accept certain views currently 

described, respectively form of speciesism or personism. In this chapter I assess the 

cogency of such a view. I begin by analyzing the concept of speciesism, specifying the 

necessary and sufficient conditions for this kind of disadvantageous consideration to 

obtain. Having concluded that that speciesism cannot be justified on any plausible moral 

view, I consider personism. Personism attempts to justify the disadvantageous 

consideration and treatment of individuals who do not qualify as persons. I conclude 

that both speciesism and personism should be rejected. 

 

 

2.1 The concept of speciesism  

 

a) Defining speciesism 

 

This section specifies a set of three necessary and jointly sufficient conditions for a 

position to qualify as speciesist. It only considers views with implications for the 

treatment of individuals from different species. A certain position P is speciesist only if: 

 

(i) P entails the disadvantageous consideration or treatment of x over y, where 

x stands for any member of a group categorized as species 1 (S1) and y 

stands for any member of a group categorized as species 2 (S2). 

 

It is necessary, however, to elaborate further what the disadvantageous consideration 

and treatment of one individual over another consist in. First, regarding consideration, P 

entails that x ought to be disadvantageously considered over y (i.e., y favorably 

considered over x in some respect), just in case it allows (or even requires) moral agents 
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either not to take into account x's interests in their moral deliberation or to take into 

account the interests of x to a lesser extent than the interests of y. 

 

Second, regarding treatment, P entails that x ought to be disadvantageously treated over 

y, if, all else being the same, it allows (or even requires) moral agents to provide y with 

benefits she may permissibly not provide to x. This either because she may permissibly 

not benefit x at all, or to a lesser extent than y. Conversely, P is also speciesist if, all else 

being the same, it allows (or even requires) moral agents to inflict some harm on x 

which she may not permissibly inflict on y. Again, this can be either because the agent 

is prescribed not to harm y at all, or because she may only harm her to a lesser extent. 

 

However, this condition is not sufficient. There are cases of disadvantageous 

consideration or treatment of individuals which clearly do not qualify as instances of 

speciesism. For example, the disadvantageous consideration or treatment of individuals 

because they do not belong to a certain sex, or the disadvantageous consideration or 

treatment of individuals because they do not have certain physical traits (e.g., certain 

skin color). For a certain position to be speciesist therefore, it is necessary that the 

motivation in support of the disadvantageous consideration  or treatment be related to 

the species of individuals. Thus: 

 

(ii) The disadvantageous consideration or treatment of x over y is based on the 

assumption that members of S2 possess certain attributes which members of 

S1 do not. 

 

There are three main kinds of such attributes, not to be conceived as mutually exclusive, 

which have been traditionally advanced in the literature. We may collectively call them 

species-specific attributes: 

 

a) Mere species membership: y's membership in S2, which x fails to possess by 

being a member of S1. This may assume the biological inferiority of S1 to 

S2; 

 

(b) Species-specific capacities: the capacities possessed by members of S2, 
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which members of S1 allegedly lack, in virtue of their membership, 

respectively, in S2 and S1; 

 

(c)  Species-specific relations: the relations with moral agents which y enters 

into and x does not, in virtue of their membership, respectively, in S2 and 

S1.  

 

The favoring of y over x is based, in the first case, on the fact that y belongs to a certain 

species and x does not—thus, on species membership stricto sensu. A more 

sophisticated way to ground this disadvantageous consideration is to base it on certain 

properties presumably coextensive to the species whose members are being favored. 

These properties can either be intrinsic to the members of the species (individual 

capacities) or extrinsic (relations with moral agents). 

  

The combination of conditions (i) and (ii) is still not sufficient for a position to be 

speciesist. This is because it may be true that, first, the species-specific attribute is 

indeed exemplified by all members of S2 and by no member of S1, and that, second, it 

is a morally relevant attribute justifying the disadvantageous consideration or treatment 

of members of S2 over the members of S1. That is, the disadvantageous consideration 

of an individual based on species membership (broadly understood as to include the 

three disjuncts (a) to (c) previously mentioned) may be justified. For example, it is 

usually assumed that while we should assist human beings suffering from natural 

catastrophes, we have no such obligation to assist nonhuman animals in the exact same 

circumstances. This difference, it is often argued, can be justified by appeal to certain 

kind of special relationships human beings maintain with each other by virtue of 

belonging to the human community, and which are not maintained with nonhuman 

animals (Palmer, 2010). If these were morally relevant properties, then we would have 

reasons in support of certain types of disadvantageous consideration and treatment of 

nonhuman animals, without thereby incurring in speciesism.  

 

A third condition is, then, necessary: 

 

(iii) P is unjustified, either because the attribute appealed to: 
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a. is not species-specific, whether because some y lack it and/or 

some x exhibit it; 

  and 

 

b. is irrelevant for the moral consideration or treatment of 

individuals.  

 

Whenever the attribute in question is not species-specific, that is, whenever there are 

members of both S1 and of S2 who lack them or who possess them, we can say that 

there is a species overlap. Therefore, one way in which P may be unjustified is if there 

is a species overlap regarding the attribute invoked to ground the differential 

consideration. For instance, consider the individual capacity of moral agency. There is a 

species overlap if at least one member of S2 that qualifies as a moral agent or at least 

one member of S1 that does not qualify as such. Now consider the relation of solidarity. 

There is a species overlap if at least one member of S2 enters into a relation of solidarity 

with moral agents or at least one member of S1 does not enter into any such relation.
54

 

 

Another way in which P may be unjustified is if the allegedly species-specific attribute 

invoked to establish the differential consideration among individuals is not relevant for 

how they ought to be considered or treated. This is not an empirical matter and it 

requires further argument. Nevertheless, it allows us to dismiss those attempts to ground 

instances of disadvantageous consideration or treatment in actual (or alleged) biological 

differences between x and y which are unimportant to how the individual interests at 

stake will be affected. Consider, for example, the claim that, in similar circumstances, it 

is justified to inflict a certain amount of pain on a nonhuman animal, but not on a human 

being, because human beings are moral agents. This claim assumes that possession of 

moral agency is relevant to how individual interests are to be taken into account. As I 

will later discuss in this chapter, however, this can be disputed. If possession of moral 

agency is irrelevant for moral consideration, then this would be an unjustified position. 

 

                                                
54 For a detailed analysis see Horta (2014). See also Singer (1975); Dombrowski (1996; 2006); Pluhar 

(1995); Ehnert (2002); Bernstein (2002); Norcross (2004); Wilson (2005), Tanner (2011). 
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The specified criteria (i), (ii) and (iii) constitute a set of necessary and jointly sufficient 

conditions for a position to be speciesist. We can arrive, thus, at the following definition 

of speciesism: 

 

Speciesism (Wide Definition) the unjustified disadvantageous consideration or 

treatment of an individual x over another y, either by appeal to their species 

membership or by appeal to other allegedly species-specific attributes which 

members of x’s species are believed to lack and which members of y’s species are 

believed to possess.
55

 

 

In the sections that follow I will consider, and dismiss, several possible objections 

against this characterization of speciesism. 

 

b) The overspeciesism objection 

 

It might be objected that this definition of speciesism does not meet the general use of 

‘speciesism’ in the literature. From this it does not follow that it is inadequate. 

However, it might be claimed that there is reason to reject it. Condition (ii) allows to 

classify as speciesist positions which ground the disadvantageous consideration or 

treatment of some individuals not directly on their species, but on their lack of certain 

species-specific capacities and relations. These would be positions not normally 

                                                
55 This proposed definition of speciesism would fit Kasper Lippert-Rasmussen’s account of 

discrimination according to which: “X discriminates against Y in relation to Z by �ing, if and only if, (i) 

there is a property, P, such that (X believes that) Y has P and (X believes that) Y does not have P, (ii)  X 

treats Y worse than Z by �ing, and (iii) it is because (X believes that) Y has P and Z does not have P that 

X treats Y worse than Z by �ing (iv) P is the property of being a member of a certain socially salient 

group (to which Z does not belong) and (v) �ing is a relevant type of act etc., and there are many acts of 

etc. of this type, and this fact makes people with P (or some subgroup of these people) worse off relative 

to others, or �ing is a relevant type of act etc., and many acts etc., of this type would make people with P 

worse off relative to others, or X’s �ing is motivated by animosity towards individuals with P or by the 

belief that individuals who have P are inferior our ought not to intermingle with others” (Lippert-

Rasmussen 2013, pp. 45-46). Indeed, this is something that Lipper-Rasmussen clearly acknowledges by 

claiming that an account of discrimination that would include all humans while leaving nonhuman 

animals out of its scope would be as morally arbitrary as an account of discrimination that would employ 

different terms for women and men (2013, pp. 19-20).  
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classified as such. I will call this the Overspeciesism Objection. The claim is not that 

there might be a view which is “extremely speciesist” or “too speciesist”,
56

 but that the 

definition presented above is overinclusive: it calls speciesists view which are not 

strictly speciesist. In this section, I will thus refer to the definition defended in this 

article as the Wide Definition of speciesism, as opposed to the definition that prevails in 

the literature. The question at stake here, therefore, is whether the Wide Definition is too 

wide, so much so that is not an adequate one. 

 

Now in order to determine what is the prevalent definition in the literature, let us first 

consider the “Declaration against Speciesism” proclaimed at Cambridge in 1977. There 

it is said that “We do not accept that a difference in species alone (any more than a 

difference in race) can justify wanton exploitation or oppression.”
57

 Indeed it seems 

clear that the authors were using “speciesism” to denote a narrower kind of unjustified 

disadvantageous consideration. Thus on the 

 

Speciesism (Narrow Definition): speciesism is the unjustified disadvantageous 

consideration or treatment of an individual x over another y, by appeal to their 

species membership alone. 

 

Several authors in the literature
58

 endorse the Narrow Definition. They consider that if a 

position allows for the disadvantageous consideration of members of a certain species 

by appeal to individual capacities or relations they allegedly possess, and which are 

considered morally relevant, it is not a speciesist position (even though it may be 

unjustified). The implication would be then that these other types of unjustified 

disadvantageous consideration or treatment of individuals who do not belong to a 

certain species ought not to be classified as speciesist, but differently.  

 

Nevertheless, it is worth asking what further reasons we may have to prefer the Narrow 

over the Wide Definition of speciesism. There seems to be a common worry that, if we 

take “speciesism” too broadly, that would lead us to label some famous animal ethicists 

                                                
56 Further below, I will argue against the claim that a view can be “extremely speciesist”. 

57 See Paterson & Ryder (1979).  

58 Salient examples include Ryder (1970), Singer (1975). 
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such as Peter Singer as speciesist as well. That would somehow be a sign that 

something must be wrong with our definition and that it should thus be revised. Rojer 

Fjellstrom seems to have this in mind when he writes: 

 

“Are there any philosophical opinions favoring humans that do not invoke 

typical human properties? Also, Singer and Rachels would become unqualified 

speciesists in this way, since they defend the higher value of human life by 

pointing to the typical human property of having a biographical life.”
59

 

 

The implication is that, since that would be absurd, we should reject that way of 

understanding speciesism. Thus, classifying Singer's position as speciesist would 

somehow be a reductio of speciesism so defined. 

 

However, it seems that the definition of speciesism should not be appraised by such 

contingent facts, such as whether Singer's position would fall under speciesism or not. 

Maybe it is not the definition that needs revision, but rather Singer's position that needs 

to be revised if it wants to avoid the speciesist charge.
60

 The mere fact that one names a 

prejudice (or popularizes it) does not make one immune to it. So, unless we are willing 

to oppose the definition on an argument from authority, such considerations are not 

pertinent to this conceptual discussion. The Overspeciesism Objection does not succeed, 

ultimately, because by adopting a Narrow Definition of speciesism we would be 

excluding from that category relevant instances of unjustified discrimination based on 

the species to which individuals belong. 

 

In order to see how this would be so, consider the following argument. If the analogy 

between racism, sexism and speciesism is to be taken seriously, we should observe what 

“racism” and “sexism” usually denote. Racism can be defined as the unjustified 

disadvantageous consideration of those who do not have certain physical traits socially 

recognized as related to ethnicity or race. Sexism, on its part, can be defined as the 

unjustified disadvantageous consideration of those who are not classified as belonging 

                                                
59 Fjellstrom (2002, p. 69) 

60 For the speciesist charge on Singer (and the Great Ape Project) see Sapontzis (1993, p. 269-277). 

Notice that I’m not endorsing the claim that Peter Singer is speciesist. Indeed, under the definition I’m 

advancing that could hardly be claimed. 
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to a certain sex. If we were to accept as narrow a conception of racism and sexism as the 

one considered here for speciesism, only those positions strictly based on membership 

in a certain race or sex alone could be classified as racist or sexist. On the contrary, a 

position which entailed the disadvantageous consideration of certain individuals on 

account of their putatively inferior cognitive capacities, which they are supposed to 

possess in virtue of their race or sex, could not be classified as racist or sexist. For 

example, it would not be racist to hold that we should disregard the interests of those 

human beings that do not have white skin, since those that have other skin colors have 

inferior levels of intelligence. Likewise, it could not be considered sexist to base the 

disregard of women’s interests on the claim that women, in virtue of their sex, possess 

inferior spatial intelligence. However unjustified these positions might be, it would not 

follow that they were racist or sexist, technically speaking. However, it seems that there 

is an important sense in which they are. Thus, a narrow definition of “racism” and 

“sexism” just does not seem capable of capturing all relevant instances of such 

phenomena.  

 

These three terms (racism, sexism, speciesism) denote an unjustified disadvantageous 

consideration of those who do not belong to a certain group (ethnicity, sex or species), 

based on morally irrelevant properties, supposedly satisfied by all and only the members 

of another such group. These concepts coincide in their structure. If we insist that 

“racism” and “sexism” denote all those instances of disadvantageous consideration that 

do not strictly appeal to group membership, then “speciesism” should also be held to 

denote those instances of disadvantageous consideration that do not strictly appeal to 

membership in a species. Rather, we should use these terms to cover instances of 

unjustified discrimination based on other alleged group-specific attributes, such as 

individual capacities or relations. 

 

Thus, if we rejected the Wide Definition we would necessarily leave relevant instances 

of species-based unjustified discrimination out. Because we ought not, the 

Overspeciesism Objection fails. 
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c) The justified speciesism objection 

 

Some might deny that lack of justification should be considered a necessary condition 

of speciesism. In fact, some authors have supported this idea by using the term 

“speciesism” to denote both justified and unjustified instances of disadvantageous 

consideration based on species or by rejecting the possibility of  “unjustified 

speciesism” altogether. 

 

These objections seem to miss the target. Regarding condition (iii), the suggested 

definition states of any position P that that if P is speciesist, then P is unjustified. Thus, 

the claim that a position is speciesist can be shown to be false if it is established that 

such a position is justified. For, indeed, if P is justified, then P is not speciesist. This 

will be the case if the criteria for moral consideration which draws a difference between 

the members of S1 and members of S2 satisfy the two conditions mentioned above: (a) 

they are exemplified by all members of the species and only by them; and (b) they are 

morally relevant criteria.  

 

However, according to those who dispute (iii), the proposed definition of speciesism is 

flawed given that speciesism is necessarily justified. That is, they claim that if P is 

speciesist, then it is justified. Some problems seem to follow, though, for a position such 

as that one. Consider the following cases: 

 

(i) A position P allows for the disadvantageous consideration or treatment of 

x against y based on species membership alone. For example, it claims 

that we should abstain from inflicting harm on chimpanzees whereas we 

need not abstain from inflicting harm on orangutans because chimpanzee 

belong to Pan (or in more recent classification Homo) troglodytes and 

orangutans do not (they belong to Pongo pygmaeus or Pongo Abelii). 

 

Apparently, this would make P an unjustified position. Additionally, P would be 

prescribing the disadvantageous consideration of those who do not belong to a certain 

species, based on species membership. If so, then, a position can be both speciesist and 

unjustified. Now consider 
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(ii) P allows for the disadvantageous consideration of some individuals based 

on species-specific attributes other than species membership: 

 

b) Appeal to a certain capacity: we should abstain from inflicting 

harm on dogs, whereas we need not abstain from inflicting harm 

on elephants, because dogs have the capacity to dig and elephants 

do not; 

 

c) Appeal to a certain relation: we should abstain from inflicting 

harm on wolves, whereas we need not abstain from inflicting harm 

on foxes, because the size of moral agents is more similar to that of 

wolves than to that of foxes. 

 

In both cases P appears to be an unjustified position. Again, in addition, P satisfies 

condition (ii) of the suggested definition. It allows for the disadvantageous 

consideration of those who do not belong to a certain species, based on a certain 

capacity or relation that the members of a certain species possess while the members of 

another species lack, and which are allegedly species-specific.  

 

These are all instances of positions which allow for the species-based disadvantageous 

consideration of certain individuals and which, moreover, are unjustified since they 

appeal to clearly morally irrelevant attributes – belonging to Pan troglodytes or Pongo 

borneo, the capacity to dig, or size similarity. Consider now the following two 

additional cases, which would appear as clear instances of speciesism: 

 

(3)  P claims that we should abstain from inflicting harm on humans, whereas we 

need not abstain from inflicting harm on nonhuman animals, because human 

beings have feet with no hair and nonhuman animals do not.  

 

(4)  P claims that we should abstain from harming humans, whereas we need not 

abstain from harming nonhuman animals because human beings can look at 

each other and nonhuman animals cannot.  
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These cases show that, even when only considering anthropocentric speciesism, it is 

false that it is necessarily justified. Anthropocentric speciesists and others would hardly 

defend the previous views. They would clearly believe them to be unjustified, since the 

invoked criteria are absurdly irrelevant to establish a moral differentiation between the 

members of different species. In addition, it is not the case that all and only humans 

would satisfy them. Many nonhuman animals have feet with no hair (e.g., birds, 

elephants, rats) and can look at each other. Also there are human beings that cannot look 

at each other, and there are as well some human beings that have hair on their feet. 

 

These cases show that the claim that our definition of speciesism must imply that is a 

necessarily justified position cannot be sustained. There are instances of 

disadvantageous consideration of members of certain species based on species 

membership, individual capacities or relations which would be confusing to classify in 

any other way than speciesist. Moreover, they are clearly unjustified. There would be no 

sound reason to conclude something different.  

 

Finally, it must be noted that even if there were decisive reasons for the 

disadvantageous consideration of individuals that do not belong to a certain species, that 

would not compel us to revise the definition of speciesism as a necessarily unjustified 

position. Arguably, there may be a justification for a position P that prescribes favoring 

the interests of human beings over the interests of, say, dogs. However, if that is the 

case, then that will make of P a nonspeciesist position, rather than a 'justifiably 

speciesist' one.  

 

 

2.2 Speciesism and anthropocentrism 

 

a) Alleged equivalence 

 

“Speciesism” is commonly used to denote the unjustified favoring of human beings over 

members of other species. The unwarranted assumption underlining this usage is that 

speciesism and anthropocentrism are equivalent terms. Anthropocentrism can be 

characterized as follows: 
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Anthropocentrism: human beings are fully morally considerable, whereas 

nonhuman animals are either morally considerable to a lesser extent or not 

considerable at all. 

 

There are two ways in which the equivalence of speciesism and anthropocentrism may 

be understood, each of them giving rise to different problems. The first understanding of 

“speciesism” and “anthropocentrism” as equivalent terms can be observed in several 

attempts to define speciesism in the literature. While they do not explicitly assert it, they 

certainly presuppose it. Here are some famous examples: 

 

“I use the word ‘speciesism’ to describe the widespread discrimination that is 

practiced by man against the other species, and to draw a parallel with racism”
61

 

 

“Speciesism is the inclusion of all human animals within, and the exclusion of 

all other animals from, the moral circle.”
62

 

 

“A speciesist position, at least the paradigm of such a position, would take the 

form of declaring that no animal is a member of the moral community because 

no animal belongs to the “right” species—namely, Homo sapiens.”
63

 

 

These definitions are problematic since a position is conceivable such that (i) it would  

prescribe an unjustified preferential consideration of members of a particular nonhuman 

species against the rest of them. Imagine, for example, that someone maintains that only 

birds should be given moral consideration and that their interests should always be 

preferred over the interests of other nonhuman species, the reason being that this person 

likes birds but does not feel any sympathy for other nonhuman animals. It seems as if 

this person is being speciesist, insofar as it is favoring the members of a certain species 

(nonhuman) over the members of another (nonhuman), based on an unjustified appeal to 

her relation of sympathy towards the members of certain species (birds). She is not 

                                                
61 Ryder (1983, p. 5). 

62 Waldau (2001, p. 38). 

63 Regan (1985, p.155). 



 

 41

being anthropocentric, though, since she is not favoring human interests over nonhuman 

ones.  

 

In addition, it could also be the case that a certain position (ii) prescribed an unjustified 

disadvantageous consideration of members of a particular nonhuman species, though 

not of all of them. Imagine that someone claims that all sentient nonhuman animals 

should be morally considerable, except rats, whom she finds repugnant. It seems that 

this person is establishing an unjustified differentiation among individuals, based on her 

relation of repugnancy with all the members of a certain species.  She is clearly being 

speciesist, though hardly anthropocentric, since she is not giving preferential 

consideration or treatment to humans over nonhumans, but rather considering the 

members of a certain nonhuman species (rats) against the members of other nonhuman 

species, in an unjustified disadvantageous way.  

 

b) Alleged inevitability  

 

There is another way in which the equivalence between anthropocentrism and 

speciesism might be understood, namely by claiming that anthropocentrism implies 

speciesism. As before this claim has not been explicitly endorsed by philosophers, 

though it is often presupposed in their arguments. This is a very strong claim which 

gives rise to significant problems beyond the conceptual realm. Usually, the equivalence 

does not aim at restricting the scope of “speciesism” to the human species, but rather 

aims at justifying it. The claim may be made more intelligible taken as a premise being 

part of an argument:  

 

(i) Because anthropocentrism is inevitable, it is justified;  

(ii) Speciesism is equivalent to anthropocentrism;  

(iii) Therefore, speciesism is justified.  

 

In other words, since humans cannot help being humans, therefore they are morally 

justified in favoring human beings over nonhumans. This argument requires careful 

examination due to the ambiguity of the terms being used. It seems that in (i) 

“anthropocentrism” is referring to the fact that human beings are epistemically 
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determined to understand the world anthropocentrically. That is, human beings are such 

that the limits and form of their knowledge necessarily takes the human reference. Call 

this epistemic anthropocentrism. This being so, humans cannot help but thinking 

“humanly”, and thus “anthropocentrism” is justified.  

 

Regarding premise (ii), we have already provided sound reasons to reject it. However, 

even if we grant it some plausibility, it should be disputed for independent reasons. In 

(ii) “anthropocentrism” is being used with a different meaning, that is, to denote the 

belief that the satisfaction of human interests has priority over the interests of 

nonhumans. Call this moral anthropocentrism. This is problematic, since epistemic 

anthropocentrism is not equivalent to moral anthropocentrism. While the first is a 

description about the epistemic equipment of human beings, the second one is a 

criterion for moral consideration. Most importantly, moral anthropocentrism does not 

follow from epistemic anthropocentrism. The fact that human beings are endowed in a 

certain way for their understanding of the world does not imply that they are justified in 

giving moral priority to the satisfaction of human interests.  

 

Nevertheless, these are precisely the grounds of common arguments against speciesism. 

The famous philosopher Bernard Williams, for example, writes: 

 

“The word ‘speciesism' has been used for an attitude some regard as our 

ultimate prejudice in favor of humanity. It is more revealingly called 

‘humanism', and it is not a prejudice. To see the world from a human point of 

view is not an absurd thing for human beings to do.”
64

 

 

We can now explicitly formulate the argument as follows:  

 

(i)  Epistemic anthropocentrism is equivalent and/or implies moral 

anthropocentrism. 

(ii)  Epistemic anthropocentrism is justified. 

(iii) Therefore, moral anthropocentrism is justified. 

 

                                                
64 Williams (1985, p. 118; see also 2006).  
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Given that: 

 

(iv)  Moral anthropocentrism is equivalent to speciesism, 

 

(v)  Speciesism is justified.  

 

Yet (viii) does not follow. For the reasons exposed, (iv) is not the case. In addition, we 

should reject (vii), since the equivalence between moral anthropocentrism and 

speciesism is unwarranted.  

 

In conclusion, two important problems arise from a confusion between 

anthropocentrism and speciesism. The first one follows from an equivalence between 

moral anthropocentrism and speciesism. This is problematic because many unjustified 

differentiations of members of nonhuman species would not be classified as speciesist, 

despite clearly satisfying the requirements. The second one is by claiming that 

anthropocentrism implies (and justifies) speciesism. This is nevertheless unwarranted. 

Moral anthropocentrism does not follow from epistemic anthropocentrism and the 

justification for epistemic anthropocentrism does not justify moral anthropocentrism. 

Even if speciesism were equivalent to moral anthropocentrism it would not be justified 

on the basis that (epistemic) anthropocentrism might be.  

 

c) Alleged justification 

 

Moral anthropocentrism is incompatible with the principle of equal consideration of 

interests. In order to assess whether it is, nevertheless, justified, we need to examine 

whether the arguments provided to defend succeed. There have been different attempts 

to defend anthropocentrism. This is typically done by appealing to certain attributes 

supposedly coextensive with the human species and which would ground the greater 

moral consideration of its members.
65

 

                                                
65 See Narveson (1977); Frey (19801); Leahy (1991); Carruthers (1992), Scruton (1996) or Petrinovich 

(1999). Though this is the most sophisticated attempt to defend speciesism, it is not the only one that has 

been employed. On most occasions, moral anthropocentrism is simply asserted as true, rather than argued 

for, perhaps characterizing it as a basic, non-revisable moral belief. Since, however, it is possible to give 
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One way to argue for moral anthropocentrism is simply to claim that membership in the 

human species is morally relevant. That is, by appealing to a definitional defense of 

anthropocentrism. Yet this seems a clear example of an arbitrary position, as it consists 

merely in stating that a certain biological classification is morally important. However, 

there are other attributes that have been defended as supposedly coextensive with 

membership in the human species. The more prominent candidates include such 

capacities as autonomy, self-awareness, rationality or speech, as well as affective, social 

or political relations.  

 

In the past decades, nonetheless, the cogency of these arguments in defense of 

anthropocentrism has been widely challenged.
66

 Consider any of the mentioned 

attributes (autonomy, self-awareness, rationality or speech, and affective, social or 

political relations) which would justify that all nonhuman animals have no moral 

consideration, or less moral consideration, than all human beings. For any of these 

attributes to perform the intended justificatory function, it must be the case that the 

corresponding criterion 

 

(a) is exemplified by all human beings and, at the same time,  is not exemplified 

by any nonhuman being; 

 

and 

 

(b) is morally relevant. 

 

However, none of the aforementioned attributes satisfies these conditions. Let us start 

with requirement (a). Whatever attribute we may use to draw a moral boundary between 

humans and nonhumans will either fail to be exemplified by all humans, or will be 

possessed as well by some nonhumans. This is commonly called the phenomenon of 

                                                                                                                                          
arguments against it and many individuals have abandoned the position, it is indeed revisable. 

Alternatively, it has sometimes been claimed that moral anthropocentrism is true because humans have 

souls, or are especially related to a deity. But since we have no evidence that such things are the case, we 

have no reasons to adhere to moral anthropocentrism on those grounds. 

66 See, for instance, Dunayer (2004), Horta (2010), Pluhar (1995), Regan (1983) or Singer (2002). 
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“species overlap”.
67

 It follows from this phenomenon that for any candidate attribute, 

one must face a dilemma – either to exclude some human beings from the scope of full 

moral consideration (e.g., those who lack certain cognitive capacities) or to extend such 

scope to include also nonhuman animals. Nevertheless, it can hardly be denied that 

human beings who lack some cognitive capacities or fail to enter into affective, social or 

political relations possess full moral consideration. Most of us find that view clearly 

unacceptable.  

 

One criterion that grants all sentient human beings moral consideration is sentience. But 

then, this is a criterion that not only they will satisfy, but also any other sentient 

animals. This means that if we accept a criterion that deprives nonhuman animals from 

full consideration, that criterion will also exclude a number of sentient human beings. If, 

instead, we want to agree on a (not merely definitional) moral criterion that will not 

deprive any sentient human being from moral consideration, that criterion will be one 

that cannot be used to defend moral anthropocentrism.  

 

This conclusion seems also sound regarding the second criterion – that the attribute 

appealed to must be relevant for moral consideration. As already explained in Chapter 

1, the view that having a well-being is what matters for moral consideration seems to be 

a very cogent one. It was additionally argued that sentience is a necessary and sufficient 

condition for an individual to have a well-being of her own. Since sentience is precisely 

the capacity that makes it possible for a being to be affected in positive (pleasure) and 

negative ways (suffering), moral consideration should therefore be extended to include 

all sentient nonhuman beings as well. If we agree on this, then for anthropocentrism to 

be justified it ought to be grounded in another criterion for moral consideration that is in 

itself relevant as well for having a well-being. 

 

Certainly, there are many attributes that can be indirectly relevant for well-being in 

certain circumstances. Being able to enjoy coffee or literature, for instance, can be so, as 

enjoying such things, or being deprived thereof, can increase or reduce our well-being. 

Yet these attributes cannot pass the “relevance test”. That is, for them to be relevant for 

moral considerability they would have to be something that determines that someone is 

                                                
67 For a detailed analysis of the scope of this argument, see Horta (2014a).  



 

 46

morally considerable. In the case of the criteria mentioned above (autonomy, self-

awareness, rationality or speech, and affective, social or political relations) we can 

claim that something similar happens. They can certainly be indirectly relevant for 

having a well-being. This means that in some cases they will be important to make a 

moral decision concerning the interests of those who have them. But these attributes are 

not what determines that someone can have a well-being – only sentience is. If that is 

so, then we can conclude that all these criteria fail to pass the relevance test as well. 

Therefore, they cannot affect the attribution of full moral considerability. 

 

In light of all this, considering what the argument from species overlap and the 

argument from relevance claim, we can conclude that the criteria presented to defend 

moral anthropocentrism cannot be considered successful. In those arguments are sound, 

the implication is that moral anthropocentrism is an unjustified view.  

 

Once we acknowledge that sentience is sufficient for full moral considerability, all other 

distinctions on which to base the disadvantageous consideration or treatment of the 

interests of individuals are shown to be arbitrary. Thus, it is unjustified to give greater 

weight to a particular interest not to suffer of a human being than to a similar interest 

of a dog. Yet it is likewise unjustified to give greater weight to a particular interest not 

to suffer of a dog than to a similar interest of a cow. Therefore, not only 

anthropocentrism, but all kinds of non-anthropocentric speciesism, must be rejected. 

 

Some might claim, however, that speciesist positions should nevertheless be positioned 

in a sort of scale of plausibility, depending on how close of farther away they stand 

from what would count as a proper justification for a disadvantageous consideration. 

James Rachels, for example, offers one such distinction between radical speciesism and 

mild speciesism.
68

 He claims that while, radical speciesism prescribes giving priority to 

the satisfaction of trivial human interests over life-sustaining interests of animals (e.g., 

human gastronomical pleasures override animal suffering in the factory farm), mild 

speciesism prescribes favoring human interests only when comparable nonhuman 

                                                
68 Rachels (1990). 
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interests are at stake (e.g., life or death situation or involving the same amount of 

pain).
69

    

 

However, it is not clear in what way a mild speciesist position is, in any relevant sense, 

more close to being justified than a radical speciesist is. There is a difference between a 

position being justified and a position being more widely accepted. What seems to be 

the case though is that since radical and mild speciesism accord different levels of 

considerability to nonhuman animals, they differ, at least in practice, on the level of 

acceptance they gain from most people. Most human beings share anti-cruelty intuitions 

which could not be accommodated by radical speciesism: they would not accept the 

idea of satisfying the most trivial human interests over the interests of nonhuman 

animals in being alive.  

 

Yet, a position that prescribes the moral consideration of nonhuman animals in some 

respects but not in others is no more justified than a position that prescribes a complete 

disregard of nonhuman interests. Such justification depends solely on the moral 

relevance of the properties being invoked. If a certain property is not relevant to 

establish the disadvantageous consideration of certain individuals regarding, for 

example, their life-sustaining interests, then that property is irrelevant, whether those 

interests are being disregarded in favor of trivial or life-sustaining human interests.  

 

Rachels also makes a distinction between qualified and unqualified Speciesism. Here 

Rachels points out to a qualitative difference between the arguments used to defend 

speciesism, according to the strength of the reasons provided. Unqualified Speciesism 

refers to those positions that do not advance any arguments in support of the priority of 

human interests (e.g., definitional defenses). Qualified Speciesism, on the other hand, 

goes beyond a mere definitional defense of speciesism, and provides reasons in support 

of favoring the members of some species over the members of another (e.g., appealing 

to moral agency capacity).   

 

                                                
69 Zamir (2007), for instance, would fall under such category in what regards, at least, life or death 

situations. 
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This distinction, however, is also problematic. For it seems to presuppose that qualified 

speciesism is more reasonable than unqualified speciesism. Whatever the precise 

meaning of “reasonable”, it should nonetheless not to be confused with “justified”. In 

fact, what seems to be the case is that qualified speciesism is merely based on a more 

complex argument – an appeal to species-specific attributes other than species 

membership. Yet, as we have seen before, the justification of a moral position solely 

depends on the resistance of such attributes to species overlap and to the relevance test. 

And qualified speciesism does not seem better at resisting these challenges than 

unqualified speciesism. Though its higher complexity allows it not to beg the question, 

qualified speciesism does not resist the argument from species overlap nor the relevance 

test.  

 

Moreover, the distinctions made by Rachels seem inadequate, since they give the wrong 

impression that to be a mild or qualified speciesist is more justified than being a radical 

or unqualified speciesist. However, the lack of justification is the same, as it can be 

clearly gathered from the following test. Consider the following qualified, mild 

speciesist position:  

 

(a) The life-sustaining interests of human beings should be favored over the life-

sustaining interests of nonhuman beings, since human beings, by virtue of 

belonging to the human species, engage into relations of solidarity with other 

human beings but do not engage into those relations with nonhuman beings. 

 

Now we may substitute “human beings” by “men” and “nonhuman beings” by 

“women”, as follows: 

 

(b) The life-sustaining interests of men should be favored over the life-sustaining 

interests of women, since men, by virtue of belonging to a certain sex, engage into 

relations of solidarity with other men but do not engage into those relations with 

women. 

 

It is clear how the “reasonability” of the first claim can only be explained by a speciesist 

bias, since both claims are unjustified to the same extent: both considerations are based 

on morally irrelevant properties. However, it seems that the lack of justification only 
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becomes apparent once we substitute the category of species for that of sex. And clearly 

we would not consider appropriate to call (b) qualified mild sexism because that would 

wrongly suggest that such a position would be less sexist (thus, more justified) than a 

more radical, unreasoned form of it.  

 

However, both versions of sexism, because they are equally unjustified, are equally 

sexist. They both prescribe an unjustified disadvantageous consideration of those who 

do not belong to a certain sex, based on a morally irrelevant property (relation of 

solidarity). And there are no good reasons to think differently in the case of speciesism: 

what seems to be determinant in identifying a position as speciesist is not the extent to 

which it excludes some individuals from moral consideration, but only if the criteria 

used to exclude them are justified. 

 

Speciesism is thus more accurately understood as a categorical notion, not admitting of 

degrees.  Independently of the sophistication of the reasons provided to support a certain 

disadvantageous consideration and its extent, a certain position cannot be more or less 

speciesist – either it is or it is not.  

 

2.3 Personism 

 

Some might dispute the relevance of this discussion by saying that most of us are not 

actually speciesists. Instead, we are personists, so there is where the discussion should 

be. This is the path recently followed by Shelly Kagan in an attempt to offer an 

alternative account of what it is that makes it justifiable to favor the interests of all 

humans over the like interests of other animals – a view which Kagan calls modal 

personism.  

 

There have been many attempts in the literature to justify the claim that persons are 

morally considerable to a higher extent than nonpersons.
70

 It is not the aim of this 

section to assess general personhood approaches, even though the end of the chapter 

makes some brief remarks on that debate. For the time being, I will leave open the 

                                                
70 See McCloskey (1979); Melden (1980); White (1989); Carruthers (1992);  
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question of their justifiability. Instead, I will focus exclusively on Kagan’s view. The 

reason is that the general aim of this chapter is to dispute the claim that there is some 

species-specific attribute humans possess that justifies the disadvantageous 

consideration of nonhuman animals. While Kagan argues for the existence of such 

attribute, that need not be true of other versions of personism. Thus, according to  

 

Modal personism: the interests of individuals who are either (a) actual persons 

or (b) modal persons (nonpersons who could have been persons) count more 

than the like interests of other nonpersons. 

 

This might, in principle, qualify as a speciesist position on this chapter’s definition. This 

is because Kagan considers the property of being a modal person to be a species-

specific attribute, and therefore possessed by all members of a species – any species, not 

necessarily Homo sapiens – simply in virtue of being members of that species (of 

course, in addition, in order to qualify as speciesist it would also have to be morally 

irrelevant).
71

 As Kagan puts it: 

 

“[T]his view does not insist that there is something uniquely special about being 

a Homo sapiens per se, being a member of that particular species. But it does 

hold that species membership can matter morally: so long as you are a member 

of a species, any species, whose typical adult members are persons – call this a 

‘person species’ – that suffices to have your interests count more.”
72

 

 

This is why Kagan believes that most of us are personists, in this sense, rather than 

speciesists. We favor the interests of persons (self-conscious individuals) – actual or 

modal – over the interests of nonperson animals (merely sentient beings).  

 

According to Kagan, as stated, a modal person is a nonperson individual who could 

have been a person. There is, of course, a way in which any individual P could have 

been a person, in the sense that there is a possible world in which P’s counterpart is a 

                                                
71 For similar views see  Cohen (1986); see also Cohen & Regan 2001); White (1989); Scruton (1996); 

Schmidtz (1998). 

72 Ibid., p. 12. 
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person. Kagan is well aware of this, so he concedes that perhaps modal personhood 

should be understood as a matter of degree. The possible world in which P’s counterpart 

is a person may be more or less remote from the actual world in which P is a non-

person. He also suggests that there might be a threshold of closeness such that, beyond 

it, the fact that P is a modal person has moral relevance, whereas below that threshold it 

does not.
73

 

 

What Kagan suggests, then, is that we should consider that the worlds that are close 

enough to the actual one for moral purposes are at least those in which P’s counterparts 

belong to the same species as P, provided that P’s species is what Kagan calls a person-

species. A person-species is one whose typical adult members are persons. If an 

individual belongs to a person-species, then that individual could have been a person in 

the morally relevant way. She is a modal person. Therefore, on this view, the morally 

relevant property is that of being a modal person – and not species membership per se.  

 

Modal personism is open to several challenges. First, assuming that being a 

counterfactual person matters, then it seems that being a person in the future ought to 

matter as well. Indeed, it may matter even more, since the latter is closer to the actual 

world than the former. Yet Kagan’s account of modal personhood excludes potential 

persons,
74

 that is, actual nonpersons who will become persons. In line with what has 

been pointed out by Jeff McMahan, this can lead us to conclude – quite implausibly – 

that most anencephalic individuals (modal persons) are morally considerable to a 

greater extent than sentient fetuses and cognitively normal infants (potential, but not 

modal, persons).
75

 

 

If, instead, Kagan bites the bullet and accept that potential persons should also be 

considered for moral purposes his position will run into additional counterintuitive 

scenarios. Namely, the implication that conscious fetuses are to be considered to a 

greater extent than cognitively impaired human adults with similar cognitive capacities. 

This is because while the first actually have the potential to become persons, and thus 

                                                
73 Ibid. p. 19. 

74 Positions that appeal to the potential personhood of human beings have been extensively challenged in 

the literature. See, for instance, Pluhar (1995); Nobis (2004); Cavalieri (2001). 

75 Kagan (forthcoming, p. 3). 
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are very close to being one, the second never had such potential, and thus are much 

more distant from being persons. Hence, despite their having similar cognitive 

capacities, the interests of impaired human adults have less moral weight than the like 

interests of fetuses.
76

  

 

Second, if closeness to the actual world is what matters to determine the relevance of 

the modal property at issue, then we may question the way of identifying the relevant 

closeness of the possible worlds by appealing to species membership. This is something 

that has been pointed out both by David DeGrazia
77

 and Jeff McMahan
78

 using the 

following thought experiment. Suppose that at some point it were possible to artificially 

enhance dogs through genetic modification such that they would incrementally become 

persons in a way that is identity-preserving. If this became possible, then dogs (or other 

nonperson animals for that matter) ought to be considered modal persons in the relevant 

way. This is because, we may imagine, turning them into persons is so easy and requires 

such little effort that they are closer to being a person than a current cognitively 

impaired human adult is. This, even though dogs would still not be members of a 

person-species. Ultimately what must matter for modal personism is how close the 

possible world in which the individual is a person is to the actual world. This is not, 

however, a view that can offer support for the claim that species-membership, even if 

derivatively, can be a relevant criterion.   

 

Finally, we can dispute the general personhood approach (based on actual or modal 

properties). Indeed, the appeal to personhood as a basis for favoring human interests 

over nonhumans ones has been under permanent attack in the literature.
79

 The debate is 

dominated by two main positions: (i) the position that disputes that being a person is a 

species-specific property and (ii) the position that disputes that personhood is a morally 

relevant property altogether Regarding (i), even assuming that it were possible to draw a 

clear line between persons and nonpersons (usually, based on a cluster of complex 

cognitive capacities), it would still not be possible to avoid species overlap. That is, 

                                                
76 Ibid., p. 4.  

77 De Grazia (forthcoming).  

78 McMahan (forthcoming). 

79 See, for example, Sapontzis (1987); DeGrazia (1997), Dunayer (2004); Donaldson &Kymlicka 

(2011a).   
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some human individuals would fail to qualify as persons (by lacking some of the 

specified cognitive capacities) while some nonhumans would definitely qualify as such 

(by exemplifying some of those capacities).
80

 The implication is, then, straightforward: 

while the interests of the former matter, the interests of the latter do not, or, if they do 

matter, it is to a much lesser extent.  

 

One might say, however, that this is precisely the point where Kagan’s modal personism 

succeeds where other traditional appeals to personhood fail. This is because, on Kagan’s 

account, those under the ‘species overlap’ would not be excluded from moral 

considerability, since they would either qualify as actual persons (nonhumans who 

possess the relevant capacities) or as modal persons (humans who do not possess those 

capacities but could have possessed them in virtue of belonging to a species whose 

typical members possess the capacities). Yet, and again, the extent to which human 

nonpersons qualify as modal persons while nonhuman nonpersons do not would still be 

highly questionable on the grounds provided by DeGrazia and McMahan. Given the 

possibility, in principle if not yet in practice, of nonhuman cognitive enhancement, 

nonhuman animals are as close to being a person as a current cognitively impaired 

human adult – or even, perhaps, closer. Therefore, they should not be excluded from 

qualifying as modal persons either.  

 

Alternatively, regarding position (ii), we have reasons to reject the whole personhood 

framework. Whatever attribute or set of attributes we may appeal to in order to define 

personhood, it will greatly vary across human beings (as well as across an individual’s 

life). The implication is that the extent to which human interests matter should then, be 

correspondingly adjusted, allowing for the interests of the least endowed human beings 

to be sacrificed for the benefit of the best endowed.  

 

A personist might respond to this by claiming that personhood (or its underlying 

capacities, such as rational agency) should be considered a range property. There is a 

threshold in the scale of the relevant cognitive capacities such that all those that lie 

above it are to be equally considered persons for moral purposes, whereas all those that 

fall under it are to be equally considered as non-persons. As I will argue in detail in 

                                                
80 See, for instance, Cavalieri & Singer (1993); White (2007); Poole (1998); Cavalieri (2006). 
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chapter 7, however, all such thresholds are ultimately arbitrary. I will defend that both 

the threshold view, and the gradual conception of the relevance of personhood, must be 

rejected. 

 

Moreover, as previously discussed, the implausibility of this scenario suggests that 

complex cognitive capacities cannot justify attributing greater weight to the interests of 

those who harbor them. Possession of more complex cognitive capacities does not 

directly determine the extent to which individuals with a well-being of their own may be 

harmed or benefited by what happens to them. 

 

Hence, if being an actual person is an irrelevant attribute which does not justify 

disregarding – totally or in part – the interests of those who do not qualify as such, then 

being a modal person, is, at least, as equally irrelevant. Therefore any position that 

appeals to it (such as Kagan's) is equally unjustified.  

  

 

2.4 Conclusion 

 

In this chapter I examined the concept of speciesism and determined the necessary and 

sufficient conditions for a position to be speciesist. I concluded that a certain position is 

speciesist if, and only if, it allows for the unjustified disadvantageous consideration or 

treatment of certain individuals, either by appeal to species membership alone or to 

criteria allegedly satisfied by the members of a certain species and only by them. There 

are, nonetheless, several objections that can be presented against this definition.  

 

First, according to the overspeciesism objection this definition is overinclusive. 

However, the alternative Narrow Definition would commit us with leaving relevant 

instances of clear speciesist positions out of its scope. Second, it could be claimed that, 

speciesism cannot be a necessarily unjustified position. On closer examination, 

however, the conceivable counterexamples to such condition prove merely non-

speciesist, rather than justifiably speciesist.  
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I then examined moral anthropocentrism and distinguished it from speciesism. I claimed 

that they are not equivalent concepts and that the idea that anthropocentrism implies 

(and justifies) speciesism is unwarranted. I then provided additional reasons for why 

anthropocentric and non-anthropocentric versions of speciesism are unjustified. 

Whatever the alleged species-specific attributed invoked to favor the interests of 

individuals of a certain species over the members of another ultimately prove morally 

irrelevant.  Next, I argued for a categorical understanding of the concept of speciesism 

such that the attribution of different levels of moral considerability or degree of 

argumentative complexity does not alter a position’s lack of justification.   

 

Finally, I examined a position that might be construed as a further instance of 

speciesism – Shelly Kagan’s modal personism. I conclude that even if this position were 

right in identifying the modal property of being a person as morally relevant, it would 

still not allow for a justified moral distinction between individuals based on species 

membership. As an account of moral considerability, personism (modal or actual) is 

deeply flawed and should also be rejected (a complete argument to this effect will be 

developed in chapter 7). 
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3. WILD ANIMAL SUFFERING 

 

 

In the previous chapters I argued that nonhuman animals satisfy the necessary and 

sufficient conditions for being morally considered. I also argued that there are no sound 

reasons to give unequal consideration to the like interests of human and nonhuman 

individuals. Taking nonhuman interests into account may require different courses of 

action from moral agents. It may often require that we refrain from harming nonhuman 

animals. On other occasions, it may demand that we benefit (or help) them, whenever 

they are in a situation of need. This includes, of course, animals living in the wild.  

 

Many people, however, may find this conclusion hard to accept. This is because they 

hold an idyllic view of nature, according to which wild animals have lives of net value. 

Some believe these animals have a life in “plenitude”, with “plenty of time left to 

play”.
81

 Yet, as we shall see, what lies in store for the majority of wild animals that 

come into existence is a life of net suffering and premature death. In this chapter I 

examine the evidence that suggests that suffering and untimely death indeed 

predominates over well-being in nature.  

 

 

3.1 Population dynamics and wild animal suffering 
 

To examine this problem we can start by first considering what animal population 

dynamics can tell us about the lives of nonhuman individuals. Population dynamics is a 

field of study that examines the variations of different populations of living beings 

through time. It can provide illuminating data for the assessment of wild animal well-

being, as it is concerned with how birth and death rates affect populations. That is, it 

tells us how many animals come into existence and how many of them do not survive. It 

also tells us when, throughout their lives, death occurs. This is a crucial point. In order 

to determine how well or badly animals fare in nature, it is necessary to consider both 

the number of deaths that take place in the wild and the length and content of a typical 

                                                
81  jones [sic] (2014).  
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wild animal’s life. This is relevant not only if we consider that death harms sentient 

individuals (see chapter 1) but also because of the likelihood of death being preceded by 

suffering.  

 

Population changes (in humans and nonhumans) have two main causes. First, 

migrations, which occasionally lead some individuals to leave or join a given 

population. Second, and most importantly, the size of populations is primarily affected 

by the number of births and deaths that happen through time. Populations grow when, 

on average, the number of animals that reach maturity and reproduce successfully 

outweighs the number of juvenile deaths. Populations decline when the number of born 

individuals that manage to become reproductive adults is lower than what is required to 

replace the previous generation. Populations remain stable when natality and mortality 

are in balance, that is, when the number of deaths roughly balances the number of 

births.  

 

Thus, in an ideal situation in which a perfect substitution of individuals took place, the 

number of animals coming into existence in a certain population would be equal to that 

of the previous generation. Yet this is never the case. For each population, the number 

of offspring is consistently higher than the population’s number of mature members. 

Otherwise, populations would disappear. Moreover, a typical wild animal has a much 

larger number of offspring than it would be required to replace her. For example, 

rodents can easily have more than a hundred or even several hundred offspring,
82

 a 

bullfrog (Rana catesbeiana) may reach 20,000 offspring or more,
83

 while a sunfish 

(Mola mola) may lay up to 300 million eggs.
84

 

 

Certainly, if the number of individuals that come into existence and survive is higher 

that the number of deaths, populations grow. This is, indeed, something that 

occasionally happens. For instance, in the last eighty generations, human population has 

had a 40-fold increase. Nevertheless, this is not what usually happens in nature, where 

nonhuman populations are constantly fluctuating. Their numbers may vary within 

                                                
82 Biggers, Finn & McLaren (1962); Wolff & Sherman (eds.) (2008). 

83 See Lu, Sopory & Whittaker (2010 [2000]). In one case a clutch of 40,000 eggs was recorded, see 

McAuliffe (1978). 

84 Froese & Luna (2004). 
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certain levels, though they cannot be growing exponentially all the time. Resource 

availability does not allow it.  

 

We can therefore ask why wild animals commonly have such large progenies. The 

reason is quite simple. While in the human case mortality rates have been dropping 

tremendously, they are extremely high in the case of most animals. For the majority of 

nonhuman births in nature, mortality intervenes before sexual maturity is reached.
85

 

This scenario is due to the reproductive strategies followed by the different species and 

how their growth is limited by various ecological factors.  

 

Certain animals reproduce and transmit their genetic information to future generations 

by increasing the chances of each new individual to mature and reproduce. The animals 

that follow this strategy have few offspring and invest a great deal of parental care. 

Usually, they exhibit high survival rates, with many individuals reaching sexual 

maturity and the population stabilizing near the environment’s carrying capacity (i.e., 

the maximum number of individuals of a certain species that the characteristics of the 

ecosystem allow). Typical examples include humans and the other apes, cetaceans and 

other mammals such as bears and elephants. Most animals that live in the wild, though, 

follow a different reproductive strategy, which consists in producing many offspring 

and investing very little in parental care. As a consequence, and given the finite 

resources available in the environment, they have low survival rates, with most 

individuals dying shortly after coming into existence. Examples range from amphibians 

and fish to invertebrates and mammals, including small rodents.
86

  

 

In ecology, these animals have been traditionally referred as K-strategists (when they 

increase survival relative to the environment's carrying capacity) and r-strategists (when 

they maximize survival by increasing the number of offspring). The reason for this 

choice is related to the factors of a basic equation used in ecology to represent the 

fluctuation of populations, which is Verhulst logistic function. On Verhulst equation, 

the growth of a population may be formalized as follows: 

                                                
85 Ng (1995). 

86 Some species of animals combine both strategies, that is, they have a moderate number of offspring and 

invest some parental care.  
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Where: 

N represents the initial population size; 

t represents time; 

r represents the maximum rate of population growth; and 

K represents the environment’s carrying capacity.
87

  

 

The variation of a population at a certain time t thus depends on three factors: the initial 

size of the population N, the rate at which that population grows r and the maximum 

population size that the environment can sustain K given resource availability (e.g., 

food, space, etc.). Due to this, animals from populations that endure by maximizing the 

survival chances of each new individual (stabilizing near the environment’s carrying 

capacity) were traditionally called K-strategists or K-selected animals. Those who 

endure by maximizing the number of individuals that come into existence (reaching the 

population’s maximum growth rate) were called r-strategists or r-selected animals.
88

 

 

We can now foresee why the prevailing reproductive strategy in nature increases 

suffering and premature death. As explained, only a minority of animals have a small 

                                                
87 Verhulst (1838). The reason why the letter “r” was chosen is that it stands for “rate”. For its part, “K” 

stands for the German word for carrying capacity, Kapazitätsgrenze. 

88 MacArthur & Wilson (1967). These terms have become less used in life history theory, though for 

considerations which are not relevant to the present discussion. Some theorists argued that the animals 

that reproduce maximizing r also exhibit other features – such as thriving and evolving in less crowded 

conditions, maturing earlier or having smaller sizes – while those maximizing K were thought to have the 

opposite features. This was argued mainly in Pianka (1970). However, this has been showed not to be 

really the case, see Stearns (1992); Reznick, Bryant & Bashey (2002). Nonetheless, this does not render 

the these terms useless for our purposes, since that is only to point out that some animals reproduce in 

ways that maximize the number of their offspring, while others do so in ways that maximize the survival 

of their progeny. We may then refer to them as animals traditionally classified as “r-” and “K-strategists”. 

Alternatively, we may say that they are “quantity-focused” or “quality-focused” concerning offspring 

production. At any rate, regardless of the terminology employed, the key idea here is that Verhulst 

equation shows how evolution has driven animals to reproduce in any of the two mentioned ways, or in 

combinations thereof. 



 

 61

number of offspring. The overwhelming majority of them have a huge number of 

offspring which fail to survive.  

 

Consider, for example, the case of frogs. In an average lifetime, a female frog lays many 

more eggs than it is needed to replace her and her partner. If the babies were to survive 

to adulthood, the population of frogs would soon be multiplied by millions. However, 

this is not the case. For instance, they are usually seized by predators, often freeze to 

death or are killed by starvation, disease and parasites. On average, each parent is 

substituted in the next generation only by one individual. As Yew-Kwang Ng remarks: 

 

“[I]n a more or less equilibrium situation where the total population of a species 

is roughly stable, among the many offspring mothered by an adult female over 

all her life, on average not more than one female can survive to maturity to 

produce the next generation of offspring. Thus, from the clutch size of the 

species, we can have an idea as to how high is the number of those destined to 

starvation or to be captured.”
89

  

 

As Ng points out animals are prevented from surviving by different causes. Some die 

from starvation, some are eaten by predators (often alive) and many others are killed by 

disease or parasites, among other causes. Thus, these animals typically die when they 

are very young. Due to this, their short lives appear not to contain much well-being, 

often ending in an excruciating death. Therefore, we have compelling reasons to believe 

that their lives contain much more suffering than well-being. In some cases, they may 

even consist entirely of suffering. Since most animals that live in the wild reproduce in 

the aforementioned way, this implies that the majority of wild animals experience more 

suffering than positive well-being in their lives.
90

 

 

                                                
89 Ng (1995, pp. 270-271). By the time Ng paper was published, the idyllic view of nature had been 

questioned also by Mill (1969 [1874]); Gould (1994); it was also challenged at the time by Dawkins 

(1995).  

90 To be sure, many animals that follow this reproductive strategy die when they are still not sentient, 

hence they do not experience any suffering at all. Nevertheless, there are many others who are indeed 

sentient by the time of their deaths and thus suffer throughout their short lives. 
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We have, therefore, strong reasons to conclude that on aggregate, suffering vastly 

predominates over well-being in the wild. It must be remarked that, as previously stated, 

this is merely the result of the reproductive strategies followed in nature, which tend to 

maximize the transmission of genetic information from one generation to the next. The 

prevalent strategy achieves this aim by maximizing the number of offspring,
91

 almost all 

of which die in misery. Thus, the product of natural history is not the maximization of 

well-being, but rather the opposite. The strategies that tend to maximize the 

transmission of genes have an effect that is contrary to the maximization of well-

being.
92

  

 

Due to the great suffering experienced by newborn individuals, suffering is therefore 

prevalent in nature. Nonetheless, adult animals are also suffer in nature due to multiple 

events. In the next section, I will examine some of the most salient.  

 

 

3.2 Other natural harms of life in the wild 

 

It may be difficult to imagine how hard life is in nature. Wild threats to human well-

being are very well established as part of human history. Even though human 

populations, particularly those with limited assets, are still exposed to some natural 

hazards – mostly water scarcity and exposure to vector-borne diseases (e.g., malaria) – 

human societies have increasingly become less vulnerable to the impact of the natural 

environment. While our species has managed to reduce the impact of environmental 

                                                
91 The number of offspring is not totally maximized, however, since in order to increase the quantity of 

their progeny it is necessary for certain animals to pay some cost. For instance, having bigger clutches 

implies either laying smaller eggs, waiting to reproduce later, or leaving parents weaker and less likely to 

survive in the future.   

92 These harms are the result of the prevalent way in which evolution is shaped, namely natural selection. 

Natural selection determines which offspring survive. Yet another way in which evolution is shaped is 

sexual selection, which determines which individuals manage to mate and reproduce. Sexual selection 

leads to competition to secure a mate, which sometimes includes fighting to death. This selection can also 

result in features (such as bright colors) that are costly from the point of view of survival, since they 

attract potential mates, but also predators.  



 

 63

stresses on human well-being, these are still a permanent cause of suffering and death to 

the majority of other animals, namely those that live in the wild.  

 

Although human beings are seldom threatened by natural forces, on occasions, 

accidents take place. This is the case of unintended encounters between humans and 

other animals, which illustrate how terrifying life in the wild used to be and how it 

normally is for most animals that live there. Consider the following narration of 

environmentalist professor Val Plumwood, after having survived an attack from an 

alligator, while canoeing in Kakadu National Park, in Australia.  

 

“Few of those who have experienced the crocodile’s death roll have lived to 

describe it. It is, essentially, an experience beyond words of total terror (…) The 

roll was a centrifuge of boiling blackness that lasted for an eternity, beyond 

endurance, but when I seemed all but finished, the rolling suddenly stopped. My 

feet touched bottom, my head broke the surface, and, coughing, I sucked at air, 

amazed to be alive. The crocodile still had me in its pincer grip between the legs. 

I had just begun to weep for the prospects of my mangled body when the 

crocodile pitched me suddenly into a second death roll.”
93

 

 

Humans, however, are not typically the prey of crocodiles. Being on the top of the food 

chain, crocodiles feed upon a wide variety of animals, ranging from crabs, prawns, fish, 

frogs and insects to larger animals such as pigs, birds, reptiles, turtles, wallabies and 

even other crocodiles. Death roll is a deadly attack that usually tears the prey apart so 

that consumption is made easier for the crocodile. Nevertheless, as in Plumwood’s case, 

many animals manage to struggle and escape the attack, though escaping is usually not 

the end of their struggle to survive. They often suffer, among many other harms, serious 

physical injury. 

 

 

 

 

 

                                                
93 Plumwood (1995, pp. 29-34). 
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a) Physical injury 

 

When an animal becomes injured but not killed, she suffers at many different levels and 

often the injury is so severe that it prevents her from surviving (such as when it involves 

mutilations). Again, Plumwood’s description highlights this very common scenario: 

 

“I was alone, severely injured, and many miles from help (…) The left thigh 

hung open, with bits of fat, tendon, and muscle showing, and a sick, numb 

feeling suffused my entire body (…) Dingoes howled, and clouds of mosquitoes 

whined around my body. I hoped to pass out soon, but consciousness persisted. 

There were loud swirling noises in the water, and I knew I was easy meat for 

another crocodile.”
94

  

 

Without help and proper treatment injured animals not only suffer tremendously, but are 

also made vulnerable to considerable infections and diseases. As stated, these are 

excellent circumstances for making them easy targets for other predators and also 

conspecifics.  

 

Most physical injuries are caused by inter and intra-specific aggressions such as in the 

case of predation and territorial disputes. Very often, predators do not succeed at their 

attacks and the prey flees, sometimes after a long period of capture (e.g., Plumwood’s 

case). The attack is usually performed in a sudden way, involving stressful pursuit and 

brutal violence inflicted on the prey’s body, causing them severe injury as a result of 

compression, stretching, torsion or penetration of tissues.  

 

In other cases, injury is caused by daily interactions with competitive conspecifics. 

Animals chase and fight each other for multiple purposes, such as to establish a new 

social or mating hierarchy or to protect the young. In addition, animals fight with other 

members of their own species as part of the natural strategies for survival, including 

competing for food, water and space, among other resources. These aggressive 

behaviors usually result in injury, normally aggravated with infection and other related 

diseases.  

                                                
94 Ibid. 
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Forced copulation, a particularly violent case of intraspecific aggression can be also 

observed among different species of animals, namely among primates,
95

 bottle-nosed 

dolphins,
96

 among many other mammals.
97

 It can also be observed
 
in birds.

98
 The rape is 

usually performed by immobilizing the sexually passive animal who struggles to escape 

and involves violent damage of bodily tissues. Among waterfowl, for example, the 

attack is accompanied by scalping, which results in severe injury in the head of the 

victim and can sometimes lead to her drowning.
99

 Occasionally forced copulation is 

performed collectively, analogously to human “gang rape”. Such is the case of “rape 

flights” performed by groups of ducks.
100

  

 

Wild animals are also systematically injured by other natural events, such as flying 

accidents and exposure to harsh weather conditions. Impact injuries, for example, are a 

common cause of death among birds.
101

 Chicks regularly fall down from nests and 

during flights birds often collide and crash in landings. As a result, animals become 

injured in several ways, including suffering from small bruises, hemorrhage and 

fractures, especially in limbs and vertebrae.
102

 Sometimes, impact injury results from 

hailstorms, very common, for example, among waterfowl.
103

  

 

Crushing is also a type of injury which affects wild waterfowl
104

 (as well as 

hedgehogs
105

 and presumably many other species). As the name indicates, it takes place 

when an animal is pressed against the ground (“crushed”), usually by a larger animal. It 

is usually associated with severe hemorrhage, fracture of vertebrae and also rupture of 

internal organs.  

                                                
95 Muller & Wrangham (2009). 

96 Connor, Smolker & Richards, (1992). 

97 Smuts & Smuts (1993).  

98 McKinney & Evarts (1998). 

99 Ibid. 

100 Bailey, Seymour & Stewart (1978). 

101 Beer & Ogilvie (1972). 

102 Bush (1986 [1985]). 

103 Macdonald, Goater, Atkinson & Small (1990). 

104 Beer & Ogilvie (1972). 

105 Bexton & Robinson (2003). 
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Harsh climatic conditions are also a source of injury in the wild, particularly skin burns. 

Skin burns are frequently due to extreme exposure to strong sunlight
106

 but are also 

caused by lightning strikes
107

 or fires.
108

 Depending on the severity of the burn, the 

wounds may go from minor blisters to severe tissue destruction, and in some cases may 

cause death. Burn wounds are definitely one of the most painful forms of injury and 

they are usually aggravated by other problems such as dehydration, lethargy and 

depression. In addition, wild animals sometimes get serious bruises at very low 

temperatures, as it is the case of frostbite, which can cause loss of limbs and damage to 

internal organs (The impact of adverse climatic conditions on nonhuman well-being will 

be developed in a subsequent section of this chapter).
109

 

 

The negative impact of physical injury in wild animal well-being is clear. It constitutes 

a major source of wild animal suffering. There are two ways in which this can be 

observed. First, directly, by considering the experience of pain associated with the 

wounds. And, second, indirectly, considering the disabled effects of the injury on the 

animal’s physical performance.  

 

Regarding the first level, injury is usually associated with intense states of pain, often 

accompanied by other adverse experiences of discomfort and distress. On occasions, the 

pain experienced by an injured animal is so excruciating that the animal struggles to get 

rid of the damaged area through self-mutilation.
110

 The experience of pain has other 

negative consequences on the animal’s condition, especially by leading to a decline in 

food and water intake. As a result, animals deal with weight loss, muscle breakdown 

and impaired respiration, among other adverse effects. Most importantly, infection and 

disease are natural correlates of untreated injury. Without medical aid, the wounds 

become infected by all sorts of parasites (e.g., myiasis). This aggravates the painful 

situation in which the animal already is as well as leading to additional health 

complications (diarrhea, vomiting, visual disturbance, etc.).  

                                                
106 Schmidt (1986 [1985]).  

107 Evans (1910). 

108 Du Toit (2001). 

109 Smith (1970). 

110 Lascalles (1996). 
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Regarding the second level of adverse effects, a wounded debilitated animal sees her 

well-being jeopardized by serious injury-related disabilities. Among others, it decreases 

her ability to escape peril situations, follow her conspecifics and it also prevents her 

from feeding and drinking properly. This debilitating condition increases the animal’s 

susceptibility to predation which leads to a remarkable rise in the number of deaths in 

the wild. As it has been thoroughly documented in the literature, predators are known to 

strategically prey upon substandard animals, that is, those in the worst physical 

conditions. A well-known study carried out by a scientific team assessing the 

correlation between predation and substandard physical condition showed that the rate 

of predation of mountain lions, after an infection among the deer population, was 

observed to be four times higher than before the outbreak.
111

 

 

In conclusion, physical injury is a significant threat to the well-being of animals living 

in the wild. It constitutes a major source of wild animal suffering. Wild animals are 

frequently wounded, often fatally. A significant part of this suffering could be reduced 

and many deaths eventually be prevented if only medical treatment was provided.  

 

b) Hunger and thirst 

 

Food availability is one of the major factors limiting the growth of animal populations. 

This is not relevant in itself to the well-being of existing wild animals. However, it does 

tell us something important about how the lives of these animals usually fare. Due to the 

reproductive strategy prevalent in nature, animals come into existence in great numbers 

despite the scarcity of resources. The fact that food availability is an important factor 

limiting the growth of animal populations implies that a vast number of wild animals 

typically die of starvation. Most of them die shortly after birth. Others, even though they 

survive longer, ultimately starve to death as well. It is also very common that animals 

that do survive suffer from malnutrition. Animals deprived of food experience a 

prolonged and harsh death, characterized by the progressive loss of bodily functions and 

by extreme distress. They suffer from severe digestive complications (such as pain in 

their stomach, or the excruciating states associated with constipation and diarrhea) and 

                                                
111 Miller et al. (2008).  
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serious coordination problems. Other symptoms include faintness, weakness and 

dizziness, accompanied by a rapid decrease in bodily temperature. In the latest stages of 

deprivation, animals usually fall into a coma, only to die from heart failure 

afterwards.
112

  

 

Food availability limits the growth of animal populations in combination with other 

factors, as well, such as predation. In order to avoid predators, animals usually forage in 

areas where the probability of being preyed upon is lower. Usually these are also places 

where food is scarce. When the levels of malnutrition raise to the point whether there is 

danger of starvation, animals risk looking for food in open plains, often crowded with 

predators. Thus, the number of their deaths increases.
113

  

 

Thirst is another source of suffering and death for wild animals. As previously stated, 

the number of animals that exists in the wild vastly exceeds the resources available. 

Water is scarce and many animals die of thirst, especially in times of drought. Thirst, by 

reducing blood volume, produces a feeling of permanent exhaustion, accelerates heart 

rate and causes over-breathing.
114

 Death is usually preceded by a period of intense 

dizziness and the final collapse of the animal.
115

 Again, this situation is usually 

magnified when combined with predation. Frequently, animals under the threat of 

predators do not undertake the risk of seeking for water. Rather they hide in secure 

places where they become increasingly dehydrated and eventually die of thirst. Others 

leave their hiding places in such a weakened condition that they become an easy prey in 

water-hole places. Due to their deep need of water, animals often search for fluids in 

food, thus managing to survive through a long period of time. Yet, as stated, food is 

scarce as well.
116

 Thus, the norm in the wild is rather a combination of starvation and 

thirst, a situation which accelerates dehydration and precipitates death.  

 

 

 

                                                
112 Gregory (2004, p. 83). 

113 Anholt & Werner (1995); McNamara & Houston (1987); Hik (1995); Horta (2010d).  

114 Madhavan (2004); World Preservation Foundation (2010). 

115 Kyriazakis & Tolkamp (2011); Gregory (2004, p. 83). 

116 Ibid. p. 84. 
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c) Extreme weather conditions 

 

Weather-related events are recognizably identified as threats to human well-being. They 

limit food and water availability, increase exposure to disease and isolate populations, 

apart from causing many other losses. In the last decade, research in global 

environmental change has been dealing with the question of how humans, once 

powerless victims of natural phenomena, may now reduce their vulnerability to them as 

well as prevent environmental changes from magnifying climate threats. 

 

Faced with the reality of wild animals living under extreme weather conditions, it does 

not usually come to mind that this also constitutes a serious threat to their well-being. 

Some people may identify an extreme weather in the wild with a snowy, harmless 

winter to which animated films for children have accustomed us. The facts about wild 

animal lives, however, contradict this belief. Animals massively freeze to death and lack 

enough resources to make the majority of them able to thrive.  

 

Weather thus constitutes one of the clearest sources of suffering for animal populations. 

This is the case even when weather is compatible with feasible survival conditions for 

them. Many animals die due to extreme weather conditions, but even those that manage 

to survive will often suffer from cold or severe heat. This happens because the climatic 

conditions that make it feasible for a population to thrive in the wild are not always 

optimal, or even good, living conditions for its individual members. To be sure, there 

are many cases in which this may be so, but there are also other many cases in which 

the reality is far from this. This happens as animals tend to colonize the areas they can 

reach where, often, the environmental conditions for their survival are only barely met 

(including factors such as temperature or humidity levels). Since the alternative is death, 

animals tend to migrate to available places where life is feasible even if for most (if not 

all) of its members that implies living in permanent suffering. Moreover, they often 

migrate to places where they can live for some time and then die as a result of the 

extreme conditions. 

 

Ideally, animals would rather live in places where weather conditions would not only 

allow for survival but also ensure certain levels of well-being. That is, animals would 

seek places where suffering would be absent. In this ideal situation, if there were not 
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enough resources for all, they would simply not multiply. However, this is far from 

being the case in nature, where the tendency is to maximize the transmission of genes, 

which, as we have already seen, is not conducive to individual well-being. Finally, even 

in those cases in which the weather is good for the animals, climatic changes 

(particularly, sudden ones) can also be for them a cause of great suffering and death.  

 

Some might claim that populations will finally evolve by developing adaptations to 

extreme weather conditions (e.g., increasing or decreasing body hair) such that suffering 

will be mitigated. However, this neglects the magnitude of adaptive intermediate 

suffering for many generations. In order for a certain trait to prevail in a given 

population, many individuals must fail to survive due to a lack of that trait repeatedly, 

generation after generation. Even if the trait ultimately becomes dominant it is only due 

to a massive reproductive failure of most animals in a population, which entails a vast 

amount of suffering and premature death.  

 

Wild animal suffering often follows from changes in the weather. That is, the situation 

of wild animals may be bearable during a great part of the year but then suddenly 

become much worse due to a hot summer or a cold winter. In the human case, seasonal 

changes in the weather are usually accompanied by changes in the set of protections 

used to face harsh conditions (more or less clothes, heater equipment, air conditioner, 

etc.). On the contrary, wild animals have to face these alterations with the exact same 

biological equipment. As a result, many animals that might thrive during a great part of 

the year may not be able to survive due to extreme temperatures and usually end up 

dying in agonizing ways.
117

 Seasonal suffering hence leads to a high death rate in the 

wild and, sometimes, may even result in the extinction of a given population. However, 

for the reasons already stated, this is not very different from when populations thrive, 

which imply that most of their members die shortly after birth. In addition, the scale of 

suffering is intensified once we realize that even if an extinction takes place, animals 

will tend to colonize that area again, leading to a continuous cycle of suffering, death 

and recolonization.
118

  

                                                
117 White (2008). See also, for example, Salzman (1982); DelGiudice, Riggs, Joly & Pan (2002); Berger 

et al. (2004). 

118 Dias (1996); Battin (2004). 
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Finally, extreme climate phenomena such as floods, droughts, heavy snows or heat 

waves have a tremendous impact on wild animals’ lives. Exposure to cold can cause 

death and injury to animals. In addition, it requires a great caloric intake of food, usually 

scarce when these natural events take place. For example, in a heavy snow grazing 

animals may be deprived from reaching food and water and may die from hypothermia 

or starvation. In some cases, due to an urgent drive to survive, some animals eat snow 

and ice to remain hydrated in extreme weather and many cannot escape from freezing to 

death. Weather-related events are also a cause of disease in wild animals, sometimes 

being responsible for huge epidemics. This has been specifically linked to the 

transmission of vector-borne diseases, observed as a major cause of mortality in 

different species of afflicted wild animals, including rabbits
119 

and amphibians.
120

 

 

The situation of wild animals is sometimes aggravated by other weather-dependent 

factors, which play a significant role in wild animal well-being. For example, some 

animals depend on certain levels of humidity to survive. Again, it may be feasible for 

some animals to survive in places where humidity is barely above the survival 

threshold. However, these animals will suffer extremely in these conditions. In addition, 

some levels of precipitation, even if not relevant for survival concerns, may have a very 

negative impact on the psychology of some animals.  

 

In sum, wild animals are exposed to extreme climate and weather conditions which 

directly and indirectly constitute a huge threat to their well-being. 

  

d) Psychological stress 

 

In 1936, during an experiment carried out on rats, Hans Selye observed that individuals 

from the control group, in spite of having been exposed only to placebo agents, were 

showing the exact same physiological changes as the rats from the experimental group 

(ulcers, atrophy of the immune system and enlargement of adrenaline glands). He then 

hypothesized that what animals were responding to was the common unpleasant 

                                                
119 Henning, Schnitzler, Pfeiffer & Davies (2005). 

120 See Berger et al. (2004); Pounds et al. (2006). 



 

 72

experience both groups were going through. Selye chose a term previously used in 

engineering to describe the way the rats’ bodies were responding to the negative impact 

they were suffering. He called it stress, and thus initiated the field of stress 

physiology.
121

 

 

The effects of psychological stress on nonhuman animals have been the object of what 

now amounts to a considerable body of scientific research. This is the case due precisely 

to the physiological similarities between human and nonhuman animals (particularly 

apes), the latter constituting an enlightening (and allegedly ethical) source of data which 

helps us explain relevant phenomena about the former – the impact of psychological 

stress on human health being one of them.  

 

Stress is the physiological response to a stimulus (called “stressor”) that is perceived by 

the animal as a harmful event or a threat to her survival. The response may be triggered 

by an actual environmental pressure, such as extreme weather conditions (physical 

stressor) or by the mere expectation that a threat is about to take place (psychological 

stressor). It increases the discharge of adrenaline and cortisol (the so-called “stress 

hormones”), leading to a rise in heart rate and blood pressure. It also temporarily 

suppresses various biological processes, such as the immune system. The alteration of 

immune functions can in its turn impair the individual’s health in various ways, thereby 

increasing morbidity to disease and infection. As in humans, stress can often cause 

arrhythmias and heart attacks, which may sometimes be lethal.  

 

Nonhuman animals are afflicted by an enormous variety of stressors. However, the 

effects of the adverse circumstances animals face daily in the wild are still an 

undeveloped topic of scientific inquiry. Most research that has been carried out to date 

either deals with the effects of psychological stress on domestic animals
122

 or with the 

effects of housing on wild animals in captivity.
123

 

 

                                                
121 Sapolszky (1990).  

122 See for example, Dantzer & Mormède (1983); Wiepkema & van Adrichem (eds.) (1987); Moberg & 

Mench (2000); Broom & Johnson (1993). 

123 See for example, Price (1999); Dickens, Earle & Romero (2009); Carlstead, Brown & Strawn (1993); 

Clubb & Mason (2003). 



 

 73

Wild animals, however, go through very stressful situations in their natural 

environments. For example, they experience physical trauma, live in places with a high 

density of predators or parasites, face conflicts with conspecifics and have to endure 

constant variations of food, water and temperature. In addition to how harmful in 

themselves these situations can be for animals, they also cause them to suffer from 

psychological stress.  

 

Predator-induced stress is the most salient form of stress in the wild. It is usually 

triggered by three main events: (i) predatory activity; (ii) predator-avoidance decision-

making; and (iii) the expectation of predation.  

 

Regarding (i), stress responses are caused by the scenario in which a prey engages in 

direct confrontation with a predator. The capture, which often results in the prey’s 

death, is usually preceded by the experience of intense terror that comes with fleeing for 

one’s life. The path that leads to death often involves brutal fighting for survival, and it 

is not uncommon for the horror of the event to be intensified by the prey being 

consumed while still alive. The encounter between an animal and her predator may be 

so intense that sometimes stress alone can kill the prey.
124

 As an example, in a study 

carried out on wild rats, after being forced to listen to a tape recording a fight between a 

cat and a rat, animals died of heart attack.
125

  

 

Regarding (ii), stress is significantly correlated with predator-avoidance decision-

making. That is, with the forced balance animals have to make between food 

availability and predator density. Given both environmental stressors, animals must 

choose either to decrease food intake or to increase the risk of being caught by 

predators.
126

 Both options imply great levels of stress for animals, though they typically 

favor to forage less over being exposed to predators. Animals decrease the risk of 

predation by hiding in places where food is scarce but the likelihood of predators is low. 

In such circumstances, additional stressors arise, mostly due to starvation and 

dehydration.  
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126 Clinchy, Zanette, Boonstra, Wingfield & Smith (2004). 



 

 74

 

Regarding (iii), the expectation of predation is a powerful psychological stressor for 

wild animals. It is sometimes aggravated by certain human interventions in the wild, 

such as ecosystem restoration programs involving the reintroduction of predators.. The 

process usually goes as follows: a certain species is transforming the ecosystem in a 

certain way, and its ancient predator, currently extinct in that ecosystem, is reintroduced 

in order to restore the ecosystem to the way it previously was. By doing so it is expected 

that the predators will stop their prey from changing the ecosystem both by killing them 

and by changing their behavior. This happens, for example, in the case of the 

reintroduction of wolves in areas in which deer graze a plant over certain limits 

considered to be acceptable. The wolves are reintroduced to stop the deer from grazing 

in certain areas. They will prey upon the deer, thereby reducing their numbers, and, in 

particular, because the deer will stop grazing openly out of their fear of being killed by 

the wolves. As already stated, when confronted with the risk of predation, animals 

choose to decrease foraging by hiding in more scarce places where predators cannot 

easily locate them. The biological dynamics that follow from this is usually referred to 

as the “ecology of fear”. A very representative case of this type of harmful human 

intervention is the reintroduction of wolves that took place at Yellowstone Park in the 

USA, which halved the population of deer.
127

 Apart from living in a “landscape of fear”, 

these animals are also prompt to suffer from other related complications caused by food 

and water scarcity and usually die in very painful ways, stricken by disease and other 

afflictions.  

 

Apart from predation-induced stress, other stressors in the wild have been recognized in 

the literature such as stress responses to weather,
128

 food shortages
129

 and drought.
130

 All 

species in the wild are likely to suffer from these environmental pressures. Other 

pressures, however, only affect a small range of wild animals, namely species that 

exhibit social behavior. Life in social groups, in which competition and conflict govern 

daily interactions, involves great costs for animals. The social status that each animal 

occupies in a given dominant hierarchy may have a tremendous impact on her well-
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being. For example, different social species like primates,
131

 monkeys,
132

 rodents
133 

and 

fish
134

 have exhibited stress responses to social subordination. This situation has been 

shown to have an impact on reproductive competence as well as to be related to 

depression in different low-ranking members of social species.
135

 It also increases the 

susceptibility of these animals to stress-related diseases.
136

 In social species, serious 

episodes of stress are also triggered by adverse events such as maternal separation, for 

both mother and child. This separation may have profound consequences on the 

physiology and behavior of these animals, often throughout their entire lives. After the 

separation, infants exhibit increased reactivity to stress across their lifespans and the 

risk of disease becomes higher. Rodents and primates
137

 are common victims of this 

form of suffering, though there are no good reasons to believe it is not widespread 

among other social species. Mothers, once separated, show diverse sickness 

behaviors.
138

 

 

As these facts show, psychological stress constitutes a form of suffering to which 

animals living in the wild are constantly exposed. Fear, anxiety and distress can be a 

part of their lives as much as they can be a part of human experience. 

 

e) Predation 

 

As illustrated by Plumwood’s experience of being a prey, human beings are not immune 

to attacks from predators. Even though human vulnerability to predation is 

exceptionally low when compared to other animals, in some parts of the planet deaths 

still occur. In Namibia, for instance, crocodiles killed 23 people between 2000 and 
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2004.
139

 From 1990 to 2004 in Tanzania there have been 815 lion attacks to humans, 

from which 563 terminated in death.
140

 Also, in the Indian state of Kashmir, leopards 

were responsible for the killing of 16 people from 2005 to 2007.
141

 The terror of dying 

at the claws of a predator may be hardly conceivable for most of us humans. Yet, for 

almost the totality of wild animals it constitutes a daily threat.  

 

Predation is a biological interaction between two organisms that results in the killing 

and consumption of one of them (the prey) by the other (the predator). The predatory 

activity may assume distinct forms. For example, the prey may be consumed after or 

prior to being killed. The killing may be abrupt or rather slow and agonizing. 

Nevertheless, it consistently involves great violence being inflicted on the prey. Since 

all nonhuman animals at some point in their lives are exposed to predators, predation 

proves to be one of the most significant sources of wild animal suffering.  

 

The presence of predators in a given environment limits the size of prey-populations in 

two main ways. Firstly, it directly impacts the prey population mortality rates through 

successful predatory interactions. Many people believe that there is a perfect balance 

between predator and prey populations such that no significant variations on their size 

take place throughout time. However, the biological dynamics that results from 

predator-prey interactions constitute a cycle of growth and decline for both predator and 

prey populations, even in relatively stable environments. A prey population will tend to 

reproduce and grow exponentially until it is limited by predation. This means that the 

population will decrease while the number of predators grows. Then predators will 

ultimately surpass their food supply and end up starving.
142

 Thus, predator population 

will also decrease. As the number of predators declines, the prey population will 

increase again. The cycle shall then indefinitely repeat itself. 

 

                                                
139 See Table 4 of Republic of Namibia (2004).  
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Secondly, the presence of predators indirectly restrains population numbers by being 

associated with other harmful events such as starvation and psychological stress. This 

happens mostly due to the creation of the so called “landscape of fear” (as already 

discussed in previous sections by which animals reduce the risk of meeting predators by 

staying away from open places where food is normally available. This situation 

commonly leads to permanent malnourishment of prey populations and often leads to 

death by starvation. The permanent situation of alarm in which animals encounter 

themselves is also responsible for triggering intense stress responses (in line with what 

has been described in the previous section).  

 

Predation is a powerful selecting force in nature, both for prey and predator species. 

Species usually hunted as prey have developed different types of defenses such as 

coloration, camouflage and mimicry, by which they avoid or resist attacks. Predator 

species, in turn, have also evolved in a variety of ways so as to increase predatory 

success. Some adaptations include speed, camouflage and an advanced sensorial 

system. As regards specific killing adaptations, they include sharp teeth and claws, 

venom release and strong jaws. Mimicry, long identified with the chemical defense 

technique by which the prey tries to look like another species in order to survive, has 

recently been observed in some feline species as a hunting technique. Researchers in the 

Brazilian Amazon discovered that margays, a species of wild cats, imitate the vocal 

sounds of tamarin monkeys in order to attract them to what they are lead to believe is a 

conspecific and ultimately kill them.
143

 The process by which all these traits become 

prevalent is built upon the suffering and death of those countless individuals (both 

predator and prey) who failed to adapt to their environment.  

 

It is difficult to estimate the suffering that results from being preyed upon. Nevertheless, 

a brief overview of the different killing methods which animals use in the wild may help 

us imagine how the experience of being a prey must feel like. There is a widespread 

belief that attacks by predators happen in a rather fast and elegant way. Wildlife 

documentaries usually reinforce this mistaken view of death in the wild. Contrary to 

this, though, being preyed upon is usually a terribly bloody experience which involves 

struggling desperately for survival, often during many hours. Consider the following 
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case of a baby elephant being eaten alive by hyenas, documented by the wildlife 

photographer Michael Poliza: 

 

“This scene is probably the most shocking and emotionally difficult scene I have 

ever witnessed in nature. This young elephant got stuck in mud and was 

abandoned by his parents. Hyenas found it and started to eat it alive. The calf 

could obviously not move and the hyenas started at the trunk and ate it and most 

of the head skin and meat (…) We only found the elephant at a time when the 

trunk was already eaten and I could only "handle" to take a few photographs. At 

this stage it was already too late for the calf. But it did not let go (...) About 2 

hours later the elephant was still alive and at that time the hyenas had already 

eaten the eyes and skinned his skull completely. The calf kept fighting and 

continuously called for help.”
144

 

 

It is characteristic of hyenas to eat their prey while she is still alive. This may not come 

as surprising as it may be regarding other mammals which enjoy a better reputation in 

the wild (at least as we see it). Chimpanzees, for example, not typically represented as 

predators, can also exhibit a hideous predatory behavior. The way in which 

chimpanzees hunt small monkeys by chasing, capturing and ripping them apart is 

particularly appalling. Some male orca whales are known to chase grey whales and their 

calves to exhaustion so that they can prey upon the unprotected calf, mostly for their 

soft tongues. Other particularly gruesome forms of predation carried out by large 

mammals include wolves disemboweling their prey, coyotes chasing and biting the legs 

of the prey until they collapse of weakness, felines or cougars killing their prey by 

suffocation and bears mauling and biting the spine of the prey for long periods of time 

before killing.   

 

Some of the most terrifying predators can be found among reptiles. Snakes, for 

example, usually swallow the prey whole and alive. The prey then becomes 

immobilized by venom injected through the fangs until the digestive process takes 

place. Another deadly carnivorous reptile is the Komodo dragon, which follows a 

“venom-plus-wounding” approach to their prey. Due to their much sharped teeth, these 
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animals combine venom discharges with multiple lacerations on the victim. This always 

results in a certain death, even if the prey manages to escape the attack. Small mammals 

such as shrews also carry out a similar predatory technique, by paralyzing and slowly 

devouring their prey, sometimes for days, until the animal finally dies due to her 

injuries.  

 

Invertebrates also sometimes hunt and kill other animals in ways that cause them great 

amounts of pain. Birds, snakes, frogs, lizards, mice and bats are common prey of 

spiders, for example. Usually, the process is long since it consists in a smaller animal 

eating a much bigger one. Spiders may discharge venom in the prey or inject them with 

other substances that cause the liquidification of internal organs and then consume 

them.
145

 On other occasions, the prey becomes trapped on the webs and ultimately dies 

of exhaustion, lack of food or liquids or excessive temperatures. Insects can also hunt 

and kill their prey in very painful ways. Some beetles are a paradigmatic example of an 

extremely long predatory attack. They paralyze the prey and feed off the animal for 

many hours until she dies.
146

  

 

Finally, predation is more prevalent than we usually think of – it only needs an 

opportunity to arise. Animals such as turtles, fish, birds and frogs may eat mice. In 

addition, animals can also be trapped and eaten by carnivorous plants. These plants 

(e.g., Nepenthes) normally have a deep cavity with chemicals used to trap their victims 

(mostly insects but also small vertebrates), from where it is almost impossible to escape. 

Usually the prey drowns and gets consumed by the plant.
147

  

 

From what has been said, it follows that predation is, perhaps more vividly than any 

other natural event, a major source of wild animal suffering and death.  
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f) Parasitism and Disease  

 

Other naturally destructive events sometimes associated with predation, though often 

overlooked as a cause of wild animal suffering, are parasitism and parasitoidism. They 

consist in an interaction between two organisms which usually takes place during long 

periods of time (unlike predation) by which one organism lives and feeds upon the other 

(the host), thereby reducing her fitness (i.e., individual capacity to successfully 

reproduce and survive) and ultimately leading to her death. Parasites and parasitoids 

have a similar life history insofar as they spend most of their existence obtaining 

nourishment from a host. Parasites, unlike parasitoids, do not kill their host even though 

the association has a negative impact in the host’s fitness.  

 

Parasites and parasitoids (henceforth only “parasites”) may live inside the body of their 

host feeding on internal organs and reproducing profusely, such as it is the case of 

helminths (flatworms) and protozoa (unicellular organisms). The life cycle of these 

parasites varies significantly, insofar as they use different strategies for survival which 

consist in moving from one host to another. Helminths, for example, which usually 

infect the host by being ingested, normally reside in the host’s gastrointestinal tract, 

where they release their offspring. These, by being then excreted, will eventually find 

another host in the environment who will later harbor them. Protozoa, on the other hand, 

can be found in the host’s blood system. In order to reach another host they usually 

require the assistance of vector insects, who through biting and sucking the host’s 

blood, carry the parasite from one animal to another. Alternatively, parasites may be 

located on the surface of the host’s body, usually on her skin or fur, as it is typical of 

ticks and mites. These external parasites usually travel between hosts when they make 

direct contact.  

Sometime during the lifetime of a wild animal she becomes host of multiple parasites.
148

 

Being the host of a parasite affects animals in various harmful ways. Parasites have 

been known to cause behavioral alterations on their hosts so as to significantly enhance 

transmission, primarily by increasing their vulnerability to predators (the final hosts in 

their life-cycle). Toxoplasma Gondii, for example, a protozoan parasite, is widespread 
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among wild mammals and birds, though mostly harbored by felids. This parasite has 

been reported to manipulate a rat’s (intermediate host) perception to the risk of being 

preyed upon by cats (final host).
149

 Another example consists in a flatworm that infects 

fish and induces cataract formation so that the fish’s ability to escape bird predators 

results impaired.
150

 The green-banded broodsac, arguably one of the most morbid forms 

of helminths, enters into the digestive system of snails and grows large cysts that travel 

to the host’s tentacles, giving them the appearance of a caterpillar and thus increasing 

their exposure to bird predators.
151

  

 

Parasites also harm their hosts in more direct forms. Population declines in threatened 

mammals have been associated with the presence of up to 30 species of parasites. This 

threat is estimated to affect 54% of the carnivorous population and 67% of primates.
152

 

Among other mammals, several parasites are also associated with high death rates, 

usually aggravated by a combination with food deprivation and other diseases. The 

canine sarcoptic mite, for example, widespread in cats, pigs, horses and many other 

species, has been identified as the cause of up to 90% mortality of the fox population in 

Norway and Sweden and since then reported in other places across Europe.
153

 

 

Even when parasitism does not result in death, the damage to the host’s body is 

significant. Leishmania, for example, transmitted to wild canids by the bite of sandflies, 

leads to leprosy-like lesions to nose and mouth. Giardia lamblia, a protozoan parasite 

common among beavers, various mammals
154

 and waterfowl
155

 and acquired by the 

accidental ingestion of cysts from feces of infected animals, has nasty effects on its host, 

such as chronic diarrhea, abdominal cramps, nausea, dehydration and weight loss. Wild 

birds, highly susceptible to harbor parasites, are usually damaged by different types of 

destructive worms. They often exhibit large visible tunnels on the stomach or intestine, 
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with bacterial peritonitis and secondary infections as well as thick-walled granuloma.
156

 

In addition, birds are also prompt to host tracheal worms, which results in major 

respiratory distress, against which they struggle by coughing, sneezing and shaking their 

heads in an attempt to expel the parasites. As a consequence, they may lose body mass, 

suffer from anemia and often die of starvation.
157

 Moreover, all infected animals see 

their reproductive success impaired by the general debilitating condition caused by 

harboring parasites.  

 

Some particularly rare and gruesome forms of parasitism may also be found in the wild. 

Consider the infection by cordyceps (Ophiocordyceps unilateralis), a particularly 

horrifying parasite fungus that affects wild ant populations. After infecting the host the 

fungus takes control over her nervous system, a process also known as zombification. 

The ant is directed to a location where the fungus can continue its life-cycle, such as the 

underside of a leaf. Once there, the fungus forces the host to grip the leaf with her 

mandibles thereby fixing her in place. The fungus eats the ant tissue and replaces it with 

fungal sprouts out of which spores shall be finally released
158

.  

 

As any other limiting factor for populations, parasitism has been observed to interact 

with other environmental stressors, such as inclement conditions
159

 and food 

availability, thereby worsening its effects on wild animals.
160

 For instance, birds 

parasitized with blow fly larvae had a higher mortality rate than unparasitized 
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individuals during a period of wet, cold weather. Likewise, snowshoe hares have 

exhibited the presence of intestinal parasites only during periods of food scarcity.
161

 

Wild animals may also suffer from parasitic diseases caused by bacteria. Among the 

most prevalent are Tuberculosis – a disease predominantly affecting the lungs and 

reported in various wild species (including badgers, foxes and rats
162

) – and Lyme 

disease, considered one of the most important tick-borne diseases, which affects vital 

organs such as the heart and nervous system. It has been observed in a wide range of 

species such as birds, squirrels, various rodents and deer.
163

  

 

One of the most startling instances of parasitic diseases is the Devil Facial Tumor 

Disease, responsible for a 60% decline of the Tasmania Devil population.
 
It consists of a 

highly transmissible parasitic cancer, caused by a non-viral clone of malignant cells.
164

 

The transmission occurs through biting, a very common activity among the devils, by 

which the hosts infect other devils. As a result, a multiplicity of complications arises, 

such as a failure in properly feeding due to tumors and metastases in the oral cavity, as 

well as various infections. Death usually follows long periods of acute pain and 

starvation.
165

  

 

Diseases in the wild are very harmful to wild animals’ well-being, leading them to an 

early and painful death. Nevertheless, they are usually very hard to detect. Their 

prevalence among wild animals can be compared to an iceberg. It is only its top that 

appears visible to us, an insignificant fraction of its total volume. There are two main 

causes that converge to bring about this scenario. Firstly, until very recently research on 

wild animal disease has been an underestimated field of inquiry. Wild animal disease is 

thought to be relevant only inasmuch as it proves instrumental in bettering our 

knowledge about and treatment of diseases affecting human and domestic animal 
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populations.
166

 Secondly, disease is a fundamentally surreptitious phenomenon, often 

resulting from many factors interacting simultaneously. Unlike humans and other 

animals under human control, wild animals are anonymous. We can make estimations 

about their numbers and whereabouts, but we do not have accurate records of them. In 

addition, sick and dead animals are very quickly assimilated in the environment by 

predators and scavengers. As a consequence, the results of wild animal death caused by 

disease remain, for the most part, hidden from us.
167

 This strongly suggests that the 

number of animals affected by disease and the magnitude of the suffering and death that 

follows from it are much greater than we normally think of.  

 

Disease in wildlife is generated by a causal network consisting in several factors which 

interact to produce it. Along with the infectious agents, many environmental factors 

may contribute to reduce immune responses, such as overcrowding, exposure to 

predators, food availability and inclement weather. Conversely, disease may indirectly 

affect the survival of wild animals through increased vulnerability to other factors such 

as predation, nutrition and harsh weather conditions.
168

 Since animals need to allocate 

finite physiological resources among these competing needs, those resources used to 

prevent or fight disease will be displaced from reproduction, predator avoidance or 

endurance of inclement conditions, creating a disadvantage for sick animals within their 

populations.  

 

Wild animals also suffer and die due to diseases typically associated with human beings. 

Malaria, for instance, a vector-borne disease still widespread across human populations 

around the world, affects a broad spectrum of wild animals, ranging from primates
169

 to 

birds, including penguins.
170

 It has been claimed that Ebola, one of the most contagious 

viral diseases, has been responsible in the last decades for the death of approximately 
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one third of the gorilla and chimpanzee populations around the world.
171

 Other 

examples include hepatitis B, which can be found in a variety of mammals and birds, 

such as chimpanzees
172

 or ducks.
173

 A particularly shocking case of disease that affects 

wild animals whilst having been long eradicated in human populations is the Black 

Death, found in prairie dogs and ferrets. The disease has decimated the population of 

prairie dogs in North America and, as a result, black-foot ferrets, their natural predators 

have also been affected.
174

 Other well-known diseases among domesticated animals, 

such as the swine fever and brucellosis, also affect wild populations. In Europe, the 

swine fever was responsible for the death of over 10,000 pigs back in 1997 and can still 

be found in wild boars.
175

 In Yellowstone, for example, buffalos have manifested a high 

vulnerability to brucellosis.
176

 

 

As it has been shown, animals in the wild are prone to be infected by a large number of 

parasites. They are also highly susceptible to other different forms of disease. In the 

overwhelming majority of cases, these conditions either cause huge suffering to the 

animals or are responsible for bringing about their deaths by direct or indirect means, 

i.e., by increasing their susceptibility to predation and other harmful events.  

 

 

3.3 The positive case for intervention 

 

In the previous chapters I argued that the interests of animals that live in the wild should 

be given a consideration equal to the interests of other sentient individuals. Sometimes, 

considering their interests requires that we refrain from harming them. Some other 

times, those interests call for our intervention in order to alleviate animal suffering or, 

alternatively, to provide animals with some good.  
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Intervening in nature would not be of foremost concern if the idyllic view of nature 

were true. That is, if it were the case that the aggregate value of wild animal well-being 

was net positive. Nonetheless, as I have explained throughout this chapter, nature is not 

a source of well-being for animals. Instead, it is a source of permanent suffering and 

death.  

 

First, data from population dynamics show that due to the prevalent reproductive 

strategy in nature, animal suffering vastly outweighs well-being. For the majority of 

these animals their average situation is actually analogous to a case of massive 

extinction. A population becomes extinct when all its members die. Often, all of its 

members die in misery, that is, they experience tremendously painful deaths. Yet this 

scenario is quite similar to the one that takes place when populations thrive, which, as 

stated, does not imply that its members do flourish but rather implies that most of its 

members have short lives, full of suffering, ending in an agonizing death. Only a small 

minority of wild animals (those who survive) experience something different from what 

happens in a scenario of extinction.  

 

Second, during their lives, wild animals face many threats to their health and physical 

integrity, which entail a great amount of suffering: physical injury, severe hunger and 

thirst, extreme weather conditions, and psychological stress. In addition, they 

experience excruciating deaths due to predation or parasitism, often debilitated and 

killed by disease. 

 

The evidence thus suggests that we have strong reasons to intervene in nature in order to 

reduce wild animal suffering. On the face of it, this conclusion may seem 

counterintuitive. Nonetheless, when considering similar cases involving human beings 

our intuitions become adjusted. Consider, again, Val Plumhood’s crocodile attack, to 

which I have been referring throughout the chapter. The fact that she was able to tell her 

story indicates something of crucial importance: that she obtained help and survived:  
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“In the end, I was found in time and survived against many odds. A similar 

combination of good fortune and human care enabled me to overcome a leg 

infection that threatened amputation or worse.”
177

 

 

Most of us think that Plumwood was fortunate to survive. We also think that those who 

helped her did the right thing. As we are aware, wild animals’ encounters with predators 

and other natural causes of injury often have a very different end. However, if human 

and nonhuman suffering is to be equally considered there are no non-arbitrary 

considerations that favor assisting Plumwood and not assisting other animals in similar 

circumstances. We ought to act so as to alleviate the suffering of other individuals, and 

we must do so whilst rejecting all kinds of unjustified differential consideration of those 

in need. 

 

That is indeed how in the previous chapters I argued that we should proceed. I presented 

several arguments that show that speciesism is unjustified, and that we must take the 

interests of all sentient animals (including animals that live in the wild), into full moral 

consideration. If those arguments are correct, then we have reasons to alleviate the 

suffering experienced by all sentient animals. In fact, even if speciesism were correct, as 

long as the interests of animals mattered to some extent, we would still have reasons to 

aid those who are in need of help in nature. The fact that animals that live in the wild 

endure numerous and permanent harms is then relevant in order to determine the kind of 

environmental interventions which are morally due. 

  

The positive case for intervention in nature can thus be synthesized as follows. On the 

assumption that  

 

(i) We ought to aim at preventing or reducing the harms suffered by other 

individuals, whenever it is in our power to do so; 

If,  

(ii) Speciesism (and, accordingly, personism) are unjustified, so that the 

interests of all sentient individuals, including nonhuman animals, are fully 

morally considerable; 
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And,  

(iii) The interests of wild animals are systematically frustrated by different 

natural events, so that most of them have lives of net suffering; 

Then,  

(iv) We have reasons to intervene in nature so as to prevent that will animals 

have lives of net suffering or, at least, to reduce that suffering, whenever it is 

in our power to do so. Moreover, these reasons are as strong as those we 

would have to intervene in order to help human beings that were in similar 

circumstances. 

 

In the next chapters, I argue that the different objections that can be pressed against 

intervening in nature for the benefit of wild animals ultimately prove unsuccessful. 
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4. PERVERSITY AND FUTILITY 

 

 

In the previous chapter I provided an account of the different harmful events that wild 

animals have to endure and of the causes of the prevalence of suffering over well-being 

in nature. I claimed that in light of the evidence presented and of the arguments 

advanced in previous chapters, we have decisive reasons to intervene in order to reduce 

these harms. Yet several objections may be put forward against the conclusion that 

intervening is what we should do.  

 

Certain positions would claim that  

 

(I)  we have decisive reasons not to intervene. That is, the reasons we have not to 

intervene in nature are stronger than the reasons we may have to intervene. 

Thus, not intervening is what we have most reason to do. The facts that give 

us decisive reasons not to intervene may vary, depending on the position one 

endorses. For example, it may be that intervention would jeopardize other 

more important values, it would have perverse effects or it would simply be 

futile. If this were the case, then not intervening would be what we ought to 

do.  

 

Other positions would endorse a different claim, according to which 

 

(II) we have merely sufficient reasons not to intervene. That is, the reasons we 

have not to intervene in nature are not outweighed by the reasons we may 

have to intervene. There may be several explanations of why our reasons not 

to intervene are merely sufficient. For example, it may be that we normally 

lack the kind of relationship with wild animals that generates decisive 

reasons to help them. Thus, our reasons for and against intervention are 

equally strong. This does not imply that we should not intervene, but rather 

that intervening is not what we ought to do. 
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In this and the following chapters I assess the different objections that can be pressed 

against intervening in nature for the benefit of wild animals. Firstly, I develop a 

taxonomy that classifies these objections not by their axiological assumptions but by the 

strength of the reasons there are not to intervene; and, in a more specific way, by the 

particular type of criticism aimed at intervention. Secondly, after assessing each of the 

alleged categories of reasons on which to base the case against intervention, I claim that 

(i) it is false that we have decisive reasons not to intervene and (ii) it is also false that 

our reasons to intervene are merely sufficient. This is because the reasons we have to 

intervene prove to be stronger than the reasons we may have not to.  

 

 

4.1 Objections to intervention: a taxonomy 
 

In his 1991 book The Rhetoric of Reaction, Albert O. Hirschman
178

 describes the 

conservative opposition to progressive social change as consisting of three principal 

reactive-reactionary theses: (1) the perversity thesis, (2) the futility thesis, and (3) the 

jeopardy thesis. He writes: 

 

“According to the perversity thesis, any purposive action to improve some 

feature of the political, social or economic order only serves to exacerbate the 

condition one wishes to remedy. The futility thesis holds that attempts at social 

transformation will be unavailing, that they will simply fail ‘to make a dent’. 

Finally, the jeopardy thesis argues that the cost of the proposed change is too 

high as it endangers some previous, precious accomplishment.”
179

  

 

We can reformulate the previous theses as follows: 

 

(1)  Perversity: action x will have consequences opposite to those intended; 

(2) Futility: action x will have none of the intended consequences whatsoever; 

(3)  Jeopardy: action x will threaten other important values.  

                                                
178 Hirschman (1991). 

179 Ibid., p. 7. 
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A review of the common arguments against intervening in nature on behalf of wild 

animals shows an analogous logic. It is usually claimed that intervention would have 

perverse effects insofar as it would cause more suffering to the animals living in the 

wild than the one it aims at preventing or reducing. On occasions, intervening in nature 

to alleviate animals from natural harms is seen as futile. Given the vast amount of 

suffering that exists in the wild and the multiplicity of natural threats, the impact of such 

particular actions on animal well-being would be insignificant. Very often, intervention 

is opposed based on its potential to jeopardize other important values, for example, by 

having a negative impact on the ecosystem’s balance or on biodiversity. Thus, the 

opposition to intervention in nature can be mapped into three different categories of 

reasons: 

 

(1) Perversity: intervention will have consequences opposite to those intended; 

(2) Futility: intervention will have none of the intended consequences 

whatsoever; 

(3)  Jeopardy: intervention will threaten other important values.  

 

Nevertheless, Hirschman’s taxonomy does not provide us with a complete map of all the 

objections to intervention. For example, it is often claimed that we should instead 

prioritize the alleviation of human over nonhuman suffering. If that is true, then we have 

priority reasons not to intervene in nature on behalf of animals living in the wild. This 

objection requires an independent category in the taxonomy: 

 

(4) Priority: intervention is not prioritary.  

 

A final set of objections claim that whether we ought to intervene or not, or whether 

intervention is merely permissible, depends on the existence of some morally relevant 

relation. Thus, a different should be added to the taxonomy:  
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(5) Relationality:  

 

(a)  intervention is usually not required but merely permissible because we 

usually do not engage in certain morally relevant relationships with wild 

animals; 

 

Or, 

 

(b) intervention is usually impermissible because we do engage in certain 

morally relevant relationships with wild animals. 

 

Despite their differences, (1)-(4) and 5(b) may be clustered in a larger set of objections, 

according to the strength of the reasons put forward not to intervene. On these 

objections, these reasons are, in all cases, decisive. Yet position 5(a) endorses a weaker 

claim, namely, that our reasons not to intervene are merely sufficient. 

 

It could be argued that if this taxonomy aims at being comprehensive, another crucial 

objection must be included. It is sometimes claimed that intervening in order to prevent 

or alleviate the harms that animals endure in the wild would simply not be feasible. For 

example, even if we desired to eradicate wild animals’ diseases, we would have no 

appropriate ways to act on that desire. That is, it is not a claim about the reasons against 

intervening but a claim about the impossibility to act in accordance with the reasons 

there are to intervene: 

 

(6) Feasibility: intervention is not feasible.  

 

The feasibility objection can be treated, however, as an instance of the futility one. It is 

true that according to a standard view of the futility objection, whatever we could do to 

improve the situation of animals in nature will fail to succeed, and the feasibility 

objection need not accept this. Rather, the feasibility objection just needs to assume that, 

at least right now, we lack the means to carry out a successful intervention in nature to 

aid nonhuman animals. However, we can understand the futility objection in a broader 

way, as saying it is impossible to intervene successfully. In this way the feasibility 

objection is one instance of the futility objection, considering that one way in which our 
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efforts to intervene may be futile is by lacking the means for making successful 

intervention feasible.  

 

In the remainder of this chapter and in the next three ones, I will examine the case 

against intervention and assess its soundness. This amounts to examining the six 

objections presented above. Some of them are strictly normative positions, while others 

appeal to facts, and others to a combination of both factual and normative claims, as 

displayed in the following figure:  

 

Taxonomy of objections against intervention 

 

 

Decisive reasons not to intervene  

 

Sufficient reasons not 

to intervene 

 

Factual claims 

 

Normative claims 

 

Perversity 

 

 

Relationality (a) 
 

Futility 

 

Feasibility
180 

 

Jeopardy  

 

Priority  

 

                                 Relationality (b) 

 

 

Given the dissimilarity among them, the response each of these objections merits is 

substantially different. The route I pursue may be summarized as follows. In the 

subsequent sections I assess the first two objections that fall into the original 

                                                
180 In the chapter, feasibility objections are presented as a variant of the futility objection. Nonetheless, for 

clarification purposes I display them here as a separate objection.   
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Hirschmanian categories (perversity and futility). In chapter 5, I assess the jeopardy 

objection. These objections have in common the claim that we have decisive reasons not 

to intervene in nature on behalf of wild animals. They succeed if, and only if, our 

reasons not to intervene in nature are stronger than our reasons to intervene. After 

examining these objections, in chapter 6, I proceed to discuss the relationality-based 

objections. Finally, in chapter 7 I examine the objection that improving human well-

being has priority over intervening in nature for the sake of nonhuman animals. 

 

 

4.2 The Perversity Objection  

 

According to the: 

 

Perversity Objection: we have decisive reasons not to intervene in nature 

because intervention will have consequences opposite to those intended. 

 

The assumption on which this objection relies is that we have very limited knowledge of 

how complex ecosystems function. Therefore, it is expected that the outcome of 

intervention would actually be much worse for animals living in the wild than the 

present state of affairs. Consider, for example, the prevention of predation. If we were to 

intervene in order to prevent the suffering and death of prey animals, it is claimed, their 

population levels would increase far beyond the environment’s carrying capacity. A 

boost in population density would then maximize the suffering and death we aimed at 

preventing by increasing the scarcity of resources and raising the number of deaths by 

starvation. Therefore, we should not intervene. The adverse expectable consequences of 

intervention give us decisive reasons to oppose it.
181

  

 

In order to tackle this objection properly it is necessary to distinguish situations when 

we know and when we do not know what the net consequences of intervention will be. 

Consider those cases in which the outcome will not be perverse. Imagine some future 

state of affairs in which wild animal suffering has been reduced to a significant degree 

                                                
181 This is the same sort of consideration which Jeff McMahan calls the “counterproductivity objection”, 

see McMahan (2015a, p. 279). 
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due to human intervention in nature. One can plausibly claim that this type of anti-

interventionist would find it preferable to the actual state of affairs for animals in the 

wild. Let us suppose that the interventionist and the anti-interventionist (for perversity 

reasons) agree about the strength of our reasons to prevent or alleviate the suffering of 

wild animals. In that case, there would be no room left for further disagreement between 

them under circumstances of perfect information.  

 

Let us now assume we do not know what the outcome will be and so have to deliberate 

under epistemic uncertainty. Being in a state of epistemical uncertainty, however, is not 

equivalent to being certain that the net consequences of intervening will be  negative. It 

is rather that we are not sure about the outcome. In such cases, we ought to decide on 

the reasons given by the expected value of choosing a certain course of action. Thus, the 

disagreement between the interventionist and the anti-interventionist may be best 

canvassed as a disagreement about the expected net value of intervention. 

 

a) Status quo bias 

 

Maybe we really have reasons to believe that the net consequences of intervention in 

nature would be negative. As we shall see, it is also possible that opposition to 

intervention on these grounds merely corresponds to an irrational preference for the 

preservation of the status quo. 

 

Nick Bostrom and Toby Ord offer a ‘Reversal Test’ to help identify instances of status 

quo bias.
182

 I believe that this Reversal Test can also plausibly show that some of the 

main objections put forward against intervention, such as perversity objections, also 

suffer from this bias. 

 

Let us now see what the Reversal Test consists in and how it can help us in the 

assessment of the case against intervention based on perversity reasons. 

                                                
182 Bostrom & Ord (2006). Bostrom and Ord consider objections against genetic cognitive enhancement 

which appeal the negative consequences it may have – and, thus, an instance of perversity objections. 

They use the Reversal Test to show how such objections are affected by status quo bias, so that “when the 

bias is removed, the objections are revealed as extremely implausible” (ibid., p. 658). 
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Reversal Test: “when a proposal to change a certain parameter is thought to have 

bad overall consequences, consider a change to the same parameter in the 

opposite direction. If this is also thought to have bad overall consequences then 

the onus is on those who reach these conclusions to explain why our position 

cannot be improved by changes to this parameter. If they are unable to do so, 

then we have reason to suspect that they suffer from a status quo bias.”
183

 

 

So: 

 

Q: Considering all the possible consequences of intervention in the wild in order 

to reduce wild animal suffering, will it be better to allow intervention or will it 

be better to prevent it?  

 

The anti-interventionist would answer that the best state of affairs is one in which 

intervention is prevented. The test would then proceed by considering a change in the 

parameter in the opposite direction and asking: 

 

Q*: Considering all the possible consequences of intervention in the wild in 

order to increase wild animal suffering, will it be better to allow intervention or 

will it be better to prevent it?
184

 

 

Plausibly, the anti-interventionist would now answer that the best state of affairs is also 

one in which intervention is prevented. Yet, as Bostrom and Ord point out, this is 

suspicious: 

 

“[I]f a continuous parameter admits of a wide range of possible values, only a 

tiny subset of which can be local optima, then it is prima facie implausible that 

                                                
183 Ibid., pp. 664-665. 

184 For simplicity, in subsequent sections, I will refer to an intervention that aims at increasing wild 

animal suffering as harmful intervention, as opposed to beneficial intervention, whose aim is to increase 

wild animal well-being. 
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the actual value of that parameter should just happen to be one of these rare local 

optima.”
185

  

 

If that is so, advocates of the status quo need to prove that they are not suffering from an 

irrational bias. To do so, they will have to provide an alternative, more plausible 

explanation for their preference for the status quo over other outcomes. The main way 

in which defenders of the status quo try to meet the burden of proof imposed by the 

Reversal Test is by appealing to arguments from risk. Hence, it is necessary to examine 

the main risk-based arguments against intervention and assess the extent to which they 

pass the Reversal Test. 

 

b) Risk based on past experience 

 

Some people may claim that past human interventions in nature give us decisive reasons 

to believe that the risk of present or future interventions would be too high. This seems 

to be what Peter Singer had in mind when he claimed that: 

 

“Judging by our past record, any attempt to change ecological systems on a 

large scale is going to do far more harm than good.”
186

  

 

Admittedly, human intervention in nature is often harmful for nonhuman animals. Many 

animals that live in the wild are relentlessly hunted and sometimes forcefully held in 

captivity in very stressful conditions in order to satisfy all sorts of human interests, often 

the most trivial. However, the scope of these considerations is very limited. First, let us 

assume for the sake of the argument that those harmful interventions had been carried 

out with the aim of benefiting nonhuman animals, but unfortunately failed to do so. 

Then, rather than providing us with grounds on which to object to intervening on behalf 

of wild animals, these considerations would simply recommend caution towards future 

interventions in nature. Second, those interventions were not carried out to help 

nonhuman animals, but to benefit humans. Moreover, they were performed out of an 

utter lack of concern for the interests of nonhuman animals. 

                                                
185  Ibid., p. 665. 

186 Singer (2009 [1974], p. 226). 
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Given all this, our past record cannot clearly work as a sound guide or as a good 

analogue for future action since, until now, interventions in nature have been 

exclusively guided by anthropocentric reasons. An ethical intervention in nature, based 

on a concern for nonhuman animals’ interests, would be substantially different. What 

interventionists advocate is precisely that we abandon our former aims guiding our 

intervention in nature. A beneficial intervention in the wild would avoid (at least, in 

principle) the negative consequences for animals that follow from intervening with 

purely anthropocentric aims. 

 

Thus, by appealing to the risks of intervening, based on our past experience, perversity 

objections fail to provide a plausible justification for the belief that the actual state of 

affairs is preferable to other possible outcomes. Therefore, until other, compelling 

reasons can be provided in its support, we ought to consider the preference for the 

current state of affairs as suffering from status-quo bias.   

 

c) Risk based on epistemic limitations 

 

The anti-interventionist could still claim that she is not relying on a status quo bias. 

Instead, she could claim that there are strong reasons to believe that human beings are, 

as a matter of fact, incapable of acting in ways that benefit animals without thereby 

harming others. For example, every time humans intervene in order to prevent animals 

from suffering from a certain disease, this would increase the levels of suffering of other 

animals who compete for resources with them, or the levels of suffering of their prey. 

Moreover, in the worse scenarios, intervention could even cause environmental 

disruption, by dramatically changing whole ecosystems. This would harm not only 

some particular animals, but all the individuals that inhabit  those ecosystems. 

 

This argument, however, would again be misleading. It seems not to be the case that 

human beings are, in principle, incapable of obtaining the sufficient knowledge 

regarding the possible consequences of their interventions in the wild. Thus this version 

of the appeal to perverse consequences can only be an objection against acting on the 
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basis of insufficient information – something that the interventionist would be perfectly 

willing to accept.  

 

To be sure, we currently have important epistemic limitations regarding the complexity 

of ecological systems. Because of these epistemic limitations, we should include in our 

calculus the possibility of many unforeseen harmful consequences. Nonetheless, the 

further development of ecological sciences will eventually account for this problem.
187

 

Moreover, facts about wild animal suffering allow us to conclude that a so-called 

“ecological disruption” is not necessarily bad for nonhuman animals. Rather, the 

significant change (“disruption”) of certain ecological processes may actually be 

beneficial to animals that live in the wild, considering how bad their lives are in current 

ecosystems. Certainly, there are ways to significantly change (disrupt) an ecosystem 

which would be overall harmful for the animals that live there. That would be so, for 

instance, if it consisted in increasing the number of small animals that inhabit the 

ecosystem. Yet many other disruptions would be net good for animals, whenever they 

cause less of them to suffer and die. So, once again, disruptive intervention is prescribed 

only when, given the knowledge available, the net expected outcome would be positive 

for nonhuman individuals.  

 

Thus, opposition to intervention based on the risks generated by our epistemic 

limitations does not provide an adequate reason to prefer the status quo over a better 

state of affairs for animals.   

 

d) Risk of dystopian proportions 

 

An anti-interventionist advocate might push the arguments from risk a little further by 

claiming that it will always remain possible that intervention in the wild leads to 

                                                
187 In fact, much of the work already carried out in ecology can shed light on this. Furthermore, humans 

already engage in a similar calculus when intervening in nature in those cases in which their interests are 

involved. Such interventions used to be carried out blindly, without considering indirect effects they could 

have, yet they are increasingly performed after a study of the different effects the intervention may have. 

The same kind of approach, and grounded on similar knowledge, can be applied when it comes to 

intervening for the sake of nonhuman animals.  
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unexpected dystopian scenarios. Those scenarios would be bad to such a great extent 

that we would have especially weighty reasons to be cautious. 

 

If the appeal to dystopia is intended as a perversity objection to intervening in nature, 

then it must refer to a worst-case scenario for animals in the wild. That is, a situation in 

which the net outcome of intervening would not only be negative but tremendously 

negative for these animals.
188

 Thus, it constitutes a subclass of the argument from risk 

based on epistemic limitations previously discussed that stresses the badness of the 

consequences which intervention might bring about. 

 

Notwithstanding their psychological allure, however, this kind of appeal to dystopian 

scenarios cannot succeed in vindicating the status quo. The problem is, first, that we 

may picture these scenarios as following from every possible state of affairs, including 

the actual world. That is, for any dystopian scenario that might follow from any possible 

state of affairs distinct from the status quo, there is a comparable dystopian scenario that 

might in the same way follow from the status quo. If so, it is false that considerations of 

this sort give us reasons to preserve things as they stand, instead of trying to improve 

them. But, second, this is especially clear in the case of animals living in the wild. Even 

if worse scenarios are always conceivable (e.g., terraforming), given the magnitude of 

the harms that animals experience in nature, we can safely consider the current situation 

as already matching the description of a dystopian scenario. 

 

The implication of the previous discussion is that the possibility of perverse 

consequences cannot provide us, in an unqualified way, with decisive reasons against 

intervening to benefit wild animals. Awareness of our epistemic limitations gives us 

indeed reason to be cautious when evaluating the expected outcome of the interventions 

we may intend to perform. Because the aim of such interventions is to prevent or 

alleviate the harms experienced by wild animals, they ought to be performed when their 

                                                
188 Alternatively, the appeal to dystopia can refer to a worst-case scenario for human beings. By 

intervening in nature, human well-being, considered as a distinct important value, would be imperiled. 

Understood in this way, it cannot qualify as an objection from perversity. What this objection assumes is 

that human well-being has moral priority over nonhuman well-being, so that in cases of conflict, the 

former ought to be furthered over the latter. I do not believe this sort of objection from priority works 

either. However, I will discuss this kind of objections in chapter 7.  



 

 101

expected result is net positive. Conversely, they ought to be avoided when the net 

expected result is negative.  

 

 

4.3 The Futility Objection 

 

According to the 

 

Futility Objection: we have decisive reasons not to intervene in nature because 

intervention will have none of the intended consequences whatsoever.  

 

One might think that both futility and perversity arguments draw from the unforeseen 

consequences of intervention, and that they therefore share the same basic structure. 

There is, however, a very important distinction to be made between the two types of 

arguments. While on the perversity objection intervention produces results opposite to 

the ones intended, arguments from futility rely on the alleged null effects of 

intervention. That is, rather than rejecting it as counterproductive it is claimed that 

intervention will have no effects at all.  

 

Futility arguments may be developed in two distinct ways, all of which stress the human 

incapacity to make any progress at the improvement of wild animal well-being through 

intervention. The first one is based on a claim about the fixed structure of nature, upon 

which human beings would allegedly be powerless to interfere. Call this the Structural 

Futility View. The second one is based on the extent to which prolonging nonhuman 

animals’ lifespan would be futile with regards to increasing their well-being. Call this 

the Substantive Futility View. Each view presupposes different sets of reasons on which 

to account for the futility of intervening in nature. So, at least in principle, each of them 

might perform very differently at the reversal test. Therefore, they require a separate 

assessment. 
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a) The Structural Futility View 

 

Let us start the examination of this view by putting it through the Reversal Test. As 

before, we must first ask: 

 

Q: Considering all the possible consequences of beneficial intervention, would 

it be better to allow intervention or to prevent it?  

 

The futility anti-interventionist may answer this question in two different ways. She 

may claim that we should be indifferent between refraining from intervening or 

performing the intervention, since doing the latter would be pointless. Alternatively, she 

may claim that the best state of affairs is one in which intervention is not performed, if 

only because in this way we would not waste the effort needed to carry out the 

intervention. Subsequently, given a change in the relevant parameter towards the 

opposite direction, one ought to ask: 

 

Q*: Considering all the possible consequences of harmful intervention, would it 

be better to allow intervention or to prevent it? 

 

Plausibly, the futility anti-interventionist would now answer that the best state of affairs 

is also one in which intervention is prevented.
189

 But, if so, this implies that in order to 

meet the burden of proof required by the reversal test, futility advocates must now 

provide compelling reasons for considering that non-intervention brings about the best 

possible state of affairs, or at least one of the best ones.  

 

According to the Structural Futility View, any attempt to improve the situation of 

animals in the wild will ultimately prove hopeless because nature constitutes a highly 

structured entity, which humans are incapable of modifying. Consider, for example, the 

predominant reproductive strategy in nature, which consists in producing as many 

                                                
189 It can hardly be denied that many harmful interventions in nature prove themselves successful. Here 

past and present experience provides clear evidence of it. But even conceding the possibility that harmful 

intervention may not significantly affect the well-being of animals (and hence be futile), the costs of 

implementing such interventions would give futility advocates reasons for opposing them, so their 

appraisal should be parallel to the one made in the case of beneficial interventions. 
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offspring as possible. Now consider a scenario in which we intervene in order to benefit 

those animals who reproduce in this way, for example, by preventing them from being 

affected by a certain disease. Those who endorse this version of the futility objection 

would say that even the most successful intervention will have but negligibly beneficial 

consequences, since on average only one of these animals per parent will survive. The 

others will most probably starve to death or be eaten alive by predators before they 

reach sexual maturity. Therefore, alleviating certain individuals from disease would be a 

merely cosmetic act. It is futile, supporters of the objection argue, to improve the well-

being of these animals, traditionally referred to as r-strategists, when we are incapable 

of eliminating the reproductive strategy they follow. As chapter 3 shows, this strategy is 

the fundamental cause of suffering and death in the wild.  

 

This argument might be more clearly formulated as follows: 

 

(1) The basic structures of nature are the fundamental causes of wild animal 

suffering and death; 

(2) Beneficial interventions cannot alter the basic structures of nature; 

(3) Therefore, beneficial interventions are futile with regards to alleviating wild 

animal suffering and death. 

 

Certainly, the argument points out to a very important truth: basic natural processes are 

the major cause of animal suffering and death in the wild. Such is the case of the 

reproductive strategy most widely followed by nonhuman animals. This argument, 

however, suffers from several flaws. 

 

First, its second premise assumes that the basic structures of nature are fixed and act as 

insurmountable obstacles to any kind of human engineering of nature. Similarly to what 

happened with perversity arguments, this can only be understood as a claim about 

human epistemic limitations regarding the manipulation of the basic structures of 

nature. But so refined, science provides blatant counterexamples to this claim. Scientific 

development shows that what we previously thought fixed is becoming increasingly 

manageable. There are no reasons whatsoever to suppose that the current human 

inadequacy to successfully interfere with natural processes will stay permanent. Thus, 
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futility advocates seem to be begging the question by assuming rather than arguing for 

the immutability of these natural constraints.
190

 

 

Faced with these considerations, futility advocates may be forced to deflate their 

position to a claim about present epistemic limitations to successful intervention. But, 

again, that would make their position practically indistinguishable from that of an 

informed interventionist. It gives us grounds to oppose specific instances of intervention 

on the light of our ignorance, yet not grounds for opposing intervention, in general. 

Thus, futility advocates seem to lack compelling reasons for favoring the actual state of 

affairs over another, possible one in which an epistemically informed intervention took 

place. Therefore, since futility arguments fail at meeting the burden of proof required by 

the reversal test, they can be plausibly said to suffer from status quo bias.  

 

In addition, futility arguments seem to suffer from another problem. Even if we were to 

concede the truth of premise (2), we would still have reasons to dispute the extent to 

which intervention would be futile. In the human case, we do not certainly believe that 

it would be futile to intervene, for example, by immunizing populations against a certain 

disease simply because we lack the means to eradicate the disease altogether. Or we 

wouldn’t refuse to rescue human populations which have been isolated due to some 

natural catastrophe simply because of the human incapacity to prevent this type of 

natural processes. There is no way such interventions  to save human lives or alleviating 

their suffering, could be considered futile and therefore be justifiably avoided. Certainly 

these examples of intervention are not futile for their individual beneficiaries. And there 

is no other perspective from which to assess the futility of an act beyond that of the 

individuals affected by its consequences. If the benefits are clear when human beings 

are the ones positively affected by intervention, then there are no sound reasons to think 

differently when nonhuman animals are at stake. Futility arguments may, thus, be 

suffering from a speciesist bias against intervention.  

 

 

                                                
190 Allen Buchanan terms this type of reaction “the Back-Fire View”, in his discussion of perversity-type 

objections to human enhancement. See Buchanan (2011, p.150). 
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b) The Substantive Futility View 

 

As stated, there are at least two ways in which a futility argument can be developed. The 

Structural Futility View relied on claims about the fixed structure of nature, and the 

alleged powerlessness of humans to significantly modify it. I shall now examine the 

Substantive Futility View. This is a position that relies, instead, on the claim that 

prolonging the lives of wild animals has no positive effect on their well-being. 

Again, we shall start by submitting this view to the Reversal Test: 

 

Q: Considering all the possible consequences of beneficial intervention, would 

it be better to allow intervention or to prevent it?  

 

One answer that could be provided is that we ought to be indifferent between 

intervening and refraining to intervene. Intervening will make the lives of wild animals 

neither better nor worse. If, in comparison, failing to intervene will be better for no one 

either, then we have sufficient reasons to pursue either course of action. Another answer 

that proponents of this view might offer is that we should refrain from intervening. That 

is what we ought to do, on this view, in those cases in which intervening – which will 

benefit no animal in the wild – will impose some costs to those who would carry out the 

intervention. In these circumstances intervening results in a worse outcome than failing 

to intervene.  

 

As before, given a change of the relevant parameter in the opposite direction, we ought 

to ask: 

 

Q*: Considering all the possible consequences of harmful intervention, would it 

be better to allow intervention or to prevent it? 

 

The advocate of a Substantive Futility View would now plausibly answer that the best 

state of affairs is one in which intervention is prevented, insofar as a harmful 

intervention results in an increase in the suffering of nonhuman animals. However, as 

we shall now see, this position admits a qualification that would allow for an 
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interference typically considered harmful for nonhuman animals, that is, the shortening 

of their lifespans.  

 

The argument
 
underlying this qualification of the Substantive Futility View would go as 

follows:
191

 

 

(i) The continued existence of a wild animal for any given time-span, because 

of what life in nature involves, never implies a significant increase of her 

actual or expected net positive well-being; 

(ii) Assuming that it does not shorten their lifespans, intervening in nature in 

ways that allow for the continued existence of those animals cannot 

significantly increase their actual or expected net positive well-being; 

(iii) If the only available forms of intervention in nature amount to allowing the 

continued existence of those animals without shortening their lifespan, then 

intervention proves futile with regard to the aim of increasing the animals’ 

net positive well-being.
192

 

 

Admittedly, premises (i) and (ii) correctly describe the situation of most nonhuman 

individuals. The majority of animals that live in the wild have lives not worth living. In 

some cases, their continued existence is, as a matter of fact, harmful for them. But, 

contrary to what this view suggests, this does not mean that we cannot benefit animals 

by acting in ways that save their lives. 

 

Regarding this, first, it could be plausibly claimed that some animals that live in the 

wild (e.g., large mammals) have, lives which are on the whole worth living – even if 

they are not lives with a high level of well-being. However, these cases are not 

representative. When we consider the case of most animals (who have lives that are not 

worth living) we can see that aiding them in ways that save their lives can also make a 

significant positive difference. It must be born in mind, though, that the actual reason 

why many animals have lives not worth living is because of the very harms that cause 

                                                
191 I owe this point to Andrew Williams. 

192 Perhaps it may even prove perverse, insofar as those interventions allow for the continuation of lives 

of net negative well-being, which may have already ended otherwise. However, that would transform the 

objection from futility I am considering into one a perversity objection, already discussed above. 
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them to die when they are very young. If those harms were eliminated, they would not 

die, but then they would not suffer either. Indeed, individuals are not only benefited 

when their lives are saved, but also when they are spared of some suffering. So it is not 

the case that attempting to do so would be futile in the way that this substantive view 

suggests.  

 

Second, the plausibility of premises (1) and (2) are mostly dependent on the persistence 

of the status quo. That is, this scenario only seems inevitable on the currently prevalent 

non-interventionist paradigm. For example, it might be the case that providing 

additional food to a starving population infected with a parasitoid would be futile. 

Doing it would indeed allow for the continued existence of these animals. Since in this 

case, however, their existence involves being eaten alive from the inside, feeding them 

would not bring about, on balance, an increase in their net well-being. Nevertheless, and 

assuming such consequences are indeed expectable, this only makes sense if we fail to 

intervene to alleviate other causes of suffering – in this case, by failing to deworm the 

population. 

 

From within an interventionist paradigm, what we should do is to deworm the 

population and provide them with nourishment when needed. That would certainly 

result in an increase in the well-being of the animals affected. If we lacked the means to 

do both things, then we ought to estimate what would be the best course of action for all 

the sentient individuals affected, and proceed accordingly.
193

 

 

Of course, the futility advocate might respond to this by claiming that our understanding 

of how such interventionist enterprise might work is currently so limited that any 

attempt at intervening now would be pointless. Yet this would transform futility 

arguments into, again, a rather weak claim about present human epistemic limitations to 

successful intervention in nature. 

 

                                                
193 I am here assuming that the parasitoid infecting these animals is not sentient, and therefore it has no 

interests that ought to be considered. Otherwise, if the parasitoid were sentient, then one should take into 

account how their well-being of the parasitoids is affected. 
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In conclusion, when subjected to scrutiny, the Substantive Futility View cannot provide 

sufficiently strong reasons for preferring the status quo over an alternative state of 

affairs. Hence, it seems incapable of passing the reversal test as well. 

 

c) The Feasibility Objection  

 

An advocate of the futility objection might alternatively press the: 

 

Feasibility Objection: our capacity to effectively have an impact on wild animal 

well-being is currently so limited that any attempt at intervening now would be 

futile. 

 

This is an objection that can be met in light of the evidences available. It is true that the 

impact which our actions may have in preventing or alleviating the harms that animals 

experience in the wild is currently limited. Nevertheless, it does not follow from this 

that any attempt at intervening now is futile. This is because it is nevertheless false that 

no kind of intervention is feasible.  

 

There are many examples that can help to illustrate this point. The rescue of animals 

victims of accidents or orphans,
194

 the treatment of animals with diseases or injuries,
195

 

the feeding of starving animal populations
196

 or the vaccination of animals against 

rabies, tuberculosis and other diseases in Europe and North America
197

 or of 

chimpanzees against polio in Congo
198

 can hardly be claimed to have had no impact 

whatsoever on the affected animals’ well-being. Preventing them from experiencing the 

suffering caused by illness can only be beneficial to them. In fact, alleviating some of 

those forms of suffering may have increased their levels of well-being such that some of 

them crossed the threshold from having lives not worth living to lives minimally worth 

living. 

                                                
194 Kirkwood & Sainsbury (1996); Gulland (1999); Hartley-Parkinson (2011). 

195 Loftin (1985); Bovenkerk et al. (2003); Delahay, Smith & Hutchings (2009). 

196 See for instance Smith (2001); Wrangham  (1974). 

197 MacInnes & LeBer (2000); Slate et al. (2005); Garrido et al. (2011). 

198 Goodall (1986, p. 58). 



 

 109

 

These reasons for beneficial intervention exist even assuming that for most animals the 

best state of affairs would have been one in which they had not come into existence. 

Supposing that only two scenarios were available for us, one in which (a) there was a 

small improvement in wild animal well-being, and (b) the current state of affairs, we 

would still have reasons to prefer (a) over (b).  

 

Thus, after examination, the Feasibility Objection cannot provide sufficiently strong 

reasons for preferring the status quo over an alternative state of affairs. Hence, it should 

be rejected. In addition, and regarding those kinds of intervention which are currently 

unfeasible, we have reasons to invest resources in developing new feasible ways that 

enable us to assist wild animals in the future.  

 

 

4.4 Conclusion 

 

In this chapter I developed a taxonomy of the main objections against intervention in 

nature on behalf of wild animals. I did this by elaborating on Albert O. Hirschman’s 

three main thesis of conservative opposition to social change (perversity, futility, 

jeopardy) and showed that the negative case against intervention follows an analogous 

structure. Yet in order to address the full case I added two more categories to 

Hirschman’s taxonomy: relationality and priority. I then moved on to assess the 

cogency of perversity and futility objections to intervention, according to which 

intervention will either make things worse or will not succeed at making things better 

for wild animals. I argued that both objections seem to suffer from status quo bias (they 

fail at the Reversal Test) and that once the bias is eliminated, the opponent cannot 

succeed in providing us with decisive reasons not to intervene in nature. It simply 

stresses something already assumed by the positive case for intervention. That is, that 

we ought to intervene in nature if and only if the expected outcome is net positive.  
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5. JEOPARDY 

 

 

In the previous chapter I addressed perversity and futility arguments against 

intervention in nature. Perversity and futility arguments share the belief that either by 

bringing about consequences opposite to those expected or by producing no effects at 

all, intervention attempted at reducing wild animal suffering will fail to do so. This 

chapter tackles objections of a different kind, namely the: 

 

Jeopardy Objection: we have decisive reasons not to intervene in nature because 

intervention would threaten (or jeopardize) other important valuable things.  

 

Thereby, not necessarily denying that intervention will succeed at reducing wild animal 

suffering.  

 

As in the previous sets of objections, jeopardy advocates do not necessarily disagree, in 

principle, with interventionists regarding the value of wild animal well-being, even 

though as a matter of fact most of them do. In order to be the case that we have jeopardy 

decisive reasons not to intervene it is only necessary that the potential costs of bringing 

about that scenario outweigh its potential benefits. The costs and benefits, however, are 

not calculated considering the unique variable of wild animal well-being. If that were 

the case we would be back into something similar to the previous perversity and futility 

considerations. Instead, jeopardy advocates claim, when deliberating whether or not to 

intervene, wild animal well-being has to be weighed against other values. Since these 

values are often mutually exclusive, the scenario that intervention would bring about is 

expected to jeopardize these other values. Of course, in order for that loss to generate 

decisive reasons not to intervene, jeopardy advocates will have to show that (i) the 

status quo is optimal regarding the promotion of those other values and that (ii) we have 

stronger reasons to promote those values than the reasons we have to promote wild 

animal well-being.
199

  

                                                
199 Disregard for the harms suffered by nonhuman animals in the wild is very general among 

environmentalist ethicists, see in particular Callicott (1980, 1988); Sagoff (1984); Rolston III (1992); 
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Jeopardy objections may be developed in several ways, depending on the values they 

appeal to. The aim of this chapter is to provide an assessment of three main versions of 

the jeopardy argument against intervention, together commonly known by the generic 

“environmentalist objections”. These are three ways of opposing intervention by means 

of appealing to the threat that the promotion of wild animal well-being would constitute 

to environmentalist alleged values. They can be classified into: holistic objections, 

biocentric objections and the appeal to the natural and to the wilderness. 

 

Again, since each objection has a different way of accounting for the environmental 

threat posed by intervening in nature, each of them requires a separate assessment.  

 

 

5.1 Holistic objections  

 

One way of opposing intervention is by endorsing a form of ethical holism according to 

which the morally considerable entities are the ecological wholes of which nonhuman 

animals are a part, such as ecosystems, species, biocenoses, the biosphere or 

biodiversity. Individual animals are taken to be either not morally considerable at all or, 

alternatively, considerable to a much lesser extent. Here, I will focus on two of the most 

widespread versions of holism in the literature: ecocentrism and the position that 

defends the preservation of species or biodiversity.  

 

a) Ecocentrism 

 

Ecocentrism rests on Aldo Leopold’s famous claim that independently of the harms or 

benefits caused to its individual constituents, “a thing is right when it tends to preserve 

the integrity, stability, and beauty of the biotic community. It is wrong when it tends 

otherwise.”
200

 This is so because in ethical holism individuals have mere instrumental 

                                                                                                                                          
Hettinger (1994). For exceptions that celebrate the natural processes that harm animals, while regretting 

the suffering and death they cause see Naess (1991); Everett (2001); Raterman (2008). 

200 Leopold (1989 [1949], pp. 224-225). 
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value,
201

 determined by the contribution of their species to the “stability, integrity and 

beauty” of the so-called “biotic community”, which is the ultimately intrinsically 

valuable entity. Since intervention to promote wild animal well-being is expectably 

disruptive of the “integrity, stability and beauty” of ecosystems, we have decisive 

reasons to oppose to it.  

 

Note that this is a conditional claim: we ought to oppose to intervention if it threatens 

the preservation of the ecosystem. Of course, ecocentrism does not provide any reasons 

on which to oppose current and future interventions that prove to be not disruptive to 

ecosystems (as already discussed with perversity objections). But let us assume, as those 

who endorse this view do, that intervention in order to alleviate the harms that animals 

suffer in nature would always jeopardize the preservation of a certain ecosystem. The 

ecocentric objection could thus be refined and specified in the following way: 

 

We have decisive reasons not to intervene in nature because intervention would 

threaten (or jeopardize) the preservation of ecosystems. 

 

There are four serious problems with ecocentric holism. 

 

(i) Status quo bias 

 

One might first ask if holistic arguments against intervention succeed at the Reversal 

Test. As in the case of the previous objections, given two possible scenarios, one in 

which a beneficial intervention is carried out and one in which it is not, holists believe 

that we should favor the latter over the former. A change in the parameter in the 

opposite direction also leads holism to favor (in principle) the status quo over 

intervention, or, at least, to favor it conditionally. That will not be the case whenever 

harmful intervention will be a means to preserve or restore the balance of ecosystems. 

As a matter of fact, the harmful interventions often performed in nature are based on a 

holistic rationale. Despite the harm inflicted on the individuals that inhabit the 

                                                
201 Individual animals have an instrumental value, which is a function of both the value of the species they 

belong to and its population density. The value of a species is determined by its ecological role. See 

Callicott (1980, pp. 325-326). 
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ecosystem, common practices of environmental management consist in this type of 

intervention. Some examples are the reintroduction of predatory species in an ecosystem 

where they had been absent or the eradication of non-autochthonous species from an 

ecosystem, both of which aim at contributing to a new situation of balance.
202

   

 

The aim of these interventions is always restorative of the status quo ante human 

intervention. We must note, though, that ecosystems are constantly changing. In 

addition, other ecosystems previous to the present ones existed long before humans 

appeared. Yet, no interventions are carried out to reintroduce those previous ecosystems. 

This suggests that ecocentric opposition to intervention has double standards and might 

be based on an irrational preference for the current state of affairs (in the case of wild 

areas) or for the state of affairs previous to human presence (in the case of areas already 

transformed by humans). In order for ecocentrism to make a compelling case against 

intervention, it would have to be the case that ecocentrism rightly identifies the kind of 

things that are intrinsically valuable, and that it offers a sound argument regarding what 

intrinsically valuable entities are to be favored in cases when some can only be 

promoted at the expense of others. Otherwise we should consider that their criterion for 

selecting a certain time as the location of the optimal balance is arbitrary. 

 

(ii) Ecosystems are not like organisms or societies 

 

Ecocentrism allocates intrinsic value to the so called “biotic community”, from which 

the instrumental value of its individual members is to be derived. One of the most 

salient proponents of ecocentrism, John Baird Callicott suggests the following two 

analogies to support this view:
 203 

 

(a) The preservation of an organism’s well-being requires the sacrifice of some 

of its parts, “which cause stress and often pain to various parts of the body 

and a more rapid turnover in the life cycle of our individual cells.”
204

 

                                                
202 Some examples are the reintroduction of predatory species in an ecosystem where they had been 

absent or the eradication of non-autochthonous species from an ecosystem, both of which aim at 

contributing to a new situation of balance. For criticisms, see Shelton (2004); Horta (2010d).  

203 Callicott (1980). 

204 Ibid., p. 323. 
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Likewise, the preservation of the “well-being” of the biotic community 

requires the sacrifice of some of its parts (e.g., the suffering and death of 

some animals living in the wild).  

 

(b) The preservation of the “interests” of society requires the sacrifice of the 

interests of some of its parts. Likewise, the preservation of the “interests” of 

the biotic community requires the sacrifice of the interests of some of its 

parts (e.g., the interests of some nonhuman animals that live in the wild). 

 

However, in the case of the organism, it is true that the whole has a well-being of its 

own whilst it is false that its parts have a well-being. Thus, it is not a case of the well-

being of some parts being sacrificed for the well-being of a whole. Therefore, even if 

we accept the sacrifice of some of our body parts for the sake of the organism, we are 

not thereby forced to accept that we have reasons to maintain the stability of the biotic 

community through the sacrifice of the well-being of its members.  

 

In the case of society, it is false that the whole has a well-being of its own that is non-

reducible to the well-being of its members. Assuming that there are occasions in which 

the interests of some members of society have to be sacrificed for the sake of the 

preservation of society, that will only be the case insofar as the preservation of society is 

instrumentally valuable for the satisfaction of the interests of other of its members. 

Therefore, either we assume that this is a false analogy for “biotic communities”, or 

assume that this is a true analogy, so that “biotic communities” have instead 

instrumental value for the well-being of its members.
205

 But certainly, what this holistic 

view wants to defend is that ecosystems have intrinsic value, independently of how they 

contribute to the well-being of its members. If that were not the case, ecocentrism would 

fail to provide reasons with which to object to those interventions informed by welfare 

biology, which might nevertheless threaten ecological wholes.  

 

At any rate, given that the first analogy does not work either, we have no reasons to 

accept that “biotic communities’’ have intrinsic value and that we ought to prevent 

                                                
205  As the evidence provided in chapter 3 shows, ecosystems do not have instrumental value for the well-

being of its members.  
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interventions that threaten it. On the contrary, we have reasons to support such 

interventions based on wild animal well-being. In fact, if consistently adopted, 

ecocentrism would lead us to highly implausible scenarios regarding the consideration 

of individual sentient beings, including human beings. This leads us to a further 

problem. 

 

(iii)  Unacceptable consequences for humans 

 

The third problem ecocentrism has to face regards its implausible consequences to the 

human case. If we should prevent the satisfaction of individual interests whenever they 

may threaten the preservation of the ecological wholes, then we should also prevent 

human interests from being satisfied when doing so would thwart the “integrity, 

stability and beauty of the biotic community”. For example, by not feeding human 

beings or not curing them from diseases in underdeveloped areas of the world.   

 

Nevertheless, even accepting that human beings represent a major threat to the stability 

of ecosystems, most people, including the majority of holists, would reject the 

implication that their interests are to be sacrificed as a means to ecosystem 

conservation.
206

 When the aim of preserving the “biotic community” clashes with the 

aim of promoting human well-being, most would claim that the latter should be favored 

over the former. However, when combined with an anthropocentric qualification such 

as this one, ecocentrism relinquishes its core tenet, namely, that the value of ecosystems 

is always prevalent when in conflict with the interests of individuals. Given the 

requirement that moral differences between sentient individuals ought to be established 

on morally relevant attributes, ecocentrism, so combined with anthropocentrism, 

becomes unacceptable for additional reasons.  

 

(iv) Speciesism 

 

What we have just seen leads us to a fourth problem. This is that ecocentrism succumbs 

to anthropocentric speciesism. In order to avoid the speciesist charge, it would be 

necessary to establish a morally relevant difference between humans and nonhumans 

                                                
206 Exceptions can be found in Linkola (2009). 
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such that we would have compelling reasons to treat their similar interests differently. 

However, we have seen already that there is no such morally relevant attribute. This 

means that the unequal consideration of similar human and nonhuman interests is 

unjustified and that any position that assumes it will also fail to have justificatory 

power.  

 

In addition, the analogy with the human case and its implausible consequences points 

out to the irrelevance of the preservation of ecosystems in moral deliberation. What is 

relevant when deciding how we should act is how the interests of individuals might be 

affected by what happens to them and both human and nonhuman animals have those 

interests. Thus, it is unjustified to intervene in nature to help human beings in situations 

of need but to fail to do so in similar circumstances when the beneficiaries are 

nonhuman animals. Ecocentrism fails to provide a sound justification for opposing to 

those interventions in nature that pursue the promotion of wild animal well-being. 

 

b) Species holism 

 

A different version of holism would appeal to the intrinsic value of species or 

biodiversity. Species, some would say, are valuable in themselves, independently of 

their ecological role or of the impact of their continued existence on the lives of 

individuals. Insofar as intervention in order to alleviate wild animal suffering might 

thwart this value (by leading some species to extinction) we should oppose it. The 

objection can be presented as follows: 

 

We have decisive reasons not to intervene in nature because intervention would 

threaten (or jeopardize) the preservation of species diversity. 

 

Despite its popularity, the claim about the intrinsic value of species requires some 

clarifications.
207

 

 

                                                
207 I use “intrinsic value” to refer to telic value, that is, to how something is valuable as an end instead of 

merely as a means to obtain something else which is valuable as an end.  
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First, as it was just remarked, if something is non derivatively valuable, then it is 

valuable in itself, independently of the benefits or harms that other beings may derive 

from its existence. This should be distinguished from the idea that what is bad about the 

extinction of a species is that it is bad for its members. Clearly, this is a mistake, since 

extinction does not affect individuals whatsoever. Individuals (at least, those who are 

sentient) are not harmed by extinction but only by death (and the process of dying, when 

it is painful). Moreover, death harms animals individually, and such harms obtain 

independently of the number of them that belong to a given species. The last individual 

that dies need not be more harmed by death than the one that died 1,000,000 individuals 

before her. It is the death of its last individual member that produces the extinction of a 

species and not the other way around. If extinction is bad, then it cannot be bad in itself 

in a person-affecting way. That is, it cannot be bad because it is bad for someone.  

 

Second, on this view, species are thus thought to have intrinsic value impersonally.
208

 

The idea behind this is that the existence of some things can be good or bad even if it is 

good or bad for no one. Species, some claim, are that kind of thing. When a species 

becomes extinct, it is argued, there is an irreplaceable loss of value such that the world 

becomes a worse place than it was before. That is, there is a decrease in the world’s 

overall value. This is what it means that the extinction of a species is bad, even if it is 

bad for no one. If species can be valuable in this way, then we have impersonal reasons 

to preserve them.  

 

But, again, this seems to be highly implausible on account of the consequences that 

embracing such position has for the consideration of human interests. First, this 

implication is clearly unacceptable when there are human beings at stake, as not all 

extinctions seem to be bad. 

 

Consider the case of some extinct parasite affecting humans. If every extinction is bad, 

then the extinction of that parasite must also be bad, despite being good for human 

populations. Moreover, if the value of species is understood as impersonal, then a state 

of affairs in which that parasite is not extinct is better than a state of affairs in which it is 

                                                
208

 For a distinction between person-affecting values and impersonal values see also Glover (1977); Parfit 

(1984, Part IV). 
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extinct. If that was the case, then we seem to have reasons to reintroduce the parasite, if 

it ever became feasible. However, the claim that the parasite should be reintroduced in 

order to restore the value that was lost with its extinction is hardly plausible. This is 

primarily because its reintroduction would have a tremendous negative impact on the 

well-being of human populations. Thus, even if we had reasons to reintroduce the 

parasite based on the intrinsic value of species, they would be outweighed by the 

reasons given by human well-being. 

 

Thus, it seems that our value assessments when it comes to species conservation are 

conditional to their impact on human well-being. This suggests that for most of us, 

either species are not impersonally valuable – but rather good or bad depending on 

whether their existence is good or bad for someone – or, alternatively, that their 

impersonal value provides us with less weighty reasons than those we consider human 

interests to give us. Given that the interests of a sentient nonhuman animal have no less 

moral weight than similar human interests, the same considerations should apply when 

their well-being is at stake. 

 

To conclude, due to its implausible axiology and its unacceptable consequences for the 

consideration of human interests, holism seems incapable of providing compelling 

reasons to oppose intervention for the benefit of nonhuman animals.  

 

 

5.2 Biocentric objections 

 

Biocentrism is a position according to which the set of morally considerable beings 

consists in all forms of life. Thus, it includes within the realm of moral consideration 

not only sentient animals, but also all other non-sentient living organisms such as plants, 

fungi or bacteria. Biocentric views typically claim that every living thing has a “good of 

its own” that should be respected by not being interfered with.
209

  

 

The biocentrist argument may be specified in the following way: 

                                                
209 See for instance Schweitzer (1973 [1923]); Taylor (1981, 1983, 1986); Agar (1997); Sterba (2011). 
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(1) If something can be good or bad for an entity, then that entity has a well-

being of its own; 

(2) Every living thing has a well-being of its own; 

(3) Every entity with a well-being of its own has intrinsic value; 

(4) Respecting the intrinsic value of an entity amounts to refraining from 

harming it.  

 

Applied to intervention, the biocentrist argument might be formulated as follows: 

 

(5) Every intervention that harms living things disrespects the intrinsic value of 

those living things.  

(6) Intervention in nature harms living things.  

(7) We should prevent disrespect for the intrinsic value of living things. 

(8) Therefore, intervention in nature should be prevented.   

 

Thus, the biocentrist objection could then be refined to read: 

 

We have decisive reasons not to intervene in nature because intervention would 

threaten (or jeopardize) the lives of living organisms.  

 

One might now ask how the biocentrist objection performs at the Reversal Test. If being 

alive is the criterion for moral consideration, it follows that both beneficial and harmful 

interventions for sentient beings should be prevented, insofar as they can be harmful for 

other living things. But, of course, one would then have to ask in what way the status 

quo constitutes a better scenario regarding the ‘well-being’ of all forms of life than the 

one following after intervention. Suppose we accept that not only sentient beings have a 

well-being. If so, the status quo is in fact a threat to the ‘well-being’ of a great number 

of living organisms, whether they are sentient or not. There is a permanent conflict of 

interests between different forms of life in nature: diseased animals devoured by 

bacteria, fungi nourishing from plants, plants eaten by herbivores and predators feeding 

from prey. Thus, abstaining from interfering does not preserve the “well-being” of all 

forms of life. Instead, it enforces the naturally arbitrary way by which the “well-being” 

of some living organisms is favored over the well-being of others. So, it seems that 
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there are no compelling reasons based on the intrinsic value of all forms of life for 

preferring the status quo over other scenarios, namely the one in which beneficial 

intervention takes place. 

 

In addition, there would still be other reasons why it would fail to provide a successful 

objection to intervention. We will examine them in the following section. 

 

a) Biocentrism’s axiology 

 

The first problem biocentrism has to face is related to its allocation of value. Consider 

premise (2) of the biocentrist argument, which we have previously assumed for the sake 

of the argument.  The idea is that if an entity is alive then it has a well-being of its own. 

That is, things can go well or badly for it. However, this claim is based on a mistaken 

assumption, namely, the equivalence between the fulfillment of biological needs and 

well-being. From the fact that a being pursues the fulfillment of its biological needs it 

does not follow that it has a well-being. A plausible conception of well-being requires 

an affective condition that makes it possible for an event to be experienced as good or 

bad. Even though for some living beings satisfying their biological needs (or failing to 

do so) amounts to an increase (or decrease) in their well-being, this is clearly not the 

case for every living thing that exists. Only sentient beings satisfy that requirement. 

Insofar as they can have positive and negative experiences of what happens to them, 

things can go well or badly for sentient beings. What happens to them can increase or 

detract from their well-being, and hence they can be benefited or harmed by events that 

concern them. Thus, even though being alive is a necessary condition for having a well-

being – insofar as living is, at least contingently, a prerequisite for having experiences – 

it is not a sufficient condition. Therefore, the allegedly intrinsic value of all living things 

based on their having a well-being of their own and the correspondent obligation to 

respect it is unwarranted.  

 

b) Conflicts of interests 

 

The second problem biocentrism faces is related to its consequences when conflicts of 
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interests take place. If all living things have intrinsic value, then we should take the 

interests of all living things into account, including beings such as bacteria and other 

non-sentient organisms. Leaving aside the previous problem regarding the attribution of 

interests to non-sentient entities, this leads us to highly implausible scenarios in which 

we lack criteria to make comparative assessments of weight between sentient and non-

sentient interests. For example, there is no way of solving the clash between the interest 

in not suffering of a squirrel infected by a parasitic disease and the interests of the 

bacteria themselves in being alive. Of course, to many of us it seems unreasonable to 

believe that the interests of the squirrel in not suffering and eventually die in a slow and 

painful way should not prevail over the interests of the bacteria. Perhaps, the example 

becomes clearer if we substitute the squirrel by a dog. Or, alternatively, if we substitute 

the dog by a human baby. 

 

c) Speciesism 

 

Biocentrist authors typically avoid this implication by establishing certain conditions 

under which it would be justified to favor human interests against the interests of 

nonhuman living entities.
210

 For example, when basic interests are at stake, such as in 

the case of the baby infected by a parasitic disease. This is very intuitive indeed. When 

well-being is at stake we believe that we should act in ways that alleviate the suffering 

of individuals even if that implies terminating with the lives of bacteria. Since bacteria 

have no experience of what happens to them, they cannot be harmed by death in any 

significant moral way. On the contrary, sentient beings such as human babies can. So, 

even conceding that non-sentient entities are recipients of value, when preserving that 

value implies detracting sentient beings from well-being, we have compelling reasons to 

prioritize the interests of sentient beings.  

 

Nevertheless, there are no non-arbitrary reasons on which to ground this human 

exceptionalism (see chapter 1 and 2).  There is no sound way to justify favoring human 

interests against the ‘interests’ of non-sentient living entities and failing to do the same 

regarding similar nonhuman interests. To deny this implication is to imbue biocentrism 

with anthropocentric speciesism. Thus, either biocentrism is consistent and all living 

                                                
210 Taylor (1986). 
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things have a similar intrinsic value which should be equally considered, or biocentrism 

gives priority to the interests of sentient beings against the interests of non-sentient 

living entities, independently of the species they belong to. The first option (consistent 

biocentrism) turns biocentrism into a highly implausible theory. The second one  

amounts to a combination of biocentrism with a view which grants consideration to 

sentient beings. Thus, since speciesism is unjustified, we would have reasons for 

intervening on behalf of nonhuman animals. As it is apparent, the many problems that 

follow from embracing biocentrism make it a highly defective moral position. 

Ultimately, biocentrism fails to provide a compelling case against beneficial 

interventions in nature. 

 

 

5.3 The appeal to the “natural”  

 

One of the most widespread objections against intervention takes the form of an appeal 

to the natural or, alternatively, to the (natural) wilderness.
211

 Appeals to nature are 

usually classified as a fallacy. Yet, it would be uncharitable to claim that the case against 

intervention in nature by appeal to the natural or to the wilderness could be reducible to 

a mere appeal to nature. In what follows I will thus reconstruct two more sophisticated 

versions of the objection and assess their cogency. 

 

a) The “natural” as the result of evolution 

 

The first objection to intervention made by an appeal to the natural could be 

reconstructed as follows: 

 

We have decisive reasons not to intervene in nature because intervention would 

threaten (or jeopardize) the preservation of “the natural”, where “the natural” 

stands for the natural processes by which evolution operates.  

 

                                                
211 Godfrey-Smith (1979); Katz (1996); Elliot (1997). 
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The objection relies on the axiological assumption that the result of evolution is good. 

Insofar as interfering with natural processes amounts to interfering with what is 

valuable, we should abstain from interfering with nature.  

 

One can immediately foresee how appeals to the natural perform at the Reversal Test. If 

natural processes are valuable, any interference with nature detracts from what is 

valuable. Thus, a change in the relevant parameter in the opposite direction, such that a 

harmful intervention (instead of a beneficial one) is performed, would make no 

difference on this view regarding the reasons to oppose it. Both interventions would 

jeopardize the natural (understood as the result of evolution) to the exact same extent. 

As any interference that might threaten it is to be avoided, both would be objectionable.  

 

The argument may seem appealing. However, even though it may be the case that the 

status quo is optimal regarding the natural (except to the extent to which previous 

human intervention has disrupted evolutionary processes) it is not clear that what is 

optimal in terms of the natural coincides with what is optimal in terms of the good.  

 

One way this identification of the good and the natural could be defended would be to 

assume a teleological understanding of evolutionary processes. That is, the idea 

according to which evolution resembles a “master engineer” and operates in a rather 

purposeful way. This would make of the status quo a fraction of a perfectly balanced 

system orderly organized by some sort of naturally intelligent design. However, this 

clashes with the view of natural history we have since Darwin. Since nature has no 

purpose, it cannot have a good purpose either. 

 

Alternatively, we may think that natural selection tends to select traits which are 

favorable to organisms, including sentient animals. This view, however, is incorrect. 

Darwin himself disputed this idyllic view of nature when he wrote: “What a book a 

Devil’s chaplain might write on the clumsy, wasteful, blundering, low and horridly cruel 

works of nature!”
212

  

 

                                                
212 Darwin & Darwin (eds.) (2005 [1908], p. 94). 
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The words chosen by Darwin pinpoint the exact features that describe evolutionary 

processes. This is so because it natural selection selects for reproductive fitness (or for 

traits promoting reproductive fitness) alone, without regard for the costs on individuals. 

As a matter of fact, by selecting for reproductive fitness, natural selection consistently 

selects against individual well-being. Consider the results of the main reproductive 

strategy followed in nature, which increases the transmission of genetic information 

from one generation to another through the maximization of the number of offspring. It 

results in lives of net suffering followed by death for most of the individuals that come 

into existence. Thus, the successful transmission of genes (reproductive fitness) rather 

than being good for individuals is in most cases actually inversely proportional to the 

maximization of well-being.  

 

This can be seen more clearly if we imagine a Malthusian nightmare in which the 

human population on Earth has reached the maximum planet’s carrying capacity. 

Assuming that human populations cannot extend beyond the planet, humans would have 

then reached their peak reproductive fitness (probably at great costs to members of other 

species). By the time population reaches its peak, human well-being would also be 

reaching its bottom, with perhaps most humans living lives that are not worth living.  

 

In sum, the status resulting from the history of natural selection is not at the optimal 

state of affairs for individuals in terms of what is good for them. If that is so, then 

“natural” becomes a description of “the way in which things happen to be as a result of 

the processes by which evolution operates”. In that sense, appeals to the natural fail to 

provide us with moral reasons to prefer the status quo over other states of affairs, 

namely, those in which well-being is increased through human intervention. 

 

b) The “natural” as natural wilderness 

 

Of course, one might still claim that even though evolution is suboptimal in terms of 

well-being, the natural should be preserved regardless, since it contains a value of a 

different kind. But clearly, that argumentative move would call for a different argument. 

That is, an argument that would show that (a) the natural hosts other valuable properties 
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regardless of its being the result of natural selection and (b) those properties provide us 

with stronger reasons than the reasons given by the value of well-being. 

 

A second objection to intervention based on an appeal to the natural could be 

reconstructed as follows: 

 

We have decisive reasons
213

 not to intervene in nature because intervention 

would jeopardize the natural, where the “natural” stands for natural wilderness, 

that is, the state of being unmodified by human hand.  

 

Again, faced with the Reversal Test, those who endorse this objection would answer 

negatively to both types of intervention (beneficial and harmful), insofar as each 

interference would presuppose a disruptive process from which an irreplaceable loss of 

a valuable property would follow – its wilderness. Of course, proponents of this view 

would then have to provide a sound argument on which to base their opposition to 

intervention that allowed them to meet the burden of proof imposed by the Reversal 

Test, thereby avoiding the charge of status quo bias.  

 

The argument could then go along the following lines, as presented by Robert Elliot:
214

 

the value of objects is explained to a significant extent in terms of the processes that 

brought them into existence. Since nature is not replaceable without a disruption of its 

history, intervention necessarily implies a loss of value. More clearly:   

 

(1)  The value of nature depends, at least partially, on its continuity with its 

genesis (i.e., depends on its wilderness); 

(2)  Intervention in nature disrupts the continuity of nature with its genesis; 

(3)  Therefore, intervention in nature disrupts, at least partially, nature’s value; 

(4)  We should safeguard nature’s value; 

                                                
213 Elliot (1997). Elliot does not state that wilderness gives us decisive reasons to oppose intervention, but 

merely sufficient ones. Nevertheless, even though Elliot concedes that his argument does not aim at 

establishing (b), I believe it is important to assess the extent to which is does not succeed at establishing 

(a) either. This is of course independent of whether the property in question provides us with decisive or 

sufficient reasons to oppose intervention. So my assessment is immune to that potential objection. 

214 Ibid. 
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(5)  Therefore, intervention in nature should be prevented.  

 

Elliot justifies premise (1) by relying on an analogy between faking art and faking 

nature.
215

 He claims that in the same way as a painting loses a significant part of its 

value once we realize we had a false belief about its origin (a perfect forgery), a natural 

area loses a determinant part of its value once we realize that it has been modified by 

human hands (as implied by intervention). 

 

However, this seems a weak argument, since the supposed analogues are different in the 

relevant aspects for comparison purposes. In the case of works of art, it is clear how 

there is some discontinuity between the production of the fake painting and the genesis 

of the original one, that is, the process by which it came to be out of the intentional 

states of its creator. No matter how perfectly forged the painting is, there is no causal 

link between the object and the intentional states of the original author. Contrariwise, in 

the case of nature, there is no original creative activity to which to appeal. Three reasons 

can be presented here to deny this. 

 

(i) First, natural processes are not the expression of the intentional states of a creator and 

certainly there is no purpose in them (except figuratively and, even then, none other 

beyond the maximization of reproductive fitness, as we have seen before). Since the 

most plausibly relevant aspect of continuity is its correspondence between the author’s 

mental states (its genesis) and the final creation, this genetic aspect is completely absent 

when it comes to the natural world.  

 

(ii) Second, the only continuity in existence there is natural history, and hardly anything 

(not even human action) falls outside its scope. Endorsing the opposite belief 

presupposes a pre-Darwinian conception of human beings as not being part or the same 

evolutionary (natural) processes as the rest of living entities. Many prominent 

environmentalist ethicists have, in fact, disputed this conception of wilderness and 

contested its dualistic character.
216

 The core idea can be captured by Aldo Leopold’s 

famous passage: 

                                                
215 For a similar analogy, see Dworkin (1993, pp. 73-75). 

216 For an overview of the contemporary discussion of the idea of wilderness see Callicott (2000). 
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“Wilderness is the raw material out of which man hammered the artifact called 

civilization.”
217

 

 

One plausible way of interpreting what Leopold is claiming here is that there is no sharp 

discontinuity between human activity and the natural entities and processes through 

which and out of which humans carry out such activity. In that sense, human activity is 

no less separate from nature than the construction of a beehive or the crafting of tools by 

chimpanzees.  

 

(iii) Third, apart from ontological considerations, a central idea is also that this 

understanding of nature leads to highly implausible “hands-off” scenarios, where any 

human interference in the environment, even if carried out constructively for the sake of 

natural entities (e.g. restoration programs) and their preservation cannot be justified.
218

   

 

(iv) Finally, and most importantly, the genesis of a painting does not affect negatively 

other aspects of the painting’s value. Whereas in the case of nature, given the 

predominance of natural disvalue, its genesis does so necessarily. This is precisely the 

reason why we should aim at modifying it. Interestingly enough, Elliot introduces a 

second analogy that correctly traces this idea, despite not being aimed at that goal. Elliot 

considers a scenario in which a beautiful artifact is offered as a gift to someone who 

then realizes that it has been carved out of someone’s bone, who was specifically killed 

for that purpose. He claims that the object would immediately lose a significant part of 

its value. Regrettably for him, though, this example does not help his case. In fact, if 

anything, the example shows exactly the opposite: the value of the object depends 

greatly (if not entirely) on its impact on the well-being of others. If the genesis of an 

object caused a negative impact on the well-being of a human individual, then the object 

cannot be as valuable as some might initial think it to be. Likewise, once we realize that 

natural beauty is carved out of the misery and death of nonhuman animals that live in 

the wild, the value of the natural wilderness fades away.  

 

                                                
217  Leopold (1989 [1949]). 

218 Godfrey-Smith (1979; O’Neill, Holland & Light (2008). 
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In conclusion, jeopardy objections based on any version of the appeal to the natural do 

not succeed at objecting to intervention.  

 

 

5.4 Conclusion  

 

In this chapter, I assessed the cogency of jeopardy objections to intervention, according 

to which intervention to reduce wild animal suffering should be prevented, on the basis 

that it threatens other (more) important values. These are (i) the preservation of 

ecological wholes (holism), the preservation of other living non-sentient entities 

(biocentrism) and the preservation of what may be called “the natural” and “the 

wilderness”. I argued that none of these objections succeeds in offering decisive reasons 

to object to intervention, mainly because they either rely on implausible axiological 

assumptions or, when consistent, have unacceptable consequences for the consideration 

of human interests. I thus concluded that jeopardy objections cannot soundly oppose 

intervention in nature for the sake of wild animals.  
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6. RELATIONALITY 

 

 

The previous chapters examined the first set of objections against intervention in nature, 

namely, those based on considerations of perversity, futility and jeopardy. It concluded 

that none of these objections succeeds in defending the claim that we have decisive 

reasons to oppose intervention. The following chapters provide an assessment of the 

second set of objections against intervention. This chapter addresses what we may term 

relationality objections. According to the: 

 

Relationality Objection:  

 

(a)  intervention is usually not required but merely permissible because we 

usually do not engage in certain morally relevant relationships with wild 

animals; 

 

Or, 

 

(b) intervention is usually impermissible because we do engage in certain 

morally relevant relationships with wild animals;  

 

 

6.1 The Relevant Entanglement Argument 
 

Clare Palmer is one of the few authors who directly address the problem of animal 

suffering in nature and the moral obligations it may generate. She does so from the 

relational account of the moral consideration of nonhuman animals which she has 

extensively developed.
219

 Palmer claims that we are not usually required to assist wild 

animals. However, we may be permitted to do so. Her thesis relies on two premises, 

which we may collectively call the 

 

                                                
219 Palmer (2010, 2013, 2015). 
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 The Relevant Entanglement Argument: 

 

(i) We are morally required to assist others in need if, and only if, we have a 

prior morally relevant entanglement with them; 

 

(ii) Usually, there is no such morally relevant entanglement between human 

beings and wild animals. 

 

The argument can be illustrated with a comparison Palmer draws between two real-life  

cases. Consider the situation of 114 horses left starving to death by their owners. If it 

was in our power to do something to alleviate their suffering, ought we to do it? Would 

it be wrong to let them suffer and die if we could otherwise help them? The usual 

response to this case is that failing to assist these animals would be wrong. But then, 

Palmer asks, if this is the case, does it imply that we should assist other animals in a 

situation of need? What about the animals living in the wild? They experience 

systematic suffering and have premature deaths. As Palmer exemplifies, every year 

there is a massive drowning of wildebeest during their migration from Tanzania to 

Kenya. Were it feasible, should we then intervene and prevent them from such harms? 

Both cases involve animal suffering and death. Let us assume for the sake of the 

argument that human assistance in both cases (horses and wildebeests) would generate 

the same outcomes regarding the total amount of suffering relieved. It seems that if we 

just take into consideration the interests of the animals involved, then we should make a 

similar decision in both situations. 

 

Notwithstanding the similarities between the two cases, however, Palmer claims that we 

tend to believe that while there is an obligation to help the horses in the first case, we 

are not required to intervene on behalf of the wildebeest in the second one. What goes 

on in the wild, most people think, is not our moral business. Palmer believes that the 

difference in our intuitive moral responses to these cases is indeed justified. The “laissez 

faire intuition”, as she calls it, adequately captures our (usual) lack of positive moral 

obligations towards animals in the wild:  
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The laissez faire intuition: while we have obligations to assist and care for 

domesticated animals, we have no such obligations towards animals in the 

wild.
220

  

 

Palmer’s default position is, thus, that we lack general moral obligations to help others 

in need. Instead, we merely have special obligations of assistance towards those 

individuals with whom we have morally relevant entanglements. It is the existence of 

such entanglements what generates obligations of assistance. Since human beings and 

wild animals (e.g., wildebeest) usually do not maintain these morally relevant 

relationships, helping them is merely permitted, as opposed to morally required. And we 

may decide to exercise that permission by refraining to assist them.  

 

In Palmer’s view, 

 

Prior morally-relevant entanglement refers to any causal relation between an 

individual’s particular situation of exposure to a harm (which generates the need 

of aid) and past human action.  

 

Domesticated animals – such as the horses in the example – are a paradigmatic instance 

of this. As she points out:  

 

“[…] where humans have deliberately created relations of dependent 

vulnerability with animals (especially where this involves prior harms, such as 

wild capture), special obligations to care for these animals, and to assist them, 

are also created.”
221

 

 

That is, we are required to prevent or alleviate the suffering of domesticated animals 

because we deliberately put them in a situation of vulnerability and dependence. If the 

argument is sound, it allows Palmer to establish a morally relevant difference between 

domesticated animals and those living in the wild, in spite of their having similar 

morally relevant capacities (equal capacity to suffer and enjoy their lives).  

                                                
220 Palmer (2010, p. 63). 

221 Palmer (2015, p. 207). 
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Palmer draws on a human analogue for support: the case of parents’ special obligations 

towards their own children. Even though all children have similar morally relevant 

capacities, she claims, we only have special obligations to assist our own, since we are 

in some way responsible for putting them in a situation of vulnerability, by having 

brought them into existence. Likewise, despite their similar levels of suffering, we have 

only special obligations towards the animals we have deliberately made dependent and 

vulnerable through domestication – those within our “contact-zone”. In sum, we should 

assist domesticated animals (but not those living in the wild) not because their well-

being is threatened by some harmful event, but because we are responsible for making 

them vulnerable to that threat.  

 

Palmer’s view, then, is not that we have decisive reasons not to intervene to help 

animals, but that we have enough or sufficient reason not to do so. Thus, her argument 

succeeds just if it cannot be shown that our reasons to intervene are stronger than our 

reasons not to do so.  

 

Consider, once again, the analogy that Palmer establishes between special obligations 

towards domesticated animals and those towards one’s own children. The point of the 

analogy was to show that, just as we have special obligations towards our own children 

in virtue of having caused their coming into existence, we have special obligations to 

domesticated animals (and yet, not to wild animals) in virtue of having deliberately put 

them in a situation of dependence and vulnerability.  

 

However, this analogy does not prove as much as the author intends. Conceding that 

parents have special obligations towards their own children, it does not follow that they 

do not have reasons to assist other children in need. It might simply be that their reasons 

to assist their own children are stronger than those to assist other people’s children. In 

fact, most people would consider it impermissible not to assist a child, let’s say, dying 

from malaria, if we could otherwise help her, on the grounds that we are not responsible 

for making her vulnerable to that disease. If this is so, then even if it were right that our 

reasons to assist domesticated animals were stronger than our reasons to assist wild 

animals, it would still be unjustified to fail to assist animals in the wild. 
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Thus, this argument from analogy cannot ground Palmer’s strong view that obligations 

to assist individuals in need only arise from prior morally-relevant entanglements. As a 

matter of fact, she seems to be aware of this alternative to her view when elsewhere she 

claims:  

 

“There might be a different version of this view – that requirements to assist do 

exist in such cases but that they are much weaker where there’s no prior 

entanglement; however, I don’t have space to develop such a view here.”
222

  

 

However, the latter would not merely be a different version of Palmer’s view but a 

completely different one. And this weak relational thesis is, indeed, the one that most 

plausibly follows from Palmer’s arguments. However, it does not claim intervention to 

aid animals in the wild is not required. Only her stronger thesis does. But such a thesis 

has very counterintuitive implications. Immediate worries arise in its application to the 

human case, as Palmer herself acknowledges. If our reasons to assist other individuals 

are generated by a causal link between present suffering and previous human action, 

there seems to be no requirement to help distant human beings in need due to natural 

causes. If we have not made these human beings vulnerable to that harm (what is 

generally true of harms caused by natural events), we have no obligation to assist them. 

Palmer attempts to avoid this implication by further specifying her argument: 

 

“[T]he entanglements of human societies, in particular the social and structural 

connections between virtually all people, connections that benefit some while 

causing suffering to others, provide a basis for human obligations to assist other 

humans […].”
223

 

 

There are two plausible ways of understanding Palmer’s answer to what generates these 

special obligations of assistance among human beings: 

 

 

 

                                                
222 Palmer (2013, p. 29). 

223 Palmer (2015, p. 207). 
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(i) Special obligations of assistance are generated by causal relations. 

 

According to this, all harms that human beings suffer are directly or indirectly caused 

by the social and structural connections among human beings that benefit some while 

causing suffering to others. This view seems, however, highly implausible. First, it is 

not true of all harms. There are clear cases of harms that humans suffer which  cannot 

be traced back to human action. Paradigm examples of these are diseases, as well as 

natural catastrophes such as earthquakes, tsunamis, floods, droughts, etc. If Palmer is 

right, we would have no obligation to help those humans in need suffering from these 

and similar natural events. Thus, it would be false that her account provides a basis for 

human obligations to assist other humans in need.  

 

One might say against this that there is a relevant difference between both cases, since 

the humans who suffer the harms belong to the same network of relevant connections as 

those humans whose actions are partly responsible for the harms, whereas wild animals 

do not. However, that reply would be misguided in two different ways. First, if an 

individual is harmed by an action, then that individual immediately enters into the 

relevant network of connections with the agent. To accept this when the victims are 

human and deny it when the victims are nonhuman would be an instance of speciesism. 

Second, let us suppose that the relevant connections that allegedly hold among human 

beings, and which ground special obligations among them, are not causal in the latter 

sense but, instead, refer to certain other kinds of relations, which hold between 

individual human beings, such as 

 

“mutually recognized communication, the ability of humans to justify 

themselves to others, reciprocity in economic relations, mutual cooperation, the 

joint organization of political and other institutions, membership of political 

communities, the sense of a political “world order”, and membership in 

families”
224

  

 

If that were the case, then special obligations to assist would not arise towards all 

human beings either. This is because there are human beings who fail to engage in the 

                                                
224 Palmer (2010, p. 121). 
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aforementioned relations. It is clearly the case that some human individuals, by virtue of 

their functional diversity (especially in those cases in which such mental diversity is 

very significant) or other circumstances, do not engage into “mutual communication”. 

Nor do they reciprocate or enter into any political, economic or familial relations. 

Hence, we would also lack any obligations to assist them, even if it were in our power 

to do so. Thus, unless Palmer accepts that we lack the obligation to assist human beings 

that do not satisfy these conditions, her view does not provide a sound basis for 

excluding nonhuman animals from the scope of those obligations (e.g., wild animals). 

 

Let us then consider a different plausible way of understanding her view about what 

generates these special obligations and let us see to what extent it might accomplish that 

goal.  

 

 (ii) Special obligations of assistance are generated by equality-reasons.  

 

That is, the social and structural connections among human beings make some worse-

off than others. This gives us equality-based reasons to alleviate the harms of the worse-

off human individuals, even when these are not directly or indirectly caused by the 

social and structural connections among human beings. Such is the case of the natural 

harms humans suffer. This would justify aiding humans living in the wild in a situation 

of need but not aiding nonhuman animals in similar circumstances.  Nonetheless, for the 

argument to succeed in showing the existence of differential obligations towards human 

beings and nonhuman animals in similar circumstances, it would have to be the case 

that nonhuman animals are justifiably excluded from the scope of equality. Otherwise, 

the harms that animals suffer in the wild should also be considered in comparative 

terms. There are, as a matter of fact, sound reasons to believe this is indeed the case. If 

equality applies to all those individuals whose lives can go well or badly, then it applies 

to all sentient beings. Since most nonhuman animals are sentient (hence, their lives can 

go well or badly) excluding them from the scope of equality is unjustified.
225

 In 

addition, when compared to most humans, nonhuman animals are the worse-off. This is 

particularly true of animals that live in the wild, whose lives are, in general, not even 

barely worth living, as they contain more suffering than positive well-being. Thus, when 

                                                
225 Persson (1993; Holtug (2007); Faria (2014). 
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understood in comparative terms, Palmer’s argument, instead of grounding a permission 

not to assist animals in the wild, actually furnishes a requirement to help them with the 

aim of equalizing their very low levels of well-being with those of human beings.  

 

One might say, again, that equality reasons only arise among individuals who are 

entangled in morally-relevant ways and that animals that live in the wild fail to do so. 

However, that would beg the question, as it would take us back to the problem 

discussed in the previous section regarding the assistance to those humans who do not 

enter into such alleged morally-relevant entanglements, and who most of us believe we 

are required to assist.  

  

Moreover, the moral relevance of these entanglements in establishing obligations of 

assistance can be questioned altogether. Assuming that it were feasible to help those 

individuals without jeopardizing similarly weighty interests, we ought to provide them 

with the assistance they need. This is so because the cause of the harm that individuals 

suffer does not affect the weight of their interests in not being harmed. For example, the 

interest in not suffering from a leg injury inflicted by another human is, all things being 

equal, as strong as the interest in not suffering from a similar injury caused by the fall of 

a tree. Thus, if human interests in avoiding suffering and in living their lives are 

relevant independently of other considerations, and if those interests are equally weighty 

independently of who or what frustrates them, taking them into account requires two 

different courses of action. First, it requires that we refrain from harming these 

individuals. Second, it requires that we prevent them from being harmed by other events 

or that we alleviate unavoidable harms they endure (e.g., by preventing their deaths or 

by reducing their suffering). Thus, it would be unjustified not to act according to either 

way of accounting for other individuals’ interests, whenever it is in our power to do so. 

This can be clearly observed in the following scenario.  

 

Suppose that you are presented with these choices: 

 

(i) Press button A: all human beings are immunized against all lethal forms of 

cancer; 
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(ii) Press button B: only those human beings with whom we are engaged in 

“morally-relevant entanglements” are so immunized; 

 

(iii) Press no button.  

 

Palmer’s view would imply that we are morally required to press either B or A – thus, 

we may permissibly choose not to press A. This is because our special obligations of 

assistance are completely satisfied by pressing button B.
226

 However, most people 

would find this odd. Assume that the costs of pressing either button are the same. Also, 

more individuals are benefited when A is pressed than when B is. So it seems that any 

view that does not require an agent to benefit others even when that comes at no cost, 

not even to the agent herself, is hardly acceptable.  

 

Of course, in real world cases, helping always bears a cost for the agent or for others. 

Yet this scenario does not aim to show that we should not take costs into account when 

deciding whether we should help others. If this is correct, it shows that we are required 

to help others even if we are not relevantly entangled with them in the ways specified by 

Palmer. 

 

Now, suppose that it were feasible, and had similarly low costs, to help a wild animal 

population, say, by rescuing it from a flood or by vaccinating it against an extremely 

painful disease. Failing to so would constitute a similar disregard of their interests. Such 

as in the human case, what generates an obligation to help these nonhuman individuals 

is the importance of their well-being, the extent to which it is threatened by some event 

and our possibility to intervene in order to help them without causing a greater harm. 

 

Some may argue that intervening in nature to help wild animals would then be morally 

required only when doing so has low costs. It would not be required, however, when the 

costs are non-negligible. Consequentialists will disagree, of course, but others could 

also challenge this view. For intervening to aid others at some non-negligible cost is 

                                                
226 Notice that this is not even one of those cases in which, according to Palmer, pressing button A, even 

if not required, would constitute a display of virtuous dispositions. This is because this is not a situation 

involving an immediate encounter with an individual in need (with whom we do not have morally 

relevant entanglements). See the Squirrel case, Palmer (2010, pp. 148-150). 
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supererogatory, when the situation in which others are is not catastrophic. However, 

when failure to intervene will cause a truly enormous amount of harm, and the costs of 

intervention are affordable, even non consequentialists will agree we are required to 

intervene. 

 

Thus, when deciding whether we should help wild animals, the magnitude of the harms 

they suffer is usually underestimated. As chapter 3 extensively argues, it is highly 

probable that the lives of the majority of wild animals contain much more suffering than 

well-being, which, on aggregate, makes suffering largely predominant over well-being 

in nature.  

 

These facts are crucial since once we have questioned the relevance of the kind of 

entanglements Palmer specifies, the most important factors to take into account when 

deciding whether or not to assist others have to do with how much they can be benefited 

and at what cost. Given the magnitude of wild animal suffering, usually the costs of 

intervening in order to help them will be significantly smaller than the benefit they may 

receive. Additionally, in the case of wild animals, the cost they must bear when their 

suffering is not relieved is very high. Thus, we have strong reasons to conclude that we 

ought to assist them. This can be accepted not only on a consequentialist view but also 

on many non-consequentialist perspectives. 

 

 

6.2 The Sovereignty Argument 

 

Donaldson and Kymlicka claim that interventions to benefit wild animals should respect 

the relations of sovereignty that ought to be established between human political 

communities and the so-called “wild animal communities”
227

. On this view, though all 

nonhuman animals equally have a set of negative rights, only those that enter into some 

relations with human beings enjoy positive rights. Even though, in some sense, Palmer’s 

and Donaldson and Kymlicka’s accounts are both relational in nature, Donaldson and 

Kymlicka’s relational approach is considerably different. On this view, it is not the case 

that we do not maintain morally relevant relationships with wild animals. Yet different 

                                                
227 Donaldson & Kymlcika (2011a). 
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political relationships determine different moral obligations. While some animals enter 

into relationships of co-citizenship with human beings (by virtue of fully or partly 

belonging to human communities), the morally relevant relationship between human 

beings and wild animals is one of sovereignty. As they say: 

 

 “Our suggestion is that the relationship is best captured by ideas of sovereignty 

– that is, we should view wild animals as forming organized communities, 

competent in general to address the challenges they face and to look after their 

own needs and interests, who typically neither need nor want their lives to be 

managed or governed by humans.”
228

 

 

This, as Donaldson and Kymlicka remark, will lead to a conclusion that is substantially 

different from the one to which Palmer arrives: 

 

(i) Contrary to Palmer, it is not the case that domesticated animals are 

dependent on X, where X is any means to satisfy their needs, and wild 

animals are not. This is because both depend on X to satisfy their needs; 

(ii) Regarding whether we are considering domesticated or wild animals, X 

stands for different things; 

(iii)  We have a positive duty to ensure that all animals obtain X; 

(iv)  For domesticated animals, X stands for some “relationship to human 

beings”. Positive specific duties are generated; 

(v) For wild animals, X stands for some “relationship with the natural 

environment”. Positive non-specific duties are generated. 

 

Thus, contrary to Palmer:
229

 

 

(vi)  We have a positive (non-specific) duty to respect the dependency of wild 

animals on their natural environment.  

 

                                                
228 Donaldson & Kymlicka (2011b, p.9) 

229 Donaldson & Kymlicka (2011a, pp. 207-208). 
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In order to illustrate the point of this objection consider again Palmer’s analogy with 

parenthood. From the fact that we may have specific duties towards our own children 

(e.g., to provide food, shelter and medical care), it does not follow that we lack any 

positive duties towards other children in need, even though our duties towards other 

children may differ from the duties we have towards our own in that they are non-

specific duties. That is, they are non-specific in the sense that they are duties to ensure 

whatever enables other children’s basic needs to be met. Since, according to Donaldson 

and Kymlicka, wild animals depend on their natural environment to meet their needs, 

we have a duty to ensure that their environment provides for the satisfaction of their 

needs.   

 

Subsequently, Donaldson and Kymlicka deploy the second part of their argument.  

 

Assuming that: 

 

(vii)  Wild animal populations are sufficiently competent for successfully 

engage into self-government —that is, they are sufficiently able to exercise 

all the necessary functions to thrive without external intervention; 

 

Then, 

 

(viii)  The best way to respect the dependency of wild animals on their natural 

environment is to establish relations of sovereignty with wild animal 

communities.  

 

Remember that according to Palmer we lack compelling reasons to benefit animals in 

the wild, either by providing them with some good or by preventing them from a natural 

harm. Wild animal interests do not provide us with decisive reasons to intervene on their 

behalf. On the account we are considering, on the other hand, the assertion of 

sovereignty rights acknowledges the moral relevance of wild animal interests. First, 

these rights impose restrictions to human interference with the so called wild animal 

communities. But, crucially, respect for these rights requires intervention whenever 

“altering nature’s course [is necessary] in order to prevent catastrophe” (e.g., 

devastating illness). Thus, the appeal to the sovereignty of wild animals, as understood 
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by Donaldson and Kymlicka, conflicts with Palmer’s thesis that even if intervention is 

permitted it is not required. 

 

Even if the Donaldson-Kymlicka view may be too optimistic about how beneficial 

establishing these relations of sovereignty can be for wild animals (as I will argue 

below), it makes two important claims which are relevant for the assessment of 

Palmer’s view:  

 

(a) We are morally required to ensure that nonhuman animals obtain whatever it 

is that they are dependent on in order to meet their basic needs; 

and, 

 

(b) In complying with that requirement, “letting nature be” need not always be a 

better course of action than intervention in nature. Thus, a positive duty to 

intervene can arise. 

 

Now, one can agree with Donaldson-Kymlicka in their general criticism to Palmer’s 

account and yet question (i) their diagnosis of wild animal competence to self-govern, 

and (ii) the adequacy of the sovereignty rights response to the moral relevance of wild 

animal interests. Such disagreement, though, would seem to be essentially based on 

empirical grounds.  

 

As chapter 3 shows, nature, far from it being a source of well-being for wild animals, is 

rather a source of intense misery. Data from population dynamics tells us that due to the 

reproductive strategy favored by the majority of wild animals, suffering largely 

predominates over well-being in nature. The fact that a population thrives does not 

imply that its members do flourish, but rather that the overwhelming majority of them 

have short lives, full of suffering.  

 

This renders the claim that wild animal populations are sufficiently competent to self-

govern extremely implausible. Wild animal populations, as some have claimed, are 

better described as “failed states”.
230

 In this sense, it is false that, as Donaldson-

                                                
230 Mannino (2015); Horta, (2013); Cochrane (2013). 
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Kymlicka think, the best way to respect the dependency of wild animals on their natural 

environment is to establish relations of sovereignty with wild animal communities. The 

satisfaction of wild animals’ interests does not depend, as the authors believe, on the 

preservation of their natural environments, since the preservation of their natural 

environments amounts to continuous suffering and death for most animals that come 

into existence. Thus, if we have a duty to ensure that their environment provides the 

satisfaction of their needs, sovereignty rights of the sort Donaldson and Kymlicka have 

in mind are not the solution. On the contrary, the adequate way of complying with the 

requirement to attend to wild animals’ needs is some form of what I shall call 

environmental enhancement.  

 

Environmental enhancement: any modification of natural environmental 

conditions which produces a net positive effect on the well-being of sentient 

individuals. 

 

The argument can be presented as follows. If,  

 

(i) We are morally required to ensure that nonhuman animals obtain whatever  

it is that they are dependent on in order to meet their basic needs; 

 

and 

 

(ii) Animals’ natural environment is such that often their basic needs are 

insufficiently satisfied, or not at all; 

Then, 

 

(iii) We are morally required to enhance animals’ natural environment in order to 

ensure the adequate satisfaction of their needs. 

 

The general conclusion is, thus, that even though Donaldson-Kymlicka’s assessment of 

Palmer’s view correctly identifies serious problems with the account, it remains too 

optimistic regarding the net effect of animals’ natural environment on their well-being. 

This leads to a view which resembles much more a ‘let nature be’ position than one that 



 

 145

challenges nature as a “flat moral landscape”,
231

 as was initially intended by the 

authors.
232

 Nevertheless, as I have argued, once we acknowledge the magnitude of wild 

animal suffering it may still be possible to make room within the theory for the 

satisfaction of wild animal interests, via the prescription of environmental enhancement.  

 

Some might object to this, of course, by claiming that environmental enhancement 

should be prevented due to its potential perverse or futile effects. Nevertheless, as 

Donaldson and Kymlicka themselves acknowledge, “[…] we can’t hide behind the 

fallibility argument for non-intervention insofar as our impact is already pervasive and 

unavoidable.”
233

 Having addressed these objections regarding the more general 

opposition to positive intervention in chapter 4, I will assume here that no compelling 

reasons of this kind can be provided to oppose environmental enhancement either. 

 

There is one specific way to oppose environmental enhancement by appealing to 

perversity, which is through an appeal to considerations of flourishing.
234

 As a matter of 

fact, this seems to be a quite widespread position among the general public used to resist 

intervention in nature, even though it is not as prevalent in the philosophical debate.
235

 

                                                
231 Donaldson & Kymlicka (2011a, p. 6). 

232 Some might say that Donaldson and Kymlicka’s position would be better accommodated under the 

jeopardy set of objections to intervention. That would be so insofar as intervening on behalf of wild 

animals would threaten the value of wild animals’ sovereignty. Nevertheless, I believe that would be a 

mistake since, according to Donaldson and Kymlicka, sovereignty is understood as instrumentally 

valuable for the promotion of wild animal well-being. On another interpretation, Donaldson and 

Kymlicka’s position would be better described as a perversity objection, insofar as intervening on behalf 

of animals would be, all things considered, worse for them. This is because even in those cases in which 

intervention would be successful in terms of alleviation of suffering, that would negatively affect the 

autonomy of these nonhuman individuals. Moreover, this would be so in such a way that the harm 

inflicted to animal autonomy would not be compensated by the reduction in suffering. However, even the 

authors admit that this overall net-negative assessment only holds under the assumption that wild animal 

communities are sufficiently competent for self-government. As shown in chapter 3, however, they are 

not so. Thus, understood as a perversity objection, Donaldson and Kymlicka’s view fails in its own terms 

to provide us with decisive reasons against intervening.  

233 Donaldson & Kymlicka (2011a, p. 164). 

234 The appeal to flourishing could indeed be extended to a more general opposition to intervention based 

on considerations of perversity. For the sake of simplicity in the exposition, I am addressing it here.  

235 A salient exception can be found in Everett (2001). 
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Applied to environmental enhancement, the flourishing objection might go along the 

following lines. Environmental enhancement should be prevented insofar as it 

undermines the flourishing of wild animals, where “flourishing” stands for acting in 

accordance to the kind of being a creature is (or according to a creature’s own nature). 

In other words: 

 

Flourishing: a being flourishes if, and only if, she acts in accordance to her own 

set of characteristic traits and capacities, which have evolved due to natural 

processes.  

 

However, as prominent theorists in the field have pointed out, there is no equivalence 

between the result of natural processes and an individual’s flourishing.
236

 Moreover, 

“flourishing”, understood here in evolutionary terms, stands for a mere description of 

what dispositions sentient individuals happen to have at the present point in evolution, 

which, as previously explained in chapter 4, in itself, carries no moral weight. Thus, it 

cannot help building up a moral case against environmental enhancement.
237

  

 

In addition, attaching axiological or moral relevance to this conception of “flourishing” 

leads to very counterintuitive scenarios. Suppose that an individual who is a member of 

type X acts according to dispositions y and z, where acting on y and z is a means to 

successfully carrying out the life cycle of members of type X. Once we have already 

established that x is acting on such dispositions, and once we have accepted a definition 

of flourishing according to which to flourish is to act on such dispositions, it would be 

redundant to ask whether x  is flourishing If to flourish is to act in accordance to the set 

of naturally evolved characteristic traits and capacities that allow the successful life 

                                                
236 See Hadley (2006); Nussbaum (2006). 

237 Appeals to flourishing might be alternatively understood in a way that allows them to resist this 

objection. It might be said that what is morally relevant is not that such and such traits are the result of 

natural processes, but rather that what is relevant is that individuals live in certain ways, which can only 

be ensured if some natural processes are preserved. Nevertheless, as thoroughly discussed in previous 

chapters (particularly in chapter 1 and 2), what is morally relevant is instead the extent to which an event 

increases a sentient individuals’ well-being or detracts from it. Thus, the preservation of natural processes 

is conditional to its impact on individual well-being. Yet, as we have seen in chapter  3, natural processes 

are precisely what causes the low levels of wild animal well-being.    
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cycle of a certain type, then if a being acts in accordance with those traits and capacities, 

that being is flourishing. But if to flourish is to act in accordance with the result of 

evolutionary processes, then flourishing does not seem to be something valuable.  

 

A simple example laid out by Peter Singer might help to illustrate this point:  

 

“Suppose that a man who has the means to acquire and maintain a harem of 

women who proceed to bear him dozens of children, is as flourishing as anyone 

can be. So, for that matter, are the women fortunate enough to be selected for the 

pampered and secure life child-bearing that membership of a strong, wealthy 

man’s harem involves. If we deny that such men and women are flourishing, we 

are introducing evaluations that need to be explained.”
238

 

 

An alternative explanation of what is going on with our intuitions regarding this case is 

that while there might be a certain respect in which these men and women are 

flourishing, there is another important respect in which they are not – not in terms of 

well-being. But, of course, there is no reference to individual well-being on the 

considered conception of a being’s “flourishing” as acting in accordance to her own set 

of characteristic traits and capacities, which have evolved due to natural processes. 

 

Firstly, one may consider that flourishing solely consists of individual well-being. In 

that case, we would be using the term in a completely different way: 

 

Flourishing’: a being flourishes to the extent to which she has a net positive 

level of well-being. 

 

If, more plausibly, we understand flourishing in this different sense, then it is false that 

environmental enhancement undermines the flourishing of wild animals. Consider food 

availability, an important limiting factor of wild animal populations. Despite the scarcity 

of resources, animals come into existence in great numbers, most of them typically 

dying of starvation shortly after birth. The rest that does survive, for the most part, 

suffer from malnutrition and experience a prolonged and harsh death, characterized by 

                                                
238 Singer (2002). 



 

 148

the progressive loss of bodily functions and by extreme distress. Clearly, these animals 

cannot be said to be flourishing in any sense that matters, since they have lives of net 

negative suffering. Thus, environmental enhancement, far from being detrimental to 

animals, would actually ensure that the necessary conditions for their flourishing, 

understood only in terms of well-being, would be met. 

 

Secondly, one might still disagree with this by claiming that, even if welfare is a 

necessary condition for flourishing, it is not a sufficient one. The best definition of 

“flourishing” would be: 

 

Flourishing’’: a being flourishes if, and only if, (i) she acts in accordance to the 

set of natural evolved characteristic traits and (ii) she has a net positive level of 

well-being. 

 

But, again, as previously explained, there are no compelling reasons on which to believe 

that acting on her “naturally evolved traits” in any way positively contributes, by itself, 

to an individual’s flourishing. Indeed acting on many such traits is clearly harmful for 

the nonhuman individuals whose flourishing we are assessing (e.g., boundless 

procreation). It is certainly implausible to claim that all naturally evolved traits are 

equally desirable in terms of individual flourishing. So a proponent of this view would 

have to provide a distinction between naturally evolved traits which are relevant for 

flourishing and those traits which are not. Plausibly enough, the relevance of such traits 

should be appraised by its impact on individual well-being. But, of course, if the 

relevant set of naturally evolved traits is fixed by how it affects individual well-being, 

then condition (i) of acting in accordance to such set of traits turns out to be 

superfluous. Thus, Flourishing’’ should be rejected as an adequate conception of 

flourishing.  

 

In sum, what I claim should be Donaldson and Kymlicka’s commitment to 

environmental enhancement cannot be objected to by appealing to flourishing 

considerations. If “flourishing” is defined as an individual’s behavior being in 

accordance with a set of naturally evolved traits, then this objection begs the question 

against environmental enhancement by assuming, rather than proving, the moral 

relevance of natural processes and their outcomes. If, on the other hand, “flourishing” is 
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relative to how well off an individual is, then the objection lacks any grounds on which 

to oppose environmental enhancement, since the vast majority of wild animals is 

prevented from flourishing, primarily, by natural processes. Finally, on a possible 

pluralist conception of “flourishing”, reference to behavior in accordance with naturally 

evolved traits turns out to be superfluous. It is thus incapable of providing new grounds 

on which to oppose environmental enhancement.   

 

An additional remark regarding Donaldson and Kymlicka’s stance on the flourishing 

objection to intervention on behalf of wild animals is still necessary. Though in 

Zoopolis, the authors reject the objection, they also claim that: 

 

“Our approach […] is a theory of sovereignty which recognizes that the 

flourishing of individual wild animals cannot be separated from the flourishing 

of communities, and which reframes the rights of wild animals in terms of fair 

interaction between communities”
239

 

 

That is, that the flourishing of individual animals (y) must be understood as a function 

of the flourishing of wild animal communities (x). Thus, the flourishing of individual 

animals will vary according to whatever value the flourishing of wild animal 

communities takes on, such that y = y (x).  

 

Now, I believe this section has already shown why this cannot be the case. Individual 

flourishing cannot be defined in terms of an animal community’s flourishing, since a 

community’s thriving does not imply that its individual members do flourish. On the 

contrary (as we have seen in chapter 3), the flourishing of the community implies that 

most of its members have premature deaths and lead lives of net suffering.  Since it is 

highly implausible to sustain that, despite that, individuals are flourishing, the equation 

should be rejected.   

 

Moreover, the equation should be rejected for another reason, which has to do with the 

adequacy of the term “community” to describe the interactions of nonhuman animals 

living in natural environments. In its common usage, “community” (c) stands for a 

                                                
239 Donaldson & Kymlicka (2011a, p. 167). 
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certain unified group of individuals, living in a particular area, and cooperating in some 

way for the satisfaction of common interests of a certain kind In ecology, nonetheless, 

“community” (c’) refers to a group of interacting species living in the same location, 

unified by a shared environment and a network of influence of each species over 

others
240

 (including predation, competition, mutualism, commensalism and parasitism). 

While the overwhelming majority of interactions between animals living in the wild can 

be rightly described as an instance of c’, it would be misleading to describe it as an 

instance of c. As chapter 3 shows, wild animal interactions are best characterized as 

intraspecific hostile competition for resources and interspecific aggression of various 

kinds. Usually, the ambiguity between c and c’ remains unnoticed and it is suggested 

that since wild animals are communities c, then they know what is best for them and 

they should therefore be left alone. Yet “wild animal community” in this sense 

misdescribes the relations among wild animals. The term “wild animal community” (c) 

has a null extension. Nothing is a wild animal community in this sense. And if so then 

every declarative sentence that includes it is false.
241

 Thus, the sentence “The 

flourishing of individual wild animals is a function of wild animal communities (c)” is 

also false. Therefore, it cannot provide us with any reason against environmental 

enhancement, in particular, or against any other intervention in nature on behalf of wild 

animals, more generally. Moreover, given the persistent ambiguity of “community”, this 

term should be abandoned altogether.  

 

 

6.3 Conclusion  

 

Here, I examined what can be labelled as relationality objections to intervention in 

nature. In the literature, these have been most importantly addressed by Clare Palmer 

and by Sue Donaldson and Will Kymlicka. I began by reconstructing Palmer’s argument 

against the existence of a requirement to assist wild animals in the absence of prior 

morally-relevant entanglements with them. I argued against Parlmer’s relational 

                                                
240 Horta (2013). 

241 For a recent discussion of empty terms in moral discourse and the corresponding truth value of the 

declarative sentences that contain them see Hom and May (2013, 2015).  
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objections to intervention in the wild. I also presented Donaldson and Kymlicka’s 

challenge to Palmer, and offered a strong case for pressing Donaldson and Kymlicka’s 

account forward in a way that implies that much more pervasive interventions in nature 

– what I called environmental enhancement – may be required. Finally, I addressed 

some objections to this claim and concluded that appeals to relationality do not 

constitute sound objections to intervention, especially in light of the magnitude of the 

harms experienced by wild animals. 
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7. PRIORITY 

 

 

In previous chapters I challenged perversity, futility, jeopardy and relational arguments 

against intervention. In this chapter I examine another set of arguments against the 

conclusion that intervening in nature to help animals is what we have most reason to do. 

 

According to the: 

 

Priority Objection: when confronted with the choice between intervening in 

nature on behalf of wild animals and benefiting human beings, the latter has 

priority over the former. 

 

A cogent priority objection to intervention on behalf of wild animals will have to: 

 

(i) Endorse the empirical claim about the predominance of suffering in nature (see 

chapter 3);  

 

(ii) Acknowledge the overall benefits of intervention in terms of nonhuman well-

being, assuming intervention is feasible;
242

 

 

and, 

 

(iii) Offer compelling reasons for it to be the case that intervening on behalf of wild 

animals is not a priority, hence it is not what we have most reason to do.  

                                                
242 Some might say these two conditions are not necessary in order for a priority objection to obtain. For 

example, someone might endorse the priority thesis, while being skeptic about the magnitude of wild 

animal suffering. Alternatively, someone might be skeptic about the overall benefits of intervention (e.g., 

by accepting some form of futility argument) and nevertheless defend that improving human well-being 

has priority over intervening on behalf of wild animals. However, for the reasons exposed in previous 

chapters (mostly, 3 and 4), those would be very fragile versions of the priority objection. I shall therefore  

focus  on the strongest case against intervention in nature based on priority considerations, which satisfies 

both of these conditions. At any rate, if my arguments are sound they will apply to the weak and strong 

versions of the objection equally.  
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It is possible to find three main strategies in the literature for (iii). Even though they do 

not explicitly address the case of animals in the wild, there is no reason why we should 

not understand the scope of such considerations as including wild animals as well. 

 

One way in which benefiting animals in the wild maybe morally more important would 

be if we assumed some egalitarian or prioritarian view.
243

 As shown in chapter 3, these 

animals have very low levels of well-being (in fact, we could say they have very high 

levels of net negative well-being). Arguably, providing them with some benefit would 

bring about more value than the alternatives because that is what would contribute the 

most to reduce inequality, or because they are worse off.   

 

Thus, one of the main strategies consists precisely in excluding nonhuman animals from 

the scope of distributive principles altogether, such as those of priority and equality. 

Call this The Exclusion Approach. This strategy has been followed first and foremost by 

Jeff McMahan.
244

 The other consists in accepting that nonhuman animals lie within the 

scope of principles of equality or priority yet diminishing the importance of their 

interests for the purposes of distribution. If the argument is sound, what nonhuman 

animals are owed is significantly reduced. Call this The Deflation Approach. This 

strategy has been famously pursued by Peter Vallentyne
245

 though it was first assumed 

by McMahan.
246

  

 

Finally, there is the view that benefitting nonhuman animals would not bring about 

more value, given, for instance, a perfectionist axiology. In this case, one need not 

                                                
243 Even though these views are very diverse, the arguments put forward throughout the chapter apply 

both to telic and deontic versions of egalitarianism and prioritarianism. For a distinction between telic and 

deontic egalitarianism see Parfit (1995). Additionally, it must be noted that the egalitarian views I am 

addressing consider that both equality and well-being matter. 

244 McMahan (1996) restricts the Exclusion Approach to equality principles, even though for 

argumentative purposes it is possible to extend it to priority principles as well. Given the situation of wild 

animals, if intervention or non-intervention follows from the egalitarian view it must also follow from the 

prioritarian view (section 7.1). 

245 Vallentyne (2004). 

246 McMahan (1996) assumes the Deflation Approach to what he calls “non comparative distributive 

prinicples”, i.e. priority.  
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assume any egalitarian or prioritarian view. This strategy can be found in Parfit
247

, as a 

way to avoid the Repugnant Conclusion, even though the case of nonhuman lives is 

only very marginally addressed. Through the chapter, I will refer to it as The 

Perfectionist Approach. 

 

 

7.1 The Exclusion Approach 
 

First, on 

 

The Exclusion Approach: sentient individuals below certain cognitive capacities 

are excluded from the scope of distributive principles, such as equality and 

priority.  

 

As previously mentioned, this is a strategy pursued by Jeff McMahan, according to 

which there are some properties whose possession “makes an individual one’s moral 

equal and thus brings him or her within the sphere of justice”.
248

 These properties are 

psychological in nature, identified in the Kantian tradition with those “necessary for 

moral agency: rationality and autonomy.”
249

 Thus, sentient beings who lack such 

complex cognitive capacities are excluded from the sphere of justice, and hence from 

the scope of principles of equality and priority.
250

 

 

This strategy can be seen as an instance of a wider moral outlook—the one Richard 

Arneson calls the Rational Agency Capacities Account
251

 – which privileges beings that 

exhibit the capacities associated with rational agency. According to Arneson: 

 

                                                
247 Parfit (most notably 2004 [1986] but also 1984). 

248 McMahan (1996, p.30). 

249 Ibid., p. 31. 

250 Note that even if nonhuman animals are excluded from these principles, characterized as principles of 

justice, we may still have other reasons to benefit them, given by non-justice principles. However, I will 

not pursue this line of argument here.  

251 Arneson (1999, 2014).  
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“A rational agent can identify available courses of action she might take, discern 

reasons for and against the options, weigh and assess the reasons she discerns, 

deliberate and make choices, carry out the action chosen, and do all this not 

simply for a single decision problem at a time but with respect to long-term 

plans of action and projects she might undertake. A rational agent can identify 

reasons that have a bearing on what to do, and this ability to detect reasons 

includes an ability to understand and appreciate distinctively moral reasons 

involving the due consideration and concern that each of us owes to others.”
252

 

. 

 On this account, there is a subset of moral considerations which only apply to our 

treatment of other rational agents, and apply to all of them to the same extent. The fact 

that an individual is a rational agent makes her interests matter in a special way. It is not 

just that their interests are considered to be more important, so that our reasons against 

frustrating them are stronger than against frustrating similarly weighty interests of non-

rational agents. On this account, different principles apply when considering the 

interests of rational agents. Considerations of equality and priority are valid in their 

case, while they are not in the case of sentient individuals who are not rational agents. If 

distributive principles should be conceived in this way so as to apply only to rational 

agents, then we have no equality or priority reasons to benefit nonhuman animals.  

 

Thus, applied to the case of wild animals, the argument could be reconstructed as 

follows: 

 

(i) Distributive principles (equality or priority) belong to the subset of moral 

considerations that only apply to beings with p; 

 

(ii) Wild animals do not exemplify p; 

 

(iii) Therefore, distributive principles do not apply to wild animals; 

 

(iv)  Hence, we lack equality and priority reasons to intervene on behalf of wild 

animals. 

                                                
252 Arneson (2014, pp. 34-35). 
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Now, as some of its proponents sometimes acknowledge, there are several 

complications with this view.
253

 First, complex cognitive capacities (p) come in degrees. 

Consider, for instance, the capacities involved in rational agency. Some rational agents 

are clearly better off than others in terms of, for example, identifying the relevant 

reason-giving facts, in balancing reasons in an unbiased way, or in conforming their 

actions to the balance of reasons. Thus, there are two options here:
254

 

 

(i) Equality and priority reasons apply in varying degrees of strength such that the 

degree to which they apply to an individual is directly related to the degree to 

which she possesses p. 

 

Or, 

 

(ii) There is a threshold in the scale of p such that equality and priority reasons 

uniformly apply to all individuals above it, and to none of those below it.  

 

Opting for (i), however, effectively makes the Exclusion Approach collapse with the 

Deflation Approach, which I will examine in the following section. Thus, for the time 

being, I will focus exclusively on the threshold hypothesis. A stated, this is the claim 

that there is a threshold in the scale of cognitive capacities such that equality and 

priority reasons apply equally to all individuals above it, and to none of those below it. 

On this view, then complex cognitive capacities (e.g., rational agency) may be a kind of 

range property.
255

 That is, just like all the points within a circle can be counted as 

equally inside the circle, regardless of their proximity to the center, there is some 

threshold in the scale of cognitive capacities such that all beings above it can be 

                                                
253 McMahan (2002, pp.249-251, 2008); Arneson (1999, 2014). 

254 I will assess the simplest options advanced in the literature, even though the same conclusions would 

follow for other, more complex views, such as (a) a gradual scale below a threshold and then uniform 

status; (b) no status below a threshold and then a gradual scale; (c) several thresholds; (d) a gradual scale 

above and below the threshold with varying degrees of incline, so that status varies very significantly 

depending on the capacities of individuals until a certain point is reached and varies only a little 

depending on those capacities from then on. At any rate, all of these variations are prone to the same 

objections. For a detailed analysis, see Horta (forthcoming). 

255 As defined in Rawls (1971, sec. 77). 
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considered equals for moral purposes, even if, as a matter of fact, they differ among 

them with respect to those capacities. All individuals below the threshold are excluded 

from the application of distributive principles (equality and priority). Plausibly, the 

cognitive capacities of most nonhuman animals would fall below the threshold, so that 

they would not qualify for inclusion within the scope of equality or priority. Hence, we 

would have no equality or priority reasons to intervene in nature for their sake. 

 

One problem with this approach is that it is not easy to justify positioning the cut off 

point at any particular location. This must be so whether we conceive the threshold as a 

‘thin’ line or more of a ‘thick’ grey area separating those who clearly are rational agents 

from those who are not. Being above or below it must correspond to some change in 

psychological capacities with plausible moral significance, and which must be 

connected to an explanation of why the possession of certain capacities matters morally 

in the first place.  

 

Traditional candidates for the specifically relevant capacity are rationality, self-

consciousness or autonomy. Whatever their merits, it is still true that they come in 

degrees and that some individuals possess them to a greater extent than others. So if we 

hold a threshold view, we will reach what appears to be an arbitrary, i.e. unjustified, 

position.
256

 

 

This can be observed by thinking of two individuals with almost exactly the same 

capacities. One of them has these capacities only to a slightly lower degree than the 

other, but the former falls below the threshold while the latter stands above. If 

arbitrariness is a good enough reason to reject a view, we should certainly reject this 

one. If, nevertheless, we remain convinced that such capacities are relevant, regarding 

how equality and priority reasons apply to individuals, then we are led to accept the 

                                                
256 It would be of no avail to claim that the threshold is vague and hence allows for an area of 

indeterminacy. As explained, the threshold is either a thin line (demarcating clear-cut cases) or a thick 

grey area (separating the sets of clear-cut cases by an area of indeterminacy). Given that psychological 

capacities are gradual, any thin line is unjustified. Nonetheless, if we accept a thick grey area we are led 

to a regression to the first dilemma: either there is a thin line that demarcates the clear-cut cases from the 

grey area or these are separated by a further area of indeterminacy. Thus, we are driven again to an 

infinite regress or to a thin line.  
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alternative view. We will thus have to conclude that because individuals differ in the 

degree to which they have these capacities, the strength of the equality and priority 

reasons which apply to each individual will have to be correspondingly adjusted. That 

is, one must reject these principles apply equally to all individuals above certain 

cognitive capacities, such as those usually considered constitutive of rational agency.  

 

At this point supporters of the Exclusion Approach might accept this implication, 

thinking that the alternative – intervening in nature on behalf of wild animals – is too 

implausible.
257

 Yet, on reflection, I believe that the consequences of endorsing that view 

might be unacceptable. This is particularly the case once we confront the question of 

whether the strength of equality and priority reasons also varies along the scale of net 

negative well-being. Extending the variation of equality or priority reasons to net 

negative well-being commits one to the claim that the moral importance of similar 

levels of net negative well-being varies even among rational agents. For instance, that it 

is more important to assist a certain rational agent and rescue her from a life not worth 

living than it is to assist another rational agent with a life similarly not worth living, 

simply because the second is endowed with lesser capacities. 

  

Yet that still excludes less cognitively endowed individuals from the scope of 

distributive principles, even regarding the scale of net negative well-being. Now, 

consider the following case: 

 

The Saviors’ Base: Imagine a community where human beings leading wretched 

lives go to get assistance—the Saviors’ Base. Some human beings that come to 

the Base possess complex cognitive capacities that set them above the threshold. 

Others are severely cognitive impaired human beings below the threshold. All 

those who do not receive assistance lead lives of net negative well-being, though 

the lives of the cognitively impaired, when unassisted, are much worse than the 

lives of the better cognitively endowed.   

 

                                                
257 This is the argumentative path Richard Arneson followed when I presented the aforementioned 

challenges to him on July 2014 at CEU Summer School. See also Arneson (2014). 
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According to the Exclusion Approach, the plight of the cognitively impaired humans, 

even if more terrible, should give way before the plight of the rational humans, which is 

given moral priority. This is highly problematic and would be found unacceptable even 

by many of those who might consider the Exclusion Approach intuitively plausible 

alongside the net positive side of the scale.
258

 But if that is so, then equality and priority 

reasons must apply, and to the same extent, to all sentient beings, irrespective of how 

sophisticated their cognitive capacities are, at least regarding levels of net-negative 

well-being.  

 

What follows from this regarding animals living in the wild? The majority of the worse 

off sentient individuals are wild animals. This is not only because they have the lowest 

levels of net positive well-being, but because they have the highest levels of net 

negative well-being. As we saw, it is extremely implausible that non-rational agents are 

also excluded from the scope of equality on the negative side of the scale of net well-

being. Therefore, the net negative levels of well-being experienced by nonhuman 

individuals are as morally important as similar levels that might be endured by severely 

cognitively impaired humans or by rational agents. The facts show how the level of net 

negative well-being of nonhumans is high indeed, and their numbers are enormous (see 

chapter 3). Thus, even after all these adjustments, the same implication follows – 

intervening on behalf of wild animals is a moral priority. 

 

Finally, there is a further difficulty of threshold views worth discussing. The scale of 

rational agency capacities may continue to much higher degrees of psychological 

capacities than any human rational agent has ever, or perhaps will ever, possess. Indeed, 

the scale may go on indefinitely. It would not be surprising that, compared to other 

possible rational beings (even if not yet existing on Earth), human rational agents are 

rather on the lower sections of the scale.
259

 

 

The posthumans: Suppose that a group of human beings colonized planet X. Due 

to a process of progressive cognitive enhancement they developed into beings 

                                                
258 Certainly, these implications would not be considered unacceptable under modal personism (chapter 2) 

or relational approaches (chapter 6). Nevertheless, as I have argued, I believe we should reject these 

views. 

259  For similar examples see Nozick (1974, p. 41). 
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with very high cognitive capacities. Compared to paradigmatic human beings on 

Earth, they might be considered posthumans. Now, suppose that these 

posthumans come to Earth to operate a massive transfer of resources from most 

human beings to most posthumans. What are we required to do? 

 

On a threshold view, it would be suspicious that the line that separates those to whom 

equality and priority apply from those to whom it does not happens to coincide with the 

average cognitive capacities of human beings. It is possible that the line is much lower 

down the scale, just as it is possible that it is much higher up. That might, in fact, be the 

prevalent position among posthumans. Thus, it is conceivable that human beings would 

be also excluded from the scope of equality and priority. If we assume that there is a 

threshold establishing a relevant moral demarcation between rational agents like us and 

other sentient beings, nothing bars in principle the possibility that there are more such 

thresholds up the scale of rational agency capacities. These posthumans might be one or 

several thresholds above us.  

 

On these accounts, human rational agents stand to them as non-rational sentients stand 

to mere rational agents. Even if all led lives of net negative well-being, the posthumans 

would not be required to perform sacrifices to assist them. For example, by preventing a 

massive shift of natural resources from most human beings to the posthumans. Given 

what it means for a human rational agent to lead a life of net negative well-being, this 

implication seems unacceptable. As Richard Arneson himself acknowledges “To put it 

mildly, these implications of the rational agency account are hard to swallow.”
260

 

 

It appears, then, that once one tries to fill in the details of the Exclusion Approach one 

faces the prospect of denying equal consideration of interests even among those above 

the threshold. This seems hardly acceptable, especially when the levels of well-being of 

individuals are net negative. The contrary implies that the interests of cognitively 

impaired humans not to have miserable lives make very weak claims on us. Since that is 

highly implausible, one should conclude that all sentient beings should be considered 

within the scope of distributive principles, at least, again, on the net negative scale. 

                                                
260 Arneson (2014, p. 40). 
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Since wild animals are very badly off, we have strong equality or priority reasons to act 

on their behalf. The Exclusion Approach does not successfully block intervention.  

 

 

7.2 The Deflation Approach 
 

Consider now the second strategy: 

 

The Deflation Approach: equality or priority-based reasons, when applied to 

sentient individuals with lower psychological capacities, are weaker than when 

applied to individuals with higher psychological capacities. 

  

This strategy does not consist in excluding certain individuals from the scope of 

equality or priority. Rather, it purports to show how, even though distributive principles 

apply to all sentient individuals, they apply much less strongly to a certain subset of 

them. This is done by claiming that the currency of distribution is not individual well-

being, but rather fortune, where “fortune” stands for well-being relativized to individual 

psychological capacities.  

 

This strategy is endorsed both by Jeff McMahan
261

 and Peter Vallentyne
262

, albeit with 

certain differences.
263

 In what follows, I will examine both versions of the Deflation 

Approach and assess the extent to which they might provide compelling reasons not to 

intervene for the sake of wild animals and for choosing other aims instead. 

 

a) McMahan’s Native Potential Account of Fortune 

 

According to McMahan’s Native Potential Account of Fortune, to be badly off means to 

be unfortunate, where misfortune is understood as failure to realize one’s native 

                                                
261 McMahan (1996). 

262 Vallentyne (2004). 

263 For instance, Vallentyne believes that fortune so understood is the currency of both equality and 

priority. As mentioned, McMahan restricts it to the latter (1996, pp. 28-31), but for argumentative 

purposes it is possible to extend it as well to the former. I believe that nothing hinges on that. 
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psychological capacities and potential.
264

 On this account, an individual is more or less 

fortunate (she is better or worse off for the purposes of equality or priority) to the degree 

that her actual level of well-being is closer or further from her maximum level of well-

being as determined by her native capacities and potential for well-being. Thus, to 

increase an individual’s level of well-being does not necessarily imply that she is made 

better off (fortunate). In fact, so the argument goes, that will not be the case if her actual 

level of well-being is increased whilst her capacity and potential for well-being is 

enhanced. By modifying her maximum potential, such enhancement would change the 

relevant scale for comparison of fortune. Because the scale has changed the fact that an 

individual’s well-being has increased does not imply that she is better off or more 

fortunate. That will only be so if her well-being is closer to her maximum native 

potential.  

 

Thus, two important implications follow from McMahan’s account: 

 

(i) We have no equality or priority reasons to enhance the potential for well-being 

of the congenitally less endowed individuals (human or nonhuman); 

 

(ii) For any given level of well-being, an individual with a lower capacity or 

potential for well-being is better off than another individual with the same level 

but higher capacity or potential for well-being. For example, suppose that both 

Jane and Hannah’s actual level of well-being is 50. However, Jane’s maximum 

capacity for well-being is 100 whereas Hannah’s is 150. On this view, Jane is 

more fortunate than Hannah because she is closer to her maximum possible level 

of well-being. 

 

Since implication (ii) is common to both McMahan and Vallentyne’s accounts, I shall 

now focus on what is distinctive about McMahan’s proposal and thus assess his 

rejection of our reasons to enhance the congenitally less endowed.  

 

                                                
264 McMahan (1996, pp. 16-24). 
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Consider the following scenarios in which there are certain treatments that can be given 

to two persons (call them Audre and Bet) affecting either their capacities, their well-

being or both: 

 

A. Audre had average cognitive capacities, but suffers an accident that renders her 

severely cognitively impaired. Because the impairment is accidental, her native 

maximum potential for well-being remains unchanged. However, with or 

without treatment her overall level of well-being will remain the same.  

 

According to McMahan’s view, in both cases she would be equally fortunate. 

Therefore, we do not have priority reasons to treat her.  

 

B. As in A Audre had average cognitive capacities, but suffers an accident that 

renders her severely cognitively impaired. Again, because the impairment is 

accidental, her native maximum potential for well-being remains unchanged, and 

there is a treatment that can restore her capacities. This time, if treated, she will 

enjoy a greater level of well-being, one that would be closer to her maximum 

native potential. 

 

On McMahan’s view, Audre will be better off or more fortunate if treated. This means 

that we have priority reasons to treat her.  

 

C. Bet suffers from a severe congenital cognitive impairment.  However, there is a 

treatment that can enhance her capacities and potentials to the levels of an 

average human being. Whether she is treated or not, however, as in A, with or 

without treatment, her overall level of well-being will remain the same. 

 

Now, on McMahan’s account there are no priority reasons to treat Bet. This is not 

because in either way she will have the same level of well-being (as Audre in A). 

Rather, this is because we only have priority reasons to benefit someone when that will 

render her levels of well-being closer to her native maximum potential. In this case, 

treating Bet will not benefit her in that way.  
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D. As in C, Bet suffers from a severe congenital cognitive impairment.  There is a 

treatment that can enhance her capacities and potentials to the levels of an 

average human being. If treated, she will enjoy a greater level of well-being, 

though the distance between her new level of well-being and her new maximum 

potential is the same as the distance that existed between her previous level of 

well-being and her maximum native potential.  

 

Again, on McMahan’s view, there are no priority reasons to treat her, even though it is 

true that her well-being will increase. This is because, on this view, our reasons do not 

apply to enhance an individual’s maximum potential for well-being, but only to raise 

her well-being within the scale of her maximum native potential.  

 

E. Bet suffers from a severe congenital cognitive impairment. Her potential is 10. 

Her current level of well-being now is 8. So, on McMahan’s account, her total 

fortune is 8/10, which is 0.8. There is a treatment that can enhance her capacities 

and potentials to the levels of an average human being, say, 20. If she is treated, 

her overall level of well-being will be increased to 14. On the same account of 

fortune, her resulting fortune after the treatment will be 14/20, which is 0.7. 

 

This example shows how under certain circumstances an increase in well-being can 

mean a decrease in fortune according to McMahan’s account of it. Since 8 is higher 

relative to 10 (0.8) than 14 is relative to 20 (0.7), on McMahan’s account we would 

have reasons not to treat her because that would be worse for her, as she would be less 

fortunate. That seems very implausible since both her well-being will be far greater.  

 

Now, while the Native Potential Account of Fortune provides an acceptable solution for 

A-C that is not the case with D and E. As in B, in both D and E the treatment is 

worthwhile because it increases somebody’s well-being. In addition, the patients’ 

interest in improving her well-being  are the same in B, D and E and our reasons to treat 

them are as strong as our reasons to do it in B. Yet the Native Potential Account implies 

that the latter is false.  

 

Nevertheless, if what matters is how our choices affect the interests of individuals and 

that does not vary across the scenarios we are considering here, our reasons cannot vary 
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merely because the patients’ psychological capacities do. This must be the case 

independently of how her well-being is improved, be it through cognitive enhancement 

or otherwise. This shows that the proposal falls prey of highly counterintuitive 

results.
265

  

 

This suggests that, at the very least, McMahan’s account of fortune should be revised so 

as to relativize the well-being of an individual, at some time, to the psychological 

capacities and potential of that individual at that time, whether that potential is 

congenital or not.
266

 But these examples perhaps show as well that the relativization 

requirement should be entirely abandoned. 

 

b) Vallentyne’s Fortune Relative to Moral Standing 

 

In an influential paper Peter Vallentyne
267

 acknowledges that equality and priority apply 

to all sentient animals. This is not equivalent, however, to the claim that equality and 

priority-based reasons apply to all of them with the same strength. If they did, he 

acknowledges, a massive shift of resources (or well-being) would be required from most 

humans to most nonhuman animals, since the latter are worse off. Yet, Vallentyne 

claims, it would be unreasonable to endorse such implication, which he dubs “The 

Problematic Conclusion”. The strength of equality and priority reasons when applied to 

nonhuman animals must be somehow deflated.  

 

Vallentyne deviates from McMahan’s account given the possibility of what he calls 

radical enhancement. That is, the technological upgrade of individuals’ potential for 

well-being irrespective of their species. Under this assumption, it is conceivable to reach 

a point where everyone’s potential for well-being is the same across species. Thus, for 

                                                
265 This counterintuitive character is strengthened if we consider a veil of ignorance argument in which 

we could decide the potential for well-being of each individual that will exist in the world without 

knowing our place in it. It seems that we would surely favor a world where everyone enjoyed equal 

capacity and potential for well-being.  

266 That would render McMahan’s proposal almost identical to Vallentyne’s. 

267 Vallentyne (2004). 
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the purposes of distributive principles, the moral standing of an individual must be 

determined by her capacity for well-being, rather than by her potential. 

 

He says: 

 

“I shall suggest that fortune should be understood as wellbeing relativized to the 

degree of moral standing, where moral standing is grounded in the capacities of 

the individuals (rather than in their potentials).”
268

 

 

Since, unlike McMahan’s, Vallentyne’s account does not require the relevant capacities 

to be congenital, it leaves open the possibility that equality or priority may demand us 

the enhancement of the less congenitally psychologically endowed, when that will make 

them better off.  

 

While rejecting (i) the claim that we lack equality and priority reasons to enhance the 

less congenitally psychologically endowed, this account still implies (ii). That is, that a 

low level of net positive well-being for an individual with a low capacity for well-being 

is less important for the purposes of equality and priority than a similar level of a better 

endowed individual. This is so because, on Vallentyne’s calculus, the former might be 

as equally or even more fortunate than the latter.
269

  

 

What equality and priority require of us is, thus, less stringent the lower an individual’s 

capacity for well-being is. Even if nonhuman animals have lower levels of well-being, 

they are not necessarily worse off, since their psychological capacities are so much 

lower than those of average humans. Accordingly, what we owe to nonhuman animals 

for the purposes of distribution is significantly reduced.  

                                                
268 Vallentyne (2004, p.28). 

269 This makes Vallentyne’s view sound like Raz’s view of the diminishing significance of well-being 

(Raz 1986, chapter 9). There, Raz treats the reason-giving force of the provision of a unit of well-being to 

depend on the level of advantage of the recipient. But instead of focusing on how close the recipient is to 

the zero level he focuses on how far they are to the satiation point where their life cannot be improved. 

On this view, when individuals have different satiation points, the individuals with the higher satiation 

points have stronger claims because the distance between their actual level and their satiated level is 

bigger.  
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Applied to the case of wild animals, Vallentyne’s argument might thus be synthesized 

as follows: 

 

(i) The currency of distribution is fortune, where fortune is well-being relativized to 

moral standing; 

 

(ii)  A lower capacity for well-being implies lower moral standing; 

 

(iii) Most nonhuman animals have a lower capacity for well-being. Hence, they have 

lower moral standing; 

 

(iv)  Therefore, most nonhuman animals are not worse off than most humans; 

 

(v)  If (iv), then, we have no equality and priority reasons (or only very weak ones) 

to significantly shift benefits from most humans to most nonhuman animals, 

including to those living in the wild; 

 

(vi)  Thus, intervention on behalf of wild animals is almost never required. 

 

Yet Vallentyne’s attempt to escape the so called “Problematic Conclusion” is not 

immune to criticism.
270

 

 

First, if the strength of equality and priority reasons is gradual, and is to be adjusted 

following variations on psychological capacities, it must be gradual throughout. The 

psychological capacities on which the capacity for well-being supervenes vary among 

human beings. If that is so, the strength of our equality and priority reasons must vary as 

well. If we conceive of how well or badly off an individual is as her level of well-being 

relativized to her capacities, then for each individual we will have to assess her 

capacities and derive our reasons accordingly. 

 

                                                
270 For further criticisms see Holtug (2007). 
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The Deflation Approach implies that the strength of equality and priority-based reasons 

varies even among rational agents, depending on the sophistication of their capacity for 

well-being. In addition, the problem cannot be solved by retreating to a threshold view, 

since all such boundaries ultimately prove arbitrary.   

 

Moreover, even if it were accepted that these considerations apply to the net positive 

side of the scale of well-being, it is highly implausible that they apply to the net 

negative side as well. Consider again The Saviors’ Base. Vallentyne’s proposal would 

also imply that the net negative well-being of cognitively impaired human beings count 

for much less than similar levels of negative well-being of non-impaired humans. 

Hence, we should prioritize assistance to the latter. It would also imply that the moral 

importance of net negative levels of well-being of the least endowed rational agents 

count for less than other best endowed rational agents with similar levels of well-being. 

Nevertheless, that would justify unacceptable practices such as the sacrifice of the least 

endowed for the benefit of the most endowed individuals.
271

 

 

Finally, a problem similar to the posthumans also follows for the Deflation Account. 

We may imagine sentient beings with a high capacity for well-being, such that average 

human beings stand to them as most nonhuman animals stand to average human beings. 

Equality and priority reasons would then apply to these superior beings much strongly 

than to average humans. Even if humans were in such appalling conditions as most 

nonhumans currently are, no massive shift of resources for their benefit would be 

morally required from these superior beings. This would certainly be unacceptable. 

 

However, if we reject this, it is dubious that we can avoid that a massive shift of 

resources is morally required for the benefit of nonhuman animals. This is so because as 

a matter of fact, animals are currently the worse off individuals due to their high levels 

of net negative well-being, particularly, those living in the wild (see chapter 3).  As the 

scenarios considered above show, this is a conclusion we would fully embrace if the 

worse off individuals belonged to the human species. Again, we should be wary of 

                                                
271 On moderate versions of prioritarianism it might sometimes be justified to sacrifice the interests of the 

worse off provided that the benefit to the better off is substantial enough. However, in  the cases we are 

dealing with here, the benefits in terms of well-being for the most endowed would be as large as the 

benefits from which the least endowed are deprived. 



 

 170

speciesist bias in assessing our conclusions. Once we get rid of it, the so called 

“problematic conclusion” may just be the “equitable conclusion” after all.  

 

And if that is so, then the Deflation Approach (McMahan or Vallentyne’s version) 

cannot successfully show that intervention on behalf of animals is not a moral priority. 

 

 

7.3 The Perfectionist Approach 
 

A third approach to the problem at hand is quite different from the previous two. On  

 

The Perfectionist Approach: a change that brings a great net benefit to those who 

are affected by it is a change for the worse if it involves the loss of one of “the 

best things in life”.
272

 

 

The best things in life are, according to Parfit, “the best kinds of creative activity and 

aesthetic experience, the best relationships between different people, and the other 

things which do most to make life worth living”. Suppose that we are in a position in 

which we can significantly benefit a great number of individuals but can only do so 

through a massive transfer of resources which will expectably make it impossible to 

generate many of the “best things in life”. This is the kind of choice we may be facing 

when considering intervening in nature.  

 

So, applied to our case, the perfectionist argument could be formulated as follows: 

 

(i) Intervention on behalf of animals comes at the cost of reducing or losing “the 

best things in life”; 

 

(ii) Intervention on behalf of animals would significantly increase their levels of 

well-being; 

 

                                                
272 See Parfit (2004 [1986], p.19). 
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(iii)  Reduction or losses of “the best things in life” cannot be compensated by any 

benefits in terms of nonhuman well-being; 

 

(iv)  Therefore, intervention is not a moral priority. We must prioritize the pursuit 

and preservation of “the best things in life” rather than significantly benefit 

nonhuman animals; 

 

Perfectionism is open to many challenges, though a general assessment of its faults lies 

outside the scope of this thesis. Rather, I will focus on two main worries that arise for a 

specific form of perfectionism – the one endorsed by Parfit and here reconstructed as an 

attempt to ground a priority objection to intervention. Parfit’s view is characterized in 

terms of the achievement or realization of “the best things in life”. These should be 

understood as those kinds of things that besides doing the most to make life worth living 

(having very high personal value), also have very high impersonal value.  

 

a) Inegalitarian implications for distributive purposes 

 

According to the Perfectionist Approach, an outcome A is worse than an outcome B if 

A involves the loss of objective goods, independently of how A and B may stand with 

regards to individual well-being. Now suppose that A involves the loss of Venice
273

 but 

as a result Audre and Bet are equally better off. B does not involve such a loss. Audre is 

as well off as she would have been in A though Bet is much worse off than Audre. Yet 

according to the perfectionist, we should prioritize outcome B over A. That is, even 

though no one is better-off in B, and there is inequality resulting from someone being 

worse-off, B is considered better overall because there is no loss of objective goods – 

Venice still exists.  

 

 

 

 

 

                                                
273 An example of objective good, according to Parfit, ibid.  
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Now consider a slightly different scenario:  

 

The perfection monster:
274

 Imagine a scenario in which a cognitively well-

endowed being is able to bring about outstanding creative activity and aesthetic 

experience, inaccessible to average human beings. So that the monster remains 

productive, it must receive enormous amounts of resources. Shifting such 

resources towards him means many humans having merely worth living lives, 

rather than lives at much higher levels of well-being.  

 

According to the Perfectionist approach we are committed to accepting a scenario in 

which the Perfection monster receives all the resources and gets to realize these 

objective goods even though everyone else will be affected for the worse. We are also 

committed to agreeing that a scenario in which all human beings are much better off but 

the Perfection Monster lacks resources for creative activity is worse than a scenario in 

which he does so at the expense of everyone else being worse-off.  

 

What the Venice example and the Perfection Monster experiment reveal is the highly 

inegalitarian implications of the Perfectionist Approach, which renders it unacceptable 

to most of us. 

 

Yet the counterintuitive results of the approach become even more apparent when 

considering scenarios that involve not only inequality but net negative levels of well-

being.
275

 Roger Crisp, for example, who is not an egalitarian, would not sacrifice a 

pristine rainforest for the sake of equality above a sufficiency threshold but he would 

sacrifice it to prevent suffering or the risk of humanity falling below sufficiency. If we 

                                                
274 Someone might say that great suffering is a price that is worth paying for a world with alleged 

objective goods present in nature, such as the beauty and elegance of predation. On this understanding, 

perfectionism might be better considered under the Jeopardy heading. But as argued in chapter 5, 

objections to intervention from jeopardy also fail.  

275 Thomas Nagel, for instance, declares not to favor equality if it comes at the expense of Haute Cuisine, 

Fine Art and a number of goods that possess what he calls “excellence” to a degree that makes us morally 

required to preserve them (1991). It seems reasonable to assume that the majority of us would clearly 

reject that this justifies letting other individuals to live lives barely worth living or, as in the case of huge 

numbers of animals suffering in nature, not worth living. 
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reject speciesism, it seems the same should apply in the case of nonhuman animals.
276

 

This unwelcome implication is, in fact, something of which Parfit is well aware.  

 

b) The moral importance of relieving or preventing great suffering 

 

Parfit claims: 

 

“We should reject the Nietzschean view that the prevention of great suffering 

can be ranked wholly below the preservation of creation of the best things in life. 

What should Perfectionists claim about great suffering? But this problem is 

irrelevant here, since we can assume that in the various outcomes we are 

considering there would be no such suffering.”
277

 

 

Two crucial implications follow from this. Firstly, the Perfectionist Approach is an 

account that works, at best (and not without committing us to unwelcome inegalitarian 

scenarios),
278

 when exclusively considering outcomes with only net positive levels of 

well-being. Secondly, even if we bite the bullet and accept the inegalitarian implications 

of the Perfectionist Approach, we are nevertheless committed, on Parfit’s view, to 

accepting that the pursuit of objective goods does not have moral priority over the 

prevention or alleviation of great suffering.  

 

But if the relief of great suffering should have precedence over the preservation of any 

such objective goods, then the Perfectionist Argument against intervention collapses. 

The vast majority of wild animals have lives of net suffering. Failing to intervene on 

behalf of animals on a perfectionist basis amounts to prioritizing the pursuit and 

preservation of “the best things in life” over the prevention or alleviation of great 

suffering.  

 

                                                
276 See Crisp (1994). 

277 Parfit (2004 [1986], p. 20).  

278 Some would say that it is the price to pay to block the Repugnant Conclusion. See Parfit (1984, 2004 

[1986]). 
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Plausibly enough, on Parfit’s view the realization of objective goods cannot have moral 

priority over the prevention of great suffering. But in that case, failure to intervene on 

behalf of wild animals cannot be justified on perfectionist grounds.
279

  

 

 

7.4 Conclusion 
 

In this chapter I examined different arguments against intervention in nature based on 

priority considerations. They all have the same conclusion, which is that intervening to 

benefit wild animals should not be favored over other courses of action that bring about 

more moral value. The reasons why they reach this conclusion diverge. On the 

Exclusion Approach, this is because wild animals fall outside the scope of distributive 

principles, whereas most human beings are within such scope. On the Deflation 

Approach, this is because, since wild animals have a lower capacity for well-being (and 

thus have lower moral standing), increasing their well-being produces less moral value. 

Finally, on the Perfectionist Approach, this is because increasing the well-being of 

nonhuman animals cannot compensate the loss of objective goods involved in doing so. 

I concluded that none of these approaches can successfully present a case against 

intervention. They all have unacceptable results. This is particularly true regarding those 

scenarios that involve net negative levels of well-being.  In such cases it is very hard to 

believe that our moral priority is not to prevent or relieve great suffering, even if those 

affected are nonhuman individuals. 

                                                
279 Someone might object to this that even though non-intervention cannot always be justified on 

perfectionist grounds, there are nevertheless at least one kind of cases in which it would be so. This is 

when intervention would improve the lives of animals but these would still have lives not worth living. 

Nevertheless, that would not be so. Even if the benefit of intervention for present animals would be 

negligible, the implication is that we should devote resources to research better ways in which to 

intervene in the future. If we do so, there are many individuals in the future with lives of net suffering that 

will not exist and many individuals who will instead have lives of net positive well-being.  
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CONCLUSION 

 

 

In this thesis I claimed that 

 

T= we have decisive reasons to intervene in nature to prevent or reduce the 

harms wild animals suffer. 

 

More specifically, I claimed that 

 

T= On the assumption that we ought to aim at preventing or reducing harmful states 

of affairs for other individuals, we have reasons to intervene in nature so as to 

prevent that wild animals have lives of net suffering or, at least, to reduce that 

suffering, whenever it is in our power to do so. The reasons we have to intervene in 

nature on behalf of wild animals are decisive. Moreover, these reasons are as 

strong as those we would have to intervene in order to help human beings that were 

in similar circumstances. This is because (a) all sentient individuals, including 

nonhuman animals, are fully morally considerable, (b) the interests of wild animals 

are systematically frustrated by different natural events, so that most of them have 

lives of net suffering, and (c) the different objections that may be put forward 

against intervention in nature ultimately fail to show that our reasons against 

feasible, expectably net positive interventions on behalf of wild animals are 

sufficiently strong. 

 

This thesis further relies on the following premises: 

 

(1)  Nonhuman animals are morally considerable (Chapter 1) 

 

Chapter 1 starts assuming the widespread view that having a well-being is necessary 

and sufficient for moral considerability (section 1.1). I then claimed that, on this view, 

nonhuman animals are morally considerable. This is because, insofar as they possess the 

capacity for conscious experiences, they have a well-being of their own. After assuming 

this account of moral considerability, I assessed the objection that being sentient is not 
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sufficient for having a well-being (section 1.2). I concluded that under any plausible 

account of well-being (hedonism, the desire-based view or the objective-list theory), all 

sentient individuals have a well-being of their own. Hence, nonhuman animals are 

indeed morally considerable.  

 

I then go on to evaluate the extent to which nonhuman well-being may matter. To that 

end, I examined a widely employed principle in normative ethics, namely, the principle 

of equal consideration of interests, according to which equal interests count the same for 

moral purposes (section 1.3). If this principle is correct, the claim that human interests 

not to suffer provide us with stronger reasons to prevent their frustration than similar 

interests not to suffer of nonhuman individuals is false.  

 

In this chapter I also disputed the widespread view that animals lack an interest in being 

alive or, at most, that the strength of such interest is always comparatively weaker than 

that of human beings (section 1.4). Given the divergence of competing views on this 

debate, my conclusions are conditional on this regard. If death harms human beings for 

such and such reasons, then, under the same assumptions there are many nonhuman 

animals that are also harmed by ceasing to exist. This allows, of course, for the 

possibility that often the interest of a human being in continuing to live may be stronger 

than the interest of a nonhuman animal. Nevertheless, the opposite may also obtain. 

Therefore, when discussing the badness of death we must reject the view that human 

and nonhuman animals harbor fundamentally different interests in being alive, so that 

only humans benefit from continued existence. Instead, if such interest exists, its 

strength simply varies among individuals across species.  

 

The discussion about the badness of death for nonhuman animals is secondarily relevant 

in the context of intervention. If death (and not only suffering) harms nonhuman 

animals, we thus have additional reasons to act on their behalf, by preventing them from 

dying. At any rate, if ceasing to exist does not harm sentient individuals at all (human 

and nonhuman), we would still have reasons to act on their behalf by preventing or 

otherwise reducing their suffering.  
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(2) Speciesism is unjustified (Chapter 2) 

 

The previous conclusions may be disputed if speciesism is a justified moral position. 

Given that the use of “speciesism” is usually ambiguous, in chapter 2 I examined the 

concept of speciesism and determined the necessary and sufficient conditions for a 

position to be speciesist (section 2.1). I suggested, on the Wide Definition, that a certain 

position is speciesist if, and only if, it allows for the unjustified disadvantageous 

consideration or treatment of certain individuals, either by appeal to species 

membership alone or to criteria allegedly satisfied by the members of a certain species, 

and only by them. I thus rejected the Narrow Definition, which only classifies as 

speciesist positions that appeal to species membership. 

 

There are several objections that can be presented against my proposed definition. 

Firstly, according to the Overspeciesism Objection this definition is overinclusive, 

insofar as it classifies as speciesist positions we would not normally classify as such. 

However, the charge of overspeciesism against the Wide Definition cannot succeed, 

since the alternative Narrow Definition is clearly under-inclusive and would commit us 

to accepting as nonspeciesist positions that are definitely speciesist.  

 

Secondly, it could be claimed that, since it is conceivable that there are strong reasons to 

support the disadvantageous consideration of individuals that do not belong to a certain 

species, speciesism cannot be a necessarily unjustified position. However, the 

hypothesis that there may be a justification for certain position that favors the interests 

of the members of a certain species over the members of another does not build a case 

for a justified version of speciesism. Rather, if that was the case, such position would 

merely be nonspeciesist.  

 

Next (section 2.2), I deal with the objection that speciesism is justified because 

anthropocentrism is. I show this stems from a confusion between speciesism and 

anthropocentrism. Firstly, I disputed the claim that they are equivalent notions, and, 

secondly, the claim that anthropocentrism, because it is inevitable, justifies speciesism. 

Finally, I argued that moral anthropocentrism is unjustified and that it is indeed an 

instance of speciesism. This is shown by appeal to the argument from species overlap 

and the argument from relevance. These arguments can be used to show how no 
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anthropocentric or non-anthropocentric appeal to species-specific attributes can justify 

the disadvantageous consideration of an individual. 

 

I then argued for a categorical understanding of the concept of speciesism, instead of a 

gradual one. A certain speciesist position may vary according to the level of moral 

considerability it ascribes to animals, but that does not alter the fact that it is still an 

unjustified position. Therefore, there are no grounds for the claim that a position can be 

more or less speciesist. A position is either speciesist or not.  

 

Finally, I examined a position that might be construed as a further instance of 

speciesism: Shelly Kagan’s modal personism (section 2.4). According to this view, the 

interests of individuals who are either actual persons or could have been persons (modal 

persons) count more than the like interests of other nonperson individuals. I concluded 

that even if this position were right in identifying the modal property of being a person 

as morally relevant, it would still not allow for a justified moral distinction between 

individuals based on species membership. In addition, I argued that the property of 

being an actual person is irrelevant for the purposes of moral considerability and that 

therefore, the property of being a modal person is so also irrelevant. 

 

(3) Suffering vastly outweighs well-being in nature (Chapter 3) 

 

Taking similar human and nonhuman interests equally into account may require 

different courses of action from moral agents. It may often require that we refrain from 

harming nonhuman animals. On other occasions, it may demand that we benefit (or 

help) them, whenever they are in a situation of need. This includes, of course, animals 

living in the wild. If wild animals had happy lives, intervening on their behalf would not 

be a highly important task. This would be the case if the idyllic view of nature, 

according to which the aggregate value of wild animal well-being is net positive, were 

true. Nevertheless, as claimed in chapter 3, far from it being a source of well-being for 

animals, evidence suggests that nature is rather a source of intense misery.  

 

First, data from population dynamics tells us that due to the wasteful reproductive 

strategy favored by the majority of wild animals, suffering largely predominates over 

well-being in nature (section 3.1). Most animals that come into existence have lives of 
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net suffering and premature death. Second, during their lives, wild animals are subjected 

to an enormous variety of natural threats to their health and physical integrity, which 

entails a great amount of suffering (section 3.2). They are usually injured, starved or 

dehydrated. They must endure extreme weather conditions and cope with psychological 

stress, mainly due to fear of predation. In addition, wild animals experience excruciating 

deaths at the claws of predators, are harmed or devoured by parasites and parasitoids 

and debilitated or killed by disease. In light of such evidence, and given the stated 

premises (i) and (ii), I concluded that we have strong reasons to intervene in nature in 

order to prevent or reduce wild animal suffering (section 3.3). 

 

(4) Perversity and futility objections against intervention fail (Chapter 4) 

 

Yet several objections may be put forward against the conclusion that intervening in 

nature is what we have most reason to do. In order to assess them, I first elaborated on 

Albert O. Hirschman’s map of the rhetoric of reaction (perversity, futility and jeopardy), 

which identifies the main thesis of conservatism in its opposition to social change, and 

showed that a similar structure can be found in the narratives against intervention in 

nature. I further added two categories to that taxonomy: relationality and priority. 

Moreover, I distinguished those positions that agree  that we have decisive reasons not 

to intervene in nature (perversity, futility, jeopardy, priority and Donaldson and 

Kymlicka’s version of relationality) from those that believe that our reasons not to 

intervene are merely sufficient (Palmer’s version of relationality) (section 4.1). 

 

Next, I considered the first set of objections – perversity and futility – that might be put 

forward against intervention in nature on behalf of wild animals. According to 

perversity objections, we should refrain from intervening because intervention will 

actually make things worse. According to futility objections, intervention should not be 

attempted because it is bound to fail. It will not be able to improve wild animal well-

being, either due to structural (we cannot alter the basic structures of nature) or 

substantive (we cannot significantly increase wild animal well-being) limitations or 

because of feasibility (we cannot currently have an impact on wild animal well-being) 

concerns.  
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Then I assessed these objections. To that end, I subjected the arguments to Bostrom and 

Ord’s Reversal Test and identified instances of status quo biases in them. I also 

provided additional reasons to reject these objections, when necessary. I concluded that 

no such objection succeeds in its defense of the claim that we have decisive reasons to 

oppose intervention. At most, these objections suggest what the interventionist may 

easily concede: that intervention, when feasible, should be performed just in case it is 

informed and when the expected outcome is net positive for wild animals.  

 

(5) Jeopardy objections to intervention fail (Chapter 5) 

 

In chapter 5 I examined jeopardy objections, according to which intervention in nature 

should be prevented, insofar as it will threaten other, more important values. Depending 

on the theory endorsed, these values may vary. According to holistic views, these are 

values promoted either by (i) the preservation of ecosystems (as suggested by 

ecocentrism) or (ii) the preservation of species taken as a whole (as in species holism). 

According to biocentric views, those values obtain through the preservation of other 

living entities such as plants and other non-sentient organisms. Finally, other views 

identify the “natural” and “the wilderness” as values to be preserved.  

 

I assessed the cogency of these objections. I started by identifying several problems 

with holistic views (section 5.1). I argued that they either rely on an irrational 

preference for the status quo (thus failing at the Reversal Test) or they build their case 

on implausible axiological assumptions which lead to unacceptable consequences for 

the consideration of human interests. In addition, their value assessments regarding the 

preservation of ecological wholes (either ecosystems or species) are conditional on their 

impact on human well-being. Given that human and nonhuman interests should be 

given equal weight, the double-standard holistic opposition to intervention is 

unjustified. 

 

I then examined the extent to which biocentric views offer a more compelling case 

against intervention (section 5.2). Yet I observed, again, that such positions rely on a 

defective axiology and, when consistent, have implausible results, especially 

considering conflicts of interests between sentient (human and nonhuman) and non-

sentient entities. Finally, I argued that the so called “natural”, understood as the result of 
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evolution or as the natural wilderness, is revealed, at most, as possessing a kind of value 

that can be easily outweighed by that of nonhuman well-being (section 5.3). I thus 

concluded that intervention in nature on behalf of wild animals cannot be opposed on 

jeopardy grounds.  

 

(6) Relationality objections to intervention fail (Chapter 6) 

 

I then examined what we may term relationality objections to intervention in nature. 

These considerations have been advanced first and foremost by Clare Palmer and by 

Sue Donaldson and Will Kymlicka. I assessed and rejected Palmer’s relational account 

of our moral obligations towards animals in the wild (section 6.1). I started by 

reconstructing Palmer’s view, according to which we have sufficient reasons not to 

intervene in nature. In particular, that we are not usually required to assist wild animals 

due to the lack of prior morally-relevant entanglements with them. I offered arguments 

for rejecting such relational considerations as grounds for determining the existence of 

positive moral obligations towards animals in the wild. Crucially, I claimed that, on any 

sound understanding of the view, it implausibly implies that there is no requirement to 

help distant human beings in need due to natural causes, or to benefit other individuals 

even when that comes at no cost for the agent.  

 

Next, I presented Donaldson and Kymlicka’s view (section 6.2). I offered a strong case 

for construing Donaldson and Kymlicka’s account in a way that implies that much more 

pervasive interventions in nature may be required – what I called environmental 

enhancement. Even if we have a duty to ensure that the environment provides for the 

satisfaction of wild animals’ needs (as claimed by Donaldson and Kymlicka), facts 

show (chapter 3) how the satisfaction of wild animals’ interests does not depend, as 

these authors believe, on the preservation of their natural environments. Contrariwise, 

on this view, there would be a requirement to modify natural environmental conditions 

in a way that produces a net positive effect on nonhuman well-being. 

 

Finally, I addressed some objections that might be put forward against this claim 

(fundamentally, replies grounded on considerations about flourishing) and concluded 

that appeals to relationality do not constitute sound objections against intervening in 

nature, especially in light of the magnitude of the harms experienced by wild animals.  
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(7) Priority objections to intervention fail (Chapter 7) 

 

Finally, I discussed different priority arguments against intervention in nature. They all 

share the idea that intervening to benefit wild animals should not be favored over 

benefiting human beings, because that is what would bring about more value. The 

arguments put forward in support of this view may be systematized under three main 

approaches. First, on The Exclusion Approach, despite the very low levels of wild 

animal well-being, intervention is not a priority insofar as wild animals fall outside the 

scope of distributive principles (equality and priority). Most humans, however, are 

within such scope (section 7.1). Second, on The Deflation Approach, since nonhuman 

animals have a lower capacity for well-being (and a corresponding lower moral 

standing), increasing wild animal well-being produces less value than increasing the 

well-being of humans. Intervention in nature is, thus, not a priority (section 7.2). 

Finally, on The Perfectionist Approach, we should not intervene in nature for the sake 

of nonhuman animals because increases in nonhuman well-being cannot compensate the 

loss of “the best things in life”, only attainable by human activity. We should, thus, give 

priority to such increases in human well-being that ensure the existence of those 

excellent goods (section 7.3).  

 

After assessing each of these approaches, I concluded that they face significant 

problems. Regarding the first two, they imply that the strength of equality and priority-

based reasons varies even among rational agents, depending on the sophistication of 

their cognitive capacities. In addition, the problem cannot be solved by retreating to a 

threshold view, since all such boundaries ultimately prove arbitrary. Furthermore, all 

three approaches have, additionally, highly unacceptable results. This can be 

particularly observed when considering scenarios that involve net negative levels of 

well-being. When faced with such scenarios, it seems implausible that our reasons to 

prefer other courses of action over preventing or alleviating great suffering are stronger. 

But the situation of wild animals in nature is indeed one such cases. So the same 

considerations should apply when those affected are nonhuman individuals. I thus, 

concluded that priority objections also fail to provide us with decisive reasons not to 

intervene in nature to prevent or alleviate the harms wild animals suffer.  

 



 

 183

Therefore, in light of the examination carried out in these seven chapters, we can 

conclude that the claim that we have decisive reasons to intervene in nature to prevent 

or reduce the harms wild animals suffer stands. 

 

*      *      * 

 

In this thesis I carried out an analysis of our reasons to intervene in nature to prevent or 

reduce wild animal suffering. So far, though this discussion had not been completely 

absent from the debates in animal ethics (as explained in the introduction), it had not 

benefited from a profound, comprehensive treatment. I believe that the work carried out 

throughout this thesis constitutes, in this respect, a relevant contribution to the field. In 

particular: 

 

(a) It develops the implications that follow from rejecting speciesism and 

including nonhuman animals that live in the wild into the sphere of full moral 

consideration due to all sentient individuals. In the literature, these 

implications have been either almost fully ignored or based on an incomplete 

assessment of how wild animals fare in nature. This thesis extends the scope 

of such implications by taking into account all natural events with a negative 

impact on wild animal well-being; 

 

(b) Relatedly, this thesis disputes the widespread idyllic view of nature. It does 

this (i) by elaborating on Yew-Kwang Ng’s argument for the predominance of 

suffering over well-being in nature and (ii) by offering a systematic analysis of 

the empirical evidence that supports it. It shows that, until now, by failing to 

acknowledge these facts, most authors have been deficient in their assessment 

of wild animal well-being. This is crucial, because even assuming for the sake 

of the argument that there might be reasons not to intervene in nature given by 

considerations different from the well-being of animals, the magnitude of wild 

animal suffering suggests that it is false that those reasons are sufficient; 

 

 



 

 184

(c) It develops a comprehensive taxonomy of the different objections that have 

been (or might be) put forward against intervention in nature. In the literature, 

these objections are usually presented in a scattered or indirect way. By 

elaborating on Albert O. Hirschman’s map of the opposition to social progress 

(consisting of three main theses: perversity, futility, jeopardy), I suggest that 

the central case against intervention might be systematized as consisting of 

five main sets of objections: (i) perversity, (ii) futility, (iii) jeopardy, (iv) 

relationality, and (iv) priority. No such systematization has been developed in 

the literature. The taxonomy also reveals the similarity between the anti-

interventionist and the conservative discourses. 

 

(d) Finally, it offers an assessment of each of these sets of objections against 

intervention in nature, some of which had not been previously addressed in the 

literature (particularly, futility and priority). It also provides new arguments 

against perversity, jeopardy, and relationality.  

 

There are, however, a number of relevant philosophical issues that this thesis could not 

cover. For example, just like many discussions on the priority that ought to be given to 

the worst off do not address the problem about interpersonal comparison of utility, I 

have not discussed interspecies comparisons of well-being. Neither have I addressed the 

structure of the good or whether it matters, in itself, how the good is distributed among 

individuals. For instance, it seems that our reasons to reduce, or eliminate, future wild 

animal suffering will be stronger on an egalitarian, impersonal view than on a non-

egalitarian, person-affecting one. Therefore, in order to refine the conclusions of this 

thesis, more work needs to be done. 

 

Second, this normative research ought to be complemented by further investigation 

about specific forms of feasible, effective and net positive interventions in nature to help 

animals at a small or medium scale. This is not, of course, a task for a philosopher. The 

fundamental discussion in this thesis could not be about which ways of helping animals 

in nature are already available, but rather whether we have reasons to develop the means 

that will make it increasingly more feasible to help them. Nevertheless, specialists in 

biology (in particular in ecology) should pursue such goals and help thus advance the 
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largely neglected field of “welfare biology”
280

 – that is, the systematic research on how 

we can improve the well-being of wild animals. 

 

Third, this research does not address the question of what would be the best political 

framework to carry out interventions in nature, once the moral case is settled. Nor does 

it provide an assessment of the impact of current policies of environmental management 

on the well-being of animals, though some clear implications can already be inferred. 

For instance, interventions that pursue harmful environmentalist goals ought to be 

avoided. 

 

Finally, this research is relevant for current debates in population ethics. A complete 

and unbiased population axiology ought to be designed so as to rank populations which 

also include wild animals. Factoring in wild animal well-being will have important 

implications for assessments of environmental damage and global existential risks.  

 

Though the analysis of such issues lies outside the scope of this thesis, I nevertheless 

expect to pursue, at least, some of them in future research. 

 

I would like to end this thesis with a final consideration. Some might say that the 

conclusions reached throughout this dissertation are, perhaps, too demanding. In reply, 

let me simply state I do not believe this is so. Rather, it is because the world is so far 

removed from the best possible scenario that such demands are made on us. As I 

mentioned in the first page of this thesis, we should be wary of cozy moral beliefs. The 

task of a philosopher is to be a revisionist
281

. If our beliefs are false, we should change 

them. If things are bad, we should act like it.  

 

 

                                                
280 Ng (1995, forthcoming). 

281 On the distinction between descriptive and revisionist philosophy, see Parfit (1984, preface). 
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Abstract – What is the likelihood that humans will ever determine if other animals engage in higher-order 
thinking? In examining what has happened in the twenty years since the publication of our book, Folk Physics 

for Apes, I conclude that comparative psychologists, the academic stalwarts charged with making progress 
on this front, are stuck in a series of intractable, and largely unacknowledged, conceptual problems. Because 
higher-order mental states depend on the existence of first-order, perceptually-based representations of 
objects and events, and because those first-order representations are necessary and sufficient to explain 
current experimental and observational results, the approaches deployed by comparative psychologists are 
doomed to failure. I examine this Asymmetric Dependency Problem in detail and show how the failure to 
confront its implications leads to viciously circular arguments that cannot be fixed within the current 
paradigm of research. Next, I offer a seven-step method for isolating the common structural flaw in any given 
experiment, and work through several examples. Finally, I examine the central claims that my colleagues and 
I made in Folk Physics through the lens of the Asymmetric Dependency Problem and current research trends. 
Although the optimism we expressed that experimental approaches could implicate the presence of higher-
order thinking in animals requires considerable dampening, the challenges we isolated remain as vital today 
as they were twenty years ago.       
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Candy’s Coconut 

 
Consider Candy as she cracks a coconut and consumes its contents (see Figure 1). What 

kinds of mental events precede, accompany, and follow from her actions? Twenty years ago, Folk 

Physics for Apes offered what was, and (I surmise) still remains, a controversial answer. In that 
monograph, my colleagues and I argued that in order to make sense of Candy’s coconut capers—
in particular, using it as a hammer to crush the mango visible in the lower left corner of Figure 1—
we need to fully embrace the idea that she is a mental agent. Explaining her behavior requires 
positing the presence of a mind able to engage in mental operations running the gamut from keeping 
track of how her body can interact with the objects strewn around her, to how those objects can 
interact with each another. What's more, her mental representations about the world are temporally 

stable: once formed, they do not disappear. What she knows about how a coconut can crush a 
mango does not vanish when she looks away to monitor a squabble brewing between Brandy and 
Apollo. When a bird flies overhead, briefly distracting her, she does not become confused about 
her local goals (how to hold the coconut, where to strike the mango, or whether to eat something 
else altogether). No, all the precious intelligences packed in her body and brain remain alert, 
invisible sentinels waiting to be deployed at a moment’s notice, latent potentials hungry for action. 
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And so, when we see Candy reach for a coconut, we are also seeing a mind hard at work—a mental 
system rapidly updating the possible consequences of innumerable plans. The visible movements 
of her body belie the intricate invisible manifold that guides her actions, a mental system subtly re-
sculpted with each new experience.  

Admittedly, at almost twenty years of age, this is not Candy’s first rodeo busting into the 
stony endocarp of a dry drupe (the squashed mango is the fleshy outcome of her latest ride). Nor, 
more generally, is it the first time she has reaped the rewards of accelerating one object into another. 
Indeed, Folk Physics (and its sequel, World Without Weight) carefully tracked how Candy and her 
six companions acquired numerous skills involving the manipulation of tools and other objects. 
Folk Physics and Weight reported the results of almost 60 experiments designed to target the nature 
of our apes’ representations of specific object properties and their relations. My colleagues and I 
then walked Candy and her peers through them, each task programmatically building on the 
previous ones, the entire effort aimed at zeroing in on the mental skills that supported her 
developing mastery of using the objects around her. Seems simple enough.  

 
Figure 1 

 
Candy uses a Coconut as a Tool, then Cracks it Open 

 

 

Note. Having already used a coconut to crush a mango, Candy (a) raises the coconut, (b) cracks it open, and (c) 
investigates the milk spilling from it.  

 
Looking back, Candy’s journey reminds us that not all of her functional potentials were up 

and running from the get-go. Given what we know about the slow and steady development of the 
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tool-using skills in wild-born chimpanzees (see Boesch & Boesch-Achermann, 2000; Boesch et al., 
2019), this should not be the least bit surprising. To achieve mastery, Candy required experience. 
But her journey also underscores the patent fact that she was born into the world with a core set of 
tightly canalized developmental pathways already in motion, pathways that, as an infant, brought 
her into contact with objects other than her body. At first, these contacts were primarily buccal, but 
shortly thereafter they became more manual. These mouthing and grasping activities established 
dynamical starting points for hefting, banging, sliding, pulling, throwing, etc., as well as scaffolded 
her growing sensitivities to the effects that her actions were causing in the world around her. These 
experiences, then, cannot be thought of as distinct from Candy’s natural range of behaviors relevant 
to tool use. The experiences are themselves behaviors. They are an inextricable part of her ever-
expanding manifold of object-oriented behavior.1 

Importantly, Candy’s behavioral potentials did not develop in isolation from her social 
world. From the beginning, her caretakers and peers played a strong role in her interactions with 
objects. The precise impact of these social inputs remains highly contested (see Bernstein-Kurtycz 
et al., 2020). Indeed, some of the most seemingly rock-solid folk psychological assumptions about 
the causal role of maternal input in the development of tool use in wild chimpanzees have collapsed 
under close empirical scrutiny (Estienne et al., 2019, and footnote 72). Nonetheless, somehow 
Candy’s direct handling of objects, along with whatever she extracts by watching others do the 
same, come together to generate a competent tool-using animal.  

By the time she was a year-and-a-half old, for example, Candy and her companions had 
invented familiar social routines involving balls and sticks and blankets and plastic blocks. Just like 
their wild counterparts, they used these objects to bait each other into playful bouts of chase-and-
tickle until it inevitably devolved into the familiar rough-and-tumble horseplay so common among 
young chimpanzees everywhere (see Goodall, 1986). Thus, through the indivisible combination of 
her starting resources and her ongoing experiences, Candy was forming abstract representations of 
the role that objects and actions can play in orchestrating her goal-directed interactions with her 
peers and the world around her.  

I do not write abstract whimsically. Any robust theory of action understanding⎯ human 
or otherwise⎯must handle the many-to-one mapping of sensory inputs onto mental representations 
that can cope with the superficial differences of particular situations. Thus, as Candy lifts her 
coconut to smash her mango, she is bringing to bear the full weight of her abstracted set of concepts 
and operations that allow her to get to the heart of the matter. A novel dry drupe does not fool her. 
Simply put, after Candy learns to crack open a pecan, she is not left speechless confronting a walnut.  

At this point, the reader may be confused: Why is any of this controversial? Humans 

possess and operate on the basis of such well-studied cognitive resources all the time. Surely 

animals do as well. Indeed, the mental abilities that Folk Physics postulated Candy needed to 
possess in order to accelerate the mass of a coconut enough to squash a mango are, quite frankly, 
pretty cosmopolitan stuff (see Povinelli, 2000, p. 297-328). So cosmopolitan, in fact, that I decided 
to present the true import of Folk Physics backwards, to help place the main conclusion of the 
project in full relief. The radical thing about the book had nothing to do with its claims about the 
cognitive resources available to Candy and her fellow chimpanzees. Instead, it excited controversy 
because of its claims about the cognitive resources that might not be available to them: namely, 
higher-order representations of things like <gravity>, <mass>, <force>, <physical connection>, 

<shape>, <weight>, etc. Folk Physics argued that despite their ability to deftly navigate the world 

                                                      

 

1
 For an enlightening perspective of how these activities lead to simple tool use in young children, I 

recommend the work of Jeff Lockman and his colleagues (e.g., Jung et al., 2015; Kahrs et al., 2014). For 
similar investigations with chimpanzees, see Inoue-Nakamura and Matsuzawa (1997) and Hayashi and 
Matsuzawa (2003). For New Caledonian crows, see Kenward et al. (2006).  
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of objects (including Candy's use of a coconut as a hammer), chimpanzees (and, by extension, other 
species) might not reason about inherently intangible things:  
 

The results of our investigations have convinced us that although chimpanzees possess an 
excellent ability to reason explicitly about relations between objects and events that can be 
perceived, they appear to know very little (if anything) about phenomena that are, in 
principle, 'unobservable.' Chimpanzees appear to share with us a common set of . . . 
processing systems which cohere a common set of object properties (such as solidity and 
boundedness), whereas system which map unobservable causal descriptors onto these 
objects and their spatial relations may be a cognitive specialization of the human species.  
. . . [T]his would mean that humans and chimpanzees have access to the same kinds of 
perceptual information (both in terms of the kinds of objects in the world, as well as 
information of the statistical regularities that characterize their interactions), but that the 
two species interpret this information differently (p. 298). 
 
It was this idea, derived from an overall pattern in the empirical results, that the project 

sought to highlight, and it was this idea that many scholars found unpalatable. For some, the fare 
was all the more unappealing because it was served up on top of our previous hypothesis that 
chimpanzees’ social interactions may not be grounded in intangible ideas, either (i.e., each other’s 
<mental states>).  
 To be fair, the central postulate of Folk Physics was situated inside a network of other 
arguments, all of which contributed (to greater or lesser degrees) to the project’s rocky reception⎯a 
reception that fomented both important questions and, I believe, enduring misconceptions.2 So, 
when the editors of Animal Behavior and Cognition invited me to offer my perspective on the 
August 2020 special issue devoted to Folk Physics, I realized it was an important opportunity to 
step back and assess that project with twenty years of hindsight. Several key questions arose 
immediately. First, is it possible to isolate more precisely why Folk Physics was so controversial? 
Second, which of its empirical and theoretical claims have withstood the test of time and which 
have not? Finally, and, most importantly, which of the thorny issues it raised continue to impede 
our attempt to characterize the mental lives of our fellow residents of Planet Earth? 
 

Stepping Back to Move Forward 

 
For the moment, let us direct our attention away from Candy and her friends (we will return 

to them shortly) and instead highlight five core conceptual quagmires that emerged in the wake of 
Folk Physics that have not been fully and precisely understood. For sake of ease, I dub them as 
follows:  
 

Asymmetric Dependency Problem. For any representationally based view of cognition, a 
reasoning system that contains higher-order mental states must (by definition) be grounded 

                                                      

 

2
 The tone of Folk Physics may have impeded its reception. Jim Anderson (2001) certainly thought so: 

"Povinelli writes that he expects an ‘extreme reaction’ to this project. I suspect that any such reaction will 
not be so much to the experiments or the interpretations in the book (these can always be revisited and tested) 
as to the almost gladiatorial tone in which some points are made. National Geographic and the BBC are 
chastised for promoting, according to Povinelli, an erroneous picture of similarity between the mental lives 
of apes and humans; a similar swipe is taken at Darwin... An injection of humility might have been in order 
here. Views can change. Povinelli’s own views about chimpanzee social cognition have changed 
fundamentally over the last decade. It is possible that his outlook on ape folk physics might also move in 
another direction in the years to come" (p. 1043).  
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in first-order, perceptually-based mental states (for greater detail, see Penn et al., 2008a). 
Briefly, first-order mental states consist in atomistic perceptual symbols that stably refer to 
objects and events that can be directly detected by an organism’s primary senses. These 
first-order states are abstract in the sense that they pick out (refer to) the perceptual features 
of events and objects that are necessary to encode the relationships that are important to 
the organism in question. For example, after Candy learns that a stick can be used to pull 
an apple to within reach, presenting her with a stick of a different thickness, or a green 
apple instead of a red one, will not alter her first-order, perceptually-based relational 
reasoning ability: lift stick, contact apple, pull. Likewise, the perceptually-based categories 
of facial expressions and body postures of others that Candy carries with her, allow her to 
detect and reason about the consequence of encountering particular instances of those 
expressions in her peers. Higher-order relational reasoning, in contrast, involves reasoning 
over variables and thematic roles that cut across (and are not reducible to) particular 
perceptual symbol and relations. In the case of physical-causal reasoning, this would 
involve constructs such as <force>, <gravity>, <mass>, <weight>, <time>, <space>, 
etc.; in the case of social reasoning, this would include constructs such as <emotions>, 
<intentions>, <desires>, <goals>, <belief> and <knowledge>. The inescapable 
implication of these uncontroversial claims is that higher-order mental states depend upon 

the existence of first-order, perceptually- based mental states, but not the reverse. The 
problem arises in that first-order relational mental states are both necessary and sufficient 
to explain the results of the entire (and ever-expanding) genre of experiments that have 
been taken to implicate the presence of higher-order states in animals. Further, if this 
necessity and sufficiency claim is true, this means higher-order states are not necessary to 
explain the results. That is, they do no causal work above and beyond that already specified 

by first-order states. While each the conceptual-methodological problems that follow are 
distinct, the Asymmetric Dependency Problem lies at the root of all of them. 
 
Unprincipled Titration Paradox. Experimental strategies designed to escape the 
implications of the Asymmetric Dependency Problem (even when these strategies are not 
explicitly recognized as being designed for this purpose), typically take the form of an 
arrangement of elaborate control conditions. It can easily be shown, however, that such 
"controls" cannot eliminate the fact that the information presented to an animal must 
connect to stable, perceptually abstract, first-order representations that create the 
Asymmetric Dependency Problem in the first place. This reveals the underlying conceptual 
paradox embedded in both the explanations offered by the experimenters, as well as the 
experimental methodologies they use: Experimental stimuli must somehow engage an 
animal’s existing first-order relational reasoning without allowing the animal to rely upon 
such reasoning to produce the allegedly diagnostic behaviors. In practice, this drives 

experimenters to develop and deploy folk scientific practices that attempt to titrate 
experimental stimuli in a decidedly unprincipled manner. The folk nature of this practice 
is both ensconced in and obscured by the scientific-sounding claim that the experiments in 
question deploy novel stimuli. As I explain below, experimental stimuli are never novel in 

ways that matter to the debate. 
 

Experimental Necessity Dilemma. Attempts by experimentalists to escape the pervasive 
implications of the Asymmetric Dependency Problem typically fall prey to an 
unacknowledged dilemma. On the one hand, they can accept its claims and cease 
conducting experiments aimed at detecting higher-order reasoning that fall within the 
genre. On the other hand, they can reject the conclusion of the Asymmetric Dependency 

Problem by arguing their experiments are consistent with the presence of higher-order 
thinking, even though such states are neither necessary nor sufficient to account for the 
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results. But in doing the latter, they must also accept (a) that such experiments provide no 
unique evidence in favor of higher-order thinking, (b) that naturalistic data provide 
evidence that is equally convincing (after all, naturalistic data are typically rejected by 
experimentalists on the grounds that such behavior could have been generated by first-
order relational reasoning), and, worse still, (c) that the data are equally consistent with the 
claim that the animals do not possess higher-order states. Here, I wish to highlight the 
bracing implication of (b): one accepts the existing naturalistic data as sufficient evidence 
for higher-order reasoning in animals, then one must also accept the claim that there was 
no need for experiments to settle this debate in the first place. 

 
False Contrast Models Problem. As typically described, the alternative models tested by 
experimentalists (and naturalists), almost invariably pit ideological camps (e.g., 
behaviorism versus higher-order thinking) against one another, rather than pitting distinct 
cognitive models against one another. In doing so, they avoid confronting the implications 
of the Asymmetric Dependency Problem.  

 
Conflation of Explanatory Levels. Experimentalists and naturalists alike frequently 
conflate functional- and representational-levels of analysis. From a functional-level 
perspective, everyone agrees that animals act as if they possess and are sensitive to certain 
higher-order representations and relations (see Dennett, 1987). The confusion arises when 
a researcher slips (without requisite evidence) into representational-level claims that argue 
or imply that the entities, variables and relations posited in the functional-level models 
"actually play a causally efficacious role in the computations and/or psychological 
dynamics of the subject's cognitive system" (see Penn & Povinelli, 2009, p. 25). This 
conflation creates confusion about the precise import of any given experiment, and thus 
creates the illusion that one has avoided the far-reaching scope of the Asymmetric 

Dependency Problem.  
 
While previously unnamed, these problems were plaguing comparative psychology long 

before Folk Physics. But in the years since that book appeared, each of them (and their relation to 
each other) have crystalized as distinct problems. My understanding of these core conceptual 
problems has emerged from intimate collaborations with close colleagues. I am not sure if all of 
them would agree with the precise formulations offered here, but for my part, I now see them as a 
set of interconnected problems that must be resolved if humans are ever going to implicate the 
presence of higher-order causal reasoning in species other than our own⎯the very question that 
animated Folk Physics.  

 
 My path through this essay will be as follows: 
 

• First, I will examine how the Asymmetric Dependency Problem arose in the context of 
debates about whether chimpanzees (or any other animals) possess higher-order social 
cognition. I show how the Experimental Necessity Dilemma and the Unprincipled 

Titration Paradox naturally emerge from the failure to confront the implications of the 
Asymmetric Dependency Problem. I further show that attempts to mischaracterize the 
core tenets of the Asymmetric Dependency Problem as a form of behaviorism, have 
created straw man models that still plague the literature.  

 
• Second, I will present a 7-step method that can be used to analyze any experiment 

through the lens of the Asymmetric Dependency Problem. The purpose of this method 
is to provide a general method of determining if any given experiment within this genre 
can avoid the Asymmetric Dependency Problem and thus potentially assay higher-order 
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thinking.  
 
• Third, I will outline the uncontroversial elements of animal cognition (i.e., first-order 

relational reasoning). I show that while all scholars assume these abilities to be present, 
they almost never explicitly describe how they must be operating in the context of their 
experiments (see Penn et al., 2008a; Povinelli & Vonk, 2004). This folk scientific 
practice (i.e., not explicitly sharing commitments about the causal power of first-order 
mental states) empowers researchers to present False Contrast Models and thus create 
the illusion of adjudicating between the operation of first- versus higher-order 
cognition. 

 
After examining these foundational challenges, I then take a forward-looking glance at a 

number of the controversial claims made in Folk Physics. Have experimentalists succeeded in 

generating a new genre of experiments that have overcome the Asymmetric Dependency Problem? 

Can naturalistic data be used to settle these debates? Do we understand enough about the causal 

linkages between our own higher-order thinking and our behavior to develop valid models for 

testing for higher-order reasoning in animals? Do chimpanzees (or other animals) ask, Why? And 

finally, are experiments on captive animals even relevant to the debate over higher-order reasoning 

in animals? Throughout, I draw on the various contributions to the August 2020 special issue of 
this journal as examples of current practices in the field.  
 My central hope is that this re-examination of Folk Physics will serve as an antidote to the 
false choices about animal minds so prevalent in the current literature⎯a choice that frequently 
feels like a clash between cartoon-like heroes and villains.3 
 

Folk Psychology Meets Folk Physics 

 

At the time Folk Physics was published, I was up to my eyeballs in a controversy about a 
(seemingly) different higher-order question⎯namely, whether chimpanzees possess some form of 
theory of mind—that is, whether they reason about inherently unperceivable mental states such as 
<beliefs>, <desires>, <seeing>, <attention>; Premack & Woodruff, 1978). Over time, the thorny 
issues raised by this question forced me to confront some foundational, overlooked flaws both in 
the experimental methods my colleagues and I were using, as well as the theoretical frameworks 
within which those methods were being deployed. The widespread failure of comparative 
psychology to engage with the issues that arose as a consequence of these reflections (especially 
the Asymmetric Dependency Problem) not only continues to hobble humanity's attempt to say 
anything meaningful about whether chimpanzees (or other species) reason about <mental states>, 
but also equivalent efforts to determine if they engage in higher-order-thinking about <force>, 

<weight>, <intrinsic connection>, <time>, <space> and so on and so forth.4  
                                                      
3 My current favorite is the ongoing battle between Complex Cognition Woman and Evil Doctor Contingency 

Learner (see below, "Experimentalists React" and "Current Status of Animal Folk Physics"). Like other 
cartoon clashes in which the superheroes and their villains repeatedly square off, however, the final outcome 
is never really in doubt. Superheroes are constructed in such a way that their weaknesses are always more 
apparent than real. And vice versa for super-villains. This does not challenge the entertainment value of this 
genre. As long as these movies last, dopamine guarantees the journey will be intoxicating (cf. Christiansen, 
2018; Jo et al., 2018).  
4 Although some scholars (including myself) sometime divide such reasoning into distinct domains (social 
versus physical cognition), when it comes to human higher-order thinking, at least, I tend to see these 
divisions as more apparent than real, more about academic book-keeping than the way higher-order thinking 
is functionally organized. To be sure, there is a vast literature highlighting numerous domain-specific effects 
in information processing. But when it comes to deploying higher-order constructs such as <transfer of 

force>, <weight>, <time>, <beliefs>, <desires>, etc., these domain-specific effects may be at the level of 
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 So, to begin, here is my perspective on what went wrong in that debate. After that, I will 
examine how structurally equivalent problems plague the debate over animal folk physics.5 
 
Fooled by Folk Psychology 
 

A turning point in my own thinking6 on the question of whether animals conceive of mental 
states qua <mental states>, occurred as the result of a series of studies Timothy Eddy and I 
presented in our early monograph, What Young Chimpanzees Know About Seeing, along with the 
longitudinal and cross-sectional follow-ups that followed (see Povinelli, 1996; Povinelli & Eddy, 
1996a, b, c; Povinelli & Eddy, 1997; Reaux et al., 1999). Inspired by the already known uses of 
gaze information by social primates (not to mention other non-primate species), as well as our own 
direct observations, we designed one of our experimental protocols (the one initially reported in 
Seeing) to map the conditions under which our seven chimpanzees would deploy their visually-
based begging gestures in order to request food.7  The situations we created involved numerous 
contrasts between two familiar caretakers, one who could see them, the other who could not.8  

Critically, our aim was not to determine whether our chimpanzees could reason about the 
colloquial (folk) meaning of a speech act such as, "Candy knows that Megan can see the potatoes." 
This colloquial phraseology jumbles together too many distinctive cognitive operations. We 
already knew, for example, that our apes could skillfully navigate their way through the complex 
consequences that emerge from the bodily postures, facial direction, and eye movements of others. 

We wanted to know if, in addition, they interpreted what they were doing through the framework 
of a higher-order, inferentially coherent, higher-order conceptual system that included ideas about 
mental states such as <seeing> and/or <attention>.  

Consider the most straightforward treatment⎯someone facing them versus someone 
facing away (i.e., front vs. back). Our chimpanzees immediately and consistently gestured to the 

                                                      

the first-order systems underwriting their deployment (see Clark & Thornton, 1997; Penn et al., 2008a). I 
tried to make this point by including five full pages of metaphorical epigraphs about "weight" in the front 
matter of Weight. That approach may have been too subtle (see Healy, 2012). 
5 A note to the theory of mind fatigued, and/or those who think (hope?) the question is settled: the purpose of 
this section is neither about vindicating the theoretical grounding of our particular research program, nor 
about defending its results. Instead, I seek to illustrate the central problems our research raised, which, in the 
opinion of at least this former monkey mind doctor, remain unresolved.   
6 I had initially interpreted my comparative research on theory of mind in chimpanzees, rhesus monkeys and 
human children as favoring the view that chimpanzees, but not other nonhuman primates were, in fact, 
reasoning about the <mental states> of others (Povinelli, 1991).  
7 Only those interested in the (esoteric) debate over animal theory of mind could have ever entertained such 
a question. After all, our young chimpanzees spent all day attending to, responding to, and manipulating what 
we (the folk) would surely call "seeing" (see below, "Candy's Family"). But such functional-level descriptions 
are distinct from the representational-level questions of the mental operations that produce such behaviors. 
Answering the latter questions (arguably) requires experimental manipulation (see below, "Claim 2: Tool-
Using Experiments").  
8 An important point about these investigations: in every study, we carefully choreographed the eye direction 
of the two caretakers to whom the chimpanzees were responding, with elaborate checks during each of the 
tests. In Seeing, the experimenters fixed their respective gazes gaze directly in front of them where the 
chimpanzees would be responding. We adopted this approach for two reasons. First, we believed this 
procedure was more likely to tap into their cold cognition about visual perception, which we argued was 
more indicative of higher-order cognition about <seeing> (see Povinelli & Eddy, 1996a, p. 33-36). Second, 
this allowed us to separately investigate the influence of direct eye contact (see Povinelli & Eddy, 1996c). 
This purported distinction—between a (cold) cognitive appraisal of <seeing> versus a direct (hot) reaction 
to eye contact—may help to explain some, but not all of the contradictory results in the literature (cf., 
Hostetter et al., 2001, 2007; Theall & Povinelli, 1999). In any event, this was clearly one of my many early 
encounters with the (at-the-time-unrecognized) Asymmetric Dependency Problem. See footnote 17. 
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person who could see them. No specific learning occurred during the testing. Was this good 
evidence that they understood <seeing>? Our answer was, no, this treatment did not have the power 
to distinguish between two possibilities. The first possibility was that our apes knew that the person 
facing them could <see> them and would therefore react to their begging gesture by handing over 
some food. The second was that they knew that someone facing them would hand them food when 
they gestured toward them (after all, there had to be some perceptual anchor points for their 
gestures). But, and this is a big but, as we proceeded to experimentally disentangle the factors 
influencing the deployment of this natural gesture, their behavior consistently surprised us. For 
example, when we confronted them with two people facing them, one with blindfolds over their 
eyes and the other with blindfolds over their mouth, they did not seem to get it—at least not right 
away. Indeed, in treatment after treatment, their responses consistently matched the predictions of 
a model we had developed of how they would behave if they were reasoning about postures and 
faces, and even eyes, as predictive stimuli, not internal, perceptual events like <seeing> or 
<attention>. Frankly, it was shocking. The complexity of their naturalistic observations, so 
powerfully confirmed by their reactions to the front vs. back procedure, did not prepare us for what 
followed. Our folk psychology of our chimpanzees' folk psychology let us down. 

Some scholars have caricatured our studies in a way that suggests our apes never learned 
to navigate our experimental dissections of what nature typically (though not always) conjoined: 
the movements of the torso, face, and eyes. On the contrary: they most certainly did. What is 
more⎯in the lingo of the ongoing scientific folklore9 of comparative psychology⎯they did so 
quickly, typically in 4-20 trials (for a detailed data summary, see Reaux et al., 1999, Table 1). 
Importantly, many of the key findings of Seeing (and related projects) were confirmed in other labs 
(see, e.g., Kaminski et al., 2004).10 

Thus, our interpretation that our apes were not reasoning about <seeing> was derived from 
how they behaved at each critical juncture in our longitudinal studies, not because of any inability 

to learn or even a particularly slow rate of learning. On the contrary, they learned pretty quickly. 
Thus, neither our hypotheses nor our interpretations of the data hinged on which relations they 
could learn, or how quickly they could learn them. Instead, it was the fact that their specific 

signature of transfer from one condition to the next matched the predictions of one model, not 
another. We can (indeed did) question whether these models were too weak to make the intended 
contrast (see Povinelli & Vonk, 2003, 2004). But in the present context, it is important to realize 
that it was a positive empirical fact pattern about our chimpanzees' behavior⎯a fact pattern that 
was robust, folk psychologically bracing, and ultimately replicated 11 ⎯that drove our 

interpretations.  

                                                      
9 For a discussion of the concept of scientific folklore, see Povinelli and Barker (2019). For a discussion of 
the case study of the scientific folklore surrounding the connection between the number of trials it takes an 
animal to learn a response on the one hand, and what that animal does or does not understand, on the other, 
see Barker and Povinelli (2019b).  
10 Lurz et al. (2018) claim to have obtained results that are inconsistent with one of the conditions we used in 
Seeing, and later by Kaminski et al. (2004). This is false. In the Lurz et al. study, only a single experimenter 
was present. The researchers assume that the separate effects they obtained in two different conditions, each 
with one experimenter, and administered separately, would yield the same effects if they were combined into 
a single condition, with two experimenters present simultaneously. We have already shown that such folk 
psychological thinking can suffer sobering assaults when actually put to the test (for one particularly brutal 
set of results in the present context, see Reaux et al., 1999, Exp. 4). 
11 At a personal level, I have often wondered whether Kaminski and colleagues (2004) experienced the same 
sense of disbelief we did each time one of their chimpanzees gestured to someone who had their back and 
face turned away from them, instead of to the person who was looking directly at them. My curiosity is 
important only insofar as the category of results I have been describing as negative evidence are taken less 
seriously than those described as positive evidence. I unpack this issue in detail shortly (see below, "Positive 
Evidence or Negative Evidence?"). I should also note that Laurie Santos and her colleagues obtained 
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Double Fooled by Folk Psychology 
 
If this was all there were to it, perhaps the only intelligent thing one might conclude is that 

(surprise, surprise) our folk psychology can trick us: I guess our folk psychological interpretation 

of their natural behavior, coupled with their immediate experimental success on front vs. back 

trials, is just a bad map for what happens when you follow their development from 5 to 9 years of 

age and conduct twenty or more experimental variations of this procedure to try to pull apart and 

contrast all the relevant variables (see Povinelli & Eddy, 1996a, c; Reaux et al., 1999). Maybe our 
folk psychological interpretation of what they are doing just is not up to the task of predicting their 
behavior—regardless of whether or not they possess their own folk psychology.  

That would have been hard enough. But our folk psychology fooled us back again. 
Additional experiments in a gaze-following context (some interleaved inside the very experiments 
just described), revealed that Candy and her companions were robustly sensitive to both the eye 
and head orientations of others, easily following our gaze in response to both static and dynamic 
stimuli (Povinelli & Eddy, 1996a, Exp. 12; Povinelli & Eddy, 1996c, Exp. 1; Povinelli & Eddy, 
1997; Povinelli et al., 2002). Additional experiments revealed that⎯get this⎯when our apes 
processed someone's dynamic gaze shift toward a barrier, where they wound up looking depended 

on whether that barrier was opaque or transparent ⎯full stop (Povinelli & Eddy 1996b).12 Also 
full stop: in an experimental set-up very similar to the original Seeing studies, our chimpanzees 
immediately preferred to gesture to someone who made direct (hot) eye contact with them versus 
someone who did not (Povinelli & Eddy, 1996c)⎯but (and again, this is a big but) a moving head 
oriented their way, with eyes closed, tended to have the same effect.  

We obtained other full stops. For example, my colleagues and I arranged a study in which 
our chimpanzees sat across a table from a human cooperative partner to whom they could gesture 
for food (Povinelli et al., 2003). The table was divided lengthwise and two objects were placed just 
in front of their partner, out of the chimpanzees' reach. One object was a highly desirable food 
reward, the other was an undesirable distracter object. Next, we manipulated where their partner 
was looking, either at the food or at the distracter object. The results of this study definitively 
showed that when their partner’s visual attention was on the distracter object, our chimpanzees 
modified the deployment of their begging gestures to accommodate the discrepancy between what 
they wanted (the food) and the object of their partner's attentional focus. One last full stop: in other 
experiments, when our chimpanzees entered the testing room and confronted two opaque cups, they 
immediately chose the one at which an experimenter was gazing (see Barth et al., 2005; Povinelli 
et al., 1999).  

Critically, all of these full stop effects were obtained with the same chimpanzees and at 
roughly the same time—the same chimpanzees who were also gesturing just as often to someone 
with a blindfold over their eyes as someone with a blindfold over their mouth (see Povinelli & 
Eddy, 1996a; Reaux et al., 1999). 

So, fooled by folk psychology⎯then double-fooled back again. 
  

Positive Evidence or Negative Evidence? 
 

Our initial interpretations of these (and related) data roughly matched up with how some 
other prominent scholars were interpreting the results emerging from their own investigations: 
chimpanzees might not, in fact, reason about mental states like <seeing> (see Tomasello, 1996). 

                                                      

strikingly different results when our Seeing tests were administered to rhesus monkeys, for whom direct eye 
contact is a threat (Flombaum & Santos, 2005; see also footnote 8 above). 
12 Conceptual replications of this finding have been reported for spider monkeys, capuchins, great apes, and 
ravens, but not, curiously, in northern bald ibises (see Amici et al., 2009; Bräuer et al., 2005; Bugnyar et al., 
2004; Loretto et al., 2010; Met et al., 2014). 
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But this consensus quickly diverged when Hare et al. (2000, 2001) reported that, in situations of 
food competition with a dominant animal, subordinate chimpanzees tended (for example) to 
navigate toward opaque as opposed to transparent barriers. These (and other) findings were quickly 
promoted as breakthrough studies13⎯studies with the power to supplant the interpretations of all 
previous data sets (see Tomasello et al., 2003). A curious auxiliary hypothesis emerged to support 
this dismissal. Chimpanzees, these authors suggested, use their theory of mind only in competitive 
interactions (or at least the only way to detect their theory of mind prowess was in the context of 
such interactions: see e.g., Hare et al., 2000). Earlier tests were disregarded because, according to 
these scholars at least, those tests had been "cooperative."  

Despite the obvious reasons to doubt this auxiliary hypothesis,14 the idea caught on and 
held sway. For a time, at least, it became part of the folk scientific narrative of the field.15  Coupled 
with excitement over the new results, this folklore characterized our Seeing results as negative 

findings (see Hare et al., 2001; Tomasello et al., 2003)⎯despite the immediate, intricate, and robust 
uses of all manner of things related to gaze that Candy and her companions had displayed across 
many experiments, not to mention their "rapid" patterns of learning in the others (see "Double 
Fooled" above). Nonetheless, the deadly epithet of negative evidence was pinned to a murky 
mixture of both the findings and the interpretations of the findings.  

Jennifer Vonk and I have previously discussed the folk scientific role that the phrase 
"negative findings" began to play in the debate (see Povinelli & Vonk, 2003, 2004), but there are 
more foundational points to made here. First, as noted above, the phrase negative evidence was 
being deployed in a way that conflated at least two distinct connotations of the word negative (even 
though I suspect the distinctions obscured by this conflation were, and still remain, widely 
accepted). First, data may not implicate one theory or another (i.e., the experiment did not find 
evidence for the existence of, say, the black swan). Second, in a more narrow and statistical sense, 
it may be the case that no statistical difference is found between condition x and condition y. 
Nonetheless, in practice, the folk scientific equivocation proved devastating. After all, in the 
context of the Asymmetric Dependency Problem, the important issue should have been the 

robustness of particular effects, not whether they implicated one theory over another. This raises 
the troubling question of why some of the robust effects we reported (e.g., complicated gaze-

                                                      
13 I believe that handsome dividends will be paid by an analysis of the extra-scientific role this term has 
played in obscuring the fundamental conceptual and methodological challenges in the study of higher-order 
cognition in animals. 
14 In a lengthy discussion of this issue, Povinelli and Vonk (2004) offered a number of reasons to question 
this auxiliary hypothesis. To summarize: (1) the argument that co-operative contexts are unnatural for 
chimpanzees is contradicted by the fact that highly social species will possess evolved mechanisms that 
perfectly balance cooperative and competitive tendencies (see de Waal, 1986). Specifically, wild and captive 
chimpanzees both beg for food—from conspecifics and human counterparts; (2) our chimpanzees 
immediately used their begging gestures to request food from the person who (from a God's Eye perspective) 
could <see> them versus someone who could not (the front versus back condition), and rapidly learned to 
do so in many others (see Reaux et al., 1999, Table 1); (3) the Asymmetric Dependency Problem applies with 
equal force to designs involving competitive or cooperative interactions; (4) our chimpanzees excelled at 
many cooperative tests that involved gaze direction (see main text for a discussion of Povinelli et al., 2003; 
see also Barth et al., 2005). The best proof, however, is ultimately in the pudding:  twenty years later after 
promoting this suspect idea, the scholarly team that most strongly promoted it has experimentally shown that 
the competitive versus cooperative contrast was⎯in the context of the genre of experiments that attempt (in 
our view, impossibly) to implicate theory of mind⎯a non-starter from the get-go (Grueneisen et al., 2017). 
15 Admittedly, I paint with a broad brush here, but I think it's fair to say that the attitude of a sizable number 
of thoughtful researchers (some no longer in the field) can be summarized by Andy Whiten’s (2001) reference 
to the Hare et al. (2000) results in his review of Folk Physics: "If Povinelli’s gigantic prior analysis of 
chimpanzees’ folk psychology can be overturned by an elegant experiment more intuitive for chimpanzees, 
what of the prospects for the current, equally voluminous onslaught on folk physics? Time will tell" (p. 133). 



Povinelli  600 

 

following abilities) were pursued full tilt by other laboratories,16 whereas others (deploying a 
begging gesture to someone who cannot see you), were not (even though they were replicated; see 
Kaminski et al., 2004). In practice, the phrase ‘negative evidence’ became a shorthand for: These 

data are not consistent with the theoretical picture we prefer. 
I do not wish to paper over the importance of the internecine empirical debates that ensued 

about these (and related) studies. For example, key findings from the Hare et al. (2000) study 
proved difficult to replicate (see Karin-D’Arcy & Povinelli, 2002)⎯even by the original authors, 
who spent a great deal of time and effort determining precisely how far apart two bananas needed 
to be in order get a statistically reliable effect (see Bräuer et al., 2007). The larger point is this: 
coddling the folk scientific notion of 'negative evidence' allowed many comparative psychologists 
to dismiss certain robust findings, while simultaneously embracing others⎯the latter being easier 
to reconcile with the notion that animals possess higher-order mental states.  

Thus, on the basis of a high-level interpretation of the so-called 'breakthrough studies' (and 
a widening net of related investigations), a consensus quickly emerged (among experimentalists, at 
least) that chimpanzees (later, ravens) conceive of at least some mental states as <mental states>.  

But, negative evidence and reliable effects aside, could the underlying logic of any of these 
studies yield a strong inference about higher-order thinking? As I show next, the Asymmetric 

Dependency Problem suggests a clear answer: no, they cannot. 
 

The Asymmetric Dependency Problem (aka the Logical Problem) 
 

As we (and others) were measuring distances between bananas, I was slowly realizing 
something that should have been obvious from the outset: none of the tests we and others were so 
glibly deploying could ever uniquely implicate the presence of higher-order mental states such as 
<seeing>. After a lengthy series of discussions, Jennifer Vonk and I detailed the reasons why. We 
showed that an entire genre of experiments (of which ours were a prime example) could never 
provide unique evidence for theory of mind. Fortunately, the genre was easily definable: any 
experiments premised on requiring animals to predict the behavior of others and/or the 
consequences of such behavior (Povinelli & Vonk, 2003, 2004).17  

Our argument was straightforward: for any representationally-based theory, higher-order 
representations such as <seeing>, depend (by definition) on the existence of robust, stable, and 
abstract perceptual representations of the behavioral categories that are purported to be recognized 
or processed as instances of <seeing>. Jennifer and I referred to these first-order representations 
of social behaviors as behavioral abstractions. Simply put, if chimpanzees (and other animals) do 
not possess stable, perceptually-based, abstract representations of the entities around them, then 
there is nothing for their purported representations of <mental states> to be based upon. More 
foundationally, their perceptual systems could never detect instances of them.  

                                                      
16 For example, see footnote 12. 
17 To my embarrassment, when the full force of this idea finally dawned on me, I was overtaken by a flashback 
from a conversation with a philosopher who had approached me after a lecture in Boston: "Your results are 
very interesting, and I follow your reasoning: the pattern of results you have obtained with your monkeys 
[sic] suggests they were tracking features of others that we wouldn't use, which certainly weighs against the 
possibility they have a theory of mind like ours. But if I understood your bigger argument, wouldn't the worry 
be that even if they had responded to your tests like you think humans would, we still couldn't use those 
results to implicate the presence of a theory of mind?" Despite how obvious his point seems to me now, I 
merely blinked. I was clearly not prepared to grapple with his point. One instructive hypothesis as to why: 
some subterranean part of me knew how radically my daily professional practice would have to change if I 
did. 
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Why is this a problem? Once it is granted that higher-order representations depend on the 
existence of first-order, perceptually-based representations, there is no specifiable causal work left 
for any purported higher-order mental states within this experimental genre: 

 
...[T]he design of these tests necessarily presupposes that the subjects notice, attend to, 
and/or represent, precisely those observable aspects of the other agent that are being 
experimentally manipulated. Once this is properly understood, however, it must be 
conceded that the subject's predictions about the other agent’s future behavior could be 
made either on the basis of a single step from knowledge about the contingent 
relationships between the relevant invariant features of the agent and the agent's 
subsequent behavior, or on the basis of multiple steps from the invariant features, to the 
mental state, to the predicted behavior (Povinelli & Vonk, 2004, p. 8-9).    
 

Thus, the first-order representations are both necessary and sufficient to account for the 
experimental results. This means that higher-order mental states are unnecessary to explain the 
results of these experiments. Furthermore, because of the asymmetry of the relationship between 
first- and higher-order mental states (the latter depend on the presence of the former, but not vice 
versa), higher-order mental states are not by themselves sufficient to account for the experimental 
results (see also Povinelli & Henley, 2020). Nor are they necessary. Having said this, it is important 
to underscore that Jennifer and I did not argue that higher-order mental states are causally inert. 
Such mental states may perform causal work in the behavior of both humans and other animals. 
Our point was narrow, but still vitally important: these kinds of experiments cannot provide unique 
evidence for the existence of such mental states.  
 Thus, even our initial, somewhat cursory specification of the first-order cognitive resources 
available to most organisms revealed a logical flaw not just in the Hare et al. (2000, 2001) studies, 
but in the entire (again: definable) genre of experiments that were being designed and 
deployed⎯including our own (a more detailed specification of these first-order mental resources 
can be found below, "Playing With a Full Cognitive Deck"). The claim that higher-order mental 
states depend upon lower-order states, but not vice versa, along with its devastating implications 
for experimental designs, quickly became known as the logical problem (Lurz, 2009). For purposes 
of precision, however, I prefer to call it the Asymmetric Dependency Problem.  
 
The Experimental Necessity Dilemma 
 

Jennifer Vonk and I (2004) made an additional argument that grew obscured in the ensuing 
debates: If (despite our analysis) one elected to accept the Hare et al. (2000, 2001) studies as 
evidence for theory of mind, then the behavior of Candy and her companions in our Seeing (and 
related) investigations must also be taken as evidence of theory of mind (see above, "Double 
Fooled"). There is no conceptual difference between those results, and the behavior of the 
chimpanzees in the Hare et al. (2000) studies.  
 More bracing, and more generally, this kind of evidence was available from naturalistic 

observations long before any of the experimental work (including our own) began (see Povinelli & 
Eddy, 1996a, p. 17-24; Tomasello et al., 1994; Whiten & Byrne, 1988). The natural behavior of 
chimpanzees and other animals clearly shows their functional-level sensitivity to the bodily 
postures, faces, and eyes of others⎯not to mention the overt manifestations of other mental states 
such as intentions, desires—even states of knowledge and false belief. Recall that it was the desire 
to answer the representational-level question of whether chimpanzees interpret these states as 
<mental states>, that drove researchers to argue that experiments were needed in the first place 
(e.g., Heyes, 1998; Povinelli, 1988; Premack, 1988).  
 This problem boils down to choosing between the horns of what I call the Experimental 

Necessity Dilemma: either Jennifer and I were correct that the current genre of experiments cannot 
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implicate higher-order reasoning in animals, or we never needed them (including our own) in the 

first place. As I show throughout this essay, this reasoning applies with equal force to the current 
generations of experiments.18  
 Any attempt to escape the Experimental Necessity Dilemma by choosing the first horn (i.e., 
that the experiments do not show that higher-order thinking is necessary to explain a given set of 
experimental results), but then countering that there are a lot of said experiments and they are at 
least consistent with the existence of higher order thinking, forces one to acknowledge that the same 
is true of naturalistically derived data. I should also add that any such move de facto acknowledges 
that first-order reasoning (alone) is both necessary and sufficient to explain both the experimental 
and naturalistic data, leaving no reason to posit the higher-order states to account for the results.19 

Beyond the inferential roadblock specified by the Asymmetric Dependency Problem, and 
highlighted by the Experimental Necessity Dilemma, another important, albeit side issue arises: 
from whence do the all-important perceptually-based behavioral abstractions derive?  

 
The Unprincipled Titration Paradox: Relational Reasoning au Naturel 

 
Given that chimpanzees (like other social organisms) are biologically pre-prepared to learn 

myriad relations involving social dynamics and object interactions ⎯ coupled with the facts of 
their daily experiences ⎯ we can be assured that long before any wily experimentalists appear on 
the scene, Candy and her companions' minds are already deep at work developing their ever-
expanding manifolds of behavioral propensities. Thus, it is beyond myopic for anyone to have 
imagined that the chimpanzees participating in our experiments, let alone those of Hare et al. (2000, 
2001), had anything other than a lifetime of experience with the relevant abstracted set of relations 
on which they were being tested. The refrain that the specific objects used in testing had never been 

seen before, misses the point entirely: Perceptual abstractions are abstract 20 (that is, they are the 
perceptual invariants  derived by organisms during their innumerable experiences with the specific 
relational exemplars, guided by the canalizing influences of their evolutionarily-defined 
developmental systems).21   

                                                      
18 It is no coincidence that the acronym for the Experimental Necessity Dilemma is END. 
19 For some, this may spark the following idea: if the experimental data possesses such grave limitations, 
perhaps data derived from naturalistic observations could, with the right framing, allow for strong inferences 
about higher-order thinking. I examine this issue in the equivalent debates over tool use a bit later in this 
essay (see below, "Claim 1: Natural Tool Use Cannot Provide Strong Evidence for Higher-Order Thinking"). 
For now, suffice it to say that I do not believe this argument can get traction. 
20 See Cook et al. (2006). There are, of course, many scholars who argue that at least some taxa (e.g., 
primates) may, in addition, form higher-order concepts (see Zentall et al., 2008). Penn et al. (2008a) show 
why the evidence does not warrant such an inference (see also Glorioso et al., in press).  
21 Another overlooked argument Jennifer Vonk and I made was that for any given animal, known relations 
based on such perceptual abstractions can (perhaps logically, must) be freely applied cross-species. This will 
continue until countervailing evidence (e.g., the heterospecific does not respond as expected) forces a new 
relation to be learned. Our effortless application of our own folk psychology to animals is dramatic proof of 
this fact. But if our argument is taken seriously, then human folk psychological attributions to animals are 
initially driven by human first-order mental machinery. Turning this around, this means that when Candy 
spontaneously and "appropriately" directs her social behavior to us⎯a fact that grounds her everyday 
interactions with us⎯we cannot herald this as independent evidence to support the claim that she possesses 
her own folk psychology. Curiously, Boesch (2007) has overlooked the depths of this problem altogether by 
arguing that experimentally derived evidence for theory of mind in chimpanzees is better when chimpanzees 
interact with other chimpanzees, not other humans. A careful examination of his claims reveals many fatal 
problems, including that, when a chimpanzee subject is allowed to receive input from another chimpanzee, 
there can be little control over the first-order variables in the experiments, introducing all manner of 
methodological inconsistencies (for a more detailed discussion, see Povinelli & Vonk, 2004, Appendix 
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Experimenters rarely (if ever) grapple with this issue. And yet, because the logic of such 
experiments do in fact, presuppose (read: require/assume) that animals already possess loads of 
first-order relational information directly related to the experimental procedures, a curious medley 
of scientific folklore guides the design and interpretation of the studies. Informal practices, 
perpetuated in daily discussions within individual laboratories, attempt to (mysteriously) balance 
the need to anchor the elements of any given task to an animal's pre-existing (or pre-trained) first-
order reasoning systems, and the need to (somehow) prevent the network of relational reasoning 
attached to these elements from being the source of the allegedly diagnostic experimental 
outcomes. Earlier, I dubbed this the Unprincipled Titration Paradox. Povinelli and Henley (2020) 
describe the problem in the following way: 

 
...all experimental protocols claiming to assay higher-order reasoning in animals rest upon 
an extremely suspect, and ultimately unprincipled, titration. Specifically, researchers 
implicitly assume that the tasks are perceptually similar enough to what their subjects have 
previously encountered to allow them to make sense of the problem, but 
perceptually different enough that the subjects must (somehow) rely upon higher-order 
reasoning to navigate their way through it (p. 392). 22 
 

This paradox frequently interacts with other folk scientific practices for interpreting results that do 
not (seem to) confirm the presence of higher-order thinking. This so-called negative evidence (see 
earlier discussion) is frequently discounted as uninformative due to the titration being incorrectly 
balanced. This ignores the fact that admixture was unprincipled in the first place. 
 The Unprincipled Titration Paradox is more than a minor methodological nuisance. The 
practices and flawed inferential reasoning it supports allow researchers to ignore the core obstacle 
posed by the Asymmetric Dependency Problem: the attempt to control for first-order relational 
reasoning in a way that keeps it from poisoning inferences about the presence of higher-order 
reasoning (regardless of whether it is attempted through more complicated designs or more 
elaborate control conditions). Such titrations will never suffice within the current experimental 
genre. Why? Because while these carefully titrated elixirs can most assuredly isolate the 
perceptually-based mental representations that are not involved in generating the behaviors of 
interest, they can never "control away" the perceptual representations upon which any higher-

order representations depend (see Povinelli & Vonk, 2004, p. 10-11). Worse yet, as shown above, 
because first-order representations are both necessary and sufficient to produce the behavioral 
responses, the purported higher-order ones are unnecessary. In the end, the Unprincipled Titration 

Paradox amounts to what I dreamily imagine as the intellectual equivalent of an ever-expanding 
carnival shell game.23 

                                                      

1)⎯not to mention that his review is ruinously selective in its review of the evidence (see above, "Double 
Fooled", for examples of the dynamic and coherent responses of chimpanzees to human behavior; see also 
the additional refutations in Tomasello & Call, 2008). But the core, irreducible challenge is that it is the 
experimental paradigm, not the stodges acting within it, that constitutes the source of the Asymmetric 

Dependency Problem. 
22 Having for the most part stepped away from public-facing sides of these debates many years ago, I recently 
had a chance to revisit this issue with Mike Tomasello in Salzburg, Austria. During my lecture, in which I 
was using the Hare et al. (2000) studies to illustrate the Unprincipled Titration Paradox, Mike interrupted (I 
had invited interruptions) and exclaimed: "You're missing the point! Our chimps were responding to novel 

stimuli. They had never seen our little transparent Plexiglas barriers before. So how could they possibly have 
a representation of them?"  
23 In a study involving physical cognition, Civelek et al. (2020) reveal the standard, unprincipled navigation 
of this problem. First, from their methods: "Chimpanzees in Leipzig Zoo had objects made of different 
materials in their outdoor and indoor enclosures (i.e., automatic metal feeders, tree logs, plastic buckets) and 
occasionally may hear the noises they make when they are hit/dropped. However, in comparison to children 
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 This analysis exposes the soft underbelly of another tidbit of scientific folklore: namely, 
that success on the first few trials in any given experiment (especially trial one) holds some special 
status in implicating higher-order thinking.24  When I first began my own research, I was as guilty 
as anyone in promulgating this theoretically untethered notion (see Barker & Povinelli, 2019a; 
Povinelli, 1988). But if the analysis Jennifer Vonk and I offered about the Asymmetric Dependency 

Problem is correct, and I believe it is, then an organism's behavior on trial 1 ought have no greater 
weight in implicating the presence of higher-order reasoning than the organism’s behavior on, say, 
trial 22. Under our current theoretical umbrella, first-order behavioral abstractions are both 
necessary and sufficient to account for the behaviors in question, no matter when they appear.  
 I stress again: this conclusion applies with equal force to our own research, including, for 
example, our chimpanzees’ full-stop understandings of: (a) the front vs. back distinction when 
begging for food (as well as their rapid understanding of many of the other seeing/not seeing 
conditions), (b) the geometric relationship between transparent/opaque barriers and a caretaker's 
gaze direction (Povinelli & Eddy, 1996b), (c) the mismatched attentional focus of themselves and 
a cooperative partner (see Povinelli et al., 2003), and (d) the relevance of a human’s gaze direction 
in selecting a baited cup.25  
 
Experimentalists React to the Asymmetric Dependency Problem 
 

Most experimentalists did not initially (and from what I can tell, still do not) recognize the 
depth and pervasive scope of the Asymmetric Dependency Problem. They have reacted to it,  but 
rather than countering its premises, or challenging the strength of its conclusions, they have 
caricatured it as modified behaviorism, inflexible perceptible cue learning, arbitrary perceptual cue 

learning, behavioral rule learning, or as a hypothesis invoking behavioristic principles of learning 

(or some loosely equivalent terminology; e.g., see Call & Tomasello, 2008; Hare et al., 2006; Seed 
& Call, 2009; Tomasello et al., 2003; Tomasello & Call, 2006). Alas, the ideological alarm bells 

                                                      

we assumed their exposure to metal and wooden materials would be limited. Therefore, we prepared two 
sound-making training boxes: the "metal box"...made from stainless steel and the "wooden box"...made from 
plywood" (p. 9). Next, from their conclusion: "Three-year-old children and chimpanzees did not discriminate 
between the conditions, did not pass either of them and were more likely to be side biased. This could reflect 
a "true negative"...However, as with many negative findings, interpreting these results is not straightforward. 
One explanation for the failure of chimpanzees could be that the initial training we implemented were not 

sufficient to build the necessary knowledge for solving the problem [italics added]" (p. 14). Examples of 
chasing such controls abound in the literature, including one amusing protocol that was designed to test for 
knowledge attribution in chimpanzees while attempting to control for a so-called "evil eye" 
hypothesis⎯meanwhile, all the perceptual features that the subjects’ required to respond appropriately were 
(by necessity) left intact (see Kaminski et al., 2008). See also Povinelli and Vonk (2012), "Case study: Levels 
of understanding floppy and rigid tools."  
24Ty Henley and I (2020) explore this issue in connection to higher-order causal reasoning in our contribution 
to the August 2020 special issue of Animal Behavior and Cognition. 
25 Consider the conclusion of our attentional mismatch project:  
 One interesting question raised by our research remains unanswered. Did our chimpanzees 
 modify the location of their gestures as part of their construal of their partner as a psychological 
 agent, or strictly as part of their understanding of the observable dynamics of their partner's 
 observable posture and behaviour? In short, were the chimpanzees attempting to modify their 
 partner's behaviour and attentional state, or strictly their behaviour alone? (Povinelli et al., 2003, 
 p. 77). 
But if Jennifer Vonk and I were correct, then even these "impressive" results had no bearing on whether our 
chimpanzees were reasoning about <attention>. This example underscores the point that from the early 
2000s forward, the empirical fact pattern was not the (true) source of dispute over the question of theory of 
mind in animals. Understanding this historical episode in detail could be of great use in helping the next 
generation of comparative psychologists develop more productive lines of research. 
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raised by the charge of behaviorism, even if charitably read, are orthogonal to the problems picked 
out by the Asymmetric Dependency Problem. After all, the Asymmetric Dependency Problem 

exposes the full cognitive commitments of researchers and shows why, by their own (mostly 
unstated) assumptions, first-order reasoning is both necessary and sufficient to account for the 
steadily mounting experimental results.26  

The legacy of the mischaracterization of the Asymmetric Dependency Problem as a form 
of behaviorism has exacerbated another problem. Namely, it has heightened the False Models 

Contrast Problem⎯the practice of pitting naked higher-order thinking (i.e., higher-order thinking 
stripped of the first-order representational relational thinking upon which it depends) against 
unspecified models of associative learning that are so vague as to be meaningless.27 This leaves the 
researchers shadow-boxing with Fred Skinner (see also, footnote 1).28 Clearly, the foundational 
challenges posed by Asymmetric Dependency Problem are orthogonal to the parochial disputes 
involving behaviorist boogey-monsters (especially the creature colloquially known as "associative 
learning"; see Dacey, 2016; Penn & Povinelli, 2013; Povinelli, 2012). To emphasize: our theory of 
our chimpanzees’ understanding of seeing,29 not to mention Candy's understanding of her coconut, 

                                                      
26 Some scholars (mistakenly) believe our position does, in fact, have strong ties to behaviorism. Marta Halina 
(2015), for example, argues that "[t]he logical problem [aka the Asymmetric Dependency Problem] 
constitutes a sort of second-order behaviorism—behaviorism not with respect to our scientific understanding 
of agents, but with respect to nonhuman animals’ understanding of other agents" (p. 488). This 
characterization rests on a deeply problematic equivocation of the term behaviorist. Behaviorists defend a 
meta-methodological claim that denies the need to posit mental states in order to gain a complete theory of 
behavior. Nowhere do we claim that chimpanzees deny the need to posit <mental states> to explain the 
behavior of others. That would be a strange theory, indeed. Rather, our argument is merely that animals need 
not possess higher-order mental states in order to perform the behaviors in question. We make two claims 
that should not be run together. First, we argue that in order to account for their behavior, chimpanzees must 

possess first-order mental representations. Second, we argue that these first-order mental representations 

are necessary and sufficient to account for their behavior. Thus, our cognitive model explicitly defends the 
theoretical and empirical necessity of positing that chimpanzees (and other animals) possess a wide variety 
of mental states—namely, they possess atomistic and temporally stable perceptual symbols that are 
compositionally recombined to support goal-directed action (see Penn et al., 2008a). Thus, Halina’s (2015) 
observation of a (very) loose linguistic resemblance between our claims and Skinner's (false) argument that 
all mental state variables can be dispensed with at no explanatory or predictive cost, has absolutely no bearing 
on (1) whether the Asymmetric Dependency Problem constitutes a distinct challenge for experimental 
designs, or (2) whether it will turn out that higher-order <mental states> are uniquely human. For a further 
discussion of the problem of equivocation in the use of the term behaviorist, see Povinelli and Eddy (1996a, 
p. 139).  
27 I recommend Mike Dacey's (2016) masterful examination of the history and contemporary usage of the 
term "association" in psychology. He concludes: "...[A]ssociation should...be seen as a highly abstract filler 
term, standing in for causal relations between representational states in a system. Associations, so viewed, 
could be implemented by many different mechanisms. I outline the role that this view gives associative 
models as part of a top-down characterization of psychological processes of any kind and of any complexity" 
(p. 1). At the risk of redundancy, I stress that whatever concerns one might have about how association-based 
psychology intersects with cognitivism, the Asymmetric Dependency Problem still holds and is unaffected 
by those worries. 
28 Although I have no sympathy for Skinner's radical behaviorist ontology or epistemology, the persistent 
pugilism directed his way occasionally makes me feel sorry for him. Even in his prime, it would not have 
been a fair fight: his hobbies were indoor gardening, old movies, French poetry, and Agatha Christie novels 
(The Harvard Crimson, 1990). And besides, he's been RIP for thirty years. 
29 To my ever-lasting regret, in Seeing, Tim Eddy and I (1996a) used Premack and Woodruff’s (1978) labels 
for the models we were testing: namely, behavioristic versus mentalistic. We dutifully noted that the 
behaviorist model was not intended to imply that chimpanzees were devoid of mental states (viz. they could 
most definitely "process and use information" p. 26), but rather to determine if there was any reason to believe 
they wielded the higher-order mental states of <seeing> and/or <attention> (Povinelli & Eddy, 1996a, p. 
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was (and remains) a mental theory grounded in uncontroversial constructs in the cognitive 
sciences.30  

 
Perfect Experimental Storms 

 

The challenges I have outlined in the previous few sections invariably come together to 
create perfect experimental storms—and that is not a good thing. A typical case is the seminal 
attempt by Call et al. (2004) to demonstrate that chimpanzees think about 
<intentions>/<desires>/<goals>. At the level of analysis that matters for the Asymmetric 

Dependency Problem, this study falls squarely within the genre identified by Jennifer Vonk and I: 
take some apes, present them with some carefully choreographed behaviors (in this case, human 
behaviors), and then measure how they react. Study how Call et al. (2004) flail in the confluence 
of the Asymmetric Dependency Problem, the Experimental Necessity Dilemma, the Unprincipled 

Titration Paradox (along with its equally undisciplined disciple, novelty), and the False Models 

Contrast Problem as they attempt to explain their results: 
 
Perhaps chimpanzees had learned from their previous experience to expect that certain 
actions usually result in them receiving food and certain actions usually result in them not 
receiving food . . . For example, normally after humans drop a piece of food on the way to 
giving it to the chimpanzee, they pick it up and give it to the chimpanzee, whereas normally 
when humans are eating they do not share their food with the chimpanzee... However, if 
chimpanzees were using their previous experience of E's actions to decide how to react, 
they would have had to have a separate learning history for each of the five conditions 
[emphasis added] in which they discriminated successfully. This is unlikely because some 
conditions, at least, arguably were novel [emphasis added] to the chimpanzees and because 
these chimpanzees had little experience with experimenters or testing situations in general 
because they were new to the facility... [Thus] We believe that chimpanzees were using the 
actions of the experimenter not just as superficial discriminative cues but as a way to 

determine his goal (p. 496-497). 
 
                                                      

25-26). Peter Hobson (1996) charitably recognized this fact in his accompanying commentary. Nonetheless, 
our use of these labels became part of the legacy of the False Models Contrast Problem that continues to 
plague comparative psychology, our dogged efforts to dispel it, notwithstanding (see especially Penn & 
Povinelli, 2013). This underscores the need for researchers to develop and use of a shared set of formal 
notations to track the purported causal work of first- versus higher-order representations in their explanations 
of animal behavior (for a step in this direction, see below, "A Seven-Step Program to Recovery"). 
30 The characterization of our theory as a form of behaviorism has allowed researchers to sidestep the 
Unprincipled Titration Paradox and design, conduct, and publish studies that create the illusion they are 
testing their chimpanzees in situations they have never experienced, measuring behaviors the chimpanzees 
have never produced before. One of my all-time favorite examples is a still-widely cited study by Hare et al. 
(2006) in which investigators sought to determine if chimpanzees would hide from human competitors in 
situations of food competition. The researchers offer their readers the choice between imagining the 
chimpanzees operate on the basis of an "inflexible reliance on contextual or behavioral cues alone" (p. 497) 
or a theory of mind. This was an obvious straw man at the time and remains one today. Seriously, who could 
possibly accept a theory positing that chimpanzees were inflexible! Alas, the descendants of this false 
dichotomy are alive and well. Worse, this false contrast allowed the researchers to ignore the obvious fact 
that such deceptive behavior occurs every day among captive chimpanzees. This directly raises the issue of 
what it means for a situation, object or relation to be novel in the first place⎯an issue that Folk Physics 
grappled with at length (Povinelli, 2000, Chapter 12). Indeed, the issue of what novelty is supposed to pick 
out about objects or behavior and/or the relations among them, continues to weigh heavily upon comparative 
psychology, including several of the experimental contributions to the August 2020 special issue of this 
journal (viz. the Unprincipled Titration Paradox). 
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Because they fail to engage with the core (and well-grounded) premises of the Asymmetric 

Dependency Problem, these scholars (a) wield undefined (folk) notions of novelty, (b) fail to 
distinguish between first-order behavioral abstractions versus higher-order representations of 
<goals>, (c) falsely contrast superficial discriminative cues with (apparently) higher-order 
representations of <goals> and (d) argue that their titration of first-order reasoning was just right. 
All of this creates a cyclone of vicious circularity. The storm begins by not acknowledging that any 
higher-order representation of <goals> depends upon corresponding abstractions of instances of 
such as understood by the humans who invented the test (see Povinelli, 2000; Povinelli & Vonk, 
2003, 2004). Innumerable other studies can be analyzed in the same manner (a few widely-cited 
studies that are a delight to examine through this lens include Karg et al., 2015; Kano et al., 2019; 
Melis et al., 2006; for more examples, see below, "Philosophers React"; see also Perspective Pieces 
1, 2 and 3, (this issue) and Povinelli & Henley, 2020, Appendix). 
 Those who either outright dismiss, or have not yet grappled with the far-reaching 
implications of the Asymmetric Dependency Problem are likely to be incredulous that I would 
spend so much time dissecting an experiment soon to be two decades old: The field has moved on, 
Daniel. We now have scores of experiments using dozens of new protocols. Collectively, they 

provide converging (or better, or more diagnostic) evidence that chimpanzees, other great apes, 

ravens, and probably dolphins, elephants and dogs, have some kind of theory of mind. The debate 

is settled. As an erstwhile experimentalist, I understand this reaction. As a former monkey mind 
doctor, though, I note that while the first half of this reaction is indisputably true (the field has 
moved on), the second half, alas, is not.  
 

Philosophers React: Experimental Escapes from the Asymmetric Dependency Problem? 

 
In direct contrast to the sentiment of many experimentalists, philosophers reacted to the 

Asymmetric Dependency Problem with direct engagement. Trained to confront the best possible 
version of an argument (and thus avoid undue violence to hapless straw men), they recognized that 
our hypothesis (1) was an explicitly mental theory and (2) that it presented a severe challenge for 
interpreting all current (and future) experiments of a type. These facts spawned a healthy debate 
about how to overcome it using modified experimental designs (Andrews, 2005, 2016; Halina, 
2015; Lurz, 2011; Lurz & Krachun, 2011; Lurz et al., 2014; Roche, 2013; Sober, 2016; cf. Povinelli 
& Henley, 2020, Appendix). Indeed, in following these debates, I became far less sanguine about 
the proposals Jennifer Vonk and I had made for overcoming the problem (e.g., Lurz, 2011; see 
discussion in Gallagher & Povinelli, 2012).  
 In an exciting turn of events, the engagement of philosophers has led to the development 
of several specific experimental proposals that have been offered as escaping the obstacles laid out 
by the Asymmetric Dependency Problem. But have they, actually? Just to explore one example, 
Robert Lurz and colleagues (2018) attempted to determine whether chimpanzees could reason 
about <seeing> above and beyond keeping track of first-order relations such as the unobstructed 
geometric relation between the chimpanzee subject and the experimenter's face. They confronted 
their apes with a person seated on a stool and just out of reach. They then measured the number of 
begging gestures the chimpanzees made in what amounted to three informative conditions in which 
the person either: 
 

(a) faced away from the ape, but their face was visible in a mirror, looking back at the ape; 
 
(b) faced away from the ape, but instead of a mirror, a photo of the experimenter's face was 
pasted where the mirror was in (a); 
 
(c) faced away from the ape, but the person was looking back over their shoulder toward 
the ape. 



Povinelli  608 

 

 
Because the apes gestured more in (a) and (c) than in (b), Lurz et al. (2018) concluded that 

the chimpanzees were reasoning about <seeing>, as opposed to just the direct geometric relation 
between themselves and a face. This is a fallacious conclusion. 
 First, in both (a) and (c), the stimuli projected on the chimpanzee's retinae is a highly 
realistic face, complete with depth information, oriented toward them. Hence, the geometric 
relation between the face and the chimpanzee is the same in both cases. In (c) it is direct, in (a) it 
is mirror-mediated. Lurz et al. (2018) acknowledge this irrefutable fact, but attempt to dismiss its 
significance: 
 

It's ingenuity notwithstanding, we do not find this mirror-mediated line of gaze hypothesis 
to be more plausible than the seeing hypothesis. As already noted, our chimpanzees did not 
have any experience prior to our tests with a contingency existing between humans feeding 
them and humans having a mirror-mediated line of gaze to them. Consequently, there is no 
independent reason to expect that chimpanzees would treat a mirror-mediated line of gaze 
of an experimenter in a feeding context as either (1) significantly different from no direct 
line of gaze...or (2) as equivalent to direct line of gaze (as they do in experiment 2) (p. 247).  
 
But by Lurz et al.’s (2018) own reasoning, regardless of whether the chimpanzees possess 

a higher-order theory of <seeing>, they must compute the geometric relation between a face 
(whether in a mirror or otherwise) and themselves. It is only by assuming ahead of time the 

chimpanzee possesses a higher-order understanding that connects <seeing> and "looking in 

mirrors" (that is, that the mirrored face is at once not the experimenter's real face, but rather a 
reflection of it, and that this reflection is connected to the real experimenter via the experimenter's 
ability to <see>, and, by extension, that the experimenter's ability to <see> extends along a 
geometric line to the chimpanzee's current location) that allows their inference that chimpanzees 

understand <seeing> to follow from the experimental results. But if so, the premises assume the 
existence of the thing they sought to demonstrate. This is viciously circular.31 
 Lurz et al. (2018) next argue that the fact that the chimpanzees displayed higher levels of 
begging in (a) and (b), as compared to the photo condition, licenses the conclusion that the 
chimpanzees were reasoning about <seeing>. But by the same token, their chimpanzees would 
have gestured less to a cardboard cutout of a human body than to a real human facing them. Why? 
Because, the more realistic a stimulus, the more gestures it will elicit (cf. Tinbergen & Perdeck, 
1951). Now, before one dives down the rabbit-hole of thinking that more controls can save the day, 
recall the core problem isolated by the Asymmetric Dependency Problem: There is no way to 
control away the very perceptual stimuli that are purported to connect the animal to the task. To 
hammer home why this is so, imagine eliminating (read: controlling for) the very perceptual 
information a subject needs to detect in order to generate a higher-order interpretation: in this case, 

even a subject known to be capable of generating the relevant higher-order thought would be 

unable to do so, and hence unable to make the intended behavioral response. Thus, no amount of 
making the photo more life-like (or, conversely, degrading the quality mirror image) will suffice. 
Eventually, the perceptual features anchoring the chimpanzees’ behaviors (whether additionally 

                                                      
31 Lurz et al. (2018) provide an elaborate discussion of how their chimpanzees’ previous experiences with 
mirrors might (or might not) connect to what the chimpanzees did (or did not) expect to happen when they 
gestured to the mirror. For purposes of simplicity, the analysis offered here assumes everything Lurz et al. 
state about the chimpanzees' prior experiences with mirrors is true, but then shows why these arguments 
neither support nor refute the <seeing> hypothesis. This issue is thus orthogonal to the challenges posed by 
the Asymmetric Dependency Problem. 
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linked to higher-order representations or not) will meet, and the same level of gesturing will be 
obtained.32 
 

Playing with a Full Cognitive Deck 

 
Shortly after Jennifer Vonk and I published our analysis of the Asymmetric Dependency 

Problem, another colleague, Derek Penn, recruited me and Keith Holyoak to work with him to flesh 
out the domain-general format of the behavioral abstraction hypothesis⎯in essence, to lay all our 
cognitive cards on the table (see Penn et al., 2008a). Derek’s work picked up where Seeing, Folk 

Physics and the behavioral abstraction hypothesis left off, outlining how any representationally-
based theory of animal cognition, by necessity, must embrace the fact that organisms (including 
humans) possess fundamental atomistic perceptual symbols that can be productively recombined. 
These (and related) capacities, in turn, give rise to powerful forms of goal-directed behavior driven 
by first-order, perceptually-based relational reasoning. In humans, at least, such first-order 
capacities interact with additional capacities that allow disparate perceptual relations to be grouped 
under common thematic or argumentative roles—a hallmark signature of higher-order, role-based, 
analogical reasoning. This is what allows humans to deploy higher-order constructs such as 
<gods>, <ghosts>, <gravity>, <belief>, <time>, <space>, <weight>, etc. (see also Povinelli 
2000, 2012; Vonk & Povinelli, 2006). In reviewing the evidence⎯across every domain of 
cognition⎯Derek, Keith and I examined what we believed were the best available experimental 
results available to support claims for higher-order reasoning in animals. In each case, we 
discovered that first-order, perceptually-based relational reasoning⎯the stuff of Candy and her 
coconut⎯was (using the language adopted here) both necessary and sufficient to account for the 
obtained results.33 
 

A Seven-Step Program to Recovery 

  

 The growing complexity of the experimental designs (devised and mobilized by both 
traditional experimentalists and philosophers alike), coupled with the problems isolated above, 
makes it tedious (and hence less fun for experimentalists) to isolate how, precisely, in each case, 
any new (or for that matter, old) experimental designs do (or more to the point, do not) overcome 
the Asymmetric Dependency Problem. Fortunately, for anyone who is interested, there is a rather 
straightforward, and more-or-less formal, method for doing so. 
 Because it may seem a bit heavy-handed (academics, including myself, typically do not 
like to be told how to approach a problem), let me stress that I am sure there are many eclectic ways 
to expose the hidden premises in the informal, verbal arguments that are typically presented in 
empirical journal publications. Therefore, to be clear at the outset, I endorse any and all methods 
                                                      
32 The actual situation is far worse for their arguments than I have outlined. To understand why, I invite the 
reader to write out the steps of the inductive (or abductive) argument they are ultimately making. This will 
require formal notations to keep track of the role of first-order perceptual representations and relations, and 
their connection to higher-order ones. This would minimally include the following: Facemirror, Facereal, 
Facephoto, the geometric relations among each of them, and how the higher-order variables of <seeing> and 
<reflection> are mapped onto those relations. For examples of how to do this, see below, "A Seven-Step 
Program to Recovery"). 
33 Expanding upon the arguments made in Seeing, Folk Physics (and later, Weight), Penn et al. (2008a) made 
the additional argument that the existing evidence strongly supports the claim that the ability to cognize over 
higher-order, role-based analogical relations is a uniquely human capacity, cutting across every domain of 
cognition. As explained earlier, this claim does not contradict the more foundational argument of the 
Asymmetric Dependency Problem. After all, if one were to reject the argument that experimental results can 
implicate the absence of higher-order thinking, one would be doing so by accepting the implications of the 
Asymmetric Dependency Problem. 
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for achieving the outcomes I aim at here. That being said, here is the method I have found most 
effective: 

  
(1) Identify (and develop a notation for labeling) all stimuli, and relations among stimuli, 
presented to the subjects in the main experimental conditions that they must keep track of 
in order to participate. To avoid circularity, do not include folk psychological descriptors 

at this point because this is what is being tested for. 

 
(2) Identify any unstated assumptions the researchers may be making about the stimuli that 
inadvertently usher in the very mental states for which they are testing. Elevate these 
unstated premises to an explicit level.  
 
(3) Examine all critical dependent measures collected by the researchers and describe them 
as in (1). 
 
(4) Examine all control conditions or critical contrast cases the researchers are using to 
leverage their interpretations and describe them as in (1). 
 
(5) Identify all previous contexts in which exemplars of the perceptual relations have been 
experienced by the animals. These may have been encountered in training or testing or in 
the ongoing wash of their everyday lives, or, more likely, all of the above. Also, are there 
known facts about the evolutionary ecology of the organisms that leads one to strongly 
suspect the (abstract) perceptual relations in question are tightly canalized in development? 
If so, make these explicit. 
 
*(6) Construct the best possible (inductive or abductive) argument (using premises and 
conclusions) that connect the first-order perceptual representations that are necessary for 
the organisms to possess (the ones that were identified in steps 1-4), to the researchers' 
conclusion that the specific higher-order representations are causally operative (e.g., 
necessary) to produce the results of the experiment. 
 
(7) Delete all higher-representations in (6) and ask: Are the lower-order representations 
necessary and sufficient to explain the results? If yes, it follows that higher-order thinking 
is unnecessary. 

 
Shannon Kuznar, Mateja Pavilic and Gabrielle Glorioso and I (Perspective Piece 1, this 

issue) use this general method to work through Bugnyar et al.’s (2016) study that claimed to have 
demonstrated theory of mind in ravens. In Perspective Pieces 2 and 3, Ty Henley and I (this issue) 
offer a head start on dissecting Kano et al.’s (2019) study involving chimpanzee theory of mind, as 
well as Jelbert et al.’s (2019) recent investigation of crow folk physics. Other, detailed, but less 
formal deconstructions can be found elsewhere (see Glorioso et al., in press; Penn et al., 2008a). 
Even if you think you already have reason to doubt the interpretations of these particular findings, 
I urge you to study these examples. It is only by working a sufficient number of examples that the 
common, fatal flaws of all such studies become apparent. True, every study has its own suite of 
minor-to-major methodological limitations. Analyses focused on such details are important to 
normal science. But the Seven-Step Program to Recovery has a more overarching (and 
inconvenient) aim: to show why all studies of the identified genre are doomed by a common 

conceptual problem.  

 I further encourage readers to work through other examples from the literature that they 
may find the most compelling to them. Suffice it to say that I have encountered none that survive 
step 7. In each case, the logical problem Jennifer Vonk and I described fifteen years ago stubbornly 
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clings to any and all experiments of a type. Until either a principled refutation of this argument 
appears (which may or may not be possible), or procedures are developed that fall outside the genre, 
no amount of wishing otherwise will change this (admittedly troubling) conclusion.34 

If everything I have said up to this point applied solely to investigations of animal theory 
of mind, this would be troubling enough. However, as I have been hinting at all along, the 
Asymmetric Dependency Problem applies with equal force to all higher-order representations, 
including <gravity>, <force>, <connection>, <shape>, <weight>, <time>, <past>, <present>, 
<future>, and so on and so on (see also Povinelli & Penn, 2011; Povinelli & Henley, 2020). But 
because Folk Physics appeared several years before Jennifer and I shared our analysis of the 
Asymmetric Dependency Problem, the polemics of the two debates were never fully integrated.  

So, in what follows, I integrate the foundational challenges outlined in the first half of this 
essay, with key developments that have occurred across the ensuing two decades of research on the 
use and manufacture of tools in chimpanzees and other animals. I will use the central claims made 
in Folk Physics as the framework for assessing these developments.  

 

Why the Central Claims of Folk Physics Still Matter 

 

Claim 1: Natural Tool Use Cannot Provide Strong Evidence for Higher-Order Thinking35 

 

 The opening argument of Folk Physics was that programmatic experimental strategies were 
needed to disentangle distinct representational-level hypotheses about the cognitive underpinnings 
of the functional-level descriptions of tool use in the wild. After all, if the functional competences 
displayed by wild chimpanzees were sufficient to infer whether they possessed higher-order 
representations, Folk Physics would have been unnecessary:  

 
[This] project was designed to use experimental techniques to explore what chimpanzees 
understand about why tools produce the specific effects they do. In doing so, the project 
begins with a clear recognition that chimpanzees naturally make and use simple tools in 
the wild, and that, in captivity, these activities may be even further elaborated and refined 
(Povinelli, 2000, p. 2). 

 
Furthermore, as a physical anthropologist, I knew that many field researchers would think 

our project was unnecessary, as tool use and manufacture by wild chimpanzees was historically, 

                                                      
34 This method (or a suitably similar one) is so foundational to recognizing the common denominator among 
all experiments in this genre that two questions frequently arise in my mind: (1) Why have more analyses of 
this type not been applied to the scores of experiments that claim to seal the deal about higher-order thinking 
in animals? and, (2) Should researchers be required to produce such formalisms as part of their publications 
and/or the pre-registration of their experimental designs? The latter suggestion can be seen as complementary 
to the concerns of publication bias addressed by Farrar et al. (2020). In offering concerned graduate students 
a tool for doing the work themselves, my hope is that every new study will be analyzed in this manner before 
untold hours are invested collecting undiagnostic data. I believe there is a fishing proverb applicable to this 
situation. I am well aware this may not satisfy some scholars who favor detailed reviews of scores of studies. 
35 Some experimentalists may be tempted to skip this discussion, already convinced that data from the field 
should not be used in this way: Strong inferences about the presence or absence of higher-order reasoning 

in animals can never be drawn from such observations. Their sole utility is for generating hypotheses to be 

tested in the lab. This may be how things usually go, but I urge caution. Specifically, I argue it is vital to 
examine whether this conclusion is logically true, and if it is, how this reasoning impacts the current 
experimental approaches. There are two additional reasons why all parties should take this discussion 
seriously: (1) field researchers will sharpen their understanding of what is representationally at stake in the 
debates, and (2) experimentalists can avoid designing studies that simply re-demonstrate what we already 
know from functional-level descriptions of field-derived data (viz. the Experimental Necessity Dilemma).  
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functionally, and visually impressive. I imagined a skeptical reaction because the main skeptic was, 
in fact, myself:  

 
'Look . . . isn’t it obvious that chimpanzees and other great apes understand the physical 
principles governing simple tool use in just about the same manner that we do? Haven’t 
we all seen enough National Geographic specials to know that chimpanzees make and use 

tools spontaneously and naturally? They crack nuts open using hammer stones and make 

simple fishing wands to extract termites from their mounds. So why do we need to bring 

them into the laboratory and test them on their ability to use tools? . . .'  Starting with this 
skeptical voice may seem odd to some readers, suggesting we have adopted a defensive 
posture from the outset. Nothing could be further from the truth. After all, on our very best 
days as scientists, this skeptical voice repeats over and over . . . reminding us of the fact 
that our project is a difficult one indeed (Povinelli, 2000, p. 2). 

 
Thus, in calling for a critical investigation of representational-level claims about the 

cognitive basis of tool use, Folk Physics began by fully embracing functional-level explanations of 
tool use as a vital part of what a chimpanzee is: an evolved organism situated in a range of natural 
ecologies, using a range of objects (often intentionally modified) to aid in their efforts to extract 
resources from their environments.36  

So, how has the claim the naturalistic data cannot implicate higher-order reasoning about 
the physics of tool use fared?  

I begin with a not-so-surprising answer: I have yet to encounter a rigorous methodology 
for leveraging either the final or the developing forms of naturally-occurring tool-related behaviors 
in chimpanzees (or any other animals) in a way that can strongly implicate higher-order reasoning.37 
I do not claim such a theory is impossible (some may think they already have one, see Andrews, 
2020), but I include myself among those who have no clear idea how one would use evidence about 
naturally developing behavioral forms to systematically avoid the Asymmetric Dependency 

Problem (see below). After all, if the Asymmetric Dependency Problem cripples our ability to make 
sound inferences about higher-order reasoning in the context of the current genre of experimental 
investigations, it applies with equal force to naturalistic observations. The problem casts a long 
shadow. 

Despite this, I admit I am frequently tempted to think that better data from the natural 
ecologies of these organisms could (somehow) overcome this problem. Since the publication of 
Folk Physics, field researchers have documented not only both a greater diversity of tool-making 
and tool-using among wild species (e.g., Hicks et al., 2019; Sanz et al., 2009), but also, in some 
cases, have carefully mapped the developmental trajectories of these skills (Boesch et al., 2019). 
And quite understandable, as field researchers have acquired these hard-won data, they have offered 
general ideas about the kinds of causal understanding that may be involved in such tool use, as well 
as potential fitness advantages: 
 

                                                      
36 This polemic is distinct from questions of whether Candy and her peers, raised in captivity, are different 
from their wild counterparts in ways that matter to the representational-level questions at hand (see below, 
"Claim 5: Chimpanzees Raised in Captivity"; see also, Povinelli, 2000, p. 15-19, 326-328; Povinelli & Vonk, 
2004, p. 28; Povinelli, 2012, p. 62-65).  
37 Some systematic attempts have been made to use massive compendiums of anecdotes (solicited from lab 
and field workers alike) to implicate particular kinds of mental representations (e.g., O'Connell, 1995; Whiten 
& Byrne, 1988). Although scholars have moved away from the use of anecdotes in this manner (see Ramsay 
& Teichroeb, 2019), the anecdotally inclined reader will be heartened to discover that the journal Behaviour 
has recently implemented a formal mechanism for submitting and archiving new ones (Kret & Roth, 2020).  
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Notions of cause and effect could notably improve the performance of tool-use, particularly 
when selecting the raw material to make a tool. Appropriate choice of hammers allows a 
30 to 43% energy gain in nut-cracking. …. Thus, understanding of cause and effect allows 
chimpanzees to mentally anticipate their actions and to choose tools adapted to specific 
purposes (Boesch & Boesch-Achermann, 2000, p. 233). 
 
The brush-tipped fishing probe is not inherent in the structure of the herb stem, but rather 
arises from transformation of the raw material that shows evidence of being deliberate. In 
particular, the lengthwise pulling of the probe through partially closed teeth is a behaviour 
that was not observed in other contexts and was often repeated several times during brush 
manufacture. These transformations also increased the effectiveness of these tools. Our 
results indicate that chimpanzees have a mental template of the tool form, which is 
employed in crafting the tool prior to use and refining it during use… (Sanz et al., 2009, p. 
295). 
 
Data from all chimpanzee study sites suggest that a proportion of tool-using behaviors are 
regularly exhibited, while others are manifested only rarely and in response to specific 
stimuli. It is certain that there is a high degree of variation between sites. In contrast to the 
rigid patterns of tool use observed in other taxa, apes respond to particular situations with 
adaptive solutions, which may demonstrate an understanding of causality in external 
objects (Sanz & Morgan, 2007, p. 432). 
 
The videos . . . suggest that adult Hawaiian crows clearly understand the problem (the food 
is in the hole) and the solution (use a stick to get the food out). However, the way Hawaiian 
crows treat their tools offers a possible clue to their working memory capacity . . . After 
each probe, they drop the tool before pecking at the food. In contrast, New Caledonian 
crows usually safeguard their tools in between probes by deliberately and carefully 
trapping them under a foot, on a branch, or in a hole. The difference could be related to 
working memory, motivation, or necessity …. In sum, even if a species understands the 
advantage of tool use, sufficient working memory and manipulation skill are probably 
important for long-term maintenance of the behavior (Uomini & Hunt, 2017, p. 206). 
 
In this study, we systematically compared tool-transfer behavior between Goualougo and 
Gombe chimpanzees and found significant population differences in this form of 
scaffolding. ...Broader comparative studies will continue to inform us about the capacity 
for different types of scaffolding, including tool transfers, across species, while assessing 
multiple tool contexts within species will further illuminate how helping varies with task 
demands. Differentiating specific types of helping is also essential for elucidating the 
potential cognitive underpinnings of these behaviors (Musgrave et al., 2020, p. 974). 
 
But can such promissory notes ever be cashed? In other words, can detailed descriptive 

data derived from observations of naturally-occurring tool use resolve the representational-level 
debates targeted by Folk Physics and its sequel, Weight? Data on how wild animals use and 
manufacture tools can undoubtedly implicate the kinds of information the animals must somehow 

keep track of as they interact with objects. But as we have seen with Candy and her coconut, many 
kinds of mental activity can be comfortably conflated under the catch-all terminology causal 

understanding, working memory, mental templates, planning, inhibitory control are 
uncontroversial⎯unless you take the Conflation of Explanatory Levels problem seriously (see 
especially, Penn et al., 2008a; Penn & Povinelli, 2009).  

The recent interest in New Caledonian crows is a good illustration of how, in one way, 
most scholars are fully aware of these issues. Hunt’s (1996) discovery that wild New Caledonian 
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crows were manufacturing and using hook-shaped tools in the wild excited (for good reason) great 
interest about the cognitive underpinnings of the behavior:  

 
Crow tool manufacture had three features new to tool use in free-living nonhumans: a high 
degree of standardization, distinctly discrete tool type with definite imposition of form in 
tool shaping, and the use of hooks. The features only first appeared in the stone and bone 
tool-using cultures of early humans after the Lower Paleolithic, which indicates crows have 
achieved a considerable technical capability in their tool manufacture and use (Hunt, 1996, 
p. 249) 
 
But rather than interpreting these natural history observations as settling representational-

level claims, researchers turned to the laboratory to test various representational-level 
interpretations of the phenomenon (for a few examples among many, see Jelbert et al., 2019; Taylor 
et al., 2009a, b; von Bayern et al., 2009; Weir & Kacelnik, 2006; Wimpenny et al., 2009). And 
while my assessment (see below) is that none of these tests have implicated any of the higher-order 
mental operations at stake in Folk Physics and Weight (see also Bluff et al., 2007; Rutz et al., 2016), 
they have revealed possible (uncontroversial) mental operations involved in the tool-related skills 
of these birds, as well as possible ontogenetic constraints on their development. For now, I simply 
note that researchers never interpreted the spontaneously developing form of the behavior as 
adequate to distinguish between first- versus higher-order relational reasoning.38  

Thus, twenty years after Folk Physics was published, the question of how to use the natural 
trajectories of development (including critical weigh points along those trajectories) to implicate 
higher-order reasoning remains unsolved. The Asymmetric Dependency Problem implies that those 
natural developmental pathways can be fully explained by powerful cognitive engines related to 
first-order, perceptually-based relational reasoning. Again, this is distinct from functional-level 
debates about which species possess greater or lesser flexibility in their tool use and manufacture 
(Auersperg et al., 2011; Kabadayi & Osvath, 2017; Völter & Call, 2014).39  
 I would be remiss if did not at least briefly mention one approach to thinking about the 
natural behavior of animals (including their tool-using behavior) that some might believe can 
overcome these problems: interpretive anthropomorphism. A lot has been written about 
anthropomorphism, and it is certainly not my intention here to directly engage with the multifarious 
debates over whether anthropomorphism is a fundamental fallacy (I don’t think it is),40 nor whether 
being anthropomorphic uniquely creates problematic science (I don’t think that's true either), or 
whether intentionally preying upon the human capacity to think anthropomorphically can lead to 
widespread misunderstanding of the inferences warranted by a given empirical finding (I think it 
can and frequently does).41 Here, I simply wish to explore whether the fact of anthropomorphism 

                                                      
38 Again, none of what I have said here should be construed as downplaying the importance of collecting such 
information from free-ranging populations of chimpanzees and other animals. Data from the wild is 
indispensable for building and testing evolutionary and socio-ecological theories of tool use (including the 
current controversy over whether the intra- and intergenerational transmission of tool use is driven by cultural 
or individual learning, see Bandini & Tennie, 2017; Tennie et al., 2009; see also Bernstein-Kurtycz et al., 
2020). The issue at hand is not (and never was) about the relative importance of data derived from the field 
versus the laboratory, but about how such data sets match up with the interpretative level one seeks to address.  
39 Recent investigations of tool use in captive Goffin's cockatoos⎯a species not known to be natural tool-
users⎯reveals a degree of flexibility comparable to that of chimpanzees, leading some to suggest that they 
may be on the brink of discovering tool use in the wild (see, e.g., Auersperg et al., 2012, 2016; Osuna-
Mascaró & Auersperg, 2018).  
40 See Povinelli (1997) for a discussion of the possibility that animals might engage in their own species-
typical "-morphisms" (e.g., Panmorphism by chimpanzees). 
41 Here is a gentle example. Alex Taylor and colleagues recently produced a report entitled, "New Caledonian 
crows behave optimistically after using tools" (McCoy et al., 2019). They quickly note, however, that "The 
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offers a good reason to use using species-typical behavioral forms to resolve debates over higher-
order relational reasoning in animals, and what it would mean for the field of comparative 
psychology if it were the case.  

A weak way of using anthropomorphism might begin with folk psychological theories 
(generated, of course, by humans) about the causal role that higher-order constructs play in human 
tool-use, and then use this as a source of generating hypotheses about functionally similar cases of 
animal tool use. One can (and I think, should) question the accuracy of such folk theories about the 
human case (see below, "Claim 3: Human Folk Psychology (About Human Folk Physics)"). 
Nonetheless, such heuristic anthropomorphism is not only widespread, but also unavoidable 
(Andrews, 2020; Asquith, 1984; Boesch, 2020; Povinelli, 1997).42 It certainly was the opening foil 
of Folk Physics: 
 

…[I]t is possible simply to suppose from the outset that because chimpanzees are so closely 
related to us, and because they must confront more or less the same physical universe as 
we do, they understand the world in a very similar manner. We adopt a different approach. 
The purpose of the research . . . is to break down this supposition of similarity into a series 
of specific, testable hypotheses concerning chimpanzees' understanding of concepts such 
as gravity, force, mass, shape, and physical connection (to name just a few), and then 
subject these hypotheses to serious experimental scrutiny (Povinelli, 2000, p. viii). 
 

But heuristic anthropomorphism, by definition points us back to the laboratory experiments and 
therefore does not attempt to use naturally developing behavioral forms to draw strong inferences 
about the presence of higher-order thinking.  

However, there is a second way of using anthropomorphism to try to resolve debates over 
higher-order thinking animals—what Fisher (1996) called interpretive anthropomorphism. 
Summarized by Keeley (2004), interpretive anthropomorphism can be understood as "the 
explanatory gambit of interpreting an animal's traits as being caused by similar mechanisms or 
constituted in ways similar to human traits" (p. 529). For both Fisher and Keeley this again points 
back to standard scientific business-as-usual experimental practices to adjudicate. But for other 
scholars, interpretive anthropomorphism can be used, full stop, to generate strong inferences about 
higher-order processes. For lack of a better phrase, let us call this strong explanatory 

anthropomorphism.  
Andrews (2020) examines and advocates this approach (among others) in her recent book, 

How to Study Animal Minds. As an example, she explores what she interprets as the spontaneous 
pantomiming communicative gestures of ex-captive juvenile orangutans under rehabilitation (see 
Russon & Andrews, 2011; Russon, 2018). First, the naturalistic descriptions and functional-level 
explanations: 

 
...[we] noticed that the orangutans would sometimes act out what they wanted their human 
caregivers to do for them… We spent time with these orangutans and their human 
caregivers and learned what their typical practices and behaviors were. It was easy to see 
that the orangutans regularly gathered together in dusty areas, wrestling in the dirt, 
collecting handfuls of dust like children in a sandbox, and dumping it on their own heads. 

                                                      

terms optimism and pessimism in this context are short-hand labels for responses made to ambiguous cues 
from which, respectively, positively and negatively valenced affective states ("dimensional" emotions and/or 
moods) can be inferred without implying that these are consciously experienced" (p. 2737). Does this 
encourage the conflation of first- and higher-order representations? When all is said and done, ants behave 
optimistically, as well⎯or else they don't (see Czaczkes et al., 2018).   
42 There are obvious and intricate connections here to Daniel Dennett's (1987) original formulation of the 
intentional stance and the voluminous literature that has blossomed from it.  
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We also soon came to expect that their human caregivers would clean the little orangutans 
after their play bouts, brushing the dirt from their heads with leaves. Given our observation 
of normal behavior…we were able to recognize a behavior as a request from an orangutan, 
Cecep, for Russon to clean him. Cecep approached and sat in front of Russon, picked up a 
leaf, and handed it to her. Russon used it to briefly clean Cecep’s head, then dropped it on 
the ground. Cecep picked up and handed Russon another leaf, but this time she played 
dumb and just examined the leaf. After a few seconds Cecep took the leaf back from 
Russon, rubbed it on his own head while looking her in the eye, and then placed it on her 
notebook... (p. 43) 
 

Next, the step involving strong explanatory anthropomorphism: 
 
We interpreted this event as Cecep asking Russon to clean his head by handing her the leaf, 
and when she didn’t respond as he expected, Cecep elaborated on his message by 
pantomiming⎯acting out⎯what he wanted Russon to do (p. 43) 

 
The scholars then recovered many other incidents that Russon had previously recorded, ultimately 
amassing 62 incidents from her detailed field notes:   
 

With this dataset, we were able to analyze the contexts in which the pantomimes were 
exhibited in order to determine the functions of these gestures. We found that in all but one 
case the orangutans used the gesture imperatively; they tended to use it to elaborate a prior 
failed message. In seven cases they used pantomime in a deceptive context, and in one case 
an orangutan pantomimed in a declarative context (p. 44). 
 
Using these communicative data, Andrews (2020) then explicitly endorses becoming 

cultural and linguistic "anthropologists" among animals. While it is unclear (to me, at least) if she 
is specifically attempting to draw a strong inference about the presence of higher-order thinking (in 
the orangutans), her invocation of the principle of charity43 suggests she might be. But whether she 
is or is not, I see no reason why this method could not be used to infer higher-order mental states 
such as <beliefs>, <desires>, <seeing>, etc., or in the case of tool use, <force>, <weight>, 

<gravity> (or for that matter, <time> and <space>, etc.).44  Indeed, other researchers (while 
ignoring the issues raised by the Unprincipled Titration Paradox), pursue something in this 
ballpark when attempting to infer the cognitive states attending tool use in the wild (see below, "Do 
Data From the Wild Demonstrate…?"). Indeed, if one is inclined to open the interpretive floodgates 

                                                      
43 For psychologists who may not appreciate the scope and importance of Andrews' (2020) invocation of the 
Principle of Charity in interpreting orangutan gestures, I suggest beginning with Feldman's (1998) overview 
of the issues involved when applying it to the utterances of other humans, which begins: "The principle of 
charity governs the interpretation of the beliefs and utterances of others. It urges charitable interpretation, 
meaning interpretation that maximizes the truth or rationality of what others think and say. Some 
formulations of the principle concern primarily rationality, recommending attributions of rational belief or 
assertion. Others concern primarily truth, recommending attributions of true belief or assertion. Versions of 
the principle differ in strength. The weakest urge charity as one consideration among many. The strongest 
hold that interpretation is impossible without the assumption of rationality or truth." 
44 Daniel Dennett has been making this point so clearly, and for so many years, that I can do no better than 
quote him directly: "Darwin’s theory of evolution by natural selection unifies the world of physics with the 
world of meaning and purpose by proposing a deeply counterintuitive "inversion of reasoning"..."to make a 
perfect and beautiful machine, it is not requisite to know how to make it"... Turing proposed a similar 
inversion: to be a perfect and beautiful computing machine, it is not requisite to know what arithmetic is. 
Together, these ideas help to explain how human intelligences came to be able to discern the reasons for all 
of the adaptations of life, including our own" (Dennett, 2009, p. 10061).   
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by using strong explanatory anthropomorphism, the possible attributions seem endless. This is 
especially true given that Andrews (2020) argues that in such cases, (1) no controlled laboratory 
tests are possible (or necessary) in order to generate strong inferences, and (2) no situational, 
contrastive observations are likely to add useful information (nor are they required to make the 
relevant inferences). 
 So, does strong explanatory anthropomorphism offer a way around Folk Physics' claim 

that naturally developing behavior cannot be used to implicate higher-order thinking? Many years 
ago, in the context of critiquing the argument by analogy for other minds, my colleagues and I spent 
a great deal of time examining the inferential flaws of such an approach (see, for example, Povinelli 
& Giambrone, 1999). I believe those same objections apply (in full force) here. Rather than 
reiterating them, however, let me offer a more general objection. Imagine one concedes that the 
fatal problems implicated by the Unprincipled Titration Paradox are real.  If so, the fact of 

anthropomorphism (whether honed, morphed, elaborated, and/or constrained by living with 
orangutans or not) in no way undermines the fact that first-order explanations are both necessary 
and sufficient to explain the orangutans' behaviors⎯especially when there is good reason to believe 
such inferences are frequently incorrect in the human case (see below, "Claim 3: Human Folk 
Psychology of Human Folk Physics"). 

A tempting conclusion is that it may be best to embrace a pluralistic approach, letting all 
methods proceed, including experimental work, with the hope that convergent data will ultimately 
emerge. This certainly sounds right (and, if the past is any guide to the future, probably how things 
will play out anyhow). Alas, despite its ameliorative tone, I believe this is a fool’s errand. Why? 
Because as I show next, the second opening argument of Folk Physics was only half correct: none 
of the experimental methods that were available then, nor any developed since, have the power to 
uniquely implicate the causal work performed by higher-order relational reasoning. If this is right, 
until the culture of this area of comparative psychology radically changes, there can be no 
converging evidence.  
 
Claim 2: Tool-Using Experiments Can Assay Higher-Order Thinking 

Background assumptions. While never stated explicitly, Folk Physics assumed (like many 
projects before and after it)45 that standard psychological experiments (properly conceived) had the 
power to allow researchers to make strong inferences about either the presence or the absence of 
higher-order thinking: 
 

…[I]t is possible simply to suppose from the outset that because chimpanzees are so closely 
related to us, and because they must confront more or less the same physical universe as 
we do, they understand the world in a very similar manner. We adopt a different approach. 
The purpose of the research . . . is to break down this supposition of similarity into a series 
of specific, testable hypotheses concerning chimpanzees' understanding of concepts such 
as gravity, force, mass, shape, and physical connection (to name just a few), and then 
subject these hypotheses to serious experimental scrutiny (Povinelli, 2000, p. viii). 
 

As I explain below, I now see this argument as only half correct: While our experiments may have 
the power to implicate the absence of higher-thinking about objects, they do not have the power to 
implicate its presence.  
 

                                                      
45 For putative (and mostly rhetorical) defenses of the argument that standard "behaviorist" experimental 
designs could be used to diagnosis higher-order thinking in animals (e.g., theory of mind), see especially, 
Premack and Woodruff (1978), Premack (1988) and (alas) Povinelli and Eddy (1996a). 
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The experimental logic of Folk Physics (and Weight). Similar to our investigations of 
social cognition, the strategy of Folk Physics and Weight was to present Candy and her companions 
with tests designed to distinguish between competing representational-level accounts of the kinds 
of tool-using behaviors that are slowly mastered in free-ranging populations of chimpanzees 
(typically between 3-8 years of age; see for example, Boesch & Boesch-Achermann, 2000; Boesch 
et al., 2019; Inoue-Nakamura & Matsuzawa, 1997; Sousa et al., 2009). To do so, we once again 
followed the method of presenting them with stimuli and conditions that we hoped could pry apart 
variables nature typically conjoins, not only during the natural development of tool use in the wild, 
but also during the many spontaneous bouts of tool use had observed in Candy and her peers outside 
of testing (see below, "Candy's Family").46  

The broad idea was to micro-genetically track the development of our apes' physical 
reasoning skills as they interacted with more and more tools in our experimental settings, even as 

they were developing many forms of tool use outside of testing.47 Although there were notable 
exceptions, in both Folk Physics and Weight we rarely attempted to train our apes exhaustively on 
such tests. Instead, we typically assessed their incremental performances in small groups of trials 
(usually four).48 Why? Because for the most part we knew they could learn just about any tool-
using task we gave them. Our goal, on the contrary, was to examine their transfer within and across 
types of tool use and manufacture. As we made clear at the time, the tests were never an attempt to 

determine what our chimpanzees could or could not learn to do. Here’s an interim assessment, 
about half-way through the project:  
  

...a fairly clear pattern can be seen in the results of the experiments presented thus far. 
Initially, our apes performed as if they had no understanding of the relevant folk physics 
of the problem at hand. However, with additional opportunities for learning, their 
performances improved, and indeed, in some cases there was evidence that the apes 
detected and used the same relevant perceptual features of the task as humans. However, 
in each case…this knowledge did not transfer easily to perceptually novel [sic], but 
conceptually similar tasks (Povinelli, 2000, p. 205).49 

                                                      
46 Some reviewers of Folk Physics worried that our chimpanzees (who began the studies at about 6 years of 
age and completed them around 11 years of age) might have been too young to display their full tool-using 
abilities (e.g., Allen, 2002; Hauser, 2001). Although understandable, the kinds of tool use that are frequently 
offered as evidence for higher-order understanding (e.g., nut-cracking), develop between 2.5 to 5 years of 
age in chimpanzees, with additional mastery up to 8-9 years of ages (see Boesch & Boesch-Achermann, 
2000). Nonetheless, we were quite cognizant that our project was chasing both our apes' age and their 
experience (see Povinelli & Eddy, 1996a, Chapter 6; Povinelli, 2000). This is one (but not the only) reason 
we deployed longitudinal methodologies on several key tasks (e.g., Reaux et al., 1999). If nothing else, each 
time point clearly showed how easily our thinking about their social and cognitive skills could be fooled (and 
double fooled) by our personal folk psychology (see above, "Fooled" & "Double Fooled"). For what it is 
worth, the published results of Seeing, Folk Physics and Weight all followed our chimpanzees as they matured 
from juveniles into adolescence, and for Weight, into full adulthood. This latter point has been lost on some 
who have confused task experience with age. 
47 Later in this essay, I offer a glimpse into the spontaneous development use of tools that our chimpanzees 
displayed in their everyday lives as the 59 experiments reported in Folk Physics and Weight were being 
conducted (see below, "Candy's Family"; see also, Table 1). 
48 As wild chimpanzees learn to crack nuts, for example, they have far more than four, eight, sixteen, thirty-
two, etc. trials to learn how to bring their sensory-motor skills and cognitive capacities into alignment for 
mastery of the skill. Because of our audacity in attempting to ask about the precise nature of those sensory-
motor and cognitive skills, great violence has been perpetrated on Candy and her companions by researchers 
who continue to conflate their experience on a given task with their cognitive abilities (see below, "Claim 5: 
Chimpanzees Raised in Captivity").  
49 We stressed this simple fact throughout Folk Physics: "We close this chapter by emphasizing we have little 
doubt that, with considerably more experience on their part, and considerably more patience on ours, [more] 
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A typical example was their training and testing with rakes and hook tools. After they became 
experts on one version of the hook task, we developed and evaluated various models that made 
different predictions about expected patterns of transfer depending on which features of the tasks 
were influencing their behavior (see also Povinelli & Frey, 2016).50 Whether they could learn 

through experience was never the aim of our project. Chimpanzees are biologically pre-prepared 
to engage in object related actions such as pulling, pounding, shaking, dropping, etc. (see 
especially, Boesch & Boesch-Achermann, 2000, p. 201-224; see also, Boesch et al., 2019). Thus, 
demonstrating that they could engage in such activities in captivity was of no particular interest to 
us. 
 

Return of the Asymmetric Dependency Problem. But if Jennifer and I were correct that 
the Asymmetric Dependency Problem crippled any available (or easily conceivable) experimental 
inferences about higher order social cognition in animals (i.e., theory of mind), and this applied to 
all other domains of higher-order cognition (see Vonk & Povinelli, 2006), an urgent question arose 
for our laboratory. If our measurement tools could not implicate the presence of higher-order 
thinking, could we continue to use specific patterns of transfer to test for its absence? This was an 
especially important concern as we were already several years into our investigations of whether 
chimpanzees possess a higher-order understanding of <weight>. Getting the right answer to this 
question remains as vital today as it was then. 
 So, can narrowly circumscribed patterns of transfer between tests yield strong inference 
regarding the absence of higher-order thinking? Although I continue to believe they can (see 
below), in Weight my colleagues and I tried to emphasize the opposite problem: namely, the 
inferential weaknesses of the high-level models. Indeed, we bent over backwards to clarify the 
ultimate source of these models: our intuitive (folk) ideas about how <weight> influences our own 
behavior. For example:   
 

Our folk model of this [box-pulling] task predicted that, if our chimpanzees were able to 
represent [<weight>], they would interpret their caretakers' distinctively different 
behaviors with the boxes as evidence that one was "heavy" and the other was "light," thus 
leading them to pull the light box. On the other hand, if [<weight>]-related 
representations were unavailable to our apes, we would expect their choices to be equally 
distributed between the two boxes. Of course, one can immediately question whether this 
folk model is an accurate description of the cognitive operations a human might use to 
solve such a task (Povinelli, 2012, p. 147).     
 

Our point here was that we were generally flying blind: assuming we knew how our own higher-
order representations articulate with our behavior in such situations (see below, “Claim 3: Human 
Folk Psychology (of Human Folk Physics) is an Unstable Foundation”). 

Setting aside the question of whether there are any patterns of results that could have 
supported the inference that our apes were engaged in higher-order thinking, what results actually 

                                                      

of our apes ... could have learned to solve the basic trap-tube problem (p. 131). "Reflecting on the results of 
both the trap-tube and trap-table tasks, it seems clear that chimpanzees will uncover the regularities inherent 
in such simplistic problems... [T]he learning curves displayed by all of the apes across the trap table 
experiments ...highlight the central role...that direct feedback plays in their acquisition of such competences" 
(p. 147). In Weight, we spent even more time giving our apes full mastery of tasks in order to conduct what 
we had hoped would be more informative transfer tests. 
50 Many of these models were not even specifically about higher-order constructs (see Povinelli, 2000, p. 
267). In retrospect, I wonder if this was because we were already realizing that the only thing we directly 
measure was which first-order perceptually-based relations they learned most readily. 
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emerged in our Weight experiments? After many transfer tests—tests that confronted our apes with 
relations ranging from those likely to be highly developmentally canalized, to those that were 
functional analogues of using weight as a tool in the wild, to those that were completely arbitrary 
(e.g., sorting objects based on weight)—a consistent pattern emerged. The predictions of the higher-
order folk models were rarely if ever supported, whereas our chimpanzees displayed immediate 
(from the standpoint of our experimental tests) understanding of many first-order relations 
involving effort-while-lifting and/or effort-to-lift (see Povinelli, 2012, Chapters 3 & 7). We 
concluded that this overall pattern in the transfer tests implicated the absence of reasoning about 
<weight>. 
 This may feel troubling to some. If first-order, perceptually-based relational reasoning 
involving representations such as effort-to-lift or effort-while-lifting are both necessary and 
sufficient to account for the development of skills such as nut-cracking with stones, then why didn't 
our chimpanzees evince immediate evidence of understanding of all of the causal regularities in 
our weight tests? The answer is the same as why young chimpanzees in the wild take years to 
become effective at cracking nuts: experience is required (see Boesch & Boesch-Achermann, 2000; 
Estienne et al, 2019). More to the point, as Osiurak et al. (2010) have noted, despite their mastery 
of hammer stones, those wild chimpanzees do not use weight for any other purpose. It is a truism 
of cognitive science that given an organism’s starting resources, some first-order relations will be 
far easier to learn than others (see Clark & Thornton, 1997; Povinelli & Penn, 2011; Povinelli, 
2012).51  
 But the more pressing question remains: If the Asymmetric Dependency Problem is correct, 
and an entire genre of experimental tests cannot implicate the presence of higher-order thinking, 
then how can we claim that the very same tests can implicate its absence? Although a lot can be 
said here, the most straightforward response is that the two claims are logically consistent. As 
Jennifer and I noted many years ago in the theory of mind debate: "We are simply proposing that a 
pattern of results of type ‘x’ could be produced by either [first- or higher-order social cognition], 
but that a pattern of results of type ‘y’ would be expected for [a first-order system] but not [a higher-
order one]" (Povinelli & Vonk, 2004, p. 20).  
 Thus, the causal asymmetry highlighted by the Asymmetric Dependency Problem applies 
to the general relationship between first- and higher-order mental representations. To wit, showing 
that Candy can learn to deploy a hook-shaped tool in order to create a mechanical force vector 
sufficient to retrieve a banana, does not suffice to conclude she needs <force> representations to 
do so. On the other hand, a consistent pattern of transfer failure among conceptually, but not 
perceptually, related tasks might be able to implicate its absence. Whether this can be achieved in 
a sufficiently precise manner to produce a strong argument is open to debate (see Povinelli, 2012, 
Chapters 11 & 12).52 
 

Current status of animal folk physics: burying the target rather than striking it. In the 
twenty years since Folk Physics, comparative psychologists have been busy. They have secured an 
experimental cache of results that would make scrub jays jealous. In the early days, much of this 

                                                      
51 To elaborate, our argument is that first-order, perceptually-based  representations like effort-while-lifting 
and effort-to-lift allow chimpanzees (and other species) to enter certain tests and immediately deploy robust 
first-order relational reasoning, whereas those same representations do not easily prepare them for tasks 
unconnected to their evolutionary ecology (e.g., spatial sorting of objects based on effort-while-lifting). I 
invite the interested reader to compare and contrast the experimental results reported in Chapters 3 versus 4 
of Weight (see also Schrauf & Call, 2009). 
52 I should note that the fate of the Asymmetric Dependency Problem is independent of this claim. If we 
cannot develop a convincing strategy to use transfer failures to build a case for the absence of higher-order 
thinking, this simply makes the problem we face viz. higher-order relational reasoning in animals even 
more intractable. 
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activity swirled around a few tasks that examined (for example) whether slight alterations in 
existing experimental designs or species could speed up rates of learning (see Weir & Kacelnik, 
2006). Some research provided startling convergence with the findings in Folk Physics (e.g., 
Herrmann et al., 2008). Others’ research was interpreted as contradicting out results, despite the 
fact that it did not (e.g., see the detailed analysis of Manrique et al. (2010) by Povinelli & Vonk, 
2012). Other research showed that chimpanzees could learn to avoid a trap faster when they were 
allowed to use their fingers instead of a tool (e.g., Seed et al., 2009). But beyond these narrow 
confines, an armada of new procedures arose, involving a variety of new species. A wide range of 
claims attended them. For just one example, consider the explosion of studies that followed Bird 
and Emery's (2009a) invention of the Aesop's fable paradigm (for a discussion of the folk scientific 
framing this paradigm, see Barker and Povinelli [2019b]). 
 From my perspective as an anthropologist trained in evolutionary biology, there are many 

important reasons to investigate these phenomena that have nothing to do with whether animals 

possess higher-order thinking. For example, one might be interested in testing functional-levels of 
explanations for why tool use is so rare in nature (e.g., Hunt et al. 2013), despite how easily it can 
sometimes be drawn out in captivity (see, e.g., Beck, 1980; and footnote 36). Or, one might be 
interested in testing functional-level models about the relationships among brain size, tool use, and 
social organization (e.g., Emery & Clayton, 2004)—or between tool use and animal cultural 
evolution (Laland, & Janik, 2006; Schuppli & van Schaik, 2019; Whiten, 2017). Indeed, much of 
the work in the comparative psychology of tool use these days seems at least as much oriented 
toward these vital, functional-level questions as the ones that motivated Folk Physics. 

However, as the theory of mind debate illustrates, the enterprise can easily go awry when 
terms like causal understanding, complex cognition, tool functionality, flexible tool selection (to 
name a few) begin to conflate levels of analyses. The conflation of functional- and representational-
level claims inevitably leads to a downstream muddling of the distinction between specific first- 
versus higher-order representational-level hypotheses (see Penn & Povinelli, 2009). False contrasts 
begin to obscure the core questions that motivated projects like Seeing, Folk Physics and Weight in 
the first place: Do animals possess the equivalent of the human capacity to reason in a systematic, 
structural, role-based manner over disparate perceptual relations or not (see Penn et al. 2008a)? In 
what follows, I conclude that, with respect to this question, an entire generation of research has, in 
effect, buried the target rather than striking it. 
 To begin, several illustrative (and, I claim, typical) examples can be found in the 
contributions to the August 2020 special issue of Animal Behavior and Cognition. Consider Jordan 
et al.'s (2020) introduction and summary of their intricate studies of monkeys with cups and puzzle 
boxes: "Despite studies showing that some nonhuman primates can discriminate between functional 
and non-functional tools, whether they achieve this by recognizing an object’s physical properties 
or via associative learning of perceptual cues remains contested" (p. 365) and "…this group of 
experiments adds to the current literature suggesting that capuchins—but not squirrel monkeys—
are sensitive to the functional properties of objects, and specifically to solidity" (p. 388). From the 
point of view of the questions that gave birth to Seeing, Folk Physics, and Weight, the distinction 
between recognizing an object’s physical properties and associative learning of perceptual cues is 
incoherent: the relevant physical properties of an object just are the first-order perceptually-based 
information that an animals must possess for higher-order thinking. 53  And the Asymmetric 

                                                      
53 Examples abound of how this kind of conflation can be promoted by subtle linguistic slippage. Seed and 
Byrne (2010): "Behaviour like this raises the intriguing possibility that the animals represent the physical 
properties and forces involved in the tool-using event in an abstract, conceptual way: in terms of properties 
such as rigidity, continuity, and connectedness. The simpler alternative is that the animals’ thinking is 
grounded in perceptual features of the objects (their shape, feel, or spatial orientation). Psychological 
experiments have often capitalized on tool-using (or proto-tool-using) behaviour to try to tease these 
alternative explanations apart. For many years, laboratory studies gave results supporting the simpler 
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Dependency Problem shows that such first-order representations are necessary and sufficient to 
explain the relevant behaviors in any given task (Penn et al., 2008a; Povinelli & Vonk, 2004). As 
we explained in Folk Physics: 
 

...the chimpanzee will rarely be fooled by superficial alterations of the task. Changes in the 
color, size, or even general perceptual form of the tool or platform will rarely befuddle the 
experienced chimpanzee. ... This is because the experienced chimpanzee will have already 
'seen through' this level of surface features, and has located the perceptual features and 
spatial arrangements of the objects that yield the outcome desired. ... [O]f equal 
significance ... is that the chimpanzee will freely substitute any tool that will generate 
contact, and indeed, may even avoid the hook tool [for example] if some other tool will 
make the requisite contact more effectively (Povinelli, 2000, p. 307). 

 
Based on existing data from the empirical literature, our projects presupposed that 

chimpanzees possess stable, atomistic perceptual symbols that correspond to the set of abstracted 
physical/functional properties/features of the tools they use in any situated task. Whether these 
symbols correspond to what our folk psychology of their folk physics assumed beforehand is largely 
beside the point. 
 At a structurally equivalent level, Amodio et al. (2020) wield the constructs of complex 

physical cognition, tool selectivity, and contingency learning. Although these phrases may or may 
not pick out something useful for building functional-level explanations, whatever they do pick out 
is orthogonal to the representational-level debate highlighted in Folk Physics. In other words, the 
phenomena isolated by such phrases are not logically inconsistent with, nor are they competing 
explanations for, the representational-level distinctions at play. Instead, they are labels that capture 
various aspects of first-order, perceptually-based relational reasoning (see Penn et al., 2008a; 
Povinelli & Penn, 2011). Indeed, to the extent these labels thrive inside discussions of higher-order 
thinking is, I submit, because of their tight connection with the prevailing scientific folklore about 
the dangers of invoking explanations based on ‘associative learning’⎯a catchall term that has 
nothing to do with the representational-level questions raised by Folk Physics and Weight (see 
above, "Experimentalists React").54  
 From a different point of view, consider an example discussed by Alex Taylor (2020) in 
his thoughtful reflection piece in the special issue. He considers a study by von Bayern et al. (2009) 
in which four New Caledonian crows were initially shown how to use their beak to push down 
(collapse) a platform to get a worm. When the platform could no longer be directly accessed, two 
of the four birds dropped stones into a tube above it. Taylor notes that two hypotheses can be offered 
to account for this, one involving the first-order relation contact-leads-to-collapse-and-access-to-

worms, the other involving a higher-order relation <force>-<causes>-collapse-and-access-to-

worms. Using the Seven-Step Program, it becomes immediately obvious that any <force> 
description depends upon the bird also possessing a contact description (see Povinelli, 2000, 
Chapter 12). And, because contact is necessary and sufficient to explain the results, there is no role 
for the higher-order (<force>) representation to play in explaining the results. It is only our folk 
psychology of the folk physics of the apparatus that adds the notion of <force>.55 The same 

                                                      

explanation. Even chimpanzees seemed to be using perceptually-based information rather than an abstract 

notion of object properties" (italics added, p. R1035). Until young scholars are trained to detect the flawed 
contrasts made in such passages, there will be little hope for making progress in this field.  
54 I have grown convinced that standard verbal descriptions of the theoretical variables in the experimental 
literature are too imprecise to allow progress in these debates. They must be replaced by a set of shared, 
formal notations (see also, footnotes 23 & 31). I hope the Seven-Steps program is a foot in this direction. 
55 Furthermore, New Caledonian crows in general (and perhaps even these specific birds) were already 
known to use sticks and other materials to make contact with out-of-reach objects. Thus, although the 
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analysis can be applied, mutatis mutandis, to Barrett and Benson-Amram (2020) and DeLong and 
Burnett's (2020) investigations of the spitting behavior of elephants and orangutans.56  
 In direct contrast to the preceding examples, consider the work presented in the special 
issue by Kersken et al. (2020) on object individuation by capuchin monkeys. Stripped of 
unnecessary theoretical baggage, these investigators show how great strides can be made toward 
imagining (and testing) less folk psychologically tainted ways of thinking about thinking-about-

the-physical-world. Yet even here, despite all their excellent work, they balk at the full implication 
of the Asymmetric Dependency Problem:  
 

...the type of sensitivity to property and kind information uncovered by the paradigm we 
used is compatible both with the presence and with the absence of sortal concepts and 
essentialist beliefs. We therefore conclude that, despite the considerable empirical evidence 
accumulated in recent years, Tinklepaugh’s ...view that there is no "true evidence" of the 
"representative factors" underlying object individuation remains correct: many theories 
remain compatible with the evidence, and only further experimental and theoretical work 
can provide a fuller picture (p. 362). 

 
While it is true that many theories remain logically compatible with essentialist beliefs, the first-
order account is both necessary and sufficient to explain the results. Therefore, the higher-order 
descriptions are unnecessary. Furthermore, the Asymmetric Dependency Problem provides a 
principled explanation of why future studies of this kind will never be able to implicate the higher-
order ones. 
 I close this section with the claim that all studies I have examined in the burgeoning 
literature on physical cognition⎯more importantly, all studies that fall within the identified 
genre⎯succumb under the scrutiny of the Seven-Step Program. I know this will be dissatisfying to 
many (perhaps most) experimentalists, especially those trained to think we can experiment our way 
out of such boxes with the right control conditions.57 The best I can do is invite the skeptical reader 

                                                      

representational-level debate does not hinge upon the answer to this question, the specific goal-directed 
description of their intention in dropping the stones (i.e., make the platform collapse) may or may not be 
accurate (see Povinelli & Henley, 2020, Appendix). It is possible they are simply attempting to make contact 
with the worm in any manner possible, and the collapse of the platform initially occurs as an experimentally 
constrained consequence. Some support for this idea comes from a subsequent test with these same birds in 
which they were given a choice between sticks and stones. All birds chose sticks all of the time. To be clear, 
future tests might be able to differentiate between when pokes with sticks are intended to spear a worm versus 
when they are intended to collapse a platform (see von Bayern et al., 2009, Table 1). My point here is how 
easy it is for our folk psychological interpretations to be wide of the mark even for largely inconsequential 
claims about generally uncontroversial issues (i.e., that an animal's behavior was goal-directed/intentional in 
the specific manner we assume), and how our assumptions can, downstream, color our inferences about 
higher-order thinking. Indeed, from one perspective, Folk Physics is just one big case study of this human 
phenomenon. 
56 To be fair, both of these teams emphasize that the exact cognitive mechanisms underwriting the spitting 
behavior remain unclear. I would urge a gentle rephrasing of this conclusion: Because these studies fall under 
the umbrella of the Asymmetric Dependency Problem, no variants of them will ever implicate higher-order 
thinking (see the formal analysis in Povinelli & Henley, 2020, Appendix). As an aside, both Ghirlanda and 
Lind (2017) and Hennefield et al. (2018) demonstrate that in related tasks involving water displacement, 
regardless of whatever else is involved, incremental trial and error learning characterizes the results (see also 
the contributions in Barker & Povinelli, 2019b).  
57 In particular, some scholars may attempt to mitigate this conclusion as follows: I knew right away those 

studies had local methodological flaw x, y, and z. But our studies have controls a, b, c... Given such deeply 
canalized commitments to producing more and more experiments within the same genre, it may be as 
impossible to correct this misunderstanding as it would be to read one's way out of Borges' Library of Babel 
one book at a time. 
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to seriously engage with the method, applying it to whichever experimental investigations one finds 
most compelling. Ty Henley's masterful deconstruction of the recent study by Jelbert et al. 
(2019)⎯which claimed that New Caledonian crows have a higher-order concept of 
<weight>⎯may be a helpful tool in this regard (see Perspective Piece 3, this issue; see also, the 
formal analysis of the spitting-water-in-a-tube-task provided in Povinelli & Henley, 2020, 
Appendix).58 
 In the meantime, I turn to another issue raised by Folk Physics that has so far appeared 
only informally in this essay: How seriously can we trust the folk psychologically-derived 
descriptions of even our own folk physics? 
 

Claim 3: Human Folk Reasoning (about Human Folk Physics) is an Unstable Foundation 

for Tests of Chimpanzee Folk Physics 

 

 Folk physics stressed that while it is manifestly obvious that humans possess a higher-order 
folk physics, we may nonetheless be dramatically mistaken about when and how often our object-
oriented behavior is modulated by higher-order thinking. We urged a reexamination of how higher-
order thinking causally connects to everyday tool use in humans:  
 

...we must again be careful not to mislead our reader. ...[W]e do not suppose that humans 
use high-level judgements related to the folk physics of transfer of force each time we use 
a stick to retrieve and out-of-reach objects. On the contrary, we supposed that on many 
occasions...folk physics are not involved. However, this should not obscure the fact that 
humans can invoke such concepts when circumstances demand it (Povinelli, 2000, p. 161-
162).   

 
This argument mirrored the claim we had made repeatedly in the context of social 

cognition: The human ability to represent <mental states> as such may not play as large a role in 
generating and/or attending our behavior as we think (see, e.g., Povinelli & Giambrone, 1999). 
Penn and Povinelli (2013) offered the most general version of the claim:  
 

Notwithstanding the monumental impact our uniquely human system for reasoning about 
higher-order relations and analogical inferences has had on human cognition, we suspect 
that humans nevertheless overestimate the importance and cognitive efficacy of our 
symbolic-relational abilities. As Povinelli's original Reinterpretation hypothesis first 
suggested, the vast majority of humans’ everyday social interactions do not engage our 
uniquely human ToM system. The role of explicit mentalistic theorizing in human affairs 
is more post-hoc than we folk would like to admit—and often misguided to boot. Indeed, 
our species' cognitive system for reasoning about higher-order symbolic relations does not 
merely subserve our unique linguistic, logical, causal reasoning and mentalistic abilities. It 
also subserves our inveterate predilection to reinterpret the behavior of heterospecifics in 
mentalistic terms…and many other uniquely human delusions (p. 77). 

 
Other scholars have made similar points (see Bermudez, 2003).59 

                                                      
58 Again, the point may be as narrow as it is important: Investigations of higher-order thinking that involve 

physical objects should be understood as being limited by the same logical roadblock (i.e., the Asymmetric 
Dependency Problem) as studies of theory of mind. 
59 Two seemingly unrelated research programs can be considered in light of this problem. First, Francesco 
Silva and colleagues have shown that the performance of adult humans on the tasks we presented to our 
chimpanzees in Folk Physics is strongly influenced by local perceptual factors that are at odds with higher-
order folk physical constructs (Silva & Silva, 2006; Silva et al., 2005, 2008, 2014). In many cases, this leads 
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 All of this lies at the heart of our reinterpretation hypothesis: the claim that higher-order 
systems are (a) uniquely human and (b) were grafted into ancestral, first-order cognitive 
developmental pathways. On this hypothesis, humans did not replace our ancestral first-order 
relational reasoning abilities; rather, we reinterpret their outputs within a higher-order framework. 
Initially, this hypothesis was offered as a way of understanding why the claim that chimpanzees 
and other species engage in complex social behaviors is not inconsistent with the claim that theory 
of mind is uniquely human (for early defenses of this view, see Povinelli, 1996; Povinelli & 
Giambrone, 1999). Jennifer Vonk and I (2006) later expanded the reinterpretation hypothesis to 
several other domains, and Penn et al. (2008a) formalized the representational-level claims of the 
hypothesis, generalizing it to all domains of cognition.  
 The reinterpretation hypothesis thus offers not only an evolutionary framing of so-called 
dual systems approaches to understanding human social and physical cognition (in my view, better 
described as a myriad systems approach),60 but also, because of the manner in which the two 
systems were purportedly interconnected in the evolutionary history of humans, it provides a 
jumping off point for exploring why humans may often be quite mistaken about the causal linkages 
between first- versus higher-order thinking.61 For example, we have speculated that the widespread 
idea that higher-order social cognition (i.e., theory of mind) evolved to cope with the dynamics of 
concurrent social interactions might be false (e.g., Povinelli et al., 2000). While such higher-order-
thinking may or may not occur in such contexts, it is at least as plausible that those dynamics are 
frequently handled by first-order representations, occasionally modulated by higher-order 
representations built during offline reflection. Clearly, the same reasoning can be applied to tool 
use. Indeed, the work by Francesco Silva and colleagues on the dissociation between human folk 
physics and tool use can be interpreted as evidence to support this claim. Their work suggests that 
our commonsense descriptions of the processes underlying our tool use may not match up with the 
actual processes involved (see details in footnote 59). 
 In the past few years, my colleague, John Pruett, and I have worked with our research team 
to empirically explore this idea in the context of human social cognition. For example, in one study, 
we attempted to determine the contexts in which adults report making theory of mind attributions 
(Bryant et al., 2013). After some training on the procedure, we gave adults electronic devices to 
wear that interrupted their ongoing daily activity 30 times during a day. During these interruptions, 

                                                      

them to make the same "errors" as our chimpanzees. Second, Lucy Cheke and her colleagues (2012) found 
that human children must await their eighth birthday before they perform better than crows on certain tool-
using tests involving water displacement. Do these findings imply that crows possess the capacity for relevant 
higher-order folk physical reasoning, whereas adult humans and children younger than eight do not? 
Consistent with the argument advanced here, an alternative interpretation of both sets of findings is that, in 
humans, higher-order notions of <force>, <mass>, <gravity>, <intrinsic connection>, etc. do not play the 
direct role in meditating our simple tool-using behaviors that we frequently assume them to play. To wit, the 
framework laid out by the Asymmetric Dependency Problem is consistent with two interpretations of these 
kinds of data: (a) young and adult humans may possess elements of a higher-order folk physics but simply 
do not (immediately) recruit such knowledge in these cases, and (b) solving such tasks does not require a 
higher-order folk physics. Note that this in no way implies that human higher-concepts never causally interact 
with our behavior. 
60Several recent, detailed theoretical analyses have reached nearly identical conclusions. For example, in a 
masterful deconstruction of temporal cognition, Hoerl and McCormack (2019) cut through a jungle of 

experiments with apes and birds and show how first-order "temporal updating" systems are necessary and 

sufficient to explain the animal results, leaving (by default) the higher-order, "temporal reasoning" system 
uniquely human. 
61 There are obvious connections here to philosophical debates about the role of higher-order thought in both 
theories of human intentional action and consciousness. Here, I simply note that these debates need not be 
settled in order to hold open the possibility that we may often be mistaken about the role that specific mental 
states play in modulating specific behaviors. 
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the participants were prompted to quickly categorize their current thought as being about an action, 
a mental state, or miscellaneous.62 They also recorded whether the thought was about themselves 
or others, and whether they were alone or with other people. Finally, they provided a short free-
form description of the thought. The data suggested that these adults (1) spent more time thinking 
about actions than mental states, (2) exhibited more self- than other-directed thought when alone, 
and importantly, (3) made mental state attributions more frequently when they were not interacting 
with others than when they were doing so. And, as predicted by our hypothesis about the primary 
function of theory of mind attributions, action (but not mental state) thoughts about others occurred 
more frequently when participants were interacting with other people. (There was also an increase 
in the frequency of both action and mental state attributions about the self when participants were 
alone as opposed to socializing.)  
 In another study, we narrowed our focus to nonverbal episodes of joint attention (see Shaw 
et al., 2017). We recruited pairs of adult participants to cooperate to find specific kinds of images 
scattered about the walls of a room. Our question was whether we would detect a systematic co-
occurrence between mental state thoughts and joint attention episodes. We monitored the 
participants' behavior on live video and interrupted them during episodes when joint attention 
(behaviorally defined) was either occurring or not occurring. The subjects instantaneously recorded 
their thoughts using procedures similar to those described above. The task was highly effective in 
eliciting many spontaneous episodes of joint attention. However, when we examined participants’ 
reported thought contents, the results showed that joint attention and thoughts about mental states 

did not systematically co-occur. 

 While in no way definitive, these results offer at least face value support for the claim made 
in Folk Physics (and elsewhere) that the causal linkages between human higher-order thinking and 
ongoing dynamical actions, such as interacting with others or using tools, are not particularly 
transparent to our folk psychology. In the study just described, for example, even the cases in which 
joint attention and thoughts about mental states did co-occur, there is no evidence that that the 
reported higher-order state caused the behavior in question. To raise just one possibility, the higher-
order accounts could be rapid confabulations. Thus, the claim made in Folk Physics, and the 
challenge it poses, remains as foundationally important today as it did twenty years ago: If we rely 

upon our folk psychology to imagine how our folk physics is causally linked to our interactions 

with tools (for example), and then (implicitly or explicitly) use this as the basis for the design of 

our experiments, we may be standing on a very unsteady foundation.63  
 All of this raises the inevitable question: If humans are not particularly great at recovering 

the detailed connections between our higher-order thinking and our behavior, then why did higher-

order thinking evolve in the first place⎯what is its function?  

As discussed in Folk Physics and elsewhere, the reinterpretation hypothesis offers three 
kinds of (positive) reasons for why higher-order thinking may have evolved, even if human folk 
psychological beliefs about the connection between such representations and our behavior is 
frequently mistaken. Crucially, none of these arguments require a flawless ability (in hindsight or 
foresight) to get the causal connections between our folk psychology/physics and our behavior 
correct: 
 

The Good Enough is Better than Nothing Function. It may well be that the original 
evolutionary function of higher-order thinking was not to endow humans with whole new 

                                                      
62 Before the study began, participants were instructed on how to categorize their thoughts according to strict 
definitions and examples. 
63 I have made this (seemingly) uncontroversial claim to many experimentalists. The typical reaction? I agree, 

and that's really bad when that happens. But we don't base our experiments on our folk psychology. This 
common retort is contradicted by the informal nature of the hypotheses offered in most research reports. The 
work of Francesco Silva and colleagues (e.g., 2014) described in footnote 59, bears directly on this problem.  
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"forms" of behavior, but to deliver additional traction on existing ones⎯that is, more 
skillfully deploying ones that were in full operation (via first-order reasoning) long before 
our species appeared on the scene. To pick a random example, even minor increases in 
successful acts of deception might yield important fitness advantages⎯and the same can 
be said of tool use (see, e.g., Povinelli, 2000, p. 68). Indeed, given that the most general 
treatment of the reinterpretation hypothesis applies to all domain of cognition (Penn et al., 
2008), these incremental fitness advantages can be seen as playing out across all of the 
daily activities of early humans, and culturally evolving across time.64 

 
The Predictive Function. Even if the utility of higher-order thinking is less important in 
our moment-to-moment predictions about the behavior of people and objects than we think, 
this does not entail that we never use such descriptions for predictive functions. Off-line, 
effortful, explicit considerations of the <beliefs>, <desires> or <emotions> of ourselves 
and others might allow humans to make better Good Enough predictions, ones superior to 
an individual without a theory of mind. The same can be said about higher-order thinking 
related to folk physics. Off-line effortful higher-order thinking may uncover causal 
relationships that might take much longer to discover without it. Eventually, through 
cultural ratchet effects, these forms of tool-use could become so dependent upon cultural 
transmitted forms of higher-order thinking that no system restricted to first-order thinking 
could ever achieve them (the network of gravity wave detectors built to confirm Einstein's 
theory of general relativity comes to mind). This idea seems uncontroversial and consistent 
with a variety of (competing) ideas about human social and technological cultural evolution 
(cf. Henrich, 2015; Heyes, 2018; Tomasello, 2014). Furthermore, to the extent that claims 
of higher-order thinking are judiciously excised, this idea is broadly compatible with 
current discussions about animal culture, as well (cf. Henrich & Tennie, 2018; Schuppli & 
van Schaik, 2019; Whiten, 2019; see especially Osiurak & Heinke, 2018). 

 
The Explanatory Function. Much higher-order thinking undoubtedly serves to assist 
humans in building narratives (stories) about why the world works the way it does (cf. Carr, 
2008; Velleman, 2003). These explanations are traded in natural language, and are used to 
build alliances and create cultural traditions—all of which generate explicit (if fuzzy) 
reasons to justify what we do (Povinelli & Prince, 1998, pp. 90-92). Language not only 
transmits information, it is inherently connected to calling forth and carrying out action 
(Austin, 1962). The imperative communicative gestures of chimpanzees likewise call forth 
action, but because human language is also inherently higher-order (and thus riddled with 
folk psychological and folk physical ideas steeped in metaphor and analogy), higher-order 
relational thinking is available to augment ancestral imperative and blind informational 
functions of communication by generating explanatory narratives. These narratives not 
only build ever-richer descriptions of people and objects, but also create shared reasons for 
behaving in particular ways. And because they are explicit, these reasons can be rapidly 
manipulated, and can thus provide input to higher-order forms of planning explicitly 
connected to our higher-order conceptions of <past>, <present> and <future> (see Hoerl 
& McCormack, 2019, for a robust deconstruction of the evidence that animals explicitly 
reason about time).65  

                                                      
64 To be clear, these folk psychological and folk physical descriptions could be false and still confer fitness 
advantages, a point stressed in the introductions of both Folk Physics and Weight alike. 
65 Communication systems that transmit information from sender to receiver are widespread in the animal 
kingdom. On the standard account of the famous waggle-dance of bees, for example, the behavior of forager 
bees communicates the distance, direction and quality of a food source (Wenner et al., 1967). This in no way 
nakedly implies that bees possess the higher concepts of <distance>, <direction> or <quality>, let alone 
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 I do not offer these three possible functions of higher-order thinking to make any bold 
claims about their phylogenetic origins. I simply present them as reasons for believing that there is 
no contradiction among the claims embedded in this claim: The capacity for folk psychological and 
physical thinking may be (a) uniquely human, (b) evolutionarily useful, and (c) not a particularly 
great guide to the (actual) causal interactions between higher-order thinking and our behaviors.  
 In reflecting on these issues at the end of Folk Physics, I offered some speculations about 
how the evolutionary emergence of the narrative function of higher-order thinking may be tangled 
up with the human capacity for generating explanations in the first place. This, of course, raised 
the immediate question of whether chimpanzees (or other animals) do the same. What particularly 
interested us was the question of whether they ask, Why?  
 
Claim 4: Do Chimpanzees Ask, Why? 

 Candy and her coconut offer an excellent case study to consider this question. When she 
first approaches her coconut and sniffs it, is her exploratory activity ushered on by reason-seeking? 
If the conclusions of Folk Physics were correct⎯that Candy does not reason about higher-order 
phenomena⎯then, by definition, her exploratory behaviors would not be generated by explicit 
reasons (although, to be fair, her behaviors could still be said to be directed by reasons that are not 
explicitly represented as such).66 To put it colloquially, chimpanzees and other animals could 
possess powerful What?-systems (systems designed by evolution to recover the information that 
builds first-order causal representations), but no Why?-systems (systems designs to build explicit 
reasons related to causal factors). The poignant example at the end of Folk Physics remains thought-
provoking. If Candy were to observe a chicken crossing the road, and we could somehow ask her 
why it did so, without any higher-order thinking she would simply reply, Yes. Candy might even 
be better than us at recalling details of the crossing event. Nonetheless, she would never appeal to 
<wants> or <desires> or <emotions>.  
 At the time, we had already mapped out (and partially undertaken) a lengthy program of 
experiments to try to ask Candy and her companions this question directly. Again, using our own 
folk psychology as a guide, we designed numerous experiments we hoped could reveal if they 
possessed the ability to report more than 'yes' to the chicken-crossing-the-road question. We 
arranged a number of scenarios in which we believed a behavioral dependent measure could tell us 
whether they were engaging in either retrospective or prospective causal diagnostic reasoning. In 
short, whether they were asking why things happened, or would happen in the future. 
 Although only two of these studies were ever published (Povinelli & Dunphy-Lelii, 2001; 
Povinelli & Frey, 2016), they remain particularly interesting to me. Part of the reason why is that 
although there are numerous explanations for why any particular behavior exhibited by the 
chimpanzees on these tests should or should not be taken as strong evidence of asking why (i.e., 
reason-seeking), I am not fully convinced these tests are part of the genre of experiments ensnared 
                                                      

<communication>. The particular claims in this paragraph, in contrast, hinge on the explicitness of the 
information contained in human languages (see also footnote 44). 
66 Almost ten years ago now, my colleague (and now dear friend), Caroline Arruda, engaged me in a 
discussion as to whether chimpanzees are intentional agents. My naïve reaction was, Of course chimpanzees 

are agents! While sympathetic, Caroline patiently helped me see that because of the role that having reasons 
plays in many conceptual analyses of agency (among other debates), settling the question of chimpanzee 
agency was not trivial. Our work together has generated what we both now believe is a solid foundation for 
the claim that regardless of whether chimpanzees possess the higher-order conceptual resources to endorse 
their reasons as their own, they do stand in a directed relationship to reasons. This directed relationship 
highlights that chimpanzees possess belief- and desire-like states that mediate their goal-directed actions, 
regardless of whether they represent those states as such (for more details, see Arruda & Povinelli, 2016, 
2018). Thus, they can be said to be agents (secret or otherwise). 
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by the Asymmetric Dependency Problem. Thus, I was heartened to read the essay by Cristoph 
Völter and colleagues (2020) in the August 2020 special issue in which they outline new strategies 
for tackling this important, but difficult question. After the work reported by Povinelli and Dunphy-
Lelii (2001), our laboratory group worked hard to develop tighter contrasts to help us distinguish 
between the operation of the purported What?- and Why?-systems, but in the end I was never 
convinced we succeeded. Thus, as our unpublished studies in this area collect dust in our archives, 
Völter et al.'s (2020) ideas stand as a possible roadmap forward. 
 
Claim 5: Chimpanzees Raised in Captivity Can Shed Light on Chimpanzee Cognition 

 

Two persistent concerns among scholars interested in higher-order reasoning in animals 
are, first, whether results obtained in captivity can be generalized to free-ranging populations, and 
second, the role these respective data ought to play in generating explanations of their behavior (for 
a recent proposal, see Andrews, 2020). As a physical anthropologist and zoologist who has 
conducted my share of fieldwork studying monkeys and apes in the forests of Central and South 
America and Indonesia, I have grappled with these issues for more than forty years. Predictably, 
both of these concerns were raised by reviewers of Folk Physics (e.g., Allen, 2002; Kahn Jr., 2003; 
Hauser, 2001; Whiten 2001). Boesch's (2020) essay in the August 2020 special issue drives home 
the point that this contentious issue remains alive and well.67  

 I admit at the outset that at times these questions feel quite personal. How could they not? 
After all, much of what has been written about our chimpanzees is so vitriolic and dark⎯not to 
mention unconnected to reality⎯that it is often hard to know where to begin (see Wise, 2000). But, 
after taking a deep breath, I realized that addressing these arguments directly might help to expose 
how a confusion between the representational and functional-level claims made in Seeing, Folk 

Physics and Weight colored their reception. In turn, this might help isolate the core reason why 
such dismissive arguments were primarily (though not exclusively) directed against our captive 
chimpanzees, not captive chimpanzees in general: because our interpretations of the data differed 
from other scholars, not because the data itself differed (see above, "Double Fooled"). Finally, it 
might illuminate how these confusions continue to haunt both experimental comparative 
psychologists and field researchers alike.68 
 

Are captive chimpanzees abnormal and therefore unable to speak for wild chimpanzees? 

At the outset: there can be no debate over whether the experiences of captive and free-ranging 
chimpanzees are wildly different, the latter inhabiting incomparably larger ranges and complexities 
of environments. Nor, in my mind, is there any debate that all chimpanzees should be provided 
with the most ethologically appropriate environments possible. Of course, the word possible 
immediately raises the complex intersection of devastating habitat loss, poaching, the ethics of 
captivity, and defining and balancing moral rights.69 For what it’s worth, I believe making progress 
on these questions is far more important for chimpanzees than determining the precise nature of 
their cognitive skills. Nonetheless, the ethical questions are distinct from questions of whether 
Candy and her companions grew up in a social and physical environment that drew out the kinds 
of cognitive abilities found in chimpanzees in the wild. While the answers to the latter may inform 
answers to the former, the reverse is unlikely to be the case.  

                                                      
67 Most of the conceptual issues I have raised in this essay come together here. To be absolutely clear, I 
believe the debates over using data from the field versus captivity most closely track the interpretation of 

results, not the results themselves (or, for that matter, the actual lives of any particular group of animals). 
68 It also provides an opportunity to explore one of the most interesting questions in the debates over animal 
intelligence: the reasons that folks (including myself) give for believing what they do (see Barker & 
Povinelli, 2019b).  
69 For part of my perspective on these matters, see Povinelli and Preuss (2012).  
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In his contribution to the special issue dedicated to Folk Physics, Boesch (2020) takes direct 
aim at these issues. Based on a confusing intersection of claims, he paints a fanciful picture of 
cognitive deficits of Candy and her companions: Megan, Apollo, Jadine, Brandy, Kara, Mindy, and 
their offspring, Lance, Keagan, Brayden. Some of the brushstrokes of his painting include (see 
Boesch, 2020, Table 1): 

 
• Small declines in time spent swimming through Morris water mazes in fragile 

strains of Wistar rats separated from their mother for 12-14 hours;  
• The impairments exhibited by the severely maltreated monkeys of Harry Harlow;  
• Higher rates of agnostic behavior in the play behavior of young orphaned 

chimpanzees;  
• Retrospective MRI data on possible differences in brain development in peer- 

versus mother-reared captive chimpanzees (with unspecified life histories) not 

linked to any functional-level differences in behavior or cognition and not 

compared to wild-living animals (cf.  below, "Candy's Family").  
 

Given that there is no way of directly combating the unsubstantiated application of these data to 
our animals, I will leave it to the reader to decide their relevance to the lives of our chimpanzees 
(see below "Group Megan: Social Complexity and Spontaneous Tool Use"). Instead, through the 
lens of my decades of experience as a physical-anthropologist/zoologist-using-the-methodological-

tools-of-the-psychologist, I will approach the question of the external validity of our investigations 
of the family of precious chimpanzees that we were privileged to study for twenty years by 
examining their real lives. Before that, however, I begin with a realistic look at the stresses and the 
traumas (or, if one wishes, the <suffering>) of wild chimpanzees. 
 

Romanticism: Ignoring the cries of wild chimpanzees. First, for those who have not 
conducted fieldwork with nonhuman primates (as both Boesch and I have), romanticizing their 
lives is tempting. There is something inescapably powerful about seeing animals in the ecologies 
in which they evolved, deploying the functional abilities they have evolved. But building an 
argument that well-treated and well cared for animals in captivity are abnormal in the sense that 
they cannot shed important light on the cognitive abilities their species, requires more than a belief 
in evolution. It requires a sober look at the stresses and traumas that wild chimpanzees experience 
on a daily basis. Indeed, the heretofore unacknowledged suffering of wild animals has led to 
growing calls to intervene into nature and alleviate it.70 
 To begin, there is a large, broad and growing literature documenting the pervasive stress 
experienced by populations of wild animals, in taxa ranging from fish, to birds to mammals 
(including primates). Stressors can begin in utero and continue throughout development, triggered 
by nutritional stress, predation avoidance, illness, social interactions, and infection (Almasi et al., 
2012; Benowitz-Fredericks et al., 2008; Blas et al., 2007; Boonstra, 2005, 2013; Boonstra et al., 
1998; Breuner & Hahn, 2003; Chapman, 2007; Clinchy et al., 2004; Creel et al., 2013; du Dot et 
al., 2009; Giesing et al., 2011; Hawlena & Schmitz, 2010; Hayward & Wingfield, 2004; Landys et 
al., 2011; Love & Williams, 2008; Love et al., 2013; Sheriff et al., 2012). In free-ranging 
chimpanzees, Goodall (1986) has linked the death of several chimpanzees at Gombe to nutritional 
stress during the dry season, and van de Rut-Plooij & Plooij (1988) have linked infant illness to 
social stress. The long-term stress effects on mothers and juvenile chimpanzees due to infanticide 
(and cannibalism) among wild chimpanzees is unknown but concerning (see Arcadi & Wrangham, 
                                                      
70 For a discussion about the ethics of wild animal suffering and the moral imperative to do something about 
it, see Cowen (2003), Everett (2001), Faria and Paez (2015), Fink (2005), Johannsen (2020, in press), 
McMahan (2015), Moen (2016), Ng (1995) and Sapontzis (1987). 
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1999; Watts & Mitani, 2000; Wilson et al., 2004). It is also widely known that free-ranging 
populations of chimpanzees suffer from chronic and cyclical parasitic and viral infections (Bakuza 
& Nkwengulila, 2009; Huffman et al., 1997; Wallis & Lee, 1999; Woodford et al., 2002), including 
chimpanzees at Kibale National Park in Uganda, Taï National Park in Cote d’Ivoire, and Gombe 
National Park, Tanzania. These infections result in chronic, well described, and painful lesions, and 
have been linked with morbidity and mortality (e.g., pathologic lesions associated with 
Oesophagostomum sp., Terio et al. 2018; see Krief et al., 2010; Terio et al., 2011). In one study 
examining the known causes in over 130 chimpanzee deaths, 58% were from illness, including 
respiratory ailments, polio, mange, and wasting (Williams et al., 2008). Some of these diseases 
(including polio) have been transmitted to chimpanzees (and other wild animal populations) by 
field researchers themselves (Dunay et al., 2018; Kaur et al., 2008; Köndgen et al., 2008). Other 
significant fractions of deaths may be due to interspecific aggression, especially in individuals 
under 20 years of age (Williams et al., 2008). Other stressors exist as well. Skeletal collections 
reveal that upwards of one-third of chimpanzees and other great apes suffer long bone fractures 
(likely from falls), in some cases presumably debilitating ones, as well as skull puncture wounds 
(Jurmain, 1997). Thus, stressors among wild chimpanzees are early, often in some cases chronic, 
and their effects long lasting. Many are likely still poorly characterized. 
 Despite all of this, in comparing wild chimpanzees to captive chimpanzees, Boesch (2020) 
indulges his reader to imagine that wild chimpanzees live in an idyllic natural state designed by 
evolution to maximize their mental and emotional wellbeing. He offers no mention of the chronic 

stress and trauma they experience. I could go on, regaling the readers with the folk psychologically 

horrifying things I have witnessed in free-ranging primates in Southeast Asia and Central and South 
America, including particularly disturbing images of forced copulations between sub-adult male 
and adult female orangutans. The main point is this: evolution is a fitness-maximizing equation 
wherein the physical and emotional wellbeing of animals matters only to the extent it aids them in 
the game of foraging and surviving to reproduction.  

Thus, there is every reason to believe that relieved from the stresses of nature, raised and 
cared for in challenging social and physical environments, provided with stable nutrition, dental 
and general health care, our chimpanzees, at least, may have been less stressed, more free to 
elaborate upon their natural cognitive skills in ways they might not otherwise be possible. To those 
who find such an idea implausible, consider the following. By my estimates, each of our 
chimpanzees engaged in over 15,000 testing sessions, each session comprised of 10-15 of what we 
conveniently call trials.71 These testing sessions confronted our chimpanzees not just with the same 
classes of functional problems chimpanzee encounter in the wild, but in many cases considerably 
more challenging variants of them.72 And lest we forget, all of this testing was stacked upon the 
rich experiences of their everyday lives together (see below, "Candy’s Family").  

I end this section by inviting the reader to turn to Sarah Dunphy-Lelii's poignant narrative 
about the stresses experienced by wild chimpanzees (see Perspective Pieces 4, this issue). After 
reading it, I invite readers to ask themselves: If a wild chimpanzee's newborn infant was about to 

                                                      
71 See Povinelli and Henley (2020) for a more detailed discussion of the problematic notion of a trial in 
comparative psychology. 
72 It is worth noting that some folk-psychologically assumed effects of environment on tool-using abilities 
disappear under close scrutiny. For example, Boesch (e.g., 1991; Boesch & Boesch-Achermann, 2000) 
argued that active teaching by mothers played a strong role in prompting acquisition of nut cracking among 
infant chimpanzees. Detailed recent analyses by his team reveal these effects are all but nonexistent (Estienne 
et al., 2019; see also footnote 82). A similar picture may be emerging for behaviors once thought to be 
‘culturally’ transmitted (see Bandi et al., 2020; Bernstein-Kurtycz et al., 2020; Fiore et al., 2020). This does 
not mean maternal inputs are unimportant to development, just that our folk psychology is probably not a 
good guide to uncovering the causal pathways involved. (Although somewhat tangential, Boesch and 
Boesch-Achermann's (2000) apparent observations of a secret symbolic code in chimpanzee drumming 
behavior quickly disappeared, as well.) 
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fall victim to infanticide, but instead were somehow rescued by morally-minded human bystanders 
(see footnote 70), and then raised in a materially-enriched environment with other chimpanzees 
and humans (comparable to what Candy and her peers experienced), would we expect that infant's 
life-time stress and trauma to be greater or less than if she had survived in wild? Neither the 
answers, nor the implication of the answers, are obvious. But they do help to raise pertinent 
questions.   

 
Candy's family: Social complexity and spontaneous tool use. Against Boesch’s strangely 

Disney-like portrayal of wild chimpanzees (having spent his life studying them, he knows better), 
let me now sketch a realistic portrait of the lives of Candy and her companions (see Figure 2; see 
also Povinelli, 2012, p. 62-65). They were raised together from birth, except for Megan and Apollo 
who joined the peer group when they were about a year old. Initially, they were primarily cared for 
by a loving caretaker. They were bottle-fed, held and rocked for hours a day. At just a few weeks 
of age, they were already interacting with each other. Over the first year of their lives, they 
gradually transitioned to another (equally patient and loving) caretaker who remained their primary 
human attachment (and trainer) for the next 18 years. They lived in a spacious compound that 
included multiple interconnected indoor-outdoor environments where they could climb, swing, 
explore, break up in to small groups, hide from each other, play, and forage.73   

 
Figure 2 

 

Candy and Her Companions, Growing Up Ape, in a Human World 

 

 

                                                      
73 The schematic drawing of their living quarters that Boesch (2020) reproduced from Folk Physics was just 
that, a schematic. It did not include the material enrichment of the environment, nor their indoor living 
quarters, nor were the animals drawn precisely to scale.   
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From the beginning, their environment was filled with objects that they used in 
innumerable ways, including as spontaneous tools (see below). These included toys, blankets, 
buckets, balls, burlap sacks, clothing, novel foodstuff barrels, balls, hay, tires, fire hoses, rope 
swings. They were given a wide variety of foodstuffs including seeds, nuts and fruits and 
vegetables, the latter including kiwis, pumpkins, coconuts, watermelons, broccoli, celery, onions, 
string brings, broccoli, potatoes, peanuts, pecans, fresh and frozen juices—with additional periodic 
opportunities of extractive foraging involving elaborate puzzle feeders. Their trainers and 
caretakers (especially our student volunteers) constantly challenged Candy and her companions 
with new objects and experiences. Their compound was frequently filled with hay, creating 
opportunities for foraging for hidden food, as well as additional opportunities for deception. The 
coming and goings of birds, cats, raccoons, monkeys in the distance, overhead airplanes, 
automobiles etc., all elicited their attention and vigilance, triggering, alarm calls, food calls, and 
reunion vocalizations.  

I could go on, but given that (a) the spatial scale of these activities does not begin to 
approximate that experienced by wild chimpanzees, and (b) the social and physical interactions 
experienced by our chimpanzees differ in important ways from those of wild chimpanzees 
(although they involve extraordinary complexities of its own), we can proceed directly to the central 
question: what are the abstract set of experiences necessary to draw out the range of mental abilities 
of chimpanzees found in wild chimpanzees? And more to the point, how would we know?  

I can think of two data sets that could bear on this question. 
 The first (and most obvious) data set is the naturalistic observations of the everyday 
behavior of our family of chimpanzees (after all, naturalistic observations of wild chimpanzees are 
the relevant contrast case for this discussion). Here we can say a lot. To the naked eye, Candy, 
Megan, and the rest of the gang, developed the full range and complexity of chimpanzee social 

behavior (briefly: deception, gaze-following, dominance-submission displays, ally recruitment, 
reconciliation after fights, sexual behavior, play signals and behavior, begging gestures, boundary 
patrols, alarm calls, food calls, reunion calls, food discovery calls, an enormous range of 
spontaneous tool invention and use, embracing after separations, social grooming, play behavior, 
comfort-giving, aggression, simple bedding behaviors, communicative gestures and, as they grew 
older and started having babies of their own, maternal and allo-parenting behavior). From time to 
time we even witnessed episodes of spontaneous (and arguably "cooperative")74 hunting, usually 
involving small birds, lizards, and rodents. They even negotiated how to share the spoils afterwards. 
The list goes on and on.  

One item deserves special attention in the context of Folk Physics. As we saw with Candy 
and her coconut, our chimpanzees spontaneously (read: outside of testing) exhibited innumerable 
instances and types of tool use. From 1991 to 2009, our laboratory kept a series of hardbound 
notebooks for our staff to record interesting observations that were not part of our testing sessions 
(which constituted only a small fraction of the day for any individual chimpanzee). Every member 
of our team was introduced to these notebooks and encouraged to write in them regularly. 
Collectively, they became known as the Log Book of Interesting Occurrences. As part of my work 
on this essay, I quickly combed through the first ten years of entries, noting the ones that dealt with 
the spontaneous use of tools. I then sorted each entry into the functional categories depicted in 
Table 1.75  

                                                      
74 I am not implying that our chimpanzees conceptualized the higher-order understanding of the roles they 
played as they trapped and ate these small animals. Indeed, despite the great fanfare about the uniquely 
challenging (and higher-order) basis of group hunting in chimpanzees (see Boesch, 2005; Boesch & Boesch-
Achermann, 2000), it is worth noting that an analysis by Gilby and Connor (2010) concluded that, compared 
to other social predators, there is nothing special about chimpanzee cooperative hunting.  
75 All by itself, the category of play-start (see Goodall, 1986)⎯using an object as tool to engage a companion 
in play⎯yielded 43 instances, involving 14 discrete kinds of objects (balls, PVC tube, burlap sack, cardboard 



Povinelli  634 

 

Table 1 

 

Categories of Spontaneous Tool-Using (Illustrated with One Example Each) Observed During Informal Observations 

of Candy and Her Companions  

 
Functional Categorya  Exampleb  
______________________________________________________________________________________________ 
hooking    Brandy hooks an angled PVC pipe under a perch and swings  
hanging    Megan threads burlap sack over a perch, grabs both ends and hangs 
raking    Megan uses a PVC stick to drag in potato 
squashing   Candy uses a coconut to crush a mango 
hammering   Brandy uses a wooden box to hammer open a pecan 
throwing (display)   Apollo throws balls while displaying  
throwing (aimed)   Kara threatens student caretaker, then throws Kong toy at her   
probing (body)   Megan picks into Jadine's nose with a piece of hay and extracts mucus 
probing (insects)   Candy and Apollo use straw to poke at termites in rotting wood   
    planter 
probing (dead animals)  Jadine probes a dead bird with a stick 
probing (with modification)  Kara chews a plastic straw repeatedly until it fits into puzzle feeder 
transport    Brandy collects toys inside a plastic bin, carries them indoors,   
    then dumps them out and plays with them  
pushing    Mindy use a rubber wash tub to push balls indoors   
containing   Brandy fills plastic hard hat at spigot and adds monkey chow and onions 
cleaning    Kara wipes Jadine's bottom with towel then sniffs it 
play-start    See footnote 75 
fishing    Kara inserts cardboard strip toward out of reach ants and eats them 
missile    Jadine flings ball at snake 
levering    Apollo uses screwdriver to pry apart metal covered on food bin  
clubbing    Kara hits Brandy with a hook tool  
dragging (display)   Jadine drags burlap sack and metal drum while displaying to passing   
    strangers 
spinning    Megan turns hard hat upside down, sits in it, and spins in circles  
dipping    Candy repeatedly dips toy into cup and sucks off clinging juice   
bridging    Kara uses her foot to slide a plastic barrel into the empty space between two  
    perches and uses it to cross between them 
sliding    Mindy, Megan, Apollo use a plastic lid to slide across a wet floor 
dropping    Apollo drops beam on Brandy while she sleeps, then jumps on her  
self-tickle   Brandy embraces plastic block and wrestles with it until she laughs 
wipe    Megan steps in feces and limps to cloth sack and wipes her foot on it 
hiding    Mindy repeatedly crawls inside burlap sack and encloses herself 
mopping    Kara, Mindy, and Apollo use cotton sheets to wipe water off floor 
stirring    Kara fills bowl at spigot, adds monkey chow, then inserts toy and stirs  
sponging    Kara chews up paper towels and uses the wad to soak up juice, then   
    squeezes into her mouth in bottom of a barrel  
______________________________________________________________________________________________ 
Note. I derived this list by browsing through ten (of eighteen) years of anecdotal entries in a series of informal log books 
(collectively, The Log Book of Interesting Occurrences) in which our research group haphazardly recorded things we 
found personally intriguing about the natural daily behavior of Candy and her family (see the main text for more detail). 
I stress that these records are in no way systematic and were not guided by any instructions. aThese categories are not 
intended to be exclusive or exhaustive and could be expanded or condensed to fit existing categories of tool-use in wild 
chimpanzees. bMost categories contained three or more examples. Excluding play-start (see main text), the categories 
with the highest instances were transport (14), probing (12), containing (9), probing (9), missile (7), hiding (5).   

                                                      

box, unwanted food shell, plastic carts, toy, hard hats, cups, bucket, rope, brick, dead bird, block of 
Styrofoam, and not specified). Furthermore, I did not individuate, for example, balls of different sizes and 
colors, so this should be considered a conservative estimate. Thus, in this one category alone (amassed from 
a haphazard set of observations spanning only half of the time we were privileged to study these precious 
animals), I documented great diversity in tool types. The same can be said for most of the other categories in 
Table 1. However, I quickly add the caveat—cribbed directly from Boesch and Boesch-Achermann’s (2000) 
ethnography of the Taï chimpanzees—that the data reported above and in Table 1 "is only a small fraction of 
the intelligent behaviors we observed, and contains none of those we saw but did not understand" (p. 229).  
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Thus, at a purely functional-level of description, our chimpanzees spontaneously 

developed tool use for a wide range of purposes. Indeed, a number of our tests were explicitly 
designed to probe their understanding of tool using behaviors we saw them carrying out 
spontaneously.76 Were these identical to those developed by wild chimpanzees? Certainly not, but 
every time we offered them the opportunities to spontaneously discover functionally equivalent 
forms of tool use as their free-ranging counterparts, they did so (for example, enrichment devices 
requiring them to use stick-like probes to dip for honey and other foodstuffs).77  
 None of what I have just said is intended to prove that Candy, Megan and their companions 
and offspring developed precisely the same cognitive skills as wild chimpanzees. But I do believe 
it supports the following claim: If we knew nothing about wild chimpanzees, and the only 

information we had about chimpanzees was from detailed observations of the daily behavior of 

Candy and her peers, then whatever conclusions one is tempted to make from the (actual) range 

and complexity of wild chimpanzees, one could have made from observations of our chimpanzees 

(see below, "Do data from the wild demonstrate?").78 To use an animal idiom, sauce for the goose 
is good for the gander. 

 

Gedankenexperiments: Testing wild chimpanzees. The second data set that could bear on 
the question of whether the kinds of experiences received by Candy and her peers is sufficient to 
draw out the relevant range of chimpanzee cognition is, unfortunately, imaginary. Nonetheless, it 
is worth considering. Imagine a data set consisting of the results of our tests administered to wild 
chimpanzees. Two variants of this thought experiment directly speak to the underlying issues 
driving Boesch’s (2020) polemics:  
 

Gedankenexperiment No. 1: Present the tasks of Folk Physics and Weight to young 
chimpanzees growing up in the wild. Would they display the same pattern of results we 
obtained? Even setting aside the complex experimental cleaving of the variables our 
chimpanzees encountered, as we have seen, data from the wild suggests a long slow process 
of skill acquisition even for the tool-using abilities they do develop. 
 
Gedankenexperiment No. 2: Present our tasks to wild adult chimpanzees who have already 
acquired the full range their population’s tool-using skills. Which tasks would prove trivial, 
which more difficult? Would their skill acquisition and pattern of transfer look similar to 
our chimpanzees? If Folk Physics and Weight taught me anything, it is that my folk 
intuitions based on the final form of our chimpanzees’ skilled behaviors was a very bad 
guide to performance on conceptually-related transfer tests (see "Featured anecdote: 
Scientists are human, too," Povinelli, 2012, p. 298-301). Would the same hold true for 
assumptions about wild chimpanzees? 

                                                      
76 An example may suffice. After seeing Jadine poke a dead bird with a stick, we experimentally showed that 
our chimpanzees spontaneously used a stick when retrieving a banana that was within their reach but placed 

alongside an alarming object (see Povinelli et al., 2010). They also used the stick to poke at the alarming 
objects. Chimpanzees in the wild engage in similar behaviors, although it has been glossed as spear use (see 
Pruetz & Bertolani, 2007). Another example we have widely discussed involved their use of tools to obstruct 
their own vision (e.g., placing an opaque bucket over their heads). These behaviors inspired the design of 
some of the tests we used to determine if they understood <seeing> (see above, “Folk Psychology meets Folk 

Physics”). 
77 Martin-Ordas et al. (2012) report that captive chimpanzees, bonobos, and orangutans are able to use up to 
five stick tools in sequence in a problem-solving test. 
78 Another regret about my myopia. Because I always took this fact to be self-evident, I failed to use the 
observational tools I had honed as both an anthropologist and psychologist to systematically collect and 
report these observations alongside our experimental data. 
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Some scholars prefer to address this question flipped on its head, arguing that there is a prima facie 
contradiction between the everyday behavior of free-ranging chimpanzees and the findings from 
our experiments. Although I have already dispensed with this objection above (our chimpanzees 
exhibited the very behaviors that prompt the high-level attributions to wild chimpanzees), this idea 
is so persistent, so folk psychologically tempting, that it is worth taking a deeper dive into some 
specific case studies.  

Each of the case studies drives home the challenge not just of using naturalistic data to 
draw inferences about higher-order thinking, but, as we have seen, the comparable use of 
experimental data, as well.79 
 
Do Data from the Wild Demonstrate that Data from Captivity are Invalid? 

 

 The question of <intrinsic connection>. Many who have not thought deeply about the 
contrast between the functional acquisition of skills, versus representational-level questions about 
how those skills are acquired, found the results of Folk Physics shocking. Boesch's (2020) musing 
about our studies of <intrinsic connection> is an excellent example. He writes:  

 
Take the notion of connectivity or contact studied by Povinelli and his team. In a famous 
series of experiments, he placed chimpanzee subjects in front of a food they could acquire 
only by pulling at a handle or rope either placed in proximity to the food, or connected with 
it. His peer-group chimpanzees performed often at chance-level selecting equally the 
connected or not-connected food. Imagine these same chimpanzees in a tree 40 meters 
above the ground! What would happen if they jumped on a dead branch not connected to 
the tree trunk or on a far too thin branch given their weight? How could such a chimpanzee 
try to capture a monkey that runs and jumps full-speed between trees to escape?  (p. 484) 
 
Here, Boesch displays a deep misunderstanding of the representational-level questions at 

stake. Indeed, this set of experiments was designed with these seemingly contradictory issues in 

mind. 80 We discussed the problem at length in Folk Physics:  

                                                      
79 The challenges of the Asymmetric Dependency Problem apply equally to both naturalistic and current 
experimental data sets, even though this is rarely acknowledged. Indeed, the Experimental Necessity 

Dilemma illustrates how controversies over these two sources of data intersect to create circular reasoning 
on the part of experimentalists when they assert that lab tests are necessary to disambiguate the 
representational basis of observations from the field. Working through examples can train one to see why 
this is a general worry, not an ad hoc concern over particular sets of results (see above, "A Seven-Step 
Program to Recovery"). Povinelli and Vonk (2012), for example, offer a detailed case study of such circular 
reasoning in the context of studies by Manrique et al. (2010) attempting to argue higher-order representations 
of <rigidity> and <floppiness> in great apes. To be fair, similar circular reasoning can probably be found in 
the background assumptions of much of our own work (e.g., Povinelli and Frey (2016), although, in this latter 
case, the documented failures of transfer may ultimately be more informative (see above,  "Return of the 
Asymmetric Dependency Problem"). 
80 My background in physical anthropology and zoology led me to use the well-understood behavior of free-
ranging chimpanzees to design the tests we used in Seeing, Folk Physics and Weight around. Each design 
was inspired by behavioral observations of wild chimpanzees. This served as a gut check on the question of 
the external validity of the tasks. Even tasks that no wild living chimpanzee would ever encounter were 
grounded in what chimpanzees actually do in the wild. This illustrates the error of Boesch’s (2020) complaint 
that, in our systemic review of the best evidence in the entire field of comparative psychology (i.e., Penn et 
al., 2008a), we do not cite a single publication on wild chimpanzees. The reason we did not do so is because 
while the anthropologist in me knows that naturalistic data can provide indispensable information for 
functional-level theories about the proximate and ultimate utility of these behaviors, it cannot address the 
representational-level questions. For the record, we did analyze experimental research on wild baboons. 
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The data provide strong support for at least some aspects of the Köhlerian view that 
chimpanzees do not have a notion of connection deeper than mere contact. If this is so . . . 
how does the ape come to explain why in some cases their actions on an intermediary object 
(a tool) yield co-varied movement in a goal object, but in other cases they do not? Perhaps 
this question can be posed most succinctly by considering the apes' actions on objects in 
their world. When an ape grasps a hammer stone sitting upon a pile of rocks, surely the ape 
does not expect the other rocks to rise along with the hammer stone... On the surface, this 
would seem to raise trouble for the Köhlerian position.  …However, such events are only 
problematic if one assumes that chimpanzees seek coherent explanations among separate 
events in the first place. If, on the other hand, chimpanzees act upon objects in the world, 
detect specific regularities, and use them as default assumption about how the world is 
likely to behave, then the kinds of effects we have reported in this chapter can rest quite 
comfortably alongside the sorts of actions chimpanzees perform all the time. If the ape 
receives considerable experience (both through its spontaneous play and our experimental 
settings) that the post remains attached to the platform, but possesses not underlying 
explanation or account of why this is the case, then merely seeing the post set upon the 
platform may not initially offer any good reason (from their perspective) for believing that 
the resulting perceptual form has dramatically different affordances than the similar forms 
with which the ape is familiar (Povinelli, 2000, p. 252-253). 
 
We went on to explain that animals in general (including our chimpanzees) have 

innumerable experiences in which roughly similar objects, when acted upon, sometimes result in 
the movement of other (in reality, physically connected) objects, whereas sometimes they do not: 
 

Armed with a theory of causal mechanisms, the human easily explains the difference within 
a coherent framework. Armed only with the perceptual evidence, however, the ape may 
merely assume that ….in situations in which a goal object is out of reach, but. …some 
intermediary object…is contacting the goal, the intermediate object can be acted upon to 
move [it]. …Thus, in summary we envision chimpanzees as possessing excellent 
perceptual discrimination abilities and thus able to make roughly the same 'contact' versus 
'no contact' judgments as humans. …with experience, their judgments about contact (or 
imminent contact) are used to generate robust expectations about the contingencies 
between their actions on an intermediary object and the movements of a goal object 
…However, our results show that such judgments ….need not be attended by parallel 
interpretations of underlying physical connection (Povinelli, 2000, p. 253). 

 

Thus, Boesch (2020) falls prey to the Conflation of Explanatory Levels problem: 
 

Functional level: Chimpanzees learned to build reliable expectations about the co-varied 
movement (or lack thereof) among objects in their everyday lives that support skilled 
behaviors.  
 
Representational-level debate question under examination: Are first-order, perceptually-
based representations both necessary and sufficient to account for the ability of 
chimpanzees to master relevant cases of higher-order representations of <connection> to 
explain co-variation of movement (and the lack thereof) among various cases of objects-

in-contact?  
 
We further expanded upon how such a theory could explain the natural behavior of both 

chimpanzees and humans (see above, "Human Folk Psychology (of Human Folk Physics)"; 
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Povinelli, 2000, p. 297-328). Thus, to elaborate on Boesch's example, one need not see a 
chimpanzee holding a monkey by the tail (while eating it alive) to realize that his characterization 
of the issues at stake is far off base. 
 

The question of <weight>. Boesch (2020) makes structurally identical errors in his 
discussion of Weight. He summarizes it as a book "about [Povinelli’s] peer-group81 chimpanzees' 
notion of weight and their limitations in generalizing and understanding it" (p. 484). This summary 
misses the entire point of the decade of research that went into the book. As we have seen, Weight 
was an attempt to set aside functional-level explanations invoking "weight", and investigate the 
representational-level distinction between first-order, perceptually-based constructs of weight (e.g., 
effort-to-lift, effort-while-lifting, etc.), and higher-order, structural, role-based representations of 
<weight> (see the distinctions laid out in Povinelli, 2012, Table 1.1.). Having once again revealed 
a deep misunderstanding of the irreducible point of our project, Boesch (2020) asks:  

 
How would such a chimpanzee be able to crack nuts in the African forest where so many 
different potential "hammers" are found, of which only a small minority are functional? … 
Not only can Taï chimpanzees appreciate the need to adapt the weight of the hammer to 
the hardness of the nuts to crack, but they do so by selecting a hammer purely by looking 
at it and were not observed to manipulate it before use … Thereby, they demonstrated an 
uncanny ability to evaluate the unseen properties of tools. (p. 484).82 

                                                      
81 While it is true that Candy and her companions were formed as a peer group, with the addition of their 
offspring (Lance, Kegan and Brayden) they quickly became a family group.  
82 In an attempt to widen the mental distance between the two populations of chimpanzees, Boesch (2020) 
argues: "Furthermore, [the Taï chimpanzees] are not only able to select weight correctly, but at the same time 
select the size and hardness of the hammer conditional upon the distance they will need to transport it to the 
anvil where they intend to crack the nuts…Thereby, they demonstrated an uncanny ability to evaluate the 
unseen properties of tools. Sure, Taï chimpanzees grew up in an environment where processing nuts to eat 
them is essential for many months of the year, and they saw their mothers do so each year. That is a different 
world from the one that shaped the cognition of Povinelli’s chimpanzees" (p. 484). Fallacies abound. First, 
he conflates experience with particular relations, with the underlying cognitive capacities that do or do not 
support them. Second, he ignores the fact that, in many cases, the same skills were learned by both groups of 
chimpanzees. Third, he does not mention the fact that our chimpanzees learned relations never mastered by 
wild chimpanzees. Fourth, he conflates "unseen" properties of objects with higher-order representations of 
objects. Fifth, he invokes maternal scaffolding effects despite his own team's recent publication of a detailed, 
elegant, and powerful longitudinal analysis, which reveals that the suspected forms of maternal input do not, 
in fact, influence the acquisition of nut-cracking in the Taï chimpanzees:  
 
 Against our predictions, we found that neither the general tendency of producing different forms 
 of practicing opportunities provided by mothers ... nor nut-sharing ... promoted immatures’ skills, 
 measured as achievement of task understanding, probability that they successfully cracked a nut 
 (efficacy), and number of nuts cracked per minute of nut-cracking (efficiency). However, using 
 hammers that were just previously used by their mothers had a strong positive effect on 
 immatures’ efficiency and, seemingly, efficacy. In addition, immatures’ efficiency positively 
 correlated with maternal efficiency (Estienne et al., 2019, p. 10-11).  
 
This final point should be stressed and translated: infants who were fortunate enough to be around stones 

that were more efficient, were more efficient. Notwithstanding these important findings, Boesch and 
colleagues elect to continue to describe the naturalistic observations as teaching (see Boesch et al., 2019). 
As a physical anthropologist, I want to be clear that the problem arises not from the functional label of 
teaching, but from the apparent confusion it causes him (and perhaps others) in understanding what is (and 
it is not) at stake in the representational-level debates (for other important functional-level data on teaching 
in chimpanzees, see Musgrave et al., 2020). 
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So, how could wild chimpanzees do all these things without representing weight? The 

answer is simple: they could not. What is more, our chimpanzees could not have displayed all the 
immediate and learned competences they displayed in Weight without "weight." What Boesch 
misses is the distinction between the functional- and representational-level questions:  
 

Functional level: After much experience, chimpanzees learn to pick the best stones, and 
after considerably more experience, learn to distinguish between hammer stones and 
different nuts to maximize their foraging efficiency  
 
Representational-level question: Which of the necessary (and well-understood) 
perceptually-based representations of weight (e.g., effort-to-lift, effort-while-lifting, size, 

texture) do chimpanzees require in order to learn the relations involved in their skills with 
hammer stones, and are they sufficient to account for their behavior? Is there any 
explanatory work to be done by positing the (additional) presence a higher-order, 
structural, role-based representations of <weight>? 
 
This main point should be hammered home: Boesch’s (2020) argument fails to engage with 

the distinction between perceptual-based relational reasoning and higher-order relational thinking 
(see Penn et al., 2008a). The Asymmetric Dependency Problem illustrates why the failure to make 
this distinction leaves Boesch’s (2020) arguments inert.83 Of course chimpanzees represent weight. 
The open question is whether they represent <weight>. 
  

The question of <seeing>. Boesch (2020) offers a final case study, this one involving social 
cognition, and in particular, the debate I discussed at the outset of this essay: the question of whether 
chimpanzees possess the higher-order concept of <seeing>: 

 
Povinelli's chimpanzees had difficulties distinguishing between a human with a bucket on 
the head, from one with his visible eyes. His chimpanzees were seen to beg for food equally 
frequently to both of them! On the other side, wild chimpanzees seem especially sensitive 
to the gaze of social group members, although this has not been studied systematically in 
nature. For example, a low-ranking chimpanzee will greet a higher-ranking individual as 
long as the dominant acknowledges his submission with a peaceful gaze (and not with a 
head movement). If, however, the dominant refuses to look at him, the low-ranking 
individual will invariably start to scream ... How would one of Povinelli's chimpanzees fare 
in such a social environment?  (p. 484) 
 

So, how would our chimpanzees fare in that kind of environment? They lived in it and 

danced through it with aplomb. For anyone who finds Boesch’s (2020) dialectic compelling, let me 
be clear: On whatever timescale one chooses to analyze our chimpanzees' social interactions (daily, 
hourly, by the minute or second), they skillfully deployed the subtlest of these communicative 
gestures as they navigated their way through the social dynamics he mentions, both in their social 
interactions with each other, as well as with us (see above, "Candy's Family"). What is more, even 
our experimental work revealed their strong sensitivities to the visual behavior of others, including 
the movement of just the eyes alone (see above, "Folk Psychology Meets Folk Physics"). Once 
again: 

 

                                                      
83 As I have shown throughout this essay, this problem applies with equal force to the entire genre of 
experimental investigations targeting higher-order thinking in animals (for examples involving weight, see 
Hanus & Call, 2008; Schrauf & Call, 2009, 2011; see also, Povinelli & Henley, 2020).  
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Functional level question: Do chimpanzees respond to eyes, face, and bodily orientations 
to build and navigate through complex social environments? Answer: Yes, chimpanzees 

everywhere do this. 

 
Representational-level question: Are the observed behaviors generated solely by diverse, 
rich, robust, elaborate, sophisticated, first-order, perceptually-based representations (which 
the humans and chimpanzees alike both possess), or must they also possess a higher-order, 
structural, role-based interpretation of the eyes and faces of others (e.g., <seeing> or 

<attention>)? 
 

At the risk of being repetitive, Boesch (2020) misses the (only) question at stake in our 
work. In contrast, what seems to be at stake in Boesch’s (2020) essay is his faith in his intuitions 
about how wild chimpanzees would perform when the natural joints of their free-flowing behavior 
are pulled apart. Once again, however, given that our chimpanzees displayed the same free-flowing 
complexities of behavior, what’s sauce for the goose is good for the gander. 
 
Stressing Data 

 
 To be sure, there are legitimate a priori reasons to wonder if the investigation of one group 
of captive chimpanzees can capture the full scope of the cognitive abilities to all members of the 
species. But also, to be sure, there are strong reasons to doubt Boesch's blunt deprivation arguments 
as directed against the chimpanzees I was privileged to work with for twenty years. To summarize 
why:  
 

• Candy and her family developed the full range of chimpanzee social behavior, as well as 
an extremely large range of spontaneous tool using behavior. Thus, it seems reasonable to 
conclude that the enriched environment we provided (while not comparable to the wild) 
contained the abstract social and physical experiences necessary to draw out their species-
typical behavior and cognitive skills. 

 
• When viewed across their lifespan, our apes achieved the same functional-level skills that 

wild chimpanzees master. Indeed, in many cases, they developed far more elaborated skills 
on such tasks than wild chimpanzees. 

 
• Our chimpanzees confronted (and solved) problems of greater complexity than any ever 

reported by wild chimpanzees. 
 
• Our chimpanzees had experiences with tool use that cleaved apart the causal features of 

tools in a way that that likely created far more complex problems than those experienced 
by most (all?) populations of wild chimpanzees—and all of that was stacked on top of the 

time they spent using tools in their spontaneous daily behaviors. 
 
• Both captive and wild chimpanzees experience stressors. These overlap but each set has 

many unique elements. It is not at all obvious how to compare the severity of the stressors 
experienced by our chimpanzees to those experienced by free-ranging populations.  

 
• Finally, even if one decided to ignore all experimental research on captive chimpanzees, 

the Asymmetric Dependency Problem would block any strong inferences about higher-
order cognition in wild chimpanzees. 
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 Finally, I believe this exploration of captive and wild chimpanzees reveals something else: 
the incredulity generated in our minds when we witness how skills which we think ought to hang 
together, do not, in fact, appear to hang together. Boesch's (2020) essay thus neatly illustrates the 
naked force of folk psychology turned on itself:  
 

BOESCH: How can the results of Seeing, Folk Physics and Weight be meaningful given 
the complex behaviors I have witnessed with my own eyes in wild chimpanzees!  
 

POVINELLI: In the same way that the complex spontaneous behaviors that we have 
witnessed in our chimpanzees can be meaningful—right alongside our experimental 
results.  
 

According to the hypotheses my colleagues and I have been developing over the past two-and-a-
half decades, the contradiction resides in our (folk) thinking, not in the observations themselves. 
Fooled. Then double fooled. And undoubtedly triple fooled back again. The reconciliation begins 
with an honest reflection on the morphizational power of human folk psychology. This requires 
quelling the internal shouts of our folk psychology. Only after that can one check oneself into the 
Seven-Step Program to Recovery. 
 

Candy's Coconut Redux 

 

I end by inviting readers to consider how the issues I have explored in this essay are deeply 
interconnected. 
 

• First, the Asymmetric Dependency Problem prevents us from using either naturalist 
observations or experiments to implicate the presence of higher-order thinking in animals 
(although it may allow stronger inferences about its absence).84  

 
• Second, when experimentalists ignore this problem, they confront the same inferential 

limitations as field researchers, hence the Experimental Necessity Dilemma. Although their 
experiments allow them to say with far more precision which first-order representations 
their animals are responsive to, their conclusions about the presence of higher-order states 
are no more founded than those based upon naturalistic observations. 

  
• Third, the illusion that this is not so⎯that we are making steady progress toward answering 

this question⎯is perpetuated by folk scientific ideas that herd researchers into the False 

Models Contrast Problem. But because the models they are attempting to adjudicate 
between are not incompatible, researchers inadvertently back into the Unprincipled 

Titration Paradox, which leaves them scrambling to conjure novel stimuli to present to 
their animals. But because these stimuli cannot, in fact, be distinctly novel given the 
representational commitments that give rise to their entire research operation, any given 

experiment ultimately collapses under the weight of its own theoretical incoherence. As 
we have seen, any stimuli to which an animal can respond coherently is not, by definition, 
novel—regardless of whether a given animal has or has not previously encountered the 
precise exemplar of that stimuli created by the experimentalist (see footnote 22).  

 

                                                      
84 Nota bene: The Conflation of Explanatory Levels alone would likely, by itself, block strong inference 
derived solely from naturalistic data collected in the wild (see above, "Claim 1: Natural Tool Use Cannot").   
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None of this implies that the ongoing studies of physical and social cognition in animals 
are unimportant. On the contrary, I am delighted to see how they continue to address vital debates 
about the proximate and ultimate functions of the behaviors under scrutiny.  

Still, the aim of Folk Physics and Weight was never about functional-level claims about 
complex cognition, causal reasoning or intelligent tool use. These descriptions were assumed, not 
to-be-tested-for. Our work was no more and no less than one attempt to address the long-standing 
question of whether chimpanzees, like us, think about things as abstract as <gods>, <ghosts> and 
<gravity>, as well as things equally abstract, but which, for some reason, seem less so—things like 
<weight>, <shape>, <force> and <connection>. Regardless of what one concludes about the 
overall pattern of results detected by our projects, the work of Candy and her companions have 
inarguably revealed a set of core conceptual-methodological questions that block any effort to 
investigate higher-order thinking in animals. 
 On a personal note, I understand that much of what I have said herein is hard to accept. We 
humans want reasons for why things happen—in particular, reasons that extend beyond the realm 
of the perceptual world. Chimpanzees may or may not seek such reasons or wield explanations 
based upon them. But one thing seems certain: If, in our ongoing drive to determine whether other 
animals possess higher-order mental states, we continue to inadvertently import those constructions 
into the premises of our arguments (read: experimental designs), they will always appear in the 
conclusions (read: results). This is the very definition of vicious circularity (see Perspective Pieces 
1-3). Unless or until we discover news ways of approaching these impasses (cracking the toughest 
of all the tough nuts that the field faces)—or decide to set the problem aside altogether—our 
musings about Candy's cogitations as she hammers away with her coconut will remain as 
ambiguous as ever. 
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ANIMAL LIBERATION AND

ENVIRONMENTAL ETHICS:

BAD MARRIAGE, QUICK DIVORCE

By MARK SAGOFF*

I.

"The land ethic," Aldo Leopold wrote in A Sand County Alma-

nac, "simply enlarges the boundaries of the community to include soils,

waters, plants, and animals, or collectively, the land."' What kind of
community does Leopold refer to? He might mean a moral community,

for example, a group of individuals who respect each other's right to

treatment as equals or who regard one another's interests with equal

respect and concern. He may also mean an ecological community, that
is, a community tied together by biological relationships in interdepen-

dent webs or systems of life.2

Let us suppose, for a moment, that Leopold has a moral commu-
nity in mind; he would expand our moral boundaries to include not
only human beings, but also soils, waters, plants and animals. Leopold's
view, then, might not differ in principle from that of Christopher Stone,

who has suggested that animals and even trees be given legal standing,

so that their interests may be represented in court.3 Stone sees the ex-

pansion of our moral consciousness in this way as part of a historical
progress by which societies have recognized the equality of groups of
oppressed people, notably blacks, women and children.4 Laurence Tribe
eloquently makes the same point:

What is crucial to recognize is that the human capacity for empathy and identifi-
cation is not static; the very process of recognizing rights in those higher
vertebrates with whom we can already empathize could well pave the way for
still further extensions as we move upward along the spiral of moral evolution. It
is not only the human liberation movements - involving first blacks, then

D Copyright, 1984, Mark Sagoff.

* Research Associate for the Center for Philosophy and Public Policy, University of

Maryland.

I Leopold, A Sand County Almanac (1949) at 204.

2 For discussion, see Heffernan, The Land Ethic: A Critical Appraisal (1982), 4 Envt'l Eth-

ics 235. Heffernan notes that "when Leopold talks of preserving the 'integrity, stability and
beauty of the biotic community' he is referring to preserving the characteristic structure of an
ecosystem and its capacity to withstand change or stress." Id. at 237.

' Stone, Should Trees Have Standing? (1974).

Id. at 44.
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women, and now children - that advance in waves of increased consciousness.'

Peter Singer, perhaps more than any other writer, has emphasized
the analogy between human liberation movements (for example, aboli-
tionism and sufferagism) and "animal liberation" or the "expansion of

our moral horizons" to include members of other species in the "basic
principle of equality."6 Singer differs from Stone and Tribe, however,
in two respects. First, he argues that the capacity of animals to suffer
pain or to enjoy pleasure or happiness places people under a moral obli-
gation which does not need to be enhanced by a doctrine about rights.
Second, while Stone is willing to speak of the interests of his lawn in
being watered,' Singer argues that "only a being with subjective exper-
iences, such as the experience of pleasure or the experience of pain, can
have interests in the full sense of the term."8 A tree, as Singer explains,
may be said to have an "interest" in being watered, but all this means
is that it needs water to grow properly as an automobile needs oil to
function properly.9 Thus, Singer would not include rocks, trees, lakes,
rivers or mountains in the moral community or the community of mor-
ally equal beings.

Singer's thesis, then, is not necessarily that animals have rights
which we are to respect. Instead, he argues that they have utilities that
ought to be treated on an equal basis with those of human beings.
Whether Tribe and Stone argue a weaker or a different thesis depends
upon the rights they believe animals and other natural things to have.
They may believe that all animals have a right to be treated as equals,
in effect, they may agree with Singer that the interests of all animals
should receive equal respect and concern. On the other hand, Tribe,

Stone or both may believe that animals have a right only to life or only
to those very minimal and basic rights without which they could not
conceivably enjoy any other right. 10 I will, for the moment, assume that
Tribe and Stone agree that animals have basic rights, for example, a
right to live or a right not to be killed for their meat. I will consider
later the possibility that environmental law might protect the rights of
animals without necessarily improving their welfare or protecting their
lives.

1 Tribe, Ways Not to Think About Plastic Trees: New Foundations in Environmental Law
(1973), 83 Yale L. J. 1315 at 1345.

6 Singer, All Animals Are Equal (1974), 1 Phil. Exchange 103.

Stone, supra note 3, at 24.

' Singer, "Not For Humans Only: The Place of Nonhumans in Environmental Issues," in
Goodpaster and Sayre, eds., Ethics And The Problems of the Twenty-first Century (1979) at 194.

9 Id. at 195.
10 For a discussion of basic rights, see Shue, Basic Rights (1980).
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Moral obligations to animals, to their well-being or to their rights,
may arise in either of two ways. First, duties to non-human animals
may be based on the principle that cruelty to animals is obnoxious, a
principle nobody denies. Muckraking journalists (thank God for them)
who depict the horrors which all too often occur in laboratories and on
farms, appeal quite properly to the conviction and intuition that people
should never inflict needless pain on animals and especially not for the
sake of profit. When television documentaries or newspaper articles re-
port the horrid ways in which domestic animals are often treated, the
response is, as it should be, moral revulsion. This anger is directed at
human responsibility for the callous, wanton and needless cruelty
human beings inflict on domestic animals. It is not simply the pain but
the way it is caused which justifies moral outrage.

Moral obligations, however, might rest instead on a stronger con-
tention, which is that human beings are obliged to prevent and to re-
lieve animal suffering however it is caused. Now, insofar as the animal
equality or animal liberation movement makes a philosophically inter-
esting claim, it insists on the stronger thesis, that there is an obligation
to serve the interests, or at least to protect the lives, of all animals who
suffer or are killed, whether on the farm or in the wild. Singer, for
example, does not stop with the stultifying platitude that human beings
ought not to be cruel to animals. No; he argues the controversial thesis
that society has an obligation to prevent the killing of animals and even
to relieve their suffering wherever, however, and as much as it is able,
at a reasonable cost to itself.

II.

I began by supposing that Aldo Leopold viewed the community of
nature as a moral community--one in which human beings, as mem-
bers, have obligations to all other animals, presumably to minimize
their pain. I suggested that Leopold, like Singer, may be committed to
the idea that the natural environment should be preserved and pro-
tected only insofar as, and because, its protection satisfies the needs or
promotes the welfare of individual animals and perhaps other living
things. I believe, however, that this is plainly not Leopold's view. The
principle of natural selection is not obviously a humanitarian principle;
the predator-prey relation does not depend on moral empathy. Nature
ruthlessly limits animal populations by doing violence to virtually every
individual before it reaches maturity; these conditions respect animal
equality only in the darkest sense. Yet these are precisely the ecological
relationships which Leopold admires; they are the conditions which he
would not interfere with, but protect. Apparently, Leopold does not

1984]
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think that an ecological system has to be an egalitarian moral system
in order to deserve love and admiration. An ecological system has a
beauty and an authenticity that demands respect - but plainly not on
humanitarian grounds.

In a persuasive essay, J. Baird Callicott describes a number of dif-
ferences between the ideas of Leopold and those of Singer - differ-
ences which suggest that Leopold's environmental ethic and Singer's
humane utilitarianism lead in opposite directions. First, while Singer
and other animal liberationists deplore the suffering of domestic ani-
mals, "Leopold manifests an attitude that can only be described as in-
difference."11 Second, while Leopold expresses an urgent concern about
the disappearance of species, Singer, consistently with his premises, is
concerned with the welfare of individual animals, without special re-
gard to their status as endangered species. Third, the preservation of
wilderness, according to Leopold, provides "a means of perpetuating, in
sport form, the more virile and primitive skills. .. 12 He had hunting

in mind. Leopold recognized that since top predators are gone, hunters
may serve an important ecological function. Leopold was himself an
enthusiastic hunter and wrote unabashedly about his exploits pursuing
game. The term "game" as applied to animals, Callicott wryly com-
ments, "appears to be morally equivalent to referring to a sexually ap-
pealing young woman as a "piece" or to a strong, young black man as
a "buck" - if animal rights, that is, are to be considered on par with
women's rights and the rights of formerly enslaved races."3

Singer expresses disdain and chagrin at what he calls "'environ-
mentalist'" organizations such as the Sierra Club and the Wildlife
Fund, which actively support or refuse to oppose hunting. I can appre-
ciate Singer's aversion to hunting, but why does he place the word "en-
vironmentalist" in shudder quotes when he refers to organizations like
the Sierra Club? Environmentalist and conservationist organizations
traditionally have been concerned with ecological, not humanitarian is-
sues. They make no pretense of acting for the sake of individual ani-
mals; rather, they attempt to maintain the diversity, integrity, beauty
and authenticity of the natural environment. These goals are ecological,
not eleemosynary. Their goals are entirely consistent, then, with licens-
ing hunters to shoot animals whose populations exceed the carrying ca-
pacity of their habitats. Perhaps hunting is immoral; if so, environ-
mentalism is consistent with an immoral practice, but it is

x' Callicott, Animal Liberation: A Triangular Affair (1980), 2 Envt'l Ethics 311 at 315.

'2 Leopold, supra note 1, at 269.

13 Callicott, supra note 11, at 314-15.
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environmentalism without quotes nonetheless. The policies environmen-
talists recommend are informed by the concepts of population biology,
not the concepts of animal equality. The S.P.C.A. does not set the
agenda for the Sierra Club.

I do not in any way mean to support the practice of hunting; nor
am I advocating environmentalism at this time. I merely want to point
out that groups like the Sierra Club, the Wilderness Society and the
World Wildlife Fund do not fail in their mission insofar as they devote
themselves to causes other than the happiness or welfare of individual
creatures; that never was their mission. These organizations, which pro-
mote a love and respect for the functioning of natural ecosystems, dif-
fer ideologically from organizations that make the suffering of animals
their primary concern - groups like the Fund for Animals, the Animal
Protection Institute, Friends of Animals, the American Humane Asso-
ciation, and various single issue groups such as Friends of the Sea Ot-
ter, Beaver Defenders, Friends of the Earthworm, and Worldwide Fair
Play for Frogs.14

D. G. Ritchie, writing in 1916, posed a difficulty for those who
argue that animals have rights or that we have obligations to them cre-
ated simply by their capacity to suffer. If the suffering of animals cre-
ates a human obligation to mitigate it, is there not as much an obliga-
tion to prevent a cat from killing a mouse as to prevent a hunter from
killing a deer? "Are we not to vindicate the rights of the persecuted
prey of the stronger?" Ritchie asks. "Or is our declaration of the rights
of every creeping thing to remain a mere hypocritical formula to grat-
ify pug-loving sentimentalists?"1 "

If the animal liberation or animal equality movement is not to de-
teriorate into "a hypocritical formula to gratify pug-loving sentimental-
ists," it must insist, as Singer does, that moral obligations to animals
are justified, in the first place, by their distress, and, in the second
place, by human ability to relieve that distress. The liberationist must
morally require society to relieve animal suffering wherever it can and
at a lesser cost to itself, whether in the chicken coop or in the wild.
Otherwise, the animal liberationist thesis becomes interchangeable with
the platitude one learns along with how to tie shoestrings: people ought
not to be cruel to animals. I do not deny that human beings are cruel to
animals, that they ought not to be, that this cruelty should be stopped
and that sermons to this effect are entirely appropriate and necessary. I

14 Singer, supra note 8, at 201.

" Ritchie, Natural Rights (3rd. ed., 1916) at 107. For an excellent discussion of this pas-
sage, see Clark, The Rights of Wild Things (1979), 22 Inquiry 171.
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deny only that these sermons have anything to do with environmental-
ism or provide a basis for an environmental ethic.

III.

In discussing the rights of human beings, Henry Shue describes
two that are basic in the sense that "the enjoyment of them is essential
to the enjoyment of all other rights."' 6 These are the right to physical
security and the right to minimum subsistence. These are positive, not
merely negative rights. In other words, these rights require govern-
ments to provide security and subsistence, not merely to refrain from
invading security and denying subsistence. These basic rights require

society, where possible, to rescue individuals from starvation; this is
more than the merely negative obligation not to cause starvation. No; if
people have basic rights - and I have no doubt they do - then society

has a positive obligation to satisfy those rights. It is not enough for
society simply to refrain from violating them.

This, surely, is true of the basic rights of animals as well, if we are
to give the conception of "right" the same meaning for both people and

animals. For example, to allow animals to be killed for food or to per-
mit them to die of disease or starvation when it is within human power
to prevent it, does not seem to balance fairly the interests of animals
with those of human beings. To speak of the rights of animals, of treat-
ing them as equals, of liberating them, and at the same time to let
nearly all of them perish unnecessarily in the most brutal and horrible
ways is not to display humanity but hypocrisy in the extreme.

Where should society concentrate its efforts to provide for the ba-
sic welfare - the security and subsistence - of animals? Plainly,
where animals most lack this security, when their basic rights, needs,

or interests are most thwarted and where their suffering is most in-
tense. Alas, this is in nature. Ever since Darwin, we have been aware
that few organisms survive to reach sexual maturity; most are quickly
annihilated in the struggle for existence. Consider as a rough but rea-
sonable statement of the facts the following:

All species reproduce in excess, way past the carrying capacity of their niche. In
her lifetime a lioness might have 20 cubs; a pigeon, 150 chicks; a mouse, 1,000
kits; a trout, 20,000 fry, a tuna or cod, a million fry or more; an elm tree, several
million seeds; and an oyster, perhaps a hundred million spat. If one assumes that
the population of each of these species is, from generation to generation, roughly
equal, then on the average only one offspring will survive to replace each parent.

"6 Shue, supra note 10, at 18-29.
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All the other thousands and millions will die, one way or another.
17

The ways in which creatures in nature die are typically violent:
predation, starvation, disease, parasitism, cold. The dying animal in the
wild does not understand the vast ocean of misery into which it and
billions of other animals are born only to drown. If the wild animal
understood the conditions into which it is born, what would it think? It
might reasonably prefer to be raised on a farm, where the chances of
survival for a year or more would be good, and to escape from the wild,
where they are negligible. Either way, the animal will be eaten: few die
of old age. The path from birth to slaughter, however, is often longer
and less painful in the barnyard than in the woods. Comparisons, sad
as they are, must be made to recognize where a great opportunity lies
to prevent or mitigate suffering. The misery of animals in nature -
which humans can do much to relieve - makes every other form of
suffering pale in comparison. Mother Nature is so cruel to her children
she makes Frank Perdue look like a saint.

What is the practical course society should take once it climbs the
spiral of moral evolution high enough to recognize its obligation to
value the basic rights of animals equally with that of human beings? I
do not know how animal liberationists, such as Singer, propose to re-
lieve animal suffering in nature (where most of it occurs), but there are
many ways to do so at little cost. Singer has suggested, with respect to
pest control, that animals might be fed contraceptive chemicals rather
than poisons. 18 It may not be beyond the reach of science to attempt a
broad program of contraceptive care for animals in nature so that
fewer will fall victim to an early and horrible death. The government is
spending hundreds of millions of dollars to store millions of tons of
grain. Why not lay out this food, laced with contraceptives, for wild
creatures to feed upon? Farms which so overproduce for human needs
might then satisfy the needs of animals. The day may come when enti-
tlement programs which now extend only to human beings are offered
to animals as well.

One may modestly propose the conversion of national wilderness
areas, especially national parks, into farms in order to replace violent
wild areas with more humane and managed environments. Starving
deer in the woods might be adopted as pets. They might be fed in ken-
nels; animals that once wandered the wilds in misery might get fat in
feedlots instead. Birds that now kill earthworms may repair instead to

17 Hapgood, Why Males Exist (1979) at 34.

'8 Singer, supra note 8, at 198.
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birdhouses stocked with food, including textured soybean protein that
looks and smells like worms. And to protect the brutes from cold, their
dens could be heated, or shelters provided for the all too many who will
otherwise freeze. The list of obligations is long, but for that reason it is
more, not less, compelling. The welfare of all animals is in human
hands. Society must attend not solely to the needs of domestic animals,
for they are in a privileged class, but to the needs of all animals, espe-
cially those which, without help, would die miserably in the wild.

Now, whether you believe that this harangue is a reductio of
Singer's position, and thus that it agrees in principle with Ritchie, or
whether you think it should be taken seriously as an ideal is of no con-
cern to me. I merely wish to point out that an environmentalist must
take what I have said as a reductio, whereas an animal liberationist
must regard it as stating a serious position, at least if the liberationist
shares Singer's commitment to utilitarianism. Environmentalists cannot
be animal liberationists. Animal liberationists cannot be environmental-
ists. The environmentalist would sacrifice the lives of individual crea-
tures to preserve the authenticity, integrity and complexity of ecologi-
cal systems. The liberationist - if the reduction of animal misery is
taken seriously as a goal - must be willing, in principle, to sacrifice
the authenticity, integrity and complexity of ecosystems to protect the
rights, or guard the lives, of animals.

IV.

A defender of the rights of animals may answer that my argument
applies only to someone like Singer who is strongly committed to a util-
itarian ethic. Those who emphasize the rights of animals, however,
need not argue that society should enter the interests of animals equita-
bly into the felicific calculus on which policy is based. For example,
Laurence Tribe appeals to the rights of animals not to broaden the
class of wants to be included in a Benthamite calculus but to "move
beyond wants" and thus to affirm duties "ultimately independent of a
desire-satisfying conception."1 9 Tribe writes:

To speak of "rights" rather than "'wants", after all, is to acknowledge the possi-
bility that want-maximizing or utility-maximizing actions will be ruled out in
particular cases as inconsistent with a structure of agreed-upon obligations. It is
Kant, no Bentham, whose thought suggests the first step toward making us "dif-
ferent persons from the manipulators and subjugators we are in danger of
becoming." 20

'9 Tribe, From Environmental Foundations to Constitutional Structures: Learning From
Nature's Future (1974), 84 Yale L. J. 545 at 551, 552.

20 Id. at 552.
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It is difficult to see how an appeal to rights helps society to "move
beyond wants" or to affirm duties "ultimately independent of a desire-
satisfying conception." Most writers in the Kantian tradition analyze
rights as claims to something in which the claimant has an interest.2

Thus, rights-theorists oppose utilitarianism not to go beyond wants but
because they believe that some wants or interests are moral "trumps"
over other wants and interests."2 To say innocent people have a right
not to be hanged for crimes they have not committed, even when hang-
ing them would serve the general welfare, is to say that the interest of
innocent people not to be hanged should outweigh the general interest
in detering crime. To take rights seriously, then, is simply to take some
interests, or the general interest, more seriously than other interests for
moral reasons. The appeal to rights simply is a variation on utilitarian-
ism, in that it accepts the general framework of interests, but presup-
poses that there are certain interests that should not be traded off
against others.2 3

A second problem with Tribe's reply is more damaging than the
first. Only individuals may have rights, but environmentalists think in
terms of protecting collections, systems and communities. Consider
Aldo Leopold's oft-quoted remark: "A thing is right when it tends to
preserve the integrity, stability, and beauty of the biotic community. It
is wrong when it tends to do otherwise."24 The obligation to preserve
the "integrity, stability, and beauty of the biotic community," whatever
those words mean, implies no duties whatever to individual animals in
the community, except in the rare instance in which an individual is
important to functioning of that community. For the most part, individ-
ual animals are completely expendable. An environmentalist is con-
cerned only with maintaining a population. Accordingly, the moral ob-
ligation Leopold describes cannot be grounded in or derived from the

21 For discussion, see Feinberg, Duties, Rights, and Claims (1966), 3 Amer. Phil. Q. 137.

22 See Dworkin, "Liberalism," in Hamphsire, ed., Public and Private Morality (1978) at

113-43. Rights "function as trump cards held by individuals." Id. at 136.

23 Barry observes:

On the surface, rights theories stand in opposition to utilitarianism, for rights, whatever
their foundation (or lack thereof), are supposed to trump claims that might be made on
behalf of the general welfare. The point here is, however, that the whole notion of rights is

simply a variation on utilitarianism in that it accepts the definition of the ethical problem
as conterminous with the problem of conflicting interests, and replaces the felicific calculus

(in which the interests are simply added) with one which does not permit certain interests
to be traded off against others.

Barry, "Self-government Revisited," in Miller and Siedentop, eds., The Nature of Political The-
ory (1983) at 125; see generally 121-54.

24 Leopold, supra note 1, at 262.

1984]



OSGOODE HALL LAW JOURNAL

rights of individuals. Therefore, it has no basis in rights at all.25

Consider another example: the protection of endangered species .2

An individual whale may be said to have rights, but the species cannot;
a whale does not suddenly have rights when its kind becomes endan-
gered.27 No; the moral obligation to preserve species is not an obliga-
tion to individual creatures. It cannot, then, be an obligation that rests
on rights. This is not to say that there is no moral obligation with re-
gard to endangered species, animals or the environment. It is only to
say that moral obligations to nature cannot be enlightened or explained
- one cannot even take the first step - by appealing to the rights of

animals and other natural things.

V.

Garrett Hardin, in his "Foreword" to Should Trees Have Stand-
ing?, suggests that Stone's essay answers Leopold's call for a "new
ethic to protect land and other natural amenities... "28 But as one
reviewer has pointed out,

Stone himself never refers to Leopold, and with good reason: he comes from a
different place, and his proposal to grant rights to natural objects has emerged

not from an ecological sensibility but as an extension of the philosophy of the

humane movement.2 9

A humanitarian ethic - an appreciation not of nature, but of the wel-

25 For discussion of this point, see Katz, Is There A Place For Animals in the Moral Consid-

eration of Nature (1983), 4 Ethics and Animals 74; Norton, Environmental Ethics and Nonhu-
man Rights (1982), 4 Envt'l Ethics 17; Rodman, The Liberation of Nature? (1977), 20 Inquiry
83; Goodpaster, On Being Morally Considerable (1978), 75 J. Phil. 308.

Tom Regan discusses this issue in The Case for Animal Libertation (1983):
Because paradigmatic rights-holders are individuals, and because the dominant thrust of
contemporary environmental efforts (e.g., wilderness preservation) is to focus on the whole
rather than on the part (i.e., the individual), there is an understandable reluctance on the
part of environmentalists to "take rights seriously," or at least a reluctance to take them as
seriously as the rights view contends we should. . . .A rights-based environmental ethic
...ought not to be dismissed out of hand by environmentalists as being in principle an-
tagonistic to the goals for which they work. It isn't. Were we to show proper respect for the
rights of individuals who make up the biotic community, would not the community be
preserved?

(ld. at 362.) I believe this is an empirical question, the answer to which is "no". The environ-
mentalist is concerned about preserving evolutionary processes; whether these processes, e.g., natu-
ral selection, have deep enough respect for the rights of individuals to be preserved on those
grounds, is a question that might best left be addressed by an evolutionary biologist.

2" The Endangered Species Act of 1973, 16 U.S.C. § 1531 (1976 & Supp. 1 1977 & Supp. II

1978 & Supp. III 1979).

" Feinberg, "The Rights of Animals and Unborn Generations," in Blackstone, ed., Philoso-
phy and the Environmental Crisis (1974) 43 at 55-56.

28 Hardin, "Foreward," in Stone, supra note 3, at xii.

29 Rodman, supra note 25, at 110.
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fare of animals - will not help us to understand or to justify an envi-
ronmental ethic. It will not provide necessary or valid foundations for
environmental law.
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Should We Try to Relieve Clear Cases 

of Suffering in Nature?

129

This essay addresses the empirical manifestations of life, not questions

about the innermost essence of life, whatever that may be. Therefore, it

does not discuss beliefs in the absence or presence of a definite trend toward

ever “higher” life-forms. It just talks about what we see around us.

Aldo Leopold and many other dedicated protectors of nature seem to

hold that nature as it evolves with its fabulous manifold is good in an ethi-

cal sense, not beyond ethical good or evil. At least this is my conclusion

about Leopold’s opinion, if we accept the rather trivial proposition that if

something is ethically wrong, it cannot be ethically good.

In A Sand County Almanac, and Sketches Here and There (1987), Leopold

says: “A thing is right when it tends to preserve the integrity, stability and

beauty of the ecosystem. It is wrong when it tends otherwise.”

Various interpretations are possible, some of which are not acceptable to

me. These are interpretations such that the above formulation—let us call it

the L-formulation or just L—furnishes a general criterion or definition of

right and wrong in an ethical sense. I do not operate with any such general

criterion or definition. Also, I am worried about the “thing.” If “a thing” is

meant to connote something much wider than “an interaction of a human

being with the rest of an ecosystem,” then over the centuries things would

happen that according to L would be wrong: ecosystems come and go.

A reformulation of L such that I could accept it would read: “A deci-

sion has presumption in its favor if there is reason to assume that its imple-

mentation will tend to preserve—or at least not interfere with—the in-

tegrity, stability, and beauty of the set of ecosystems concerned. A decision

This article was reprinted with permission from Pan Ecology 6 (1991): 1–5.



has a presumption against it if there is reason to assume that its implemen-

tation might reduce the integrity, stability, or beauty of the set of ecosys-

tems concerned.” I write “set of ecosystems” instead of just ecosystem be-

cause any human interaction happens with a set of comprehensive systems

of unequal scale—the largest today being the planetary system of the sun.

At least one distinguished ecologist, Ivar Mysterud, and a friend of the

reindeer, thinks that even if there were an ecologically very innocent way of

heavily reducing the population of a certain parasite that causes extreme

pain to the reindeer, or of altering its habits, it should nevertheless not be

carried out. The reason: it might disturb a relevant ecosystem. We know

too little (the docta ignorantia of a field ecologist!). I agree that there is a

presumption against it, but I disagree with his conclusion. The very pro-

longed, cruel sufferings of the reindeer count more. I am for radically re-

ducing the population of the parasite even if it may be wrong according to

L. If an ecosystem is dominated by pain-producing parasites, perhaps we

might say its “beauty” diminishes? I am somewhat uncertain about how to

interpret the term, and also about the possibility that human beings could

preserve or enhance beauty by interfering.

Philosophically less important, but ecopolitically important: if an

ecosystem has been radically disturbed or destroyed by human beings (for

example, through deforestation) and a different ecosystem is created (for ex-

ample, a desert), does L cover the new system? If “man-made” ecosystems

are not covered by L, how is the European situation to be judged? Fairly old

landscapes that are “man-made” in the sense of having been radically influ-

enced by human beings a long time ago are now protected as “free nature.”

We try to preserve their present integrity, stability, and beauty, or we try to

restore a former ecosystem considered to be more “natural,” but partly be-

cause their “human” character has been forgotten.

In short, I feel a need to know about how L is applied in concrete cases.

Perhaps because of the problematic nature of all proposed criteria of

goodness since the time of Socrates, I look with wonder at the efforts to

find a nontautological supreme and general characteristic of goodness. Per-

severance in the service of protecting nature, and support of the deep ecol-

ogy movement, does not imply any definite opinion on questions of uncon-

ditional goodness of nature as a vast set of ecosystems—not even on

whether the question of goodness is meaningful. In what follows, I shall fo-

VALUES,  L IFEST YLE,  AND SUSTAINABIL IT Y

130



cus on the darker side of free nature and how contemplation of this may in-

fluence one’s choice of ultimate criteria of the goodness and badness of a

case of interference.

The development of life on finite Earth clearly presupposes the process of

dying. We must “accept” death, but the death of insensitive beings does

not disturb us as much as the death of sensitive beings, and a quick, pain-

less death does not disturb us as much as a slow, painful one. Sometimes the

quick death is due to predators; sometimes the slow, agonizing death is a

“natural” death of old age—but sometimes the opposite is the case.

Every day some animals become weak and ill and enter a process of

dying that involves prolonged pain as far as we can judge from their be-

havior. When wild reindeer smell large carnivores like bears, wolves, or

dogs, they run away quickly. Old and tired reindeer find it more and more

exhausting to keep up with the others. The same holds of some of the

young ones. If they are caught quickly by carnivores, they tend to get a

rapid, merciful death and not a slow, “cruel” one. Some reindeer experi-

ence the latter. Having been badly attacked by a winged insect (Cepheno-

myia trompe), they may die very slowly from suffocation from the growing

larvae in their noses.

I hope no such planet exists, but consider one where slow, painful death

from parasitism is universal. How would we talk about nature on such a

planet? What kind of book would Thoreau have written there?

The parasitology of mammals tells us about parasites that kill or maim

in ways that elicit intense alarm, disgust, and great negative feelings in us.

Evolution specialists tell us that such parasites are not among the most suc-

cessful and highly developed ones, which thrive without inflicting intense

suffering or death on their hosts.

This admission of the imperfection of some parasites does not console

their victims, however. The situation is relevant in assessing the adequacy

of unconditional positive, sometimes highly emotional utterances about

nature. What do human beings do when witnessing animals in what they

think is unnecessary and prolonged pain? Those who intensely identify

with the victims try to rescue them, provided it is not too late and a practi-

cal way is seen. The rescue may involve merciful killing by human hands.

Generalized, and made into a policy, rescue attempts would amount to an
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attempt to reform nature. Not everybody studying the consequences of

such a policy will accept it as desirable. Because it is totally out of our reach

completely to eliminate prolonged extreme suffering, it is of no practical

value to discuss its ethical status, but its existence makes general glorifica-

tion of nature strange to many of us.

A main point under consideration is our ignorance of consequences.

What if we had adequate knowledge? One answer: we never will have! I

suppose, though, that we could have sufficient knowledge in particular

cases. If adequate ecological knowledge were available, some of us would

not hesitate to interfere on a large scale against intense and persistent

pain.

The manifold of different cultures is a desideratum according to most

supporters of the deep ecology movement, but in many of them some ani-

mals in culturally important situations are caused terrifying and persistent

pain by human beings. There is a real difference between initiation rites of

a culture causing pain and rites involving animals who cannot grasp the

meaning of the pain inflicted on them. Their helplessness is of a higher or-

der. My very tentative conclusion is that the cultures in question might be

approached in a way that indirectly would cause a change of behavior to-

ward those animals.

“Look at this exquisitely beautiful little creature! Look at the colors, the

shapes, the impressive and beautiful contrast between the green surround-

ing and its own colors! How can we not bow down in awe? How can we hu-

man beings kill and destroy so much of beautiful nature!?”

This passionate utterance may have occurred when a nature-worshiper

saw a ladybird beetle in action, without noticing that the beetle was sys-

tematically using her formidable jaws to pierce the bodies of small green

aphids, eating her way through a stalk of them. If her behavior were filmed

and enlarged and shown on a big screen, the same nature-worshiper would

probably shudder.

The utterance “beautiful, lovable!” does sometimes, but not always,

depend directly on a process of identification. If identification is strong, an

utterance like “tragic, paralyzing, horrible” may be rather natural. More-

over, action will follow, completely spontaneously. The victim is rescued.
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A “compassion priority norm” seems to collide with the point of view

of Stephan Lackner in his very important book Peaceable Nature:

We have to accept life on its own terms. There are no others, at least none that

apply to us. We have to talk about “good” or “bad” even while conscious of the

obvious relativity of such valuations. “Good for whom?” we have to ask before

every decision. The more general the applications of this “good,” the more de-

sirable. The mounting scale of positive values would appear, consequently,

like this: good for my own self, for my family, for my club, for my community,

my ideological or religious group, for my province, nation, continent, for hu-

manity, in ever widening circles. Only when we come to the most general

aim—good for life—is relativity suspended, allowing us to envisage an

obligatory good.

(Lackner 1984)

Can I know whether rescuing or not rescuing a living being from last-

ing, excruciating pain is “good for life” of the biosphere at large? I don’t

know, and I decide to rescue anyhow.

For some philosophers, among them Peter Wessel Zapffe (Naess

1991e), the hypothesis that life is completely meaningless plays an impor-

tant role; for others, hypotheses about definite cosmic goals are all. Lackner

says that we “have to accept life on its own terms.” Some people, however,

decide to quit life, basing their decisions on hypotheses about their own

lives and their unwillingness to continue. One may have a norm saying that

one should accept life on its own terms, whatever they are, but this is a norm

that many of us feel depends on some fundamental premises: answers to the

question “Why should we?” Must we be passive because insufferable pain is

a genuine part of life?

What is the status in the work of Thoreau of compassion and interfer-

ence to end prolonged suffering? It is a question that might throw light on

his basic view of identification and the human–nature relationship. When

he observes one ant fighting another, there is identification:

I saw that, though he was assiduously gnawing at the near foreleg of his enemy,

having severed his remaining feeler, his own breast was all torn away, exposing

what vitals he had there to the jaws of the black warrior, whose breast-plate was

apparently too thick for him to pierce; and the dark carbuncles of the sufferer’s

eyes shone with ferocity such as war only could excite. . . . I felt for the rest of



that day as if I had had my feelings excited and harrowed by witnessing the

struggle, the ferocity and carnage, of a human battle before my door.

(Thoreau 1971: 230–31)

Just within the edge of the wood there, I see a small painted turtle on its back,

with its head stretched out as if to turn over. Surprised by the sight, I stooped

to investigate the cause. It drew in its head at once, but I noticed that its shell

was partially empty. I could see through it from side to side as it lay, its en-

trails having been extracted through large openings just before the hind

legs. . . . Such is Nature, who gave one creature a taste or yearning for an-

other’s entrails as its favorite tidbit!!

(Thoreau 1949: 345–46)

There is a certain neutrality in this attitude in spite of strong, but par-

tial identification with sufferers. I do not see examples of Thoreau interfer-

ing “in nature.” It is as if Nature, by him written with a capital N in the

above quotation, is something apart or that human beings are something

apart. I do not know. Just because I am not apart, I interfere in certain situa-

tions no matter what abstract reflection tells me.

Ecosophy, in my variant, “T,” does not imply any “acceptance of life” inde-

pendent of definite assumptions about life. It contains—among others—

two hypothetical assumptions: (1) there are no structures of the universe

such that living beings cannot reach the highest levels of realization of

their potentialities; (2) there is no definite limit of development of symbio-

sis, using this term in a wide sense. The development of ecosystems is not

such that the self-realization of a living being depends necessarily on the de-

struction of the potentialities of others.

Part of the motivation for developing Ecosophy T is a reaction against

“cult of life” and “cult of nature” whatever its manifestations. It is also a reac-

tion against a tendency to take as axiomatic that life—Life with a capital

L—somehow exists independent of the behavior of living beings, and that

nature—Nature with a capital N—somehow exists independent of what

happens, manifests itself for all to see. Ecosophy T does explicitly and

firmly reject human brutality, cynicism, oppression of the weak, and lust

for “power over.”

The twentieth century has seen political developments in which com-

pletely amoral acceptance of power and strength has been justified based on
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concepts of “nature red in tooth and claw.” If nature is dependent on bru-

tality, and we are part of nature, why should we try to shun brutality? As

Hitler once said: “We have to destroy the Polish intelligentsia. It may

sound brutal, but it is in accordance with the laws of nature.” Brutality,

racism, and other coercive phenomena have been defended in many ways,

but one of them is by means of an unrestricted acceptance of every manifes-

tation of life in nature.1

A student of cultural anthropology may witness in a particular culture

a case of extreme suffering, which he may consider completely unnecessary

and easily avoidable. Yet he knows that if he uses his way of eliminating

that suffering, he undermines the culture. The clash of norms is formida-

ble; there is no easy way out. Whatever the decision, the goal would be, ac-

cording to Ecosophy T, to relieve extreme suffering of the kind envisaged

within the framework of the culture. As with animals, ignorance and mis-

conception must be taken into account. A culture is not something static.

Whether we are dealing with cultural systems or with ecosystems, the

problematics are in principle the same: we have to assess the consequences

of interference, the short-term as well as the very long-term effects, and

judge the effects in terms of a norm system. We have to reach conclusions

based on glaring inadequacy of available empirical knowledge and a clear

norm system.

The complexity of the web of life even within a cubic millimeter of

soil is, and presumably will remain, indescribable, but if humanity does

not destroy itself, our basis for concrete ecological decisions may increase

immensely. Respect for the dignity of free nature and proper humility do

not rule out planned interference on a greater scale, as long as the aim is a

moderation of conditions of extreme and prolonged pain, human or non-

human. Such pain eliminates the experience of a joyful reality. We are not

justified in turning our backs, or closing our eyes, to extreme suffering.

The higher levels of self-realization of a mature being require with in-

creasing urgency the assistance of any living being to realize its potentiali-

ties, and this inevitably actualizes the concern for the sufferers.

This kind of argument indicates part of the motivation for not placing

a norm like “Richness and diversity of life!” as an ultimate norm. The ulti-

mate guidelines must squarely face the extreme suffering in nature. The ar-

gument implies disturbing some manifestations of life; it implies interfer-
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ence in natural processes—but highly selective interference and not neces-

sarily on a large scale. Interference in nature today is excessive.2

The admission of the existence of extreme kinds of suffering in free na-

ture does not in any way support highly influential “bellicose” views of na-

ture as a whole. The most often quoted articulation of such a view is that of

the poet Tennyson: “Man . . . who trusted God was love indeed / and love

Creation’s final law / Though Nature, red in tooth and claw / With raven,

shrieked against his creed. . . .” Darwin used his expression “the struggle for

life” extensively, and the interpretation was quite natural that he mainly re-

ferred to the painful and deadly struggle against enemies. Kropotkin, early

in the twentieth century in his seminal Mutual Aid (1955), objected, but the

view that nature was full of cruel competition suited the extreme economic

liberalism and colonialism of England as well as the bellicose nationalism of

Germany. Today, popularizations of this theme are still found in the life sci-

ences. The opposition is vigorous but less known to the general public.

The following six propositions I think are tenable:

1. Predation (of animals by animals) has played an important role in

evolution but is not a necessary ingredient on the level of birds and

mammals.

2. A very small portion of birds and mammals die through predation

(5–10 percent).

3. Only a small part of the life of animals is adequately described by

the expression “struggle for life” or “struggle against enemies.”

4. The fitness referred to in the phrase “survival of the fittest” does not

in general refer to fitness in deadly struggle or cut-throat competi-

tion with others.

5. Many birds, such as flamingos, and mammals, such as koalas, rarely

meet a violent death (not taking human and exotic, human-intro-

duced predators into account).

6. In the long run and on the whole, the less the chance of getting

killed, the fewer the number of descendants. There is no general

pressure to have as many offspring as possible. (Having no natural

enemies results in a natural birth-control tendency of having fewer

pregnancies.)
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Even if these propositions are strongly confirmed by observation, it is not

very strange for a twenty-four-hour stroll in free nature to result in many

observations aptly but unprofessionally characterized as tragic, brutal,

cruel, hideous, horrible, or detestable.

Accounts written by forerunners and contemporary supporters of the

deep ecology movement rarely mention these encounters and observations.

Why not? I think it is worth pondering that most supporters implicitly as-

sume and strongly feel the existence of a creative principle essentially con-

nected with life that more or less compels veneration—something akin to

Spinoza’s “God or Nature.” It is, however, nature with capital N. Trying to

communicate this essential creative aspect of life by dwelling on cruelty

and pain would lead us astray. So we don’t talk about it?

In Ecosophy T there is an ultimate norm “Self-realization!” and an ulti-

mate hypothesis “The higher level of self-realization reached by a living be-

ing, the more further increase requires others to reach self-realization.”3 In

simple words, it is not a question of acceptance of any kind of life but of

“live and let live!” Thanks to the capacities of the human brain, full realiza-

tion of our potentialities—if there is any limit—cannot be anything like

an ego trip but must be a joint venture with other beings, both human and

nonhuman. The higher the level of realization, the more the realization is a

joint venture, a Self-realization without loss of the individuality of each

living being. We have sometimes the potentiality of relieving extreme suf-

fering, human and nonhuman—and we make use of that privilege.
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JEFF MCMAHAN currently holds the prestigious White’s Chair of Moral 
Philosophy at Oxford University. He has previously been a professor of 
philosophy at Rutgers University (USA). He has written extensively about 
theoretical and applied ethics, two of his most notable contributions being 
The Ethics of Killing: Problems at the Margins of Life and Killing in War. 
Professor McMahan is also known for his work in animal ethics, being one 
the first major philosophers to seriously address the situation of animals 
in nature. In his New York Times article The Meat Eaters he defends the 
view that if the suffering of nonhuman animals is morally relevant, then we 
should also be concerned with the suffering of animals living in the wild. In 
this way, he concludes that we should intervene for their benefit whenever 
it is in our power to do so.

CF: A number of ethicists (as well as political philosophers) work in 
their discipline out of a theoretical interest, because they find the problems 
of practical philosophy thrilling. However, you belong to another group 
of theorists who work with the aim of making the world a better place. In 
which ways do you think academic work can benefit nonhuman animals?

JM: Well, the primary purpose of the kind of philosophy that I do is 
to understand morality better. But I think that is an essential precondition 
of trying to make the world better – to make sure you do it the right way, 
make sure that you are not making a mistake, as a lot of people do. I think 
that philosophy has already benefited animals very considerably just by 
bringing the arguments into popular discussion and making people more 
aware of the challenges. And I think that will continue. That as more argu-
ment is done, more considerations are discussed, the deeper people go into 
the arguments, I think what we are going to find is that the arguments for 
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vegetarianism are conclusive. And, eventually, the public discussions that 
have been prompted in large measure by philosophy are going to succeed 
and turn more and more people away from eating meat and harming ani-
mals in unjustifiable ways.

CF: In your work you have addressed several issues that had been 
neglected in moral philosophy. What has led you to work on the issue of 
wild animal suffering?

JM: Well, if you want to know the real answer to that question, it was 
discussions with Oscar Horta. Oscar raised the issue with me, we dis-
cussed it some. It seemed to me to be a really important issue and I had 
an opportunity to write a piece on some issue having to do with animals 
for a blog that was being run by some people in “the research triangle” in 
North Caro lina. And so, prompted and inspired by the discussions with 
Oscar, I tried to think as carefully as I could about this issue of wild animal 
suffering for this blog. And as it turned out, the blog piece I wrote for the 
website at “the research triangle” in North Carolina was also picked up by 
The New York Times, which got it more circulation. But that is really the 
explanation. 

CF: In your New York Times paper The Meat Eaters you pointed out 
the need to take seriously not only the harm suffered by animals eaten by 
human beings, but also the harm suffered due to natural causes by animals 
living in the wild. Can you briefly explain your argument there?

JM: Really, it just seems to me very obvious that if we have moral 
reasons not to cause suffering to animals through our practices … Which 
is the basis of one of the arguments against meat-eating, particularly in 
cultures in which most of the meat that people eat comes from factory 
farms – namely, that the rearing of animals in conditions that are optimally 
economic from the point of view of the producers, the producers cause 
enormous suffering to the animals. And I think increasingly people rec-
ognize that factory farming is a highly morally problematic practice. Even 
most meat-eaters, if forced to confront the conditions in which the animals 
they eat are raised, will acknowledge that the suffering that those animals 
experience is of moral concern. Even if they continue to eat them. So, it 
is pretty widely accepted, then, that animal suffering matters, and that we 
have a reason not to cause it. But, if animal suffering matters and that is the 
basis of our reason not to cause animal suffering, then it seems that animal 
suffering that is caused not by us but by other conditions is also bad and 
there must, therefore, also be a reason why it should be prevented if at all 
possible. It just seems to me a quite clear inference.
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CF: While in your work on wild animal suffering you have focused 
on the question of predation, these animals suffer also from many other 
causes, such as disease, starvation, weather conditions, parasitism, etc. The 
idea that we should help animals suffering from these causes may be more 
acceptable to the public. Do you think this could be a reason to tackle 
them instead of the harder question of predation, or do you think that it is 
the task of philosophers to address less popular problems as well?

JM: I think to the extent that it would be more feasible to prevent large 
amounts of animal suffering through addressing problems such as disease 
and starvation, there would be fewer objections from people to that kind 
of intervention in the natural world. Though some people would think that 
even those kinds of interventions would be wrong because they would be 
intervening in what they think of as natural cycles that we have no busi-
ness intervening in. That seems to me to be a mistaken view if, on balance, 
an intervention would work to the benefit of the sentient beings in that 
particular area. So, yes, maybe it is a strategic or tactical mistake to focus 
on predation rather than disease, hunger – other causes of suffering for 
animals in the wild.

CF: Since the question of animal ethics started to be studied by moral 
philosophers and other academics in the 70s, the interest in this topic has 
grown and an increasing number of theorists have been working on this. 
However, this issue is still not taken seriously by most philosophers. In 
what way do you think this situation could change, and what could we do 
to bring about this change?

JM: I do not know of anything that can be done, really, except go on 
the way we are going now. I do think that, as more and more philosophers 
become aware of the powerful arguments for vegetarianism and as more 
and more philosophers become openly vegetarian, this will exert additional 
pressure on others to join and become vegetarians themselves. And it may 
well be the case that, before too terribly long, a majority of philosophers 
will be vegetarians, and that could be a very powerful statement, socially 
and politically. Or it might not be, it depends on whether people have 
much respect for the views of philosophers – which in a country like the 
United States is not much. That is, in the United States most philosophers, 
by far the vast majority of philosophers are atheists, but I think religious 
believers are not bothered by that fact at all. They just think philosophers 
do not have any common sense and do not have any particular wisdom. 
They are weird people who deal with esoteric and arcane problems and do 
not have any real sense of reality, and that kind of thing. Also true in poli-
tics – an overwhelming majority of philosophers in the United States are 
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very left-wing. That does not seem to trouble conservatives much, either. 
So maybe if most philosophers were vegetarians, it would not say much 
to many people, though. But I think it does help when philosophers teach 
classes on practical ethics in which they discuss the moral status of animals, 
which has been increasingly the case over the past few decades. Courses 
on the human treatment of animals are taught in all the major universities 
now and people are forced to think about this. And they are forced to think 
about this by philosophers, and that can only be good.

CF: What would you recommend to people trying to build their career 
in the academic world who want to make a difference in favor of animals 
living in the wild?

JM: Well, the obvious thing to say is: think about the problem, write 
PhD dissertations on it, publish articles on this issue. This is a very under-
discussed issue in philosophy as elsewhere. And I suppose that is one of 
the problems. The problem of the suffering of animals in the wild is one 
that has received just almost no discussion from anybody, and that makes it 
easier for people to ignore it. To the extent that it becomes a controversial 
issue, that in itself forces people to think about it and take it seriously. And 
it can eventually become a real issue in public discussion that people ca not 
just laugh off and say, you know: “nobody could possibly think that this is 
a problem”; “this is silly, this is trivial”; “we need to deal with problems 
about human beings first” … And so on and so far.
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That some animals need to prey on others in order to live is lamentable. While no one wants 
predators to die of starvation, a world in which no animal needed to prey on others would, in 
some meaningful sense, be a better world. Predation is lamentable for four primary reasons: 
(1) predation often inflicts pain on prey animals;  (2) it often frustrates prey animals’ desires; 
(3) anything other than lamentation—which would include relishing predation as well as 
being indifferent to it—is in tension with sensitivity to many other forms of hardship and 
suffering; and (4) lamenting is demanded by the virtues of compassion and gentleness. One 

can lament predation even while acknowledging respects in which predation is genuinely 
praiseworthy. One can esteem admirable traits developed through and displayed in predation 
without esteeming the mechanism through which they are developed or the activity in which 
they are displayed. In addition, appreciating the check on population that predation provides 

does not preclude lamenting predation. While holding these positions does involve (in some 

sense) opposing nature itself and failing to appreciate predators for exactly what they are, 
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tion without being logically committed thereby to preventing or disrupting it.
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I.  INTRODUCTION

 I recently witnessed the famous wildlife migration over the Serengeti plains in 
East Africa. Like most people with access to at least broadcast television, I had 
seen footage of predatory animals in places such as this pursuing, seizing upon, and 

ultimately killing and consuming their prey. However, it was not until witnessing 
it up close and in person that I fully understood what predation is capable of look-

ing and sounding like. Hans kruuk, one of the first scientists to study predatory 
animals of the Serengeti in a sustained fashion, provides perhaps as vivid a written 
account as one will encounter. In his still highly regarded writings, he describes 
four spotted hyenas who pursue an adult male wildebeest at speeds between forty 
and fifty kilometers per hour over a three kilometer distance:

 The hyenas tried to bite him in the hindquarters, sides, and especially the testicles, while 

he in turn struggled to horn his attackers. . . . All four [hyenas] bit him simultaneously 
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at the loins, testicles, and anal region of the wildebeest, paying little attention to his 

horns. The mobility of the victim was much impaired by the four pursuers hanging 

onto his hindquarters. Another two minutes later the wildebeest had a large gash in 

the right loin, the testicles had been bitten off, and he stood as if in a state of shock. 

Occasionally he made some frantic movements and was able to struggle free from the 

hyenas, but then some member of the pack would renew the attack. . . . Eight minutes 

after the wildebeest had stopped running he went down and the hyenas stood over him 

pulling out his insides. Another two minutes later, the wildebeest died.1

 The spotted hyena is, of course, only one of many carnivorous species encoun-

tered here. Others can be just as brutal. While hyenas “kill the victim by eating 
it,”2 lions “kill by slow strangulation, biting the throat of the prey: death is rapid 

for small prey but may take an hour for an adult wildebeest . . . while it struggles 

to escape.”3 Not all of the Serengeti’s predators are mammals—there are also 
crocodiles, cobras, puff adders, eagles, vultures, and many more. And the predators 

with representatives in the Serengeti comprise only a small fraction of the world’s 

predatory species. The sea contains many: barracudas, kraits, sharks, whales, etc. 

Indeed, most people have predatory creatures living right in their homes: spiders, 

aided by hanging webs, silky wraps, and sometimes venom, can be efficient killers. 
So too, for that matter, can common house cats.  

 I saw much on my trip that left with me a feeling of unadulterated joyfulness, 
but this feeling abandoned me when I witnessed acts of predation. I suppose it is 

possible for someone to witness such predation with total indifference—though 
this will as a matter of psychological fact probably be quite rare. Such observers 

may say simply that for many animals, the choice is between killing and starving 

to death. There is no getting around this and no reason to be particularly excited 

or concerned about it; this is the way it has always been, and indeed the way it 
will always be. On this kind of view, the fact of predation is regarded like the fact 

of gravitation. When objects are dropped, they fall—this is neither good nor bad, 
praiseworthy nor lamentable. And similarly, when certain animals are hungry, they 

kill other animals—again, it is neither good nor bad. Another possible response—
and this one seems to me to be much more common—is fascination, wonderment, 
enthusiasm, praise, and so on. Some people are thrilled to see a lion chase down 

a wildebeest. They will excitedly train their binoculars and cameras on the scene. 

While they (presumably) have nothing against wildebeests, they want to see the 

lion kill. Those who embrace this view would not feel differently—at least not 
substantially so—were the prey cuter and cuddlier than a wildebeest (which is, 
after all, in African legend purported to have been built out of “spare parts”). That 

life depends on death is (at least part of) what they admire in nature.
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  Neither of these responses was mine. Even where I personally felt perfectly safe, 

I was uneasy. I was filled with a kind of sorrow. The suffering and death I saw seemed 
to me in some meaningful respect lamentable—that is, unfortunate, regrettable, 
worthy of sadness, the kind of thing it would be better if the world did not involve. 

What can be said for such a response, and what against it? Can my lamentation 

be rationally defended as appropriate, or must it be viewed as nothing more than 

mawkish sentimentalism? How should we view the fact that some animals need to 

kill other animals in order to live? Can a world in which animals did not kill each 

other, and indeed did not need to do so in order to live, plausibly be called a better 

one? In this paper, I argue that lamentation can be a reasonable and healthy response 

to predation, and that is so even for someone who counts himself or herself as an 

environmentalist, as I do.  

  

II. SETTING THE STAGE

 The question of whether predation ought to be lamented will no doubt strike 

many people as odd. First, that something is lamentable is not a typical conclusion 

of an argument. This is true, though I think everyone will admit that attitudes—and 
lamentation is a kind of attitude—are the kinds of things that can be morally good 
or bad. Suppose someone doubted that, say, the existence of sexual trafficking was 
lamentable—that she or he was made joyful by, praised, preferred a world with, 
or was even merely indifferent toward, the phenomenon of sexual trafficking. It 
would be reasonable to argue that such a person’s outlook is inappropriate, repre-

senting a moral failing and constituting a mark of a morally deficient individual. 
If pressed, reasons could be provided explaining why this is something that ought 

to be lamented. 

 Second, the question is odd because what is being lamented is not a wrong 

committed by humans, but is rather a fundamental fact about the world—namely, 
that some animals need to, and do, kill and eat other animals. Again, this fact does 

indeed make my argument unusual; but it does not make it nonsensical. Predation 
is, in this respect, not especially different from natural disasters. Such disasters, 

like predation, do not involve a wrong committed by humans, and their existence 

is a fundamental fact about the world. Most people, I believe, lament the fact that 

tornados, tidal waves, hurricanes, earthquakes, and the like sometimes destroy 

people’s property and even people themselves. The lament, in this case, does not 

seem especially odd. For reasons I explain below, thoughtful people sometimes 

dig in their heels and say that predation is different—that it is not lamentable. I 
hope to show that these reasons are not compelling and that to lament predation is 

in fact entirely reasonable. 

 It may be claimed that the question can be seen as reasonable only by a nonreli-

gious person. Predation is part of the world God designed, and to lament predation 

is to view God’s design as flawed. However, God is flawless and no flawed design 
could come from a flawless designer. Therefore, according to this view, no devoutly 
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religious person can lament predation. I am not convinced by this objection. As noted 
above, many people lament natural disasters. This is as true of religious people as 

it of the non-religious. The existence of disasters of this sort typically trouble the 

religious. The same can be said about the existence of, say, childhood leukemia. 

Whereas religious people frequently turn to human “free will” in order to avoid 

having to attribute to God attribute many of the evils that surround us—corporate 
fraud, rape, genocide, etc.—natural disasters and diseases frequently resist this 
treatment. Now, there may well be a satisfactory account of why natural disasters 

and diseases exist in a world designed by a perfect being—I have no reason here to 
suggest that there is not. The important point here is simply that if there is such an 

account, it will presumably be possible to embrace it without having to celebrate, 

or even be indifferent to, natural disasters and diseases. We might even say that if 

a religion contains the notion of a perfect afterlife, the adherents surely believe that 

the afterlife will not contain ravaging natural disasters or diseases. My question, 

then, can be construed as a question of whether predation should be regarded in 

at least roughly the way we all—religious and nonreligious alike—regard natural 
disasters and diseases; and what I hope to establish is that it should.4

III. WHY PREDATION IS LAMENTABLE

 A disclaimer is appropriate here: as will become clear, explaining why preda-

tion is lamentable requires making contact with some of the most venerable and 

vexing topics in moral philosophy. This is part of what makes the issue—and, I 
would add, much of environmental philosophy—exciting; but it also must thus be 
understood that any article-sized treatment of predation will necessarily be unable 

fully to explore every nuance, consider every objection, and so on.  
 Now, I do not regard animals as moral agents and so do not believe the predator 

fails in some moral duty when it hunts and kills.5 I do, however, wish that no ani-

mals had to die in order for the predator to live. This wish is not based on a belief 

that death is always a misfortune. Death is not always a misfortune; it is not always 
lamentable. It is, for example, possible for a human to be reduced to a condition 

where it makes sense for him or her to prefer death to a continued existence. If death 

comes, it can, in such a case, be counted as a blessing. Similarly, if, say, a pet dog is 
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suffering from a tumor in its throat that makes swallowing, and increasingly even 

breathing, difficult, then euthanizing the dog is probably the appropriate response. 
The paradigmatic case of a non-lamentable human death is, roughly, one where 

a person, say, a woman, has lived a long, full life and is content that she accom-

plished the major goals she set for herself, but where she now lives—and indeed 
has for some time lived—in a seriously and irreversibly deteriorated condition that 
has kept her from truly enjoying herself; and where death, when it comes, finds her 
peacefully surrounded by her loved ones and takes her quickly and painlessly. Animals 

likely do not set “major goals” for themselves; and many do not live in families at all, 
let alone families they would prefer to be surrounded by at the time of death. So, 

the paradigmatic case of a non-lamentable animal death is meaningfully different 

from the paradigmatic case of a non-lamentable human death. Nonetheless, we can 

all imagine an animal that lives a good, full life and dies peacefully; and this death 
need not be lamented. If the animal being preyed upon is, in the important respects, 

like the tumor-ridden dog—that is, if it is in such a condition that benevolent people 
would favor euthanizing it for its own sake—then there may well be nothing to 
lament when this animal is killed by a predator, assuming the predator kills very 

quickly. However, the painful death of an animal in its prime at the jaws and paws 
of a predator is quite different in kind. In that latter case, there is something to 

lament.6  

 An extremely important challenge must be entertained at this point. One may 

ask, returning to my case of the non-lamentable human death, why my tendency to 

lament stops where it does. Why not lament the very fact that people get old, that the 

human body eventually breaks down and keeps people from enjoying themselves in 
all the ways they were able to when they were younger, and so on? If these things 

are lamentable, then the case I described above is in fact one where something is 

to be lamented. If that is true, then it looks like what I lament, ultimately, is not so 

much predation as it is death itself. In truth, I do not think that the fact that the body 

breaks down over time and renders continued existence unpleasant and unfulfilling 
would be an altogether absurd thing to lament. But we should be clear: lamenting 

this much does come very close to lamenting death itself, and lamenting death 

itself is considerably more extreme than simply lamenting predation. A world in 

which nothing dies is a dramatically different world from the one where things die 

but no sentient creature that would otherwise have a pleasant enough life ahead of 
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it is killed by predators. I can at least picture the latter. The former, on the other 

hand, stretches the limits of my imagination to a breaking point. Further, while I 

generally disfavor trying to wrestle too much out of semantic points, I will say that 

where literally nothing dies, I am not convinced that we can meaningfully say that 

anything lives. Finally, if I knew I would live forever, I suspect that my current 

commitments, projects, relationships, etc., would lose much—perhaps even all—of 
their value. Who can doubt, for example, that spending time with an aging parent 

feels more valuable in light of the knowledge that this parent will not always be 

around to spend time with? Such considerations all provide some reason for stop-

ping short of saying that death itself—always and in every case—is lamentable.
 What the foregoing has at least alluded to is that part of my lamentation of pre-

dation is based in that fact that predation frequently involves pain. I do not mean 

that my lament of predation reduces to regretting the fact that there is pain in the 

world. In fact, I neither regret that there is pain in the world nor regret that there 

has been pain in my life! I truly would not trade my life for a pain-free one. There 

are plenty of painful experiences I do wish I had not had; but not all of them are 
like this. Pain is not bad through-and-through when my hand is sitting on a hot 

burner, for it is precisely this pain that leads me to move my hand and thereby 

preserve its functionality. (Here, though, it should be noted that in such a situation 

we all wish that we could receive the signal that we must move our hand without 

this signal hurting so much.) Equally important is the fact that I genuinely reflect 
with fondness on, say, my heart-wrenching junior high breakup. That is a painful 
experience that I would not trade. (Here, though, it should be noted that it is much 

easier to look back and say a painful experience was not so bad than it is to look 

forward to some painful experience and welcome it.) Nothing in this, though, 

suggests that the pain an animal feels when others prey on it is to be celebrated, or 

even regarded with indifference. No doubt part of what we lament about a human 

getting cancer is that this will be painful for that person. I see no good reason for 

discounting the badness of pain just because it is experienced by a non-human; 
and so I regret predation (at least partly) for the reason—or one of the reasons—I 
lament the human getting cancer: it involves suffering, and I wish there were not so 

much of that. I recognize, of course, that the predator’s infliction of pain produces 
experiences of pleasure in the predator—not because the predator enjoys inflicting 
pain, but because the predator enjoys eating. So, my lament of predation should 
be understood, in part, as a lament of the fact that the pleasure of some animals 

depends on the suffering of others.7

 7 Again, even within just the realm of moral philosophy—to say nothing of philosophy of mind, 
metaphysics, and epistemology—there is a huge literature on pain. Because I am trying to keep things 
as intuitive as possible, because my view is not heavily indebted to any other, and because randomly 

citing a few influential texts feels both fruitless (like trying to illuminate the night sky with a few 
candles) and unnecessary (since readers are likely to know the importance of works by Bentham, Mill, 

Sidgwick, Singer, Frey, Ryder, etc.), I will not cite particular sources. 
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 It may be asked at this point why I lament predation rather than the fact that prey 

are constituted so as to feel pain. First, again note that lamenting that animals are 

constituted so as to be able to feel pain involves taking issue with much more than 

does lamenting predation, i.e., lamenting the fact that some animals must inflict 
suffering on others in order to live. Second, I am not sure that the prey’s experience 

of pain can be considered as so separate from the predation that one can lament 

the former without lamenting the latter. (I will return to this issue—what is part-
and-parcel of predation and what is conceptually separable from it—at the end of 
section four.) Most importantly, though, I would regret predation even if animals 

did not feel pain, because part of what is lamentable about predation is not only 

that (many) animals desire to avoid pain, but that they have many desires the sat-

isfaction of which is made impossible by death.8 The satisfaction or frustration of 

desires is morally relevant. In fact, if someone genuinely desired to experience pain, 

I may well not be wrong to inflict pain on her/him. I must be careful here, though. 
Admittedly, some desires are such that their being frustrated is not to be lamented. 

Those are desires that are: (1) ill-informed, e.g., the desire to cross a bridge when 
one has no idea that the bridge is about to collapse; and/or (2) irrational, by which 
I simply mean inconsistent with one’s other desires, e.g., the desire to eat greasy 

fast food on a daily basis at the same time that one desires to live a long and healthy 

life; and/or (3) unstable, e.g., a desire to kill that driver who just cut you off in 
traffic that arises suddenly but then fades very quickly. This is all undoubtedly very 
complicated, and fully unpacking this view would take a paper—probably even a 
book—of its own; but the preceding helps clarify why it is that desire-frustration 
is not always bad. Animals’ desires do not generally present us with these same 

kinds of complications; in any case, many of the desires that death would frustrate 
will not involve such complications. Again, at least part of what we lament about 

a human getting cancer is that the cancer poses a threat to this person’s ability to 

satisfy her (informed, rational, stable) desires. Similarly, we have reason to lament 

that which frustrates animals’ desires, as predation does.  

 Two objections should be entertained here. First, one may suggest—in a manner 
akin to thoughtful objections pressed above—that what I should regret is the very 
fact that animals have desires at all. This objection is a non-starter. I think every 
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 8 There is a question as to whether the desire to live is among these desires. According to some, having 

such a desire requires both a concept of oneself and of death, i.e., of existence and non-existence, which 

(at least many) nonhuman animals lack. I agree that many nonhuman animals probably lack a deep 

understanding of what death is, but I do not think this precludes attributing to many animals a desire 

to live. Animals, and young humans for that matter, also lack a deep understanding of what pain is; but 
no reasonable person would say that animals and young humans therefore are incapable of desiring to 

avoid pain. Roughly, (certain) animals have desires that motivate them to do certain things and refrain 

from doing certain other things in order to continue living, and it seems natural to call these desires to 

live. However, for the purposes of this paper I do not insist on any of this, and instead talk generally 

about the many other desires that animals plainly do have and that are frustrated by death. Thanks to 

Paul Moriarty for pushing me to be clearer about this point.
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serious person will concede that the fact that death frustrates many desires is part 

of why death, generally, is lamentable, and will do so without feeling any pres-

sure to lament the very existence of these desires. A life without any desires would 

hardly be a life worth living. Second, one may observe that plants “endeavor,” they 

“strive,” to live, and then ask why I feel no compulsion to lament the eating of 

plants. This objection goes to the heart of a longstanding debate in environmental 
ethics, and I am afraid I have nothing brand new to add. In short, plants’ “striving” 

seems to be morally different from humans’ and animals’ desiring. I search my 

conscience and get no indication of what claim plants’ striving makes on me (or 

on any human). That plants strive to live means essentially just that they expend 
energy to live, and that they do so tells me nothing about whether I should, e.g., 

rip up the weed growing in the crack in my driveway. What claim animals’ desires 

make is much more apparent. At the very least, my expectation that others will not 

contravene my (informed, rational, and stable) fundamental desires does not require 

me, on pain of consistency, to lament that which is contrary to plant strivings.9 It 

would be disingenuous to say the same thing in respect to animal desires. I must 

concede, however, that not all animals clearly have desires. It is, for example, far 

from obvious that a fly has desires. The fly endeavors to stay alive, but its doing so 
is perhaps on a par with the plant’s striving; and so it is not clear that such a desire 
could be successfully appealed to in order to show that the spider’s preying on the 

fly is lamentable. Indeed, it is partly on account of this, and also partly on account 
of the fact that there is no overwhelmingly good reason to believe that flies feel 
pain, that I do not particularly lament the spider’s preying on the fly.
 There are two more reasons why I am disposed to lament predation. One is be-

cause it is unlikely (though perhaps not a logical impossibility) that anyone who 

so admires one animal killing another would be sensitive to all the other hardships 

around one—those plaguing family and friends, co-workers, children, the gener-
ally downtrodden both inside and outside one’s country’s borders, and so on—to 
which we think a decent person should be attuned. I would be greatly surprised 

if the mechanisms—psychological faculties, lines of reasoning, and so on—that 
allow someone to disregard suffering any time it is experienced by members of 

other species (including in cases where the suffering is caused by other animals, 

not by humans) did not also kick in to diminish this person’s concern for suffering 

in other humans, at least where this suffering was not being experienced by one’s 

immediate family or group of friends. Admittedly, though, it is more difficult to 

 9 For more on this point, I especially recommend Joel Feinberg, “The Rights of Animals and Future 

Generations,” in Philosophy and Environmental Crisis, ed. William Blackstone (Athens: University of 

Georgia Press, 1974). I agree with much that Feinberg says, though we part ways when he denies that 
plants have interests of their own. According to Feinberg, when we say that a plant “flourishes,” what we 
mean is that the plant is doing well relative to humans’ interests. I disagree, for reasons given in Robin 

Attfield, “The Good of Trees,” Journal of Value Inquiry 15 (1981): 35–54. There can be no doubt that 
the weed that sprouts up and grows big in my garden is flourishing, though its growth there does not 
seem to be promoting any human’s interests. However, as I have said, it is far from obvious that this 

flourishing entails that I may not uproot that weed or that when it is pulled, its death is lamentable.
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identify with some animals than others. For whatever reason, it is easier to identify 

with a deer than a field mouse, so it is not terribly difficult to imagine that someone 
could be a deeply compassionate humanitarian but relatively unfazed by the mouse’s 

death at the beak and talons of the hawk. But surely this humanitarian would not 

celebrate the hawk’s predatory act, and would not even be merely indifferent if the 

preyed-upon animal were one of the many animals with whom the average person 

rather easily identifies.   
 This kind of view echoes Kant’s famous—and famously implausible—claim 
that the reason a person should not be cruel to animals is because such cruelty 

“damages in himself that humanity it is his duty to show toward mankind. If he is 

not to stifle his human feelings, he must practice kindness toward animals, for he 
who is hard in his treatment of animals becomes hard also in his treatment of men.”10 

“Tender feelings toward dumb animals,” Kant says, “develop humane feelings toward 

mankind.”11 Despite the audible echo, the view I am advancing is different from 

Kant’s in several respects. First, Kant is talking about why one ought not to treat 

animals in certain ways, while I am talking about how one ought to feel about one 

particular way that animals sometimes treat one another. Second, whereas Kant 

clearly claims a causal connection, I do not. Rather, my point is simply that savor-

ing, relishing, praising, etc. predation is inconsistent with a patently praiseworthy 

sensitivity to suffering all around one. Third, while the reason Kant pointed to was 

what he took to be the sole reason to be kind to animals, I do not think this reason 

for lamenting predation is the only one—I have already mentioned others, and will 
now discuss one more.  

 Finally, irrespective of one’s tendency to be sensitive to the needs and suffering 

of those around one, I also lament predation because to do otherwise seems incom-

patible with a compassionate and genuinely gentle disposition. No virtue’s status 

as a virtue is altogether uncontested. Nevertheless, that compassion is generally 

praiseworthy is extremely difficult to deny. So, too, is the idea that a genuinely 
compassionate person will sympathize with, e.g., the wildebeest that is literally 

being eaten alive, and through this lament the fact that some animals need to kill 

and eat others in order to live. More interesting, perhaps, is the notion of gentle-

ness. In humans, I count gentleness as a virtue—one of the most under-esteemed 
virtues, at that. Buddhist monks in Burma who stand defiantly but non-violently in 
the face of oppression by a military junta are truly praiseworthy. How much bet-
ter the world would be if more people were so gentle. In certain limited contexts, 

such as particular kinds of sporting events, I do not mind some roughness and 

aggressiveness, but even here it is not the roughness, in itself, that I esteem, but 

rather the skill, speed, finesse, determination, etc., demanded and demonstrated. 
In any event, the claim here of incompatibility with compassion and gentleness is 

 10 Immanuel Kant, Lectures on Ethics, trans.Louis Infield (New York: Harper Torchbooks, 1963), 
p. 240.
 11 Ibid.
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again not a causal claim—it is not the claim that one who relishes predation will 
(tend to) be caused to be less compassionate or gentle; and it is, I believe, more 
plausible than that causal claim would be. And to be clear: the claim is not that the 

compassion and gentleness are virtues for non-human animals. Just as I denied that 

the predator fails in some moral duty when it hunts and kills, so too do I deny that 

the predator is morally deficient on account of lacking the virtues of compassion 
or gentleness. Only moral agents can be said to be virtuous or vicious. Rather, my 

suggestion is that compassion and gentleness are virtues for humans, and ones that 

demand from their possessors a particular attitude toward predation, namely one 

of lamentation.  

IV. RESPECTS IN WHICH PREDATION IS PRAISEWORTHY

 Even though I lament predation, I would never claim that there is nothing praise-

worthy about it. First, there is a meaningful sense in which the predator provides 

a service to the prey—not, of course, to the individual animals who are killed, but 
to the species of which these individual animals are a part. If, for example, the 

wildebeest that the lion kills is among the least strong, swift, clever, etc., and the 

lion kills it before it has had an opportunity to reproduce, then this weak disposition/

constitution is not propagated through the gene pool. As a result, future wildebeests 

will be stronger, swifter, more clever, and so on, than ever before. Now, it is fair 

to ask why, if it were not for the fact that there are dangerous predators lurking, 

it would be unfortunate that less fit individuals were reproducing. In other words, 
what reason would there be, in a world without predation, for wanting wildebeests 

to be as strong, swift, and clever as possible? I suppose that one answer is that the 

fitness that is nurtured by the predator is a general kind of fitness that may make 
individuals better able to survive many kinds of threats to survival—since surely 
not all such threats come from predators. Another answer is that we admire these 

traits for their own sake, not merely insofar as they enable those animals who 

possess them to survive (predators or the aforementioned other threats). Speed, 

strength, craftiness, and so on are fascinating and admirable traits, and they would 

be so even if there were no predators; but if there were no predators, these traits 
would not be refined again and again as they are now. In fact, this refining process  
benefits not only the preyed-upon species, but also the predatory ones. Thus, the 
charge against me is that if I esteem those traits of the predator and/or prey that 

are developed or honed through predation, I must esteem the mechanism through 

which it has come to be this way. 

 As it turns out, the charge is false. Consider the case of a woman who is gripped by 

addiction and endures terrible hardship on account of it. After years of committing 

crimes (including theft and prostitution) in the service of her addiction, spending 

some time in jail, bouncing between jobs, alienating her friends, and so on, the 
woman makes a remarkable turnaround. In fact, in virtue of her experiences, she 

is (or at least I take her to be) a better (wiser, stronger, more circumspect) person 
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than she would have been had she not endured the aforementioned hardships. Still, 

when I care about this person, it is not crazy for me to appreciate deeply the person 

she became through those hardships and at the same time lament the fact that she 

had to experience them. I can reasonably think: I wish she had been able to become 

precisely who she is without enduring those hardships. No one would ever claim 

that if I esteem the traits that this person developed through her hardships, then I 

must esteem drug addiction.  

 Perhaps the drug addiction example suffices to refute the claim that predation 
must be esteemed if one is to esteem those traits that are developed through preda-

tion. But, it will be claimed, these admirable traits are also displayed in predation, 

and this is different from the drug addiction case I imagined. The character traits 

developed through drug addiction—wisdom, strength, circumspection—are (in 
my imagined case) not manifest until years down the line; they are not displayed 

in the act of taking the drugs. The point is well taken. So let us develop another 

example. I lament bank robberies, although I esteem (some of) the very traits that 

are displayed in bank robbing, including—at least sometimes—courage, ingenuity, 
adaptivity to quickly changing circumstances, and so on. (Although this example 

shows that my opponent’s rejoinder is not ultimately a successful one, it does point 
to one important conceptual question that I mentioned in section three and address 

more fully below, and that is: what is part-and-parcel of predation, and what is 

separable from it?)      

 The claims that admirable traits are developed through predation and that admi-

rable traits are displayed in predation are not the only reasons why one might think 

predation worthy of esteem. A related virtue of predation is that it keeps under control 

the population of the preyed-upon species. That predatory species occupy certain 

niches within an ecosystem contributes to—may even be called constitutive of—the 
health of the ecosystem. It is well understood, for example, that the overpopula-

tion of deer—especially white-tailed deer—plaguing much of the United States is 
in large part a result of the absence of predators, which includes coyotes, wolves, 

bobcats, cougars, lynxes, and bears. The populations of these predatory animals 

were diminished significantly by human beings. In their overpopulated state, deer 
voraciously eat many saplings, which can thus stunt forest growth, or, given deer’s 

predilection for certain types of saplings (sugar maple, pin cherry, and black and 

yellow birch, for example) and not others, at least change forest composition. Deer 

destroy native vegetation, which in turn allows non-native (invasive) species of plants 

to insinuate themselves and further undermine the health of ecosystems.12 When 

overpopulated, competition among deer for food and space becomes fiercer, which 
means deer are also more likely to encounter suffering and death due to starvation 

and disease (such as epizootic hemorrhagic disease), more likely to transmit Lyme 

disease to humans, and more likely to be involved in automobile accidents. All of 

 12 Let us be slightly cautious here, though, as ecosystem health is often understood in suspect an-

thropocentric terms.
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these problems, my critics will note, serve as reasons to praise predation. Again it 

will be said that if I value the effect, I must value the cause—a variant on the old 
maxim that one who wills the end must will the means.13     

 Again, however, it can be plainly illustrated that the criticism is overstated. Many 

people worry that the human species is overpopulated; and even those who do not 
will concede that there is a conceivable human population that counts as too large. 

Factors that help check the human population include, of course, the voluntary 

decision by many to use birth control; but they also include disease and famine. 
The effect of disease and famine, namely, that the human population is not even 

larger than it is already, is a valued one. Such a benefit does not, though, keep all 
of us from lamenting the fact that the world is filled with starving and disease-
infected people. When we lament famine and disease, we can appreciate the check 

on population they provide but wish that this check were not needed or could be 

made by other means. Similarly, when we lament predation, we can appreciate the 

role it plays in checking populations and maintaining ecosystem health but wish 

that this could come about through other means. 

 At this point, some may charge that I am stripping away everything that is good 

about predation and then asking: “What is so good about predation?” I am, according 

to this worry, treating everything good about predation as separable from predation 

but insisting that everything negative—especially pain and death—associated with 
predation is intrinsically part of it. The suspicion is not a crazy one, but the charge 

ultimately misses the mark. What is part-and-parcel of some concept, phenom-

enon, activity, etc. and what can be thought of as separable from it is, in general, 

difficult to determine. But let us look back at the preceding examples. They show 
that we consider any good traits that develop, somehow, through drug addiction 

to be separate from—at least to be capable of evaluation separate from—the drug 
addiction; that we consider the traits that are displayed in bank robbing to be 
(capable of evaluation) separate from the bank robbing; and that we consider the 
check on overpopulation to be (capable of evaluation) separate from the diseases 

and famines. At the same time, we believe that drug addiction cannot be evaluated 

separate from the damage it does to the addict’s body and mind; that bank rob-

bing cannot be evaluated separate from the danger it imposes upon bank patrons/

employees and the harm it does to the financial institution; and that diseases and 
natural disasters cannot be evaluated separate from the pain and death they cause. 

These points all seem to me undeniable. Unless one is willing, incredibly, to deny 

them, or can produce reasons why predation is different, then the tack I have taken 

 13 In “Valuing Predation in Rolston’s Environmental Ethics: Bambi Lovers versus Tree Huggers,” 

Environmental Ethics 16 (1994): 14, Ned Hettinger uses language along these lines. He approvingly 
cites Holmes Rolston, III,  Environmental Ethics: Duties to and Values in the Natural World (Phila-

delphia: Temple University Press, 1988), who, according to Hettinger, “argues [that] when the process 
that produces a product is essential to the understanding of what that product is, one cannot consistently 

affirm the value of the product while denying the value of the process that created it. One might as well 
try to value the culture of Native American plains tribes while rejecting their tradition of killing buffalo 
for food, clothing, and shelter.”
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vis-à-vis predation is a legitimate one. No one would ever say of one who laments 

drug addiction, famine, or disease that the lament is only plausible once all these 

other things are illegitimately stripped away; and one should not say such a thing 
about my lament on predation.14

V. PREDATION AND ENVIRONMENTALISM

 There is another tack that is taken to impugn those who lament predation. In his 

powerful book Dominion, Matthew Scully—a bona fide conservative, for what 

it is worth—calls predation an “intrinsic evil in nature’s design” and “among the 
hardest of things to fathom.”15 Michael Pollan, responding directly to this quote, 

incredulously counters by saying: 

 14 I am grateful to Ned Hettinger, who rightly pushed me to think harder about this issue.

 15 Matthew Scully, Dominion: The Power of Man, the Suffering of Animals, and the Call to Mercy 

(New York: St. Martin’s Press, 2002), p. 318.
 16 Michael Pollan, The Omnivore’s Dilemma (New York: Penguin Press, 2006), p. 321.
 17 Hettinger, “Valuing Predation in Rolston’s Environmental Ethics,” p. 17.
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Really? . . . A deep current of Puritanism runs through the writings of the animal 

philosophers, an abiding discomfort not just with our animality, but with the animals’ 
animality, too. [The animal philosophers] would like nothing better than to airlift us 

out from nature’s “intrinsic evil”—and then take the animals with us. You begin to 
wonder if their quarrel isn’t with nature itself.16

Ned Hettinger says something similar: “When animal activists oppose predation, 

they are opposing nature.”17  

 One strategy for replying to these charges is to deny them, to maintain that lamenting 

predation is not quarreling with or opposing nature. This is not my strategy. It seems 

to me that Pollan is right in thinking that those who lament predation have a quarrel 

with nature itself, and that Hettinger is correct in thinking that opposing predation 

is (at least in a sense) opposing nature. My strategy is instead a deflationary one—
that is to argue that there is nothing wrong with quarreling with or opposing nature 

itself. As Mill made clear more than a century and a half ago, nature is a vexed, 

ambiguous concept. But there is an intuitive sense of the word—and, importantly, 
it seems to be the same sense that Pollan and Hettinger have in mind—according 
to which we all regularly oppose nature. When we put screens on our windows to 

keep the bugs out, we oppose nature. But so what? Putting up screens so as to avoid 

needless bites is a perfectly reasonable thing to do. All of us who do not like being 

on the receiving end of an insect’s bite can be counted as having a kind of quar-

rel with nature itself, but nature is in this respect at least annoying, and given the 

threat of malaria, West Nile virus, Lyme disease, etc., dangerous even. We oppose 

nature when we prune back shrubs in our yards. We quarrel with nature when we 

put on water-resistant boots before going out in the rain. We do this kind of thing 

in countless ways; but it is not in itself morally wrong.     
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 One might press the general objection by saying that anyone who laments preda-

tion does not “value [predators] for what they are.”18 It is true that one who laments 

predation does not value predators for all of what they are; but one might still value 
them for much of what they are. Just as one can be a terrific parent without valuing 
every one of one’s child’s attributes—I might reasonably wish that my child were 
different in any of a number of significant respects: a more serious student, or more 
sociable, or not possessed of such a sickly constitution, or did not have that huge, 

hairy wart on the end of his nose—so too can one be an enthusiastic admirer of 
(say) lions without valuing every one of their attributes. In respect to lions, I count 

myself as an admirer of precisely this sort.  Having seen lions up close in their native 

habitat, I say without hesitation that they are amazing creatures. I certainly do not 

lament their existence; but I do lament that they are carnivorously constituted.
 A related charge is that to find predation lamentable is necessarily anti-environ-

mentalist. I am not especially interested in getting involved in an entirely semantic 

debate. It would be a shame to allow the substantive question of what to think 

about predation devolve into a question about how to define environmentalism. I 
do appreciate the need to use language clearly, to get straight on terminology, but 

doing so can be taken too far. I will simply say that I see no reason to insist that 

a “genuine” environmentalist will admire predation. There is no logical impos-

sibility involved in both (on the one hand) loving to hike and camp, encouraging 

the preservation of undeveloped spaces, being wary of persistent bioaccumulative 

toxins, wanting to use resources lightly, finding a hobby in the identification of 
plants (insects, birds, etc.), being fascinated by biodiversity, etc., and (on the other 

hand) lamenting predation. Yet doing all of the former, even where one does not do 

the latter, is surely sufficient to count as an environmentalist. In all respects, this is 
how I think of myself. It is for essentially these reasons that I believe Hettinger is 

mistaken when he maintains that the view that “a world without predation would 

be a better world, other things being equal . . . is one that no true lover of the wild 

can support.”19 Again, the point is that there is much about “the wild” that one can 

love, even if one does not love it all.

VI. IMPLICATIONS FOR HUMAN BEHAVIOR

 My final task in this paper is to explore what implications, if any, my view regard-

ing the lamentableness of predation has for human behavior. To be sure, getting 

into a position where I can make certain inferences to human behavior—where I 
can say, “Humans therefore must do this, or must not do that”—is not guiding my 

 18 This quote comes from Holmes Rolston, III, “Environmental Ethics: Values and Duties in the 

Natural World,” in F. H. Bormann and S. R. Kellert, eds., Ecology, Economics, Ethics: The Broken 

Circle (New Haven: Yale Univeristy Press, 1991), p. 76. Note, however, that Rolston actually directs 
the charge at those who treat “sheep and cougars as the equals of humans,” which is obviously not what 

I have done—certainly not what I have intended to do—in this paper.
 19 Hettinger, “Valuing Predation in Rolston’s Environmental Ethics,” p. 15.
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general appraisal of predation. Nonetheless, considering implications is impor-

tant. At least one putative implication is typically treated as a kind of reductio ad 

absurdum of my view. Specifically, it is sometimes said that it is absurd to lament 
predation because doing so requires committing oneself to intervening wherever 

possible to prevent one animal from preying on another—something we patently 
are not committed to doing, and indeed should not do. I agree that if my argument 

has the implication that we should always, or even regularly, intervene in predation, 

then it is an unsound argument. But I do not believe it has this implication.  

 The first and most obvious reason why lamenting predation does not entail inter-
fering so as to prevent or disrupt it is that interfering is costly, in multiple senses. 

The first sense is the most literal: “policing nature,” as some have called it, is 
resource intensive. Such efforts require a great deal of time, energy, and money to 

fund.20 Interfering in predation is also costly in the sense that it is very difficult to 
do so without causing significant negative consequences somewhere: the predator 
itself is killed by the policing humans, or dies of starvation, or the prey species 

becomes overpopulated (resulting in further negative consequences, such as those 

I discussed in section four in connection with white-tailed deer), etc. These costs 

function as reasons for those who lament predation to refrain from interfering in it. 

 The reasons provided by the appeal to costs are not trivial, but they are also not 

thoroughly conclusive—as Tyler Cowen, for one, has demonstrated. In respect to 
monetary cost, Cowen asks us to “consider tigers,” the hunting of which, he says, 

“involves zero net cost to humans and in fact involves significant net benefits to 
humans, given that tiger products can be sold for profit. . . . Every time [hunters] 
kill a tiger, they stop that tiger from pursuing a life of violent aggression against 

other animals, many of which . . . are relatively intelligent animals.”21 At the least, 

he adds, we could “limit or eliminate” those programs that, “at real financial cost” 
to humans, help carnivores live and breed.22 In respect to the other negative con-

sequences of interfering in predation, Cowen says that such considerations

 20 I am certainly not the first to have made this point. See, e.g., Steve F. Sapontzis, Morals, Reason, 

and Animals (Philadelphia: Temple University Press, 1987).
 21 Tyler Cowen, “Policing Nature,” Environmental Ethics 25 (2003): 173.
 22 Ibid, p. 174.
 23 Ibid, p. 179.
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. . . at most, [militate] against some forms of policing nature.  But in many cases, 

the most obvious, low-cost means of nature policing does not seem to involve any 

significant probability of ecological catastrophe.  Shooting one tiger or reintroducing 
one less wolf into a national park is unlikely to noticeably affect the environment.  So 

considerations of ecological catastrophe may curtail the amount of policing we wish 

to do, but they do not remove the issue from the agenda.23 

 I could quibble with Cowen’s argument, but it cannot on the whole be dismissed 

as crazy. Nonetheless, it does not make real trouble for my view. What Cowen 

shows, at best, is that there will be occasions in which the costs of interfering in 
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predation are not high. However, I did not insist that appeals to costs would suffice 
to show that we should never interfere in predation. Although Cowen is right that 

the costs of interfering in predation are not always high, the appeal to costs should 

still be regarded as justifying a general reluctance to interfere in predation; and 
indeed it still provides—in many cases—sufficient reason for actually refraining 
from so interfering. This is all I need an appeal to cost to do, partly because I am 

not committed to saying that we should never, ever interfere in predation—only 
that I would be upset if my lament of predation entailed that we should always, or 

even regularly, do so. But it is also partly because an appeal to costs is only one of 

the two reasons I have for believing that lamenting predation does not entail that 

predation should be disrupted.   

 The appeal to costs provides a kind of contingent reason why lamenting pre-

dation does not require supporting interference with predation. The second, and 

frankly more important, reason is more principled. It has to do with the logical 

relationship—or the lack thereof—between lamenting something and intervening 
so as to prevent or disrupt that thing. Consider, for example, that I might believe 

that the person to whom my adult child has gotten engaged is not good for him 

and in turn privately lament his decision; and yet I might refrain from intervening 
to (attempt to) end the engagement. In this case, though I love him and want him 

to be well off, I respect his autonomy and so do not interfere. This does not mean 

that I could never be so concerned about this relationship as to intervene. But my 

concerns would have to be extremely grave. So it is—at least roughly—in the 
case of my lamenting predation. The mere fact of my regret does not entail that I 

must intervene.  Just as my respect for my son’s autonomy suffices to keep me out 
of “his business,” so too might something like my respect for nature’s autonomy 

create a strong and legitimate reluctance in me to meddle in “nature’s affairs”—or, 
if that is too vague a notion, in any individual predator’s affairs. Again, the reason 

I have for not interfering with predation—at least whatever instances of preda-

tion I am physically able to interfere with—is not an indefeasible one. It could be 
overridden if (say) a wolf were attacking my family’s puppy; but this case would 
be an exceptional one and in most cases I would refrain from intervening. In any 

case, the central point is that my regret that predation exists does not obligate me 

to intervene so as to prevent it.24

 It is also worth considering what implications my argument for the lamentable-

ness of predation—by which I have meant the killing and eating of one non-human 
animal by another—has for humans’ dietary decisions. Must one who laments 

 24 For an elaborate argument against the view that regarding predation as in some meaningful sense 

bad requires, on pain of consistency, committing oneself to intervening so as to prevent predatory 

animals from killing, see Jennifer Everett, “Environmental Ethics, Animal Welfarism, and the Problem 

of Predation: A Bambi Lover’s Respect for Nature,” Ethics and the Environment 6 (2001): 42–67. I 
neither endorse nor oppose Everett’s argument. Rather, I simply say that the argument I have given 

seems to do a good bit of the work her argument sets out to do, and does so in a much simpler way.
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predation believe, on pain of consistency, that humans may not permissibly eat 

meat? An argument given by Paul Moriarty and Mark Woods could be construed 

as having the effect of entailing a no answer to this question—in spite of Moriarty 
and Woods not (I suspect) intending this effect.25 They have no problem at all with 

animal predation, since they claim to “recognize intrinsic value in natural processes 

qua natural processes”26 and take animal predation to be a natural process. They are 

concerned with hunting, however, and believe they can criticize it without lament-

ing animal predation. They do so not quite by arguing that hunting is not predation; 
in spite of the title of their piece—to wit, “Hunting ≠ Predation”—they recognize 
that predation simply involves one organism feeding off another and so concede 

that hunting (at least where it is for food, not merely for sport or trophy) is in a 

strict sense predation. Rather, at the end of their paper, they say—again favoring 
the use of a symbol—that “hunting ≠ natural predation.”27 While apparently not 

strict nature/culture dualists, Moriarty and Woods do distinguish “natural” from 

“cultural”; and they believe doing so allows them to value animal predation without 
approving of hunting. If they are right that human predation and natural predation 

are different, and right that approving of natural predation therefore does not entail 

approving of human meat eating,28 then perhaps they would say also that lamenting 

animal predation has no implications for human meat eating.

 I actually doubt that the claim that human eating of animal meat is not natural 

predation can be made good.  As I discussed earlier, “nature” and “natural” are such 

tricky notions. Even Moriarty and Woods themselves concede that “it is difficult to 
say precisely what the term natural means.”29  Although elements of the story they 

tell of the deer hunter do seem in some intuitive sense unnatural, it is not clear to 

me that hunting—and human meat-eating, more generally—could never count as 
natural predation. However, even if human meat eating is not “natural” predation, 

it is not clear that what I have said about predation throughout the paper does not 

have implications for human meat-eating. In other words, if we stop focusing on 

labels and start focusing on the substance behind them, it will be surprising if a 

view holding that the fact that some animals must kill and eat other in order to live 

is lamentable has no implications for humans’ killing and eating animals. 

 It seems to me that if one laments the fact that some animals need to kill and eat 

others in order to live, then, in respect to humans’ diet, one is at least committed 

to the view that a world in which humans were not even attracted to eating meat, 

or a world in which non-meat foods were more enticing to our palette than meat 

AN ENVIRONMENTALIST’S LAMENT ON PREDATION

 25 Paul Veatch Moriarty and Mark Woods, “Hunting ≠ Predation,” Environmental Ethics 18 (1997): 
391–404.
 26 Ibid, p. 394.
 27 Ibid, p. 404 (emphasis added).
 28 Just to be 100 percent clear, I mean the eating of the meat of nonhuman animals by humans, not 
the eating of human meat by humans or nonhuman animals.

 29 Moriarty and Woods, “Hunting ≠ Predation,” p. 395.
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is, would be superior to one in which humans are so attracted, ceteris paribus. I 

think it would be disingenuous, however, for someone to endorse all of this but say 

that because so many people are in fact attracted to eating meat, there is nothing 

lamentable about people killing and eating animals. The reasons I articulated above 

regarding why predation of one (nonhuman) animal by another is lamentable will, if 

they are taken seriously, also count as reasons why human meat eating is lamentable. 

They will, in other words, count as reasons for thinking that among humans—at 
least humans who have access to a healthy meat-free diet—vegetarianism is the 
ideal. If there is an exception, it will only be a case where the animal has lived 

a life that counts for such an animal as a full one, where the death is reasonably 

painless, where it is brought about in a way that is not in tension with a kind of 

dispositional sensitivity to the needs and suffering of other humans, and, somehow, 

where killing the animal is an act of compassion and gentleness. Again, though, I 

want to reiterate, my motivation in making the case that predation, in general, is 

lamentable was not to get into a position to criticize human meat eating. 

VII. CONCLUSION

 My thoughts now return squarely to the predators of the Serengeti. Many of them 

are gorgeous, majestic, impressive creatures. I am sure that some readers will take 
what I have said to demean these animals. This was certainly not my intention; 
and I do not think my argument genuinely has this effect. I respect all creatures—
predators and prey alike. I admire much about predators, and do not believe that 

we should disrupt their attempts to feed themselves and their families. But when 

they kill other animals, I feel a kind of sadness; and henceforth, when it happens, 
I will embrace the feeling. I will wish things operated differently. I will wish that 

they were—like so many of the planet’s remarkable kinds of animals, including the 
hippopotamus, elephant, giraffe, rhinoceros, zebra, gazelle, antelope, deer, rabbit, 

and many others—herbivores. And I certainly will not regard my sense of regret 
as in any way a threat to my credentials as an environmentalist.
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Born to be Wild? On “Wildness”

Objections to Preventing Wild Animal Suffering

Jack Walker

C
onversations in animal ethics have largely focused on those areas 

closest to human intervention into animal lives. The ethics of 

vegetarianism, animal testing, and keeping pets all centre on whether 

the ways we treat animals are morally justifiable. Mostly, philosophers have 

discussed the negative duties owed to animals—whether there is a require-

ment to refrain from eating them, for example. More recently, philosophers 

have also begun to ask questions about the positive duties we owe to wild 

animals whose suffering is not anthropogenic. Despite the massive scale of 

suffering that does exist, Wild Animal Suffering (WAS) is seen by most as 

an issue beyond human concern. However, we have good reason to think 

that we have strong duties to limit WAS through beneficence.1

On the face of it, this is a radical and counterintuitive conclusion. 

Philosophers have offered many arguments against it, ranging from practical 

1 Johannsen, Kyle, Wild Animal Ethics: The moral and political problem of wild animal suffering, 

Routledge, 2021
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concerns,2 to principled moral objections.3 In my view, many of the moral 

objections against intervention stem from an intuition that intervention 

is wrong because it is unnatural. To be clear, this is not just a fallacious 

appeal to nature, and instead contains sophisticated arguments worthy of 

consideration. In this essay, I do not take a stance on whether we have a 

moral duty to intervene. Instead I aim for the more limited conclusion that 

objections from the value of wildness fail to show we do not have such a 

duty. This is because of a dilemma concerning whether the value of wild 

nature is to be understood as lexically prior (or morally prior even in the 

face of conflicting moral concerns) to the value of preventing WAS.

In (I) I set out a typical pro-intervention argument and speculate 

as to why we find its conclusion so unappealing. In (II) I respond to an 

argument from Tom Regan that intervention is unnecessary because 

animals lack moral agency, concluding that natural states of affairs can 

still be morally relevant.4 In (III) I set out a more sophisticated objection 

based on the intrinsic value of wildness, showing how this view can be 

defended from the counterargument that wildness is illusory. Finally, in 

(IV) I set out the aforementioned lexical priority dilemma, arguing that 

this poses a severe problem for those opposing intervention on wildness 

grounds. Specifically, I argue that when faced with the question of whether 

the value of wildness is lexically prior to the moral importance of WAS, 

those who oppose intervention on wildness grounds can’t easily accept 

either option. This is significant because it threatens the core of many of 

the moral arguments used to oppose intervention.

(I) An Argument for Intervention

Many arguments defending a duty to limit WAS follow a similar 

structure. Typically, these begin by noting that most animals are “r-strategist” 

2 Delon, Nicolas and Purves, Duncan, Wild Animal Suffering is Intractable, Journal of Agricultural 

and Environmental Ethics, 2018. Even though there are many practical difficulties that might 

prevent us from safely intervening to reduce WAS, this has no bearing on the wider moral 

question of whether we ought to intervene if we could. Indeed, clarifying our moral obligations 

will influence practical matters since it will likely determine how many resources we are willing 

to spend on researching technologies that would enable us to intervene in the future. Given this, 

I won’t spend any time addressing practical objections to intervention and will instead focus 

exclusively on straightforwardmoral objections. 
3 Palmer, Clare, The Value of Wild Nature: Comments on Kyle Johannsen’s Wild Animal Ethics, 

Philosophia, 2021 and Hettinger, Ned, Naturalness, Wild Animal Suffering and Palmer on 

Laissez-Faire, The Ethics Forum, 2018
4 Regan, Tom, The Case for Animal Rights, Berkeley, University of California Press, 2004
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reproducers. This means that they preserve their genetic material by 

having large numbers of offspring that they are relatively uninvested in. As 

a result, most offspring fail to reach maturity and instead die young.

Importantly, I am not concerned here with rectificatory duties to 

intervene to save animals from anthropogenic harms, such as saving 

wild animals from bushfires caused by climate change or cleaning up oil 

spills. Rather, I am talking about the stronger claim that we owe a duty of 

beneficence to reduce the suffering of wild animals, even if we had no role 

in causing it. Here is a typical argument for this claim:5

Typical Pro-intervention Argument:

1.  If an animal’s life is dominated by suffering and 

ends in premature death, it is not a flourishing 

one and might not be worth living.6

2.  Most animals that are r-strategists lead lives 

dominated by suffering which end in premature 

death.

3.  Most sentient animals are r-strategists.

C
1
.  Most sentient animals don’t lead flourishing lives 

and these lives might not be worth living.

4.  If we can alleviate great amounts of suffering 

by intervening in natural processes, without 

incurring excessive cost to ourselves, we have a 

collective duty to do so.

5.  We can alleviate great amounts of suffering by in-

tervening in natural processes, without incurring 

excessive cost to ourselves. (If we cannot presently 

intervene then we have a duty to pursue interven-

tion strategies through research).

5 My exegesis here draws heavily from p2 of Johannsen’s Wild Animal Ethics.
6 It is worth noting here that a weaker version of P1 (with the other premises adjusted accord-

ingly) can be employed and still give a completely functional argument if we are uncomfortable 

making strong claims about whether the lives of specific animals are worth living. For example, 

we might instead opt for something like “It is morally bad if an animal’s life is dominated by 

suffering and ends in premature death.” I use this formulation since it is common in the litera-

ture, but the argument doesn’t hinge on it.
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C
2
. Therefore, we have a collective duty to intervene 

in natural processes to reduce WAS.

I won’t seek to defend these premises fully since my intervention is 

primarily focused on rebutting a specific critique of the position. However, 

I will give some brief support to the controversial premises, which I take 

to be P2, P4 and P5.

P2: Whilst the r-strategy is effective at ensuring genes are passed onto 

future generations, it is extraordinarily bad at maximising the wellbeing of 

individual animals. The offspring of r-strategists typically receive minimal 

protection from their parents, leaving many of them to die young. Methods 

of death for wild animals range from the quick and painful, such as being 

eaten by a predator, to the slow and painful, such as a protracted death 

from starvation, exposure, injury, or disease. Furthermore, we have 

good reason to believe that many animals in the wild suffer persistent 

psychological stresses throughout their lives as well (Johannsen 14). Once 

we take notice of these factors, it becomes clear that for most wild animals, 

the natural world is far from idyllic, as it is often presented in nature 

documentaries which often focus exclusively on large adult mammals that 

are not r-strategists.

P4: We can compare this proposed duty with similar duties owed to 

human beings who are suffering. Here I take it as given that the question 

is not whether we have any duties of beneficence towards human strangers 

at all—most people feel strongly that we do—but, rather when it becomes 

excusable for us not to assist. Singer famously argued that we have a strong 

duty of beneficence to help people suffering from poverty, even when we 

don’t have any personal relationship with them.7 Consider a version of 

Singer’s drowning child case where a wild animal is drowning instead 

of the human child. Assuming we knew that we wouldn’t be incurring 

excessive costs to ourselves, many of us would surely feel a similar com-

pulsion to save the wild animal. At the very least, we would feel deeply 

uncomfortable if we chose not to help. So long as we agree wild animals 

have any moral status whatsoever, it seems hard to deny P4 on grounds 

that aren’t simple speciesism.

Finally, we can bolster P5 by noting that there have already been 

many plans proposed as to how intervention might work, some of which 

7 Singer, Peter, Famine Affluence and Morality, Philosophy and Public Affairs, 1972. One key dif-

ference here is that I’ve chosen to frame the issue in terms of collective duty, whereas Singer’s 

article famously focuses on the duties of individuals. This is primarily because I take it that 

meaningful reductions in WAS will require the kind of large-scale interference that necessitates 

collective action through governments and other public bodies.



Born to Be Wild? 48

are more feasible at present than others (more on this in the next section). 

However, even if it were the case that we did not know how to intervene 

safely, the practicality objection should still have little purchase on us. For 

example, we might accept that due to our limited expertise in ecosystem 

management, we are not able to radically intervene at present without 

facing huge risks of upsetting the delicate balance already found in eco-

logical communities (Delon and Purves 3). This is why documentary film-

makers normally do not interfere with predator-prey relationships, since 

in doing so they would likely be creating more harm than good. If they 

kept predators from their prey every time, the predators would go hungry 

and the unchecked prey population would rapidly multiply and outstrip 

their food supply, likely leading to mass starvation. However, this shouldn’t 

cause us to reject P5 wholesale. Indeed, all we need to accept in order to 

accept P5 in a more limited form is that we could plausibly alleviate WAS 

to some degree in the future through intervention even if we couldn’t do 

this right away. To the extent that we aren’t in a position to intervene 

safely already, we ought to take steps to get closer to that position, such as 

through prioritising research and raising public consciousness of the issue.

Having accepted this collective duty, how should we achieve it in 

practice? It is worth briefly noting some potential means of intervention 

here so we can get a better grasp on what acceptance of this duty might 

require from us. I do not defend any of these proposed actions here but 

instead simply present some options that have been suggested, getting 

progressively more radical:

• Vaccination programmes for wild animals to alleviate harms 

from preventable disease.

• Food and medical care for wild animals in need.

• Sterilisation in cases of overpopulation to prevent starvation.

• Removing parasitic species such as screw flies, which cause very 

painful deaths.

• Using CRISPR to lessen wild animals’ ability to suffer (“genetic 

painkillers,” Johannsen 74).

• Using CRISPR to make r-strategist animals behave more like 

k-strategists in their reproductive habits, thereby reducing rates 

of juvenile mortality.

• Removing the need for predation altogether, such as through the 

distribution of mass-produced synthetic meat.

• Allowing animal habitats to be destroyed so that fewer will come 

into existence, thereby reducing overall suffering (Johannsen 

57).
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Intervention to reduce WAS is not a popular position. Part of this 

is surely due to the practical worries we have already noted—scientists 

rightly recoil in horror at the thought of the cascading harms that would 

occur if radical options were pursued right away. However, I believe that 

a deeper and more principled moral objection is also at work. Consider 

what would happen if intervention suddenly became possible in a way that 

was guaranteed to reduce the suffering of wild animals without causing 

these cascading harms. I take it that even in this case, most people would 

likely still have reservations. I believe that a lot of this scepticism draws 

from a deep intuition that intervention of any kind would be disrupting 

the rightful course of nature in a problematic way; overstepping our role 

in a way that is akin to playing God. This is represented in popular en-

vironmentalist attitudes towards the wild such as the slogan “take only 

photos, leave only footprints.” Ned Hettinger sums up this view nicely, 

writing, “We are not boss . . . A proper human relation with nature should 

be based on proper humility, not grandiosity” (8). We could uncharitably 

interpret the intuitions these thinkers are drawing from as a misguided, 

tacit equating of the natural with the good. This equation would clearly be 

fallacious, but there are stronger possible interpretations which I believe 

have been dismissed too quickly by some of those who defend intervention 

to reduce WAS. The remainder of this essay details these stronger versions 

and shows how they can be dealt with in a more satisfactory way.

(II) Regan’s Version

One way of cashing out this “wildness” intuition is that we should 

not intervene in the behaviours of animals because they aren’t moral 

agents and so cannot cause moral harm. This reflects the intuition that the 

natural world is amoral and that to think differently is to make the mistake 

of projecting human morality onto it. Regan offers us a form of this when 

he says that “animals are not moral agents and so can have none of the 

same duties moral agents have” (Regan 357). I take it that his argument can 

be put roughly as follows:

Moral Agency Argument:

a.  Only when an action is performed by a moral 

agent does that action have moral weight.

b.   Animals are not moral agents.
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C
1
.  Therefore, the suffering that animals cause one 

another does not have moral weight and so it is 

not morally bad.

c.   If there is no moral badness to prevent, then we 

cannot have a duty to intervene.

C
2
.  Therefore, we do not have a duty to intervene.

Regan concludes that, “The total amount of suffering animals cause 

one another in nature is not the concern of morally enlightened wildlife 

management” (Regan 357). Regan would therefore reject P1 of the earlier 

pro-intervention argument, since the suffering of animals when caused by 

other animals doesn’t generate any moral badness.

The problem with Regan’s view is that it confuses the moral status 

of animals and their actions with the moral status of the consequences 

that arise as a result. Specifically, Regan’s position is implausible since it 

forces us to concede that suffering in nature is neither good nor bad. If 

moral agents were always required for there to be appreciably moral states 

of affairs, it seems we would be unable to say, for example, that it is morally 

bad that animals should die in a naturally occurring wildfire, since there 

are no moral agents involved. Yet, this seems to stray wildly from our 

intuitions since most of us would surely hold that the animals ought to be 

saved and spared their suffering, or at least that it would be better if they 

didn’t have to suffer at all.

To further see the implausibility of Regan’s view, consider a case of a 

wild dog biting a human. In this instance we can grant that it would not be 

appropriate to call the dog morally bad, but it seems obvious that we can 

assign moral weight to the resulting situation. It would clearly be better if 

the human hadn’t been bitten. Similarly, regarding the case of predation, 

we cannot blame the lion for eating a zebra in order to survive. However, 

we might lament that it is necessary for the lion’s survival to be contingent 

upon a practice that causes so much suffering. So long as we accept that 

there are agent independent reasons why something might be good or bad, 

we can make these vital distinctions and avoid this confusion. As a result, 

Regan’s argument gives us no reason why we shouldn’t be concerned with 

WAS—just because animals aren’t moral agents doesn’t change the fact that 

we are.

Mikel Torres summarises this response when he says that the point 

is not to be concerned with the moral duties of animals themselves; rather, 

“the point is to decide if we, moral agents, have the duty to intervene in 

nature to impede animals harming each other” (Torres 5).
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(III) The Intrinsic Value Version

A better “wildness” reply to the pro-intervention argument would 

involve accepting that WAS is morally bad but then arguing that this is 

outweighed by, or at least weighed against, the intrinsic value of wildness.8 

Johannsen dismisses this argument quickly by saying that “naturalness is 

not sufficient for goodness, nor an intrinsic source of value” (29). I think he 

makes too strong a claim here. If we take his view seriously, it entails that 

it would be permissible for us to meddle in nature for any reason, just so 

long as this wouldn’t cause any disvalue, such as by harming any individual 

animals. Whether Johannsen recognises it or not, this result is highly 

unappealing. To see why, consider the following thought experiment:

Virgin rainforest: The Brazilian government has decided to build a 

new motorway which requires felling a portion of the Amazon rainforest, 

which has until now been undisturbed by human activity. Government 

scientists have developed a foolproof plan to painlessly relocate all the 

animals in the area into a new area of rainforest, which has been planted 

and genetically engineered to speedily grow to have the same physical 

characteristics as the area that has been felled.

On Johannsen’s view, the government’s actions seem unproblematic. 

as no sentient life is harmed. Yet, intuitively there is something deeply 

wrong here. Specifically, something seems to be lost in the replacement of 

the area of virgin rainforest with the copy. Based on this case, it certainly 

seems plausible that there is some intrinsic value to wildness since this 

8 The intrinsic value claim at play here is much more complex than it may first appear. 

Naturalness doesn’t fit easily into Moore’s isolation test, which is the traditional way of un-

derstanding intrinsic value, since it is a property of how states of affairs come about rather 

than the states themselves (Moore, G.E, The Conception of Intrinsic Value in his Philosophical 

Studies, 1922). Furthermore, it is unclear whether we ought to understand intrinsic value in the 

strongly objective sense that Moore seems to, or in a more subjective sense where intrinsic value 

is related to those things that human’s value (Langton, Rae, Objective and Unconditioned Value, 

Philosophical Review, 2007). If we opt for the latter, this seems to cause some tension since a 

more anthropocentric conception of value seems radically at odds with the spirit of the objection 

that value is independent of humans. These issues are worth investigating and don’t get the 

attention they deserve in this literature, but to do so would go beyond the scope of this paper. 

As such, I’m going to take a common sense understanding of the intrinsic value claim Roughly, 

this is to say that there is at least some value conferred on a thing or process by its having been 

produced by the “correct” causal process i.e,. naturally. We might therefore liken the value of 

naturalness in things and relations to the value of originality in pieces of art.
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is required to explain why the Brazilian government acts wrongly in this 

instance.9 From here, we can proceed as follows:

Intrinsic Value Precludes Intervention Argument:

I.  It is intrinsically valuable that things be wild.

II.  Intervening to reduce WAS will significantly 

disrupt the wildness found in nature.

C. Therefore, it is wrong to intervene to prevent 

WAS.

Before offering my response, it is worth digging deeper into the 

concept of wildness, since it plays a major role in this argument. Firstly, 

wildness as such is perhaps most easily understood as independence 

from human influence. However, this cannot be the whole story, since 

not all human intervention makes things less wild. Consider rewilding 

programmes which aim to restore natural processes, such as by replanting 

trees in areas of deforestation. This isn’t puzzling since in these cases human 

intervention serves to undo the results of earlier human intervention. 

Accordingly, it seems like we need to build some kind of modal notion 

into our understanding of wildness, i.e., wild states of affairs are those that 

would have obtained had it not been for human actions.

One objection here is that there is no such thing as wild nature due 

to pervasive human impact on the environment. Hettinger dubs this view 

“Age of Man Environmentalism,” according to which, appealing to the 

intrinsic value of wildness is universally misguided since it relies on “the 

illusory ideal of pristine nature” (75). For example, we might appeal to the 

huge influence that human activity has on the environment, even over 

relatively undisturbed wild animals. Consider the fact that we have found 

microplastics present in the stomachs of the deepest marine organisms. 

The broader claim here is that we cannot appeal to a value of wildness 

because human impact is so widespread that there is no longer any such 

thing. As a result, intervention to reduce WAS is unproblematic on this 

score since “there’s no wildness left to lose” (Palmer 8).

9 Whether or not you find this particular argument convincing, as I happen to, is largely immate-

rial to the rest of my argument, as will become clear. The point is rather to give some indication 

as to how the “wildness” intuition might be operationalised and why some find this convincing. 
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The best response here is that wildness comes in degrees rather than 

being a binary property. For example, an ocean would be considered more 

or less wild based on the quantity of microplastic within it. It is not that an 

ocean with one piece of plastic in it is somehow tainted to the same degree 

as another with millions. When talking about wild animals, it seems like 

even if we have influenced animals in many ways, they still maintain 

various wild properties, such as whether they are r-strategists or not. To 

change this through genetic engineering would be to make those animals, 

in a meaningful sense, less wild. To summarise then, wild states of affairs 

are those that would have obtained had it not been for human intervention, 

and states of affairs can be meaningfully understood as more or less wild 

based on the extent of human influence. Having cleared up the concept 

of wildness and seen off the “Age of Man” argument, the rest of the paper 

focuses on a dilemma showing why the intrinsic value of wildness cannot 

give good reasons against radical interventions.

(IV) The Lexical Priority Dilemma

It is worth noting from the offset that we already intervene in nature, 

typically for anthropocentric reasons, in ways which are largely held to 

be unproblematic. For example, the UK government has engaged in 

various large-scale vaccination programmes to inoculate badgers against 

tuberculosis to prevent the disease spreading to domesticated cattle. I 

take it that these vaccination schemes are good even if we disregard the 

instrumental value that this creates for human agricultural projects and 

focus solely on the welfare of the animals involved. A crude argument 

here is to accuse those who oppose intervention on “wildness” grounds 

of hypocrisy: it seems like we can intervene in wild nature when it is for 

our own benefit in ways that are morally innocuous, so why should we 

feel any differently when we are trying to prevent WAS? By itself this is a 

poor argument since defenders of wildness value can happily accept small-

scale interventions like vaccinations, with the justification that they will 

barely disrupt natural processes and so are only marginally harmful. By 

contrast, more radical proposals like those favoured by Johannsen threaten 

to radically alter ecosystems beyond all recognition.

The defender of intervention can do better here. Opponents of 

intervention who argue on wildness grounds face a dilemma concerning 

how their intrinsic value claim is to be understood in terms of lexical 

priority. Here lexical priority refers to a way of thinking about how to 

compare different morally important things if they conflict. Specifically, 

if A has lexical priority over B, then no amount of B will be sufficient 
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to outweigh the importance of A. In other words, A will always have to 

come first, just as words beginning with “A” must always come before 

those beginning with “B” in a dictionary. For example, some people think 

that the moral importance of a human life is lexically prior to the moral 

importance of a headache. As such, it would always be wrong to sacrifice 

a human life to alleviate headaches, no matter the amount of headaches 

in question. When properly considered, a focus on the lexical priority 

of wildness reveals that the intrinsic value of wildness can’t give us good 

reasons to oppose radical interventions to prevent WAS.

Having accepted that wildness has some intrinsic value, and that 

WAS is also morally important, we need some framework to decide 

between the two kinds of value in trade off cases, such as scenarios where 

reducing WAS would require compromising the wildness of a given area. 

We have two options here in deciding how this framework should operate:

1.  The intrinsic value of wildness is lexically prior to 

the value of preventing WAS.

2.  The intrinsic value of wildness is not lexically 

prior to the value of preventing WAS.

If we accept the first option, the importance of preserving wildness 

would trump preventing WAS in all instances. This is very difficult for 

the opponent of intervention to accept. For example, upon accepting this 

lexical priority claim, it seems we would have to give up on the permissibility 

of vaccinating badgers. However, this is far from the only problematic case. 

Consider the following:

Destructive Algae: An algal bloom has been detected in a large 

lake full of fish. The bloom is driven solely by natural factors. If the algae 

continues to multiply, the lake will become anoxic, and all the fish will 

suffer and die of asphyxiation. Luckily, scientists have determined that 

placing a small amount of chemical XYZ into the lake will get rid of the 

algae without impacting any other organisms.

All other things being equal, it seems obvious that we are morally 

obliged to remove the algae and save the fish. However, accepting the 

lexical priority of wildness value prohibits this. The algae has come about 

naturally, and we would be interfering with this through our intervention. 

Cases like these show that accepting the lexical priority claim forces us to 

buy that our intuitions in these cases are not only wrong, but radically so. 

As such, option 1 is plainly unacceptable.

On the other hand, if we reject the lexical priority claim and accept 

that wildness value and WAS can be traded off against one another, it 

seems unclear how wildness value could possibly win out in cases of radical 
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intervention. Estimates vary wildly as to how many sentient animals there 

are in the wild, but it is obvious that the number is massive. For example, 

Tomasik cites an upper bound of a trillion mammals in the world at a 

given time, to which we must add all of the non-mammals.10 If we are to 

truly give the suffering of each of these animals the moral consideration it 

is worthy of in a way that is consistent with our intuitions in other cases, 

it seems ridiculous to think this can be outweighed by the contingent fact 

that this state of affairs was generated without human interference. In 

other words, if we were able to reduce the suffering of billions of animals 

by using gene drives to introduce genetic painkillers in the first few weeks 

of life (a point of high concentration of WAS), then the fact that this is 

disrupting a natural process surely pales in comparison to these aggregated 

harms. If this weren’t the case, it would seem to reduce the importance of 

each animal’s suffering to near nothing.

In cases of individual wild animal suffering, we are capable of 

correctly diagnosing these as being seriously morally bad. However, when 

we multiply the scale of the harm to cover hundreds of billions of wild 

animals, our intuitions do not adjust at the same rate. Our unreflective 

judgements are biased due to scope insensitivity.11 Cognitive biases don’t 

reflect genuine moral reasons, but rather, failures in our own processes of 

reasoning. If we were to appreciate the moral weight of WAS in a non-biased 

way, the sheer scale would mean it must win out over the value of wild 

nature if they are indeed comparable to one another. In other words, if 

our intervention into nature was in any sense proportional to the suffering 

we would prevent, as it would likely be in even the most radical options 

proposed, the value of reducing WAS would win out. Therefore, due to the 

lexical priority dilemma, it seems like the intrinsic value of wildness could 

never give a good reason why we shouldn’t pursue even the most radical 

intervention strategies.

(V) Conclusion

The intrinsic value of wildness cannot be used to oppose large-scale 

interventions to reduce WAS. In (I) I gave a pro-intervention argument and 

speculated that much of the opposition to these arguments comes from 

“naturalness” concerns. In (II) I showed that Regan’s argument from moral 

agency is unsound and mislocates where the moral action is, since it does 

10 Tomasik, Brian, How Many Wild Animals Are There?, https://reducing-suffering.org/, 2009
11 Yudkowsky, Eleanor, Scope Insensitivity, https://www.lesswrong.com/, 2007
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not have space for agent independent reasons why things might be good or 

bad. In (III) I considered a stronger argument from the intrinsic value of 

wildness. I endorsed the conclusion that wildness has some intrinsic value 

and showed how this can be defended from the objection that wildness 

no longer exists. Finally, in (IV) I set out the lexical priority dilemma 

concerning how we understand the intrinsic value of wildness. Accepting 

the lexical priority of wildness value forces us to abandon intuitions about 

the permissibility of intervention in benign circumstances. If we reject the 

idea that wildness is lexically prior to suffering and instead accept that 

the two can be traded-off against one another, it seems like the suffering 

of trillions of sentient beings must always trump wildness value if we are 

to take their moral worth into account consistently. The lexical priority 

dilemma therefore shows that the intrinsic value of wildness cannot be 

usefully deployed to oppose interventions to reduce WAS.

My findings are significant because they defuse the “naturalness” 

intuition which we considered earlier. When operationalised and made 

clearer, wildness objections to intervention run into intractable difficulties. 

This suggests that we should reject our intuitions rather than the duty to 

intervene. The lexical priority dilemma is especially significant because 

it shows that defenders of intervention aren’t forced to implausibly hold 

that wild nature has no intrinsic value at all. The key finding is that those 

seeking to reject pro-intervention arguments to reduces WAS will have to 

do so for reasons that do not stem from wildness concerns.
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Abstract

In Zoopolis, Donaldson and Kymlicka argue that intervention in nature to 
aid animals is sometimes permissible, and in some cases obligatory, to save 
them from the harms they commonly face. But they claim these interven-
tions must have some limits, since they could otherwise disrupt the struc-
ture of the communities wild animals form, which should be respected as 
sovereign ones. These claims are based on the widespread assumption that 
ecosystemic processes ensure that animals have good lives in nature. How-
ever, this assumption is, unfortunately, totally unrealistic. Most animals are 
r-strategists who die in pain shortly after coming into existence, and those 
who make it to maturity commonly suffer terrible harms too. In addition, 
most animals do not form the political communities Zoopolis describes. The 
situation of animals in the wild can therefore be considered analogous to 
one of humanitarian catastrophe, or to that of irretrievably failed states. It 
matches closely what a Hobbesian state of nature would be like. This means 
that intervention in nature to aid nonhuman animals should not be limited 
as Donaldson and Kymlicka argue.

Keywords: animal ethics, animal rights, intervention, sovereignty, specie-
sism, state of nature.

1. INTRODUCTION

Zoopolis: A Political Theory of Animal Rights is a novel, brilliantly argued and 
very instructive book. It addresses some of the most important topics in ani-
mal ethics in a fresh and original way, and opens new lines of inquiry. This 
paper focuses on what I consider the most significant problem Zoopolis tack-

* For very helpful comments, I thank Paula Casal and three anonymous referees, two of 
who later revealed themselves to be Lori Gruen and Andrew Williams. I am also grateful to par-
ticipants in the discussion of Zoopolis at the Universitat Pompeu Fabra, including Alasdair Co-
chrane, Sue Donaldson, and Will Kymlicka.
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les: whether and to what extent we should aid animals living in the wild. This 
controversial problem has received some recent attention (Sapontzis 1984; 
Ng 1995; Bonnardel 1996; Kirkwood and Sinsbury 1996; Bovenkerk et al. 
2003; Clement 2003; Cowen 2003; Fink 2005; Clarke and Ng 2006; Nussbaum 
2006: ch. 6; Dawrst 2009; Simmons 2009; Horta 2010a; McMahan 2010a, 
2010b; Palmer 2010; Cunha 2011; Torres Aldave 2011) but remains relatively 
neglected. In fact, some may be surprised by my choice of focus here, but no 
other human practice affects a larger number of individuals than our deci-
sion regarding what we owe to animals in nature.

Zoopolis claims that nonhuman animals living in the wild should be 
recognized as forming sovereign communities of their own, analogous to 
human sovereign political communities, which should be respected.1 Ac-
cordingly, like in the case of aiding other human societies, aiding animals 
in nature is sometimes permissible, and sometimes obligatory. But Zoopolis 
claims intervention must not disrupt the very structure of the assisted com-
munities, and should not be rejected by the animals involved. Also, the aim 
of such assistance should be to bring the animal community back to a state 
in which it may self-regulate without external help. In practice, this means 
supporting many forms of intervention in nature to help animals, but it rules 
out some forms of substantial intervention. So, for instance, whilst Donald-
son and Kymlicka would support vaccinating an animal population to save 
its members from a lethal epidemic, they would oppose altering trophic 
chains to avoid mass starvation, even if this could be done harmlessly (e. g., 
by supplying both food and contraceptives so that the additional food does 
not result in future starvation).

Many will find that Zoopolis overestimates our duties towards animals in 
the wild. In fact, most assume that we have no reason to aid them because 
(a) we have no such moral obligations or (b) such animals do not really need 
our help. I agree with Zoopolis’ refutation of (a) (see ch. 2, especially 24, 29, 
35), but with regards to (b) I will argue that animals in nature are in a far 
worse situation that Zoopolis assumes. Therefore, I will advocate more ex-
tensive intervention.

Zoopolis claims that nonhuman animals living in the wild should be 
treated as members of sovereign communities. The authors write:

What sort of competence is needed for sovereignty? We would argue that 
for wild animals —as indeed for humans— what matters for sovereignty 

1. It is mainly external sovereignty that Donaldson and Kymlicka seem to have in mind 
here. They do not claim that nonhuman animals are aware of themselves as sovereign com-
munities, or that individual animals must obey their communities’ legitimate institutions (171-
174). Instead, they claim that they constitute communities and that “our obligations to them are 
those of international justice, including respect for their territory and autonomy” (15). 



 Zoopolis, Intervention, and the State of Nature 115115

LEAP, 

is the ability to respond to the challenges that a community faces, and to 
provide a social context in which its individual members can grow and 
flourish (175).

These two conditions are not specified in detail. The authors do not, for ex-
ample, indicate the extent to which the relevant challenges must be success-
fully met by animals in nature or what kinds of social context animal com-
munities have to form. The first half of this paper discusses the first condi-
tion, the second the latter condition.

2.  WHY ANIMALS CAN SELDOM RESPOND TO THE CHALLENGES THEY 
FACE IN NATURE

The best way to examine whether animals can respond to the challenges 
nature poses to them is to see whether they can survive them. Population 
dynamics studies this. The equations used in this field to calculate how ani-
mal populations fluctuate consider basically two factors: “r”, which denotes 
the population’s reproductive rate, and “K”, which denotes an environment’s 
“carrying capacity” and so determines the survival rate of the animals in 
those populations (Verhulst 1838; MacArthur and Wilson 1967; Pianka 
1970)—. As a result, there are two main reproductive strategies in nature, 
as Donaldson and Kymlicka recognize (176-177). Some animals have very 
few descendants and invest a great deal in each offspring, whilst others in-
vest little or nothing in the survival of their offspring, but have huge prog-
enies. Now, animals of the first type, the K-strategists, are a tiny minority. 
The majority of animals (including invertebrates —which are the most nu-
merous—, fishes, amphibians, reptiles...) are r-strategists. Moreover, even 
those who look after their descendants often have very large numbers of 
eggs or offspring, which will be wasted. For, if a population remains stable, 
only one descendent per parent can survive on average. This means that 
the overwhelming majority of those animals that come to existence never 
make it to maturity. They starve to death, are killed by other animals or die 
in other ways. Because their lives are short and challenging, they experience 
almost no enjoyment. They do, however, experience a great deal of suffer-
ing, since starving or being eaten alive is normally very painful for sentient 
creatures. The lives of sentient animals thus typically contain much more 
suffering than wellbeing.

It is worth noting, moreover, that whilst some r-strategists lay hundreds 
of eggs, others, such as many fishes, lay millions of them. So, for each in-
dividual that survives, the number of individuals that come into existence 
only to suffer and die is enormous (Sagoff 1984; Ng 1995). In addition, adult 
animals do not live in paradise either. They also suffer greatly and endure 
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painful deaths due to predation, parasitism, disease, injuries, harsh weather 
conditions, hunger, malnutrition, thirst, fear and other causes (Darwin 2007 
[1860]; Dawkins 1995; Dawrst 2009). Due to all this, suffering and early death 
vastly prevail over happiness in nature. The lives of animals in the state of 
nature are like Hobbes imagined the lives of humans without states: “Poor, 
nasty, brutish and short”, usually in “continual fear and danger of violent 
death” (1981 [1651]: ch. 13).

When people think about animals in the wild, however, they tend to think 
of adult, healthy mammals rather than of all the millions of individuals from 
different species who die soon after coming into existence. The resulting, 
unrealistically rosy picture of what most wild lives are like can taint our 
judgement regarding intervention. This is a problem, I think, with the theory 
presented in Zoopolis. Donaldson and Kymlicka point out that “[a]nimals 
have evolved to survive under these conditions, and are competent to do 
so” (182). They also write that “[w]ild animals are competent both as indi-
viduals and as communities” (175). And they claim that although individual 
animals suffer and die, such suffering and death is not catastrophic, because 
the communities go on existing (176, 182).

We may say that animal populations are “competent” in the sense that an-
imal populations and species often manage to persist through time (though 
extinctions also take place). This claim, however, cannot be correct when we 
consider what ultimately matters, namely individual animals. As we have 
seen, only a tiny minority are able to survive the massive challenges that life 
in nature poses for them. The overwhelming majority fails and dies. There-
fore, they cannot be claimed to be competent in this respect. The opposite is 
true: they normally do very poorly and suffer and die in great numbers.

Zoopolis initially acknowledges that the suffering that animals experi-
ence in nature supports some interventions, and argues against the idea 
that helping animals impairs the flourishing of the aided species (see Everett 
2001). The authors claim:

To invoke the flourishing argument against all such interventions runs 
dangerously close to sanctifying natural processes as inherently morally 
good or benign. The fact that a deer’s nature has been shaped by proc-
esses of predation does not mean that the deer finds fulfillment in being 
eaten alive (165).

This suggests that opposing significant intervention in support of ani-
mals in need of aid cannot be good for animals living in the wild. The next 
section offers further reasons for this by assessing some of Zoopolis’s argu-
ments against significant intervention.
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2.1.  Sovereignty: intrinsically or instrumentally valuable? 
Donaldson and Kymlicka claim that intervention in nature is acceptable pro-
vided that it does not curtail the sovereignty of groups of animals. Explaining 
why that sort of interference would be bad for them, the authors compare in-
terfering with animal sovereignty with violations of human sovereign commu-
nities, such as the Nazi invasion of Poland, or the interventions aimed at creat-
ing new markets or controlling resources at the expense of the members of the 
relevant communities (181). Such interventions, however, are objectionable 
for reasons other than their failure to respect sovereignty: their purpose is to 
benefit those who intervene at the expense of the subjects of the intervention. 
Therefore, they are entirely unlike altruistic and beneficial humanitarian in-
terventions. So they give us no reasons to oppose interventions in cases where 
being left to one’s own devices is disastrous for the unassisted community.

We may think that significant intervention would be necessarily harmful 
for nonhuman animals because the very fact that they cannot rule their own 
destiny is intrinsically bad for them. However, Donaldson and Kymlicka argue 
against the view that ruling one’s own destiny is intrinsically valuable when 
they consider domestic animals. They present several strong arguments that 
show that there is nothing inherently bad about domestic animals’ lack of 
autonomy and depending on others (83).2 We may think that unlike domestic 
animals, animals in the wild have certain features which make the possibility 
to rule their own lives valuable. Donaldson and Kymlicka, however, do not 
claim that domestic animals lack the features that would make being able to 
rule one’s own life valuable: they argue that the life as a being who does not 
rule her or his own life can be just as fine as the life of a being that does so.3 
Zoopolis explains that depending on others can be instrumentally bad but 
denies it is intrinsically bad. It sees nothing wrong with aiding domestic ani-
mals so that they can live good lives. If this is so, however, there should not 
be anything wrong with aiding animals in nature so they can live good lives 
too.4 If sovereignty is valuable only instrumentally, not intrinsically, then it is 
not valuable when only intervention can save most individuals from suffer-
ing and death.

2. Zoopolis argues against exploiting domestic animals and explains how domestication 
can harm animals (82), but once domestic animals exist, Zoopolis sees nothing wrong with do-
mestic animals living dependent but happy, not exploited, lives.

3. Due to this, Zoopolis’s arguments not to value autonomy intrinsically apply equally to 
humans and nonhuman animals. 

4. Zoopolis rejects massive intervention to help wild animals on the grounds that it will 
turn the world into a giant zoo. This is inaccurate, however, as zoos are profit making exploit-
ative ventures where animals suffer. Instead, massive intervention would mean caring positive-
ly for animals, as in sanctuaries. And Zoopolis claims that domestic animals may live wonderful 
lives in animal sanctuaries.
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2.2.  Autonomy, flourishing, risk avoidance and preference frustration

What, then, is the reason for granting animals sovereignty? Zoopolis (espe-
cially ch. 6) appears to assume that this would allow these animals to live 
autonomous and flourishing lives. This seems very intuitive. Autonomy, 
however, can be limited not only by humans but also by other animals and 
their environment. Since remaining alive is a condition to enjoy autonomy, 
animals that die shortly after birth lack autonomy. Much the same applies to 
flourishing, which is assumed to require being able to exercise one’s physi-
cal and mental potential in good health (Nussbaum 2006: esp. 346-352) 
— something impossible if one does not live long enough. One cannot, thus, 
invoke autonomy and flourishing to oppose intervention in aid of animals 
in the wild.

Zoopolis claims that saving animals in nature from living dangerously 
would deprive them of the challenges that make their lives worth living 
(242). It argues in favor of this by saying, as an example, that sparing chil-
dren all risks impoverishes their lives. The problem with this argument is 
that we would reach very different conclusions were the chances of sur-
viving the risks much smaller than they tend to be with human children. 
For example, we would remove children from waters filled with crocodiles 
even if swimming amidst crocodiles was really thrilling for them. As we 
have seen above, this is the situation which most nonhuman animals face 
in the real world. Another argument Zoopolis considers is that intervention 
is objectionable if it frustrates the preferences of animals (see 177) or if 
the animals do not consent to it. But what if the actually resisted interven-
tions would have been accepted if the animals knew they were going to be 
good for them? Rescuing a stray dog or a trapped animal may be a hard job 
due to the resistance of the animal but most of us would claim that it is 
good for the animal. Defenders of desire-based conceptions of value can 
accept this too, since, given more information or a sharper understand-
ing, the animal would have also preferred to be aided. The animal wants 
the rescuers to go away because of fear of harm or death, rather than a 
desire to escape unaided. Thus, respecting a desire to live can sometimes 
involve intervention. But then there is no plausible account of informed 
preferences that allows local intervention (such as feeding a single starving 
animal) whilst disallowing more extensive interventions (such as feeding a 
whole population).5

5. Support for substantial intervention will also follow from an account of value based on 
mental states, according to which the only source of value (or disvalue) would be positive and 
negative experiences. On this view any intervention that increases the wellbeing of animals in 
the wild without causing greater harm will make things better for them. 
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2.3.  Intervention in situations of catastrophe

Having rejected four arguments against intervention (appealing to autono-
my, flourishing, excessive risk avoidance, and preference satisfaction) let us 
turn to Zoopolis’s conditions for permissible intervention. The intervention 
must prevent a catastrophe, leave animals in a situation such that they are 
henceforth able to exercise their sovereignty, and keep food cycles unaltered 
(182). These three stipulations, however, may not be met if the intervention 
is to succeed. Let us see why.

Given the abovementioned facts of population dynamics, animals in 
nature are in a permanent state of humanitarian catastrophe. If we follow 
Zoopolis in employing political categories to illuminate animal ethics, then 
most animals in the wild are living in irretrievably failed states incapable 
of ever being transformed into sovereign communities that respect their 
members’ interests. There is just no previous non-catastrophic state that 
might be desirable to restore. To avoid catastrophe, we need to bring about 
a completely new scenario. Furthermore, limited intervention cannot solve 
this situation, since it is due to structural features of ecosystems. Kymlicka 
and Donaldson realize this when they note that ecosystemic processes in-
volving food cycles are part of the “stable structure of self-regulation of wild 
animal communities” (182). Those stable processes are the ones that con-
demn most animals to short, dreadful lives. Like most other causes of dis-
value in nature (predation, parasitism, malnutrition, disease...) r-selection 
results from the need to compete for scarce resources. This is also what de-
termines that food cycles cause most animals to suffer and die shortly after 
coming into existence. There is no moral reason against altering food cy-
cles, when food cycles are the cause of the suffering, and there is no reason 
to restore a previously existing situation, if it was disastrous for most and a 
new one is possible.

2.4.  K-strategists

Zoopolis is most plausible in the case of some K-strategists, since their lives 
are not as bad as those of most r-strategists. However, first, K-strategists are 
extremely rare in comparison with r-strategists; second, many are not so-
cial animals that can form sovereign communities, and third, K-strategists 
have interests that conflict with those of other animals. Chimpanzees, for 
instance, sometimes hunt r-strategists, sometimes other social K-strategists 
(e. g. colobus monkeys) and sometimes wage war on each other. K- and r-
strategists, moreover, share the same habitat, and we should not fail to as-
sist r-strategists for the sake of the K-strategists’ sovereignty. Fourth, even if 
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K-strategists do better than r-strategists, they still endure terrible hardships, 
with most dying before adulthood, and suffering predation, disease, para-
sitism, injuries, hunger, and other natural factors. So there may be ways in 
which we could improve their lives.

III.  CAN ANIMALS FORM SOVEREIGN COMMUNITIES?

I have argued, pace Zoopolis, that animals do not successfully meet the chal-
lenges of living in the wild. I shall now argue that most of them do not con-
stitute sovereign communities. To be sure, some animals form communities, 
and many live in shoals, swarms, or herds. These, however, may not be polit-
ical communities. Political communities need some kind of political agency, 
even if by that we simply understand some form of decision making that 
takes place collectively or by some of the members who have the authority 
and/or the legitimacy to do so. One can be a mere member of a community, 
without being able to exercise citizenship in the sense of agency, but there 
has to be somebody who is an agent. If no one in a community exercises 
sovereignty, that is, if no one makes decisions regarding the life of the com-
munity, it is hard to see how such sovereignty can exist.

Now, some animal communities are structured societies with leaders 
that make decisions about political questions, such as where to migrate or 
when to fight or prefer flight. In these cases the second condition for sover-
eignty (that is, that animals form political communities in nature) is met, 
even if significant intervention to aid these animals is still justified for the 
abovementioned reasons. Some animals, however, both among K- and r-
strategists, live in groups that make no political decisions. They cannot be 
meaningfully described as belonging to any communities. We could argue 
that their communities are the zoonoses or biotic communities ecologists 
describe. In ecology, however, ‘community’ refers to interacting biocenoses, 
that is, groups of living beings that interact with each other and with their 
environment. This is certainly not the meaning we give to this term when 
we speak of communities in social or political philosophy, or in common 
language. We can broadly define communities as groups of interacting in-
dividuals with some kind of cohesion, common aims and some form of col-
laboration or reciprocal support.6 So the question here is whether it makes 
sense to describe non-social animals as belonging to a community. Some 
species have mutualist relations with others that benefit all the involved par-
ties. But most relations are either of commensalism, which benefits some 
but does not affect others, amensalism, with some unaffected and others 

6. For some, there cannot be a political community without a sense of community but I 
shall not pursue this line here.



 Zoopolis, Intervention, and the State of Nature 121121

LEAP, 1 (2013)

harmed, antagonism, with some benefiting by harming others (parasitism, 
predation...), or competition, which is bad for all the involved. These forms 
of interaction do not form a community any more than warring armies form 
one.7 Therefore, ecologists’ biotic communities are not the communities po-
litical theorists talk about.

Some animals display parental behavior, but family relationships — with 
the possible exception of the eusocial animals such as ants, bees, Synal-
pheus shrimps and others — are not the type of relationships that constitute 
political communities of the type Zoopolis invokes, which are more like large 
nations than like small families. Most animals do not live in the communi-
ties Donaldson and Kymlicka have in mind. They live in a state of nature in 
all the senses of the term.

4.  IS SIGNIFICANT INTERVENTION DOOMED TO FAIL?

In light of the previous sections, we should reject Zoopolis’s claim that “the 
flourishing of individual wild animals cannot be separated from the flour-
ishing of communities” (167). For most animals, the continuity of their com-
munity takes place at their expense, and many do not even live in commu-
nities. Considering the degree to which most animal lives are nasty, brutish 
and short, we should favor helping them with significant interventions.

Donaldson and Kymlicka maintain that such interventions cannot suc-
ceed (182, 288, n. 29). They also argue that if the only reason against inter-
vention is practical such a reason would not justify non-intervention but 
rather research to achieve the required knowledge in the future. They write:

Perhaps we don’t yet know how to do this, but if the only objection were 
fallibility, then we could at least be starting with small-scale pilot projects, 
in order to build up our knowledge about how to re-engineer nature so as 
to reduce suffering overall (164).

This argument seems right, and rebuts the other claims they make regarding 
the impossibility of success of substantial interventions to improve the lives 
of animals in nature. Furthermore, Donaldson and Kymlicka appear to be 
right here regarding the course of action we should currently pursue to best 
help animals suffering in the wild. Instead of intervening massively right 
now, the most effective agenda seems to be to invest our efforts in learning 
how to be able to do it successfully in the future, and carry out today only the 
practicable interventions Zoopolis supports, such as vaccinating animals 

7. Violent interactions can be part of the life of a community but a community cannot 
consist only of them. 
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from diseases, feeding animals in cases of starvation, and rescuing them in 
cases of accident. These interventions can help to spread the idea that we 
should be concerned with the harms that animals suffer in nature.

This view appears counterintuitive but its alternatives are even less ac-
ceptable. The “hands off” approach, which is unacceptable for humans, 
should also be opposed if we reject speciesism 8 or, at least, if we accept that 
the interests of nonhuman animals have non-trivial moral importance.

It is worth noting, moreover, that significant intervention to help animals 
in nature is not necessarily less feasible than the policy proposed by Kym-
licka and Donaldson. They argue that the recognition of animal sovereignty 
would entail that humans should stop building on places that are now not 
occupied by them. But we can be certain that this is not going to happen. 
Humans will keep on building roads; villages and cities will grow, mining 
activities will expand, and so on. The idea that this expansion should stop 
altogether is no less ambitious than the view that we should intervene in 
nature significantly to reduce the harms suffered by animals. In fact, it is very 
unlikely that either of these two courses of action will be fully carried out in 
the near future at least. But both are nevertheless feasible, and can actually 
inform some of the policies we may implement.

Finally, we must acknowledge that we are already intervening in nature 
in massive ways, through agriculture, industry, fishing, building or mining. 
Therefore, the dispute is about who should be the beneficiaries of our inter-
vention and why, rather than whether there could be large scale interven-
tions at all.

5.  THE QUESTION OF HABITAT PRESERVATION

Intervention to assist animals in nature may be opposed if we are concerned 
not with the interests of animals, but with ecological conservation (Sagoff 
1984; Rolston III 1992). Zoopolis explicitly reject this. It distances itself from 
the “natural law” tradition or other causes other than the interest of animals 
(especially ch. 2, sec. 2 and 3), and its subtitle indicates it defends a theory 
of animal rights — not an environmentalist theory. Some of the arguments 
invoked in Zoopolis, however, resemble environmental arguments (e. g., 289, 
n. 34).This is, I believe, due to the rosy picture of life in the wilderness that 
drives the authors’ opposition to intervention. This happens in the case of 
the idea that the reduction of wilderness harms animals (156, 160-161). It 
might be argued that wilderness destruction may harm animals if it involves 

8. Speciesism is discrimination against those who do not belong to a certain species (Hor-Speciesism is discrimination against those who do not belong to a certain species (Hor-
ta 2010b).
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their death or reduces their wellbeing in any other way. But Donaldson and 
Kymlicka seem to think that habitat destruction is bad because it allows fewer 
animals to exist. But it is hard to see how this could be so. First, those that 
nevertheless come into existence cannot be harmed by the fact that they are 
not more numerous. It would have to be, then, the ones who never come into 
existence. But the claim that it is wrong or bad to fail to bring into existence 
potentially happy individuals is a very controversial idea in population eth-
ics (Glover 1977: ch. 4; Parfit 1984: ch. 16; Singer 2011 [1979]: 87-90). Second, 
in any case, what appears to be uncontroversial is that we should not bring 
to existence beings with lives that are expectably bad for them. And we have 
seen that in nature this is what happens in the case of most animals. Hence, 
Zoopolis’s assumption that the loss of habitats is bad for animals because it 
means that fewer animals live, although very popular and intuitive at first, is 
actually questionable and entails serious problems within population ethics.

6. CONCLUSION

Zoopolis presents a political theory that aims to give nonhuman animals the 
protection they need to be capable of having good lives. I wholeheartedly 
share this aim and applaud the authors’ effort in developing such an origi-
nal and thought-provoking theory. I also share their opposition to animal 
exploitation and their support for intervention in nature to aid nonhuman 
animals. Our views diverge when they claim that such intervention should 
be limited in certain ways. I have argued such a claim is scientifically under-
informed, and defended substantial intervention in nature.

The assumptions that animals live valuable lives in nature and that we 
lack any reasons to assist them are widespread, and so many readers will 
regard my own view as counterintuitive. I hope, however, that Donaldson, 
Kymlicka, and others will eventually come to recognize it as sound. And I 
am optimistic that they might eventually do so since the most fundamen-
tal arguments I have presented rely on empirical considerations concerning 
animal population dynamics and community ecology.
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ABSTRACT:
Taking the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC) as representative, I argue that animal ethics has been neglected in the assessment
of climate policy.While effects on ecosystem services, biodiversity, and human welfare
are all catalogued quite carefully, there is no consideration at all of the effects of climate
change on the welfare of animals. This omission, I argue, should bother us, for animal
welfare is not adequately captured by assessments of ecosystem services, biodiversity, or
human welfare. After describing the paper’s assumptions and discussing the role of the
IPCC’s Assessment Reports in climate policy, I consider the presentation of climate
impacts in the IPCC’s Fifth Assessment Report, noting the aspects of animal welfare that
are (and are not) considered there, and comparing the report’s treatment of animal
welfare to its treatment of humanwelfare.Next, I argue that the concepts of ecosystem
services, biodiversity, and human welfare do not adequately capture the welfare of
animals. Finally, I discuss concerns about human responsibility for animal welfare and
the practicality of including considerations of animal welfare among the climate impacts
studied by the IPCC.

RÉSUMÉ :
En prenant le Cinquième Rapport d’évaluation duGroupe d’experts intergouvernemental
sur l’évolution du climat (GIEC) à titre de cas représentatif, je soutiens que l’éthique
animale a été négligée dans l’évaluation de la politique climatique. Alors que les effets
sur les services écosystémiques, la biodiversité et le bien-être humain y sont tous soigneu-
sement recensés, les effets du changement climatique sur le bien-être des animaux n’y
sont aucunement pris en considération. Je soutiens que cette omission devrait nous préoc-
cuper, étant donné que l’évaluation des services écosystémiques, de la biodiversité et du
bien-être humain ne rend pas compte adéquatement du bien-être des animaux. Après
avoir décrit les présupposés de l’article et réfléchi au rôle des Rapports d’évaluation du
GIEC quant à la politique climatique, j’examine la présentation des effets climatiques dans
le Cinquième Rapport du GIEC, en indiquant les aspects du bien-être animal qui y sont
(ou n’y sont pas) pris en considération, tout en comparant le traitement que fait le rapport
du bien-être animal à celui qui est fait du bien-être humain. Ensuite, je soutiens que les
concepts de services écosystémiques, de biodiversité et de bien-être humain ne reflètent
pas adéquatement le bien-être des animaux. Enfin, je traite des problèmes potentiels liés
à la responsabilité humaine relativement au bien-être des animaux ainsi que de la faisa-
bilité d’inclure des considérations liées au bien-être animal parmi les effets climatiques
étudiés par le GIEC.
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1. INTRODUCTION

While the rift between animal ethics and environmental ethics is beginning to
mend, one legacy of the conflict between the two fields is that certain areas of
policy are still exclusively dominated by one set of concerns or the other.1 This
paper is about one of those areas: climate policy. Taking the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (IPCC) as represen-
tative, I argue that animal ethics has been neglected in the assessment of climate
policy. While effects on ecosystem services, biodiversity, and human welfare
are all catalogued quite carefully, there is no consideration at all of the effects
of climate change on the welfare of animals. This omission, I argue, should
bother us, for animal welfare is not adequately captured by assessments of
ecosystem services, biodiversity, or human welfare. In what follows, I first lay
out a number of assumptions and discuss the role of the IPCC’s Assessment
Reports in climate policy. Then I consider the presentation of climate impacts in
the IPCC’s Fifth Assessment Report, noting the aspects of animal welfare that
are (and are not) considered there, and comparing the report’s treatment of
animal welfare to its treatment of human welfare. Next, I argue that the concepts
of ecosystem services, biodiversity, and human welfare do not adequately
capture the welfare of animals. Finally, I discuss concerns about human respon-
sibility for animal welfare and the practicality of including considerations of
animal welfare among the climate impacts studied by the IPCC.

Before beginning, I want to note four crucial assumptions of this paper. First, I
take it for granted that there are at least some nonhuman animals with a welfare
that is of direct moral importance. While this might have once been a contro-
versial claim, thanks to the careful and well-argued work of animal ethicists,
there is now widespread agreement even within mainstream ethics that this is
true.2 There is, of course, still disagreement about exactly which nonhuman
animals have morally important interests, and there is disagreement about how
those interests ought to be weighed against human interests.3 But that there are
morally significant interests that exist outside of the human species is widely
accepted as true. The arguments in this paper require that only the most uncon-
troversial versions of such a claim be true—for example, that adult mammals
typically have some interest in not suffering, and that this interest has some
moral importance.

Second, I take it for granted that, if one is choosing among courses of action,
some of which are likely to have significant effects on the interests of others, one
ought to take those likely effects into consideration in weighing one’s options.
All other things equal, one ought to avoid courses of action that are harmful to
the interests of others. Again, this claim is not controversial within ethics.

Third, I take for granted the basic scientific consensus about climate change:
that human activity is largely responsible for causing it, and that our current
choices and policies, at least on a global scale, will affect how and howmuch the
climate changes.
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Fourth, I take it for granted that climate change is likely to have a very signifi-
cant effect on the welfare of animals. While I will not argue for this claim here,
it is worth saying a bit about why such a claim is nonetheless plausible. Consider
the projected impacts of climate change. Generally speaking, temperatures are
expected to rise, temperature extremes are expected to be more frequent, and
extreme weather events (hurricanes, floods, fires, droughts) are expected to
happen more often. Even under very moderate warming projections, monthly
heat records will be more than twelve times more common by the 2040s (IPCC,
2014a, p. 109, citing Coumou, Robinson, and Rahmstorf, 2013). There are many
negative effects we can expect from this. Higher heat will cause more frequent
wildfires, which will lead to severe problems for air and water quality (IPCC,
2014a, citing Pechony and Shindell, 2010). As warmer temperatures change
habitats, some animals will move into new areas that they hadn’t previously
occupied; others won’t be able to move fast enough and will die.4 Even those
who relocate are likely to have many problems to deal with: needing to find new
food sources, compete or cooperate with members of different species, protect
themselves from new predators, fight off new diseases, and adjust to new
seasonal cycles. Even in a hospitable habitat, extreme weather events can
displace animal populations just as easily as they can displace human popula-
tions. There are also positive effects, at least for some animals, that we might
expect. Some will see new food sources move into their territory, former pred-
ators die off, or former disease vectors disappear.

In addition to the direct effects just listed, there are also indirect consequences
of climate change that are likely to affect the welfare of animals. Climate change
is expected to cause significant disruption to human social and economic
systems, and human responses to these disruptions might affect the way humans
treat animals and their habitats. Sea level rise and extreme weather events will
cause population dislocation and change land-use patterns. Frequent droughts
and floods will impact human agriculture and increase food insecurity in vulner-
able human populations. Economic shocks will further disrupt agricultural
markets. Increased migration and economic deprivation will make violent
conflict among humans more likely. These disruptions and conflicts among
humans are likely to cause harm to many nonhuman animals. Disrupted agri-
cultural markets and economic shocks can affect the way in which humans treat
food animals. War can endanger animal populations as well as human popula-
tions. Again, in addition to the indirect harms just mentioned, there might also
be indirect benefits for some animals. For example, unfarmed land might revert
to better habitat for animals; at least some food animals might lead better lives
if they escaped human captivity.5

There are also impacts on animals that might be caused by certain strategies that
humans might adopt for mitigation of or adaptation to climate change. Increased
reliance on biofuels, for example, is likely to change land-use patterns and cause
human incursions into current habitats. Some actions we might take to adapt to
variability in water supply (for example, building more and larger dams and
reservoirs) might take away resources and habitats needed by animals (IPCC,
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2014a, p. 276, 277). Some strategies for preventing extinctions, such as assisted
colonization (moving organisms to new locations where they have a better
chance of surviving) or more traditional forms of ex situ preservation (moving
organisms to zoos or preserves to protect them) might have important impacts
on the welfare of the animals so moved, on the animals who inhabit the envi-
ronments they were moved out of, or, in the case of assisted colonization, on the
animals in the new location. Again, these consequences are unlikely to be
uniformly negative; at least some animals are likely to benefit from these
changed arrangements.

Finally, as Oscar Horta has argued, climate change may well affect how many
animals are born, in part by affecting the reproductive strategies that animals
pursue.6Horta claims that most animals’ lives involve more suffering than pleas-
ure, in part because most animals reproduce by having many offspring, very few
of whom survive to adulthood (in technical terms, they are r-strategists rather
than K-strategists). If this is true, then, if climate change increases the number
of animals who reproduce this way, as Horta argues it will, or if it simply
increases the number of animals who exist at all (by increasing available food
resources, for example), this is a bad consequence from the point of view of
animal welfare. More lives containing mostly suffering would be brought into
existence with climate change than without it.7

We can see from these considerations that there is likely to be a significant effect
on animal welfare from climate change. In fact, it would be very surprising if
significant changes to the Earth’s climate did not affect the lives of animals.
However, what exactly the effects of climate change on the welfare of animals
will be and how our climate policies might affect those levels of welfare clearly
require more study. While it is clear that there will be many harms and possibly
some benefits resulting from climate change, we need to know more about what
they will be, what their magnitudes will be, and what the tradeoffs among them
might look like.

The four assumptions described above leave us with something like the follow-
ing argument: There are creatures besides humans whose welfare matters
morally. If our choices might have a significant effect on their welfare, we ought
to take that into consideration in deciding what to do.8 The choices we make
now about climate policy are likely to have a significant effect on animal
welfare. Thus, considerations of animal welfare ought to be taken into consid-
eration when we make choices about climate policy.

2. CLIMATE POLICY: ROLE OF IPCC ASSESSMENT REPORTS

Prior to any discussion about the way in which animals are considered in climate
policy, it is important to understand the general framework in which discussions
of climate impacts take place. International discussions of climate policy have
shifted considerably in the last two decades. In the earliest days of international
negotiations about climate change, the focus was entirely on mitigation—that is
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to say, how to reduce greenhouse-gas emissions in order to prevent climate
change. In those days, to talk about adaptation—that is, about how to live within
a changed climate—was taboo. The assumption was that only those who didn’t
want to pursue mitigation talked about adaptation.9 However, as international
agreements failed to reach mitigation targets year after year, it became clear that
some level of harmful climate change was inevitable, and people began talking
about adaptation. Today talk of adaptation is common among policymakers; in
fact, adaptation is now the so-called second pillar of climate policy. Most
recently, policymakers have begun to talk about “loss and damage”—that is, about
the harm that will be caused by those climate changes that cannot be prevented or
adapted to.Again, such talk was previously taboo—a sign of one’s lack of commit-
ment to successful mitigation and adaptation.10 But now policymakers seem to be
acknowledging that some loss and damage from climate change is inevitable, and
they are trying to assess how much and what kind it will be.

Central to current policy discussions about climate change are assessments of the
likely impacts of various courses of action. Policymakers need to know what
the effects will be of mitigating to various levels (for example, what the effect
on agriculture will be if warming reaches the four-degree mark); they need to
know what impacts various strategies for adaption will have (for example, how
a shift to clean energy will affect the transportation sector or freshwater ecosys-
tems); and they need to know which losses are likeliest to occur, which are still
preventable, and what their magnitude will be. This means that a tremendous
effort is going into assessing the good consequences and the bad consequences
of various choices we might make regarding climate change. Much of the IPCC’s
latest Assessment Report, in fact, is devoted to this task.

The Fifth Assessment Report, like all IPCCAssessment Reports, is an aggrega-
tion of smaller sections, each written by a different group of authors. It therefore
might not have the same degree of unity and consistency as a work written in its
entirety by the same group of authors. While this means that we should be wary
of taking the report to express a single, unified view, it also means that omissions
from the work as a whole—since they occur across the work of so many differ-
ent authors—are particularly notable.

The aim of the IPCC’s Assessment Reports is to provide information to policy-
makers about the current state of knowledge concerning climate change, includ-
ing knowledge about the likely impacts of various policy choices. Much of the
most recent report, particularly the over-1 800-page section on “Impacts, Adap-
tation, and Vulnerability,” is written using the language of risk assessment. In
these terms, the report describes its own mission:

[This report] evaluates how patterns of risks and potential benefits are

shifting due to climate change. It considers how impacts and risks

related to climate change can be reduced and managed through adap-

tation and mitigation (IPCC, 2014a, p. 3).
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This is a very broad description of what the report aims to assess, and it is worth
noticing that nothing in this description would rule out the inclusion of conse-
quences for animal welfare among the “impacts and risks” of climate change
that are to be “reduced and managed.” Definitions of key terms within the report
are also very broad. For example, impacts are defined as “effects on natural and
human systems”; risk as “the potential for consequences where something of
value is at stake and where the outcome is uncertain, recognizing the diversity
of values”; and adaptation as “the process of adjustment to actual or expected
climate and its effects” (IPCC, 2014a, p. 5). Nothing in these definitions would
suggest that impacts on animal welfare are to be excluded; in fact, given the
broad language in these definitions, such an exclusion would be strange. For a
report that aims to assess the impacts and risks related to climate change, with
the goal of managing them through mitigation and adaptation, the omission of
impacts on and risks to the welfare of animals is puzzling.

3. FIFTH ASSESSMENT REPORT: IMPACTS ON ANIMALS

And yet, considerations of animal welfare are almost entirely excluded from the
3 300 pages devoted to assessing the potential impacts of various mitigation and
adaptation strategies. This isn’t to say that the report ignores the effects on
animals altogether; rather, it looks at impacts on their existence or nonexistence,
their diversity, and their ecosystemic function rather than impacts on the qual-
ity of their lives as lived. This is very different from the way the report assesses
impacts on humans. In the case of humans, effects on quality of life are central
to the assessment of impacts.

Let us consider first how impacts on animals are assessed. In the report, impacts
are usually described as impacts on species, biodiversity, or ecosystem services.
In the discussion of impacts on species, which we might think of as a concern
about a particular type of biodiversity, the closest that the assessment of climate
impacts comes to considering effects on animal welfare is considering effects on
“species range, abundance, and extinction” (IPCC, 2014a, p. 294). Welfare-
related problems (for example, starvation) are sometimes discussed, but only in
terms of their effect on range, abundance, and extinction. Consider the follow-
ing fairly typical descriptions:

Some corals and temperate fishes experience disturbances to behavior,

navigation, and their ability to tell conspecifics from predators….

However, there is no evidence for these effects to persist on evolu-

tionary time scales in the few groups analyzed (IPCC, 2014a, p. 130).

There is, however, broad agreement that land use, and habitat frag-

mentation in particular, will pose serious impediments to species adap-

tation to climate change as it is projected to reduce the capacity of many

species to track climate…. These considerations lead to the assessment

that future species extinctions are a high risk because the consequences

of climate change are potentially severe, widespread, and irreversible,

as extinctions constitute the permanent loss of unique life forms (IPCC,

2014a, p. 299).
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Even species whose populations are not projected to decline rapidly

over the next century can face a substantial ‘extinction debt,’ that is,

will be in unfavorable climates that over a period of many centuries

are projected to lead to large reductions in population size and increase

the risk of extinction (IPCC, 2014a, p. 301).

Surely the events that are being described in the above quoted passages will be
miserable ones to live through for many animals. “Disturbances to behavior,
navigation, and [the] ability to tell conspecifics from predators” will make for a
very difficult life. If what we care about is what these events will be like for the
animals who experience them, it is no consolation that these circumstances won’t
persist on an evolutionary timescale. Likewise, the inability of many species to
“track climate”—i.e., to continuously migrate to a more hospitable habitat as
the changing climate makes their current habitat impossible to survive in—is a
problem not just because of its effect on risk of extinction and the loss of “unique
life forms,” but also because of the terribly difficult lives animals will live as they
try to make such adjustments. Being in “unfavorable climates” isn’t bad just
because of the “extinction debt” (i.e., increased risk of extinction over the longer
term) that befalls the species, but also because of what it is like for the lives of
living, sentient creatures. An “unfavorable climate” is one where there isn’t
enough to eat, where what kept you safe from predators and diseases in the past
no longer works, where you are increasingly watching your offspring and fellow
group members suffer and die, and where the scarcity of resources leads to
increased conflict, destabilizing group structures and increasing violent
confrontations.

The report also assesses impacts in terms of the effect on biodiversity—under-
stood more broadly than range, abundance, and extinction of species, to include
also diversity at genetic and ecosystem levels—and on ecosystem services.
Biodiversity and ecosystem services are typically discussed together, and biodi-
versity is often described as important because of its effect on ecosystem serv-
ices. For example, the report notes that “global marine-species redistribution
and marine-biodiversity reduction in sensitive regions will challenge the
sustained provision of fisheries productivity and other ecosystem services”
(IPCC, 2014a, p. 17). In a section titled “Impacts Key on Ecosystem Services,”
there is a subsection entitled “Habitat for Biodiversity,” which notes that “many
species could be outside of their preferred habitats within the next few decades”
(IPCC 2014a, p. 319), a problem in virtue of its effect on biodiversity and risk
of extinction. In measuring impacts of various “transformation pathways,” (i.e.,
pathways toward stabilizing greenhouse-gas concentrations), the only way in
which effects on nonhumans are considered is in terms of consequences for
biodiversity (IPCC, 2014b, ch. 6).

What the report seems to care about when it comes to animals is diversity among
the kinds that exist and their functional role in ecosystems—or, at least, those
aspects of ecosystems that humans care about. Animals having to find a way to
live in an inhospitable climate is understood to be a problem because it might
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lead to decreased abundance of those animals or even to the extinction of their
species. Species extinction is presumed to be a problem for two reasons: first,
because those species’ members might have provided important services to
humans (for example, the nutritional and economic benefits that humans get
from catching fish); and second, because species are “unique life forms” (which
are valuable either in their own right or, again, because they provide important
services to humans).

In sum, the report implies that the climate impacts on animals that matter are
those that affect the types of animals still in existence, the numbers of each exist-
ing type, and the quality of the services that they provide to humans. These are
the relevant impacts and risks that the report considers when it comes to animals,
and it is facts about these impacts and risks that are meant to inform discussions
of mitigation, adaptation, and risk management in general.

4. FIFTH ASSESSMENT REPORT: IMPACTS ON HUMANS

It is important to notice that the way in which the report treats the impacts of
climate change on animals, described in the preceding section, is very different
from the way in which the report treats impacts on humans. For humans, effects
on welfare are amply described, and careful attention is paid to the role that
existing disadvantages might play in making some communities more vulnera-
ble to climate change than others. Below are some typical descriptions of impacts
on humans. Notice how different they are from the concerns about risks to
species, biodiversity, and ecosystem services that we saw in the case of animals,
even though many of these effects on humans are also ones that will be suffered
by animals in some way.

Throughout the 21st century, climate change is expected to lead to

increases in ill-health in many regions and especially in developing

countries with low income, as compared to a baseline without climate

change (high confidence). Examples include greater likelihood of

injury, disease, and death due to more intense heat waves and fires

(very high confidence); increased likelihood of under-nutrition result-

ing from diminished food production in poor regions (high confidence);

risks from lost work capacity and reduced labor productivity in vulner-

able populations; and increased risks from food- and water-borne

diseases (very high confidence) and vector-borne diseases (medium

confidence). Positive effects are expected to include modest reductions

in cold-related mortality and morbidity in some areas due to fewer cold

extremes (low confidence), geographical shifts in food production

(medium confidence), and reduced capacity of vectors to transmit some

diseases (IPCC, 2014a, pp. 19-20).

Impacts of such climate-related extremes include alteration of ecosys-

tems, disruption of food production and water supply, damage to infra-

structure and settlements, morbidity and mortality, and consequences

for mental health and human well-being” (IPCC, 2014a, p. 6).
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Climate-related hazards affect poor people’s lives directly through

impacts on livelihoods, reductions in crop yields, or destruction of

homes and indirectly through, for example, increased food prices and

food insecurity. Observed positive effects for poor and marginalized

people, which are limited and often indirect, include examples such as

diversification of social networks and of agricultural practices. Violent

conflict increases vulnerability to climate change (medium evidence,

high agreement). Large-scale violent conflict harms assets that facili-

tate adaptation, including infrastructure, institutions, natural resources,

social capital, and livelihood opportunities (IPCC, 2014a, pp. 6-8,

reference omitted).

Climate-change impacts are expected to exacerbate poverty in most

developing countries and create new poverty pockets in countries with

increasing inequality, in both developed and developing countries. In

urban and rural areas, wage-labor-dependent poor households that are

net buyers of food are expected to be particularly affected due to food

price increases, including in regions with high food insecurity and high

inequality (particularly in Africa), although the agricultural self-

employed could benefit. Insurance programs, social protection meas-

ures, and disaster risk management may enhance long-term livelihood

resilience among poor and marginalized people, if policies address

poverty and multidimensional inequalities (IPCC, 2014a, p. 20).

The report also explores risks to “normal human activities, including growing
food or working outdoors,” and to agricultural incomes; displacement and migra-
tion (and social responses to them); economic shocks; extreme weather such as
heatwaves, floods, droughts, and fires (and social responses to them); heat-
related deaths; gender inequality; access to education; damage to property; abil-
ity to maintain infrastructure and provide social services; psychological
well-being and sense of security; individual, household, and community coping
capacities and need for external assistance; social upheaval; “generalized anxi-
ety, depression, aggression, and complex psychopathology[,]... chronic psycho-
logical distress and increased incidence of suicide”; solastalgia (“a distressing
sense of loss...that people experience when their land is damaged”); risks to
human security; and threats to the freedom and capacity to live with dignity
(IPCC 2014a, p. 20, 49, 94, 105, 550, 713, 732 [citingAlbrecht et al., 2007], 759]).

For humans, impacts on the quality of our lives plays a prominent role in the
discussion of risks to be avoided. This is appropriate. We do not care only about
how many and what kind of humans will remain in existence; we do not care
only about the benefits (economic or otherwise) that they will provide to others.
We also care about the effects on the quality of human lives as they are lived and
experienced. We do not care only about how things work out over the evolu-
tionary long-term for our species; we also care about the human lives that will
be lived during that time.
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Before further discussion, it is worth noting that there are two exceptions to the
generalizations I have just given. First, there is a discussion of ethics in theWork-
ing Group III report. That discussion tries to make room, at least in some places,
for the existence of morally important animal welfare. The authors divide ethics
into two categories: claims about justice and claims about value. While justice
is defined in a way that rules out animals (as a matter of whether “people and
nations…receive what they are due, or have a right to”), value is defined in such
a way that it could be applied to animals (IPCC, 2014b, p. 213). The report states:
“All values may be anthropocentric or there may be non-human values” (IPCC,
2014b, p. 213). Most important is the following claim:

If animals, plants, species, and ecosystems do have value in their own

right, then the moral impact of climate change cannot be gauged by its

effects on human beings alone. If climate change leads to the loss of

environmental diversity, the extinction of plant and animal species, and

the suffering of animal populations, then it will cause great harms

beyond those it does to human beings (IPCC, 2014b, p. 220, emphasis

added).

Unfortunately, this claim seems to have had no impact on the rest of the report,
even within the ethics section. Value is subsequently discussed in economic
terms (i.e., use value and nonuse value), and well-being is discussed as if it
applied only to humans. There are occasional admissions that this kind of assess-
ment is incomplete. For example, there is the claim that “non-market values[,]
such as the existence of species, natural environments, or traditional ways of
life of local societies,” are not well captured because the quantification method-
ology for them is not yet well developed (IPCC, 2014b, p. 225). The report also
mentions in passing the possibility that nature may have value beyond what is
attributed to it by humans (IPCC, 2014b, p. 221). However, these possibilities
are not explored further, nor are these values included in any assessment of
impacts elsewhere in the report.

The second exception, which occurs in the discussion of sustainable develop-
ment, is the statement that “the ultimate end result, for sustainability assessment,
is the wellbeing of all living beings” (IPCC, 2014b, p. 322). However, all that
is said about the well-being of nonhuman beings is that “it still remains difficult
to assess” (IPCC, 2014b, p. 322). In the assessments of impacts that follow, no
effort to assess it is made.

If we read the claims in these two exceptions against the background of the rest
of the report, the conclusion we are left with is this: animals might (or do) have
a welfare that might (or does) matter to the goals of climate policy, but no one
is going to investigate the matter further, and the impacts of climate policy on
this welfare will not be included in our attempts to manage climate risks. From
the point of view of ethics, this position is unsatisfactory.
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5. THE RELATION BETWEEN ANIMALWELFARE AND ECOSYSTEM
SERVICES, BIODIVERSITY, AND HUMANWELFARE

One might attempt to justify the IPCC’s approach by claiming that in fact the
authors are assessing animal welfare. While they might not be measuring how
much a particular elephant or family of elephants will suffer from drought, for
example, they are assessing the impact of drought on all elephants by looking
at how it will affect the existence and abundance of elephants. When measur-
ing the global effects of a phenomenon such as climate change, one might
argue, we cannot investigate the quality of each individual life that is affected.
We need metrics that can be applied to large-scale problems. There are good
ways of measuring impacts on ecosystem services, biodiversity, and human
welfare at the necessary scale, and these can serve as proxies for measure-
ments of animal welfare.

However, to measure the impact of climate change on ecosystem services, biodi-
versity, or human welfare is not to measure its impact on animal welfare. While
these might be measures of large-scale phenomena, they are not in fact measur-
ing the same thing as, nor are they good proxies for, animal welfare. Consider
the case of ecosystem services. Ecosystem services are defined as “the benefits
that people derive from ecosystems,” or, more formally, “ecological processes
or functions having monetary or non-monetary value to individuals or society at
large” (IPCC, 2014a, p. 319; IPCC, 2014b, p. 1259). To measure the benefits
that people derive from an ecosystem is not to measure the benefits that animals
derive from an ecosystem. Ecosystems may provide benefits to people that they
do not provide to animals (opportunities for scientific study, for example), and
ecosystems can also provide benefits to people that come at the expense of
animals (opportunities for hunting and fishing, for example).11

Biodiversity might seem better positioned to capture animal welfare. After all,
measurements of biodiversity are often used to assess the state of nonhuman
communities. In discussions of this issue, it is important to note that biodiver-
sity is a notoriously vague concept. It is defined formally in the Assessment
Report as follows: “The variability among living organisms from terrestrial,
marine, and other ecosystems. Biodiversity includes variability at the genetic,
species, and ecosystem levels” (IPCC, 2014b, p. 1253). The problem is not
simply that there are different levels at which we could look for variability. It is
also that there are different ways in which things at that level might vary. Take,
for example, biodiversity at the species level, in keeping with the report’s focus
on species, discussed above. If what we care about is diversity among the species
in some region, we first need to be clear about what kind of variability we are
looking for. Do we just want there to be as many species present in that region
as possible? Or do we also want those species to be as different from one another
as possible (e.g., in terms of morphology, genetics, etc.)? Do we care how many
members of each species there are—how abundant the species is? There is a
large and technical literature on this topic, and there are many different defini-
tions of biodiversity that have emerged from it.12

5
3

V
O

L
U
M

E
1
3

N
U
M

É
R
O

1
H
I
V
E
R
/
W

I
N
T
E
R

2
0

1
8



Yet there are problems with using any of these definitions of biodiversity as a
proxy for animal welfare. Biodiversity is essentially a measure of variety, even
if different definitions of biodiversity involve different types of variety. Variety
is not the same thing as flourishing. Among humans, this is very clearly true: I
can work in a very diverse department (in terms of nationality, gender, philo-
sophical style, etc.) where everyone is miserable. We see the same thing among
nonhumans. A region with high biodiversity is full of lots of different kinds of
individuals. They might be suffering; their lives might be barely worth living.
But if they are alive, they count positively toward biodiversity. The only time
welfare will affect biodiversity at all is when it affects either reproduction or
mortality to such an extent that the relevant kind of variability in the popula-
tion is diminished—for example, when a species goes extinct. However, signif-
icant effects on welfare happen to species members long before their species
goes extinct. To care about biodiversity, then, is to care about the existence or
presence of the kinds, not about the welfare of the individuals belonging to
those kinds.

From an ethical perspective, the difference between caring about the existence
of kinds and caring about the welfare of individuals is significant. The point of
the claim that animals have a welfare of direct moral importance is that harms
or benefits to them matter morally. It matters not just whether certain kinds of
them exist, but also what their quality of life is. To see the force of this point,
consider what difference it would make if we thought the aim of human moral-
ity was only to ensure that certain kinds of people exist, but with no attention to
the quality of their lives. If we thought that we simply needed to keep a variety
of kinds of people in existence and nothing more, it would not matter if those
people were imprisoned or forced to breed, so long as this strategy did not dimin-
ish the relevant kind of diversity. If millions of people suffered terribly and died,
there wouldn’t be a moral problem so long as they were replaced by other people
of the same kind. This attitude would obviously be intolerable in the case of
humans. To say that human welfare matters is to say that the suffering and death
alone would be a great tragedy, that imprisonment, rape, and other violations of
basic human rights and dignity are themselves great wrongs. One needn’t think
animal welfare matters in the same way as human welfare to see that consider-
ations of mere existence or diversity aren’t adequate replacements for consider-
ations of welfare.

Finally, and perhaps most obviously, human welfare is not the same as animal
welfare. Humans still regularly benefit themselves at the expense of animals.
We test medicines on them to find cures for our diseases, we eat and wear their
bodies, we destroy their homes to build our own, and we kill them for recreation
or decorations that please us. While, ultimately, we might all be better off if we
found a way to harmonize human and animal interests, this doesn’t mean that our
interests are the same thing as their interests. They remain creatures with a good
of their own, whose lives can go better or worse for them independently of
whether our lives go better or worse for us.
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Conceptually, then, ecosystem services, biodiversity, and human welfare are
distinct from animal welfare. Further, given what ecosystem services, biodiver-
sity, and human welfare are, it is not guaranteed that improvements to them will
produce improvements to animal welfare.13 Indeed, there are many ways of
protecting each of these three things that would be detrimental to animal welfare:
we could kill off populations of animals who are interfering with ecosystem
services provided by plants; we could choose ex situ biodiversity conservation
programmes—breeding in captivity—that offer miserable lives for the animals
involved; we could improve our own access to food or fresh water by moving
to new places and displacing animal populations. If we think animal welfare
matters, then using ecosystem services, biodiversity, or human welfare as meas-
urements of it will not suffice.

6.MATTERS OF RESPONSIBILITY

So far, I have argued that we ought to consider the welfare of animals in assess-
ing the impacts of various policy choices we might make about climate change.
But one might object at this point that, at least for nondomesticated animals,
their welfare is not our responsibility. We do not consider it to be our moral
responsibility to protect wild rabbits from wild eagles or from the consequences
of an early winter or a dry season, one might argue, so why should we think that
their welfare is our responsibility now that the climate is changing?

In reply, three points are worth making. First, the IPCC report aims to understand
the impacts of various choices about climate policy for the purpose of manag-
ing and reducing risk. Nothing in this very broad description limits the impacts
or risks it considers to those that we are responsible for, whether the “we” refers
to all or to some subset of humans, and there is no attempt in the document to
sort out which impacts responsibility attaches to. The question of responsibility,
therefore, is not relevant to the question of which impacts of climate change
should be included among those catalogued by the report.

Second, when policymakers choose policies that affect others, they thereby
acquire responsibility at least to consider the interests of those affected by their
policies. We needn’t think that humans in general are responsible for the suffer-
ing of wild animals in general to think that, when our climate policies might do
great harm to animals, that fact ought to matter to us.

Finally, it is also worth reminding ourselves that climate change isn’t a problem
that nonhuman animals have brought upon themselves, nor is it simply a matter
of the vicissitudes of nature—it has been caused by the choices of human beings.
Thus, if assessments of responsibility were to be made, at least some humans
and/or human institutions would clearly bear at least some responsibility for
this harm. To sum up, then, the fact that these harms might befall nondomesti-
cated animals is not an excuse for ignoring the impact of our policy choices on
their welfare.
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7. PRACTICAL CONSIDERATIONS

However, one might wonder whether considering animal welfare is at all real-
istic given the state of international policy negotiations on climate change. Surely
negotiators have enough to disagree about without adding debates over the
importance of animal welfare. However, while agreement has certainly been
difficult to achieve in international negotiations, it is important to recognize that
studying the impacts of climate change on animals is not the same thing as
requiring the consideration of these facts in international negotiations. The
IPCC’s role is not to set the agenda for negotiations, but rather to provide infor-
mation about the impacts of climate change so that policymakers can make
informed decisions. Policymakers are free to use or ignore that information as
they choose. If that information is not made available, however, it will be diffi-
cult for policymakers to take it into account, even if it is an area of great concern
for them.

Additionally, there does seem to be an opening for broader assessments of the
impacts of climate change among policymakers at the moment. There has been
a lot of criticism recently of narrow, reductive assessments of human welfare—
treating a country’s GDP, for example, as a proxy for the well-being of its citi-
zens.14 In the human realm, insisting on easily measured and quantified proxies
for human flourishing has not gone well. These narrow, reductive accounts of
human welfare are slowly being replaced with richer, more pluralistic accounts.15

The same is true for values. The idea that all value is economic value has been
under fire for decades, and richer understandings of value are replacing it. For
example, the Warsaw International Mechanism for Loss and Damage took as
one of its first tasks the study of noneconomic values. This was in response to
many criticisms of prior discussions that treated economic value as a proxy for
human welfare. Studying the economic losses produced by climate change, crit-
ics argued, was not enough. Many losses (social, cultural, psychological) are
not well captured by economic measures, so better ways of including these goods
in our assessments are urgently needed. The resulting technical paper on noneco-
nomic losses catalogues a number of different methodologies that can be used
to assess the value of noneconomic goods, many of which can be useful for
assessing the welfare of animals (UNFCCC, 2013). This is only the beginning
of a solution: no measure of animal welfare is actually proposed in the techni-
cal paper. However, the report insists on a broadening of what would count as
“measurement,” and proposes a number of nonaggregative, qualitative,
and multidimensional methodologies for achieving it. This broadening leaves
room for precisely the kinds of considerations that assessments of animal
welfare include.16

Within environmental ethics, there have also been discussions lately about the
difference between caring about biodiversity or ecosystem resilience in general,
and caring about the fate of certain creatures or places in particular.17 While
biodiversity and the state of ecosystems and their services might be valued by
many people, this value is not the same as that which they place on particular
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places and creatures. For example, many people in the Pacific Northwest region
of the United States would not accept losing their coastal forests, even if they
knew that an equally diverse and functional ecosystem would take its place. It’s
the loss of this forest that would be grieved, even if something equally ecolog-
ically robust replaced it. The focus on biodiversity and ecosystem services has
thus been criticized for being too abstract a description to capture the particu-
larity of human moral concern, even in the case of things like ecosystems.Again,
we see a pushback on the use of biodiversity or ecosystem services as a way of
capturing all that is valuable in the nonhuman world. Animal welfare advocates
might do well to join forces with these critics, as they seem to be pushing for
theories that would be more inclusive of animal-welfare considerations.

Finally, it is worth noting that coming up with assessments of the impact of
climate change on animal welfare is not an impossible task. It is true that poli-
cymakers want data, but in part because of the above-mentioned critiques, the
IPCC is increasingly open to what might count as data. The section “Impacts,
Adaptation, and Vulnerability” describes the basis of its assessments as follows:
“Assessment of risks…relies on diverse forms of evidence. Expert judgment is
used to integrate evidence into evaluations of risks. Forms of evidence include,
for example, empirical observations, experimental results, process-based under-
standing, statistical approaches, and simulation and descriptive models” (IPCC,
2014a, p. 11). Data on animal welfare is needed, and this requires coming up
with measureable aspects of animal welfare for a wide variety of animals. Some
aspects of animal welfare (e.g., mortality) are uncontroversial and are already
being used to assess the effect of climate change on certain animals (IPCC,
2014a). More comprehensive measures have been developed and are already in
use for farm animals and for animals in captivity (in zoos, for example).18 Broad
attempts to come up with rubrics for assessing different aspects of human
welfare have already been developed: lists of human capabilities, the “happi-
ness index,” and so on.19 It is not a stretch to think that a combination of animal
ethicists, wildlife biologists, veterinarians, and ethologists could come up with
a happiness index for different animals, or at least for those most uncontrover-
sially believed to experience suffering. Some efforts in this direction are already
underway.20

8. CONCLUSION

Climate policy is one area where animal welfare considerations are almost
entirely absent, and where this absence is unjustified. In the case of humans, we
don’t just care that many different kinds of humans exist, that they contribute to
the ecosystems they participate in, or that they provide benefits to others.We also
care about how their lives go, about whether these lives are full of satisfaction
or misery. The same is true for animals. We care not just about biodiversity,
ecosystem services, and human welfare, but also about the quality of life for
animals. We should think carefully about what kinds of policy choices we would
favour by omitting animal welfare from the list of impacts we include in our
assessments, and by treating biodiversity as the only nonanthropocentric value
at stake in our decisions.
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In the area of climate policy, concerns about species and ecosystems from envi-
ronmental ethics, concerns about animal welfare from animal ethics, and
concerns about human welfare from human ethics should all play a role in our
decisions about how to deal with climate change. Together these considerations
can provide a more complete analysis of the risks we are trying to manage in
responding to this particularly urgent and difficult problem.
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NOTES

1 For the rift, see, e.g., Singer (1990); Regan (1983); Callicott (1980); Callicott (1989); and

Sagoff (1984). For those lamenting it, see, e.g., Callicott (1988a); Jamieson (1998); and

Callicott (1988b).
2 For examples of acceptance within mainstream ethics, see consequentialists Broome (2006,

p. 43); Hooker (1995, p. 23); Kagan (2016); Norcross (2004); and Tooley (1972); deontolo-

gists Garthoff (2011); Korsgaard (2004); Kriegel (2013); andWood and O’Neill (1998); virtue

ethicists Baier (1995, p. 269); Driver (2011); Hursthouse (2006); and Swanton (2005, p. 38);

feminist and care ethicists Noddings (2013, pp. 148-158); Slote (2007, p. 31); and Walker

(2007, pp. 267-268); and contractualist Scanlon (1998, pp. 177-188).
3 Here I follow the convention within ethics of treating the terms “welfare,” “well-being” and

“interests” as interchangeable.
4 Projected rates of warming involve latitudinal shifts of up to hundreds of kilometers per decade.

See IPCC (2014a, p. 47).
5 See IPCC (2014a) for discussions of these effects on humans. For a further discussion of the

impacts on animals, see Marchant-Forde (2015, pp. 4-5) and Shields and Orme-Evans (2015).

For the impacts on nonhuman nature more broadly and the ethical significance of these

impacts, see Palmer (2011) and Nolt (2011).
6 See Horta (2018, this volume); see also Horta (2010); Horta (2015).
7 As an anonymous reviewer points out, resolving this question is crucial to the practical proj-

ect of determining the effect of climate change on animals. Whether some/many/all animal

lives contain more suffering than happiness and, if so, under what circumstances is ultimately

an empirical question—as it would be in the case of humans. However, the fact that this empir-

ical question has not been adequately investigated (aside from Horta’s important efforts) does

not justify ignoring animal welfare. In cases where important ethical issues rely on empirical

assumptions in need of further study, the conclusion to draw is that more investigation is

needed, not that we can ignore the ethical matter.
8 This paper refers to those who must make choices about climate policy in some places as “poli-

cymakers” and in other places as “we” or “us.”While the IPCC explicitly addresses its reports

to policymakers and seems to have in mind those who make official governmental climate

policy, it is also true that a much broader group (possibly all humans) must make decisions

about what to do about climate change, which will involve policies, choices, and actions that

might have no formal legal status. The “we” is thus meant to designate all of us who face such

decisions.
9 See, for example, Pielke, Prins, Rayner, and Sarewitz (2007) for a description of this situation.
10See, for example, Gupta (2016) and Huq (2014) for a description of this situation.
11From the point of view of ethics, it is strange that ecosystem services are defined anthro-

pocentrically, since ecosystems benefit many other creatures besides humans. The reason for

the anthropocentrism is that ecosystem services were meant to be goods that could be valued

economically. For example, we would assess the value of the water-filtering service provided
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by wetlands by asking how much it would cost us to build a water-treatment plant to filter the

water instead.Whatever it would cost to do it ourselves, then, would be the value of the water-

filtering service provided to us by the wetlands. The concept of ecosystem services comes

from a broader attempt to put a price on environmental goods so that they can be adequately

represented in our economic assessments of costs and benefits. Notice that even though the

wetlands might filter water in a way that is also good for birds, we cannot ask “How much

would it cost the birds to build a water-treatment plant to filter the water themselves?” Birds

are not market participants, and they do not build water-treatment plans. While drinking clean

water clearly is beneficial to them, it isn’t clear how to capture that benefit economically. If

the ultimate aim is the economic assessment of costs and benefits, then anthropocentric

assumptions make the value of ecosystem services much easier to discern.
12For discussion, see Sarkar (2005) and Garson, Plutynski, and Sarkar (2017).
13An anonymous reviewer argues that it is nonetheless reasonable to think that areas with high

biodiversity will have high levels of animal welfare—i.e., that the two are correlated. I am

unconvinced that this is true, as high levels of biodiversity can be produced in many ways (in

some flourishing, stable ecosystems, but also in areas where a lot of species pass through on

their way northward to find a more hospitable climate). Furthermore, there are Horta’s concerns

about the correlation of r-selection with high levels of suffering to take into account. In any

case, it is an empirical question. Rather than assume that this correlation is probably true, we

should investigate whether it is.
14For discussion, see Bergh (2009).
15See, for example, McGillivary (2007); OECD (2015); Sen (1993); Diener, Lucas, Schimmack,

and Helliwell (2009); and Ura, Alkire, Zangmo, and Wangdi (2012).
16For a recent attempt to assess the impacts of climate change on animal welfare using standard

economic methodology, see Hsiung and Sunstein (2007). I would argue that animal welfare is

not well measured by assessing human preferences for the existence or protection of those

animals, a concern the authors acknowledge.
17See for example, the discussion of caring about biodiversity (as opposed to caring about partic-

ular species) in Maier (2013); see more generally the distinction between “caring for” and

“caring about” in Tronto (1989). For further discussion of this issue in ethical theory and envi-

ronmental ethics, see McShane (2014).
18For discussion and references, see Place and Mitloehner (2014); Fraser, Weary, Pajor, and

Milligan (1997); and Broom (2011). For examples of welfare indices and their use, see Farm

AnimalWelfare Commission (2013) or any of theWelfare QualityAssessment Protocols devel-

oped by the European Welfare Equality project (e.g., Welfare Quality Consortium (2009b);

Welfare Quality Consortium (2009a)). While the welfare of farm animals is important, there

are many more nondomesticated animals on earth than domesticated ones. Exact numbers

are difficult to come by, but estimates put farm animals at 77 billion (Humane Society

International, 2017), and wild mammals alone at 1 trillion (Tomasik, 2017, citing Matheny

and Chan, 2005).
19See, for example, Nussbaum (2000); Ura et al. (2012). For Nussbaum’s application of the

capabilities approach to animals, see Nussbaum (2007).
20See, for example, the discussion of elephant welfare in Pearce (2015) or the discussion of

chimpanzee welfare in Fritz and Howell (1993).
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Wilderness, Value of
Michael P. Nelson and John A. Vucetich

Why should we preserve areas known as wilderness? What good is wilderness 

preservation? What is wilderness preservation for? An answer to each of these 

questions will presuppose that those places we call wilderness have a certain value 

or set of values. For over a century people have been putting forth various 

arguments for why we should value and preserve wilderness. Over time, the 

assumed values of wilderness have changed. In the early part of the twentieth 

century these arguments appealed to the broad range of recreational values 

wilderness provides. More recently, wilderness arguments have been premised 

upon scientific values associated with wilderness preservation. Upon examination, 

however, these arguments are not all equally persuasive. Here we review these 

arguments and offer a general examination or critique of the values upon which 

these arguments are premised.

A perennially difficult issue in assessing the value of wilderness is coming to 

grips with what wilderness means. Etymologically, “wilderness” is a “place of 

wild animals.” According to the US Wilderness Act of 1964, wilderness is an area 

“in contrast with those areas where man and his own works dominate the 

landscape, … where the earth and community of life are untrammeled by man, 

where man himself is a visitor who does not remain.” These physical areas of 

wilderness are reflections of an idea of wilderness, a place significantly set apart 

from humans and human influence (see nature and the natural).

The variety of reasons offered for why we should value such places represent 

at  least 31 distinct arguments (Nelson 1998; Jenkins 2008), which can be further 

categorized into six sets of related arguments. We would note that while these 

groupings do not have hard and fast boundaries, they do illustrate that different 

arguments, premised upon different values, possess different strengths and 

weaknesses.

The first set of arguments appeals to a wide range of utilitarian (see utilitarianism) 

and anthropocentric (see anthropocentrism) values. That is, these arguments are 

focused on the use of wilderness for the goods that use provides, and humans are the 

focus or sole beneficiary of those goods. These arguments and the key value (or 

premise) that distinguishes each argument are:

1 The Natural Resources Argument: Wilderness areas are repositories for vast 

amounts of natural resources (timber, clean water, etc.).

2 The Hunting Argument: Wilderness areas are great places to hunt, containing 

both wilderness-dependent species and a context that facilitates a certain kind of 

mpnelson
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hunting experience. Many of Theodore Roosevelt’s writings represented this 

argument (see hunting).

3 The Pharmacopoeia Argument: Wilderness areas, as the harbinger of so much of 

the world’s plant life, are the source of known and yet-to-be discovered medicines. 

Donella Meadows referred to this as the “Madagascar Periwinkle Argument,” 

after the plant that produces the drugs vincristine and vinblastine, used to treat 

leukemia.

Some might view the above arguments as paradoxical, in the sense that the essence 

of wilderness is a place from which people do not exploit or extract resources.

The second set of arguments is also anthropocentric and utilitarian, but does not 

obviously suffer from the shortcoming of the first set of arguments, insomuch as this 

next set of arguments does not explicitly involve the removal of physical resources:

4 The Physical Therapy Argument: Wilderness areas serve as a place to enhance 

and remedy our physical health. Wilderness here provides the source or measure 

of physical health.

5 The Arena Argument: Wilderness areas provide us with superb, perhaps incom-

parable, locales for athletic and recreational activities such as mountain climbing 

and deep-powder skiing.

6 The Mental Therapy Argument: Wilderness experience is psychologically thera-

peutic for humans and therefore salves our mental health: a means by which 

“thousands of tired, nerve-shaken, over-civilized people … [are] get[ting] rid of 

rust and disease,” as John Muir (1991: 1) once put it.

7 The Classroom Argument: There are valuable lessons (e.g., tree identification, the 

functioning of an ecosystem, a sense of humility and priority) to be learned by 

visiting wilderness areas.

8 The Mythopoetic Argument: Wilderness areas are the optimum locale to observe 

and to maintain the tradition of myth making. Even the very idea of wilderness, 

according to Max Oelschlaeger (1991: 231), reflects an important “search for 

meaning – for a new creation story or mythology.”

9 The Defense of Democracy Argument: Good and strong democracies provide for 

the needs of the minority (like wilderness backpackers).

10 The Social Bonding Argument: Wilderness areas are great places for people to 

learn how to cooperate and function in a group.

11 The National Character Argument: Wilderness areas serve as monuments to our 

national character, especially in the United States. Historian Roderick Nash 

(2001: 176) summarizes this argument when he refers to wilderness as the 

“crucible of American character.”

12 The Inspiration Argument: There is great, even unparalleled, artistic and 

intellectual inspiration found in wilderness areas.

13 The Future Generations Argument: Destroying wilderness areas violates the 

rights of future generations who will value and depend upon wilderness 

areas.
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14 The Salvation of Freedom Argument: Wilderness areas serve as places to escape a 

tyrannical government. This argument was famously promoted by Edward 

Abbey (1968: 148–51), who wrote: “We may need it someday … as a refuge from 

authoritarian government, from political oppression … [wilderness areas] may 

be required to function as bases for guerilla warfare against tyranny.”

15 The Self-Realization Argument: Wilderness areas force us to realize we are part and 

parcel of nature, and reliant upon nature for our well-being and continued existence.

16 The Ontogeny Argument: Wilderness areas are the context in which our species 

evolved, hence wilderness areas memorialize our evolutionary past and preserve 

our continued development.

17 The Necessity Argument: We cannot have or understand civilization without 

wilderness, its opposite.

These arguments, individually and as a set, assume the well-being of humans, now 

and in the future, is significantly harmed by the failure to preserve areas of wilder-

ness and facilitate human interaction with wilderness areas.

The third set of arguments is much like the second set in that the values of wilderness 

are utilitarian (though satisfaction of these values does not explicitly require 

exploitation or even visitation of wilderness areas), except that there is ambiguity 

about whether the value of wilderness is solely anthropocentric (see biocentrism). 

These arguments are:

18 The Service Argument: Wilderness areas provide invaluable services (e.g., carbon 

dioxide removal, protection of river headwaters and hence clean water, etc.).

19 The Life-Support Argument: To use Anne and Paul Ehrlich’s classic image, natural 

areas, such as wilderness areas, are like the rivets holding spaceship earth 

together; the continued existence and health of living things is therefore entwined 

with the preservation of wilderness.

20 The Disease Sequestration Argument: Wilderness areas keep many diseases away 

from living things by protecting the species that serve as a disease’s natural host 

(see species, the value of).

21 The Unknown and Indirect Benefits Argument: Wilderness areas most likely 

possess many unknown and indirect benefits to living things.

These arguments suggest that if we value living beings (including nonhumans), then 

we should value areas of wilderness that provide, indirectly, for the well-being of 

those living beings.

The fourth set of arguments is notable for the ambiguity it possesses with regard 

to anthropocentric and utilitarian values. In some ways these arguments could be 

narrowly construed as utilitarian and anthropocentric, but there is a sense in which 

they are neither. These arguments are:

22 The Art Gallery Argument: Wilderness areas are places to have aesthetic 

experiences, maybe even the measure of the beautiful and the sublime. The 



4

essence of this argument is captured most clearly in John Muir’s (1991: 4) 

assertion that “none of Nature’s landscapes are ugly so long as they are wild.”

23 The Cathedral Argument: Wilderness areas serve as a site for spiritual, mystical, 

and religious encounters; they are akin to a giant house of worship or even the 

very source of the sacred.

24 The Standard of Land Health Argument: Areas of wilderness provide us with a 

control sample or base datum to measure our effects on land, or, in other words, 

a standard for land health.

25 The Storage Silo Argument: Wilderness areas are essential for protecting and 

defending biodiversity. Aldo Leopold (1966: 190), who wrote about the value of 

wilderness for more than 30 years, famously summarized this argument by 

pointing out that “to keep every cog and wheel is the first precaution of intelligent 

tinkering.”

26 The Cultural Diversity Argument: The worlds’ various cultures are also derived 

from certain contexts, which include wilderness areas.

If beautiful and sacred places, healthy and biodiverse land, and the origins of cultural 

diversity are valuable because they serve humanity, then these arguments are 

premised upon utilitarian and anthropocentric values. If, however, beauty, 

sacredness, land health, biodiversity, and the origins of cultural diversity are, in and 

of themselves, valuable, then these are neither anthropocentric nor utilitarian.

For many of the above wilderness arguments, the value of wilderness is replaceable 

(e.g., you can recreate in places other than wilderness; see Argument 5 above) or 

contingent (e.g., they are dependent upon the end they serve being of value; see 

Argument 8 above). The fifth set of arguments relies on premises asserting that the 

value of wilderness is neither replaceable nor contingent:

27 The Psychotherapy at a Distance Argument: It is importantly psychologically 

therapeutic just knowing areas of wilderness exist, whether we visit them or not. 

As Mark Jenkins (2008: 175) puts it, “the very idea of wilderness acts as a balm 

on the psychic scrapes and bruises that inevitably come with navigating this 

modern world.”

28 The Laboratory Argument: Wilderness areas provide scientists with an 

 irreplaceable venue to conduct various types of scientific inquiry.

The strength of these arguments hinges greatly on the ability to demonstrate that 

these values are important and irreplaceable, which may be more difficult than is 

immediately apparent if said values can be satisfied by means other than preserving 

areas of wilderness.

The sixth, and final, set of arguments is explicitly nonanthropocentric:

29 The Animal Welfare Argument: Wilderness areas provide for the survival of many 

wild animals that possess intrinsic value, deserve direct moral standing, and 

require areas of wilderness to survive. Leopold (1966: 276–8), for example, 
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claimed that “saving the grizzly requires a series of large areas from which roads 

and livestock are excluded.”

30 The Gaia Hypothesis Argument: If earth is a living organism (or like one), and if 

all living organisms deserve moral respect, then destroying wilderness areas 

 violates this respect.

31 The Intrinsic Value Argument: Wilderness areas possess direct moral standing 

and should be protected for reasons quite apart from how they serve some other 

end (see intrinsic value).

These arguments appeal to the idea that wilderness areas possess value quite apart 

from, or in addition to, serving some human end. To expand upon just one of these 

arguments, contemporary wilderness advocates sometimes forward what we have 

called the Intrinsic Value Argument. E. O. Wilson (1992: 303), for example, once 

wrote, “wilderness has virtue unto itself and needs no extraneous justification.” 

Since we believe certain things (such as our friends, family heirlooms, and children) 

possess a value unto themselves, one might argue wilderness possesses the same sort 

of value. This argument avoids a certain amount of contingency since wilderness is 

seen no longer as a means to some other end, but as an end in and of itself, worthy 

of preservation in its own right. The task of proving the intrinsic value of the 

nonhuman world, and thus of wilderness areas, has been the task of those on 

the  front lines of ecocentric environmental ethics (see environmental ethics) 

since the late 1970s.

Assessing Wilderness Values

Arguments for or against things, from gun control to the legalization of marijuana 

to wilderness preservation, often attempt to be persuasive by maintaining that they 

serve as a means to some other desirable end. Thus, proponents may argue that 

more restrictive laws for the legal possession of firearms would reduce rates of 

violent crime, that legalizing marijuana might increase tax revenue and eliminate a 

certain seedy and undesirable element of society, or that areas of designated 

wilderness are a means to a variety of beneficial and desirable ends. If there is a more 

efficient, less expensive, less time-consuming or generally better way to attain the 

end we desire, our original assertion is weakened. Another way to put it is that the 

persuasiveness of an argument is directly linked not only to the desirability of certain 

ends and to the fact that our means will secure those ends, but also to the discovery 

that ours is the best or only means to that end.

In every argument in Groups 1–3 (and in some interpretations of Group 4), 

wilderness is put forth as valuable as a means to some other end. That is, wilderness 

areas are said to be valuable and worth protection because they provide a 

pharmacopoeia of potential medicinal cures; they provide tremendous services to 

humanity, such as water purification or disease isolation; they are wonderful places to 

salve our mental and physical well-being; they are locales for intellectual, artistic, and 

spiritual inspiration; and a wide variety of other ends that we generally deem worthy.
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Although this is not the place for a complete analysis of each wilderness 

preservation argument, it is worthwhile examining a few arguments as illustrations. 

For example, claiming we ought to preserve areas of wilderness because they provide 

us with places for artistic and intellectual stimulation makes preservation contingent 

on our ability to discover alternative sources of inspiration of equal or greater value, 

and on the value of intellectual stimulation itself. Therefore, if we can find alternative 

sources of intellectual stimulation or if the value of intellectual stimulation is not or 

cannot be persuasively articulated, then there is no longer a need for wilderness 

preservation on this basis, and the argument is dealt a serious blow. Or consider 

backpacking. While we can grant the value of the end of backpacking simply on the 

basis that so many people like to do it, the force of the argument that wilderness 

areas ought to be preserved because they provide great places to go backpacking is 

going to rest upon wilderness preservation as a means to backpacking. Since we can 

go backpacking elsewhere, this argument might fail to provide a strong reason to 

preserve wilderness areas. Certainly, we could strengthen this argument if we 

asserted (and proved) that wilderness areas provided us with incomparable or 

qualitatively superior locations for backpacking.

The solidity of any argument, however, depends on its ability to stand fast against 

the gales of dissent. So we need to examine these arguments critically; we need to 

consider how critics of wilderness preservation have and might dismiss wilderness 

preservation arguments.

The Conflation of Physical Wilderness and Experiential 
Wilderness Values

Wilderness – what we think the concept means and our attitude toward that concept 

– is a powerful reflection of our overall relationship with nature. Much scholarship 

about wilderness has focused on whether the development of wilderness, as a 

concept capable of providing some kind of global insight for conservation, is 

intractable because the meaning of wilderness depends too greatly on one’s cultural 

perspective and because wilderness seems to depend so greatly on another seemingly 

intractable and troubling concern, i.e., human–nature dualism (Callicott 2008). 

These issues fuel long-standing debate about whether wilderness, as a concept, is 

more destructive than not. However, these apparent shortcomings are likely rooted 

in a failure to recognize that wilderness is often the conflation of two distinct 

concepts, physical wilderness and experiential wilderness.

A physical wilderness is a large landscape (or seascape) where ecological processes 

are thought to operate largely in the absence of direct human influence. A wilderness 

experience, by contrast, might be crudely defined as a psychological experience 

deprived in some significant and general way of human culture. Expressed less 

negatively, and more formally, a wilderness experience is a psychological experience 

associated with perceiving the nonhuman elements in one’s environment.

This idea of experiential wilderness entails the salient features associated with 

traditional uses of the term (e.g., European colonists in the forests of the New World; 
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early twentieth-century practitioners of woodcraft; and modern-day, gadget-laden 

backpackers). Experiential wilderness is also broad enough to accommodate coarse 

variation in culture (e.g., the vision quest of an indigenous person) and fine variation 

among individuals of the same culture. For example, a New York City resident and a 

life-long Alaskan bush pilot may both share the same physical environment (a picnic 

on a wilderness lake arrived at by seaplane), but the nature of their wilderness 

experience at that moment may differ greatly.

Physical wilderness is critical for understanding our physical relationship with 

nature. Experiential wilderness is critical for understanding our dispositions and 

attitudes toward nature.

A wilderness experience may usefully be considered as a constellation of 

psychological phenomena that involves a physical stimulus, perception of that 

stimulus (which may be positive or negative), and reaction to that perception (i.e., 

the effect the perception has on one’s more general relationship with nature and the 

nonhuman world). The great value of experiential wilderness as a concept is to 

describe, analyze, and explain various kinds of wilderness experience, with the 

purpose of understanding which kinds of wilderness experience promote a 

flourishing relationship with nature and which do not.

Neither physical wilderness nor experiential wilderness depends on 

a  metaphysically real distinction between humans and nature. The concept 

of physical wilderness depends on the human–nature dualism only to the extent 

that it is a necessary and sensible way of relating things. For example, thinking 

that  humans can cause environmental alteration (destruction) requires a 

dualistic framework.

Experiential wilderness does not depend on a human–nature dualism; rather, it 

treats the perception of that dualism. That is, some wilderness experiences reinforce 

the perception and others dissolve it. If wilderness experience is a deprivation of 

human culture, and if that deprivation is viewed negatively, then human–nature 

dualism may be reinforced. However, a wilderness experience may be better 

characterized as perceiving the nonhuman elements in one’s environment, and that 

experience may result in empathy for denizens of wilderness or the landscape itself 

(in the sense that Leopold shows us how to empathize with ecological collectives in 

“Thinking Like a Mountain,” in Leopold 1966). Insomuch as empathy is a vivid, 

knowledge-based imagination about another’s circumstances, situation, or 

perspective, this kind of wilderness experience is liable to dissolve the perception 

of a human–nature dualism (Rifkin 2009; Vucetich and Nelson 2013). Empathy 

tends to be associated with the dissolution of dualism between the empathizer and 

the object of one’s empathy. The challenge of experiential wilderness is to understand 

why some cultures and individuals respond to some environments positively and 

others negatively (for a detailed discussion of this topic, see Vucetich and 

Nelson 2008).

Physical wilderness and experiential wilderness do not perfectly coincide with the 

distinction between subjective and objective elements of wilderness. Experiential 

wilderness, though importantly subjective, entails an important objective element – the 
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physical environment that triggers the wilderness experience. And while physical 

wilderness is importantly objective (in the sense that a landscape exists independently of 

you and me), the concept of physical wilderness is importantly subjective. One must 

prescribe the conditions that represent physical wilderness (e.g., is an ecosystem large 

enough or sufficiently unaffected by humans to be considered physical wilderness?).

Conclusion: Contemporary Wilderness Values

Wilderness proponents have appealed to a variety of wilderness values and have 

focused their defense of wilderness on different sets of arguments over the past 

century. Early in the twentieth century those arguments clearly and almost solely 

appealed to utilitarian and anthropocentric values, and arguments tended to focus 

on human recreation and mental therapy. More recent wilderness arguments have a 

different focus. Many contemporary conservation biologists argue wilderness areas 

ought to be preserved because they serve as a base-datum for normally functioning 

ecosystems and land health. Their reasoning for preferring this argument is their 

belief that the burden of this argument seems easy to satisfy. Given the emerging 

realization that human health is entwined with the health of the biotic community, 

and that the health of the biotic community might be measured best, if not only, in 

comparison to the health of various areas of wilderness, only the self-destructive 

dissenter would object to wilderness designation. Moreover, such an argument is 

thought to provide both a necessary and sufficient condition to preserve wilderness 

areas given the belief that we cannot measure land health or provide for a base-

datum in any other fashion. In addition, this argument suggests that a wide variety 

of different types and sizes of wilderness areas should be set aside, since there are a 

wide variety of land types, all of which require a standard of land health.

See also: anthropocentrism; biocentrism; environmental ethics; 

hunting; intrinsic value; nature and the natural; species, the value of; 

utilitarianism
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ANIMAL LIBERATIONIST RESPONSES TO 
NON-ANTHROPOGENIC ANIMAL SUFFERING

Michael C. Morris and Richard H. Thornhill

Abstract
Animal liberationists generally pay little attention to the suffering of animals in
the wild, and it is arguable that this is a significant proportion of the total
amount of animal suffering. We examine a range of different responses of animal
liberationists to the issue of non-anthropogenic suffering, but find none of them
entirely satisfactory. Responses that lead logically to the conclusion that anthropo-
genic suffering should be eliminated can apply equally logically to the suffering of
animals in the wild. On the other hand, the solution of micro-managing habi-
tats to prevent suffering is counter-intuitive, and on closer examination eliminates
the intrinsic value of animals’ lives. On balance, the approach that we favour is
acceptance of the intrinsic value of individual animal lives, extending this from
either individual human lives (as accepted predominantly by theists), or from bio-
diversity, species and ecosystems (as currently accepted by ecocentric philosophies).
We also suggest that the combination of animal liberation and environmentalism
only really makes sense in the context of a belief in the redeemable qualities of
nature, as expressed in quasi-Hindu terms or in terms of some Biblical animal
liberationist worldviews.

Keywords: animal rights, wild animals, intrinsic value, animals and religion, animal
suffering, animal liberation

Introduction

Perhaps the most popular objection to veg(etari)anism and animal

liberationism is that eating and otherwise exploiting animals is

“natural”. When a practice is defended as “natural”, this can

mean that it does not violate the telos of what it means to be

human (Burgess and Walsh 1998).

However, claims that exploiting animals is “natural” are not

often formulated in these terms. What the objector often means

is that predation and other animal suffering occurs in nature, and

would continue even were humans to stop eating and otherwise

exploiting animals. Animal liberation would consequently result in

little significant change in animal well-being. The following is an

example of such a viewpoint:

Worldviews 10,3_f4_355-379I  10/17/06  9:58 AM  Page 355



356  .    . 

1 The level of sentience required for concern is discussed in detail by Gary
Varner (1998).

2 Animal welfare advocate John Webster (1994) for example dismisses animal
death on the basis that all animals will die anyway. Whether he takes the same
casual attitude to human death based on the same undeniable premise is not

The only way to put an end, once and for all, to Nature’s cruelty
to animals as expressed in the behaviour of other animals, would
be to kill the lot of them and have done with it. Such a mass cull,
according to vegans, would be “murder”, yet for as long as there
is life on earth, life will destroy other life. (Fitzroy 1999)

For an animal liberationist, there are several possible responses to

arguments of this type, and these are explored in this article. The

disputes between the various responses to the problems of non-

anthropogenic animal suffering are not purely academic, because

animal liberationists should be prepared to respond openly and

honestly to people such as Fitzroy. Equally importantly, one’s response

strongly colours one’s practical approach to animal liberation: peo-

ple who hold different views will be likely to advocate very

different approaches to issues such as environmental destruction,

the creation of nature reserves, the reintroduction of locally extinct

animal species (especially carnivores), and the keeping of pets.

Animal liberationism is used here to mean the belief that

suffering, death and harm to individual non-human animals above

a certain level of sentience deserves a high level of human

concern, and that animals are to be respected as independent

beings. This leaves open the question whether one considers ani-

mal lives to be equally valuable to those of humans, or merely

of non-negligible value. It also leaves open the level of sentience

required for concern.1

Liberationists generally reject the prevailing Western view that

animals can be used for human benefit as food, clothing, enter-

tainment and scientific “models”. Liberationism can be contrasted

with welfarism. Welfarists often work with the agricultural or

pharmaceutical industries. As such they have no ethical objections

to using animals for human benefits, their moral concern is gen-

erally limited to ensuring animals do not suffer physically or psy-

chologically when placed in human care. One point of difference

between welfarists and liberationists is the emphasis placed on

painless death (McMahan 2002). To a welfarist this is not some-

thing with which we need to concern ourselves.2 On the other
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mentioned. Another well known advocate of animal welfare who rejects a full
liberationist position is Dr Temple Grandin, animal welfare consultant at MacDonalds
(www.grandin.com).

hand, death and other deprivation, whether or not the animal

knows they are being deprived, is a real moral concern to a lib-

erationist (Regan 1988).

The two ethical theories most commonly used to argue for ani-

mal liberation are utilitarianism (a form of consequentialism), as

espoused by Peter Singer (1991), and rights theory, as espoused,

in somewhat different versions, by Tom Regan (1988, 2004) and

Richard Ryder (1992). We do not intend to choose between these

viewpoints here, and we have therefore avoided use of the term

“animal rights”. For most of this article it makes little difference

to which ethical school one subscribes, and, for what it is worth,

we tend to agree with the classicist Richard Sorabji:

I do not think we have to adopt any moral theory at all, and cer-
tainly not any moral theory of this unifying type which seeks, as
far as possible, to boil down all considerations to one. So long as
I am speaking not to moral sceptics, but to moral people who have
no wish to hurt their fellow human beings, why should I not speak
as follows? Whatever protects our fellow humans (and I have no the-
ory to tell me what does), the same will protect animals, to the
extent that they do not differ in morally relevant ways. (1993: 217)

We also do not intend to argue whether having compassion for

animals involves struggling against one’s natural inclination, as

Singer, Regan and Ryder tend to emphasise, or liberating oneself

from the socio-economic forces arrayed against compassion, as

Brian Luke maintains (1995). Nevertheless, we do examine in

detail a number of ethical theories that are less commonly relied

upon in discussions about animal liberation, because these are

directly relevant to the responses provided by liberationists to non-

anthropogenic suffering.

Response 1: Anthropogenic Animal Suffering is 

Worse Than Natural Suffering

Let us start by quoting Richard Dawkins, the well-known etholo-

gist and Darwinist populariser:
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The total amount of suffering per year in the natural world is
beyond all decent contemplation. During the minute it takes me to
compose this sentence, thousands of animals are being eaten alive;
others are running for their lives, whimpering with fear; others are
being slowly devoured from within by rasping parasites; thousands
of all kinds are dying of starvation, thirst and disease. (Dawkins
1995)

In this passage, Dawkins is not actually concerned with animal

liberation, but with arguing against the goodness and/or existence

of God. A theist who wished to dispute Dawkins on this point

could argue that animals are capable of little or no suffering.

Indeed, part of the motivation for René Descartes and his fol-

lowers in their arguments against animal sentience was that the

suffering of animals, who are innocent of even original sin, pre-

sented obvious difficulties for Christian theodicy (Thomas 1983:

34). However, although Cartesian and quasi-Cartesian views are

not indefensible, they eliminate the case for animal liberation, and

therefore need not be discussed here.

One can also argue that animals actually suffer in the wild

much less than Dawkins maintains. The human perception of wild

animal suffering may be greatly exaggerated, for several reasons.

Firstly, wildlife films and television sometimes involve the deliber-

ate staging of predation, and some critics go so far as to describe

them as pornographic (Donovan and Adams 1995: 6). Secondly,

animals used for hunting and fighting are deliberately bred to be

vicious, but their behaviour is sometimes imagined to be natural.

Thirdly, as argued more than a century ago by the anarchist biol-

ogist Petr Kropotkin (1902), the view of the natural world as a

sphere of unremitting conflict and competition, taught by classical

Darwinists in nineteenth-century Britain and sociobiologists in the

modern USA, may show more about the imperial capitalism of

those societies than about wild animals (Donovan and Adams

1995: 6). Fourthly, feminist critics do have a point when they

object to the macho, quasi-erotic subtext to the more wilderness-

oriented forms of environmentalism, with wild animals celebrated

as living untamed lives of lust and violence (Donovan and Adams

1995: 6-7).

However, assuming that one steers clear of the wildest shores

of postmodernism and solipsism, it is not obvious how one can

deny that death for herbivores is often drawn-out and painful,
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3 Statistics are derived from the USDA website: http://www.usda.gov/nass/pubs/
histdata.htm (accessed November 2004).

that accidents and disease are common, and that hunger is, espe-

cially for carnivores, an ever-present threat. With greater aware-

ness of animal emotions and feelings, there is more evidence to

suggests that herbivores are capable of finer shades of suffering,

such as constant fear of predators, and the grief that comes with

losing a loved one (Masson and McCarthy 1995).

The remaining position is that non-anthropogenic animal

suffering, although real and severe, is less horrific than much

anthropogenic suffering. The worst cases of suffering caused by

humans, in terms of both severity and numbers, would have to

be factory farming. In 2002 there were approximately 340 million

layer hens, 26 million pigs and 8000 million broiler chickens in

production in the USA alone,3 a vast proportion of which would

be severely confined (Eisnitz 1997). Severe confinement results not

only in crippling physical pain, but emotional suffering to the

point of insanity, through boredom, frustration and the inability

to express natural patterns of behaviour (Weaver and Morris

2004, Morris 2006). In her exposé of the meat industry, Eisnitz

(1997) documents how scalding, stabbing, beating, electrocuting, freez-

ing, and deliberate torture of animals is a common occurrence in

US slaughterhouses.

When one considers the approximately 8000 million animals

per year slaughtered in the US alone (Eisnitz 1997), adds those

slaughtered in other countries, and factors in vivisection, rodeos,

circuses, zoos, hunting, fur farms, fur trapping, puppy mills,

rodent extermination, etc., the total amount of anthropogenic suffering

in the world is staggering.

It is therefore not unreasonable to consider the lives of animals

in factory farms and laboratories to be far worse than the lives

of wild animals. However, while this is a useful argument for

activists to tackle the worst excesses of anthropogenic suffering

first, it is not an argument for dismissing the very real suffering

of animals in the wild.
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Response 2: Non-Anthropogenic Suffering is 

of No Concern to Humans

Almost certainly, the most common animal liberationist position is

that the central aim should be “letting animals be” (Regan 1988:

357), in other words, interfering with them as little as possible

(Singer 1991, Regan 1988: 395). At least in our (the authors’)

countries (the UK and New Zealand), the animal liberation move-

ment is often closely linked with environmentalism. A popular

argument is that if everyone adopted a vegan or near-vegan diet,

the world human population could be supported on a small frac-

tion of the earth’s land area. Large areas could then be left as

wildernesses or lightly managed environments, of which the only

human use, if any, would be for hiking, eco-tourism, and so on.

Even a country as densely populated as England is mostly used

as pasture, or for growing cereals to feed to domestic animals,

and this area could all be allowed to reforest if the demand for

animal foods were to cease. This view presupposes that the exis-

tence of wilderness or semi-wilderness, with complex animal ecolo-

gies, is a good thing for an animal liberationist, which contradicts

Dawkins’ view of the horrors of the natural world.

Singer (1991) takes the position that humans need have no con-

cern about non-anthropogenic animal suffering. However, he does

not defend it in detail, and it is a difficult case to make, for sev-

eral reasons, as discussed below.

One could argue that the only wrongs about which one need

be concerned are those for which one is oneself (partly and indi-

rectly) responsible. For example; some humanitarians (human lib-

erationists) may argue that the moral requirement of rich

Westerners to strive to end human oppression and exploitation is

because much of the suffering in poor countries, and among the

poorest classes in our own countries, is caused by the historic and

current policies of our governments, which we support by paying

taxes and participating in civil affairs. In addition, we participate

in the global market from relatively privileged positions, thus benefiting

from historic and current injustice. By analogy, one should strive

to reduce the amount of animal suffering caused by humans, but

one is under no equivalent moral compulsion to reduce the

suffering caused by other animals or by natural events. However,

there are two major difficulties with this position:
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1. Probably most humanitarians, while acknowledging one’s per-

sonal responsibility for human suffering, would argue that the

moral aim is to strive for the general reduction of oppression

and exploitation, not solely that for which we are responsible

either individually or collectively. A humanitarian from

Norway, say, may without absurdity campaign against human

rights abuses in Tibet, without any implication that either

Norway or rich Europe is directly or indirectly responsible

for those abuses.

2. Although one does bear some personal responsibility for the

wrongs committed by one’s own nation and class, it is

difficult to see how one is similarly responsible for wrongs

committed by someone who simply happens to be a member

of the same species. Therefore, suffering caused to animals

by other animals would be on the same moral level as anthro-

pogenic suffering for which one has no personal responsibil-

ity. However, probably few American animal liberationists would

concede that the torturing of bears in China, by Chinese

people, to provide bile for the internal Chinese market,

requires only the same consideration as the torturing of

zebras by hyenas in Kenya.

Even if one were to accept that we need be concerned solely

about wrongs for which our own species is responsible, much of

the suffering that would occur in semi-wilderness reserves would

be anthropogenic, as these areas would require some degree of

management. For example, they would need to be policed to pre-

vent hunting, pollution and arson, and many would be small, so

would need to be securely fenced, enabling carnivores to corner

herbivores. Furthermore, the carnivores in zoos, laboratories, fur-

farms and circuses would have to be released, and this would

coincide with the need to introduce predators to avoid herbivore

overpopulation. There have been a number of programmes to

reintroduce predators, such as wolves in Yellowstone Park (Wexler

1997) and black-footed ferrets on the Prairies (Dobson and Lyles

2000), and these have presumably resulted in a great deal of her-

bivore suffering.

Bizarrely, some animal liberationists argue that predation is not

an evil, as predators are not moral agents, and are therefore inca-

pable of violating the prey animals’ rights (Regan 1988: 284-285):
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“The total amount of suffering animals cause one another in the

wild is not the concern of morally enlightened wildlife manage-

ment” (Regan 1988: 357). Stephen Clark shows why such a posi-

tion is untenable:

if their [predators’] victims genuinely have rights, and the same
rights that humans are presumed to have, then they have a claim
on us to be protected in their enjoyment of those rights. If a crim-
inal psychopath attacks my neighbour, and I do nothing to assist
her when I could, it is I (not the psychopath) who have violated
her right of defence. (Clark 1979)

A similar point is made by Jamieson (1990) and Varner (1998),

both of whom point out a hypothetical case of our duty to shout

a warning if a dislodged stone is likely to injure a hiker on a

mountain. As Jamieson (1990) points out, what is at issue is our

duty to provide assistance, not our responsibility to mitigate harm

for which we are responsible.

Finally, acceptance that only anthropogenic suffering is an evil

implies that the earth would be without evils if there were no

humans alive on it. Even if all humans were strict vegans, there

would be some anthropogenic animal suffering, due to the

mechanics of ploughing, for example (Davis 2003). Therefore,

acceptance that only anthropogenic suffering is an evil means that

the only moral policy is to strive for the extinction of the human

species, unless there is evidence for some overwhelming good

derived from the presence of humans that can make up for all

the evil that will be eliminated through their extinction. A small

minority of environmentalists, such as the Voluntary Human Extinction

Movement (http://www.vhemt.org), do advocate this, and some

more moderate thinkers are sympathetic (Taylor 1981: VI), but

neither of us has come across this as a rational position among

animal liberationists. This suggests that animal liberationists either

do not genuinely accept the benign nature of non-anthropogenic

suffering, or have not thought through the logical consequences of

their position.

To conclude, the most popular animal liberationist view about

the suffering of wild animals is fundamentally incoherent. It is

possible however that this view could be salvaged by appeal to

various meta-ethical viewpoints. Some of these are discussed

below.
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Response 3: Virtue Theory is Only Concerned 

With Anthropogenic Suffering

Virtue-theory ethics is a popular concept among those professing

religious beliefs, although it is also making a comeback in secular

normative ethics (Hursthouse 1999). Virtue ethicists argue that one

acts morally not to effect any change in the world, nor because

those who are acted upon have rights, but because an act is good

in itself (Murdoch 1985), because it is good for one’s soul, or

because it is necessary for a person to “flourish and live well” as

a human being (Hursthouse 1999).

Most virtue theorists then go on to say that a good act is, of

course, one that does in fact serve to improve the world, so, in

practice, the conduct they advocate is not markedly different from

that advocated by utilitarians or rights theorists (e.g. Hursthouse

1999). However, it is possible for a virtue theorist not to follow

this course, and to restrict his or her consideration to the inher-

ent goodness of the action, without reference to consequences. On

this basis, one may argue that avoiding harm to animals is vir-

tuous, regardless of whether such actions reduce the amount of

suffering in the world.

The difficulty with such a narrow understanding of virtue the-

ory is that it tends to preclude activism: if the only thing that

matters is the moral quality of the action itself, there is no point

striving to improve the world. This would mean that, although

one should oneself avoid causing harm to animals, there would

be no need to encourage others to do likewise, or to campaign

for legal and social changes to reduce harm to animals. If, on the

other hand, one were to argue for the inherent virtuousness of

activism, there is no logical reason why the same argument would

not also suggest the virtuousness of reducing the suffering of wild

animals.

Some virtue theorists expand the concept of virtue to include

a consideration of the “souls” of others. George Bernard Shaw

(1913), for example, argued for the discontinuation of vivisection

because of its effect on others, particularly medical students. Those

who hold views similar to Shaw’s would be likely to campaign

against animal abuses caused by humans, but could perhaps have

no need for concern with non-anthropogenic suffering. However,
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4 For example, Feldman and Moseley (2003) state that “it is more important
for the individual in the charismatic tradition to conform his or her soul to the
demands of God than to conform the world to a notion of justice espoused by
the mainstream ‘helping’ traditions”.

this is disputable; does not turning a blind eye to suffering harm

one’s “soul”?

Virtue theory tends to be associated with worldviews, such as

some forms of Christianity,4 that reject the possibility of amelio-

rating the conditions of worldly life. The creed that is most thor-

oughgoing in this rejection is Theravada Buddhism, and it is

therefore worth considering its position with respect to the treat-

ment of animals. The Theravadin canonical scriptures repeatedly

forbid the killing of animals (Dhammapada: 129-131, 225, 246, 405,

Majjhima Nikaya: 27:13, 41:8-12, 51:9, 14, 54:4, 6, 114:5, 135:5-8),

but do not advocate activism, and, on the contrary, insist that

flesh-eating is morally acceptable, as long as one did not kill the

animal oneself and did not order it to be killed (Mahavagga: 6:2,

31, Amagandha Sutta, Majjhima Nikaya: 55:5). This position seems

odd at first glance, but makes sense when one considers that Theravada

Buddhism does not aim to reduce the amount of killing that

occurs on earth (which is assumed to be impossible), but seeks to

improve the individual’s moral status so as to enable him or her

to escape from the cycle of rebirth.

Response 4: Contract Theory Excludes 

Concern for Wild Animals

If one holds a contractual view of ethics, one may argue that the

social contract need not be verbal, and that domestic animals are

tacit signatories. Lund et al. (2004) advocate this idea for organic

farms. However, they include slaughter as part of the contract,

which would not be acceptable for thorough-going liberationists.

Apart from the objection to killing, our relationship with animals

has few similarities with the Hobbesian ideal of free and equal

individuals consenting to an arrangement of mutual benefit.

Animals have no choice on whether to opt out of the contractual

arrangement (with the possible exception of domestic cats), and do

not start from a position of equality. The use of contract theory
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5 This and later edicts established closed seasons, and prohibited particularly
cruel hunting methods. However, the only hunting that was outlawed was that
of monkeys ( Japanese macaques), and these were probably protected because of
their physical and cognitive similarities to humans. In Japan the similarity
between humans and other primates has been exaggerated as often as it has
been denied in Christendom; one eighteenth-century animal expert went so far
as to claim that monkeys obey Shinto laws of ritual purity (Terashima 1712: bk. 40,
p. 142).

as a model for animal relationships is therefore questionable

(Palmer 1997). If contract theory is to be accepted by libera-

tionists, domestic animals should at least be guaranteed goods such

as protection from slaughter (qua Thomas Hobbes), liberty (qua

Jean-Jacques Rousseau), and a degree of welfare (qua later con-

tractualist thinkers).

A contractual position would or could exclude concern for wild

animals. However, if so, it would also exclude objection to hunt-

ing, which would place it outside the bounds of animal libera-

tionism as commonly understood. Interestingly, however, Richard

Sorabji points out that debate about the treatment of animals in

late-classical antiquity was concerned far more with domestic than

with wild ones: “The consideration of relationships has the unex-

pected consequence that it puts more onus on the farmer who

knows his animals than on the huntsman who cannot know his

quarry.” (Sorabji 1993: 214) As another example, killing and eat-

ing domestic animals was generally prohibited in pre-1850s Japan,

yet hunting was widely accepted. The prohibition on killing

domestic animals was based on Emperor Tenmu’s edict in 676,

which strictly forbade the eating of cattle, horses, dogs and

domestic fowl (all the domestic animals of which there were

significant numbers in Japan at that time), but permitted the hunt-

ing of most wild animals (Toneri and Yasumaro 720: 29:9-10).5

Stephen Clark, one of the very few animal liberationist thinkers

to accord serious attention to non-anthropogenic animal suffering,

presents a more sophisticated version of contract theory, based on

the political philosophy of Robert Nozick, and this allows for the

prohibition of hunting:

Wild animals, to which condition those animals whom we cannot
employ without injustice should be allowed to return, have rights
not to be mistreated, but have no necessary call on our resources . . .
In short, wild things are like Nozick’s independents, who have hired
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no protection agency: “The dominant protection agency’s domain
does not extend to quarrels of non-clients among themselves”. (Clark
1979)

This is not the place to critique Nozick’s political theories, but we

find them unconvincing, especially with respect to animals. If, like

Clark, one views humanity as the Caesar, that is, a ruler who,

although powerful, does not necessarily aspire to universal domin-

ion, division of non-subjects into tributary and independent war-

riors is appropriate. If, on the other hand, humanity is the

Caliph, with a mission to rule, the entire non-subject world is the

Dar al-Harb, awaiting subjection by military or diplomatic means.

It is not obvious that the former model should be chosen rather

than the latter.

In any case, Clark is not consistent in his Nozickianism, and

falls back, four paragraphs later, on an undefended Singer- and

Regan-like assertion that humans should simply avoid interference

in the natural world: “Our clients we should protect, and some-

times even non-clients, but for the most part we should leave well

alone. We have done enough remaking.” (1979)

Response 5: Ethics of Care is Only Concerned 

with Anthropogenic Suffering

The care approach to ethics is often traced back to the philoso-

phy of David Hume, who considered that sentiment is as impor-

tant as reason as a source of morals (1751). A moral act is

therefore one that meets with general approbation and/or that

makes one feel good. Midgley takes a primarily care view of the

treatment of animals, maintaining that children and poets, in tune

with their emotions, have a natural empathy with animals (1984:

113-121). Similarly the views expressed by ecofeminists and envi-

ronmental postmodernists, such as Josephine Donovan (1990) and

Linda Vance (1995), are also probably best seen as care based:

Having demonstrated some of the shortcomings of other theories—
“bad theories—if you insist—I should now offer you a good one,
the theory that will solve our problems and allow us to claim vic-
tory. Sorry. At the risk of seeming disingenuous, I will tell you
instead that I am an ecofeminist, and that in the feminist tradition,

Worldviews 10,3_f4_355-379I  10/17/06  9:58 AM  Page 366



  367

6 Vance’s opinions are more subtle than suggested here, and cannot be readily
summarized.

we eschew the creation of “grand theories”, metanarratives to gov-
ern all actors in all situations at all times. (Vance 1995: 174-175)6

Taking a care view, one may see the anthropogenic suffering of

animals as offensive, but not the non-anthropogenic suffering. This

is certainly our personal feeling as modern Western biologists: we

are horrified by the flesh industry in a way that we are not by

the sight of a stoat taking a rabbit. However, the fundamental

difficulty with this position, as with all emotivist approaches to

ethics, is that it provides no resources for responding to those who

have different gut-feelings.

For example, many people apparently have no innate hostility

to animal slaughter and flesh-eating. On the other hand, horror

at the sufferings of wild animals is a major component of

Buddhist thought. Brian Luke argues eloquently against minimising

the importance of emotion in the struggle for animal liberation

(1995), but nothing he says disproves this central point.

Response 6: Reducing Non-anthropogenic 

Suffering by “Playing God”

Unlike the first five responses, giving reasons why liberationists

should be concerned only with anthropogenic suffering, this

response argues the case for directly intervening in an attempt to

reduce suffering of wild animals.

One form of intervention is to maintain that all animals should

be exterminated as a mercy killing. One author with some liber-

ationist sympathies who is open to this idea is Jeff McMahon

(2002), who considers the possibility of mercy killing because of

what he sees as an asymmetry between the capacity of animals

for suffering and for pleasure. While he does not come to any

firm conclusions, the basic tenet of his thesis appears to be that

euthanasia of animals who are not actually suffering can be ruled

out because the present good experienced by them overrules any

prospect of future suffering.
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We do not know whether any thorough-going animal libera-

tionist supports painless extermination of animals, although an

activist once privately admitted to us that the existence of ani-

mals, either wild or domestic, is irrelevant, and all that matters is

that those animals that do exist are not ill-treated by humans. In

addition, some strains of Buddhism are sympathetic to the plight

of individual animals but welcome the extinction of species

(Schmithausen 1991: 16-17). For example, several of the Maha-

yana sutras that describe paradise stress that it contains no ani-

mals, and that the “birds” placed there for human pleasure are

automata, or perhaps hallucinations (Smaller Sukhavati-vyuha: ch. 6,

Larger Sukhavati-vyuha: ch. 18, 40).

Secondly, one could maintain that although the existence of

animals is a good thing, all animals should be domesticated, or

at least kept in humanely run zoos and safari parks. This is an

unusual position, as most animal liberationists are opposed to

zoos, but Stephen Webb, Chairman of the International Christian

Vegetarian Association, tends towards this view. He expresses sat-

isfaction about the fact that the areas of wilderness in the world

are decreasing, is opposed to all attempts to conserve or reintro-

duce carnivores, rejoices that “it’s the destiny of all animals to

end up as pets”, and is strongly in favour of “well-run zoos”,

where animals “can live longer, healthier lives without having to

kill or be killed” (Webb 1998, Sheahen 2003).

Thirdly, one could maintain that all carnivores and parasites

should be exterminated. Singer (1991) briefly considers this option,

but dismisses it almost without discussion, on the ground that it

would result in overpopulation, and thus lead to more suffering

than it would prevent. However, it is far from clear whether this

is the case. Firstly, under conditions of overpopulation many her-

bivores suffer spontaneous abortion, which would appear to be less

painful than predation. Furthermore, even if intervention would

cause more harm than good at present, there is no reason why

this situation could not change with technological progress.

Contraception-based population-control programmes have already

been undertaken with deer in the USA (Cohn 2001), and are

being considered for the control of possums in New Zealand

(Cowan 2000, “GM carrots” 2001).

The above position leads to the possibility (which is not yet

fully technologically feasible) of human micromanagement of the
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biosphere. One surprisingly uncelebrated thinker who is unabashed

by the possibility of human “divinity” is David Pearce (1998). He

is primarily concerned with engineered human immortality, and

with the use of sophisticated psychoactive drugs and brain tech-

nologies to maximise human pleasure. However, he also predicts

that there will be massive progress in genetic technology over the

next few decades, making feasible the nanotechnological reconstruc-

tion of the biosphere at the genetic level. Herbivores will be

“eugenically enhanced”, “treated with long-acting depot contraceptives

to stop uncontrolled breeding”, and genetically engineered to

ensure constant bliss. Carnivores, on the other hand, will be elim-

inated. It will thus be feasible to eliminate suffering from the bios-

phere (Pearce 1998: 1:9-10).

Pearce’s position appears to be fully consistent with the animal

liberationist position that one should aim to reduce suffering, and

he carries this belief to its logical conclusion. It is difficult to

argue against Pearce purely on the basis of either utilitarian or

rights-based animal (or human) liberationism. Animal liberationists

often dismiss this type of approach, without analysis, as “playing

God”. We too are sure that we are not Pearce’s only readers to

recoil from his putative utopia of happy, drug-dazed, immortal,

human zombies, and happy, semi-domesticated animals.

Response 7: Acknowledging the Intrinsic Value of 

Animals Can Defend Non-anthropogenic Suffering

Some ethical theorists argue that certain entities are intrinsically

valuable, quite apart from the rights or interests of these entities.

For religious thinkers such entities have a non-instrumental value

in the eyes of God. Secular thinkers argue for the intrinsic, non-

instrumental value of certain things even in the absence of a

human or divine valuer (see some accounts of this in O’Neill

1992).

Such theories of intrinsic value have been expressed by two dis-

parate groups of thinkers, one of which accords value to human

life, and the other of which accords value to components of the

environment.

Most theorists of the intrinsic value of human life are conserv-

ative Christians, particularly Catholics ( John Paul 1995). These

Worldviews 10,3_f4_355-379I  10/17/06  9:58 AM  Page 369



370  .    . 

7 An intrinsic-value theorist could defend suicide and euthanasia, on the
ground that lives lose value when extremely painful, unconscious, or existentially
meaningless. However, this position has rarely been defended, at least in the
West, perhaps because it would in practice be indistinguishable from a rights-
based position.

8 As these entities cannot make choices, their having intrinsic value has no
practical difference from their having rights.

9 One exception is J. Baird Callicott (1990), who argues that our duties to the
wider biotic community supplements, rather than replaces, our duty to both
humans and animals.

thinkers argue that the value of a human life overrides even the

rights or interests of the liver of that life, and they therefore tend

to oppose suicide and euthanasia.7

Ecocentric thinkers, on the other hand, argue that entities such

as ecosystems, species, landscape features and biodiversity have an

intrinsic value beyond their instrumental utility.8 The ecocentric

school of thought derives from a famous quotation from Aldo Leopold,

in the 1940s: “A thing is right when it tends to preserve the

integrity, stability, and beauty of the biotic community. It is

wrong when it tends otherwise.” (1948: 262) Ecocentric thought

has since been developed more rigorously by thinkers such as

Holmes Rolston (1994).

In addition to the above two schools, one Tory-traditionalist thinker,

Roger Scruton, accords intrinsic value to customs and human

artefacts. He terms acknowledgment of intrinsic value “piety” or

“pietas” (1996), and defines it as follows: “The disposition to

acknowledge the sacredness and untouchability of things, places,

people and customs . . . because you have no right to encroach

upon them, and because they are intrinsically worthy of respect”

(2000: 183-184).

Most human-life value-theorists, in the tradition of Paul of

Tarsus and Thomas Aquinas, dismiss the possibility of animal lives

having intrinsic value, although C.S. Lewis does toy with the pos-

sibility when he criticises people whose kindness to animals leads

them to kill them when in pain (1940: ch. 3). Similarly, most eco-

centric thinkers are concerned exclusively with species rather than

individuals, and Leopold was an enthusiastic “sport” hunter.9

Scruton is emphatically not an animal liberationist, although he

is opposed to factory farming (2000: 101-103). However, there is

no obvious reason why animal lives should not be intrinsically

valuable.
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10 One objection to Pearce’s views with respect to humans is that one’s life is
not an end in itself, but a means to an end, such as a favourable afterlife, spir-
itual enlightenment, virtue, or art. This is closely connected with belief in its
intrinsic value. This objection can be extended to cover at least some other
species, especially if one believes in reincarnation.

The intrinsic value of individual animal lives would not rule out

the elimination of predators; by analogy, acknowledging the intrin-

sic value of human lives rules out neither the execution or impris-

onment of murderers and rapists, nor the legitimacy of just war.

Therefore, pietas with respect to individual animal lives does not

resolve the central problem of non-anthropogenic suffering, and leaves

open the various playing-God options discussed above.

Nevertheless, it appears to be on pietas that our repugnance for

Pearce’s vision rests. This is not the place for detailed criticism of

his proposals with respect to humans,10 but what he advocates

could be seen as a sort of living euthanasia, eliminating the value

of authentic life. With respect to animals, our repugnance is based

on pietas for wildness and naturalness. Scruton maintains a position

of this type in his hostility to factory farming:

There is the further and deeper question, prompted by both piety
[ pietas] and natural sympathy, as to whether it is right to keep ani-
mals, however little they suffer, in conditions so unnatural and
destructive of the appetite for life . . . Those who decide this ques-
tion merely by utilitarian calculation have no real understanding of
what it means . . . Someone who was indifferent to the sight of 
pigs in batteries, who did not feel some instinctive need to pull
down these walls and barriers and let in light and air, would have
lost sight of what it is to be a living animal. His sense of the value
of his own life would be to that extent impoverished by his indif-
ference to the sight of life reduced to a stream of sensations. (2000:
101-102)

Therefore, the most common animal liberationist position, that

most killing and exploitation of animals by humans is wrong, but

wild animals should be left alone, can be defended on the basis

of pietas for both individual lives and the wildness or non-

artificiality of animal life, species, ecosystems and biodiversity in

general. As pietas links environmentalism and animal liberationism

into a single perspective, it suggests that those animal liberationists

who are hostile to environmentalism should re-think their position

in this respect (and vice versa).
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However, the intrinsic-value-based position is not unproblematic,

as it is difficult to define any objective way of identifying pietas-

warranting entities. For example, if one has pietas for species, may

it not also be appropriate for domestic breeds? One may go fur-

ther: on what grounds do we rule out pietas for re-seeded pas-

tures, fodder crops, or the corrugated-iron architecture of intensive

pig production units?

These difficulties are particularly evident when one encounters

a thinker who accords intrinsic value very differently from oneself.

For example, in social terms, Scruton, a right-wing Tory, accords

intrinsic value to exactly the sort of hierarchic and oppressive rela-

tions that we would oppose ( pietas for tradition may well be

appropriate, but the tradition of resistance is at least as authentic

as that of deference).

Response 8: Reliance on Supernatural Intervention to

Prevent Non-anthropogenic Suffering

With respect to animals, two themes recur through various reli-

gious traditions. The first is that wild animals, including carni-

vores, become tame and non-violent in the presence of human

moral perfection. The second is that in the ideal state of the

world (whether past, future, or outside time) all species of animals

are present, yet with neither suffering nor predation. It is easy to

mock these themes as indicating a wish for “Disneyland” (Scruton,

2000: 130), as represented by cartoons in which birds perch on

Snow White, and forest herbivores and carnivores dance together

around Johnny Appleseed, but we are open to the possibility that

it is only in fantasy that a disenchanted, capitalist culture can

acknowledge deep truths.

One example of the first theme is Pythagoras, often seen as the

first Greek advocate of vegetarianism, who is said to have per-

suaded a bear not to be violent, and then to have fed him bar-

ley and acorns (Spencer 1995: 47). Other examples are the

numerous Christian saints who are said to have befriended large

wild carnivores and persuaded them to be non-violent, such as

Philip and the leopard (Acts of Philip: ch. 8), Jerome and the lion

(Regan 1988) and Francis and the wolf (Matz 2000). Also, the

Cullavagga, in the Theravada Buddhist canon, states that monks
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will not be bitten by snakes if they suffuse the tribes of snakes

with kindness.

In Hinduism, the above ideas are given a fuller doctrinal

definition, and are closer to the heart of the religion. For exam-

ple, Patanjali, in the most celebrated yogic text, presented the

tameness of animals in the presence of sanctity as a universal rule

“As soon as he [the yogi] is grounded in abstinence from injury,

his presence begets a suspension of enmity”. (2:35)

Patanjali’s commentators expanded this: “This occurs on the

part of all living creatures”. (Vedavyasa: 2:35) “Even enemies

whose hostility is everlasting, like horse and buffalo, mouse and

cat, snake and mongoose, in the presence of the exalted who is

grounded in abstinence from injury, conform themselves to his

mind-stuff and renounce altogether their hostility”. (Vacaspatimicra:

2:35)

To turn to the second theme, that in the ideal state there are

carnivore species but no carnivory, some Jewish (e.g. Schwartz

2001) and Christian (e.g. Linzey 1995) animal liberationists empha-

sise the Biblical verses suggesting that humans and all animals

were originally herbivorous:

God also said: “I give you all plants that bear seed everywhere on
earth, and every tree bearing fruit which yields seed: they shall be
yours for food. All green plants I give for food to the wild animals,
to all the birds of heaven, and to all reptiles on earth, every living
creature”. (Genesis 1:29-30, see also 2:16, 3:2, 18, 9:3)

Judaeo-Christian animal liberationists also point out that the Bible

suggests that the biosphere will ultimately return to this state:

Then the wolf will lie down with the sheep, and the leopard lie
down with the kid; the calf and the young lion will grow up
together. The lion will eat straw like cattle; the infant will play over
the hole of the cobra, and the young child dance over the viper’s
nest. They shall not hurt or destroy in all my holy mountain. (Isaiah
11:2-9)

Then I will make a covenant on behalf of Israel with the wild
beasts, the birds of the air, and the things that creep on the earth
. . . so that all living creatures may lie down without fear. (Hosea
2:18)

Plato also understood the golden age as a state in which humans

and animals were able to talk to each other (Statesman: 272) and
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there was no natural violence: “There were demigods, who were

the shepherds of the various herds and species of animals . . . nei-

ther was there any violence, or devouring of one another”

(Statesman: 271, Laws, 6:782). Empedocles had earlier described the

golden age as follows “For all things were tame and gentle to

man, both beasts and birds, and friendly feelings were kindled

everywhere”. (fragment 130) In addition, the Srimad Bhagavatam, the

most important purana in Vaishnava Hinduism, gives the following

description of Krishna’s forest-paradise, Vrindavana: “Vrindavana

is the transcendental abode of the Lord, where there is no

hunger, anger or thirst. Though naturally inimical, both human

beings and fierce animals live there together in transcendental

friendship.” (10:13:60) Vaishnavists derive from this the teaching

that devotion to Krishna enables people to gradually create Vrindavana

in the modern world:

In Vrindavana the forest animals are as good as demigods, for they
have no envy. Even in this material world, in the forest the ani-
mals live together, and when they go to drink water they do not
attack anyone. Envy develops because of sense gratification, but in
Vrindavana there is no sense gratification, for the only aim is
Krishna’s satisfaction. Even in this material world, the animals in
Vrindavana are not envious of the sadhus who live there. The sad-
hus keep cows and supply milk to the tigers, saying, “Come here
and take a little milk”. Thus envy and malice are unknown in
Vrindavana . . . Whether a gosvami or a tiger or other ferocious ani-
mal, everyone’s business is the same: to please Krishna. Even the
tigers are devotees . . . In Vrindavana everyone is happy. The calf
is happy, the cat is happy, the dog is happy, the man is happy:
everyone . . . One may sometimes think that the monkeys in Vrindavana
are envious, because they cause mischief and steal food, but in
Vrindavana we find that the monkeys are allowed to take butter,
which Krishna Himself distributes. Krishna personally demonstrates
that everyone has the right to live. This is Vrindavana life. Why
should I live and you die? No. That is material life. The inhabi-
tants of Vrindavana think, “Whatever is given by Krishna, let us
divide it as prasada and eat”. This mentality cannot appear all of a
sudden, but it will gradually develop with Krishna consciousness.
(Prabhupada 1982: 10:13:60)

Therefore, if an animal liberationist has the relevant metaphysical

belief, it is possible for him or her to argue that, while we should

try to preserve wild areas, the aim is not to create places where

the suffering is “beyond all decent contemplation”, but areas that
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11 Most of our objections to basing optimistic animal liberationism on the Bible
are due to the bloodthirsty nature of the Old Testament, and the lack of any
advocacy of compassion towards animals in the New Testament. However, we
do not wish to reject categorically the validity of optimistic Christian and/or
Jewish animal liberationism.

await the benevolent influence of saints. There are difficulties with

attempts to base this position on the Bible,11 but these are less

marked in Greek and Indian thought, and beliefs of this type are

also more central in Hinduism than in other traditions.

Final discussion

The most popular animal liberationist position, that humans need

have no concern about non-anthropogenic suffering (response 2),

makes no sense. The view that anthropogenic suffering is worse

than non-anthropogenic suffering (response 1), while possibly true,

does not eliminate the problem entirely. Responses based on

virtue theory (response 3) contract theory (response 4) and care

ethics (response 5) have implications that apply equally to anthro-

pogenic and non-anthropogenic suffering.

Among pure animal liberationist responses, the most consistent

response open to materialists is that humans should effectively play

God with the biosphere (response 6). However, this position is

anathema to environmentalists and conservationists, and in our

countries there is a great deal of overlap between the environ-

mentalist and animal liberationist movements. In the USA, on the

other hand, there is much hostility between animal liberation and

environmentalism, and the environmentalist objection to the playing-

God position is perhaps less relevant there.

Pietas, or acknowledgement of the intrinsic value of individual

animal lives, the non-artificiality of animal life, and environmen-

tal entities, such as species, ecosystems, and biodiversity (response 7),

provides a sounder basis for animal liberationism than responses

1 to 5. It also offers the great advantage of linking environmen-

talism and animal liberationism in a single perspective. However,

acknowledgement of intrinsic value is not unproblematic.

Reliance on supernatural intervention (response 8) requires

metaphysical beliefs that will strike many readers as groundless or

bizarre. It will also be unacceptable to people who object to other
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aspects of the respective religions (although we are uncertain

whether religious beliefs have to be treated as package deals).

Perhaps the ideal position, if one can suspend disbelief, is a

combination of responses 7 and 8. These are readily compatible,

as, although pietas does not require religious belief, religion does

seem to provide its strongest basis, as it identifies a real valuer:

the deity. For example, belief in the intrinsic value of individual

lives is most commonly associated with theism. There are also

examples of polytheistic pietas, such as the strict protection of

sacred woods, whether dedicated to Apollo in ancient Greece, or

around Shinto shrines in modern Japan (Ueda and Ueda 2001).

The combination enables one to have pietas for carnivore

species and their habitats. At the same time, it allows us to

acknowledge that the habit of carnivory is an unfortunate result

of the current paucity of saints (in Patanjalian terms), or of the

Fall (in Judaeo-Christian terms). It is also possible to combine this

position with an ecofeminist or Kropotkinist view of the relative

benignity of the lives of wild animals (response 1).
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Abstract 

Humans often intervene in the wild for anthropocentric or 
environmental reasons. An example of such interventions is the 
reintroduction of wolves in places where they no longer live in order 
to create what has been called an “ecology of fear”, which is being 
currently discussed in places such as Scotland. In the first part of this 
paper I discuss the reasons for this measure and argue that they are 
not compatible with a nonspeciesist approach. Then, I claim that if 
we abandon a speciesist viewpoint we should change completely the 
way in which we should intervene in nature. Rather than intervening 
for environmental or anthropocentric reasons, we should do it in 
order to reduce the harms that nonhuman animals suffer. This 
conflicts significantly with some fundamental environmental ideals 
whose defence is not compatible with the consideration of the 
interests of nonhuman animals. 

1. Introduction 

Humans intervene continuously in the wild. There are several 

reasons why they do so. In most cases, they do it just for the sake of 

clearly recognizable human benefits (as when they transform some 

environment to make it more comfortable and less risky for humans 

to inhabit or visit). In other cases, they intervene in order to maintain 

certain patterns of environmental balance. They often do the latter 

because it is in their own interest. The motives for this can be 

variable: the promotion of tourism, an interest in getting some 

resources present in the area in which the intervention takes place, 

scientific, cultural or aesthetical reasons... In other cases, though, 

they do it, allegedly, just for its own sake. The assumption then is that 

there is a certain value in the preservation of such balance, reflected 

in Aldo Leopold’s well known dictum “[a] thing is right when it tends 
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to preserve the integrity, stability, and beauty of the biotic 

community. It is wrong when it tends otherwise” (Leopold 1966, 

262). 

In spite of this, humans very rarely intervene in nature for the 

sake of the interests of other sentient beings, that is, nonhuman 

animals. Moreover, the kinds of intervention they carry out are often 

harmful for them. In fact, if such harm is ever considered, it is only 

insofar as it is instrumentally relevant for the ends that are being 

aimed at. The reduction of the harms animals suffer, per se, is not 

considered a goal that should be pursued when these kinds of 

interventions in nature take place. 

In this paper I will evaluate the reasons we may have to support 

the ends that different interventions aim to achieve. To carry out such 

analysis, I will begin with a particular intervention of this kind: the 

reintroduction of wolves. This measure has been considered in recent 

years in places such as the Scottish Highlands (see for instance 

Watson Feathersome 1997; Nilsen et al. 2007; Wilson 2004; 

Manning et al. 2009; as well as BBC News 1999; 2000 and 2008; 

Morgan 2007; or O’Connell 2008 for media coverage of the issue). 

And it was implemented before in places such as Yellowstone 

National Park, in the United States. This is a measure that would be 

harmful for a number of animals but has been considered in order to 

stop certain changes in the Highlands environment, through the 

imposition on ungulates of what has been called an “ecology of 

fear” (Ripple and Beschta 2004). Such a measure has been much 

discussed, but not because of the consequences it would have for 

nonhuman animals, but rather because of the way it could affect 

some human (non-vital) interests. 

However, in dealing with this question I do not intend to restrict 

my analysis to this particular intervention, nor to this type of 

intervention. Rather, I will consider it as an example to examine the 

more general question of what should be the ends we should aim for 

when we intervene in nature. 
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I want to say in advance that I do not intend to make a technical 

case here as regards whether the particular intervention I will tackle 

might achieve its goals or not. Nor will I try to assess any other 

alternative ways in which such ends could be pursued. On the 

contrary, I will try to examine the ethics underlying the acceptance of 

those ends. I will consider the question of whether it is right to harm 

animals in order to achieve such ends. I will then consider the 

reasons we may have to intervene in nature for the sake of a 

completely different purpose, which is to reduce the harms animals 

suffer. I will argue that this is something we should aim for even if it 

strongly conflicted with what environmentalists may regard as 

valuable. 

This means that the position I will defend here should not be 

confused with a criticism of intervention in nature per se. My 

conclusion will be that we are not justified in intervening in nature 

when doing so generates more harm for nonhuman animals. But I 

will also claim that others interventions should be carried out. 

To defend this, I will proceed as follows. First, in section 2, I will 

explain the reasons why environmentalists defend the reintroduction 

of wolves and the ways it would be harmful for a number of animals. 

Then, in section 3, I will claim that in proposing such a measure they 

are considering the interests nonhuman animals have in a way that is 

completely different from that in which they would consider human 

interests. In section 4 I will argue that treating nonhuman animals 

comparatively worse than humans in cases in which their interests 

are equally important for each of them is unjustified. I will claim that 

it is a form of speciesism. In light of this, in section 5, I will argue that 

this presents a serious objection to the way in which the interests of 

animals are considered in cases such as the aforementioned. I will 

claim that their supporters assume a speciesist viewpoint. Next, in 

section 6, I will consider the claim that an intervention such as this 

one could be actually good for nonhuman animals even if we would 

never carry it out if humans were affected. I will argue that the issue 

has not been really researched and that there are reasons to doubt 
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this claim. Then, in section 7, I will consider the claim that without 

apex predators herbivores will end up disappearing from places such 

as the Highlands. And in section 8 I will claim that this argument is 

inconsistent with the practice of farming. After that, in section 9, I 

consider some potential consequences for other animals due to the 

trophic cascade that the reintroduction of wolves might produce. In 

section 10 I will introduce another argument by pointing out that 

there are strong reasons to doubt our common assumptions 

regarding the aggregate wellbeing of animals. I will consider some 

facts regarding this that have been presented by Yew-Kwang Ng and 

Alan Dawrst, which may lead us to conclude that the suffering of 

nonhuman animals outweighs their wellbeing. Then, in section 11, I 

will consider whether we may have other reasons to think that this 

intervention brings about a positive outcome. This might be so 

according to a biocentric or an environmental holistic viewpoint. I 

will claim that none of these views can be considered compelling 

ones. Next, in section 12, I will claim that none of this drives us to 

reject intervention in nature. Rather, I will argue that it gives us 

strong reasons to intervene for the sake of the reduction of the harms 

nonhuman animals suffer. Finally, section 13 concludes. 

2. The Ecology of Fear: The Effects of Wolf 
Reintroduction on Elk and Deer 

Reintroduction of wolves is often advocated because it is seen as 

something good in itself (see for instance Mech 1995). It is often 

believed that restoring ecosystems previously existing is something 

environmentally valuable (for a criticism of this view, see Shelton 

2004). However, there are other reasons why their reintroduction has 

been defended. In the Scottish Highlands this measure has been 

debated recently on the claim that the red deer population has grown 

too much and is causing significant damage to the local vegetation by 

grazing. 

It has been claimed that the reintroduction of wolves would 

reverse this process. This claim is based on conclusions drawn from 

what happened in Yellowstone National Park in the USA in the last 
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decades, where wolf reintroduction was carried out in 1995 and 1996. 

The last wolves originally living in this park in Yellowstone had been 

killed by 1926. However, after much debate, seventy years later 31 

Mackenzie Valley wolves taken from Canada were brought to the 

park. Since then, their numbers have grown up to 124 in 2008 (Smith 

et al. 2009). Many people find it aesthetic to have wolves back in 

Yellowstone, and this was one of the reasons why they were 

reintroduced. But this measure was also carried out in an attempt to 

restore the trophic chain preexisting the elimination of wolves in the 

park some decades earlier. The reason for this was that, in the 

absence of wolves, elk were free to move around in the park and 

flourish, even though for decades humans hunted them in huge 

numbers. And it was been argued that they were “overgrazing” some 

of the park areas. This claim was seriously disputed (Yellowstone 

National Park, National Park Service 2009). But, environmentalists 

were nevertheless worried about this because elk were grazing one 

particular plant. They were eating the young aspen shoots before they 

grew up, so these trees were not reproducing. For this reason, after 

much discussion, reintroducing the wolves was assumed to be the 

only reliable way to stop this process. 

What are the grounds for this? How can wolves prevent 

ungulates from eating the tree shoots? Of course, one way is by killing 

them and thus reducing their number—it is estimated that around 22 

elk per wolf are killed each year in the park (White et al. 2005, 36), 

and that since wolf reintroduction, the northern Yellowstone elk herd 

has declined by around 50% or more (Smith 2005, 23; White et al. 

2005, 35–36). However, the key factor here is something else. It is 

fear. If wolves are around, their potential victims fear grazing in open 

meadows, since these are places in which wolves can see them much 

more easily. So they have to hide in the woods and get their food from 

bushes and low tree branches (see Ripple and Larsen 2000; Ripple 

and Beschta 2007; see also Preisser et al. 2005). That is the reason 

why the resultant biotic relations that arise from this have received 

the name “ecology of fear”. And the landscape resulting from this, in 

which even though there are herbivores living in the area they do not 
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graze in open fields, has been called “landscape of fear” (Laundre, J. 

W. et al. 2010). 

Now, the way in which herbivores are harmed by this seems 

clear. The harm that is inflicted on them is not reduced to their 

killing, but includes their suffering as well. Fear can be an extremely 

distressing feeling. And this is not the only way in which they are 

harmed by the reintroduction of wolves. They also get poorer 

nourishment as a result of it. This, again, has been observed in 

Yellowstone: because the elk no longer dare to feed out of the woods, 

their nutrition had been notably worse since the arrival of the wolves 

(Christianson and Creel 2010). (In fact, this was, together with the 

killings, one reason why their population declined. Elk are weaker 

and more liable to die for other reasons, and they have less offspring 

[Creel et al. 2009]). We can thus conclude that this kind of measure 

imposes significant harm on the herbivores who are subjected to an 

ecology of fear. We could also assume that, on the other hand, this 

measure benefits wolves. But this would be a controversial claim. 

Reintroductions do not benefit the actual wolves that are captured, 

transported and released into an unknown environment. They would 

be better off if they were left alone in the places they came from 

(unless they were starving there, or being harmed in some other 

way). We could nevertheless say that the measure would benefit those 

wolves who would exist in the future. To make this claim, however, 

we need to assume an impersonal conception of the good according 

to which we are benefiting future beings by making it possible that 

they would exist (a view that entails, for instance, that if we do not 

have children we are failing to do something good—at least in some 

respect—for some potential beings). This is a very controversial 

claim. At any rate, considering the numbers of ungulates and wolves 

involved (recall that an average of 22 elk per wolf were killed each 

year in Yellowstone), it seems clear that even if we accept this claim 

we will still have to conclude that the harm the measure imposes on 

some animals clearly overshadows the benefits it may bring to others. 
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3. A Clearly Different Consideration of Interests 

The reintroduction of wolves is never met without significant 

controversy. Many people strongly oppose it. But the arguments for 

this do not have to do with the interests of nonhuman animals. 

Farmers of neighboring areas are some of those who most strongly 

object to the reintroduction of wolves. They complain that the wolves 

might kill some of the animals they keep on their property. Of course, 

their concern is not the good of these animals (after all, they are being 

raised to be eventually sent by the farmers themselves to be killed). 

Rather, it is clear that the interest that the farmers have in not having 

the wolves around is an economic interest. Together with them, 

hunters often oppose these measures, in order to have more 

ungulates available for them to hunt. (Alleged concern for wolf 

attacks on humans is also sometimes expressed as a reason against 

their reintroduction. However, these attacks are so extremely rare 

that this seems to be an argument that is simply used by those who 

oppose the presence of wolves for the other reasons mentioned 

above, rather than something that may actually be of concern to 

them). 

Now, if we compare the weight of the different interests involved 

there is an obvious contrast. An interest in not gaining some more 

money or in getting some entertainment in killing animals is clearly 

less significant than an interest in not losing one’s life (either by the 

action of a wolf or by a human hunter). And it is also inferior to an 

interest in not being subjected to continuous fear and in not being 

forced to be malnourished. However, the former can be crucial in 

stopping these measures from being carried out, while the latter are 

not given any consideration whatsoever. Complaints by farmers and 

hunters are usually taken seriously, while concern for the wellbeing of 

nonhuman animals is not even regarded as a serious concern. How 

can this be? The answer is obvious. The different interests involved in 

the issue are not being considered according to the weight they 

actually have for those who possess them. Rather, they are assessed 

in accordance to whether or not they are possessed by humans. It is 
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clear that if humans, rather than ungulates, were killed and caused to 

suffer, reintroduction of wolves would not be even discussed. This 

entails that at least one of the following statements is right: 

a.  Wolf reintroduction would be a good measure even if a number 
of humans were killed, terrified and starved due to it. 

b. Wolf reintroduction may be considered unacceptable because of 
the ways in which it harms the animals they hunt. 

c.  The interests of humans and nonhumans have to be considered 
in completely different ways. 

For most people, (a) cannot be considered acceptable. This 

includes those theorists who have defended what has been called the 

land ethic and other environmentalist viewpoints (see for instance 

Callicott 1990, 103; 2000, 211). If we grant this to be right, we are left 

with the question of whether it is (b) or (c) we must accept. In order 

to examine this, I will now consider whether claim (c) can be 

justified. 

Questioning Anthropocentric Speciesism 

The view that humans’ interests must be taken into account in 

ways in which nonhumans’ ones need not be considered has been put 

forward in several different ways. Its defenses can be grouped into 

five general categories. First of all, this idea is often taken for granted, 

or assumed to be right by mere definition. It is claimed that it should 

be obvious that humans’ interests should count for more than 

nonhumans’ ones. This view offers no argument in support of the 

claim it is defending. 

But there are other ways in which this perspective can be 

defended. For instance, it is sometimes claimed that we should 

assume it because humans have an ontological status higher than that 

of other animals, or because humans are God’s chosen species (see 

Aristotle 1998, 1254a–1256b; Reichmann 2000). These claims appeal 

to intrinsic features or to relations whose existence cannot be 

verified, nor falsified by any means. There is no way in which we may 
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verify that all humans and no other animal have these features or 

relations, because there is no way in which we can test whether 

anyone at all can have them. In this way, these claims are similar to 

definitional ones. They just assume in some way that humans have 

some sort of privileged status, which is what they would need to 

prove. So they fail to justify the idea that human interests are morally 

more important than nonhumans are. 

But, apart from these ones, there are other ways in which the 

predominance of human interests has been defended. It has been also 

claimed that humans have certain features (consisting, basically, of 

certain intellectual capacities), which no nonhuman animal 

possesses. And it has been maintained that those features are the 

ones that should determine that someone must be morally 

considered (see, for instance, Descartes 1932; or, in more recent 

times, Carruthers 1992). Besides, it has been argued in other cases 

that humans have some special relations of solidarity, sympathy or 

power in which nonhuman animals are not engaged, and that it is 

this that determines whether or not we should morally consider them 

(see, for instance, Whewell 1852, 223). 

However, as many of those who have worked in animal ethics 

have pointed out, these arguments fail to draw a line separating 

humans from nonhumans. There are many humans such as infants 

and those with cognitive disabilities who lack the mentioned 

intellectual capacities. And there are also humans who are alone and 

powerless, and thus fail to have the relations considered to be 

relevant according to these arguments. This means that if we want to 

defend the moral consideration of all human beings, we cannot 

assume the moral relevance of criteria that exclude nonhumans. 

This argument may drive us to reject the idea that these criteria 

are morally relevant, something which we may also conclude by 

means of a different argument, if we consider what follows. Having 

certain capacities or relations is something that can make us liable to 

be harmed or benefited in certain ways. But it is not what determines 

that we can be harmed or benefited as such. This is determined, 
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rather, by the fact that we are sentient beings, who can have positive 

and negative experiences. Hence, if we want to make our decisions 

according to what can be good or bad for those who may be affected 

by them, we need to consider what is relevant for them to be harmed 

or benefited. If we accept this argument based on an appeal to 

relevance, we will reject any criteria for moral consideration which 

differs from sentiency. 

Hence, I conclude that all the defenses of the predominance of 

human interests fail, so we cannot consider this view to be justified. If 

this is right, we must conclude that such a position is a form of 

speciesist discrimination. 

5. A Speciesist Policy 

In line with this, we have to conclude that it is unjustified to 

assume that the reintroduction of wolves, which has been discussed 

in Scotland, is acceptable because the individuals who would be 

harmed by it would be nonhuman animals and not humans. Those 

who defend such a measure are not considering equally the weight of 

the interests of humans and nonhuman animals. Rather, they assume 

a speciesist position according to which they are prepared to sacrifice 

the interests of nonhuman animals for purposes for which they would 

not sacrifice less significant interests of nonhumans. This has to be 

concluded regardless of whether we agree with this measure or not. 

For even if we thought it would be correct to sacrifice the elk for the 

sake of aspens and other trees, or for further consequences to be 

expected from the conservation of these plants, we might avoid 

speciesism if we also agreed to sacrifice humans for that sake. 

However, the latter is never the case. Most people would reject such a 

view when it comes to human beings. Although there are some 

theorists who have defended it, such as Linkola (2009), who supports 

massive killings of human beings and similar measures for the sake of 

the environment, their positions are widely repudiated. Their 

opinions been rejected by most environmental theorists, who assume 

anthropocentric positions—even if they combine them with an 

environmental holist or biocentrist perspective (see for instance Næss 
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2005, 98; Callicott 1989; Norton 1987, 13; Varner 1998, 79; or 

Hargrove 1992). Moreover, it is also apparent that proposals 

involving mass killings of human beings have not been influential 

either in devising the guidelines according to which nature is policed 

today. 

6. Is Reintroduction of Wolves Good for Other 
Animals? 

It could be claimed that even if the reintroduction of wolves were 

a speciesist measure, it could still be one we should support, because 

it would be good for nonhuman animals. There is something rather 

odd with this assumption, because those who would reject applying 

such a measure would do so out of their concern for humans 

themselves. If they thought the measure was good for those involved, 

they would have no problem with applying it if all the nonhuman 

animals affected by the measure, for good or bad, were humans. At 

any rate, this is not completely conclusive, because it may just 

happen that the conception of the good of those who would oppose 

this measure if humans were involved were wrong. 

Hence, in order to deal adequately with this problem we need to 

examine whether we have reasons to claim that the benefits that 

some individuals would get if this intervention took place would 

outweigh the harms that others would suffer. It could be assumed 

that in light of the different studies that have been carried out in 

support of this measure we should not doubt the many benefits it 

could bring about for animals as individuals living in an ecosystem 

which appears to be enriched by it. However, such studies have 

pointed out the effect it could have in maintaining a certain balance 

in the environment or in stimulating biodiversity. Yet this in no way 

amounts to a clear examination of the problem of whether such 

effects would imply a higher level of aggregate wellbeing for the 

animals involved. Nor does it really give an answer, in particular, to 

the question of whether the introduction of the wolves would cause a 

boost in the levels of wellbeing present in the ecosystem enough to 

outweigh the impact in terms of the suffering and deprivation of 
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wellbeing inflicted on deer and other animals. In fact, it is very 

revealing that this question has not really been tackled as such by 

those studies dealing with the consequences of the introduction of 

wolves. The reason is, obviously, that this is not even considered to be 

an issue. 

This lack of research means that the case has not been 

established that animal wellbeing would be increased, rather than 

reduced, by this measure. Anyway, it could be claimed that this would 

be obvious considering some facts that have been empirically studied 

that appear to be relevant for the wellbeing of nonhuman animals. I 

will assess now some reasons that could be pointed out to defend this 

view. 

7. Future Effects on Herbivores 

One argument that could be considered here was presented by 

Aldo Leopold (1966 139–140, 268) some decades ago. He claimed 

that after the extermination of wolves in many states in the USA, 

deer reproduced in high numbers there, until they ate all the food 

available and, finally, disappeared. Allegedly, this would have a 

terrible impact on the wellbeing of herbivores that could be avoided 

by predators. This claim, however, is far from being clear. 

One could consider that Leopold is referring here to the effects of 

the elimination of predators, rather than to their reintroduction. Note 

also that his observations took place in recent decades, while in a 

place such as Scotland the last wolves were killed in the 17th or 18th 

century. Consider also that even in a place such as Yellowstone, in 

which the wolves were finally reintroduced, the measure was 

implemented for the impact of elk on some particular plant species, 

not because they were actually “overgrazing” the park (as I pointed 

out above, some studies showed that this was not happening). 

Anyhow, this is not the main point. More important than that is the 

fact that Leopold’s concern here was not really with animal wellbeing, 

but with the conservation of a certain ecosystem. Thus, even if deer 

grazing ended up having the effect he describes, it is not clear at all 
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that this would entail more harm than the continuous infliction of an 

ecology of fear on a whole community of deer. At some point, the 

aggregate number of animals harmed and killed by this measure 

would be much higher than the number of animals who would die 

due to lack of food—consider also here something that was already 

pointed out above: when food becomes scarce ungulates have less 

progeny, which reduces the number of individuals actually suffer 

from hunger. 

Apart from this, there is something else going on in the case of 

the reintroduction of wolves in Scotland that shows a clear 

inconsistency in its rationale. We will see it now. 

8. An Argument Inconsistent with Farming 

Supporters of wolf reintroduction have claimed that though on 

the one hand it is understandable that farmers fear that wolves would 

kill some of the animals they keep as their property, on the other 

hand they should also welcome one consequence the reintroduction 

would have, that is, that there would be less deer to compete with 

grazing animals such as sheep. Furthermore, one of the reasons 

presented to favor the reintroduction of wolves is that deer compete 

with sheep for food (Clutton-Brock et al. 2004; Nilsen et al. 2007). 

From a nonspeciesist viewpoint that considers the interests of the 

sheep this is morally objectionable (because sheep farming would be 

seen as unacceptable in the first place). But there is something more 

to say here. 

If there were a true concern for the impact on the vegetation of 

the presence of deer, eliminating sheep farming would be the first 

measure to introduce. Sheep are grazers and their impact on the local 

vegetation is similar to that which is considered to be negative when 

deer cause it. It is obvious that farming has the same effects that the 

reintroduction of wolves is intended to deal with, without it being 

considered to be catastrophic by defenders of wolf reintroduction. 

The obvious reason for this is that humans benefit from the 

exploitation of sheep. 
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Moreover, wolves kill many animals kept by humans for their 

exploitation. For instance, it has been estimated that in those areas of 

Spain where wolves live, they cause an 80% of sheep mortality for 

what are considered to be “natural causes” (Blanco 2000)—that is, for 

those deaths that take place before humans themselves kill the 

sheep—. Yet the fact that wolves kill sheep is not considered to be a 

reason for their reintroduction, but a reason against it. The fact that 

wolves kill animals is seen as something positive if they are animals 

from whose exploitation humans do not profit. Otherwise, it is seen 

as negative, regardless of the fact that the impact on the vegetation of 

all these animals is basically the same. This is also what explains that 

hunters see the fact that wolves reduce the population of some 

ungulates as negative: because they see these animals, as farmers see 

sheep, as animals available for them to use (as “game” to be hunted). 

What is more, as Nilsen (2007, 1000) points out, and one can 

discover easily by taking a look at the official records on the issue 

(Scottish Government Rural and Environment Research and Analysis 

Directorate 2010), sheep farming is maintained in Scotland basically 

thanks to subsidies. Otherwise it would be hardly a profitable activity. 

If we consider the interests of the deer, this presents the 

reintroduction of wolves as a cynical measure. 

It could be claimed that there is a difference between the impact 

that sheep and deer cause, which is that deer graze in what are 

considered to be more or less “wild” areas, while sheep graze in 

places that are closer to where humans live or that have been more 

affected by human action. But this is not a good argument. Firstly, as 

a matter of fact this is often not so. Secondly, this assumes a 

questionable distinction between those areas of lands that are 

regarded to be more and less worthy of conservation in a certain 

state. The reason why this distinction is questionable is that it is 

based on considerations that have to do with human action. Some 

areas are considered to be more valuable because humans have had a 

lesser impact so far on them, because they are not privately owned, 

for aesthetical reasons, etc. But none of this means necessarily that 
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the conservation of their environmental value could have an effect 

upon the wellbeing of animals different from that which would be 

brought about if the measure affected other areas. 

9. Trophic Cascade Effects 

Apart from the argument we have just considered, there is 

another way in which we could believe that this intervention could 

raise the aggregate wellbeing of nonhumans. Perhaps this could 

happen through some more or less complex alterations in the trophic 

chain. Of course, if we only consider wolves and the animals they 

hunt, the reintroduction of wolves has a clearly negative impact in 

terms of animal wellbeing. But this measure may have many others 

consequences. For instance, it has been observed that the 

disappearance of wolves in the USA has led to an increase in the 

population of mesopredators such as coyotes, which has meant that 

some of the animals they hunt, such as pronghorn antelopes, have 

been killed in higher numbers (see Prugh 2009). And far more 

complex trophic relations may be altered by whether there are wolves 

around or not. For sure, if this entailed less total suffering for wild 

animals we would have strong reasons to support this measure. 

However, such complex effects remain yet to be investigated in 

enough detail. Things could be the other way around. We lack an 

understanding of the whole ramifications, for good or bad, upon the 

wellbeing of nonhuman animals of the introduction of an ecology of 

fear. However, we are certain of the harm imposed on the victims of 

it. This gives us a pro tanto reason to reject such measure. 

This could be responded to by pointing out that the 

reintroduction of wolves boosts biodiversity because, when they kill 

other animals, scavengers have more food, which allows them to 

reproduce themselves and multiply. This is so in particular in the case 

of insects. Therefore, this could be something that would increase, 

rather than decrease, animal wellbeing. The reason would be, simply, 

that there could be more sentient animals alive (on the question on 

insect sentiency see Smith 1991). This may seem a reasonable 
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argument at first sight. However, there are some strong reasons to 

reject it. I will present them now. 

10. The Question of the Predominance of Suffering 
over Happiness in Nature 

Yew-Kwang Ng (1995) and Alan Dawrst (2007) have claimed 

that the amount of suffering in nature vastly exceeds the amount of 

wellbeing. In a nutshell, their argument can be reconstructed as 

follows. The reproductive strategies which maximize inclusive fitness 

very commonly entail that many more animals are born than those 

who survive (for a locus classicus on this see Pianka 1970). The 

reason is, of course, that the chances that an animal that has just 

come into existence has of reaching sexual maturity and procreating 

can be extremely low. This happens in particular in the case of small 

animals, who may lay hundreds, or even several thousands eggs. It 

also happens that these animals are, by far, the ones that exist in the 

highest numbers in nature. This means that the majority of the 

sentient animals that come to existence die very soon after they start 

to be sentient. Many of them die from starvation. Others are eaten 

alive by predators or parasites. This means that most of these animals 

in almost all certainty experience more suffering than positive 

wellbeing in their lives. In other words, that their lives are not worth 

living. Given this, the assumption that the conservation of 

environmental balance is on the overall good for animals appears to 

be highly questionable. It would be false if we hold an egalitarian, a 

sufficientarian or a maximin conception of the good. Or if we assume 

any other view according to which an outcome in which some 

individuals gets some benefits but some others get harmed cannot be 

good (as some who hold deontological or virtue ethics approaches 

may assume). But it would also be wrong even if we set aside any of 

these normative views and accepted an aggregative and impersonal 

conception of the good. The reason is that those animals whose lives 

are not worth living appear to be, by a large amount, the greater part 

of the sentient animals existing on Earth’s biosphere. Given this, 

those theories that are based on impersonal views of the good (such 
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as utilitarianism) would have to join all the previously mentioned 

perspectives in their rejection of the present state of affairs as a good 

one. 

Both Ng and Dawrst assume extremely cautious positions as 

regards the conclusions to be implied from the facts and arguments 

they present, and just make the claim that more resources should be 

employed in doing research on the suffering and wellbeing of animals 

in nature. This is a very conservative conclusion for them to make, in 

light of their argument. Anyway, according to this conservative 

conclusion we cannot just assume that the existing balance of the 

environment is positive for animals. Ng (1995, 261) wonders: 

“without welfare biological studies, how do we know that the natural 

equilibrium in the biosphere is desirable[?]” Most of us seem to take 

for granted that this is just the case without really spending much 

time thinking about it. But, on reflection, it is clear that Ng’s is 

correct in wondering whether this is so, at least if we accept that what 

matters is the good of sentient individuals. So the assumption that 

the current balance of ecosystem is good for animals, that is widely 

accepted without being really considered in sufficient detail, cannot 

be considered a warranted one. All this should drive us to consider in 

a completely different light the question of intervention in nature, not 

just in the case we are considering here, but also in general. 

11. The Rejection of Holistic and Biocentric Positions 

We have seen that we have reasons to reject those interventions 

in nature that harm nonhuman animals. This will be resisted by those 

who support an ethic according to which there are other values in 

nature that should be protected. Defenders of environmental holism 

or biocentrism would argue in this way. However, unless we assume a 

speciesist viewpoint, their positions will be rejected by most of us, as 

I have pointed out above. With the exception of a tiny minority of 

more or less consistent environmentalists such as Linkola, most of 

those who have claimed to defend either biocentrism or 

environmental holism have in fact combined these views with an 

anthropocentric speciesist position. Otherwise, they would accept the 
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mass killing of humans for the sake of environmental balance. After 

all, we all know that the way in which humans alter such balance 

vastly outweighs the way in which any ungulate or other animal does. 

However, as we have seen, neither Callicott nor, of course, Leopold, 

held such a view. Neither do theorists such as Paul Taylor (1986) or 

Gary Varner (2002), who have raised the flag of biocentrism, assume 

that the value of the life of a human is tantamount to that of 

nonsentient living beings such as prokaryota (bacteria, archaea) or 

nonsentient eukaryota (such as protista, fungi or plants). Or, for that 

matter, that our lives are as valuable as the lives of each of the cells 

that compose our own bodies. 

There is a conception of value that explains this while rejecting 

speciesism. In light with what I have claimed in section 4, we can 

defend that those who can be benefited or harmed are those 

individuals who have the capacity to have positive or negative 

experiences. A life with no experiences at all would be of no value. In 

fact, there would be no subject living it. And ecosystems are also 

entities which are not conscious. Only the individuals who live in 

them are. Hence, the latter are the only ones to be morally 

considered, not ecosystems, biocenoses or biotas as such. This being 

so, we should care about the consequences that interventions in 

nature have to sentient animals, rather than to nonsentient beings or 

ecosystems. We may, of course, need to worry about how such 

interventions can affect the latter, but for indirect reasons concerning 

the good of sentient beings. 

This also drives us to reject a distinction that a number of 

environmentalists draw between animals who would belong 

respectively to what are often called in a rather optimistic fashion the 

“biotic community” and the “mixed community (of humans and 

domestic nonhuman animals)” (Callicott 1989). This distinction 

appears to be completely unacceptable from a nonspeciesist 

viewpoint (which, incidentally, may also find diversionary the use of 

the term ‘community’ to name a relation based on aggression). The 

same principles we may have when it comes to consider those 
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nonhuman animals that are exploited by human beings should apply 

in the case of those living in the wild. There is no sound reason to 

discriminate against the former, or against the latter. Since both can 

be positively and negatively affected by their interaction with other 

beings, the harms they can suffer need to be considered in the very 

same way. 

12. Changing the Aims of Intervention 

What I have just pointed out has another significant corollary. 

Thus far I have claimed that interventions that aim at the 

conservation of a certain environmental balance by harming sentient 

animals are objectionable. However, nothing from what we have seen 

entails that there is anything inherently wrong in intervening or 

avoiding intervention in nature. It is obvious that this need not be the 

case if we assume an anthropocentric view. But it is important to note 

that the same would be true if we considered the matter from a 

nonanthropocentric perspective. We have seen that if we assume a 

holistic perspective according to which, to put it in line with 

Leopold’s motto, “the integrity, stability, and beauty of the biotic 

community” would be the locus of value, we would still have reasons 

to intervene in nature. In fact, reintroductions of wolves may be an 

example of a policy in line with this. But if we assume a nonspeciesist 

position according to which the interests of all the sentient beings 

involved should be considered, we would also have reasons to 

intervene in the wild. However, such interventions would have to be 

aimed at reducing, rather than increasing, the harms that nonhuman 

animals suffer. This would be the case, in particular, in light of the 

points made by Ng and Dawrst, according to which important 

interventions in nature would be very desirable from the point of 

view of nonhuman animals. 

We have also seen that the view that the conservation of the 

environmental balance of ecosystems is something valuable in itself 

is, in fact, highly questionable. This being so, it seems we can modify 

the claim presented above. I have argued that when we intervene in 

the wild we should do so in ways that do not have a negative impact 
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on animal wellbeing. However, we can now go a bit further, and claim 

something more. We also have reasons to intervene in nature when 

doing so would decrease the harms nonhuman animals suffer. In fact, 

we would have reasons to do so even if that conflicted with what 

defenders of biocentrism or environmental holism may regard as 

valuable, such as environmental complexity or stability, species 

conservation or aesthetical appreciation of nature. These are 

currently seen as ideals we should try to further whenever they do not 

conflict with significant human interests. However, we have seen we 

have reasons to reject biocentrism, environmental and speciesist 

thinking. This means that we should not try to further these 

environmental ideals either if they conflict with the interests of 

nonhuman animals. This gives us clear reasons against trying to 

introduce an ecology of fear into Scotland, or into other places in 

which this measure is being discussed. But it also gives us strong 

reasons to consider other ways in which we could intervene in nature 

in order to minimize animals’ suffering and death. 

13. Summary and Conclusion 

In this paper I have argued that (i) intervention is not inherently 

wrong; (ii) speciesism is unjustified; (iii) the idea that environmental 

balance is valuable in itself is unwarranted; and (iv) biocentrism must 

be rejected. What follows from these four claims is that we should 

change the aims that we are trying to achieve when we intervene in 

nature. The good of nonhuman animals must be the central concern 

for that. Regarding the particular case I have examined here, I have 

not denied that the reintroduction of wolves may be useful to achieve 

some purposes. Rather, I have defended that the purposes we should 

aim towards when we intervene in nature are completely different 

ones, even if this conclusion seems, at first, counterintuitive. We 

should be wary of our initial intuitions regarding this, given that we 

have been raised in societies in which nonhuman animals are seldom 

seriously considered. 

The question of the interests of animals living in the wild and the 

disvalues present in nature has not been properly addressed to date 
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(for exceptions see Sapontzis 1984; Olivier 1993; Bonnardel 1996; 

Cowen 2003; Fink 2005). With regards to this, I want to claim that 

even if the arguments presented here were wrong, they would at least 

show that this issue is a very serious one which deserves much more 

attention than the one it has received so far. 
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Consequentialism  
and  Nonhuman 

Animals

Tyler M. John and Jeff Sebo

1. Introduction

Consequentialist moral theories and nonhuman animals share a long and compli-

cated history.1 On one hand, some of the earliest Western philosophers to take seriously 

the moral status of nonhuman animals were the British utilitarians Jeremy Bentham, 

J. S. Mill, and Henry Sidgwick. Moreover, contemporary utilitarian Peter Singer is o;en 

credited with having started the modern-day animal rights movement with the publica-

tion of Animal Liberation. Consequentialist principles motivate many animal advocates 

in general, and they are at the foundation of the e<ective animal advocacy movement in 

particular.2

On the other hand, many philosophers and advocates question whether consequen-

tialism adequately respects the moral status of nonhuman animals, in much the same 

way that they question whether consequentialism adequately respects the moral status 

of humans. Familiar critiques of consequentialism emerge with new life in the context of 

assessing the moral status of nonhuman animals, such as the critique that consequen-

tialism regards individuals as fungible receptacles of value, which is to be promoted 

regardless of the means of its promotion.

In this chapter we will focus on two related issues that arise for consequentialists regard-

ing nonhuman animals, one regarding domesticated animals and the other regarding 

1 >is paper bene?ted from feedback from and discussion with Mark Budolfson, Tomi Francis, 
Maryse Mitchell-Brody, Doug Portmore, Abraham Rowe, Alexa Stonebarger, Travis Timmerman, and 
members of the 2018 Global Priorities Institute summer works in progress group. We have also 
bene?ted from countless conversations with many animal advocates over the years.
2 Animal Charity Evaluators (2017).
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wild animals. Regarding domesticated animals, some philosophers believe that conse-

quentialism results in an implausibly pro-exploitation stance, according to which, if 

farmed animals have positive well-being, then we are morally permitted if not required 

to increase the number of farmed animals in the world, all else equal. Regarding wild 

animals, some philosophers believe that consequentialism results in an implausibly 

anti-conservationist stance, according to which, if wild animals have negative well-

being, then we are morally permitted if not required to decrease the number of wild 

animals in the world, all else equal.

>is chapter assesses whether standard forms of consequentialism have these results. 

Our approach echoes arguments from numerous consequentialist writers before us, 

such as Henry Sidgwick and R. M. Hare. We should make a distinction between criteria 

of rightness, which determine which actions are right in theory, and decision procedures, 

which we use to decide which actions to perform in practice.3 When we do, we ?nd that 

consequentialism as a criterion of rightness recommends a partly consequentialist, partly 

nonconsequentialist decision procedure for most people in most situations. In our view, 

this partly consequentialist, partly nonconsequentialist decision procedure conKicts 

with pro-exploitation and anti-conservation stances. >us, we will argue, the conse-

quentialist case for abolition of animal agriculture and conservation of wild animal hab-

itats is stronger than many philosophers appreciate.

Before we begin, we should make some caveats about the scope of our discussion. 

First, there are many normative questions about which consequentialists disagree, some 

which bear on the topics that we discuss. >ese questions include: Should we accept 

hedonism, desire satisfactionism, or something else as our theory of the good? Should 

we accept act consequentialism, rule consequentialism, or something else as our theory 

of the right? And so on. We will not be able to discuss all these issues here. Instead, we 

will focus on classical utilitarianism (i.e., actualist, hedonist, maximizing,4 totalist, act 

consequentialism), and we will note issues about which di<erent consequentialist theo-

ries have di<erent implications.

Second, there are many empirical questions about which consequentialists disagree, 

some of which bear on the topics that we discuss as well. For example, do farmed ani-

mals and wild animals in fact have positive or negative well-being? Does our individual 

behavior make a di<erence regarding how many farmed animals or wild animals are in 

the world? And so on. Once again, we will not be able to discuss all these issues here. 

Instead, we will stipulate answers to these questions for the sake of discussion where 

necessary, and we will allow these questions to remain open where possible. In all cases, 

we will do our best to note these questions where they arise and to explain why we 

approach them in the way that we are.

3 Feldman (1986); Hare (1981); Par?t (1984, 24–28); Sidgwick (1874, 489–490).
4 We take maximizing consequentialism to be compatible with certain forms of scalar 

consequentialism, such as those developed by Gustafsson (2016) and Sinhababu (2018), in that all such 
views regard maximizing the good as uniquely maximally right.
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>ird, and relatedly, we will not provide a conclusive answer to the questions we are 

considering. How many domesticated and wild animals there should be, and what we 

should do in order to realize these population levels, are extraordinarily complicated 

questions that require comprehensive normative and empirical analysis to answer. 

Instead, we will do the following. First, we will situate nonhuman animals in conse-

quentialist theory. Second, we will summarize and evaluate arguments that philoso-

phers have made regarding consequentialism, farmed animals, and wild animals. >ird, 

we will introduce a set of considerations that we take to provide strong, and possibly 

decisive, support for abolitionist and conservationist stances from a consequentialist 

perspective.

2. Background

2.1. Situating Animals in Consequentialist .eory

We take consequentialism to be a family of moral theories according to which the right-

ness of actions is entirely a function of their consequences. Philosophers disagree widely 

about the scope of this family.5 As such, and for the sake of simplicity and speci?city, we 

focus on paradigmatic forms of consequentialism which are impartially benevolent and 

which reject the act/omission distinction and other standard deontological distinctions.

Understood in this way, consequentialism has historically been a more species- 

egalitarian family of moral theories than its competitors. >is is partly due to the inKu-

ence of classical utilitarians, who appreciated that a principled, impartially benevolent, 

welfarist moral theory implies that all sentient beings have equal moral standing. As 

Bentham famously stated, “>e question is not, Can they reason?, nor Can they talk? 

but, Can they su<er?”6 By contrast, nonconsequentialist theorists such as Kantians and 

contractualists have for the most part only recently begun to accept that nonhumans can 

have moral standing at all.7 Our view is that the historically consequentialist view is 

correct. We therefore assume throughout that all animals are equal, in the sense that all 

animals’ interests merit equal moral consideration.

Much of the modern-day project of determining how to maximize impartial good is 

taken up by the e<ective altruism community. E<ective altruism is, broadly, the project of 

using evidence and reason to determine how to improve lives as much as possible, and then 

acting accordingly.8 While e<ective altruism is compatible with other moral theories, many 

people see it as characteristically consequentialist. >is is partly because consequentialists 

such as Toby Ord and Peter Singer developed the idea of e<ective altruism, and partly 

because the idea of e<ective altruism focuses centrally on maximizing good outcomes.9

5 Portmore (2009); Sinnott-Armstrong (2019). 6 Bentham (1879).
7 For examples, see Donaldson and Kymlicka (2011), Korsgaard (2018), and Rowlands (1997).
8 MacAskill (2017).
9 In a 2017 survey, about two-thirds of EAs reported accepting or leaning toward consequentialism.
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E<ective altruists assess the priority of di<erent focus areas using three heuristics: 

importance, tractability, and neglectedness.10 A problem is more important to the extent 

that solving it would make a positive di<erence to the world. A problem is more tracta-

ble to the extent that it is easy to solve. A problem is more neglected to the extent that few 

people are working on solving it. While there are important limitations to this framework,11 

when properly applied it serves as a useful guide to identifying the problems that are, in 

consequentialist terms, the most important problems to address.

Using the importance, tractability, neglectedness framework, e<ective altruists have 

identi?ed three major areas as among the highest-priority cause areas for altruistic 

intervention: animal welfare, global health and development, and existential risk reduc-

tion. Moreover, within animal welfare, e<ective altruists think that farmed animal wel-

fare and wild animal welfare are the highest-priority issues.

Consider farmed animal welfare ?rst. >is issue is highly important due to its immense 

scale: we harm 100+ billion domesticated animals and hundreds of billions of wild ani-

mals per year in our global food system.12 >is issue is also highly neglected: people 

devote much less time, energy, and money to farmed animal welfare than to other issues, 

such as companion animal welfare. Finally, this issue is also highly tractable: people are 

currently pursuing a variety of promising approaches involving social, institutional, 

political, and technological change.

Now consider wild animal welfare. >is issue is even larger in scale than farmed ani-

mal welfare: anywhere between 1013–1016 vertebrates and 1018–1022 invertebrates live in 

the wild at any given time, many with low levels of well-being.13 >is issue is also even 

more neglected than farmed animal welfare: hardly anyone is working on it at all. 

However, wild animal welfare is not nearly as tractable as farmed animal welfare, since 

we currently lack the political will to promote wild animal welfare as well as knowledge 

about what we can do to eZciently improve the lives of wild animals.14

While e<ective altruists agree that farmed animal welfare is more tractable than wild 

animal welfare, there are many uncertainties with respect to both issues. With respect to 

farmed animal welfare, we need to know whether to aim to abolish or regulate animal 

agriculture, as well as how to pursue these ends. With respect to wild animal welfare, we 

need to know whether to aim to increase, decrease, or maintain wild animal popula-

tions, as well as how to pursue these ends. In both cases, we need to strike a balance 

between a willingness to be humble in the face of diZcult questions and a willingness to 

be proactive with respect to urgent issues.

2.2. Sophisticated Consequentialism

We believe that, as consequentialists think about how to answer these questions, it is 

important to appreciate the distinction between (a) criteria of rightness, that is, the prin-

ciples that determine which actions are right in theory, and (b) decision procedures, that 

10 MacAskill (2015). 11 Dickens (2016); Wiblin (2016).
12 Schlottmann and Sebo (2018). 13 Tomasik (2018). 14 Delon and Purves (2018).
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is, the principles that agents use to decide which actions to perform in practice.15 >is 

distinction is important because, as many consequentialists have observed, it might not 

always be the case that consulting a particular principle, such as the principle of utility, is 

the best way to comply with that principle.

>ere are many reasons why the decision procedures we ought to use might be 

 di<erent from our criteria of rightness. One reason concerns complexity. Insofar as 

we lack the time, energy, and information necessary to apply complex principles, 

we should apply simpler principles instead. Another concerns biases and heuristics. 

Insofar as complex principles create more space for bias to operate, we should apply 

simpler principles instead. Another concerns moral psychology. Insofar as our 

behavior depends on factors other than explicit moral reasoning, we should attend to 

these factors as well. And so on.

With that in mind, our view, stated roughly and generally, is that consequentialist 

 theorists who have defended so-called indirect consequentialism, sophisticated conse-

quentialism, or two-level consequentialism are correct.16 Classical utilitarianism is cor-

rect as criterion of rightness: we morally ought to perform the acts which maximize net 

pleasure for all sentient beings from now until the end of time. However, for most people 

in most situations, a partly consequentialist and partly nonconsequentialist framework 

is the optimal decision procedure. According to this kind of decision procedure, we 

should aim to maximize expected utility, but only where this is compatible with respect-

ing rights, developing and maintaining relationships of care, and developing and main-

taining virtuous character traits. While di<erent decision procedures may be optimal 

for di<erent people in di<erent contexts, decision procedures of this kind generally 

strike a good balance between (a) preserving the bene?ts of consequentialist thinking 

and (b) limiting the risks of consequentialist thinking.

With that said, we should qualify this claim in two ways. First, we are open to the pos-

sibility that we are wrong. A;er all, these are diZcult questions, and biases and heuris-

tics can a<ect our application of any decision procedure. For example, once we accept 

that we should accept a partly nonconsequentialist decision procedure, it might be 

tempting to simply select whatever decision procedure tells us what we want to hear, and 

then rationalize our choice on specious consequentialist grounds. We will not be able to 

fully address this concern here, but we will note where it might be arising, and we will 

approach our own analysis with a degree of skepticism accordingly.

Second, we suspect that, even if we are right, there can be exceptional cases where a fully 

consequentialist decision procedure which suspends nonconsequentialist constraints is 

best. For example, it might be that an optimal decision procedure would allow you to 

decide to kill someone if doing so is the only way to save 1,000,000 people, even though 

you should ordinarily regard killing someone as prohibited on nonconsequentialist 

grounds. In this case, you would not be denying the indirect value of nonconsequentialist 

15 Hare (1981).
16 Brandt (1984); Cocking and Oakley (1995); Hare (1981); McNaughton (1998); Sidgwick (1874); 

Wiland (2007).
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considerations. You would instead simply be accepting that the nature of this case makes it 

clear that a fully consequentialist decision procedure is ideal. However, we think that cases 

of legitimate suspension of nonconsequentialist constraints as weighty as rights are rare, 

and they may not occur at all for many people.

We think that this kind of “sophisticated consequentialism” has interesting implica-

tions for a wide range of issues in animal ethics. For example, we think that it implies 

that we should support the development of a broad, pluralistic animal advocacy move-

ment that involves many di<erent, and seemingly conKicting, approaches.17 In what fol-

lows, we will focus on implications regarding how many farmed and wild animals there 

should be in the world and what we should be doing to promote these population levels. 

Without attempting to fully answer these questions here, we will argue that there is a 

stronger consequentialist case for abolition of animal agriculture and conservation of 

wild animal habitats than many philosophers assume.

3. Farmed Animals and the Logic  
of the Larder

3.1. Background

>e standard argument that consequentialists should aim to reduce farmed animal pop-

ulations, all else equal, relies on the assumption that farmed animals have net negative 

well-being. At least in countries with developed, industrialized economies, which will 

be our focus, there are good reasons for embracing this assumption. For brevity, con-

sider the fates of farmed chickens, who make up over 99 percent of the population of 

farmed land animals in the United States. Approximately 99.9 percent of chickens farmed 

for meat and 98.2 percent of chickens farmed for eggs live in concentrated animal feed-

ing operations (CAFOs).18 Lori Gruen writes on the lives of such chickens:19

Most of these hens are kept in small wire cages, called “battery cages,” with between 
three and eight other hens. >e battery cages are stacked on top of each other 
indoors in sheds that can contain upward of 100,000 hens. >e battery cage is so 
small that the hens are unable to stretch their wings or turn around. Because of the 
stress, boredom, fear, and close quarters, hens will peck at each other, so most are 
routinely debeaked, a process that involves a hot blade cutting o< the tip of the beak 
through a thick layer of highly sensitive tissue. Debeaking causes lasting pain and 
impairs the hen’s ability to eat, drink, wipe her beak, and preen normally.

17 Sebo and Singer (2018).
18 CAFOs are de?ned by the EPA as farms with upward of 37,500 meat chickens and upward of 

25,000 laying hens, respectively (Reese 2019).
19 Gruen (2011, 83).
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Many other impacts reduce chicken well-being as well—the pain and stress of laying 

each of 300 eggs per year, an inability to stand due to rapid growth leading to chronic leg 

pain and constant sores from sitting in their own excrement, and more—and even set-

ting these aside it is clear that animals raised on such CAFOs have profoundly negative 

well-being.

However, even if the vast majority of farmed animals have negative well-being, there 

may be some farmed animals who presently exist (such as some grass-fed “beef ” cattle) 

or who might exist in the future (such as genetically engineered, pain-free chickens) 

who have neutral or positive well-being. Dwelling on such cases has led some to defend 

the so-called Logic of the Larder (herea;er LARDER):20

[Where farmed animals have positive well-being,] the consequence to others of 
buying that meat in the grocery store, rather than asparagus, is good; you create 
farm animals whose lives are worth living. . . . So if you, like me, think your actions 
are more moral when you do more good for others, you should agree with me that 
[this] meat is moral, and veggies are immoral.

>e idea here is that, if consequentialism is true, and if some farmed animals have 

positive well-being, then there is a pro tanto moral reason to promote a world that 

includes these farmed animals instead of a world that excludes them.21 >is might mean 

that we have pro tanto moral reasons to eat animal products that come from such a farm 

and to support the existence of such a farm in other ways. Many defenders of LARDER 

further suppose that these moral reasons are ultimately undefeated, such that, all things 

considered, consequentialists ought to eat some “humanely raised” meat.

>e weakest version of LARDER, on which eating some farmed animals is permissible 

because it is not bad to cause farmed animals with positive well-being to exist, makes 

weak assumptions about population axiology. In particular, it assumes a weak version of 

the Mere Addition Principle:22 that adding animals with positive well-being to our 

actual world does not make the world worse, holding everything else ?xed. It is not com-

mitted to rejecting the Asymmetry Intuition, or critical level or averageist axiologies, 

though each of these axiologies will change the conditions under which adding animals 

with positive well-being to the world would not worsen that world. >e strongest 

version of LARDER, supported by classical utilitarianism, implies that eating some 

20 Hanson (2002). See also Cowen (2005); Hare (1993); Posner (2004); Salt (1914); Singer (1999); and 
Stephen (1896).
21 >e question whether eating meat in fact increases the demand for meat and so causes future 

animals to exist is one that has been thoroughly explored elsewhere, and we do not take it up here. For 
our part, we ?nd persuasive Kagan’s (2011) reasoning. For a persuasive parallel discussion in the context 
of climate change, see Broome (2018). See also Budolfson (2015); Gruen and Jones (2016); Schlottmann 
and Sebo (2018); and Singer (2011).
22 For more on the Mere Addition Principle, see Arrhenius (2012).
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farmed animals is required because it is good to cause farmed animals with positive well-

being to exist.

While many people writing on LARDER have focused on its implications for the eth-

ics of eating animals, it is clear that the argument has broader implications for our rela-

tionships with nonhuman animals. If consequentialism requires agents to take actions 

which increase the number of farmed animals with positive well-being, all else equal, 

then it might require us to support animal agriculture in other ways, too, for example by 

aiming to regulate rather than abolish animal agriculture as an industry. Whereas ani-

mal rights theory regards animal farming as anathema, consequentialism on this inter-

pretation might regard it as welcome.

Some philosophers thus reply to LARDER by rejecting consequentialism. >ey claim 

that supporting animal agriculture is wrong whether or not farmed animals have posi-

tive well-being, on the grounds that animal agriculture treats animals merely as means, 

cultivates vicious attitudes toward animals, or places us in oppressive relationships with 

animals.23

Other philosophers reply to LARDER by rejecting the idea that consequentialism 

supports increasing farmed animal populations. For example, Matheny and Chan argue 

that supporting animal agriculture is unlikely to maximize value all things considered, 

since other uses of our time, energy, and money will have better net consequences.24

Other philosophers reply to LARDER by accepting the idea that consequentialism 

supports increasing farmed animal populations. If engaging in or supporting animal 

agriculture is a net bene?t for farmed animals, then we are indeed morally permitted, if 

not morally required, to engage in or support animal agriculture, all else equal.

We are sympathetic with all of these replies. First, we agree with nonconsequentialist 

critics of LARDER that we should treat animals as ends, cultivate virtuous character 

traits toward animals, and cultivate relationships of care with animals. However, we 

think that we should do these things from within a consequentialist framework—

because doing these things maximizes net pleasure in the world—rather than as an 

alternative to a consequentialist framework.

Second, we agree with consequentialist critics of LARDER that animal agriculture is 

unlikely to be a net bene?t for farmed animals in practice. However, we think that there 

is a deeper reason for consequentialists to reject LARDER, which is that even treating 

LARDER as an open question is likely to be a net harm for nonhuman animals and other 

sentient beings in most cases in practice, for precisely the reasons that nonconsequen-

tialists are discussing.25

>ird, we agree with consequentialist proponents of LARDER that, if animal agricul-

ture is a net bene?t for farmed animals and other sentient beings, then we are morally 

permitted, if not morally required, to support animal agriculture, all else equal, in theory. 

23 Donaldson and Kymlicka (2011, chaps. 2 and 4); Gruen (2011, chap. 3).
24 Matheny and Chan (2005).
25 As we will note, others have explored this option, too, including Fischer (unpublished 

manuscript), Gruen (2011), and Singer (2011).
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However, we also think that we are not morally permitted to support animal agriculture 

in most cases in practice, again for the reasons that nonconsequentialists are discussing.

Our aim in what follows, then, is to argue that a consequentialist criterion of rightness 

requires us to accept a partly nonconsequentialist decision procedure, and that this 

decision procedure prohibits eating animals, as well as maintaining and supporting sys-

tems that con?ne, kill, and exploit animals as a matter of principle (with certain caveats 

that we explain). >is is centrally because supporting animal agriculture negatively 

shapes our individual beliefs, values, and practices, and because having a system of ani-

mal farming at all negatively shapes our collective beliefs, values, and practices. In both 

cases, the result is that we tend to have attitudes that devalue animals and practices that 

harm them.

3.2. .e Individual E6ects of Animal Exploitation

We begin with the individual e<ects of animal exploitation. We here follow the literature in 

focusing on the psychological e<ects of eating meat, though we will consider later whether 

and to what degree these e<ects apply to other activities that involve exploitation, too.

Our argument has two parts. First, theoretical and empirical moral psychology sup-

port the idea, originally found in ecofeminist thought, that eating animals leads humans 

to view animals as having diminished mental life and moral status. When we condone 

animal agriculture, in word, thought, or deed, we condition ourselves to devalue and, as 

a result, harm other animals. Second, theoretical and empirical motivational psychol-

ogy supports the idea that so-called conscientious omnivores typically fail to be as con-

scientious as they would like to think. >at is, when we adopt a policy of eating happy 

animals, we will likely end up eating unhappy animals as well. >us, we will argue, con-

sequentialists should adopt a policy of not eating animals at all (with certain caveats that 

we discuss).26

Part one of our argument—that eating animal products conditions us to see animals 

as objects rather than subjects—has precedent among consequentialists and nonconse-

quentialists alike. For example, Peter Singer argues:27

[Practically], it would be better to reject altogether the killing of animals for food, 
unless one must do so to survive. Killing animals for food makes us think of them as 
objects that we can use as we please. . . . To foster the right attitudes of consideration 

26 Both of these arguments assume actualism rather than possibilism about obligation logic. 
Actualism is the view that I ought to take an action if and only if what will happen if I take that action 
is better than what will happen if I do not take that action, whereas possibilism is the view that I ought 
to take an action if and only if taking that action is part of the best maximally-speci?c act-set that I can 
perform. Whether possibilists should accept our arguments depends a great deal on the details of their 
individual views. For more on this distinction, see: Cohen and Timmerman (2016) and Cohen and 
Timmerman in this volume.
27 Singer (2011, 134).
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for animals . . . it may be best to make it a simple principle to avoid killing them for 
food.

Similarly, Cora Diamond points out that humans reject emphatically the practice of 

eating our own dead, not because we think that we have a moral duty not to engage in 

this practice, but rather because we have relationships with and attitudes toward humans 

in light of which it simply makes no sense to eat them. To eat a human body is to commit 

a kind of category error. Committing this error expresses a kind of disregard for the mis-

categorized subject, by placing them in the category of the edible rather than in the cate-

gory of the personal.28

Building on Diamond’s line of argument, Lori Gruen has argued that what is wrong 

with eating animals is that:29

[I]n turning other animals from living subjects with lives of their own into com-
modities or consumable objects we have erased their subjectivity and reduced them 
to things . . . [>is] forecloses another way of seeing animals, as beings with whom 
we can empathize and learn to understand and respond to di<erences.

Finally (though there are other examples too), Carol Adams argues that:30

[M]eat-eating o<ers the grounds for subjugating animals: if we can kill, butcher, and 
consume them—in other words, completely annihilate them—we may as well 
experiment upon them, trap and hunt them, exploit them, and raise them in envi-
ronments that imprison them, such as factory and fur-bearing animal farms.

Recent psychological research on the so-called meat paradox empirically con?rms 

these claims. For example, in a series of ?ve studies, Brock Bastian and colleagues have 

demonstrated a link between seeing animals as food, on one hand, and seeing animals as 

having diminished mental lives and moral value, on the other hand. We will here describe 

three.

In a ?rst study, participants were asked to rate the degree to which each of a diverse 

group of thirty-two animals possessed ten mental capacities, and then were asked how 

likely they would be to eat the animal and how wrong they believe eating that animal is. 

Perceived edibility was negatively associated with mind possession (r = –.42, p < .001), 

which was in turn associated with how the perceived wrongness of eating the animal (r 

= .80, p < .001).31

In a second study, participants were asked to eat dried beef or dried nuts and then 

judge a cow’s cognitive abilities and desert of moral treatment on two seven-point scales. 

Participants in the beef condition (M = 5.57) viewed the cow as significantly less deserv-

ing of moral concern than those in the control condition (M = 6.08).32

28 Diamond (1978, 467). 29 Gruen (2011, 103).
30 Adams (2015, 100).
31 Bastian et al. (2012, 249–250). 32 Loughnan, Haslam, and Bastian (2010).
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In a third study, participants were informed about Papua New Guinea’s tree kangaroo 

and informed variably that tree kangaroos have a steady population, that they are killed 

by storms, that they are killed for food, or that they are foraged for food. Bastian and col-

leagues found that categorizing tree kangaroos as food and no other features of these 

cases led participants to attribute less capacity for su<ering and less moral concern.33

Additionally, a sequence of ?ve studies from Jonas Kunst and Sigrid Hohle demon-

strates that processing meat, beheading a whole roasted pig, watching a meat advertise-

ment without a live animal versus one with a live animal, describing meat production as 

“harvesting” versus “killing” or “slaughtering,” and describing meat as “beef/pork” rather 

than “cow/pig” all decreased empathy for the animal in question and, in several cases, sig-

ni?cantly increased willingness to eat meat rather than an alternative vegetarian dish.34

Psychologists involved in these and several other studies35 believe that these phe-

nomena occur because people recognize an incongruity between eating animals and 

seeing them as beings with mental life and moral status, so they are motivated to resolve 

this cognitive dissonance by lowering their estimation of animal sentience and moral 

status. Since these a<ective attitudes inKuence the decisions we make—from our con-

sumer behavior to our voting behavior, political advocacy, career choice, philanthropic 

activity, conversations we have with others, and more— eating meat and embracing the 

idea of animals as food negatively inKuences our individual and social treatment of non-

human animals.

Part two of our argument—that eating animal products in exceptional cases makes us 

likely to eat animal products in ordinary cases—has precedent as well. Recall that a cen-

tral reason why Hare and other consequentialists support simpler decision procedures 

is that more complex decision procedures have more adjustable parameters that allow 

for false rationalization.

Following this line of reasoning, we can predict that a policy of not eating animal 

products at all will generally be better than a policy of eating animal products only in 

narrowly circumscribed contexts. Self-identi?ed “conscientious omnivores” who claim 

to eat animal products only in circumstances where farmed animals have positive well-

being are likely to eat animal products in circumstances where farmed animals have 

negative well-being as well. In particular, they are likely to rationalize eating animal 

products not only on the grounds that animals experience diminished pain or have 

diminished moral status, but also on other grounds, such as that they are at a family din-

ner, that a particular restaurant probably has ethical practices, or even that a particular 

item on the menu looks appealing.

Here, again, psychological research supports armchair theory. A 2015 study revealed 

that “conscientious omnivores” were less likely than vegetarians to perceive their diet as 

something that they needed to follow. >ey reported violating their diet more, feeling 

less guilty when doing so, feeling less disgusted by factory-farmed meat, and believing 

33 Bratanova, Loughnan, and Bastian (2011). 34 Kunst and Hohle (2016).
35 Buttlar and Walther (2019).
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less in animal rights, among other ?ndings.36 Moreover, diet had a statistically signi?-

cant e<ect on all measures independent of whether the diet was motivated by health or 

ethical reasons. Whether one is a vegetarian or a conscientious omnivore appears to 

change one’s psychological relationship to meat and to meat-eating, with implications 

for how consistently one applies one’s policy. Note also that these self-reports are 

unlikely to capture cases in which individuals see themselves as complying with their 

policy when they are in fact violating it, or cases in which individuals see themselves as 

violating their policy but would rather not admit that.

We are now in a position to see that, even if an individual might be morally permitted 

to be a “conscientious omnivore” rather than a vegetarian in principle (i.e., in cases that 

idealize away facts about human psychology), most individuals have strong (in our view 

decisive) reason not to be “conscientious omnivores” rather than vegetarians in practice 

(i.e., in cases that do not idealize away facts about human psychology). Because of the 

indirect e<ects of conforming to a policy of eating animals sometimes, a policy of not 

eating animals at all will do more good overall. >us, consequentialists have strong (in 

our view decisive) reason to adopt a policy of not eating animals at all, except perhaps in 

highly exceptional cases where doing so clearly does more good than harm. More gener-

ally, we have strong (in our view decisive) reason to adopt a policy of supporting beliefs, 

values, and practices that treat animals as subjects rather than as objects, and that culti-

vate relationships of care rather than exploitation with them.

3.3. .e Social E6ects of Animal Exploitation

We now consider the social e<ects of animal exploitation. (Here we focus on the social 

e<ects of systems of animal exploitation themselves, though we believe that individual 

support for these systems can have social e<ects, too.)37 Once again, our argument has a 

dual structure, taking the impact of animal farming on human attitudes as one premise 

and our skepticism about the possibility of restricting ourselves to net positive versions 

of this practice as another.

Our central contention is that, because animal agriculture is necessarily a system of 

institutionalized violence against nonhuman animals, the existence of any such system 

will tend to socially perpetuate a speciesist ideological orientation toward nonhuman 

animals, diminishing the moral status that society predicates to them. >is will, in turn, 

lead to both systematic violations of compliance with the standards of farming which 

LARDER requires and to other harmful actions regarding nonhuman animals and other 

sentient beings.

Animal farming serves as the grounds of its own ideological justi?cation. >e very 

fact that animal farming exists makes us more likely to see it as acceptable, in part by 

36 Rothgerber (2015).
37 For discussion of the social e<ects of individual support for systems of animal exploitation, see 

Schlottmann and Sebo (2018, chap. 9).
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providing us with evidence that other people see it as acceptable. Moreover, the idea that 

humans can treat nonhumans as we do in animal farming provides an inferential justi?-

cation for all kinds of other practices and attitudes, including complacency with other 

systems of nonhuman exploitation and with wild animal su<ering. Finally, the produc-

tion of agricultural imagery—which typically obscures rather than illuminates the reali-

ties of animal agriculture because it is funded by industry—establishes animal agriculture 

as a legitimate and permanent institution.38

>e idea that a harmful or oppressive system can serve as its own ideological justi?ca-

tion is not new. Many people have made this point before, not only in the context of ani-

mal rights advocacy but also in the context of human rights advocacy. For example, in 

her work on prison abolitionism, Angela Davis argues that images of the prison system 

foster complacency with incarceration. In particular, Davis argues that media produc-

tions, especially in Hollywood, make the prison one of the “most important features of 

our image environment.”39

>is has caused us to take the existence of prisons for granted. >e prison has 
become a key ingredient of our common sense. It is there, all around us. We do not 
question whether it should exist. It has become so much a part of our lives that it 
requires a great feat of the imagination to envision life beyond the prison.

Despite our constant consumption of prisons, the “realities of imprisonment are hid-

den from almost all who have not had the misfortune of doing time.”40 Cultural images 

of prisons obscure rather than illuminate the realities of the prison system, all while 

impressing upon us the necessity, naturalness, and permanence of an expansive system 

of incarceration. Meanwhile, the prison system functions to racialize punishment, asso-

ciating Blackness with criminality and with punishment.41

Many social and legal theorists believe that the law is similar, in that a central mech-

an ism through which the law yields conformity is by shaping perceived group norms 

and attitudes, thereby anchoring human moral attitudes and behavior.42 >e law per-

forms this function both directly and indirectly. It performs this function directly when 

members of a society can infer from changing laws that a certain number of people must 

support the proposed norm. It performs this function indirectly when members of soci-

ety view other members following the law and infer that others must endorse the norm 

which the law enforces.43

>e upshot is that the system of animal agriculture and the current legal status of ani-

mal agriculture work together to socially legitimize this system. >ey both shape per-

ceived group norms, anchoring our moral attitudes and behaviors. Members of a society 

can infer from the fact that the system of animal agriculture is legal in that society that 

38 Cf. Piazza et al. (2015); Gruen (2014). 39 Davis (2011, 18–19).

40 Davis (2011, 17). 41 Davis (2011, 22–39).
42 Bilz and Nadler (2009); Flores and Barclay (2015); Tankard and Paluck (2016); Tankard and 

Paluck (2017).
43 Bilz and Nadler (2009), 104.
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most people in that society support con?ning, killing, and eating animals (and are right 

to do so). If so, then a legal system of animal agriculture works in multiple ways to justify 

its own existence, as well as to inferiorize nonhuman animals.

>e importance of these e<ects should not be understated. As some e<ective altruists 

argue, some of the very most important interventions that we can perform to improve 

the total value of the world are aimed at “moral circle expansion.” To aim for moral circle 

expansion is to aim for a wider range of sentient beings to receive moral consideration 

over time. >e idea here is that the values of future generations will make a vast di<er-

ence to the value of the future—for example, they could change whether these people 

will support or resist protections for domesticated animals, wild animals, or even digital 

beings. Moreover, because the number of future nonhuman sentient beings is extremely 

large in expectation, any di<erence we can make to the moral behavior of future genera-

tions regarding nonhuman sentient beings is astronomical in expected value.44 >us, if 

institutionalized animal agriculture is an obstacle in the way of moral circle expansion, 

removing this obstacle should be a central moral priority for consequentialists.

Next, notice that a society that maintains a system of animal agriculture in the narrow 

contexts in which this system is a net bene?t for farmed animals will doubtfully be able 

to contain its farming practices to these contexts. In countries with developed, industri-

alized economies, animal agriculture manages to produce animal products at scale only 

by producing them at very low cost to industry. >is in turn requires industry to adopt 

very minimal space requirements, veterinary care, and regulation and oversight, while 

using genetically modi?ed species whose rapid growth, reproductive eZciency, and 

hormonal excesses leave them chronically ill and in pain. A system of animal agriculture 

that provides farmed animals with positive well-being would require drastic revisions to 

all of these features of animal agriculture, each signi?cantly raising the economic costs 

of production. While we cannot here build a quantitative model, suZce it to say that we 

are highly skeptical of the possibility of building a system of animal farming that both 

bene?ts farmed animals and feeds anyone beyond the very wealthiest humans.

>ese concerns might not fully apply to subsistence animal farming with dramati-

cally lower stocking density in countries without developed, industrialized economies. 

But while this system of animal farming might be able to maintain animal welfare stan-

dards conducive to the LARDER over the short term, capitalist selective pressures may 

eventually favor the development of industrial systems of animal farming to which our 

concerns will apply fully. >us, perhaps barring rare cases where animal products are 

nutritionally mandated, it is plausible that consequentialists should endorse a policy of 

not farming animals anywhere. With that said, our focus in this chapter is on animal 

farming in the context of developed, industrialized economies, and so we will not try to 

argue for this more general policy here.

>e upshot of these discussions is that consequentialists have strong reason to reject 

LARDER at the level of decision procedure. In particular, we should accept principles 

44 For more on the overwhelming importance of shaping the far future for determining right action 
for consequentialists, see Beckstead (2013) and Greaves and MacAskill (unpublished manuscript).
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which forbid increasing and require decreasing the population of farmed animals, and 

which forbid eating animals and otherwise supporting the idea that animals are food in 

all but the most exceptional cases. To be clear about the structure of our argument, what 

these considerations do is raise the moral costs of meat-eating and animal farming. We 

think that these costs are suZciently high that the bene?ts of positive well-being for 

some farmed animals do not outweigh the costs in all but the most fanciful cases. Once 

we combine the indirect considerations that we have discussed here with the direct con-

siderations that we discussed earlier (about the expected animal welfare, public health, 

and environmental impacts of animal agriculture in the real world), the case for aboli-

tion of animal agriculture becomes even stronger.

As with any decision procedure, this partly consequentialist, partly nonconsequen-

tialist decision procedure is likely to produce at least some blameless wrongdoing. While 

eating animals and performatively condoning animal farming will ordinarily be harm-

ful, they might sometimes be bene?cial. Moreover, while we might sometimes clearly 

see when we are in an exceptional case where this is bene?cial, we will not always clearly 

see that. But this is ?ne. Since no one short of an archangel has the psychological capac-

ity to act optimi?cally in every choice situation, the best we can do is identify the gov-

erning policies that minimize expected wrongdoing over the long run. Our view is that 

for most people in most situations, this partly consequentialist, partly nonconsequen-

tialist decision procedure does exactly that.

We should note three caveats about our argument here. First, we are not sure to what 

degree the social and psychological impacts of meat production and consumption 

extend to other forms of animal use, including the use of animals for eggs, dairy, cloth-

ing, research, entertainment, and companionship. We predict that these social and psy-

chological impacts will be strongest in the case of meat production and consumption, 

but that they will at least be present in the context of other forms of harmful or oppres-

sive use. At the limit, there will be instances of use such as the consumption of plastics 

made from animal byproducts that are so psychologically divorced from animal use that 

they may have no individual psychological impacts at all. But this is an empirical hypoth-

esis that requires empirical investigation.

Second, as with any empirical psychological ?ndings, we are not sure to what degree 

there may be variation in the attitudes toward farmed animals and other sentient beings 

that people form as a result of consuming animal products and living in a society that 

uses animals for food. >us, we are not sure to what degree there is variation in the deci-

sion procedures that will help people to maximize net pleasure in the world, given these 

psychological impacts. >e psychological e<ects that we have discussed in this section 

appear to be robust, but we should not expect this to be a human psychological univer-

sal. Note that since we cannot typically assess our own levels of bias introspectively, we 

should all assume that we are likely to be subject to the biases described.

>ird, we are not sure to what degree there might be exceptional cases where meat 

production and consumption is morally permissible or required at the decision proce-

dure level. We can at least imagine cases where producing or consuming meat would 
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clearly be optimal, such that we should suspend animal rights that we normally regard 

as absolute. But note that such a case would have to be truly exceptional; that is, it would 

have to be the kind of case that might warrant suspending human rights as well. Other 

than cases where people need to produce or consume meat to survive (which are not as 

common as “conscientious omnivores” think, though they do occur), we expect that 

such cases will be rare, though we cannot say for sure.

Many people criticize animal advocates for focusing too much on consumer action 

and not enough on other kinds of political action. We agree with this criticism, which is 

part of why we recommend advocacy that aims not only at individual consumer change 

but also at social, political, economic, and technological change. However, we also think 

that individual consumer change is more important than some critics realize. When we 

distance ourselves from systems of violence, we are able to see these systems for what 

they are and to ?nd the motivation to resist them in other ways.

4. Wild Animals and the Logic  
of the Logger

4.1. Background

>e idea that consequentialists should aim to conserve wild animal populations, all else 

being equal, relies on the assumption that wild animals generally have positive well-

being. And it makes sense that people would make this assumption. A;er all, wild ani-

mals do experience positive well-being in their lives. >ey enjoy food, sex, play, 

relationships, and a range of comforting solitary and interpersonal experiences.

However, some consequentialists believe that wild animals have negative well-being. 

Granted, they might have ample opportunity for positive experience. But they also face 

ample risk of negative experience, resulting from hunger, thirst, illness, injury, preda-

tion, and more. Moreover, most wild animals are small animals who are members of 

“r-selected” species. Such animals achieve population equilibrium by giving birth to 

very many o<spring with extremely high mortality rates. Oscar Horta o<ers the exam-

ple of Atlantic Cods, who maintain population equilibrium by spawning around two 

million eggs per year, only one of which, on average, will reach adulthood. >us, the vast 

majority of wild animals who exist, assuming they are sentient, have very short, painful 

lives that consist mainly of dying.

Such observations have led many commentators to note that if most wild animals 

have negative well-being, then the world could be improved simply by ending the lives 

of these animals and destroying their habitats, an argument which we have titled “>e 

Logic of the Logger” (LOGGER). For example, e<ective altruist blogger Brian Tomasik 

argues that “[g]iven that most wild animals that are born have net-negative experiences, 
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loss of wildlife habitat should in general be encouraged rather than opposed.”45 Whereas 

people like Yew-Kwang Ng encourage “extreme caution before we do anything that may 

disturb the biosphere,”46 Tomasik argues that such caution is unwarranted and encour-

ages us to adopt a strong “anti-conservationist” stance.

>e idea here is that if consequentialism is true, and if wild animals have negative 

well-being, then there is a pro tanto moral reason to promote a world that excludes 

these wild animals instead of a world that includes them. >is might mean that we have 

pro tanto moral reasons to engage in hunting, ?shing, and as Tomasik argues, activities 

aimed at “decreasing plant growth and entirely eliminating wilderness.” Some defenders 

of the Logic of the Logger further suppose that these moral reasons are ultimately 

undefeated, such that, all things considered, consequentialists ought to engage in such 

anti-conservationist activities.

As with LARDER, the weakest version of LOGGER makes conservative assumptions 

about population axiology. It assumes only that it is not bad for there to be fewer wild 

animals with negative well-being. While there are population axiologies that sometimes 

deny this, such as averageism and some impartial forms of egalitarianism, the claim that 

it is not bad for there to be fewer sentient beings with negative well-being is a highly 

plausible desideratum for population axiology. >e strongest version of LOGGER, sup-

ported by classical utilitarianism, implies that destroying animals and ecosystems is 

required because it is bad for wild animals with negative well-being to exist.

Because LOGGER is a very new argument, discussed mostly on internet blogs and in 

op-eds, few philosophers have commented on the issue. >ose who have commented 

have made similar responses to LOGGER as to LARDER.47 In particular, they have 

replied by rejecting consequentialism, by rejecting the idea that consequentialism sup-

ports reducing wild animal populations, and by accepting the idea that consequential-

ism supports this. Especially important have been arguments that (a) wild animals do 

not clearly experience net negative well-being,48 and (b) the possibility of unpredictable 

trophic cascades makes it diZcult if not impossible to identify habitat destruction meth-

ods that will do more good than harm overall.49

As with LARDER, we are sympathetic with all of these replies. However, we think that 

we should accept these replies only on a consequentialist interpretation, and that when 

we do, we will see that there is a deeper reason for consequentialists to reject LOGGER; 

that is, even treating LOGGER as an open question is likely to be a net harm for nonhu-

man animals and other sentient beings in practice, for precisely the reasons that lead 

people to reject consequentialism.

Our aim in what follows, then, is to argue that, for a variety of reasons, a consequen-

tialist criterion of rightness requires us to accept a partly nonconsequentialist decision 

procedure, and that this decision procedure conKicts with destroying animals and eco-

systems at present (with certain caveats that we will explain). In particular, it requires us 

45 Tomasik (2017a). 46 Ng (1995).

47 Donaldson and Kymlicka (2011); Singer (2011); Tomasik (2017a). 48 Gro< and Ng (2019).
49 Delon and Purves (2018).
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to place signi?cant weight on protecting wild animal autonomy, cultivating virtuous 

character traits toward wild animals, and cultivating relationships of care with wild ani-

mals. >is is centrally because exterminating animals negatively shapes our individual 

beliefs, values, and practices, and because living without wild animals altogether nega-

tively shapes our collective beliefs, values, and practices. As earlier, in both cases, the 

result is that we tend to have attitudes that devalue animals and practices that harm 

them. However, we want to emphasize that we are less con?dent about how to evaluate 

LOGGER than about how to evaluate LARDER, for reasons that we will explain later.

4.2. .e Individual E6ects of Animal Extermination

We begin with the individual e<ects of animal extermination. We here focus on the indi-

vidual e<ects of activities such as hunting, ?shing, logging, and land development for 

human use, though we will consider later whether and to what degree these e<ects apply 

to other activities that reduce wild animal populations, too.

Our argument has two parts, which in many ways parallel the argument against 

LARDER.50 First, we contend that participating in standard forms of extermination 

conditions humans to view animals as expendable, as inferior, and ultimately as having 

diminished moral status relative to humans. >at is, when we performatively condone 

the killing of animals, directly or indirectly, in a way that treats these animals as mere 

means and undermines their agency, we condition ourselves to devalue and, as a result, 

harm other animals. Second, the more we open ourselves up to engaging in such prac-

tices in cases where they are a net bene?t, the more willing we will be to support and 

engage in such practices in cases where they are not. >us, we will argue, consequential-

ists should adopt a policy of not destroying animals and ecosystems by these means at all 

(with certain caveats that we will discuss).

Our ?rst argument against LARDER focused centrally on two empirically validated 

social-psychological phenomena. First is the point that meat-eating creates psychologi-

cal dissonance in people which they resolve by attributing lower mental life and moral 

status to nonhuman animals. Second is the closely related point that when people 

observe meat-eating, they infer that the people eating meat do not think that nonhuman 

animals are minded beings with moral standing. In our view, the best explanation for 

these ?ndings is that people have at least partly deontological moral intuitions. If non-

human animals have sentience and moral standing, they must be the kinds of beings 

who it is wrong to kill, eat, and exploit for human bene?t. But since, the meat-eater 

judges, I and others do kill, eat, and exploit animals for human bene?t, they must not 

have sentience and moral standing.

If many people have these kinds of moral intuitions, then we can predict that partici-

pating in the destruction of wild animals and their habitats will have similar conse-

quences as participating in animal agriculture (again, covarying with the degree and 

50 As with our arguments in Section 3.2, our arguments in Section 4.2 assume actualism.
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kind of participation). >at is, we can predict that this activity would cultivate within us 

an ideology of human supremacism (again, covarying with the degree and kind of par-

ticipation). All of us have internalized deeply the idea that humans are the kinds of 

beings with whom we should have relationships of care, and that such relationships do 

not involve the kinds of violence and agency denial that is central to practices of hunt-

ing, ?shing, and habitat destruction. Participating in these practices, then, creates dif-

ferential psychological constructs regarding humans and other animals. Because we 

have also internalized the idea that building relationships of care with others is morally 

important, this may well lead us to accept that our relationships with other animals are 

not as morally important as our relationships with other humans. Since these a<ective 

attitudes inKuence the decisions we make—from our recreational behavior to our vot-

ing behavior, political advocacy, career choice, philanthropic activity, conversations we 

have with others, and more—participating in the destruction of wild animals and their 

habitats negatively inKuences our individual and social treatment of nonhuman animals.

Brian Tomasik has argued explicitly against this kind of reasoning, urging us to help 

now and cultivate attitudes and relationships of care later.51 Tomasik invites us to 

consider:

[W]hat kinds of values are we trying to promote within society? Are we trying to 
promote the idea of holding back on doing the right thing because of how others 
may misinterpret it? . . . I think the ideology question isn’t settled, because there’s 
also value in challenging prevailing assumptions in the animal movement and pro-
moting a culture of compassionate consequentialism, which could reduce the likeli-
hood that the animal movement neglects huge sources of su<ering in the future in 
the way it currently neglects . . . wild-animal su<ering.

We agree with Tomasik that consequentialists should aim to cultivate and promote 

the virtues of responding with urgency and calculated eZciency to the su<ering of non-

human sentient beings. >is may well require intervening to improve the welfare of wild 

animals sooner rather than later. But we nevertheless disagree with Tomasik on two sig-

ni?cant points.

First, while consequentialists should cultivate virtues of urgency and eZciency, and 

while doing so sometimes conKicts with cultivating relationships of care, we believe that 

these activities are for the most part complementary. For example, if we aspire to respect 

wild animal life and autonomy while bene?ting wild animals as much as possible within 

these constraints, such as by aiding them with medical intervention, reducing human 

and domesticated animal predation, and researching e<ective interventions into wild 

animal su<ering, we can cultivate and promote anti-speciesist ideology and a concern 

for urgency and eZciency at the same time.

Second, consequentialists should be concerned about cultivating relationships of care 

with nonhuman animals not only because others are liable to misinterpret altruistically 

motivated extermination as speciesist, but also because we are liable to reinforce spe-

51 Tomasik (2016). Cf. Tomasik (2017b).
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cies ism within ourselves and others whether or not we are misinterpreting our behavior 

as speciesist. >e issue here is that participation in destroying animals and their envi-

ronments would condition us to see them as having less sentience and moral standing 

independently of how we interpret our behavior. Granted, some interpretations might 

cause this e<ect to be larger than others. But we are suggesting that the e<ect would be 

present either way.

One aspect of our argument against LARDER focused on the observation that com-

plex decision procedures have adjustable parameters that allow for false rationalization. 

We think that this consideration supports establishing deontological, virtue-theoretic, 

and care-theoretic constraints on our utilitarian activity for domesticated animals and 

wild animals alike. In short, consequentialists should adopt decision procedures that 

pro tanto prohibit harming or killing nonhuman animals merely as means to further 

ends for much the same reason they should do so in the case of humans: the more we 

engage in such practices in anything other than clearly exceptional cases, the more will-

ing we will be to engage in such practices in a wide range of cases that do not plausibly 

bene?t wild animals.

In light of these considerations, we ?nd it plausible that, even if an individual might 

be morally permitted to altruistically engage in wild animal extermination and habitat 

destruction in principle (i.e., in cases that idealize away facts about human psychology), 

most individuals are not morally permitted to take these actions in practice (i.e., in cases 

that do not idealize away facts about human psychology). Given the negative indirect 

e<ects of a policy of participating in the destruction of animals and habitats sometimes, 

a policy of not participating at all will do more good overall. >us, ordinary consequen-

tialists should instead adopt a policy of not participating at all, except perhaps in highly 

exceptional cases where doing so clearly does more good than harm.

With that said, we ultimately agree with Tomasik that these questions are unsettled. 

How we should resolve LOGGER will depend on our answers to many questions, espe-

cially questions about wild animal well-being and population ethics. Given how many 

wild animals there are, we are open to the possibility that the value of reducing their suf-

fering via habitat destruction outweighs the value of reducing su<ering more generally 

by cultivating virtues and relationships of care. For that reason, we are not claiming that 

LOGGER fails, but are rather claiming that it fails at present given our current epistemic 

state (which includes uncertainty about how much well-being wild animals have at 

present and could have in the future). On our best judgment, consequentialists should 

focus for now on helping wild animals in ways that respect their lives and autonomy, and 

on laying the groundwork for respectful, compassionate, and e<ective systematic inter-

ventions to reduce wild animal su<ering in the future, as we will now discuss.

4.3. .e Social E6ects of Animal Extermination

We now consider the social e<ects of exterminating animals. (As earlier, we focus on the 

social e<ects of systems of animal extermination themselves, though we believe that 
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individual support for these systems can have social e<ects, too.) In this case, we must 

consider not only the social e<ects of living in a world with legally sanctioned destruc-

tion of wild animals and habitats, but also the social e<ects of living in the world that this 

activity would bring about. Since the former e<ects are easier to infer from our earlier 

discussion than our analysis of the latter e<ects, we will focus on the latter e<ects here.

In particular, we will focus on three possible ways of structuring society: living with 

wild animals, living without wild animals (or at least, living with fewer wild animals) via 

domestication, and living without wild animals (or at least, living with fewer wild animals) 

via extinction. Of course, in focusing on these options, we are not suggesting that they are 

exhaustive, since various combinations are possible as well. We suggest only that an initial 

focus on these options helps us to see clearly some of the relevant considerations.

Our argument has two parts. First, we contend that each alternative arrangement has 

its own ideological costs and bene?ts, signi?cantly determining the possible relation-

ships we could have with sentient beings in the future. Second, pursuing the best version 

of each arrangement is no guarantee that we will achieve that version, and we may 

instead be le; with a warped version that looks more like a dystopian version of the sta-

tus quo.

Consider ?rst the e<ect that learning to live with wild animals might have. In the best 

case, we could learn to live with wild animals in a radical new way, respecting their lives 

and autonomy while intervening into their a<airs to improve their well-being. >is 

approach has the advantage of being more achievable than other approaches we will dis-

cuss. It would challenge human supremacism, producing an ideology of respect and 

compassion for sentient beings and teaching us lessons about coexistence and coopera-

tion.52 However, this approach would likely leave unaddressed some of the most signi?-

cant sources of wild animal su<ering, such as predation and r-selection.

Of course, there is a nontrivial chance that, if we choose to live with wild animals, we 

would not realize this best-case scenario. As Tomasik argues, it would be easy for us to 

slide back into our current state of indi<erence. In this case, we would neither improve 

the lives of wild animals nor challenge our current ideological presuppositions about 

wild animals and other sentient nonhuman beings. Our relationship with wild animals 

would continue to be one of mystery and awe, but also of alterity and indi<erence, char-

acterized by the belief that wild animals should be le; alone except where their human 

interests can be served by interfering with their lives. While learning to live with wild 

animals raises the quasi-utopian possibility of forming radical relationships of respect, 

compassion, coexistence, and assistance, it also raises the dystopian possibility of leav-

ing the status quo forever intact.

Consider second the e<ect that learning to live without wild animals (or at least, living 

with fewer wild animals) via domestication might have. In the best case, we could domes-

ticate wild animals by pursuing radical forms of sanctuary that look little like the current 

status quo for domesticated animals. Such forms of sanctuary would parentalistically 

give humans control over the forms of life wild animals could pursue, but would also be 

52 Gruen (2015).
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as deferential as possible to the revealed preferences of these animals. >is system would 

provide wild animals with much higher levels of well-being on average, and it would also 

disrupt human supremacist ideology by teaching us lessons of care, responsibility, and 

stewardship. At the same time, it would be costly to develop and maintain, and it would 

risk reinforcing a diminished view of animal agency.

Again, there is a nontrivial chance that, if we choose to domesticate wild animals, we 

would not realize this best-case scenario. If advocates pursued the domestication of wild 

animals but without challenging our assumptions of human superiority, or if we contin-

ued to pursue conservation through our current frameworks, this could lead us to 

impose on wild animals the status quo for animals living under human domestication, 

for example, con?ning wild animals in zoos. >is system would provide domesticated 

wild animals with relatively low well-being, and it might also reinforce much the same 

ideology as zoos, teaching us “a false sense of our place in the natural order.”53 While 

domesticating wild animals raises the quasi-utopian possibility of forming radical rela-

tionships of care, responsibility, and stewardship, it also raises the dystopian possibility 

of imposing the current status quo for domesticated animals on a much higher propor-

tion of sentient beings than we currently do.

Consider ?nally the e<ect that learning to live without wild animals (or at least, living 

with fewer wild animals) via extinction would have on human ideology. In the best case, 

we could bring about the extinction of wild animals through deliberate and cautious 

intervention that minimizes wild animal su<ering and respects wild animal agency as 

much as possible. >is would result in a world with little to no wild animal su<ering. It 

may also teach us lessons of care for the su<ering of sentient beings as well as lessons of 

caution about the hazards inherent in the very existence of sentient life. However, it also 

risks reinforcing the harmful idea that we should respond to the su<ering of others 

(human and nonhuman alike) by seeking to control or eliminate the su<erers rather 

than by helping to reduce or eliminate their su<ering.54

Once again, there is a nontrivial chance that, if we choose to bring about the extinc-

tion of wild animals, we would not realize this best-case scenario. For if advocates push 

for the extinction of wild animals without challenging our assumptions of human supe-

riority, we could bring about the extinction of wild animals through the means that have 

come to be the status quo: incautiously destroying wild animal habitats through hunt-

ing, ?shing, development, and more. >is might still lead to a world with no wild animal 

su<ering. However, it would also reinforce our ideology of human supremacism, teach-

ing us that nonhuman animals are not deserving of the same kind of respect as human 

beings. Moreover, such a radically incautious process of total annihilation would leave a 

53 Jamieson (1985).
54 >is oppressive idea can harm humans as well. For example, in cases where people with mental 

and physical di<erence are su<ering, many people see this su<ering as a reason to reduce mental and 
physical di<erence in the world, rather than as a reason to create a world that can accommodate mental 
and physical di<erence. For more on this subject, see Foucault (1988), Mitchell-Brody and Sebo 
(unpublished manuscript), and Taylor (2017).
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trail of immense su<ering in its wake, with many wild animals dying slow and painful 

deaths of deprivation.

As we can see, all three of these possible futures carry costs and bene?ts, both directly 

(via our impact on wild animals) and indirectly (via our impact on human ideology). 

>is is true for both the ideal and the nonideal versions of these possible futures.

It can be tempting to draw a strong conclusion on the basis of these considerations, 

but our view is that these considerations are far too preliminary to support such conclu-

sions. A;er all, we remain highly uncertain about the experiences of wild animals, about 

the feasibility of each system, about the costs and opportunity costs of pursuing each 

system, and much more.

It can also be tempting not to draw a conclusion at all, instead urging caution until we 

have much more information. But we must remember that a precautionary approach is, 

in practice, a choice to maintain a status quo that involves the continuing su<ering of 

possibly septillions of sentient beings.

All things considered, our own weakly held view is that we should wait to take sys-

tematic action. If advocates invest resources in building capacity for research on reduc-

ing wild animal su<ering and advocacy for the moral and political standing of wild 

animals, then we will likely be much better able to take informed and e<ective action in 

a few decades than we are now.55 At present, we are not yet willing to take large-scale 

action for the sake of wild animals, and even if we were, we are not yet able to take such 

action without destabilizing the entire biosphere. Granted, playing the long game car-

ries the cost of preserving the status quo in the short term. However, this cost is rela-

tively minor compared to the epistemic and practical resources we can expect to gain 

through research and advocacy, given how few resources we have at the present time.

To be clear about the structure of our argument, what these social psychological con-

siderations do is raise the moral costs of destroying wild animals and ecosystems. We 

think that these expected costs are suZciently high that the expected bene?t of eliminat-

ing negative well-being in wild animals does not outweigh them. Once we combine this 

consideration with the considerations that we discussed earlier (about our uncertainty 

about the total welfare of wild animals and the unpredictable consequences of interven-

tion), the case for adopting a quasi-conservationist ethic becomes even stronger.

As earlier, this partly consequentialist, partly nonconsequentialist decision proce-

dure is likely to result in at least some blameless wrongdoing. >ere might be some cases 

where destroying wild animals and habitats is best, and where we are not in a position to 

see that an exception is warranted. But again, this is ?ne. No decision procedure is per-

fect, and our suggestion is only that this partly consequentialist, partly nonconsequen-

tialist decision procedure is best for most people in most situations at present.

We should stress that our argument is tentative. We are suggesting that LOGGER fails 

at present, given our current information state. Consequentialists have strong (in our 

view decisive) reason to reject LOGGER for now, and to instead accept principles which 

forbid destroying wild animals and ecosystems in all but the most exceptional cases. To 

55 Cf. Schubert and Gar?nkel (2017).
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be clear, we can imagine changing our minds with more information. For example, if we 

come to think that the aggregate well-being of wild animals is bad enough that the harm 

of allowing them to exist clearly outweighs the harm (both to wild animals and to other 

sentient beings) of cultivating and promoting human supremacist beliefs, values, and 

practices, we might come to think that LOGGER succeeds. However, we are currently 

skeptical that we will reach this conclusion.

5. Conclusion: Future Technology, 
Future Directions

Anti-speciesist consequentialists and nonconsequentialists can agree that factory farm-

ing and wild animal welfare are two of the very highest-priority areas on which to spend 

scarce resources. However, many have supposed that consequentialists and nonconse-

quentialists are forced to disagree about the means of helping farmed animals and wild 

animals. Defenders of the Logic of the Larder have argued that consequentialism some-

times requires eating farmed animals in order to ensure that animals with positive well-

being exist, while defenders of the Logic of the Logger have argued that consequentialism 

sometimes requires destroying wild animals and ecosystems in order to ensure that ani-

mals with negative well-being do not exist. In this chapter, we have argued that the Logic 

of the Larder and the Logic of the Logger both underestimate the importance of indirect 

decision procedures. In particular, they underestimate the role that our individual and 

collective policies play in shaping our moral attitudes and behavior and they underesti-

mate the importance of accepting policies that are robust against harmful deviation. 

Once we have properly accounted for these considerations, it is clear that the Logic of 

the Larder fails and it is unclear that the Logic of the Logger succeeds.

We can expect future technological change to bring with it new and immense chal-

lenges for consequentialist moral theorists and advocates. Where the variety and num-

ber of farmed animals and wild animals have raised cluelessness and demandingness 

challenges for consequentialism, future sentient beings such as arti?cially intelligent 

minds will introduce even more varied and numerous minds into the world, thereby 

exacerbating these challenges even further. As a result, we can expect these advances to 

raise many new and diZcult questions about the practical implications of consequen-

tialism and about its deviation from nonconsequentialism. If we are wise, we will begin 

to develop and answer some of these questions now, before we have another moral trag-

edy on the scale of factory farming or wild animal su<ering on our hands. It will be diZ-

cult to know, in advance, what kinds of future sentient beings might exist as technology 

continues to advance with increasingly accelerating returns, or when we will even rec-

ognize these sentient beings as sentient beings. But for precisely these reasons, we need 

to begin, now, to determine how consequentialism requires us to act in the face of such 

massive uncertainty, and we must work to identify, now, the indirect decision heuristics 
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that will guide us away from moral dystopia before it arrives, rather than responding to 

it once it is already here.
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Introduct ion

"e problem of su!ering is the greatest problem of all. "is is my convic-

tion, and why I have set out to write this book, in which I will explore the 

why and how of reducing su!ering.

"e core motivation that animates this book derives from a set of 

related questions widely considered among the deepest, most profound 

questions we can ask ourselves:

What matters?

What is most valuable in the world?

What is the highest purpose we can pursue?

I have long been obsessed with these questions, and contemplated the 

many answers people have provided, including the pursuit of happiness, 

meaning, knowledge, and love. Virtually all such common answers resonate 

deeply with me, as I suspect they do with most people. Yet ultimately, after 

a long and resistant process of examination, I have come to view one answer 

as standing high above all others: the reduction of extreme su!ering.

"is was very much not the answer I wanted. Yet it is, most sincerely, 

what I have found. And I suspect most people would in fact, if not agree, 

then at least strongly sympathize with this view when confronted with 

real-world cases of extreme su!ering. For we can indeed easily fall into 

the trap of approaching questions concerning value and purpose from a 

position of abstract philosophizing, quite detached from the reality of 

extreme su!ering. Yet, as philosopher David Pearce notes: “An adequate 

theory of value should be as true in the gas chambers of Auschwitz as in 

the philosopher’s study.”1 And when we make an e!ort to consider what it 

1  Pearce, 2015.
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would in fact be like to encounter extreme su!ering, it becomes di#cult 

to deny its immense signi$cance and urgency.

If, for instance, we found ourselves walking past a house in which 

a person is enduring torturous su!ering, and if we were in a position to 

alleviate this su!ering at no risk to ourselves, would we not then be hard-

pressed to consider anything else more important? Indeed, would saving 

this person from torment not likely be among the most important things 

we could ever do? To choose to walk by and pursue other aims instead 

would seem as ethically wrong as could be. And if we then further imagine 

a similar situation where we ourselves happen to be the one in a state of 

extreme su!ering, the case for considering the alleviation of such su!ering 

an overriding ethical priority seems even more compelling.

Yet, in our best attempt to derive a rational theory of value and ethics, 

should it really matter who is enduring the su!ering, or how close to us 

the su!ering occurs? Should su!ering not be equally worth preventing no 

matter who is experiencing it and where? If the reduction of extreme su!er-

ing is of supreme importance sometimes, such as when we are confronted 

with it directly, then why not always? After all, we live in a world in which 

there are always countless beings experiencing unbearable su!ering, and 

in which we can always do much to alleviate such su!ering.

0.1 A Demanding Obligation Obscured by Omission Bias?

Pointing to something that can justify creating a world with more rather 

than less extreme su!ering is indeed not easy. For this very reason, it is 

also not easy to defend not making a considerable e!ort to reduce such 

su!ering. Imagine, for instance, if we were o!ered some gain — a hun-

dred dollars, say — at the price that a person will be tortured in the worst 

imaginable ways for a full hour. Few of us would consider it defensible to 

accept this deal. Next, imagine a similar case, except now we are asked to 

give away a hundred dollars to prevent a full hour of torture that would 

otherwise happen.

Intuitively, the latter case seems fundamentally di!erent, and yet the 

possible outcomes in these two cases are practically identical. Either we are 

Introduction
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a hundred dollars richer at the price of allowing more extreme su!ering 

in the world, or we are a hundred dollars poorer for the gain of creating a 

world with less extreme su!ering. So if we cannot defend receiving goods 

to make extreme su!ering happen, how can we defend not giving up goods 

to reduce it when the outcome is virtually the same?2

"is tendency to view harms caused by acts of omission much more 

leniently than harms caused by acts of commission has been referred to 

as the “omission bias”.3 And to the extent we care about creating the best 

outcomes possible, we should be quite wary of this bias. After all, the suf-

fering caused by an act of omission would be just as bad for the victim 

as if it were caused by an act of commission. It only seems di!erent to us, 

probably in large part because we can expect to be punished and judged 

more harshly for acts of commission than for acts of omission. Yet if our 

primary aim is to create ethically optimal outcomes rather than to gain 

approval from our peers,4 we should not view the two anywhere near as 

di!erently as we do.5

One may, of course, object that it is not realistic to think that we 

could prevent so much su!ering by giving away a mere hundred dollars. 

Two things can be said in response. First, the main point here is not about 

the exact amount of extreme su!ering prevented, but rather that there is a 

deep asymmetry in how we view acts of omission and commission respec-

tively. "is asymmetry suggests that we are intuitively underestimating how 

2  A similar thought experiment is found in Moor, 2013.
3  Ritov & Baron, 1990; Spranca et al., 1991. For elaborate arguments against a strong 
moral distinction between in%icting and failing to prevent harm, see Kagan, 1989, chaps. 
3-4; Bennett, 1995.
4  And we are probably self-deceived about the degree to which we care about these 
respective objectives, as argued in Simler & Hanson, 2018.
5  It may be objected that there is a relevant di!erence in the example above in that 
money, as well as most other goods, have diminishing marginal value, and hence not 
giving up some amount of money is not the same as refusing to receive the same amount. 
While this is true, diminishing marginal value is not a plausible explanation for why we 
view the two acts in this thought experiment so di!erently. If it were, we would consider 
it acceptable to receive the money if only we happened to have a hundred dollars less. Yet 
we do not, and least of all in the case of a person of average wealth in an a&uent country 
of today. "e di!erence in our evaluation in this thought experiment is probably better ex-
plained by the so-called endowment e!ect: our tendency to ascribe greater value to things 
because we already own them. Yet while this tendency may help explain the di!erence in 
our evaluation, it does not help justify it.
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important it is to take action to reduce extreme su!ering, and by exten-

sion, that we underestimate our obligation to do so. Second, while it is 

not clear how much extreme su!ering a hundred dollars can be expected 

to reduce if spent optimally, it is by no means unthinkable that such a 

donation could reduce far more than a single hour of torturous su!ering.6 

"is is a deeply humbling proposition.

0.2 The Stakes Are Astronomical

We appear to be living in a unique time in the history of Earth-originating 

sentient life — the last moments in which such life is bound to a single 

planet. Provided that technological progress continues at roughly the rate we 

have seen over the last couple of centuries, human civilization is bound to 

move into the rest of the solar system within a few centuries.7 Consequently, 

the future could contain an astronomical number of sentient beings.

Philosopher Nick Bostrom puts the “lower bound of the number of 

biological human life-years [that can be sustained] in the future accessible 

universe” at 1034, and given that human consciousness can be emulated in 

di!erent substrates, he estimates that the future accessible universe could 

sustain 1060 such life-years.8 "ese astronomical numbers are almost impos-

sible to appreciate. "e scale of events that have hitherto only taken place 

on Earth — including extreme su!ering — could soon be multiplied by 

many orders of magnitude.

"is renders it critical that we start considering which future outcomes 

are worth steering toward. For example, can creating extremely happy 

lives for, say, 99.999999 percent of a population of 1032 people justify 

the creation of lives full of extreme su!ering for the rest, i.e. 1024 people?

As this question hints, the potentially vast size of a future cosmic 

population implies that even if we require what may seem a very large 

amount of happiness to “outweigh” a given amount of extreme su!ering, 

such a high happiness-to-su!ering ratio could still justify the creation of 

6  Some support for this claim is found in the next section and in chapter 15.
7  Vinding, 2017c.
8  Bostrom, 2013, p. 18; 2014a, p. 103.
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extreme su!ering on a scale far greater than what is physically possible on 

our planet — torture chambers and Holocausts on a scale many orders of 

magnitude larger than what Earth could sustain even if it were covered in 

such horrors. We have to ask ourselves: Can anything justify the creation 

of extreme su!ering on such an enormous scale?

If we think so, we would seem to face the problem of evil 2.0. Where 

the original problem of evil asked why a benevolent being would create 

so much su!ering on Earth, the problem of evil 2.0 would be to answer 

why a benevolent agent, or set of agents, would allow the creation of so 

much more su!ering (in absolute terms). A problem we should contemplate 

deeply now, before we create such a future.

"e importance of thinking these things through is further highlighted 

by arguments that suggest that space expansion outcomes as happy as 

the one described above, with a vast majority of beings living very happy 

lives, are most likely overoptimistic. Political scientist Daniel Deudney 

and author Phil Torres have argued that such a cosmic population is likely 

to end up in a state of continual cosmic war.9 As Phil Torres sums up 

his analysis:

[C]olonizing our solar system, galaxy, and beyond will engender 

a Hobbesian predicament in which all actors are perpetually in 

fear of being destroyed—that is, when they aren’t engaged in 

devastating wars with their neighbors.10

"us, the prospect of a very bad future is not a mere thought experi-

ment, but may in fact be a likely outcome.

If we return to the hundred dollars mentioned above, and the question 

of how much extreme su!ering this money might reduce if spent well, we 

see that it would only have to prevent a tiny fraction of extreme su!ering 

in a vast future cosmic population — perhaps a mere one in 1024 — to 

prevent not just a full hour of extreme su!ering but a full human lifetime 

of it. Whether a hundred dollars spent optimally could accomplish this 

much is unclear yet not far-fetched. What is clear is that a lot is at stake, as 

9  Deudney, 2020; Torres, 2018a; 2018b.
10  Torres, 2018a, p. 74.
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small di!erences today could make an enormous di!erence in the future. 

Indeed, we are currently confronted with the possibility to reduce extreme 

su!ering more than ever, to an extent we cannot comprehend. And yet 

almost no one is talking about this, let alone examining the implications. 

It is urgent that we start doing so.

0.3 Outline of the Book

“Su!ering-focused ethics” is an umbrella term for ethical views that grant 

special priority to the reduction of su!ering.11 "is is a useful term: it high-

lights a crucial point of agreement among a wide range of ethical views, 

and thereby enables us to work out practical implications that have broad 

support. "e point of the term “su!ering-focused ethics” is thus not to 

be a novel or impressive contribution to ethical theorizing, but instead to 

serve as a pragmatic concept that can unite as e!ective a coalition as pos-

sible toward the shared aim of making a real-world di!erence — to reduce 

su!ering for sentient beings. "at is what this book is all about.

"e book is divided into two parts. "e aim of the $rst part is to argue 

for su!ering-focused ethics. Here I present a wide range of arguments in 

favor of the view that we should grant the reduction of su!ering a foremost 

priority. "is entails, among other things, that reducing su!ering should 

take precedence over increasing happiness (for the untroubled). Beyond 

that, I also present arguments for a set of more speci$c views according to 

which we should minimize extreme su!ering in particular.12 However, one 

need not accept all the arguments and views I explore in the $rst part of 

the book in order to accept the core practical claim they all support: that 

we should grant the reduction of su!ering particular importance.

"is then leads to the topic I explore in the second part: how can we 

best reduce su!ering in practice? "is is a di#cult question about which 

there is bound to be much uncertainty. However, there does in fact exist a 

11  Gloor & Mannino, 2016. "e term was coined by Brian Tomasik.
12  "ese stronger, su!ering-minimizing views imply my core claim: that we should grant 
the reduction of su!ering a foremost priority in practice. Yet the reverse does not hold — 
my core claim does not imply a strict su!ering-minimizing view.
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wealth of sophisticated ideas and research about how to best reduce su!er-

ing, often highly counterintuitive. My aim in the second part is to present 

and discuss these ideas.

0.4 What I Am Not Saying

When defending an ethic focused on the reduction of su!ering, one is 

often accused of being animated by depression, and of underestimating 

the good things in life, such as happiness and meaning. Indeed, one is 

sometimes even accused of being misanthropic and in favor of violence, 

at least implicitly.13 It is therefore worth making clear from the outset that 

none of that is the case here. "e moral focus on su!ering I defend in this 

book is not animated by depression, but by reasoned arguments. (And for 

the record, most people who know me consider me a happy and exuberant 

person, as do I myself.)14 Nor is the case for su!ering-focused ethics predi-

cated on the notion that the good things in life are not intrinsically great 

and worth pursuing — one can think they are while still not believing that 

they justify increasing the total amount of extreme su!ering in the world.

Misanthropic sentiments do not motivate my case either. On the 

contrary, my case for prioritizing the reduction of su!ering is motivated 

primarily by a $rm commitment to reason.15 It stems from a commitment 

to do what is best for sentient beings. And, as we shall see, misanthropic 

sentiments are most unlikely to be conducive to this aim. "e same is true 

of violence (indeed, successfully reducing su!ering all but surely requires a 

$rm commitment to non-aggression and non-violence).16 A much better 

strategy is to engage respectfully in a cooperative and measured conversa-

tion about why and how we should reduce su!ering. I hope this book will 

help inspire such a conversation.

13  See e.g. Ord, 2013; Peterson & Benatar, 2018.
14  To be sure, such personal notes should not be of great relevance, yet they probably are 
nonetheless, lest people write o! everything I say here with an ad hominem fallacy resting 
on a false premise: he is depressed, and hence wrong about value and ethics.
15  Vinding, 2018d.
16  I shall say more on this in chapter 10. Non-violence should not be confused with a 
pure paci$sm that permits no defense against aggressors.
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0.5 An Opportunity for Reflection

I realize that the views and arguments I present in this book may challenge 

some of the reader’s deepest, most cherished convictions. Yet rather than 

seeing the arguments I present as a threat or as something unwelcome, I 

hope the reader will see them as an invitation and an opportunity to re%ect 

on their priorities. I hope the reader will agree that it is vitally important 

to get our priorities right, and that we should let our ethics be guided by 

open-ended re%ection that remains charitable and fair even to views that 

seem disagreeable at $rst sight.

I too used to hold a very di!erent view from the one I hold now. I 

used to be a classical utilitarian (that is, I used to believe that happiness 

and su!ering are morally symmetric, and that we should maximize the 

sum of happiness minus su!ering). I used to focus mostly on happiness, 

and to reject su!ering-focused arguments out of hand.17 I partly rejected 

such arguments because I had never found them stated in a way that could 

override my optimistic and wishful mind’s insistence on a good story. Yet 

the main reason for my rejection of su!ering-focused views was simply that 

I would shy away from the issue.18 In particular, I gave virtually no thought 

to just how bad su!ering can get — as in, how bad it can really get.19

"e endeavor of moral re%ection is too important for it to be hos-

tage to such self-imposed ignorance and evasion. If we want to get our 

priorities right, we must insist on searching for the best arguments and 

the most plausible views, however unpleasant they may be. "is includes 

17  For instance, classical utilitarianism would, in theory, say that we should torture a 
person if it resulted in “correspondingly greater” happiness for others (see section 3.1). 
I used to simply shrug this o! with the reply that such an act would never be optimal 
in practice according to classical utilitarianism. Yet this reply is a cop-out, as it does not 
address the issue that imposing torture for joy would be right in theory. Beyond that, with 
a small modi$cation to the thought experiment, my cop-out reply is not even true at the 
practical level, since classical utilitarianism, at least as many people construe it, indeed 
often would demand that we prioritize increasing future happiness rather than reducing 
future torment, in e!ect producing happiness at the price of torturous su!ering that could 
have been prevented. As a classical utilitarian, I just never gave much thought to this.
18  See section 7.2 and Cohen, 2001.
19  See section 4.3. Another signi$cant oversight was that I overlooked the extent to 
which my focus on increasing happiness was really about reducing su!ering; more on this 
in the second chapter.

Introduction
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squarely facing the daunting and horrifying phenomenon that is su!ering, 

and doing our best to appraise it honestly. Otherwise, we risk missing our 

precious opportunity to form a truly well-considered view of what our 

priorities should be.





Part I

The Case for Suffering-

Focused Ethics





13

1
Asymmetries Between Happiness and Su!ering

In this chapter, I shall present arguments for the existence of various 

asymmetries between happiness and su!ering. Let me therefore begin by 

clarifying what I mean by these terms. By su!ering and happiness I refer 

to an overall state of feeling in a given moment, with su!ering being an 

overall bad feeling, or state of consciousness, and happiness being an overall 

good feeling.1 "e bad and good parts in these respective de$nitions are 

unsurprising, yet it is worth taking note of the “overall feeling” part. For it 

is in fact possible, and even quite common, for an experience to contain an 

aversive component without the experience being bad overall. For example, 

one’s experience may contain a component of pain or bittersweet sorrow, 

but if this component does not render the overall experience negative or 

disagreeable, then this experience does not constitute su!ering on the de$-

nition employed here. Indeed, I suspect this is one of the reasons we often 

underestimate su!ering: we tend to con%ate a merely local, aversive aspect 

of experience contained within an overall agreeable feeling with su!ering 

1  I here follow Jamie Mayerfeld, who de$nes su!ering and happiness in a similar way, 
Mayerfeld, 1999, pp. 14-15. One cannot, I submit, de$ne su!ering in more precise or 
reductive terms than this. For just as one cannot ultimately de$ne the experience of, say, 
phenomenal redness in any other way than by pointing to it, one cannot de$ne a bad 
overall feeling, i.e. su!ering, in any other way than by pointing to the aspect of conscious-
ness it refers to.



14  

Chapter 1

proper — a truly negative and nasty overall state of consciousness. "is is 

an egregious con%ation.

Having clari$ed the meaning of happiness and su!ering, let us proceed 

to review some arguments in favor of asymmetries between the two, spe-

ci$cally asymmetries that suggest we should prioritize reducing su!ering 

over increasing happiness.

1.1 Asymmetries in Population Ethics

A widely shared such asymmetrical view is the Asymmetry in population 

ethics, according to which we have a strong moral2 reason to not bring 

miserable lives into existence, yet no strong moral reason to bring happy 

lives into existence. "is view has been defended by a number of philoso-

phers, including Jan Narveson, who wrote: “We are in favor of making 

people happy, but neutral about making happy people.”3

Such a moral asymmetry between su!ering and happiness in the con-

text of creating new lives appears especially plausible upon considering the 

unpalatable implications that would follow from rejecting it. For example, 

as philosopher Simon Knutsson writes:

When spending resources on increasing the number of beings 

instead of preventing extreme su!ering, one is essentially saying to 

the victims: “I could have helped you, but I didn’t, because I think 

it’s more important that individuals are brought into existence. 

Sorry.”4

In a similar vein, philosophers Lukas Gloor and Adriano Mannino ask 

us to consider the following thought experiment:

2  I use the terms “moral” and “ethical” synonymously.
3  Narveson, 1973.
4  Knutsson, 2016f.
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Imagine two planets, one empty and one inhabited by 1,000 beings 

su!ering a miserable existence. Flying to the empty planet, you could 

bring 1,000,000 beings into existence that will live a happy life. Flying 

to the inhabited planet instead, you could help the 1,000 miserable 

beings and give them the means to live happily. If there is time to do 

both, where would you go "rst? If there is only time to #y to one planet, 

which one should it be?

Even though one could bring about 1,000 times as many 

happy beings as there are existing unhappy ones, many people’s 

moral intuition would have us help the unhappy beings instead. 

To those holding this intuition, taking care of su!ering appears to 

be of greater moral importance than creating new, happy beings.5

Yet, in contrast, most people would probably consider it better that 

a thousand existing lives went from being happy to being miserable than 

that we add a million miserable lives to the world. In other words, we do 

not seem to consider the prevention of miserable lives less important than 

securing the happiness of existing people, which, Gloor and Mannino 

argue, “suggests that we care about reducing su!ering for existing and 

potential beings equally, whereas we prioritize the promotion of happi-

ness in actual beings over the happiness in their merely potential peers.”6

A similar view that supports the Asymmetry is the antifrustrationist 

position defended by philosopher Christoph Fehige, according to which 

“we have obligations to make preferrers satis$ed, but no obligations to 

make satis$ed preferrers.”7 "is asymmetry re%ects Fehige’s view that:

We don’t do any good by creating satis$ed extra preferences. What 

matters about preferences is not that they have a satis$ed existence, 

but that they don’t have a frustrated existence.8

5  Gloor & Mannino, 2016.
6  Ibid. For many of us, a similar asymmetry exists with respect to the forfeit of poten-
tial future pleasures versus the prospect of future pains (for ourselves). As Jamie Mayerfeld 
notes: “"e prospect of future pain disturbs us more than the forfeit of future pleasure.” 
Mayerfeld, 1999, p. 133.
7  Fehige, 1998, p. 518.
8  Ibid.



16  

Chapter 1

"is, according to Fehige, implies that “maximizers of preference satis-

faction should instead call themselves minimizers of preference frustration.”9

Philosopher Peter Singer expressed a similar view in the past:

"e creation of preferences which we then satisfy gains us nothing. 

We can think of the creation of the unsatis$ed preferences as 

putting a debit in the moral ledger which satisfying them merely 

cancels out. … Preference Utilitarians have grounds for seeking to 

satisfy their wishes, but they cannot say that the universe would 

have been a worse place if we had never come into existence at all.10

"ese asymmetrical views in population ethics are all related to the 

intuition that the state of non-existence is entirely unproblematic — some 

would even say perfect — for those who have never been born, a view 

associated with traditions such as Buddhism and Epicureanism.11

Another view that shares this intuition is the antinatalist position defended 

by philosopher David Benatar, among others.12 "e antinatalist view not only 

holds that we have a stronger reason not to create a miserable life than to create 

a happy life, but indeed maintains that the creation of life is always bad for the 

being who is created. "erefore, according to antinatalism, it would always 

have been better for any being never to have come into existence. Benatar 

writes that the basic insight behind his antinatalist position is that:

9  Ibid. One may object that this view does not pertain to happiness and su!ering as I 
have de$ned them here, yet this is not the case. For even as there are di!erences, it is not 
plausible to claim that happiness and su!ering, as I have de$ned them, are not at least 
closely related to preference satisfaction and frustration respectively, cf. Aydede, 2014.
10  Singer, 1980. It should be noted, however, that Singer now defends hedonistic
utilitarianism rather than preference utilitarianism, Lazari-Radek & Singer, 2014.
11  I say more on this view in the following chapter. Epicurus is furthermore associated 
with an argument that says that, since non-existence is unproblematic, death is not bad. Yet 
this view of death need not follow from the view that non-existence is unproblematic (for 
those never born). For example, philosopher David Benatar, whom we shall visit next, shares 
the view that non-existence is not bad, and indeed that it is always better never to have been, 
yet he also holds that death is very bad. One argument in support of this view is that death 
“di!ers fundamentally from never having been born, in that it is typically preceded and ac-
companied by su!ering and/or frustrated preferences.” Gloor & Mannino, 2016.
12  Other thinkers associated with antinatalism include 11th-century philosopher and 
poet Abu al-ʿAlaʾ al-Maʿarri, philosopher Peter Wessel Zap!e, and philosopher Julio 
Cabrera, Cabrera, 1996; 2019.
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Although the good things in one’s life make it go better than it 

otherwise would have gone, one could not have been deprived by 

their absence if one had not existed.13

More speci$cally, Benatar’s argument rests on the asymmetry that 

seems to exist between the importance of reducing su!ering for poten-

tial beings versus the (un)importance of increasing the happiness of 

such beings:

[T]here is a crucial di!erence between harms (such as pains) and 

bene$ts (such as pleasures) which entails that existence has no 

advantage over, but does have disadvantages relative to, non-

existence. Consider pains and pleasures as exemplars of harms 

and bene$ts. It is uncontroversial to say that 

(1) the presence of pain is bad, and that 

(2) the presence of pleasure is good.

However, such a symmetrical evaluation does not seem to apply 

to the absence of pain and pleasure, for it strikes me as true that

(3) the absence of pain is good, even if that good is not enjoyed 

by anyone, whereas

(4) the absence of pleasure is not bad unless there is somebody 

for whom this absence is a deprivation.14

In other words, since the absence of su!ering is good while the absence 

of pleasure is not bad, the state of non-existence is, according to Benatar, 

good (good + not bad = good). By contrast, the presence of su!ering and 

pleasure is bad and good respectively, and hence, according to Benatar, 

this is worse than the non-existence of both.15

An objection to this view may be that if no life is worth starting, then 

no life can be worth continuing, and hence we are all better o! dying. Yet 

Benatar argues against this view by pointing out that di!erent standards 

13  Benatar, 2006, p. 1. Benatar’s view also rests on many other arguments, however, in-
cluding many of the other asymmetries we will review in this chapter. (I should note that I 
disagree with Benatar’s focus on human procreation, Vinding, forthcoming.)
14  Benatar, 2006, p. 30.
15  Ibid., chap. 2.
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apply in these two cases: “We require stronger justi$cation for ending a 

life than for not starting one.”16 For example, debilitating pain or missing 

limbs count as a much more plausible reason not to start a life than they 

do to end a life.

In response to the objection that it would be wrong to not create more 

beings in order for them to experience happiness, and that we indeed are 

obliged to make more happy people, Benatar writes:

[I]t is not the case that people are valuable because they add extra 

happiness. Instead extra happiness is valuable because it is good 

for people—because it makes people’s lives go better. To think 

otherwise is to think that people are mere means to the production 

of happiness. Or, to use another famous image, it is to treat persons 

as mere vessels of happiness.17

One need not, however, accept the antinatalist position to accept the 

much more general claim that we should grant particular importance to 

the reduction of su!ering. Merely accepting some version of the under-

lying asymmetry we have seen arguments for here — i.e. an asymmetry 

between the importance of preventing su!ering versus creating happiness 

for potential beings — can provide a strong reason to prioritize the reduc-

tion of su!ering in practice, not least given the vast number of beings who 

might exist in the future.18

16  Ibid., p. 23. And again, there is the point that ending a life is fundamentally di!erent 
from not bringing a life into the world, since ending a life “is typically preceded and ac-
companied by su!ering and/or frustrated preferences.” Gloor & Mannino, 2016.
17  Benatar, 2006, p. 37. Clark Wolf makes a similar point: “"e value of well-being is a 
function of its value for persons, not vice versa …” Wolf, 1997, VII.
18  Indeed, even if one holds the reduction of su!ering to be equally important to the 
promotion of happiness for existing beings, and even if one gives the su!ering of future 
beings signi$cantly less weight than the reduction of su!ering for existing beings, the 
acceptance of an asymmetry in the importance of reducing su!ering versus increasing 
happiness in potential beings would still plausibly imply that one should primarily work to 
reduce su!ering for future beings, since the number of beings who are likely to exist in the 
future is so vast. A consideration with similar implications is reviewed in section 6.2.
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1.2 Asymmetries in Quantity

Another asymmetry, quite di!erent from the one reviewed in the previous 

section, is an asymmetry found in the quantity of happiness and su!ering, 

both in the realm of potential and actual states. At the level of potential 

states, we can observe that, as philosopher Jamie Mayerfeld notes, it is a 

“sense shared by many people that the intensity of happiness can expand 

very little in comparison with the intensity of su!ering.”19 In other words, 

the range of possible positive experiences does not seem to reach remotely 

as high as the range of possible negative experiences reaches deep.20 Here 

is Adam Smith hinting at this asymmetry:

What can be added to the happiness of the man who is in health, 

who is out of debt, and has a clear conscience? … "ough little 

can be added to this state, much may be taken from it. "ough 

between this condition and the highest pitch of human prosperity, 

the interval is but a tri%e; between it and the lowest depth of misery 

the distance is immense and prodigious.21

Psychological evidence supports the existence of such an asymmetry 

at the level of potential states, not just between happiness and su!ering, 

but between bad and good states in general. For instance, a systematic 

review by psychologist Roy Baumeister et al. titled “Bad Is Stronger "an 

Good” found that:

19  Mayerfeld, 1999, p. 67. See also Mathison, 2018, chap. 2.
20  And even if one thinks the best states of happiness can, in one sense, be as intense as the 
worst states of su!ering, this does not imply that such states of happiness can outweigh simi-
larly intense states of su!ering in any evaluative sense, much less a moral one, cf. section 6.4.
21  As quoted in Mayerfeld, 1999, p. 67. Smith also wrote that “Pain … whether of 
mind or body, is a more pungent [forceful] sensation than pleasure …” Smith, 1759, p. 
44. David Hume made a similar point: “All the goods of life united would not make a very 
happy man; but all the ills united would make a wretch indeed …” Hume, 1779, part 10, 
Demea speaking. He also wrote that pain is “in$nitely more violent and durable [than 
pleasure].” Ibid., Philo speaking (in response to the more optimistic Cleanthes).
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"e greater power of bad events over good ones is found in everyday 

events, major life events (e.g., trauma), close relationship outcomes, 

social network patterns, interpersonal interactions, and learning 

processes. Bad emotions, bad parents, and bad feedback have more 

impact than good ones, and bad information is processed more 

thoroughly than good. "e self is more motivated to avoid bad self-

de$nitions than to pursue good ones. … Hardly any exceptions 

(indicating greater power of good) can be found. Taken together, 

these $ndings suggest that bad is stronger than good, as a general 

principle across a broad range of psychological phenomena.22 

To get a clearer sense of the scope of the asymmetry in potential 

between happiness and su!ering, we can imagine a situation in which we 

are o!ered ten years of maximal bliss at the price that we must experi-

ence some duration of the very worst states of su!ering. How much such 

su!ering would we be willing to endure in order to attain this happi-

ness if the alternative were to experience a neutral and untroubled state 

of consciousness?

Many of us would reject such an o!er completely.23 Some, however, 

will be willing to accept the o!er (at least while they are in a position 

22  Baumeister et al., 2001.
23  One can argue that this preference would in fact obtain for everyone, at least while 
experiencing these very worst states of su!ering, since the experience of extreme su!ering 
has often elicited a clear judgment that no amount of positive goods could ever outweigh 
the su!ering (see section 4.3). And if an experience of su!ering does not feel like it can 
justify this sentiment in the moment of the experience — as it clearly has in some states 
of su!ering for some people — then it can reasonably be argued that this state of su!ering 
does not qualify as being among the worst states possible. After all, one’s evaluative atti-
tude with respect to one’s experience is itself an integral part of that experience, and indeed 
a signi$cant determinant of how good or bad it feels. In other words, a state of su!ering 
that feels redeemable by a positive good is, almost by de$nition, quite far indeed from 
the very worst states of su!ering, and hence an idealized torturer imposing the worst of 
su!ering on someone would also alter the victim’s mind-brain so that the victim sincerely 
deems its su!ering unbearable and irredeemable in the moment. And if the very worst 
states of su!ering entail the judgment that no positive good can ever outweigh them in the 
moment they are experienced, the crucial question we must ask ourselves is how it can be 
justi$ed to say something else — i.e. that they can be outweighed — from another vantage 
point. How can we justify imposing such su!ering on other, unwilling consciousness-
moments, whether we deem them “us” or not? (I shall delve deeper into this matter in the 
fourth and $fth chapters.)
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where they have not yet experienced these very worst of states). Yet how 

big a sacri$ce would such people be willing to make? Would they be will-

ing, from the outset, to endure a full hour of the most extreme su!ering? 

Perhaps even an entire day? Some might go as far as saying an entire day, 

yet very few, if any, would be willing to push the scale to anywhere near 

50/50. "at is, it seems safe to say that a great majority of people would 

$rmly reject ten years of the most extreme su!ering in order to attain ten 

years of the most sublime happiness.

"ose who would be willing, from the outset, to endure a full day of 

the most extreme su!ering in order to enjoy ten years of the most extreme 

happiness are, I think, among those who are willing to push it the furthest 

to attain such happiness. Yet notice how far they are from 50/50 (i.e. sym-

metry) in terms of the “days of happiness to days of su!ering” ratio they 

are willing to accept. We are not talking 80/20 or even 99/1 here, but 

rather 3,650/1. And that is for those who are willing to push it. Even an 

iceberg, for metaphorical comparison, has more of its relative mass above 

the surface than this — 300 times more, in fact.

So not only is there no symmetry here, but the disvalue of the worst 

su!ering is, even in this relatively su!ering-permissive tradeo!, orders of 

magnitude greater than the value of the greatest happiness, which lends 

strong support to the view that the prevention of su!ering should take 

priority over the promotion of happiness in practice. For even on a view 

according to which we are willing to really push it and endure what is, 

arguably by most accounts, an unreasonable amount of su!ering in order 

to gain happiness, the disvalue of su!ering still strongly dominates the 

value of happiness.

A short moment of the very worst forms of su!ering24 can make an 

entire happy life seem of little value in comparison. Yet the same thing 

cannot be said in reverse — a short moment of the greatest happiness 

cannot make an entire miserable life seem of comparatively slight disvalue. 

Indeed, it seems a priori plausible, and will be defended at length in later 

chapters, that some states are so bad that no amount of positive goods 

could ever outweigh just a single instance of them.25 In contrast, it seems 

24  To get a vague sense of what I am talking about here, see section 4.3.
25  See the fourth and $fth chapters, as well as sections 8.10, 8.11, and 8.12.
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highly implausible that there exists any positive good that can never be 

outweighed by any amount of su!ering.

Upon conceding the existence of a signi$cant value asymmetry at the level 

of potential states of happiness and su!ering, it does not seem all that far-

fetched to expect that such an asymmetry is also found at the level of actual 

states. "at is: that the quantity of su!ering also strongly prevails over the 

quantity of happiness in the actual world.26 At the same time, however, 

we should also strongly not expect to be able to $nd such an asymmetry, 

since we tend to be biased against negative conclusions.27 Indeed, most of 

us will be quite resistant to the conclusion that su!ering prevails in the 

actual world, even if we agree that there is a strong asymmetry at the level 

of potential states.

"is instinctive resistance notwithstanding, the view that the quantity 

of su!ering predominates28 in the world has been held and expressed by 

quite a number of people, especially in the East. According to Buddhist 

scholar Jayarava: “Buddhists, and most Indians, believe that we live in a 

world in which su!ering is predominant …”29 And the view has also been 

held by many thinkers in the West.30 Here is Johann Wolfgang von Goethe:

26  By “prevails”, I mean it prevails in evaluative terms, i.e. that the disvalue of all the su!er-
ing in the world is greater than the value of all its happiness — not that it necessarily prevails 
in terms of, say, there being more moments of su!ering than happiness (a measure that fails 
to take di!erences in intensity into account).
27  See Cohen, 2001. We shall delve deeper into this matter in the seventh chapter.
28  One can reasonably question what it means to say that su!ering predominates, 
cf. Knutsson, 2016b. By what standard is it measured? I do not here assume an objec-
tive de$nition. In this context, I would roughly de$ne it as “predominates according to 
what individual people $nd plausible given their outside view” — a standard that will, of 
course, vary from person to person.
29  Jayarava, 2012.
30  "e thinkers whose writings and ideas are strongly in line with this view include 
most of the philosophers in the pessimist tradition, such as Hegesias of Cyrene, Baltasar 
Gracián, Voltaire, Giacomo Leopardi, Arthur Schopenhauer, Philipp Mainländer, Peter 
Wessel Zap!e, Emil Cioran, and "omas Ligotti (Ligotti, 2011).
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In all times and in all countries things have been miserable. Men 

have always been in fear and trouble, they have pained and tortured 

one other; what little life they had, they made sour one to the 

other. … Most people, after having played the game of life for a 

time, preferred to depart rather than to begin anew. "at which 

perhaps gave or gives them some degree of attachment to life was 

and is the fear of death. "us life is; thus it always was; thus it will 

always remain.31

George Orwell was more terse: “Most people get a fair amount of fun 

out of their lives, but on balance life is su!ering, and only the very young 

or the very foolish imagine otherwise.”32

"is claim of Orwell’s — “on balance life is su!ering” — can be inter-

preted in various ways, and it is important not to con%ate these di!erent 

interpretations. For instance, one may take it to mean that most moments 

in people’s lives are moments of su!ering. Yet it is not necessary to believe 

this (rather strong) empirical statement in order to believe another inter-

pretation: that the disvalue of the totality of su!ering in the world is greater 

than the value of the totality of happiness.

For example, even if one believes that happiness is preponderant in 

most people’s lives, it still seems plausible to think that the value of such 

happiness is not preponderant over the disvalue of all the su!ering caused 

by atrocities such as the Holocaust, the Rwandan genocide, the Cambo-

dian genocide, the Armenian genocide, and the bombings of Hiroshima 

and Nagasaki (to pick but a few of the atrocities committed by humanity 

in the latest century); or the su!ering caused by such diseases as smallpox 

(estimated to have caused su!ering and death for more than 300 million 

31  As quoted in Neiman, 2002, pp. 209-210. David Hume expressed similarly pessimis-
tic sentiments in Hume, 1779, part 10. For example: “Were a stranger to drop on a sud-
den into this world, I would show him, as a specimen of its ills, a hospital full of diseases, 
a prison crowded with malefactors and debtors, a $eld of battle strewed with carcasses, a 
%eet foundering in the ocean, a nation languishing under tyranny, famine, or pestilence. 
To turn the gay side of life to him, and give him a notion of its pleasures; whither should I 
conduct him? to a ball, to an opera, to court? He might justly think, that I was only show-
ing him a diversity of distress and sorrow.” (Demea speaking.)
32  Orwell, 1947. "e following tragicomic quote attributed to Woody Allen hints at the 
same idea: “Life is full of misery, loneliness, and su!ering — and it’s all over much too soon.”
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people in the 20th century alone),33 the Spanish %u (estimated to have 

infected 500 million and killed at least 50 million people),34 and HIV/

AIDS (estimated to have infected more than 70 million and killed roughly 

half that number);35 or the su!ering caused by natural disasters such as the 

2004 Indian Ocean tsunami and the 2010 Haitian earthquake. And, of 

course, these sources of su!ering are just a tiny selection of all those that 

could be mentioned.

Indeed, Goethe and Orwell’s quotes, as well as the examples of su!er-

ing given above, pertain only to the experiences of humans, who constitute 

but a small minority of sentient beings on Earth.36 If we include the expe-

riences of non-human animals, the view that su!ering prevails becomes 

even more compelling. "is is true for various reasons.37

First, the vast majority of non-human animals come into existence in 

a circumstance where they are doomed to live short lives full of frustrated 

desires, since thousands of beings are born where only a few can survive. 

For if a reproducing pair has thousands of o!spring, as the most numerous 

animals do, then, on average, if the population is roughly stable, only two 

of them can survive long enough to reproduce. And most wild animals 

in fact die much sooner, due to starvation, disease, and predation, among 

other agonizing causes.38

Predation alone is a compelling reason to think that su!ering prevails 

in nature, not least because it is ubiquitous. For example, a study on a 

population of white-footed mice found that 93 percent were killed by 

predators, which is probably not an unusual percentage.39 And the su!er-

ing predation causes is frequently extreme and protracted (resources that 

show the agony entailed by predation are found in the following note).40 

33  Saint Louis University, 2008.
34  Johnson & Mueller, 2002.
35  UNAIDS, 2019.
36  Tomasik, 2009d.
37  For arguments for the view that su!ering prevails in the lives of most non-human 
animals, see Horta, 2010a; 2010b; 2015; 2017a; 2017b; Iglesias, 2018.
38  Iglesias, 2018.
39  Collins & Kays, 2014.
40  ["is footnote contains disturbing content; its purpose is to enlighten skeptics about 
the badness of predation.]
It is worth noting that we are strongly biased to not appreciate the true horror of preda-



   25

Asymmetries Between Happiness and Su!ering

Predation was also the example Arthur Schopenhauer cited to demonstrate 

the preponderance of su!ering in the world:

A quick test of the assertion that enjoyment outweighs pain in this 

world, or that they are at any rate balanced, would be to compare 

the feelings of an animal engaged in eating another with those of 

the animal being eaten.41

Another reason to believe that su!ering prevails, and to believe the 

sum of human happiness to be relatively insigni$cant in the bigger picture, 

is humanity’s practice of exploiting and killing non-human animals. Each 

year, humans exploit and kill more than 60 billion land animals. Most of 

these beings live out their lives under the horri$c conditions of factory 

farming, con$ned to tiny spaces and often with body parts removed — 

birds “debeaked” and pigs “tail-docked”, almost always without anesthetic 

— so as to reduce the degree to which they molest each other out of frus-

tration. "ese are lives of unspeakable misery and pain.

"e ways in which we end these lives are no better. Chicks are rou-

tinely ground up alive, pigs are painfully asphyxiated with carbon dioxide 

(a supposedly “humane” method of slaughter), chickens are frequently 

boiled alive,42 and throat-slitting is still a common method for killing 

land animals in most parts of the world. "e story gets even worse when 

we also include the ways in which we exploit and kill aquatic animals, as 

tion, since most victims of predation are non-human animals, and most of us do not feel 
remotely the same when seeing a non-human animal get eaten alive compared to when we 
see the same fate befall a human, even if the su!ering is the same, or indeed greater, in the 
non-human case. "us, to appreciate the true horror of predation, it may be necessary to 
see a human get eaten alive by predators, and then try to generalize the resulting feelings of 
horror to the non-human victims of predation (and it should be noted that human deaths 
due to predation are not, in fact, a rarity; for example, tigers alone are estimated to have 
killed more than 373,000 people between 1800 and 2009, Nyhus et al., 2010, pp. 132-
135). "e following video shows a man who gets eaten alive by lions:
abolitionist.com/reprogramming/maneaters.html
"e following video shows a baby gira!e who gets eaten alive by lions:
youtube.com/watch?v=xhQRorfuEgs [“Baby Gira!e eaten alive by 3 Lion Cubs”]
"e following video shows Komodo dragons eating a deer alive:
youtube.com/watch?v=fmwC9HzcWbQ [“Komodo dragons attack and eat alive deer”]
41  Schopenhauer, 1851, p. 42.
42  Dockterman, 2013.
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we each year exploit more than a hundred billion $sh on similarly horri$c 

aquatic factory farms,43 and kill more than a trillion $sh in total, from 

farms and the wild.44 "ese deaths probably involve extreme su!ering more 

often than not, as we drag them out of the ocean with hooks and nets; 

allow them to endure painful su!ocation above the surface, often for an 

unbearably protracted while; and then cut o! their heads, almost always 

without any stunning to reduce the pain. To put things in perspective, we 

kill more than twenty times as many sentient beings in this way every day 

than the number of humans killed in wars in the entire 20th century.45 "is 

is indeed a bleak story of extreme su!ering on an incomprehensible scale.

"e reasons we have seen above for thinking that the quantity of suf-

fering predominates greatly, both at the level of potential and actual states, 

lend strong support to the view that we should prioritize reducing su!ering 

over increasing happiness.

1.3 Asymmetries in Ease of Realization

Beyond the asymmetry in quantity, there is also a strong asymmetry in 

the ease of realizing states of happiness and su!ering respectively.46 "is is 

true at various levels and for various reasons.47 One level at which it holds 

true is that it is much easier to bring about states of extreme su!ering 

than to bring about states of extreme happiness. A single event can result 

in intense pain and su!ering that last a lifetime. For example, a single 

fall can result in two broken legs and chronic pain; a single car accident 

can cause a lifetime of pain, physical disability, and PTSD; a single push 

of a button can result in millions of lives tormented in $re and nuclear 

43  Mood & Brooke, 2012.
44  Mood & Brooke, 2010. In relation to the idea that $sh do not feel pain, see Braith-
waite, 2010; Brown, 2015; Balcombe, 2016; Jabr, 2018.
45  For an estimate of the latter number, see White, 2010.
46  One can, of course, argue that this asymmetry is not strictly independent of the 
asymmetry in quantity. In particular, one may argue that the asymmetry in ease of realiza-
tion, along with the asymmetry in quantity at the level of potential states, in large part 
explain the asymmetry in quantity at the level of actual states.
47  Similar points to the one I make in this section are also made in Mathison, 2018, 
1.1.6.
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radiation. Yet not a single example can be given of the reverse. No single 

event can guarantee intense, long-lasting pleasure.48

"is ties into another relevant asymmetry, namely that we build up 

tolerance toward pleasure but not toward pain and su!ering (or at least not 

to remotely the same extent). "is is especially true of extreme su!ering. 

In the words of Jamie Mayerfeld: “As marathon torture sessions wear on, 

the victims do not grow accustomed or indi!erent to their pain.”49 "is 

asymmetry in tolerance also helps explain why pain tends to last much 

longer than pleasure, and why there is such a thing as chronic pain, yet 

no such thing as chronic pleasure.50

Another reason su!ering is easier to bring about comes down to a 

much more general fact about the world — failure is generally much 

easier than success. For example, there are many more ways not to solve a 

Rubik’s Cube than to solve it. More saliently, there are many more ways 

for our bodies and minds to be harmed and dysfunctional than healthy 

and functional. "e former merely requires us to be blighted by one of 

the many severe a&ictions that can taint our lives — depression, anxiety, 

frustration, chronic pain, infection, trauma, etc. — whereas the latter, 

being free from harm and dysfunction, requires us to stay clear of all such 

a&ictions. And sadly, as Baumeister et al. report in their review article, bad 

48  It may be objected that we likely could create a single thing, e.g. a mental health pill, 
that makes us permanently happy. Yet even if we grant that this is possible, it remains true 
that it is much easier to bring about great su!ering, such as via a fall, than to create such 
a pill. Moreover, a single, severely bad event will tend to a!ect many areas of life, physical 
and psychological, whereas this hypothetical pill presumably only protects against (some 
forms of ) psychological su!ering — it does not guard against physical harm.
49  Mayerfeld, 1999, p. 39. David Hume made a similar observation: “Pleasure, scarcely 
in one instance, is ever able to reach ecstasy and rapture; and in no one instance can it 
continue for any time at its highest pitch and altitude. … But pain often, good God, how 
often! rises to torture and agony; and the longer it continues, it becomes still more genuine 
agony and torture.” Hume, 1779, part 10, Philo speaking.
50  David Benatar has made a similar point: “[P]ains tend to last longer than pleasures. 
Compare the %eeting nature of gustatory and sexual pleasures with the enduring character 
of much pain. "ere are chronic pains, of the lower back or joints for example, but there is 
no such thing as chronic pleasure. (An enduring sense of satisfaction is possible, but so is 
an enduring sense of dissatisfaction, and thus this comparison does not favour the prepon-
derance of the good.)” Benatar, 2017b.
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health strongly a!ects our quality of life in a negative direction, whereas 

“variations in good health have small or negligible e!ects.”51

It is virtually impossible for a sentient being to avoid su!ering, as it is 

readily induced by injury, illness, and loss. "e attainment of happiness, 

by contrast, is quite avoidable, as evidenced by reports from su!erers of 

chronic depression.52 And since the unharmed sentient state requires so 

many things to be just right, the harmed state also tends to be far more 

stable.53

"e insight that there are many more ways for things to be bad than 

good is called the “Anna Karenina principle”, after the famous quote from 

Tolstoy’s Anna Karenina: “Happy families are all alike; every unhappy 

family is unhappy in its own way.” Aristotle also emphasized this principle 

in the Nicomachean Ethics:

Again, it is possible to fail in many ways (for evil belongs to the 

class of the unlimited, … and good to that of the limited), while 

to succeed is possible only in one way (for which reason also one 

is easy and the other di#cult — to miss the mark easy, to hit it 

di#cult) …54

Another reason it is much easier to bring about su!ering than hap-

piness is that su!ering is, in a sense, the default state that creeps in on us 

if we do not make an e!ort to avoid it. For instance, if we do not make 

an e!ort to eat well and exercise, poor health and misery will ensue. As 

David Benatar writes:

51  Baumeister et al., 2001, p. 354.
52  A similar point has been made by Bruno Contestabile: “Su!ering is unavoidable because 
of accidents, defeats, illnesses and aging. Happiness is avoidable …” Contestabile, 2005.
53  "e same point is made in Contestabile, 2005 and Baumeister et al., 2001. "e latter 
also gives many empirical examples of how bad states are more readily attainable than 
good ones.
54  Aristotle, 350 BC, Book 2. Aristotle’s point seems to relate most directly to the dif-
$culty of living a virtuous life versus the ease of living an unvirtuous life. Yet it should be 
noted that he did not draw a strong distinction between the virtuous life and the happy 
life, and, by extension, the unvirtuous life and the unhappy life.
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[L]ife is a state of continual striving. We have to expend e!ort to 

ward o! unpleasantness — for example, to prevent pain, assuage 

thirst, and minimise frustration. In the absence of our strivings, 

the unpleasantness comes all too easily, for that is the default.55

Our condition is rather like walking up a steep staircase, in that there 

are many more ways to fall down than there are to move upward, and 

most falls we can make are much easier to perform, and are much longer, 

than any step upward. And even if we refuse to take any steps, and instead 

choose to make no e!ort whatsoever, we will still gradually move down 

toward misery. We are not just on a staircase, but on a steep escalator 

moving downward. (Biological beings have, of course, evolved abilities to 

tackle these tough conditions quite competently, at least while they are in 

their prime, yet it must be remembered that these abilities are themselves 

the product of an enormous amount of failure and su!ering that has 

occurred, and continues to occur, in each successive generation.)

"at great happiness is di#cult to attain and promote, whereas it is 

comparatively feasible to reduce extreme su!ering, also provides a strong 

reason to devote our marginal resources toward preventing su!ering rather 

than promoting happiness.56 In other words, there seem to be strongly 

diminishing returns in trying to increase happiness (for those who are 

untroubled) compared to reducing and preventing su!ering, implying 

that we should prioritize the latter.57

55  Benatar, 2017b.
56  "e same point is made in Singer, 2018, about 9 minutes in. As Toby Ord notes: 
“[T]he decision procedure (or rule of thumb) of focusing on eliminating su!ering seems 
to lead to more Classical Utilitarian value than addressing su!ering and happiness in equal 
measure. As another example, adding happiness to those who are already happy seems to 
typically lead to less Utilitarian value than using the same resources to alleviate su!ering.” 
Ord, 2013. Similarly, Mayerfeld notes that “most utilitarians agree we accomplish more 
by trying to prevent su!ering than by trying to increase happiness …” Mayerfeld, 1999, 
p. 149. Yet Mayerfeld argues against the claim that asymmetries of this kind (e.g. that it is 
generally cheaper to reduce su!ering) alone can account for the common-sense view that 
we should give greater priority to the reduction of su!ering, ibid., pp. 146-148; Mayer-
feld, 1996, pp. 325-328.
57  "is claim about diminishing returns can be defended in at least two independent 
ways. One is based on the asymmetry in potential ranges we saw in the previous section. 
As Adam Smith noted, little can be added to the happiness of someone who is already 
doing okay, while much can be taken away from it, implying that there are diminish-
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1.4 Asymmetries in Quality

An altogether di!erent asymmetry between happiness and su!ering, which 

has nothing to do with their respective quantities or accessibility, is the 

fundamental qualitative di!erence between them. Su!ering is inherently 

a cry for betterment. It carries, as philosopher "omas Metzinger puts it, 

a unique “urgency of change”.58 "e experience of happiness, on the other 

hand, as well as neutral states absent of happiness, carry no urgent call for 

betterment whatsoever, and hence increasing the happiness of those who 

are not su!ering has no urgency in the least.59

"is asymmetry has been highlighted by many thinkers. Here, for 

instance, is a famous quote from philosopher Karl Popper:

I believe that there is, from the ethical point of view, no symmetry 

between su!ering and happiness, or between pain and pleasure. … 

In my opinion human su!ering makes a direct moral appeal, 

namely, the appeal for help, while there is no similar call to 

increase the happiness of a man who is doing well anyway. A 

further criticism of the Utilitarian formula “Maximize pleasure” is 

that it assumes a continuous pleasure-pain scale which allows us to 

treat degrees of pain as negative degrees of pleasure. But, from the 

moral point of view, pain cannot be outweighed by pleasure, and 

especially not one man’s pain by another man’s pleasure. Instead of 

the greatest happiness for the greatest number, one should demand, 

more modestly, the least amount of avoidable su!ering for all …60

ing returns in helping someone who is already okay. Another way to defend it is via the 
argument presented in this section: even assuming equal ranges of positive and negative 
experiences, creating great happiness just happens, empirically, to be much more di#cult 
than reducing great su!ering — especially for future beings, since creating great happiness 
for them requires many things to be just right, whereas preventing great su!ering for them 
merely requires not creating them. If one then combines these two independent argu-
ments, the diminishing returns thesis that implies we should focus on reducing su!ering 
becomes doubly compelling.
58 Metzinger, 2016, “Option 4: eliminating the NV-condition”.
59 And to the extent seemingly positive states do contain an “urgency of change”, one 
may argue that they are in fact negative, cf. Gloor, 2017; Knutsson, 2019d.
60  Popper, 1945, chap. 9, note 2. To be sure, Popper is here making a claim about the 
moral (dis) value of su!ering versus happiness, yet it is clear that his claim rests, at least in 
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David Pearce, who defends negative utilitarianism (the view that an 

action is morally right if and only if it minimizes su!ering), describes his 

view in a similar way:

[N]egative utilitarianism … challenges the moral symmetry of 

pleasure and pain. It doesn’t question the value of enhancing the 

happiness of the already happy. Yet it attaches value in a distinctively 

moral sense of the term only to actions which tend to minimise or 

eliminate su!ering. "is is what matters above all else.61

A third thinker defending a qualitative asymmetry of this kind is 

psychologist and philosopher Richard Ryder. Speci$cally, Ryder argues 

for a position called “painism”, which holds that one individual’s pleasure 

can never morally outweigh the pain of another, and that our overriding 

moral objective is to reduce pain (de$ned broadly so as to cover all forms 

of su!ering).62

Note that none of the views outlined above imply that there is no value 

in happiness. What they do imply, however, is that the value there may 

be in creating happiness is not comparable to the moral value of reducing 

su!ering. "us, increasing the happiness of the already happy can be quite 

$ne on these views, yet it does not carry value in a strong moral sense, 

since it, in Popper’s words, answers no moral appeal for help. Reducing 

su!ering, on the other hand, does answer such an appeal.

A similar way to conceive of the qualitative di!erence between su!ering 

and happiness is in terms of a “problem versus non-problem” dichotomy: 

su!ering is inherently problematic, the neutral absence of happiness is 

not. Indeed, it takes an outside observer to say that a neutral state absent 

of happiness is problematic — such a judgment must be imposed from 

outside — whereas the problematic nature of a state of su!ering is exposed 

directly from the inside.63 "us, as Adriano Mannino notes:

part, on this underlying qualitative asymmetry between them: su!ering is intrinsically urgent 
and problematic — “an appeal for help” — while happiness and the neutral absence of hap-
piness are not. "e same point applies to the views of Pearce and Ryder mentioned below.
61  Pearce, 1995, chap. 2.
62  Ryder, 2009b, p. 402. See also Ryder, 2001; 2011.
63  "is point was made by David Pearce, personal communication.
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"e non-creation of happiness is not problematic, for it never 

results in a problem for anyone (i.e. any consciousness-moment), 

and so there’s never a problem you can point to in the world; 

the non-prevention of su!ering, on the other hand, results in a 

problem.64

"e view that we should prioritize the reduction and prevention of 

su!ering over the creation of happiness can then be said to derive from 

an intuitive “understanding of ethics as being about solving the world’s 

problems: We confront spacetime, see wherever there is or will be a prob-

lem, i.e. a struggling being, and we solve it.”65

Explaining the qualitative asymmetry in terms of such a “problem 

versus non-problem” dichotomy may be considered equivalent to explain-

ing it in terms of “urgent versus not urgent” — or at any rate strictly less 

urgent — as we did above, and as Karl Popper has also done: “[T]he pro-

motion of happiness is in any case much less urgent than the rendering of 

help to those who su!er, and the attempt to prevent su!ering.”66

"is asymmetry in urgency is well in line with common sense. For 

example, we would rightly rush to send an ambulance to help someone 

who is enduring extreme su!ering, yet not to boost the happiness of some-

one who is already doing well, no matter how much we may be able to 

boost it. Indeed, even if we could only reduce the a&icted person’s intense 

su!ering by a modest amount, this would still be more urgent than increas-

ing the happiness of a completely untroubled person to maximal heights. 

Similarly, if we were in the possession of pills that could raise the happi-

ness of those who are already happy to the greatest heights possible, there 

would be no urgency in distributing these pills, whereas if a single person 

fell to the ground in unbearable agony right before us, there would indeed 

be an urgency to help.67 Increasing the happiness of the already happy is, 

unlike the alleviation of extreme su!ering, not an emergency.

64  Quoted from a Facebook conversation from 2013. (And in the case of extreme su!er-
ing, it can be argued that the word “problem” grossly understates the reality in question.)
65  Gloor & Mannino, 2016.
66  Popper, 1945, chap. 5, note 6.
67  A similar thought experiment is found in Mayerfeld, 1999, p. 133.
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Another thought experiment that lends support to this qualitative 

asymmetry is to consider a hypothetical endeavor that leads to the abolition 

of su!ering in all sentient life.68 Would it be reasonable to maintain that 

our moral obligations remain exactly the same after the completion of this 

endeavor as before? After we abolished su!ering, would we have equally 

strong obligations to lift sentient beings to new heights of happiness? Or 

would we instead have discharged our prime moral obligation, and thus 

have reason to lower our shoulders and breathe a deep and justi$ed sigh 

of moral relief?69 It seems plausible to say the latter. As Jamie Mayerfeld 

writes about a world without su!ering: “We could go on improving the 

world in a variety of ways, but it would be less clear that this was, in most 

cases, morally required.”70

An additional argument that can be made in favor of a qualitative 

asymmetry is that the absence of extreme happiness is not bad in remotely 

the same way as the presence of extreme su!ering is bad. For example, if a 

person is in a state of dreamless sleep rather than a state of ecstatic happi-

ness, this cannot reasonably be characterized as a disaster or a catastrophe. 

"e di!erence between these two states does not carry great moral weight. 

By contrast, the di!erence between sleeping and being tortured does carry 

immense moral weight, and the realization of torture rather than sleep 

would indeed amount to a catastrophe. Being forced to endure torture 

rather than dreamless sleep, or an otherwise neutral state, would be a 

tragedy of a fundamentally di!erent kind than being forced to “endure” a 

neutral state instead of a state of maximal bliss.

Accepting the qualitative and moral asymmetry presented in this 

section implies that reducing su!ering should always take priority over 

increasing happiness. Increasing happiness may be $ne in itself, yet if it 

comes at the price of increasing (or not preventing) su!ering, it is wrong.

68  "is is what David Pearce advocates for: the abolitionist project. I say more on this 
project in chapter 13.
69  If, that is, su!ering had been abolished for good for sure. We may, of course, assume 
such a hypothetical in this thought experiment, yet it is worth noting that, in the real 
world, a deep sigh of relief would never be justi$ed, as there will always be risks, and one 
can always work to reduce such risks. I say a bit more on this point in section 13.3.
70  Mayerfeld, 1999, p. 118.
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1.5 Asymmetries in Knowledge

"e $nal asymmetry between happiness and su!ering we shall review in 

this chapter is an asymmetry at the level of our knowledge. As English 

essayist Samuel Johnson wrote: “[I]t is, commonly, easier to know what 

is wrong than what is right; to $nd what we should avoid, than what we 

should pursue.”71 In other words, it is easier to identify what is bad and 

wrong than it is to identify what, if anything, is positively good and right 

(as opposed to what is negatively good and right — i.e. reducing that which 

is bad and wrong).

"is asymmetry is also re%ected, for instance, in Aristotle’s defense of 

the goodness of pleasure. For the core premise of Aristotle’s argument is 

not our certainty in the goodness of pleasure, but rather the badness of 

pain: “[I]t is agreed that pain is bad and to be avoided …”72 And he then 

proceeded to argue that, since pleasure is the opposite of pain, pleasure 

must be good.73 ("ough to be sure, this argument by no means establishes 

that the presence of pleasure, as a positive good, is of comparable value to 

the absence of su!ering as a negative good.)74

Psychologist Jordan Peterson has expressed a similar asymmetry in 

knowledge, as he argues that the badness of unnecessary su!ering is uniquely 

indisputable, and, by extension, so is the goodness of preventing it:

71  Johnson, 1774.
72  Aristotle, 350 BC, Book 7, chap. 13. "is is similar to the argument made by Sam 
Harris in his book $e Moral Landscape, which takes a condition he calls “the worst pos-
sible misery for everyone” as the starting point. We can agree this scenario is bad, and we 
should aim, Harris argues, to get as far away from this scenario we can: “I have argued that 
the value of avoiding the worst possible misery for everyone can be presupposed—and 
upon this axiom we can build a science of morality …” Harris, 2010, p. 202. "e case for 
moral realism provided in Hewitt, 2008, chap. 3 also proceeds in a similar way, with the 
badness of pain as its starting point.
73  Aristotle, 350 BC, Book 7, chap. 13. As Aristotle scholar Dorothea Frede summed up 
his argument: “[T]he badness of pain is a proof of that pleasure must be good …” Natali, 
2009, p. 185.
74  After all, Aristotle’s argument could also be applied to the neutral absence of pain, 
which is also in a relevant sense the opposite of pain. Yet, as is immediately clear in this 
case, the fact that these states are in some sense opposites by no means implies it is worth 
creating neutral states absent of pain (de novo) at the price of creating more pain. "at 
would be a non sequitur. I say more on this in section 8.5.
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What can I not doubt? "e reality of su!ering. It brooks no argu-

ments. Nihilists cannot undermine it with skepticism. Totalitarians 

cannot banish it. Cynics cannot escape from its reality. Su!ering 

is real, and the artful in%iction of su!ering on another, for its own 

sake, is wrong. …

Each human being understands, a priori, perhaps not what is 

good, but certainly what is not. And if there is something that is 

not good, then there is something that is good. If the worst sin is the 

torment of others, merely for the sake of the su!ering produced—

then the good is whatever is diametrically opposed to that. "e 

good is whatever stops such things from happening.75

"e list of sources and forms of su!ering whose alleviation would 

clearly be good is indeed long and diverse. Consider, for instance, the suf-

fering endured by humans because of natural disasters, infectious diseases, 

cancer, poverty, starvation, depression, anxiety, heartache, loss, accidents, 

chronic pain, periodic pain (e.g. cluster headaches), genetic disorders (e.g. 

paroxysmal extreme pain disorder), domestic violence, street violence, 

warfare, slavery, rape, and child abuse.76 Each entry on this list covers suf-

fering on an unfathomable scale, and yet this list is, of course, still a very 

far cry from being an exhaustive list of forms and sources of su!ering that 

are obviously worth reducing.77

In contrast, it is much less clear which sources or forms of happiness 

we ought to cultivate, let alone which of them, if any, are as important 

to cultivate as the prevention of the bad things listed above (the asym-

metry presented in the previous section indeed suggests none of them 

are). An anecdotal case in point is that YouTube videos purported to 

display “the best of humanity” almost invariably show people preventing 

75  Peterson, 2018, pp. 197-198.
76  Similar lists are found in Benatar, 2006, pp. 88-92 and Mayerfeld, 1999, p. 107.
77  For instance, it wholly excludes the su!ering endured by the vast majority — more 
than 99.99 percent (Tomasik, 2009d) — of sentient beings on the planet, namely non-
human animals, whose cumulative su!ering easily dwarfs the cumulative su!ering endured 
by humanity by orders of magnitude on virtually any measure. And this is true even if we 
only consider the non-human su!ering caused by humans alone, which is itself dwarfed by 
non-human su!ering due to natural causes, ibid; Iglesias, 2018.
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or ameliorating tragic circumstances rather than promoting some posi-

tive good.

As philosopher Bruno Contestabile puts it: “It is easier to $nd a con-

sensus on the kinds of su!ering to be combated than on the kinds of 

happiness to be promoted.”78 And even in cases where we can identify 

kinds of happiness that do seem worth actively promoting, such as the pro-

social pleasures of altruism79 and of loving kindness,80 it is not clear that 

these are worth promoting for the sake of the happiness itself, as opposed 

to their bene$cial instrumental e!ects. Yet the forms and sources of suf-

fering we can agree to combat are clearly worth reducing just for the sake 

of avoiding the su!ering itself.

It is worth noting that one can make two rather di!erent and inde-

pendently plausible cases for an asymmetry in knowledge. First, one can 

argue that it is easier to identify the particular sources and forms of su!ering 

worth preventing than it is to identify the sources and forms of happiness 

worth promoting.81 Second, one can argue that there is an asymmetry 

when it comes to our certainty that su!ering, in general, is bad and worth 

preventing versus our certainty that happiness is good and worth promot-

ing (relative to a neutral state).

For example, even if one is not wholly convinced by the qualitative 

asymmetry argued for in the previous section, it is still more plausible that 

su!ering is intrinsically bad and worth preventing than that happiness is 

intrinsically good and worth creating. Likewise, it is signi$cantly more 

plausible to say that the prevention of su!ering carries strictly greater 

78  Contestabile, 2005. Similarly, it is easier to point to a life clearly not worth living 
than it is to point to a life clearly worth living. Althaus, 2018 makes a similar point at the 
level of collective future outcomes: “[C]onsider the number of macroscopically distinct 
futures whose net value is extremely negative according to at least 99.5% of all humans. 
It seems plausible that this number is (much) greater than the number of macroscopically 
distinct futures whose net value is extremely positive according to at least 99.5% of all 
humans.”
79  Dunn et al., 2008; Dunn et al., 2011.
80  Fredrickson et al., 2008.
81  A similar point has been made by scholar of Buddhism Damien Keown: “It is … 
easier to agree on what is a case of physical su!ering than it is to agree on which particular 
aspect of happiness should be maximised.” Keown, 1992, p. 174.
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importance than it is to make the inverse claim that the creation of hap-

piness is strictly more important than the prevention of su!ering.

"ese asymmetries in knowledge are re%ected in commonly held views. 

As philosopher R. I. Sikora noted, it is a common intuition that “pain 

prevention should count more heavily than the promotion of pleasure”82 

— and empirical surveys bear out this claim.83 By contrast, the intuition 

that the promotion of pleasure should count more heavily than the pre-

vention of pain is rare.

Beyond that, there is also a strong asymmetry in that very few seem 

to have seriously questioned the value and moral importance of prevent-

ing su!ering,84 while it seems fairly common to doubt the importance of 

increasing happiness. As psychologist Daniel Kahneman notes:

[W]hat can con$dently be advanced is a reduction of su!ering. 

"e question of whether society should intervene so that people 

will be happier is very controversial, but whether society should 

strive for people to su!er less — that’s widely accepted.85

Indeed, many philosophers have rejected that there is value in creat-

ing happiness (for the untroubled). "ese include philosophers such as 

Epicurus and Arthur Schopenhauer, as well as many Eastern philosophers 

for whom moksha, liberation from su!ering, is the highest good. (We 

shall explore the core view defended by these philosophers in the follow-

ing chapter.)

"is asymmetry in consensus becomes even starker when we consider 

potential beings. For example, virtually everyone agrees that a life can be 

so bad that we have strong moral reasons not to create it, yet many doubt 

whether a life can be so good that we have strong moral reasons to start it. 

Likewise, a number of philosophers defend the antinatalist view that no 

82  Sikora, 1976, p. 587.
83  Future of Life Institute, 2017.
84  But didn’t Nietzsche doubt the disvalue of su!ering? I would not claim that nobody 
has done so, yet for an argument that Nietzsche’s view was distorted by bias, see the quote 
from Derek Par$t in section 7.3.
85  Mandel, 2018.
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life can ever be good enough to be worth starting.86 Yet no one defends the 

opposite position — that a life can never be too bad to be worth starting 

— which is indeed far less plausible (an individual who is tortured for their 

entire life should count as a trivial example of a life not worth starting).

"ese asymmetries in knowledge also count as reasons for prioritizing 

the reduction of su!ering. Indeed, each of the asymmetries we have seen 

arguments for in this chapter lends strong, independent support to the 

view that the reduction of su!ering should be our main priority in practice. 

In combination, they make a more compelling case still.

86  See e.g. Cabrera, 1996; 2019; Benatar, 2006; Akerma, 2010; 2014.
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Happiness as the Absence of Su!ering

What matters about an experience, in terms of its intrinsic value, is that it is 

free from su!ering. By extension, the intrinsic value of happiness lies chie%y 

in its absence of su!ering. In this chapter, I shall review various versions of, 

and arguments for, this view. "e view has been defended by a number of 

philosophers in the West, including Epicurus and Arthur Schopenhauer, and 

it is arguably a core tenet of many Eastern traditions, including Buddhism.1 

In recent times, the view has been defended under di!erent names, includ-

ing “anti-hurt”2 and “tranquilism”,3 both of which are neatly descriptive.

2.1 Anti-Hurt and Perfectionist Axiology

"e term “anti-hurt” was coined by philosopher Dan Geinster, who 

describes the nature of value in terms of a simple dichotomy: hurt (i.e. 

su!ering) and the absence of hurt. "e less hurt there is, the more things 

are as they should be. As Geinster writes:

1  Contestabile, 2010; 2014; Breyer, 2015.
2  Geinster, 2012.
3  Gloor, 2017.
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Only the phenomenon of hurt actually does hurt, and only its 

absence can be regarded as ‘bliss’ … hurt simply should-not-be, 

while bliss should-be … the greater the hurt reduced, the greater 

the bliss.4

In other words, all states of happiness have the same intrinsic value 

as all other states that are absent of su!ering — in Geinster’s words, these 

are all equally states that do not bother anyone. Hurt, or su!ering, on 

the other hand, is intrinsically problematic, and what matters in terms of 

the intrinsic value of experiences, on Geinster’s view, is only the degree to 

which this problematic aspect is absent. With respect to the idea that states 

of happiness and pleasure are more valuable than other states wholly absent 

of su!ering, Geinster argues that this is an illusion, akin to believing that 

one can have more than 100 percent of something.5

An essentially identical view has been explored by philosopher Bruno 

Contestabile, albeit under the name “perfectionist axiology”6 — a name 

that hints at the inherent perfection (according to this view) of states absent 

of su!ering, including the state of non-existence. (It is worth noting that 

Socrates seemed to express a similar view in Plato’s Apology, as he spoke 

of a state wholly absent of consciousness as being “an unspeakable gain” 

relative to the life of even the happiest person.)7

4  Geinster, 2012.
5  Ibid. As we shall see below, Lukas Gloor suggests that this putative illusion may be 
explained by the fact that pleasure is often the way in which we experience temporary 
relief from su!ering and dissatisfaction, Gloor, 2017. For an outline of the view that many 
pleasures in fact have subtly negative value, see Knutsson, 2019d.
6  Axiology refers to the study or theory of value.
7  Plato, 399 BC, 40c-e. "is sentiment is also found in the Bible, Ecclesiastes 4: “And I 
declared that the dead, who had already died, are happier than the living, who are still alive. 
But better than both is he who has not yet been …” "e same view permeates the work of 
Italian philosopher and poet Giacomo Leopardi. For example, the $nal verse of his 1829 
poem La quiete dopo la tempesta (“"e Calm After the Storm”) reads as follows: “Gracious 
nature, these / Are the gifts you grant us, / "ese the favors you lavish / On mortal men and 
women. For us, / Pleasure means escape from pain. / Su!erings you scatter / With prodigal 
hand; unhappiness / Needs no prompting; and that / One touch or two of joy / "at like a 
miracle or nine-day marvel / Springs from sorrow / Is our rich reward. Mankind, / Darling of 
the gods! Happy to $nd / Some breathing space / Between griefs; and truly blest / If all your 
ills are cured by death.” Leopardi & Grennan, 1997, p. 51.
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Contestabile notes that the view has roots in Hinduism, and that 

it is shared by some forms of Buddhism.8 "e latter claim is echoed by 

philosopher and scholar of Buddhism Daniel Breyer, who argues that the 

cessation of su!ering is considered the highest good in the Pali tradition 

of Buddhism in particular:

[I]t is not the positive state of nirvāṇa that counts as the ultimate 

good according to the Pāli Buddhist tradition, but its negative 

counterpart—the cessation and elimination of su!ering. In fact, 

nirvāṇa of either kind is valuable only because it represents a very 

speci$c achievement—the utter eradication of su!ering.9

And not only is the cessation of su!ering the highest good according to 

the Pali tradition, it is also, on Breyer’s interpretation, the only intrinsic good, 

implying that “everything else that counts as good is only instrumentally or 

extrinsically good insofar as it contributes to the cessation of su!ering.”10

2.2 Suffering as Tied to Desire

"is view of the cessation of su!ering as the ultimate good is closely related 

to the $rst three of the Four Noble Truths of Buddhism: roughly, that life 

naturally contains su!ering and dissatisfaction ($rst truth) due to cravings 

and desires (second truth), and that by ending our cravings and desires, 

we can eliminate su!ering (third truth).11

Epicurus defended a similar view, according to which a state of ataraxia 

(tranquility) — an unperturbed state without mental or bodily pain12 — 

is the ultimate good:

8  Contestabile, 2014.
9  Breyer, 2015, p. 558. Indeed, the liberation from su!ering (moksha) is central to most 
of the well-known Eastern traditions, such as Buddhism, Hinduism, Jainism, and Sikhism.
10  Ibid., p. 542.
11  Contestabile, 2010. ("e fourth truth is that the cessation of su!ering can be 
achieved by following the Eightfold Path.) "is view of desires bears close resemblance to 
Christoph Fehige’s antifrustrationist position described in section 1.1.
12  Strictly speaking, ataraxia refers to a state absent of mental pain and worry, while 
aponia refers to a state absent of physical pain (though one may argue that the former 
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A steady view of these matters shows us how to refer all moral choice 

and aversion to bodily health and imperturbability of mind, these 

being the twin goals of happy living. It is on this account that we 

do everything we do — to achieve freedom from pain and freedom 

from fear. When once we come by this, the tumult in the soul is 

calmed and the human being does not have to go about looking for 

something that is lacking or to search for something additional with 

which to supplement the welfare of soul and body. Accordingly we 

have need of pleasure only when we feel pain because of the absence 

of pleasure, but whenever we do not feel pain we no longer stand 

in need of pleasure.13

Epicurus shared the above-mentioned Buddhist view that the best way 

to attain a tranquil state absent of su!ering is to limit one’s desires rather 

than to satisfy (unnecessary) desires.14 (Philosopher John Stuart Mill is 

quoted, apocryphally, as saying something similar about his own happi-

ness: “I have learned to seek my happiness by limiting my desires, rather 

than in attempting to satisfy them.”)15

A similar view of the relationship between desires and happiness was 

defended by Arthur Schopenhauer, as he argued that “satisfaction or grati-

$cation can never be more than deliverance from a pain, from a want.”16 

Hence, according to Schopenhauer, happiness is simply the absence of 

desire and discomfort:

implies the latter, since if one is in a perfectly tranquil and unbothered state of mind, then 
one is not bothered by physical pain either).
13  Strodach, 1963, p. 182, as quoted in Gloor, 2017. Dan Geinster makes a similar 
point to the one Epicurus makes here about pleasure, as he writes that we “seek the bliss in 
happiness and pleasure to dispel the hurt of discontentedness or desire, without which we 
probably wouldn’t bother.” Geinster, 2012.
14  Contestabile, 2014.
15  $e Phrenological Journal and Science of Health, September 1887, p. 170.
16  Schopenhauer, 1819, vol I, p. 319.
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[E]vil is precisely that which is positive, that which makes itself 

palpable, and good, on the other hand, i.e. all happiness and 

grati$cation, is that which is negative, the mere abolition of a 

desire and extinction of a pain.17

"us, the view that the value of an experience lies in its absence of 

su!ering, and that su!ering is tied to desire, is shared by Epicurus, Scho-

penhauer, and some forms of Buddhism.

A modern proponent of this view is philosopher Lukas Gloor, who follows 

Epicurus in the name he has given this view: tranquilism. What matters on 

the tranquilist view “is not to maximize desirable experiences, but to reach a 

state absent of desire.”18 In other words, tranquilism holds the intrinsic value 

of an experience to be dependent only on the degree to which a craving for 

change is present, where states wholly absent of such a craving for change are 

considered optimal. "is gives rise to a value scale of a singular nature:

Instead of having a scale that goes from negative over neutral to 

positive, tranquilism’s value scale is homogeneous, ranging from 

optimal states of consciousness to (increasingly more severe degrees 

of ) non-optimal states.19

In this way, tranquilism also implies that all states absent of su!ering — 

be they states of euphoric bliss, peaceful contentment, or non-existence — are 

equally optimal in terms of their intrinsic value. Gloor is careful to point out, 

however, that he does not intend his tranquilist position to be a standalone 

theory of value or ethics, since it only says something about the intrinsic value 

of experiences. It says nothing about other things one may ascribe intrinsic 

value to, such as virtues or the accomplishment of life goals. Tranquilism is 

thus readily compatible with other such values.20

17  And he continued: “Since … pleasure and well-being is negative and su!ering posi-
tive, the happiness of a given life is not to be measured according to the joys and pleasures 
it contains but according to the absence of the positive element, the absence of su!ering.” 
Schopenhauer, 1851, pp. 41-43.
18  Gloor, 2017.
19  Ibid.
20  Ibid.
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2.3 Distinguishing Different Anti-Hurt Views

It is worth distinguishing a few di!erent views of the kind explored in 

this chapter. "ese views have practically the same implications concern-

ing the nature of value, yet they are not identical. A relevant distinction 

is that between 1) anti-hurt views that consider su!ering inextricably tied 

to desire, and 2) anti-hurt views that do not. Tranquilism would fall into 

the $rst category, as it holds that “a state of consciousness is negative or 

disvaluable if and only if it contains a craving for change.”21 Yet one can 

hold an anti-hurt view without agreeing with this particular view of the 

relationship between su!ering and cravings.22 For example, one can think 

that there can be su!ering without any “craving for change” (e.g. a state 

of severe depression),23 or one can think that a craving for change need 

not imply a negative state.

Another important distinction is that between 1) views that claim 

that the intrinsic value of happiness lies in its absence of su!ering, and 2) 

views that claim that happiness simply is the absence of su!ering. Views 

of the former kind make an evaluative claim whereas the latter make an 

empirical (or de$nitional) claim: if a conscious mind is absent of su!ering, 

then it is in a happy state.24

"is empirical claim was defended by Schopenhauer (see the previous 

section), as well as by Epicurus, who considered it among his sovereign 

maxims that “[t]he magnitude of pleasure reaches its limit in the removal 

of all pain.”25 William James also expressed this view:

21  Ibid.
22  On my reading, Geinster seems to lean more toward a traditional hedonistic view 
(or rather an “algonistic” view; algo is Greek for pain) than a desire/craving view. See also 
Knutsson, 2019d.
23  Yet see Gloor, 2017, 4.4 for a discussion of depression in relation to tranquilism.
24  "ere is, of course, a big di!erence between de"ning happiness as the absence of 
su!ering (as Dan Geinster, for instance, can be interpreted as doing) and making the em-
pirical claim that the state of happiness — the particular feeling we sometimes feel when 
things go well — merely is or results from the absence of su!ering. Both views say that 
happiness merely consists in the absence of su!ering, yet they de$ne happiness in rather 
di!erent ways.
25  Laertius, ca. 230, p. 665. Philosopher "omas Hurka also attributes this view of hap-
piness to Plato, Hurka, 2010, though see the next note for more on Plato’s view.
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Happiness, I have lately discovered, is no positive feeling, but 

a negative condition of freedom from a number of restrictive 

sensations of which our organism usually seems the seat. When 

they are wiped out, the clearness and cleanness of the contrast is 

happiness. "is is why anaesthetics make us so happy.26

If one holds that the intrinsic value of an experience is determined by 

where it falls on the continuum of more or less (un)pleasant states, then 

this view that happiness literally is the absence of su!ering does indeed 

imply the evaluative view mentioned above: that the value of happiness lies 

in its absence of su!ering. But the converse does not hold true. "at is, one 

may consider happiness to be more than just the absence of su!ering — i.e. 

the presence of something positive — yet still not consider such a positive 

state to be more valuable than any other state wholly absent of su!ering.27

Alternatively, one may hold such positive states to be in"nitesimally 

more valuable than neutral states, which highlights another relevant dis-

tinction, namely that between 1) views that consider all states absent of 

su!ering to be equally optimal, and 2) views that consider the absence of 

su!ering of chief importance while still considering some states of happi-

ness better than others.

Views of the $rst kind can be visualized with a scale ranging from 

negative to neutral states, with all states absent of su!ering occupying the 

neutral zero-point (such views may be called pure anti-hurt views). "e 

second view, by contrast, can be visualized with a scale that ranges from 

negative to positive states, yet where improvements at the negative end 

26  James, 1901. Voltaire wrote something in the same spirit: “Happiness is only a dream, 
and pain is real” (see Schopenhauer, 1819, vol II, p. 576). Similarly, Plato argued that it 
is common for people to experience the mere relief of a negative condition as a positive 
condition. In the words of Jamie Mayerfeld, Plato accused the average person of mistaking 
“the recovery of good health as an occasion of great pleasure, when in fact it only signi$es a 
release from the pain of illness.” Mayerfeld, 1999, p. 35. Although Plato did, on my reading, 
argue against James’ claim that all happiness merely consists in being relieved from pain, he 
still argued that “the more numerous and violent pleasures which reach the soul through the 
body are generally of this sort — they are reliefs of pain.” Plato, 380 BC, p. 595.
27  Geinster, for example, seems to hold this view with respect to pleasure: “I must con-
cede … that pleasure can be much more enjoyable than absolute bliss (zero hurt), … but I 
suggest that enjoyment has no priority over absolute bliss because one is equally and abso-
lutely content with either — contentment being the [operative word] here.” Geinster, 2012.



46  

Chapter 2

of the scale are always more valuable than improvements at the positive 

end.28 We may call this the impure anti-hurt view.

Among philosophers who hold this impure view, both at the level of 

axiological and moral value,29 are David Pearce and Clark Wolf.30 In Wolf ’s 

words, “the value of relieving su!ering is … prior to the value of providing 

additional happiness to the well-o!.”31 One may also read G. E. Moore as 

having endorsed such an asymmetrical view of value in his Principia Ethica:

[T]he consciousness of intense pain … can be maintained to be 

a great evil. … "e case of pain thus seems to di!er from that of 

pleasure: for the mere consciousness of pleasure, however intense, 

does not, by itself, appear to be a great good, even if it has some 

slight intrinsic value. In short, pain (if we understand by this 

expression, the consciousness of pain) appears to be a far worse 

evil than pleasure is a good.32

Although the views distinguished above di!er in some important ways, 

they all agree that there is an asymmetry in the value of reducing su!ering 

versus increasing happiness (relative to a neutral state), where the value of 

the former is always incomparably greater.

28  A way to formalize this view is to represent the value of states of su!ering with 
negative real numbers while representing the value of states of happiness with hyperreal 
numbers greater than 0, yet smaller than any positive real number. "is allows us to assign 
some states of happiness greater value than others while still keeping this di!erence smaller 
than any di!erence we could make on the negative end of the scale. On the pure anti-hurt 
view, in contrast, all states of happiness would be assigned exactly the value 0.
29  Philosophers tend to distinguish between 1) evaluative/axiological views that describe 
things in terms of good and bad, valuable and disvaluable, and 2) normative/moral views 
that describe things in terms of right and wrong. "e anti-hurt views presented above have 
all been phrased in axiological terms.
30  Pearce, 1995, chap. 2; Wolf, 1997.
31  Wolf, 1997, VIII. Wolf calls his view the “Impure Consequentialist "eory of Obliga-
tion” (ICTO). Note that Wolf employs a di!erent de$nition of su!ering than the one 
we gave in the previous chapter, as he de$nes it as “things that make life go ill”, not as 
momentary experiential states, Wolf, 1997, III. Yet, as Wolf notes, these two de$nitions 
are closely related.
32  Moore, 1903, p. 212. Alternatively, Moore may be read as having a weak negative 
axiology, cf. Knutsson, 2016d.
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2.4 Implausible Implications?

To some, the views outlined above may seem counterintuitive, at least at 

$rst sight. For instance, one may object that most beings actively seek plea-

sure and happiness most of the time, often at the seemingly justi$ed cost 

of increasing their own pain and su!ering. Yet one can frame this search 

for happiness in a way that is consistent with the views explored here, 

namely by viewing it as an attempt to escape su!ering and dissatisfaction.

For example, one may argue that our experience is often tainted by a 

subtle backdrop of dissatisfaction, which may be hard to notice because 

we have grown accustomed to it.33 And because we misinterpret such 

subtly dissatis$ed states as being perfectly neutral, we wrongly believe our 

attempt to escape dissatisfaction to be a positive pursuit of happiness. In 

other words, what appears to be a move from a neutral to a positive state 

is really a matter of going from a state of dissatisfaction, however subtle, 

to a state relieved from this dissatisfaction.34

On this view, when we visit a friend we have desired to see for some time, 

we do not go from a neutral to a positive state, but instead just remove our 

craving for their company and the dissatisfaction caused by their absence. 

"e same applies to the pleasure of physical exercise: it relieves us from the 

bad feelings that come when we fail to exercise. Or even the pleasure of fall-

ing in love, which provides refreshing relief from the boredom and desire 

that otherwise plague us. Here is how Lukas Gloor explains it:

33  Gloor & Mannino, 2016, III.
34  Note in this context that mere dissatisfaction and frustrated desires need not imply 
su!ering in the sense of a bad overall experience, yet they can still be worth avoiding and 
feel strongly in need of relief. For example, the sensation of having to urinate rarely gives 
rise to an overall bad experience (i.e. su!ering as de$ned here), yet it is still worth being 
relieved of this sensation. "us, a more complete encapsulation of the views outlined here 
would be “happiness as the absence of su!ering, discomfort, and dissatisfaction”.
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In the context of everyday life, there are almost always things that 

ever so slightly bother us. Uncomfortable pressure in the shoes, 

thirst, hunger, headaches, boredom … When our brain is %ooded 

with pleasure, we temporarily become unaware of all the negative 

ingredients of our stream of consciousness, and they thus cease to 

exist. Pleasure is the typical way in which our minds experience 

temporary freedom from su!ering, which may contribute to the 

view that happiness is the symmetrical counterpart to su!ering, 

and that pleasure, at the expense of all other possible states, is 

intrinsically important and worth bringing about.35

A similar point can be made with respect to the negative states we 

endure in our pursuits of happiness: they are worthwhile because we would 

experience even greater dissatisfaction and su!ering otherwise. For exam-

ple, the negative experiences we may endure during physical exercise are 

likely less bad than the pain and su!ering we would experience otherwise 

due to bad health, chronic back pain, dissatisfying looks, etc. Likewise, 

the negative experiences most of us may incur in pursuit of a romantic 

partner, such as fear of rejection, are plausibly less bad than the negative 

states that would result otherwise, such as loneliness and sexual frustration.

"is view of the nature of our strivings $nds some support in the psycho-

logical literature, as it has been found that “[t]here are many more techniques 

people use for escaping bad moods than for inducing good ones.”36 And, 

furthermore, that “people exert disproportionate amounts of energy trying 

to escape from bad moods …”37 "ese $ndings support the claim that our 

strivings tend to primarily be aimed toward the avoidance of negative states 

rather than the attainment of positive ones.

Another objection is that it seems implausible that states of mere con-

tentment have the same value as states of the greatest euphoric bliss. In 

response to this objection, it should $rst be noted that not all the views 

outlined above imply that ecstatic joy has exactly the same value as con-

tentment — the impure anti-hurt view, as defended by Pearce and Wolf, 

35  Gloor, 2017.
36  Baumeister et al., 2001, p. 332.
37  Ibid.
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does indeed deem some forms of happiness better than others. "e di!er-

ence in value between such states is just always trumped by any di!erence 

found at the level of negative states.

Second, whether it is implausible to claim that “mere” contentment 

is optimal depends on the eyes that look. For if someone experiences con-

tentment without any negative cravings,38 and thus does not $nd their 

experience insu#cient or suboptimal in any way, who are we to say that 

they are wrong about the value of their state? Indeed, who are we to say 

that they should want something “better”? "e tranquilist view, as well 

as all other anti-hurt views that measure the value of an experience along 

a homogeneous scale, would deny that such a “merely” content person is 

wrong to claim that their state is optimal. "us, these views are at least in 

perfect agreement with this person’s own perspective, which one may argue 

is the most relevant perspective to consider in this context. A proponent of 

tranquilism may argue that this implication appears implausible only from 

the perspective of someone who is not perfectly content — one who desires 

the existence of euphoric bliss, and who feels bad about its absence.39

In a similar vein, one may be tempted to dismiss anti-hurt views on the 

grounds that they appear to imply that happiness is not really that wonder-

ful, and that the best experience one has ever had was not really that great. 

Yet it is important to make clear that anti-hurt views imply no such thing. 

On the contrary, all anti-hurt views imply that experiences of happiness are 

indeed — together with all other experiential states absent of su!ering and 

dissatisfaction — experiences of the most wonderful kind. "e distinctive 

implication of these views is just that the intrinsic value of happy states 

is primarily due to their absence of negative features, and hence that the 

creation of happiness cannot outweigh the creation of su!ering.

38  "e term “negative cravings” avoids the complication that there might be non-prob-
lematic cravings.
39  See also Gloor, 2017, 4.3. Gloor’s response to this objection is that many peak experi-
ences seem valuable because they “condense” many other things we value, such as achiev-
ing goals and gaining deep insights, into a single moment. "us, we should be careful not 
to confuse any value we may ascribe to such achievements with the value of the positive 
experiences that accompany them. As Gloor notes, if the peak experiences in question 
were merely created in an experience machine, most people would probably feel less sure 
about the value of such experiences, which suggests that it is not the pleasure per se we $nd 
(most) valuable in peak experiences, but perhaps rather other goods that they represent 
(e.g. achievement, self-realization, the ful$llment of deep desires).
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2.5 Are Anti-Hurt Views Bleak?

It may seem rather pessimistic to say that, in terms of the intrinsic value 

of conscious states, the absence of su!ering is the greatest aim we can 

achieve. Yet one can easily turn this sentiment on its head and argue the 

exact opposite. For example, it is hardly bleak to say that most of the world 

is in an optimal state, and yet this is precisely the evaluation of the world 

that follows from anti-hurt views.40 "is stands in stark contrast to views 

that consider it just as valuable (in principle) to turn neutral states into 

pleasure as it is to alleviate su!ering.41 According to such views, a neutral 

state absent of pleasure that could be turned into a state with “10 units” 

of pleasure is just as bad and problematic as a state of “10 units” of su!er-

ing that could be a neutral state, which in turn implies that much more of 

the world is in a truly problematic state than just those states that contain 

su!ering.42 "us, in terms of how much of the world is thought to be in 

a problematic state, anti-hurt views are indeed among the most positive 

and optimistic views.

Beyond that, the adoption of anti-hurt views may also have psycho-

logical bene$ts, as it may remove the need to always be seeking something 

beyond “mere” contentment — a seeking that may, ironically, just keep 

contentment at bay.43 "is is quite di!erent, again, from views that con-

sider the promotion of happiness just as important as the reduction of 

su!ering, as such views are practically insatiable, both at the personal and 

the collective level. For example, at the collective level, one can always 

turn more inanimate matter into happiness.44 "e satiability of anti-hurt 

views is another weak reason to consider them less bleak than the insa-

tiable alternatives.

40  Although the impure anti-hurt view maintains that some states of happiness are bet-
ter than others, it still does consider states absent of su!ering to be optimal in the most 
relevant sense.
41  Classical utilitarianism, as commonly conceived, would count as such a view.
42  A similar point is made in Anonymous, 2015, 1.4 & 2.2.1. For an attempt to explain 
why such a view may seem appealing, and why I used to hold it myself, see Vinding, 2018f.
43  Cf. the paradox of hedonism and Burkeman, 2012.
44  "e same point is made in Wolf, 1997, I: “[T]he positive utilitarian imperative to 
‘maximize happiness’ is insatiable, while the negative utilitarian command to ‘minimize 
misery’ is satiable: no matter how much happiness we have, the positive principle tells us 
that more would always be better.”
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In any case, whether a view is bleak should not be considered evidence 

against it. If anything, the fact that we consider a view bleak is a reason to 

think we are biased against it (due to our tendency toward wishful think-

ing). Hence, we have good reason to seek to control for any anti-bleakness 

bias that may distort our evaluations of seemingly bleak views.

And the truth is that many people do $nd anti-hurt views quite bleak, 

even as we make clear that such views do not imply that happiness is not 

wonderful, and even as we point out that anti-hurt views consider most of 

the world to be perfect. For most of us would probably like to think that 

there exist experiences that carry truly positive intrinsic value with equal 

and opposite weight to the intrinsic disvalue of su!ering, and which may 

thus in some sense outweigh su!ering.

Yet being motivated to reject anti-hurt views in this way, based on 

what we would like to believe, should only make us that much more keen 

to give anti-hurt views a fair hearing. Moreover, the fact that Eastern tra-

ditions that specialize in paying close attention to the nature of conscious 

experience have converged on such views — together with other prominent 

traditions and philosophers, such as Epicurus and Schopenhauer — should 

give us pause with respect to any inclination we may have to reject anti-

hurt views out of hand.

"e implications of anti-hurt views are clear: creating more happiness 

for those who do not su!er is never of greater value than the alleviation 

and prevention of su!ering. "us, holding an anti-hurt view, or even just 

accepting that anti-hurt views contain a signi$cant grain of truth, can be 

another way to arrive at the conclusion that our main priority, in practice, 

should be to alleviate and prevent su!ering.45

45  Indeed, one can argue that a view of this kind is the underlying explanation behind 
many of the asymmetries we saw in the previous chapter — why it is important to avoid 
bringing miserable lives into the world but not to bring about happy ones; why the worst 
of su!ering is much more disvaluable than the best of happiness is valuable (relative to a 
neutral state); why there is a strong asymmetry in consensus concerning the badness of suf-
fering versus the goodness of happiness; etc.
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Creating Happiness at the Price 

of Su!ering Is Wrong

“Pleasure is the greatest incentive to evil.”

— Attributed to Plato by Plutarch1

In this chapter, I shall present various thought experiments and arguments in 

favor of the view that it is wrong to create happiness at the price of su!ering.2

3.1 Convergent Arguments

Imagine that we could create great pleasure for a large crowd by tortur-

ing a single person — for instance, as part of a sadistic bloodsport, but 

televised so that billions of people can enjoy watching the torture.3 If we 

1  See e.g. Partington, 1838, p. 643.
2  Note that this view follows, for instance, from the moral asymmetry between happi-
ness and su!ering defended by Karl Popper, David Pearce, and Clark Wolf. It also follows 
from other anti-hurt views, provided that one construes them in moral terms. Yet one can 
accept a version of the view defended in this chapter without subscribing to any of the 
anti-hurt views described in the previous chapter. For example, one may think that it can 
be good to increase one’s own happiness, for its own sake, at the price of one’s own suf-
fering (anti-hurt views would contradict this), yet still maintain that it is wrong to create 
happiness for some beings at the price of su!ering for others.
3  "ere are various versions of this example. A common one is a case where gladiators 
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think happiness can always morally outweigh su!ering, it follows that we 

are morally obliged to perform such torture (provided the ensuing pleasure 

is “su#ciently great”). Yet that seems utterly wrong. A similar example 

to consider is that of a gang rape: if we think happiness can always out-

weigh su!ering, then such a rape can in principle be justi$ed, provided 

that the pleasure of the rapists is su#ciently great. "is implication, too, 

is abhorrent.4

One may object that these thought experiments bring other issues into 

play than merely the moral value of happiness versus su!ering, which is 

a fair point. Yet we can, as it were, control for such confounding factors 

by making the reduction of su!ering the purpose of the acts in question. 

So rather than the torture of a single person being done for the enjoy-

ment of a crowd, it is now done in order to prevent an entire crowd from 

being tortured in even worse ways; rather than the rape being done for 

the pleasure of, say, $ve people, it is done to prevent the su!ering of $ve 

people who will otherwise be raped (for a longer duration and with even 

more intense su!ering being experienced throughout).5 While we may still 

$nd it unpalatable to permit such preventive actions, it nonetheless seems 

plausible that torturing a single person in order to prevent the torture of 

many would be the right thing to do, and that having less rape occur is 

better than having more. At the very least, it is far more plausible to say 

that such harmful acts can be justi$ed if they prevent greater su!ering than 

to say that they are justi$ed for the sake of creating pleasure.

Another thought experiment along the same lines is a version of 

the utility monster described by philosopher Robert Nozick, namely an 

have to $ght for the enjoyment of a full colosseum, which is often raised as a problematic 
case for classical utilitarianism (see e.g. Scarre, 1996, p. 156).
4  "is thought experiment has also been invoked by Richard Ryder, Ryder, 2005; 
2009a; 2011, chap. 3.
5  If one objects that it is di#cult to construct a case where we have two perfectly analo-
gous scenarios that enable us to only test happiness versus su!ering, here is one: imagine 
we are third-person observers who can determine whether the following scenarios will 
materialize with the push of a button. We can 1) make A torture/rape B in order to create 
“even greater” pleasure for C, or 2) make A torture/rape B in order to prevent even more 
torture/rape for C (assume that C knows nothing about A or B in both cases). "e point 
is that it seems highly plausible to say that only the latter can be permissible, regardless of 
how much pleasure we may create for C in the $rst case.
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otherwise well-o! creature who attains happiness at the price of impos-

ing su!ering on others.6 If such a creature were to enjoy happiness “much 

greater” than the su!ering we feed it, would it then be right to bring 

more su!ering into the world for the sake of this creature’s happiness? In 

particular, as David Pearce asks, if a sentient being were o!ered a super-

exponential increase in happiness at the price of some other sentient being 

undergoing a “merely” exponential increase in su!ering, would it really be 

permissible, let alone morally obligatory, to accept the o!er?7

"ere are admittedly some complications here, as there are presumably 

limits to the level of happiness and su!ering any single being can experi-

ence. Yet we can readily phrase Pearce’s question in terms that avoid such 

complications. For example, if we were o!ered to bring about a super-

exponential increase in the number of extremely happy beings at the price 

of a “merely” exponential increase in the number of beings who spend their 

whole lives being tortured, would it then be right to accept the o!er? I 

believe most people would say “no”.

Indeed, many, including proponents of anti-hurt views, dispute that 

the notion of “greater happiness” invoked above is even meaningful. Here 

is Dan Geinster objecting to it:

[No] amount of bliss [can] “justify”, “outweigh”, or “cancel out” 

any amount of hurt, as when people say that the joys of this world 

outweigh its sorrows … Indeed, to say that bliss justi$es hurt is 

like saying that the vast emptiness of space somehow outweighs all 

the su!ering on earth, which makes no sense at all.8

By contrast, if we imagine the converse scenario9 in which we have a 

disutility monster whose su!ering increases as more pleasure is experienced 

by beings who are already well-o!, it seems quite plausible to say that the 

disutility monster, and others, are justi$ed in preventing these well-o! 

6  Nozick, 1974, p. 41.
7  Pearce, 2017, “On Classical Versus Negative Utilitarianism”.
8  Geinster, 2012.
9  "e converse scenario is relevant to consider to control for variables other than hap-
piness versus su!ering that may in%uence our moral judgments, such as consent (which is 
what the present section seeks to control for).
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beings from having such non-essential, su!ering-producing pleasures.10 

In other words, while it does not seem permissible to impose su!ering 

on others (against their will) to create happiness, it does seem justi$ed to 

prevent beings who are well-o! from experiencing pleasure (even against 

their will) if their pleasure causes su!ering.

Indeed, such preventive actions would be in line with an intuitively 

appealing principle due to Derek Par$t, the “compensation principle”, 

which holds that one person’s burdens cannot be compensated by bene$ts 

to another person who is already well-o!. (Par$t himself wrote that this 

principle “cannot be denied” and is “clearly true”.)11 "e conclusion above 

can also be considered congruent with the “harm principle” defended by 

John Stuart Mill in On Liberty, which states that “the only purpose for 

which power can be rightfully exercised over any member of a civilized 

community, against his will, is to prevent harm to others.”12

"e preceding discussion relates only to tradeo!s between the su!er-

ing and happiness of di!erent people, yet one can make similar arguments 

regarding what we are justi$ed in doing to others for their own sakes. For 

example, philosopher Seana Shi!rin defends the following moral principle: 

it is permissible to harm someone in order to prevent greater harm to them, 

even without their consent, but never permissible to harm someone with-

out their consent to provide them with a pure bene$t (i.e. a bene$t whose 

absence causes no harm).13 In particular, this principle implies that it is 

wrong to impose su!ering on someone (without their consent) in order 

to provide them with happiness or pleasure.

10  "ere is a close analogy between this case and humanity’s exploitation of non-human 
animals for palate pleasure.
11  Par$t, 1984, p. 337; Wolf, 1997, I. Par$t did make one quali$cation, however, which 
is that he thought one person’s harm could be outweighed by a bene$t for someone this 
person loves, Par$t, 1984, p. 337.
12  Mill, 1859, p. 8. Indeed, Mill considered it the purpose of his essay to assert this “one very 
simple principle”. To be clear, however, Mill’s purpose in defending this principle was primarily 
to defend personal liberty, not to defend a moral asymmetry between harms and bene$ts.
13  Shi!rin, 1999. See also Benatar, 2006, pp. 49-54.
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3.2 Intra- and Interpersonal Claims

It is important to distinguish between intrapersonal and interpersonal ver-

sions of the claim that it is wrong to create happiness at the price of su!ering. 

"at is: whether it is wrong to accept such a tradeo! in one’s own life versus 

accepting it for others. For even though some moral views will say it is always 

wrong to create happiness at the price of su!ering, no matter who experi-

ences it,14 many other views will say it depends crucially on whose happiness 

and su!ering we are talking about. For example, some philosophers accept 

the intrapersonal claim that happiness can outweigh su!ering within the 

same person’s life, while they staunchly reject the interpersonal claim that 

one person’s happiness can outweigh another person’s su!ering.15

A similar example would be Par$t’s compensation principle, which also 

implies that one person’s su!ering cannot be compensated by the happiness 

of another, whereas it says nothing about intrapersonal tradeo!s.16 Relatedly, 

Jamie Mayerfeld, who defends a general moral asymmetry between happiness 

and su!ering, argues that we can be signi$cantly more con$dent about this 

moral asymmetry at the interpersonal level compared to the intrapersonal 

level.17 Karl Popper seemed to agree: “[P]ain cannot be outweighed by pleasure, 

and especially not one man’s pain by another man’s pleasure” (emphasis mine).18

"e deeper point here is that even if one $nds it plausible that happi-

ness can outweigh su!ering within one’s own life, this need not imply that 

it is also plausible across di!erent lives. (And this is true even if one holds 

a reductionist view of personal identity.)19 Indeed, philosopher P. J. Kelly 

argues that even classical utilitarianism as defended by Jeremy Bentham, 

which is usually thought to be among the positions that discriminate the 

14  Such as the negative utilitarian view defended by David Pearce, Pearce, 1995, chap. 2; 
2017, part II.
15  See e.g. Ryder. 2011, chap. 3; Harnad, 2016.
16  Par$t, 1984, p. 337.
17  Mayerfeld, 1999, pp. 131-133, pp. 149-158, p. 176.
18  Popper, 1945, chap. 9, note 2.
19  For although it is tempting to conclude that the distinction between intrapersonal 
and interpersonal tradeo!s must collapse under reductionist views of personal identity, 
such views can, in fact, still make some sense of our common-sense notions of personal 
identity — e.g. as relating to particular streams of consciousness-moments — and thus 
still allow us to deem certain tradeo!s permissible across one set of consciousness-mo-
ments, yet not across others.
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least between intra- and interpersonal tradeo!s, would in fact forbid at 

least some interpersonal tradeo!s between happiness and su!ering, such 

as the torture of some for the purportedly greater happiness of others.20

3.3 The Ones Who Walk Away from Omelas

Another case worth considering is the scenario described in Ursula K. 

Le Guin’s 1973 short story $e Ones Who Walk Away from Omelas. "e 

story describes an almost utopian city, Omelas, in which everyone lives an 

extraordinarily happy and meaningful life — except for one single child 

who is locked in a basement room, fated to live a life of squalor:

"e child used to scream for help at night, and cry a good deal, 

but now it only makes a kind of whining, “eh-haa, eh-haa,” and it 

speaks less and less often. It is so thin there are no calves to its legs; 

its belly protrudes; it lives on a half-bowl of corn meal and grease 

a day. It is naked. Its buttocks and thighs are a mass of festered 

sores, as it sits in its own excrement continually.21

"e story ends by describing some people in the city who appear to 

$nd the situation unacceptable and who choose not to take part in it any-

more: the ones who walk away from Omelas.22

20  Kelly, 1990, p. 81. Kelly argues that Bentham’s conception of justice would forbid 
such tradeo!s because he sees Bentham as being fundamentally committed to personal 
liberty and the separateness of persons.
21  Le Guin, 1973.
22  "e theme of this story is not original to Le Guin. It also appears in Charles 
Dickens’ 1854 novel Hard Times (see Wolf, 1997), as well as in Dostoyevsky’s $e Brothers 
Karamazov (1879, p. 291): “Imagine that you are creating a fabric of human destiny with 
the object of making men happy in the end, giving them peace and rest at last, but that 
it was essential and inevitable to torture to death only one tiny creature … would you 
consent to be the architect on those conditions?” Similarly, William James asked us to 
consider “a world in which Messrs. Fourier’s and Bellamy’s and Morris’s Utopias should 
all be outdone, and millions kept permanently happy on the one simple condition that a 
certain lost soul on the far-o! edge of things should lead a life of lonely torture, … how 
hideous a thing would be its enjoyment when deliberately accepted as the fruit of such a 
bargain?” James, 1891, p. 68.
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"e question for us to consider here is whether we would “walk away 

from Omelas”. Or more to the point: whether we would choose to bring 

a world like Omelas into existence in the $rst place.23 Can the happy and 

meaningful lives of the other people in Omelas justify the existence of this 

single, miserable child? Some might say it depends on how many happy 

people live in Omelas. Yet to many of us, the answer is a clear “no” — the 

creation of happiness is comparatively frivolous and unnecessary, and it 

cannot justify the creation of such a victim enduring such su!ering.24

3.4 What About Small Amounts of Suffering?

Most of the arguments in this chapter seek to establish that it is wrong to 

impose some considerable amount of su!ering on someone — torture, 

rape, lifelong isolation and squalor — for the sake of creating happiness 

for others. "e plausibility of these claims is roughly proportional to how 

great the su!ering in question is: the more extreme the su!ering, the more 

plausible it is that it cannot be outweighed by happiness. Yet even in the 

case of the imposition of the mildest of su!ering — say, a pinprick that 

results in a mildly bad overall feeling25 — for the sake of creating happiness, 

it is still far from clear, upon closer examination, that this is permissible, 

much less an ethical obligation.

23  In terms of how Omelas compares to our world, it should be noted that our world 
obviously contains vastly more intense su!ering, both in absolute and relative terms. Be-
yond that, even if we focus only on the beings who are not miserable, there is still a stark 
contrast to Omelas, since most of the non-miserable beings in our world appear much 
closer, for the most part, to experiencing states of mediocrity than to enjoying intensely 
happy and meaningful moments (a similar point is made in Benatar, 2006, pp. 70-80).
24  And even though some people will insist that the child’s su!ering is a worthy sacri-
$ce, the fact that it only takes a single miserable life to bring the value of a whole paradi-
siacal city into question for most of us is testimony to the strong asymmetry between the 
(dis) value of happiness and su!ering. By contrast, it would be wholly uninteresting to read 
a story about a single being who lives a happy and meaningful life at the expense of many 
beings who must live miserable lives. Such a story would raise no interesting ethical ques-
tions whatsoever.
25  And it is indeed important that the pinprick gives rise to an overall bad feeling. Oth-
erwise, it would not involve su!ering as I have de$ned it here, and it may instead merely 
conjure up associations of an aversive component, which is something else entirely. I say 
more on this in section 8.9.
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Indeed, Arthur Schopenhauer explicitly denied that even mild su!er-

ing could ever be compensated by happiness, even intrapersonally:

Mille piacer’ non vagliono un tormento. (“A thousand pleasures do 

not compensate for one pain.”)26

For that thousands have lived in happiness and joy would 

never do away with the anguish and death-agony of one individual; 

and just as little does my present well-being undo my previous 

su!erings.27

Albert Camus seemed to echo this sentiment in his novel $e Plague: 

“For who would dare to assert that eternal happiness can compensate for 

a single moment’s human su!ering?”28

"is view appears particularly compelling when we consider what we 

are allowed to do to others. For would it really be right to impose a small 

amount of su!ering on someone in order to create pleasure for ourselves 

or others (as Par$t’s compensation principle forbids),29 or even for the 

very person we impose the su!ering on,30 provided that whoever would 

gain the happiness is doing perfectly $ne already? Looking only from the 

perspective of that moment’s su!ering itself, the resulting state would 

indeed be bad. And the question is then what could morally justify such 

badness, given that the alternative was an entirely trouble-free state. If we 

maintain that being ethical means to promote happiness in the place of 

su!ering, rather than to create happiness at the price of su!ering, then the 

answer is “nothing”.

26  Schopenhauer here quotes Italian renaissance poet Francesco Petrarca, although he 
alters the poet’s original meaning, Mayerfeld, 1999, p. 76.
27  Schopenhauer, 1819, vol II, p. 576. "is view of Schopenhauer’s is a natural implica-
tion of his view that happiness is always negative — the mere absence of desire and pain 
(see section 2.2).
28  Camus, 1947, p. 224.
29  Par$t, 1984, p. 337; Wolf, 1997. It should be noted that Par$t did believe that some 
bad lives could be compensated by the good lives of others, Par$t, 2011, vol II, pp. 611-
612. Yet he failed to explain how this can be compatible with his (“clearly true”) compen-
sation principle.
30  As Shi!rin’s ethical principle cited above would forbid, Shi!rin, 1999.
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"e Principle of Sympathy 

for Intense Su!ering1

No positive good can outweigh the very worst forms of su!ering. "is 

common view lies at the heart of the ethical principle I shall argue for in 

this chapter. What this principle says, roughly speaking, is that we should 

prioritize the interests of those who experience the most extreme forms 

of su!ering. In particular, we should prioritize their interest in not expe-

riencing such su!ering higher than we should prioritize anything else. I 

call this the “principle of sympathy for intense su!ering”.2

1  "is chapter is an expanded version of a chapter with the same title in Vinding, 
2018a.
2  I do not claim that this principle is original to me. For example, it bears strong simi-
larity to what Brian Tomasik calls “consent-based negative utilitarianism”, Tomasik, 2015a, 
as well as to the ethical views defended by Ingemar Hedenius (Hedenius, 1964; Knutsson, 
2019c), Joseph Mendola (Mendola, 2006), and Jonathan Leighton (Leighton, 2011). An 
essentially identical view is also explored in Gloor & Mannino, 2016, II. Beyond that, the 
principle I outline here has strong similarities to Richard Ryder’s painism (Ryder, 2005), 
which says that we should “concern ourselves primarily with the pain of the individual 
who is the maximum su!erer.” Jamie Mayerfeld, too, has expressed a view similar to the 
one I present in this chapter, Mayerfeld, 1999, p. 148, p. 178. And philosopher Ragnar 
Ohlsson has defended a duty-based principle along similar lines, Ohlsson, 1979.
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4.1 Motivation and Outline

Something that may help motivate us to take this principle seriously is to 

ask, quite simply, why we would suppose it to be otherwise. Why should 

we believe that the most extreme forms of su!ering can somehow be out-

weighed or counterbalanced by something else? After all, there seems no 

reason, a priori, to suppose this to be the case.3 "at is, before we look at 

the particulars, if we consider only what we know about the world at large, 

we have little reason to assume that the most extreme su!ering should be 

“outweighable”. By all appearances, the world was not designed to make the 

well-being of sentient beings “net positive”.4 Nor does anything we know 

about the universe at large guarantee that such “net positive” well-being is 

even a possibility in principle.5 In short, we have no a priori reason to assume 

a positive story in this regard.

It may be objected that we have no reason to assume a negative story 

either. And this is true. "e point here is just that we should make no strong 

a priori assumptions in either direction.6 What I shall argue, however, is 

that when we proceed to look at the relevant particulars — especially the 

felt experience of extreme su!ering — we do indeed, as sympathetic beings, 

$nd overwhelming reason to draw a negative conclusion.

A $rst glance at the particulars may appear to suggest the opposite 

conclusion. After all, common sense would seem to say that if a conscious 

subject considers some state of su!ering worth experiencing in order to 

attain some given pleasure, then this pleasure is indeed worth the su!ering. 

And this view may work for most of us most of the time.7 Yet it runs into 

3  In what sense do I mean that it could “be the case” that extreme su!ering cannot be 
outweighed? In this chapter, I argue from the position of what well-informed beings would 
consider acceptable upon re%ection. In the next chapter, I shall make an explicitly moral 
realist case for the view that extreme su!ering has superior moral signi$cance relative to 
everything else.
4  Assuming we can even make sense of such a statement in the $rst place, cf. Knutsson, 2016b.
5  For example, pure anti-hurt views would deny such a possibility.
6  And it is indeed important that we explicitly set the scale equal from the outset, as we 
may well implicitly make optimistic assumptions otherwise. After all, it is well-document-
ed that humans have a tendency to engage in wishful thinking, Bastardi et al., 2011.
7  "ough a proponent of anti-hurt views would, of course, question whether this is a 
matter of pleasures outweighing some su!ering as opposed to a matter of enduring su!er-
ing so as to prevent even greater su!ering that would have occurred otherwise (see section 
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serious problems, not just in the interpersonal case,8 but also in cases where 

subjects consider their su!ering unoutweighable by any amount of pleasure.

For what would the common-sense view say in such a situation? "at 

the su!ering indeed cannot be outweighed by any pleasure? "at would 

seem an intuitive suggestion. Yet the problem is that we can also imagine 

the case of an experience of some pleasure that the subject, in that experi-

ence-moment, considers so great that it can outweigh even the worst forms 

of su!ering, which leaves us with mutually incompatible value claims 

(although one can reasonably doubt the existence of such positive states, 

whereas, as we shall see below, the existence of correspondingly negative 

experiences is a certainty).9 How are we to evaluate these claims?

"e common-sense method of evaluation invoked above has clearly 

broken down at this point, and is entirely silent on the matter. We are forced 

to appeal to another principle of evaluation. And the principle we should 

employ is, I maintain, to sympathize with those who are the worst o!. Hence 

the principle of sympathy for intense su!ering: we should sympathize with 

the evaluations of those subjects who experience su!ering so intense that 

they 1) consider it unbearable — i.e. they cannot consent to it even if they 

try their hardest — and 2) consider it unoutweighable by any positive good, 

even if only for a brief experience-moment.10 More precisely, we should 

minimize the amount of such experience-moments of extreme su!ering.11

2.4), or to accomplish some life goal one may value independently (recall that anti-hurt 
views can be compatible with value pluralism, Gloor, 2017).
8  As we saw in the previous chapter, it is not clear that common sense generally allows us 
to create happiness for some beings at the price of su!ering for others (see also section 8.9).
9  And we can have even stronger doubts about whether anyone could ever endorse 
the positive value claim upon re%ection (i.e. not just in that purportedly all-outweighing 
happy moment, but also afterwards), whereas again, as we shall see shortly, some have 
indeed endorsed the negative view upon re%ection.
10  Both being necessary conditions for deserving such maximum moral priority.
11  Note that, as I defend this principle, it applies both intrapersonally and interperson-
ally, yet one may also accept it only in the interpersonal case (which is the most morally 
relevant case at any rate).
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4.2 Common-Sense Support

"is principle has a lot of support from common sense. For example, imag-

ine two children are o!ered to ride a roller coaster — one child would $nd 

the ride very pleasant, while the other would $nd it very unpleasant. And 

imagine, furthermore, that the only two options available are that they 

either both ride or neither of them ride (and if neither of them ride, they 

are both perfectly $ne).12 Which of these options should we ideally realize?

Common sense would seem to say we should sympathize with and 

prioritize the child who would $nd the ride very unpleasant, and hence 

choose the outcome in which there is no harm and no victim. "e mere 

pleasure of the “ride-positive” child does not justify a violation of the 

interest of the other child not to su!er a very unpleasant experience.13 "e 

interest in not enduring such su!ering is far more fundamental, and hence 

has ethical primacy. Indeed, one can argue that there is no genuine inter-

est to have a very pleasant experience if the absence of such an experience 

is also considered perfectly okay and unproblematic (of course, children 

in the real world who want roller coaster rides rarely consider it wholly 

unproblematic if they do not ride).

Arguably, common sense even suggests the same in the case where there are 

many more children who would $nd the ride very pleasant, while still only one 

child who would $nd it very unpleasant (provided, again, that the children will 

all be perfectly $ne if they do not ride). And yet the su!ering in this example, 

a very unpleasant experience on a roller coaster, can hardly be said to count as 

extreme, much less an instance of the worst forms of su!ering — the forms 

of su!ering that constitute the strongest support for the principle of sympa-

thy for intense su!ering. Such intense su!ering, even if balanced against the 

most intense forms of pleasure, only demands even stronger relative priority. 

However bad we may consider the imposition of a very unpleasant experience 

for the sake of a very pleasant one, the imposition of extreme su!ering for the 

sake of extreme pleasure must be deemed far worse.

12  A similar example is often used by the su!ering-focused advocate Inmendham.
13  "is is, of course, essentially the same claim we saw a case for in the previous chapter: 
that creating happiness at the price of su!ering is wrong. "e principle I defend in this 
chapter is simply a special case of this claim, namely the special case in which the subject 
deems the su!ering unbearable and irredeemably bad.
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4.3 The Horrendous Support

"e worst forms of su!ering are so terrible that merely thinking about 

them for a brief moment can leave us in a state of horror for a good while. 

"us, we naturally prefer not to contemplate these things. Yet if we are 

to make sure that we have our priorities right, and that our views about 

what matters most in this world are as well-considered as possible, then we 

cannot shy away from the task of contemplating and trying to appreciate 

the disvalue of these worst of horrors. "is is no easy task, and not just 

because we are reluctant to think about the issue in the $rst place, but also 

because it is di#cult to gain anything close to a true appreciation of the 

reality in question. As David Pearce writes:

It’s easy to convince oneself that things can’t really be that bad, 

that the horror invoked is being overblown, that what is going on 

elsewhere in space-time is somehow less real than this here-and-

now, or that the good in the world somehow o!sets the bad. Yet 

however vividly one thinks one can imagine what agony, torture 

or suicidal despair must be like, the reality is inconceivably worse. 

Hazy images of Orwell’s ‘Room 101’ barely hint at what I’m talking 

about. "e force of ‘inconceivably’ is itself largely inconceivable 

here.14

Many torture victims have echoed this sentiment of inconceivability 

and inexpressibility. For example, Belgian resistance worker Jean Améry, 

who was caught and tortured by the Nazis, reported that nothing could 

have prepared him for the $rst blow in%icted on him by the Gestapo, as if 

it revealed a whole new, previously inconceivable dimension of existence:

14  Pearce, 1995, 2.7. A personal anecdote of mine in support of Pearce’s quote is that, 
although I write a lot about reducing su!ering, I am always unpleasantly surprised by how 
bad it is when I experience even just borderline intense su!ering. I then always get the 
sense that I have no idea what I am talking about when I discuss su!ering in my usual 
happy state, although the words I use in that state are quite accurate: that it is really bad. 
It truly is inconceivable, as we simply cannot simulate that badness in a remotely faithful 
way when we are feeling good, analogous to the phenomenon of binocular rivalry, where 
we can only perceive one of two visual images at a time.
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One may have known about torture and death in the cell [before 

being tortured], without such knowledge having possessed the hue 

of life … But with the $rst blow … a part of our life ends and it 

can never again be revived.15

A similar report was given by journalist Jacobo Timerman, who was 

captured and tortured by the Argentine military regime of the late 1970s:

In the long months of con$nement, I often thought of how to 

transmit the pain that a tortured person undergoes. And always 

I concluded that it was impossible. It is a pain without points of 

reference, revelatory symbols, or clues to serve as indicators.16

"ese sobering remarks notwithstanding, we can still gain at least 

some (admittedly very limited) appreciation of the horror of extreme suf-

fering by considering some real-world examples of it. (What follows are 

examples of an extremely unpleasant character that may be triggering 

and traumatizing.)

We can begin to approach such appreciation by considering what it is like 

to undergo “death by sawing”, an execution method used on humans in 

many parts of the world in the past, and which is still used on non-human 

animals in some parts of the world today.17 "e victim is tied up and then 

sawn or chopped in half with a saw or a machete, either transversely or 

midsagittally — in the latter case, it has both been done from the groin 

up as well as from the skull down.18

15  "e quote is from Améry’s At the Mind’s Limits: Contemplations by a Survivor on 
Auschwitz, as quoted in Mayerfeld, 1999, p. 38.
16  "e quote is from Timerman’s Prisoner Without a Name, Cell Without a Number, as 
quoted in Mayerfeld, 1999, p. 42. Author Barry Hannah expressed a similar sentiment in 
his novel Yonder Stands Your Orphan: “If you are able to explain su!ering … you weren’t 
really there.” Hannah, 2001, p. 323.
17  Baker, 2015.
18  See e.g. Busnot, 1714, chap. 8. Beyond such intentionally caused deaths, similar 
deaths in which the victim is cut or torn apart also happen without human intention, such 
as due to tra#c and industrial accidents, as well as predation. Indeed, such unintentional 
deaths are far more frequent than intentional ones, and may well be just as intense and 
protracted in many cases.
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A similarly excruciating way to die is to be tortured to death inside 

a brazen bull: a hollow metal bull designed to contain a person inside 

while a $re is burning underneath, which slowly roasts the person inside 

to death. Many people have been reported to die in this way in ancient 

times.19 And many more beings have died, and continue to die, in similar 

torturous ways, such as by being burned or boiled alive, which happens 

countless times every day. Indeed, the latter fate — being boiled to death 

— happens to a million beings each year in the slaughterhouses of the 

United States alone.20

Another horrifying example of torturous su!ering is what happened 

to Kuwaiti Ahmad Qabazard, who, while only a teenager, was captured 

by Iraqi soldiers and tortured brutally for weeks because of his involve-

ment with the Kuwaiti resistance movement. "e soldiers sought to make 

Ahmad reveal the names of fellow resistance $ghters, yet he refused to do 

so. Finally, Ahmad’s parents were told that he would soon be released. "ey 

heard a car approaching and went to the door:

When Ahmad was taken out of the car they saw that his ears, his 

nose and his genitalia had been cut o!. He was coming out of the 

car with his eyes in his hands. "en the Iraqis shot him, once in 

the stomach and once in the head, and told his mother to be sure 

not to move the body for three days.21

No less horrible is the tragic fate of the Japanese girl Junko Furuta, who 

was kidnapped by four teenage boys in 1988, at the age of 16. According to 

their own trial statements, the boys raped her hundreds of times; inserted 

19  For instance, the Romans are reported to have killed Christians with the brazen bull, 
and the bull is also reported to have been used on overthrown tyrants, such as Burdunel-
lus, who was reportedly killed in this way in 497, Collins, 2004, p. 35. Some have, 
however, disputed whether the brazen bull has been used nearly as frequently as reported, 
and some even doubt whether it has been used at all. Yet even if it happened to be the case 
that a brazen bull has never been used (as I dearly hope), the point I am here trying to 
convey still stands, namely that su!ering can be as horrible as we can imagine death inside 
a brazen bull would be (and indeed far worse, since again, we cannot accurately imagine 
what extreme su!ering is like).
20  Dockterman, 2013.
21  Report by Julie Flint, Observer, March 3, 1991, as quoted in Glover, 2000, p. 32.
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scissors and skewers into her vagina and anus; beat her with golf clubs, 

bamboo sticks, and iron rods; tied her hands to the ceiling and used her 

as a punching bag; set $reworks into her anus, vagina, and ear; burned her 

vagina with cigarettes; tore o! her left nipple with pliers; and more. Even-

tually, she was no longer able to move from the ground, and she repeatedly 

begged the boys to kill her, which they eventually did, after 44 days, by 

pouring lighter %uid on her face and body, and setting her on $re.22

A much more common example of extreme su!ering, indeed some-

thing that occurs every second of every day, is being eaten alive — a process 

that can sometimes last several hours with the victim still fully conscious 

of being devoured. A harrowing example of such a death that was caught 

on camera (see the following note) involved a baboon eating and tearing 

apart the hind legs of a baby gazelle who remained alive and conscious 

for an unbearably long while.23 A few minutes of another such protracted 

death — a baby elephant eaten alive by lions — can be seen via the link 

in the following note.24 And a similar death of a man eaten alive by lions 

can be seen via this note.25 "e man’s wife and two children were sitting 

in a car next to him while it happened, yet they were unable to help him. 

Knowing this probably only made the man’s experience even more hor-

rible, which ties into a point made by Simon Knutsson:

Sometimes when the badness or moral importance of torture is 

discussed, it is described in terms of di!erent stimuli that cause tissue 

damage, such as burning, cutting or stretching. But one should also 

remember di!erent ways to make someone feel bad, and di!erent 

kinds of bad feelings, which can be combined to make one’s overall 

experience even more terrible. It is arguably the overall unpleasantness 

of one’s experience that matters most in this context.26

22  A brief report of the murder can be found in Hawkins, 2013 (unauthenticated 
source). "e o#cial trial documents for the case (in Japanese, yet copyable for machine 
translation) can be found at: courts.go.jp/app/$les/hanrei_jp/261/020261_hanrei.pdf
23  youtube.com/watch?v=PcnH_TOqi3I [“Graphic content warning: Baboon eating 
gazelle alive”]
24  youtube.com/watch?v=Lc63Rp-UN10 [“Graphic Content Warning: Lions Eat 
Elephant Alive”]
25  abolitionist.com/reprogramming/maneaters.html
26  Knutsson, 2015b.



68  

Chapter 4

After presenting a real-world example with several layers of extreme 

cruelty and su!ering combined, Knutsson goes on to write:

Although this example is terrible, one can imagine how it could be 

worse if more types of violence and bad feelings were added to the 

mix. To take another example: [Brian] Tomasik often talks about 

the Brazen bull as a particularly bad form of torture. "e victim 

is locked inside a metal bull, a $re is lit underneath the bull and 

the victim is roasted to death. It is easy to imagine how this can 

be made worse. For example, inject the victim with chemicals that 

amplify pain and block the body’s natural pain inhibitors, and put 

her loved ones in the bull so that when she is being roasted, she 

also sees her loved ones being roasted. One can imagine further 

combinations that make it even worse. Talking only of stimuli 

such as burning almost trivializes how bad experiences can be.27

Another example of extreme su!ering is what happened to airplane 

pilot Dax Cowart. In 1973, at the age of 25, Dax went on a trip with his 

father to visit land that he considered buying. Unfortunately, due to a 

pipeline leak, the air over the land was $lled with propane gas, which is 

highly %ammable when combined with oxygen. As they tried to start their 

car, the propane ignited, and the two men found themselves in a burning 

inferno. Dax’s father died, and Dax himself had much of his hands, eyes, 

and ears burned away; two thirds of his skin was severely burned.28

"e case of Dax has since become quite famous, not only because of 

the extreme horror he experienced during and after this explosion, but also 

because of the ethical issues raised by his treatment, which turned out to be 

about as torturous as the explosion itself. For Dax himself repeatedly said, 

immediately after the explosion as well as for months later, that he wanted to 

die more than anything else, and that he did not want to be subjected to any 

treatment that would keep him alive. Nonetheless, he was forcibly treated for 

a period of 14 months, during which he tried to end his life several times.

27  Ibid.
28  See the following video for a description of the accident by Dax himself:
youtube.com/watch?v=M3ZnFJGmoq8 [“Dax’s Case”]
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After his treatment, Dax managed to recover and live what he considered a 

happy life — he successfully sued the oil company responsible for the pipeline 

leak, which left him $nancially secure; he earned a law degree; got married; and 

reported to have had “some very, very good experiences” after the accident.29 

Yet even from this position of an accomplished and self-reportedly happy life, 

he still wished that he had been killed rather than treated. In Dax’s own view, 

no happiness could ever compensate for what he went through.30

"is kind of evaluation is exactly what the ethical principle advocated 

here centers on, and what the principle amounts to is essentially a refusal 

to claim that Dax’s evaluation, or any other like it, is wrong. "e principle 

of sympathy for intense su!ering maintains that we should not allow the 

occurrence of such unbearable su!ering that the subject $nds unoutweigh-

able by any positive good, and hence that the prevention of such su!ering 

should be our highest priority.

And it is indeed worth re%ecting on what a rejection of this view would 

entail. For if one holds that such extreme su!ering can be outweighed by 

some positive good, one ought to clarify how. Speci$cally, according to 

whom, and measured by what criteria, is such su!ering outweighable by 

positive goods? "e most promising option that lies open in this regard, it 

seems, is to prioritize the assessments of beings who say that their happiness, 

or other good things about their lives, do outweigh and justify such extreme 

su!ering endured by others.31 Yet that, I maintain, would be a profoundly 

unsympathetic choice — not least because it would contradict Par$t’s com-

pensation principle: that a bene$t for some individuals cannot compensate 

for harms endured by others, least of all for harms of the most extreme kind.32

I shall spare the reader from further examples of extreme su!ering here in 

the text, and instead refer to sources, found in the following note, that con-

tain additional cases that are worth considering to gain an appreciation of 

the moral signi$cance of extreme su!ering.33 And the crucial question we 

29  Engel, 1983.
30  Ibid.; Benatar, 2006, p. 63.
31  After all, if such happy beings themselves deny that the good things in their lives can 
outweigh extreme su!ering, it hardly seems plausible for us to say that they do.
32  Par$t, 1984, p. 337; Wolf, 1997.
33  reducing-su!ering.org/the-horror-of-su!ering/
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must ask ourselves in relation to these examples is whether the creation of 

happiness or any other purported good could ever justify the creation of, or 

the failure to prevent, su!ering this bad and worse. If not, this implies that 

our priority should not be to create happiness or other alleged goods, but 

instead to prevent extreme su!ering, regardless of where in time and space 

it may risk emerging.

4.4 A Clarifying Note

One may object that not all the examples above constitute clear cases in 

which the su!ering subject is unable to consent to their su!ering. More 

generally, one may object that there can exist intense su!ering that is not 

deemed so bad that no positive good could outweigh it, either because 

the subject is not able to make such an evaluation, or because the sub-

ject just chooses not to evaluate it that way. What would the principle of 

sympathy for intense su!ering say about such cases? It would say the fol-

lowing: we should always prioritize reducing the su!ering that would be 

deemed unbearable and unoutweighable (what we may call “unendurable 

su!ering”) over su!ering that is intense, yet to which the su!erer is able 

to consent (we may call this “endurable su!ering”). And in cases where 

the su!erers cannot make such evaluations (e.g. non-human animals), we 

may say that su!ering at a level of felt intensity comparable to the su!er-

ing deemed unoutweighable and impossible to consent to by subjects who 

can make such evaluations should also be considered unoutweighable, and 

its prevention should be prioritized over all less intense forms of su!ering.

Yet this is, of course, all rather theoretical. In practice, even when 

subjects do have the ability to evaluate their experience, we will, as out-

side observers, usually not be able to know what their evaluation is — for 

instance, how someone who is burning alive might evaluate their experi-

ence. In practice, all we can do is make uncertain assessments of where 

reducing-su!ering.org/on-the-seriousness-of-su!ering/
simonknutsson.com/the-seriousness-of-su!ering-supplement
youtube.com/watch?v=RyA_eF7W02s [“Preventing Extreme Su!ering Has Moral Priority”]
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unendurable su!ering is likely to occur, and then act to reduce the greatest 

amount of unendurable su!ering in expectation.

4.5 Objections

Among the objections against this view I can think of, the strongest, at least 

at $rst sight, is the sentiment: but what about that which is most precious 

in your life? What about the person who is most dear to you? If anything 

stands a chance of outweighing the disvalue of extreme su!ering, surely 

this is it. In more speci$c terms: does it not seem plausible to claim that 

saving the most precious person in one’s life could be worth an instance 

of the very worst su!ering?

Yet one has to be careful about how this question is construed. If what 

we mean by “saving” is that we save them from extreme su!ering, then we 

are measuring extreme su!ering against extreme su!ering, and hence we 

have not pointed to a distinct value entity that might outweigh the dis-

value of extreme su!ering. "erefore, if we are to point to such a distinct 

entity, “saving” must here mean something that does not itself involve 

extreme su!ering. And if we wish to claim that there is something wholly 

di!erent from the reduction of su!ering that can be put on the scale, the 

fate we are saving this person from (at the supposedly worthwhile price 

of extreme su!ering) should preferably involve no su!ering at all. So the 

choice we should consider is rather one between 1) the mixed bargain of 

an instance of the very worst of su!ering, i.e. unendurable su!ering, and 

the continued existence of the most precious person one knows, or 2) the 

painless discontinuation of the existence of this person, yet without any 

ensuing su!ering for others or oneself.

Now, when phrased in this way, choosing 1) may not sound all that 

bad to us, especially if we do not know the one who will su!er. Yet this 

would be cheating — nothing but an appeal to our all too partial moral 

intuitions. It clearly betrays the principle of impartiality,34 according to 

which it should not matter whom the su!ering in question is imposed 

34  Or one could equivalently say that it betrays the virtue of being consistent, as it 
amounts to treating similar beings di!erently.
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upon; it should be considered equally disvaluable regardless.35 "us, if 

we abide by the principle of impartiality, we may equivalently phrase the 

choice above as being between 1) the continued existence of the most pre-

cious person one knows, yet at the price that this person has to experience 

a state of unendurable su!ering — a state they themself would consider so 

bad that, according to them, it could never be outweighed by any intrinsic 

good — or 2) the discontinuation of the existence of this being without 

any ensuing su!ering.

When phrased in this way, it actually seems clearer to me than ever that 

2) is the superior choice, and that we should adopt the principle of sympa-

thy for intense su!ering. For how could one possibly justify imposing such 

extreme and, according to the subject, unoutweighable su!ering upon the 

most precious person one knows, su!ering that this person would, in that 

moment, rather die than continue to experience? In this way, for me at 

least, it is no overstatement to say that this objection against the principle 

of sympathy for intense su!ering, when considered more carefully, actually 

ends up being one of the strongest arguments in its favor.

Another seemingly compelling objection would be to question whether an 

arbitrarily long duration of intense, yet, according to the subject, outweigh-

able su!ering is really less bad than even just a split second of su!ering that 

is deemed unendurable. Counterintuitively, my response, at least in this 

theoretical case, would be to bite the bullet and say “yes”. After all, if we 

take the su!erer’s own evaluations as the highest arbiter of the disvalue of 

experiential states, then the unendurable su!ering cannot be outweighed 

by anything, whereas the su!ering that is considered outweighable can. 

Also, it should be noted that this thought experiment likely con%icts with 

quite a few sensible, real-world intuitions we have. For instance, in the real 

world, it seems highly likely that a subject who experiences great, but ini-

tially not unbearable su!ering will eventually $nd it unbearable, contrary 

to the hypothetical case we are considering.36 Beyond that, our intuitions 

35  I make a more elaborate case for this claim in Vinding, 2017b.
36  "is case highlights the importance of not thinking too one-dimensionally about 
this issue. For example, a constant physical stimulus (say, being burned with a hot object 
of constant temperature) usually does not translate into a constant experience. For this 
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may be further confounded by our knowledge that most things in the real 

world tend to %uctuate in some way, and hence, intuitively, it seems like 

there is a signi$cant risk that a person who experiences endurable su!er-

ing for a long time will also experience some unendurable su!ering (again 

contrary to the actual conditions of the thought experiment).

Partly for these reasons, my response would be rather di!erent in prac-

tice. For again, in the real world, we usually cannot determine whether 

someone is experiencing endurable or unendurable su!ering, which means 

that we have to take uncertainty into account. After all, even if we knew 

that a subject considered their su!ering endurable at one point, this would 

not imply that they will feel the same at a later time, even if they were 

exposed to roughly the same aversive stimuli. For in practice we no doubt 

should expect that signi$cant %uctuations will occur, and that constant 

aversive stimuli will be felt as worse over time. Indeed, if the su!ering 

caused by such stimuli is intense from the outset, the su!erer will all but 

surely deem it unbearable eventually.

"us, in the real world, any large amount of intense su!ering is likely 

to also include unendurable su!ering in particular, and therefore, regard-

less of whether we think some unendurable su!ering is worse than any 

amount of endurable su!ering, the only reasonable thing to do in practice 

is to avoid getting near the abyss altogether.37

"e principle of sympathy for intense su!ering defended here stems neither 

from depression nor resentment. Rather, as the name implies, it simply 

stems from a deep sympathy for intense su!ering.38 It stems from a $rm 

reason, it can easily be much worse, in terms of the overall intensity and “consentability” 
of su!ering, to be burned for a long duration with a less scorching object (say, 100 degrees 
Celsius) than to be burned with a hotter object (say, 200 degrees Celsius) for a short 
duration, as the experience of unbearableness may only emerge in the former case. "is 
is perfectly consistent with the view I defend, as this view pertains to the overall intensity 
and “consentability” of experiences, not to external stimuli.
37  I shall say more in response to a similar objection in sections 5.6 and 8.10.
38  "ough it is important to note that this sympathy need not stem from compassion 
(although it may, cf. section 6.12). It can also be defended purely with reference to consis-
tency: I would want others to sympathize with and prioritize my extreme su!ering more 
than anything else, and hence, by consistency, I should do the same with respect to the 
extreme su!ering of others.
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choice to side with the evaluations of those who are superlatively worst o!. 

And while it is true that this principle has the implication that it would 

have been better if the world had never existed, I think the fault here is to 

be found in the world, not the principle.

Some pockets of the universe are in a state of insu!erable darkness. 

Such su!ering is like a black hole that sucks all light out of the world. Or 

rather, if all the light of the world has any intrinsic value, it pales in com-

parison to the disvalue of this darkness. Yet, by extension, this also implies 

that there is a form of light whose value does compare to this darkness, and 

that is the kind of light we should aspire to become: the light that brightens 

and prevents the unendurable darkness of the world.39

39  I suspect both the content and phrasing of the last couple of sentences are inspired by 
the following quote I saw written on Facebook by Robert Daoust: “What is at the center 
of the universe of ethics, I suggest, is not the sun of the good and its play of bad shadows, 
but the black hole of su!ering.”
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A Moral Realist Case for Minimizing 

Extreme Su!ering

“Whatever else our ethical commitments and speci"c 

constraints are, we can and should certainly all agree that, 

in principle, the overall amount of conscious su!ering in all 

beings capable of conscious su!ering should be minimized.”

— "omas Metzinger1

In this chapter, I shall make a moral realist case for the view that we ought 

to minimize extreme su!ering. In other words, I will argue that we in a 

sense truly and objectively ought to reduce extreme su!ering as much as 

we can. "is is my honest view, and I shall here seek to clarify why and 

in what sense I hold it.

"e view I present here can be seen as a moral realist version of the 

principle argued for in the previous chapter, as it defends a version of this 

principle as a moral truth (in a quali$ed sense). Yet it is worth being clear 

that the acceptance of this principle, and of the general claim that we 

should grant the reduction of su!ering special priority, is not predicated 

on moral realism. "at is, one can be a moral anti-realist and still $nd the 

arguments I present here plausible and compelling.

1  Metzinger, 2003, p. 570. It should be noted that Metzinger is not a moral realist.
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5.1 The Map Is Not the Territory

A preliminary remark worth making in this context, if for no other purpose 

than to reduce the sense of weirdness and skepticism provoked in many people 

upon encountering a moral realist view, is that the map is not the territory.2 

All theories that purport to say something about the world have limitations. 

"ey are expressed in terms of concepts meant to re%ect some aspect of the 

world, and these concepts can at best serve as pointers relative to reality at 

large, a reality that is in many ways much more complex than concepts can 

capture. "is applies to all theories, and in one sense it is a trivial point. Yet as 

conceptually-thinking creatures, we can nonetheless easily overlook it. And the 

point is perhaps especially easy to overlook in the context of moral realist views, 

probably in large part because such views have traditionally been presented as 

infallible gospel rather than as fallible and re$nable hypotheses.3 "e view I 

defend here is explicitly the latter: a moral hypothesis that seeks to track reality 

as accurately as possible with inescapably limited and imprecise concepts. It 

re%ects the view of ethics I have found most compelling so far, and to which 

I would welcome any quali$ed criticism and re$nement.

5.2 Does Moral Realism Matter?

Another issue worth a brief visit is the relevance of moral realism versus 

anti-realism. For why bother to argue for a moral realist view if it makes 

absolutely no di!erence in practice? My view is that it does make a sig-

ni$cant di!erence. After all, if we do not believe su!ering is truly bad and 

morally important, why should we bother to reduce it? Indeed, if we hold 

a particular ethical view while also believing that ethics is ultimately sub-

jective and arbitrary, what is to prevent us from adopting another ethical 

view the moment we derive inconvenient and demanding conclusions from 

our original view? Such a convenient change seems much easier to justify 

in the absence of moral realism.

2  "is remark is often attributed to scientist and philosopher Alfred Korzybski.
3  Religions have traditionally done this, of course, yet even in a secular context, it is 
plausible that we have strong, natural incentives to express our views on values in an over-
con$dent manner for signaling reasons, cf. Simler & Hanson, 2018.
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More generally, it seems natural to expect that moral realism is better 

able to motivate moral behavior. And this conjecture $nds support in 

empirical studies. For example, one study in which participants were 

primed toward either moral realism or anti-realism found that:

Participants primed with realism were twice as likely to be donors 

[to charity], compared to control participants and participants 

primed with antirealism. … [In sum:] priming a belief in moral 

realism improved moral behavior.4

"us, I think we have reason to believe that moral realism matters.5 Yet 

it should be noted that I do not believe in moral realism because believing 

it seems to have good consequences. Rather, it is in a sense the other way 

around: it is because I think there is such a thing as truly better or worse con-

sequences in the $rst place that I am a moral realist. "e potential motivating 

force of realist views just gives me additional reason to try to convey my view.

5.3 The Nature of My Argument

My moral realist argument for minimizing extreme su!ering rests on two 

premises. "e $rst premise is that su!ering is intrinsically disvaluable and 

carries normative force. In particular, any subject experiencing a state of 

extreme su!ering will be forced to conclude that this state, by its very 

nature, is truly disvaluable and that it truly ought not be.6 "e second 

premise is that the disvalue and normative force of extreme su!ering is 

qualitatively greater than anything else, and hence the extent to which our 

actions minimize such su!ering is the supremely most important thing 

4  Young & Durwin, 2013. See also Rai & Holyoak, 2013, which found that merely 
being exposed to arguments in favor of the view that right and wrong are subjective and 
culturally contingent appears to “make individuals more likely to engage in immoral be-
haviors”, such as cheating, compared to when they were exposed to the view that morality 
is objective and universal.
5  For more discussion on the relevance of moral realism, see Hewitt, 2008, chap. 1; 
Colebrook, 2018, 2.4.
6  Even beings without conceptual capabilities would, I submit, realize this in a precon-
ceptual manner.
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about them. In sum: minimizing extreme su!ering carries genuine and 

supreme normative force.7

"ese premises are di#cult to argue for, as opposed to just blankly 

state. And although I will attempt to justify these statements in the fol-

lowing sections, I think their truth can ultimately only be veri$ed through 

direct experience. "at is, the claims I am making here are really claims 

about the properties of conscious experience as felt directly, and such 

claims cannot be de$nitively con$rmed in any other way than through 

direct conscious experience itself (for instance, one cannot know what 

the experience of red is like if one has never actually experienced it). "is 

is not to say I cannot present supportive arguments that help render my 

claims plausible, as I shall, of course, attempt to do below. "e point is 

just that these arguments can never provide anything close to the forcibly 

compelling justi$cation that direct experience can.8

5.4 Suffering Is Inherently Disvaluable

"e view that su!ering, including extreme su!ering in particular,9 is by 

its nature disvaluable and something that ought to be reduced has been 

defended by various thinkers, including many of the philosophers we have 

visited in previous chapters. For example, as we saw in the $rst chapter, 

Karl Popper described su!ering as something that “makes a direct moral 

appeal” for help, and something whose alleviation and prevention carries 

7  My view thus has strong similarities with the view presented in section 1.4 (“Asym-
metries in Quality”), according to which the reduction of su!ering is always more impor-
tant than the creation of happiness. It should be noted, however, that the view I defend in 
this chapter is not a utilitarian view as such, as it is compatible with pluralist views of value 
and ethics. To say that extreme su!ering carries supreme disvalue and normative force is 
not to say that nothing else carries any value or normative force whatsoever.
8  A relevant analogy might be the way in which theoretical arguments rendered the 
existence of the Higgs boson plausible although experiments were still required to de$nitively 
con$rm it. All I can do here is to present the abstract theoretical arguments for my view.
9  What I write in this section applies to su!ering in general as well as to extreme suf-
fering in particular. Only in the next section do I draw a distinction between extreme and 
non-extreme su!ering.



   79

A Moral Realist Case for Minimizing Extreme Su!ering

urgency.10 Consequently, the task of reducing su!ering has, in Popper’s 

words, “little to do with ‘matters of taste’”.11

Jamie Mayerfeld holds essentially the same view, as he also maintains 

that the moral importance of reducing su!ering follows directly from 

its intrinsic nature. In Mayerfeld’s words, “su!ering cries out for its own 

abolition”.12 It is, quite simply, “bad and ought not to occur”, and hence 

“everyone must act so as to eliminate su!ering”.13 Mayerfeld describes this 

view as obvious to him, yet he also notes that he cannot supply an argu-

ment for it. "at su!ering is intrinsically bad, and bad in such a way that 

we ought to reduce it, is for him a rock-bottom observation.

Richard Ryder holds a similar view: “At some point, … justi$cation 

[for a moral theory] must end. But where? I believe it ends upon the reality 

of pain.”14 So did utilitarian philosopher Henry Sidgwick, who considered 

it a fundamental ethical principle that “all pain is to be avoided”.15 And a 

similar view is found in Eastern philosophy, such as in the writings of 8th-

century Buddhist scholar Shantideva: “I should dispel the pain of others, 

just as I do my own, based on the fact that it is pain.”16

On my account, this is simply a fact about consciousness: the expe-

rience of su!ering is inherently bad, and this badness carries normative 

force — it carries a property of this ought not occur that is all too clear, 

undeniable even, in the moment one experiences it.17 We do not derive 

this property.18 We experience it directly.

10  Popper, 1945, chap. 9, note 2; chap. 5, note 6.
11  Ibid., chap. 5, note 6.
12  Mayerfeld, 1999, p. 111.
13  Ibid., p. 111, p. 189.
14  Ryder, 2011, chap. 3. Note that Ryder de$nes pain “broadly to cover all types of suf-
fering whether cognitive, emotional, or sensory”, Ryder, 2009b, p. 402.
15  Sidgwick, 1879, p. 30. Sidgwick here merely spoke of the intrinsic moral disvalue 
of pain. As a classical utilitarian, he did believe that pain can (in principle) be morally 
outweighed by happiness.
16  "is is from his Bodhicaryavatara, as quoted in Todd, 2012, p. 16.
17  "is view is also defended in Pearce, 1995, chap. 2; Hewitt, 2008, chap. 3. However, 
Hewitt’s view di!ers from mine (and Pearce’s) in that she appears to consider happiness 
and su!ering morally symmetric, and fails to address the many arguments against this 
view.
18  And our inability to derive or explain, as opposed to merely experience, this prop-
erty is not a deep problem. For just as red can correctly be categorized as a color, even 
if we cannot specify why exactly, su!ering can, I contend, correctly be characterized as 
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In my view, this is what bridges the “is-ought gap” that is said to 

prevent us from deriving statements about how the world ought to be 

from statements about how the world is. "e statement “su!ering is, by 

its nature, something that ought not occur” is a statement about how the 

world is, and it does say something about how the world ought to be. We 

are only forced to accept a gap between “is” and “ought” if we accept the 

premise that there are no states of the world — no states of what is — that 

have intrinsically normative properties, a premise I $rmly reject.

By analogy, consider mathematical lines and vectors. Saying that 

“ought” cannot be found anywhere in the realm of what is is akin to saying 

that there are only lines, whereas vectors, things that point in some direc-

tion, do not exist. I disagree. When we look closer, we $nd that vectors 

— mathematical as well as ethical ones — indeed do exist in a very real 

sense (though this is not to say they exist in any Platonic sense).19 "e 

world is richer than our ordinary narrow conceptions suggest.20

One may object, however, that the ought-not-occur property found in 

su!ering only exists and only carries normative force for the person expe-

riencing it, not for others. Yet this objection faces many problems. First, 

the fact that experiences with this directly felt property of ought-not-occur 

do not exist within our own minds in the present, but only “out there” in 

the minds of others, in no way implies that this property does not exist 

“for us” in the most relevant sense. For even if we cannot feel this property 

directly, the property still exists out there just the same, in the mind-brains 

of those who do have such experiences. "is is a fact about the world as 

real as any other. And as with all actual facts about the world, it is indeed 

also a fact “for us”, regardless of who we are and whether we manage to 

connect with it. As David Pearce puts it:

something that inherently ought not be, even if we cannot specify why in more exact or 
reductive terms — its phenomenal nature just renders it self-evident. In my view, to object 
to this claim and to ask for proof for it is rather like objecting to and asking for proof for 
the claim that red is a color.
19  See Vinding, 2017b; 2018c for non-Platonic accounts of ethical and mathematical 
truths respectively.
20  Arguments against the existence of an is-ought gap are also found in Pearce, 1995, 
chap. 2; Fodor, 2014; 2019.
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[U]nless modern science is hopelessly mistaken, then … I’m not 

really special, and neither are you. If agony and despair are bad for 

me — and they are! — then they are objectively bad for anyone, 

anywhere. One’s own epistemological limitations don’t deserve 

elevation into a metaphysical principle of Nature.21

As this quote of Pearce’s hints, another reason to reject the notion 

that the ought-not-exist property of others’ consciousness is irrelevant “for 

me” — unlike when it occurs in one’s own consciousness — is that it is 

inconsistent. It amounts to treating the same thing di!erently, like saying 

that two plus two equals four for me, yet not for you. In other words, it 

seems tantamount to granting oneself a special ontological status compared 

to all other beings.

Another problem with the claim that su!ering is only bad and worth 

avoiding for the person who su!ers is that it rests on a deeply suspect view 

of personal identity.22 For what, in the end, demarcates one sentient being 

from another in a sense strong enough to bear such moral relevance? To the 

best of our understanding, the di!erent states our own mind assumes are 

distinct physical states distributed over time and space. Yet the same is true 

of the minds of others. And why should one sliver of such states outside 

our present consciousness-moment — i.e. the consciousness-moments of 

what we usually consider our future self — be considered more important 

than other consciousness-moments that are equally external to our present 

one? After all, in the present moment, we experience our past and future 

states of mind just as little as we experience the minds of (those states 

of the world we usually call) others. To our present mind, our past and 

future states of mind are also, in a very real sense, “others”. Sure, we do in 

some sense experience them indirectly via memory and expectations. Yet 

memory and expectations hardly constitute the morally relevant di!erence 

we are searching for here, since it is most doubtful that other beings should 

21  Pearce, 2018. For a more elaborate explanation of Pearce’s realist view, see Pearce, 
1995, chap. 2.
22  For an elaborate argument for this claim, see Vinding, 2017b. See also Par$t, 1984, 
chaps. 14-15; Siderits, 2003; Kolak, 2004.
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be granted greater intrinsic moral value (“to us”) if they shared more of 

our memories and expectations.

As a speci$c challenge to the notion that “their su!ering only matters 

to them”, consider a case where someone has the two hemispheres of their 

brain disconnected. Imagine this gives rise to two experiential subjects 

within a single skull.23 Should this imply that the left hemisphere sud-

denly has less reason to prevent su!ering for the right hemisphere than 

before, when they were still connected? "is seems implausible. Yet if such 

a disconnect does not imply less reason for these two disconnected systems 

to help each other, why should this brain as a whole have less reason to 

help equally disconnected brains found in other skulls? After all, which 

particular skull a mind-brain happens to occupy hardly carries great moral 

relevance either. Specifying the boundaries that are supposed to render “our 

su!ering” more relevant “to us” than the su!ering of “others” is tricky. 

Indeed, I would argue it is impossible.24

"e truth, I contend, is that there are just di!erent consciousness-

moments distributed over space and time, and our notion that some of 

these are “more us” than others in some deep sense that carries great moral 

relevance is simply an illusion.25 Moreover, contrary to what common sense 

may suggest, the reality is that the only consciousness-moments we can ever 

act to bene$t are consciousness-moments di!erent from our present one. 

For our actions are never instantaneous. When John at time t
1
, or John

1
, 

is experiencing extreme su!ering and acts on its ought-not-occur property, 

he is really taking action to help John at time t
2
, or John

2
, a closely located 

yet di!erent state in space and time. And if we concede that such an action 

to reduce the su!ering of another consciousness-moment, John
2
, carries 

23  One may dispute whether such a split of consciousness indeed happens in real life 
when the two hemispheres are disconnected. Yet this is of little relevance here. Such a 
division of a conscious subject into two does seem possible in principle given a physicalist 
view, which is all the current thought experiment assumes.
24  Again, a more elaborate case for this claim is found in Vinding, 2017b. See also 
Siderits, 2003; Kolak, 2004.
25  In practice, however, our common-sense notions of personal identity do indeed have 
signi$cant relevance in many respects, Vinding, 2017b, “"e Field View: Non Sequiturs”. 
See also Korsgaard, 1989; 2009. Korsgaard argues that we cannot make sense of ethics if 
we think about persons purely in terms of separate consciousness-moments, and that our 
common-sense notions of personal agency seem necessary for moral deliberation. 
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normative force for John
1
 — again, that is the only thing the felt normative 

force of John
1
’s su!ering could possibly make him act for: to prevent su!er-

ing for another consciousness-moment — the task is to explain why reducing 

the su!ering of every other distinct consciousness-moment does not carry the 

same normative force. I maintain that no satisfying explanation can be given. 

"e di!erence, we may say, is just that John
1
 understands the importance of 

helping John
2, 3, 4, …

 in a much clearer, more direct way than he understands 

the importance of helping other strings of consciousness-moments. Only 

an epistemological limitation that hides the true felt reality of the su!ering 

of these other strings makes their su!ering seem less important.

So am I saying people are mistaken if they are not motivated to reduce 

the extreme su!ering of others, and, if so, in what sense are they mistaken? 

I am saying they are mistaken in the same sense that they would be mis-

taken not to be motivated to prevent themselves, in the usual narrow sense, 

from experiencing extreme su!ering (and I suspect most people would 

indeed consider the latter a genuine mistake, to put it mildly). Just as we 

have compelling reason to prevent future su!ering for ourselves, closer 

examination reveals that we have the same good reason to reduce the suf-

fering of others. "at is really the essence of the view I am arguing for here.

One may, of course, debate whether “moral realism” is the most appro-

priate term for this position, yet it seems to me the best $t. On my account, 

there really is an “ought” inherent to extreme su!ering, indeed an “ought” 

more signi$cant and forceful than anything the word “ought” can ever 

come close to capturing.

Put another way, one may think of the imperative to reduce extreme 

su!ering as a vindicated hypothetical imperative.26 For nobody doubts that 

we can talk meaningfully about hypothetical imperatives: if we want to 

achieve a certain goal, then we ought to act in a certain way. "at is, once 

we grant the “if ”, the “ought” follows. And my point here is simply that 

the “if ” in “if we want to avoid extreme su!ering” indeed does obtain, and 

obtains universally. It is truly in our27 interest to avoid extreme su!ering. 

26  "e notion of a hypothetical imperative was $rst introduced in Kant, 1785, “Second 
Section”.
27  “Our” as in relating to the collective “we” implied by the arguments in Kolak, 2004; 
Vinding, 2017b.



84  

Chapter 5

Or expressed in impersonal terms: wherever they are realized, throughout 

the universe, states of extreme su!ering are intrinsically disvaluable and 

carry normative force.28 Consequently, we ought to act so as to minimize 

them. Or at least, we ought to minimize them if nothing else has similar 

or greater moral weight, which leads to my second premise.29

5.5 Extreme Suffering Has Supreme Normative Force

Of the two premises underlying my argument, this latter one is admittedly 

the more di#cult one to establish.30 For unlike the $rst premise defended 

above, this second premise does not merely say something about su!ering 

per se, but says something about extreme su!ering relative to all other value 

entities: extreme su!ering has strictly greater normative force than everything 

else. "is is a rather extensive claim. So how may we go about defending it?

28  I defend this impersonal view at greater length in Vinding, 2017b. William James 
(James, 1891, II) also phrased ethics in such impersonal terms: “If we must talk imperson-
ally, to be sure we can say that ‘the universe’ requires, exacts, or makes obligatory such or 
such an action, whenever it expresses itself through the desires of such or such a creature.” 
See also Sidgwick, 1874, book 3, chap. 13, §3.
29  A similar argument to the one I have made in this section can be found in the canon 
of Buddhism, where the so-called reductionist view of personal identity I outlined brie%y 
in the text is commonly accepted. In particular, Shantideva wrote: “All su!erings are own-
erless because all are devoid of distinction [between ‘mine’ and ‘other’]. Because it is su!er-
ing, it is to be prevented; how can any limitation be imposed? Why then is su!ering to be 
prevented? Because it is agreed upon without exception by all. "us if it is to be prevented, 
then indeed all of it is to be prevented.” (As quoted in Siderits, 2003, p. 203.) Another 
verse in this same passage of Shantideva’s emphasizes consistency as a reason to reduce 
others’ su!ering, without making any claims about the nature of personal identity: “"e 
su!ering of others should be eliminated by me, / Because it is su!ering like my own su!er-
ing. / I should help others / Because they are sentient beings, as I am a sentient being.” (As 
quoted in "e Cowherds, 2015, p. 59.) Such arguments based purely on consistency can 
be considered of a somewhat broader kind than those based on reductive views of personal 
identity, since arguments based on consistency do not in general hinge on any particular 
view of personal identity. For instance, even if one assumes that A and B are di!erent per-
sons in some fundamental sense, one can still reasonably deem it inconsistent for anyone 
to consider A’s su!ering more morally signi$cant than B’s.
30  "ough I believe someone who has actually experienced the very worst states of suf-
fering directly would agree with this premise, cf. the report of Dax Cowart, Engel, 1983; 
Benatar, 2006, p. 63.
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A $rst step may be to argue that all moral value ultimately resides in 

the realm of consciousness: something can ultimately only have moral 

value if it a!ects the experience of a sentient being. On this account, moral 

value is purely internal to consciousness, like the experience of redness. 

And although value may appear to exist external to consciousness, just like 

redness may appear to do so, closer examination will always reveal that it 

is in fact wholly internal to consciousness.31

If we grant this step, all we would need to do to justify this second 

premise is to establish that extreme su!ering has superior moral signi$-

cance relative to all other states within the realm of consciousness. Within 

this realm, happiness appears the most plausible candidate for a posi-

tive good that can morally outweigh extreme su!ering. Yet we have seen 

many arguments against the view that happiness can morally outweigh 

extreme su!ering in previous chapters, including that su!ering carries 

a moral urgency that renders its reduction qualitatively more important 

than increasing happiness (for those already well-o!); that the presence 

of su!ering is bad, or problematic, in a way the absence of happiness is 

not; that experiences are primarily valuable to the extent they are absent of 

su!ering; that the creation of happiness at the price of su!ering is wrong; 

and that we should sympathize with and prioritize those who experience 

the worst forms of su!ering. Together, I submit, these arguments make a 

compelling case against the notion that happiness can morally outweigh 

extreme su!ering.32

To establish that extreme su!ering has supreme moral importance 

compared to all other states of consciousness, we also need to establish that 

it has supreme moral signi$cance relative to less severe states of su!ering. 

Yet since there is quite a bit to be said about this issue, I shall postpone 

this discussion to the following section so as to not derail the more general 

argument I seek to make here.

31  "e same view of moral value is defended in Pearce, 1995, chap. 2; Hewitt, 2008, chap. 
3. I happen to agree with this view, yet as I point out below in the text, one can reject this 
view while still maintaining that extreme su!ering carries supreme normative force.
32  More supporting arguments are found in the next chapter and in section 8.5, as well 
as in Mayerfeld, 1996; 1999, chap. 6.
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It is important to note that the view that extreme su!ering has over-

riding normative force is by no means predicated on the view that all 

moral value is found within the realm of consciousness. For instance, one 

can believe that things such as knowledge, art, and virtues have intrinsic 

moral value not reducible to their e!ect on conscious subjects while still 

believing that the reduction of extreme su!ering has supreme importance.

One way to defend this view might be to again consider two di!erent 

planets. To one planet, we may add all the non-experiential goods we want 

(assume that this planet is inhabited by conscious beings who can possess 

these goods), whereas to the other planet, the very worst forms of su!ering 

must be added for some amount of the goods we add to the $rst planet. If we 

add nothing to the $rst planet, no su!ering ensues anywhere. "e question, 

then, is whether the addition of non-experiential goods to the $rst planet 

can justify increasing the amount of extreme su!ering on the other. Even if 

one places great value on non-experiential goods, it seems highly plausible to 

say “no”. Indeed, one can argue that placing high intrinsic value on a good 

like virtue should alone lead one to not allow any extreme su!ering to be 

added to the second planet, as allowing such su!ering, even for the sake of 

increasing virtue elsewhere, would not be a virtuous act.33

For a similar argument, consider the following thought experiment 

concerning the importance of increasing knowledge (for its own sake) versus 

preventing extreme su!ering. Before us we have two separate rooms. Inside 

the $rst room, the greatest scientists who will ever live are collected with all 

the tools they need to make progress at the frontier of knowledge, poten-

tially at the verge of making the greatest of discoveries at any time. (Assume 

that this knowledge will never be instrumentally useful, such as by helping 

us reduce su!ering; it is only the intrinsic value of knowledge we wish to 

consider.) In the other room, we $nd a single person who is burning alive 

inde$nitely, or at least as long as we allow the scientists in the $rst room to 

keep on researching. Now, how long should we allow these scientists to keep 

on researching? Even if we value knowledge for its own sake very highly, it 

seems clear that we should stop the scientists immediately, regardless of how 

great their rate of knowledge production may be. In other words, it seems 

33  Cf. the view of virtues described in Breyer, 2015, p. 541.
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clear that the moral importance of reducing extreme su!ering is superior to 

the importance of increasing knowledge for its own sake.

Such a juxtaposition can be made with respect to any value-bearing 

entity — whether within the realm of consciousness or outside it — whose 

moral signi$cance we may wish to pit against the moral signi$cance of 

extreme su!ering. And it seems plausible to say that the prevention of 

extreme su!ering is more important than any other thing we may place 

in the room next door.34 Indeed, the view I defend here is that this is not 

only plausible but correct.

In what sense do I maintain it is correct? In the sense that it is a fact 

about the intrinsic nature of extreme su!ering that it carries disvalue and 

normative force unmatched by anything else.35 It is not merely a fact about 

our beliefs about extreme su!ering. After all, our higher-order beliefs and 

preferences can easily fail to ascribe much signi$cance to extreme su!ering. 

And to the extent they do, they are simply wrong: they fail to track the 

truth of the disvalue intrinsic to extreme su!ering. A truth all too evident 

to those who experience such su!ering directly.

One may say that the experience of extreme su!ering forces our higher-

order beliefs to comply and admit that it has supreme disvalue. "e same is 

not true about extreme happiness, which represents yet another important 

asymmetry between su!ering and happiness: su!ering can be too extreme 

for us to bear, whereas happiness cannot be “too extreme” in a remotely 

analogous way. In fact, one can experience extreme happiness without 

being tempted in the least to claim that one’s experiential state warrants 

34  George Orwell expressed a similar intuition in 1984, part 3, chap. 1: “Never, for any 
reason on earth, could you wish for an increase of pain.”
35  A fact that, I maintain, is veri$able via direct experience, at least in principle, cf. the 
emphasis on the di!erence between answers in practice and answers in principle found in 
Harris, 2010. In this way, my moral realist argument rests on a foundationalist moral epis-
temology, with direct conscious experience constituting the underlying foundation. Note 
that the argument we saw in the previous chapter is not predicated on such a moral epis-
temology, or indeed on any kind of moral realism. "e principle of sympathy for intense 
su!ering merely rests on the premise that we should choose to sympathize with, and give 
prime priority to, the evaluations of those who experience the most extreme su!ering. "is 
can be maintained regardless of whether we think the intrinsic nature of extreme su!ering 
is normatively compelling in the strong, realist sense I claim here.
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overriding moral priority. By contrast, someone who experiences extreme 

su!ering will always $nd it immensely bad and important.

Indeed, for many of us it is enough to merely witness a case of extreme 

su!ering from the outside to realize that if we do not give foremost prior-

ity to the reduction of extreme su!ering, we are, in an all too real sense, 

deeply out of touch with reality.36

5.6 Extreme Versus Non-Extreme Suffering

As noted above, the claim that extreme su!ering carries greater moral 

importance than everything else also requires us to establish its superior 

importance relative to mild su!ering. For a simple case for this claim, 

consider an instance of extreme su!ering induced by torture — say, an 

experience of being roasted in a brazen bull deemed unendurable by the 

subject — compared to a mild headache that gives rise to a bad overall 

experience. I claim there is a lexical di!erence between the moral disvalue 

of these two: a single instance of such extreme su!ering is worse and more 

important to prevent than arbitrarily many instances of such mild suf-

fering.37 If we had two rooms before us, one in which the worst torture 

conceivable is occurring, and one in which an arbitrarily large number of 

mild, bearable headaches occur, and if we could stop the su!ering in only 

one of these rooms, we should end the torture.38

"is claim may not seem all that problematic in itself, but one may 

wonder whether it forces us to accept an implausible implication, namely 

that we must specify a particular point at which a slight increase in the 

36  Such a realization may be provoked by witnessing the extreme su!ering found in To-
masik, 2016a, although I must warn that at least one person has been severely traumatized 
by doing so.
37  Author Jonathan Leighton defends the same view: “One person su!ering intensely, 
such as at the hands of a torturer, is qualitatively di!erent and … incomparably worse 
than a million people su!ering from a mild hangover.” Leighton, 2011, p. 85.
38  Note that I do not distinguish between di!erent kinds of extreme su!ering in this 
chapter. "is is not because questions concerning di!erent levels of extreme su!ering are 
irrelevant. "ey just lie beyond the scope of this chapter, which merely seeks to establish 
that the broader class of states we can categorize as extreme su!ering constitutes the pri-
mary locus of moral value relative to everything else.



   89

A Moral Realist Case for Minimizing Extreme Su!ering

severity of su!ering makes this slightly more severe su!ering worse than 

arbitrarily large39 amounts of slightly less severe su!ering.40 "e answer is 

“no”, for various reasons.

First, one can readily formulate views according to which there is no 

point of discontinuity between su!erings of similar intensity, yet where 

there nonetheless is a discontinuity between very di!erent intensities of 

su!ering — say, extreme torture and mild headaches.41 For example, one 

can maintain that states of su!ering su#ciently close to each other in 

severity cannot be deemed better or worse relative to each other, not just 

in practice but also in principle.42 On this view, it is only on a su#ciently 

coarse-grained scale, at the level of clearly di!erent intensities of su!er-

ing, that value lexicality between di!erent states of su!ering can obtain.

Second, even if we were to grant that there exists a point of discon-

tinuity at which su!ering suddenly becomes lexically worse, this would 

not require us to be able to say exactly where it lies. For example, one may 

place a probability distribution between states of mild headache and states 

of extreme torture and then assign some low yet non-zero probability to 

each distinct level of severity in between as the place where the hypotheti-

cal point of discontinuity lies — say, two percent probability that it lies 

between -10 and -20 (on some arbitrary su!ering severity scale); three 

percent probability that it lies between -20 and -30; and so on. (A natural 

39  Naively, one might be tempted to say “in$nitely worse”, yet 1) this is not a very pre-
cise term, as it can be interpreted in various ways, and 2) the most straightforward of these 
interpretations are not equivalent with the statement made in the text (which concerns 
arbitrarily large amounts of less severe su!ering). For instance, one may take “in$nitely 
worse” to mean that any amount of A is worse than an in$nite amount of B. Yet this is a 
stronger claim than saying that any amount of A is worse than an arbitrarily large amount 
of B, as “arbitrarily large” merely refers to any $nite number (the di!erence, in formal 
terms, lies in whether we include the notional in$nity point at the “end” of the real line; 
this di!erence could be relevant in the context of in$nite ethics, cf. Bostrom, 2011b). For 
more senses in which discontinuities in value between two value entities need not imply 
that one of these is in$nitely better than the other, see Arrhenius & Rabinowicz, 2015, 
12.5, 12.8.
40  In the philosophical literature, the argument against lexicality I just alluded to — that 
we appear forced to accept some breaking point between states that seem similar in some 
sense — is referred to as the sequence argument, Knutsson, 2016e; 2019b.
41  See Arrhenius & Rabinowicz, 2015, 12.5, 12.7; Knutsson, 2016e, “"resholds” (and 
the references found there); 2016g, “"e structure of lexicality”; 2019b; Vinding, 2020a.
42  Mayerfeld, 1999, p. 29, pp. 63-65.
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point to place it is the point at which the su!ering gets so unbearable that 

it becomes impossible to consent to even if one tries one’s hardest.)43 And 

when we add up the probabilities in the entire interval, they should sum 

to a hundred, or whatever our credence in the value lexicality between the 

two ends of the interval may be.

Another response to this seemingly implausible implication is that it 

is phrased in a somewhat question-begging manner, as it seems to assume 

that a discontinuous step in disvalue must be found between two similarly 

severe forms of su!ering. Yet one can reject this assumption, and maintain 

that a large qualitative jump is found in the severity of su!ering itself at 

some point, and hence in its moral disvalue. "us, on this view, when suf-

fering gets any more severe at some point, it gets qualitatively more severe, 

not just “slightly” more severe.44

One may say that su!ering must, on such a discontinuous view, get 

qualitatively worse when some particular physical stimulus changes just 

slightly, yet that is very di!erent from claiming that it must get qualita-

tively worse because of a slight change in the severity of su!ering.45 And 

the former claim about small changes in physical stimulus leading to large 

di!erences in consciousness is indeed hardly implausible upon re%ection. 

After all, physics is replete with examples of large qualitative di!erences 

resulting from minute changes. For example, a spring will exert a pull with 

a certain force depending on how far we stretch it, yet at a certain point, if 

we pull the spring just a tiny bit further, the spring will break and its pull 

43  Cf. the principle argued for in the previous chapter. "at the inability to consent 
seems a natural breaking point is also defended in Tomasik, 2015a, “Consent-based 
negative utilitarianism?” One reason to think it is a plausible breaking point, even in 
purely algo-hedonic terms, is that the ability to consent to an experience itself is a strong 
determinant of its felt quality. One can perhaps think of the ability to consent to an 
experience of su!ering as a net that helps contain its badness. And if such consent cannot 
be maintained, this may be considered akin to the net breaking, upon which the experi-
ence of su!ering itself jumps into another dimension of badness. (Note, however, that this 
breaking point need not be found at a speci$c intensity of stimulus or level of pain; I say 
more on this in Vinding, 2020b.)
44  "at is, it only gets “slightly more severe” in the sense of being the next step in a 
notional ordered sequence of increasingly severe states of su!ering. Yet to assume that the 
increase in severity found in each such step must be small is question-begging.
45  Moreover, the claim that such a lexical discontinuity must result from a slight change 
in stimulus is actually not true, Vinding, 2020b.
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will go abruptly to zero.46 Likewise, consider the discrete energy levels of 

atoms, where just a tiny di!erence in how much energy we bombard an 

atom with can mean a qualitative di!erence — a literal quantum leap — 

between two discretely di!erent states with nothing in between.

Indeed, it is a general fact about standing waves of many di!erent 

kinds that they can assume qualitatively di!erent shapes (with no states 

in between) as a result of small changes in stimulus, and this is relevant in 

this context since it has been proposed that di!erent states of conscious-

ness correspond to di!erent kinds of standing waves in the brain.47 "us, 

on this particular theory of how the brain works, it seems quite plausible 

that a small di!erence in stimulus intensity may lead to a large, qualitative 

di!erence in the severity of su!ering. Or phrased in terms of waves: it is 

plausible that a small change in stimulus could suddenly give rise to a new 

and qualitatively distinct screaming “overtone” of su!ering.

To claim that it is strange that such a screaming overtone should 

emerge is not much di!erent from saying that it is strange that any dis-

value should emerge at all. For example, if su!ering has any disvalue, one 

can argue that the emergence of this disvalue faces the same problem: in 

one state, su!ering almost, yet still does not quite exist; then we make a 

tiny physical change, and suddenly it emerges. We have a “strange step”, 

one may claim, where we go from nothing to something. And this step has 

the same total signi$cance, in that no amount of states similar to the state 

we had just before the su!ering emerged — i.e. neutral states — can be 

added up to have comparable disvalue to this new (in physical terms) just 

slightly di!erent state.48 If we consider this discontinuity wholly unprob-

lematic, it is not clear why we should consider it deeply problematic to 

have a similar discontinuity between mild and extreme forms of su!ering 

where, I maintain, a similarly unique form of moral disvalue emerges.49

46  "is breaking point is somewhat analogous to the remarks from Jean Améry (quoted 
in section 4.3) about what happens in the encounter with torturous su!ering — “a part of 
our life ends and it can never again be revived”.
47  Atasoy et al., 2017; Johnson, 2018.
48  At least in terms of purely algo-hedonic value.
49  Note, however, that one can reject value lexicality between mild and extreme su!ering 
while still accepting the rest of the argument I have made in this chapter. One would then 
substitute “extreme su!ering” with “su!ering” in the second premise of my argument, 
upon which one gets a moral realist view according to which the reduction of su!ering in 
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"e argument I have made in this chapter may, I realize, do little to convince 

the skeptic. As noted from the outset, words alone can provide only limited 

support for the premises of my argument. Beyond that, I realize that the view 

I have laid out here is less than perfectly detailed — I have not, for example, 

provided a precise de$nition of extreme su!ering (at least nothing more 

precise than “su!ering so unbearable that it becomes impossible to consent 

to”).50 Yet these shortcomings are not fatal. Indeed, I would argue they are 

not even shortcomings. For again, the map is not the territory: it is bound 

to be less than perfectly precise. More generally, the fact that the map is less 

than perfectly detailed and that arguments alone cannot convince everyone 

of its validity does not imply that the map is useless or false. I submit the 

map I have outlined here is both useful and true.51

general carries supreme moral importance. "is latter view is essentially negative utili-
tarianism as commonly construed, except that it is consistent with the claim that other 
things besides su!ering have moral value as well, albeit lexically inferior moral value. Note 
also that one may consider my moral realist case for minimizing extreme su!ering to be 
“correct” for all intents and purposes even if one holds such a negative utilitarian view, or 
indeed even if one holds a classical utilitarian view — provided that the moral disvalue 
one assigns to extreme su!ering is so great that, given the prevalence of extreme su!ering, 
other things will not have greater importance in practice, even if they could in principle. I 
know of at least one classical utilitarian who holds roughly this view (and such a view also 
$nds some support in the empirical data presented in Emilsson, 2019).
50  It is not clear to me how one could provide a signi$cantly more precise de$nition of 
extreme su!ering, in phenomenological terms, than this.
51  Once again, it is important to note that one can accept the core claim I defend in this 
$rst part of the book — that we should grant the reduction of su!ering special priority 
in practice — without accepting the stronger, more speci$c views I have defended in this 
chapter and the previous one.
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Other Arguments for Focusing on Su!ering

"e arguments we have seen in previous chapters are by no means an 

exhaustive catalog of arguments in favor of prioritizing the reduction of 

su!ering. "e purpose of this chapter is to present some of the many other 

arguments that have been made in favor of the same conclusion. "ese 

arguments demonstrate how a focus on reducing su!ering can be sup-

ported by a diverse range of views and intuitions.

6.1 Egalitarianism and Prioritarianism

Egalitarianism is a moral view characterized by the claim that we should 

reduce inequality and give special priority to the interests of those who are 

worse o!.1 "is view has become increasingly popular among moral and 

political philosophers in recent decades.2 And from this view, a strong focus 

on reducing su!ering follows quite naturally. "at is, egalitarianism holds 

we should prioritize those who are worse o! in the most morally relevant 

sense, and since those who su!er the most are clearly among those who 

1  Horta, 2016, p. 111.
2  Ibid.
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are worse o! in the most relevant sense, it follows that egalitarians should 

give special priority to reducing the su!ering of the greatest su!erers.3

Note how this egalitarian case for prioritizing su!ering is quite distinct 

from the arguments we have seen in previous chapters, as it says rather little 

about su!ering from the outset. "e starting point for egalitarianism is only 

that we should reduce inequality by helping those who are worse o!, and the 

priority it grants to the reduction of su!ering is then derived from this prin-

ciple. It is a derivative priority that only becomes apparent when we examine 

the speci$c ways in which some individuals are worse o! than others.

A similar yet distinct moral stance is prioritarianism, which shares with 

egalitarianism the view that we should prioritize the interests of those who 

are worse o!. However, unlike egalitarianism, prioritarianism is phrased 

in absolute rather than relative terms. "at is, egalitarianism holds that 

we should give priority to those who are worst o! out of all individuals 

while prioritarianism holds that bene$ting beings matters more the worse 

o! these beings are, period (regardless of how badly o! others may be).4

Prioritarianism thus provides a similar case for prioritizing su!ering to 

the one egalitarianism provides. "e fundamental intuition that animates 

it says nothing about su!ering per se, but pertains instead to particular 

beings and how well or badly o! these are in a more general sense — and 

the worse these particular beings are doing, the more important it is to 

help them.5

(Note that egalitarianism and prioritarianism further imply that we 

should generally give priority to non-human animals, as they tend to be 

worse o! than humans.)6

3  I have here phrased egalitarianism in moral rather than axiological terms, yet one may 
also phrase it in axiological terms. "e same applies to my remarks below on prioritarianism.
4  Derek Par$t discussed this prioritarian view, what he called the “Priority View”, and 
its relation to egalitarianism in Par$t, 1995.
5  A discussion of the di!erence between grounding concern for su!ering in the 
intrinsic badness of su!ering versus grounding it in this prioritarian view can be found in 
Mayerfeld, 1999, pp. 149-152. As Mayerfeld notes: “"e di!erence is that whereas the 
intrinsic property view emphasizes the intrinsic awfulness of su!ering, the priority view 
emphasizes the harm that su!ering does to persons.” Ibid., p. 150. Yet although these ways 
of grounding concern for su!ering are distinct, there is no con%ict between them. Indeed, 
they are perfectly complementary.
6  Faria, 2014; Horta, 2016.
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6.2 Other Values More Plausibly Have Diminishing Returns

Various philosophers have argued that many of the positive goods we 

value have diminishing returns as we add more of them. For example, 

philosopher "omas Hurka argues that adding additional well-o! people 

makes an outcome better when the population is small, yet with this value 

diminishing as the population level increases.7 Similar arguments have been 

made with respect to increasing happiness, both within a single life as well 

as in all beings in total: as more happiness is added, the additional value it 

adds — to a life or to the world as a whole — decreases.8

"e same plausibly applies to various accomplishments, to the extent 

one values these. "e hundredth sub-ten-second hundred meter run was 

not as great an addition to the canon of human achievements as the $rst 

one, the twentieth painting of Mona Lisa indistinguishable from Da Vinci’s 

is not as valuable as the original, the tenth proof of an important math-

ematical theorem is not as signi$cant as the $rst, etc.9

"e point here is that such diminishing returns seem much less plau-

sible, indeed repugnant, when it comes to the value of reducing su!ering. 

As Lukas Gloor and Adriano Mannino note:

7  Hurka, 1983.
8  "e views defended by Hurka in ibid. imply diminishing returns in value not just 
as population levels rise, but also as total happiness increases. See also Rabinowicz, 2003; 
Knutsson, 2016e, “"resholds”. Mayerfeld defends a similar view with respect to the 
(dis) value and moral weight of happiness and su!ering in general: “[S]u!ering possesses 
greater moral weight than happiness, and … as su!ering increases in intensity its moral 
weight increases at a faster rate than its intensity.” Mayerfeld, 1999, p. 135. "is view is 
also discussed in Hurka, 2010, and at the level of what is valuable for individuals, it is 
defended in Mathison, 2018, chap. 2.
9  "ese examples all pertain to accomplishments achieved by a population of indi-
viduals, yet the point can also be made with respect to accomplishments and experiences 
within a single life: one’s hundredth kiss is usually not as valuable as the $rst (with the 
same person), one’s hundredth derivation of a given theorem does not carry the same 
personal signi$cance as the $rst one, etc.
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By contrast [to people’s beliefs about the importance of increasing 

happiness and happy populations], people are much less likely to 

place diminishing returns on reducing su!ering — at least insofar as 

the disvalue of extreme su!ering, or the su!ering in lives that on the 

whole do not seem worth living, is concerned. Most people would 

say that no matter the size of a ($nite) population of su!ering beings, 

adding more su!ering beings would always remain equally bad.10

Derek Par$t, too, explicitly endorsed this sentiment:

When we consider the badness of su!ering, we should claim 

that this badness has no upper limit. It is always bad if an extra 

person has to endure extreme agony. And this is always just as 

bad, however many others have similar lives. "e badness of extra 

su!ering never declines.11

Yet Par$t did consider it plausible, or at least signi$cantly more plau-

sible, that the addition of happiness to the world only adds diminishing 

value to it.12 

"is asymmetry in (the plausibility of ) diminishing returns is thus 

another reason to grant particular priority to the reduction of su!ering. 

And this is especially true in a world where there is a risk that su!ering 

may become far more prevalent in the future.13 For if increasing positive 

goods has diminishing returns while the prevention of su!ering does not, 

it follows that the latter becomes far more important in the limit, if we 

increase both the total amount of positive goods and su!ering, as humanity 

may well do in the future. "us, on this view, it can be far more important 

to avoid creating a large civilization full of su!ering than to create a large 

utopia full of positive goods, even if one assumes these things have equal 

value in small amounts. "e larger we expect our future to be, the more 

this view supports a focus on reducing su!ering.

10  Gloor & Mannino, 2016.
11  Par$t, 1984, p. 406.
12  Ibid., chap. 17.
13  Tomasik, 2011; Althaus & Gloor, 2016. I say more on this in chapter 14.
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6.3 Impartiality

Philosophers often distinguish between agent-relative and agent-neutral 

values — things that are good for a person alone versus things that are 

good from an impartial perspective. And it has been argued that su!ering 

is among the strongest candidates for something that is disvaluable from 

an impartial perspective: something that has agent-neutral as opposed to 

mere agent-relative disvalue.14 "omas Nagel defended this view in his 

book $e View From Nowhere:

[P]ain can be detached in thought from the fact that it is mine 

without losing any of its dreadfulness. It has, so to speak, a life of 

its own. "at is why it is natural to ascribe to it a value of its own.15

Jamie Mayerfeld, too, defends this view: “Su!ering is bad … not only 

for the individual whom it a&icts, but bad from an impersonal point of 

view. Its occurrence makes the world that much worse.”16

"is is then another way in which one can defend a moral asymmetry 

between su!ering and happiness: by arguing that su!ering carries signi$-

cant moral disvalue from an impartial perspective, whereas pleasure and 

happiness carry value only in an agent-relative sense. David Benatar seems 

to hold such a view, in that he argues that “happiness is [only] valuable 

because it is good for people—because it makes people’s lives go better”,17 

while he maintains that the absence of pain and su!ering is good even if 

there is no one who enjoys it.18

14  See Nagel, 1986, pp. 159-162. Nagel mentions both pleasure and pain as (dis)valu-
able from an impartial perspective, yet his discussion centers mostly on pain and su!ering.
15  Ibid., p. 160.
16  Mayerfeld, 1999, p. 111. See also ibid., pp. 84-89. Indeed, Mayerfeld argues that “atten-
tion to su!ering makes it hard to preserve skepticism about impersonal values.” Ibid., p. 87.
17  Benatar, 2006, p. 37.
18  Ibid., p. 30. See also Jules, 2019.
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6.4 Deontic Asymmetry

A similar way to defend a moral asymmetry between happiness and suf-

fering is to say that, regardless of the axiological value we may ascribe 

to happiness and su!ering, we still generally have a greater duty to pre-

vent su!ering than to create a “corresponding” amount of happiness. In 

other words, even if we believed that happiness and su!ering were equally 

valuable in one sense, we may still maintain that the moral importance19 

of reducing su!ering is greater than the moral importance of producing 

(“equal”) happiness. Such a “deontic asymmetry” between happiness and 

su!ering has been defended by philosopher W. D. Ross, among others.20

Asymmetries of this kind may be defended at the level of the intrin-

sic moral importance of happiness versus su!ering, yet they can also be 

defended in a prioritarian way, as is in fact quite common.21 For example, 

even if one thinks that a move from a neutral state to a very happy state in 

some sense carries comparable value to a move from a very miserable state 

to a neutral state, one may still think that our moral duties pertain primar-

ily to moves of the latter kind, because they help beings who are worse o!.

Regardless of how plausible we consider such a decoupling of value 

and moral duties to be, it seems signi$cantly more plausible to think that 

such a decoupling should favor a duty to prevent su!ering over a duty to 

create happiness than vice versa.

19  As mentioned in an earlier note, philosophers tend to distinguish between 1) that which 
is valuable (axiology), and 2) that which we have moral obligations to bring about or do 
(ethics), and one need not assume that the former implies or is coterminous with the latter.
20  Mathison, 2018, 2.5. While the thinkers we visited in section 1.4, such as Karl 
Popper and David Pearce, as well as Clark Wolf (introduced in section 2.3), all endorse a 
moral asymmetry of this kind, these thinkers also, on my reading, maintain that there is a 
strong asymmetry at the level of the intrinsic (dis) value of happiness and su!ering. Indeed, 
Pearce and Wolf both seem to consider the moral asymmetry they endorse wholly deriva-
tive from an asymmetry in (dis) value. "us, unlike the view of W. D. Ross, the views of 
these thinkers do not appear to entail a strong decoupling between the intrinsic (dis) value 
of su!ering and happiness and the moral duties pertaining to these respective states.
21  Mathison, 2018, 2.5.1.
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6.5 The Golden Rule

Another way to support a special concern for su!ering is by appealing to 

the Golden Rule: “Do unto others as you would have them do unto you.”22 

For while the Golden Rule surely pertains to more than just su!ering, a 

strong case can be made that it implies especially strong obligations when 

it comes to relieving others’ su!ering.23 If we were in a state of extreme suf-

fering, we would sorely want others to prioritize the relief of our torment 

higher than anything else. Hence, if we are to adhere to the Golden Rule, 

we should give especially high priority to the alleviation of the extreme 

su!ering of others.

6.6 The Categorical Imperative

"e categorical imperative of Immanuel Kant holds that we should act only 

according to maxims that we can will to be a universal law.24 Kant considered 

this precept the bedrock of morality, and argued that it implies a duty to 

help those in distress.25 A prosperous person who does not help someone in 

distress would not be acting in accordance with the categorical imperative 

because “it is impossible to will that such a principle should have the uni-

versal validity of a law of nature.”26 For if an unhelpful person were su!ering 

and in need of help, they could not wish others to be similarly unhelpful, 

and hence, according to Kant, such a person’s will contradicts itself.27

22  According to philosopher Simon Blackburn, this rule is “found in some form in 
almost every ethical tradition”, Blackburn, 2001, p. 101.
23  Mayerfeld, 1999, p. 114.
24  Kant famously stated his categorical imperative in two di!erent ways that he consid-
ered “essentially identical”: 1) “Act only on that maxim whereby thou canst at the same 
time will that it should become a universal law”, and 2) “act in regard to every rational 
being (thyself and others), [in such a way] that he may always have place in thy maxim as 
an end in himself ”, Kant, 1785, “Second Section”. And some philosophers have argued 
that the second formulation of the imperative supports an antinatalist position. Bringing 
a being into the world, they argue, cannot be done for that being’s own sake, and hence 
to bring beings into the world is to treat them as means to an end rather than as ends in 
themselves, Benatar, 2006, pp. 128-131; Akerma, 2010.
25  Kant’s original formulation of the categorical imperative only pertained to rational 
moral agents, yet one can expand it so that it relates to all sentient beings, Korsgaard, 2018.
26  Kant, 1785, “Second Section”.
27  Ibid.
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"ere are clear similarities between the Golden Rule and the categori-

cal imperative, both in terms of their content in general as well as the way 

in which they support a special concern for su!ering in particular. As 

Mayerfeld notes: “Arguments from the Golden Rule and the categorical 

imperative both claim, more or less, that the relief of su!ering is willed 

by us if we look at matters in a certain way.”28

Nonetheless, the two precepts are distinct and should not be con%ated. 

Indeed, Kant himself argued that the Golden Rule could be misapplied 

because it was insu#ciently universal.29 Whereas the Golden Rule merely 

asks us to do unto others as we would have them do unto us, the categori-

cal imperative asks us to do unto everyone as we would have everyone do 

unto everyone.

6.7 Contractualism

In the context of moral philosophy, contractualism refers to a class of moral 

theories that hold that the legitimacy of moral rules must be grounded in 

respect for the will of each person to whom they pertain. On this view, 

the ultimate test of the validity of a moral principle is whether each person 

would be able to sign on to it.30

One of the philosophers most strongly associated with contractual-

ism is T. M. Scanlon.31 In his book What We Owe to Each Other, Scanlon 

argues that the only moral principles we should accept are those that “no 

one could reasonably reject as a basis for informed, unforced, general 

28  Mayerfeld, 1999, p. 115.
29  Simon Blackburn gives the following examples of problematic (purported) implica-
tions of the Golden Rule that the categorical imperative might avoid: “A criminal can 
throw [the Golden Rule] at a judge, asking him how he would like it if he were being 
sentenced — yet the sentence may be just, for all that. A person in good circumstances 
may gladly agree that others should not bene$t him, if he could be excused from bene$t-
ing them. He apparently abides by the Golden Rule. So something with more structure is 
needed.” Blackburn, 2001, p. 101.
30  Hence Kant’s view of morality is usually considered a contractualist one.
31  Indeed, contractualism is commonly used in two senses: a broad sense, which refers 
to contractualist theories in general, and a narrow sense, which refers to Scanlon’s contrac-
tualist theory in particular.
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agreement.”32 "is, Scanlon argues, naturally directs our attention to “those 

who would do worst” under the rules we may propose, as they will have 

the strongest complaints against it.33 And since those who su!er the most 

must be considered among those who do worst in general, Scanlon’s con-

tractualism is yet another view that can ground particular importance to 

the reduction of su!ering, especially of those who su!er the most.34

Another prominent contractualist theorist whose views have similar 

implications is John Rawls, who argued that we would choose the best 

general principles for a society if we were ignorant about which particular 

individual we ourselves would be in that society.35 And from this position, 

he argued, we would prioritize the interests of those who are worst o!.36 

Rawls’ argument focuses primarily on principles of justice in particular, 

yet it can readily be extended to moral principles in general. "at is, we 

can consider what we would do if we had to determine the moral prin-

ciples guiding all moral agents in the world, but without knowing which 

particular being we ourselves will be born as.37 When considering that we 

could be born as one of the beings who experiences the very worst forms 

of su!ering, it seems plausible that we would follow Rawls and give spe-

cial priority to those who are worst o!, and thus endorse “reduce extreme 

su!ering” as a sovereign moral principle.38

32  Scanlon, 1998, p. 153.
33  Scanlon, 1982, p. 123. Scanlon himself wrote that he hereby endorses “something 
like” a prioritarian view, Scanlon, 1998, p. 396.
34  Mayerfeld, 1999, p. 115.
35  In Rawls’ now famous terminology, we should imagine ourselves in an “original posi-
tion” where we are placed behind a “veil of ignorance”, Rawls, 1971, chap. III.
36  In particular, in the context of distributive justice, Rawls defended the “Di!erence 
Principle” (a form of maximin principle), according to which we should allow inequality 
only to the extent it bene$ts those who are worst o! (provided certain fundamental condi-
tions of liberty and equality of opportunity are met), Rawls, 2001, part II. Contractualist 
philosopher Ronald Dworkin defended similar views to Rawls, with similar implications 
in terms of favoring the worst o!, Dworkin, 1981; Mayerfeld, 1999, p. 115.
37  "e circumstance presented here is also di!erent from the original position presented 
by Rawls in that he excluded all sentient beings except humans, Rawls, 2001, part III. 
For an exploration of the original position that does not exclude non-human beings, see 
VanDeVeer, 1979.
38  Mayerfeld makes a similar point: “People who could not predict the extent of their 
vulnerability to su!ering in real life might seek protection from the worst eventuality by 
agreeing on a strong requirement to relieve su!ering.” Mayerfeld, 1999, p. 115.
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Indeed, the intersection of consent and su!ering is a highly relevant 

one, not least when it comes to states of su!ering so extreme that the 

subject is unable to consent to them. Such states would seem especially 

relevant from a contractualist perspective, and yet they appear to have 

received little attention.39 "is is a terrible omission since a strong case 

can be made that reducing such states should be our highest priority on 

a contractualist view. For example, say we assume a reductionist view of 

personal identity40 and consider the evaluations made by the di!erent 

consciousness-moments distributed in space and time. It seems that all the 

consciousness-moments that experience extreme, “unconsentable” su!er-

ing should plausibly have a superior claim against any moral principle that 

allows this su!ering to exist. Such experience-moments can, in the words 

of Scanlon, “reasonably reject”41 any such moral principle — with supreme 

force. Hence, one may argue, the moral principles a contractualist should 

accept are exactly those that minimize the number of these unendurable 

states of su!ering, or at any rate principles that consider the prevention 

of such states a unique priority.

For a supporting argument in favor of this view, consider the following 

thought experiment. Imagine if all the consciousness-moments distrib-

uted across the world were collected into a single, continuous string of 

experiences, with all the worst (or least “consentable”) states found at the 

beginning of this string, and the best ones at the end of it. And imagine, 

furthermore, that we had to determine the moral rules that apply to the 

world by witnessing, from the outside, the string of experiences that would 

be produced by these rules: a continuous succession of all the worst states 

of su!ering unfolding until they eventually reach the increasingly less bad 

states. When we consider the issue in this way — a way that, importantly, 

does not allow us to ignore the reality of the very worst of states — it seems 

quite plausible to say that we should choose the set of moral principles 

that minimize the worst, least “consentable” experience-moments. And 

39  Brian Tomasik’s consent-based negative utilitarianism (Tomasik, 2015a) is an example 
of a view that does center on such “unconsentable” su!ering, yet this view is not explicitly 
contractualist.
40  As defended in Siderits, 2003; Kolak, 2004; Vinding, 2017b.
41  Scanlon, 1998, p. 153.
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that is just looking from the outside; the case would be even stronger if 

we were forced to go through this string of experiences from the inside.42

"e Golden Rule, the categorical imperative, and the contractualist views 

explored above all ask us to consider ethics from an impartial perspective, 

and they all plausibly imply that we should make the reduction of suf-

fering a foremost moral priority. More than that, they identify our own 

will, as moral agents, as the source from which this moral priority derives, 

which, it has been suggested, could help make us more motivated to act 

on it in practice.43

6.8 Rights-Based Ethics

Ethical views that center on rights represent yet another way in which the 

reduction of su!ering can be defended as a unique moral priority.44 For 

instance, one may defend Seana Shi!rin’s moral principle against non-

consensual harm as a proper moral right.45 "at is, one may argue that 

individuals should have a right not to be harmed without their consent, 

unless the harm is done to prevent a greater harm. (Such a right would 

have signi$cant implications.)46 Similarly, one may also defend a version 

of Par$t’s compensation principle in terms of rights: individuals should 

have a right not to be harmed for the sake of providing others with a 

42  Note that the contractualist case outlined here for minimizing extreme su!ering is 
distinct from the moral realist case I made in the previous chapter, as the contractualist 
case rests primarily on the consent of the su!erers, not the intrinsic badness of extreme 
su!ering. "e case made here is thus more akin to the case I made for the principle of 
sympathy for intense su!ering, although it is important to note that the latter is not predi-
cated on contractualism.
43  Mayerfeld, 1999, p. 116; Scanlon, 1982.
44  Rights-based moral views are often derived from contractualist views, yet one need 
not be a contractualist to embrace a rights-based ethic.
45  Shi!rin, 1999.
46  For example, it has been argued that a moral right of this kind would disallow all 
procreation, Benatar, 2006, p. 53. And the same argument could be made even if this 
moral right pertained only to extremely severe harms, since procreation indeed entails a 
considerable risk of such harms, Singh, 2012; Benatar & Wasserman, 2015, “"e Risk of 
Serious Harm”. Note, however, that consequentialists aiming to reduce su!ering should 
probably not push for human antinatalism, Vinding, forthcoming.
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bene$t. (Such a right, too, would have signi$cant implications in practice; 

for example, our exploiting and killing non-human animals for the sake 

of human palate pleasure is clearly at odds with the view that all sentient 

individuals possess this right.)

A right not to be harmed without one’s consent is an example of a so-

called negative right — a right to be free from something. Yet one can also 

defend a corresponding positive right (i.e. a right to be helped), namely a 

right to have one’s su!ering alleviated. Indeed, among positive rights, there 

is arguably no right more plausible and important than the right to receive 

help and relief when one is in a state of extreme su!ering. "e same point 

can be made about rights and extreme su!ering in general, whether we 

speak of positive or negative rights: to the extent we embrace a framework 

of moral rights, there is no right more important than the right to be free 

from extreme su!ering. As human rights theorists Roberto Andorno and 

Cristiana Ba!one argue, our entire institution of human rights can be seen 

as an attempt to guard individuals against the worst forms of su!ering:

[H]uman rights norms are primarily focused on preventing the 

worst forms of human su!ering, even if they only concern a 

small portion of the population. "is task has moral priority over 

the promotion of the maximum well-being of the majority of 

people. … the entire human rights enterprise can be regarded as 

a social response to su!ering …47

6.9 Tradeoff-Forbidding Deontology

Deontology, or duty ethics, is the view that certain moral rules are uni-

versally valid and should always be obeyed.48 Kant’s categorical imperative 

is a prototypical example of a deontological principle. Yet there are other 

47  Andorno & Ba!one, 2014, abstract. See also the approach to human rights defended 
in William Felice’s Taking Su!ering Seriously: $e Importance of Collective Human Rights, 
Felice, 1996.
48  Deontology is related to rights-based ethics in that rights are often, though by no 
means always, conceived of in deontological terms. Conversely, one can be a deontologist 
without endorsing rights-based ethical views.
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philosophers than Kant who have defended deontological principles that 

imply a special duty to help those in distress. For example, philosopher 

Ragnar Ohlsson has defended what he calls the “Principle of Unacceptable 

Tradeo!s”, which says the following:

[T]he wrongness of killing another human being or causing 

him unbearable su!ering or degradation cannot be outweighed 

by positive consequences befalling persons whose lives would be 

acceptable at all events. Neither can the wrongness of not saving 

another human being from death or unbearable su!ering or 

degradation be outweighed by positive consequences befalling 

persons whose lives would be acceptable at all events.49

Ohlsson proposes that some version of this principle should be con-

sidered the foremost categorical rule of ethics, while also stressing that the 

principle “is compatible with a wide range of possible ethical principles 

and systems”.50

Animal rights theorist Gary Francione defends a similar, yet more 

general deontological view, as he holds that it is always wrong to impose 

death or su!ering on any sentient being for reasons such as pleasure or 

convenience, and that it is “absolutely wrong to engage in … exploitation 

of the vulnerable”.51

49  Ohlsson, 1979, abstract. As in the case of Kant’s categorical imperative, this principle 
can also be extended to non-human beings. Notice how Ohlsson’s principle not only im-
plies a duty to avoid causing su!ering by commission, but also a duty to actively prevent 
it.
50  Ibid., p. 96, pp. 115-116. A similar tradeo!-forbidding view often defended by deon-
tologists is the view that torture is always wrong (though one need not be a deontologist to 
defend this view at a practical level, Mayerfeld, 2008).
51  Francione, 2013, I; 2019. See also Francione, 2000; 2008.



106  

Chapter 6

6.10 Universal Kinship

Notions of universal kinship and solidarity are another basis on which 

a strong concern for su!ering can be grounded. Philosopher J. Howard 

Moore argued for such notions in his books $e Universal Kinship and 

$e New Ethics, based on the naturalistic understanding that all sentient 

beings share the same origin.52 In Moore’s own words:

"e inhabitants of the earth are bound to each other by the ties 

and obligations of a common kinship. Man is simply one of a series 

of sentients, di!ering in degree, but not in kind, from the beings 

below, above, and around him.53

Moore held that this implies what he called the “Great Law”: act toward 

others as you would act toward a part of your own self.54 And this law, 

he was careful to make clear, should apply not only to humans, but to all 

beings, including “birds, $shes, and insects”.55 Beyond that, Moore held 

that our universal kinship requires us to give strong moral weight to su!er-

ing in particular, which he considered vastly preponderant in the world.56

Similar sentiments of solidarity and concern for su!ering are found 

in the views of Nobel Peace laureate Albert Schweitzer, who held that all 

sentient beings are part of a shared “community of su!ering”, and that 

our membership of this community implies that the heart of ethics lies 

52  Moore, 1906; 1907. I am grateful to L. Reeves for bringing Moore’s work to my at-
tention.
53  Moore, 1907, p. 15. Moore wrote that the doctrine of universal kinship is “as old 
almost as human philosophy”, and argued that $gures such as Buddha, Pythagoras, and 
Plutarch all taught and practiced it, Moore, 1906, p. 322. Philosopher Henry S. Salt 
defended similar views in $e Creed of Kinship, Salt, 1935.
54  Moore, 1907, p. 15. "is view bears close similarities to the grounding of moral 
concern for su!ering in a reductionist view of personal identity I pursued in the previous 
chapter, as well as in Vinding, 2017b (and one may indeed read Moore as an open indi-
vidualist). Yet it is worth noting that concern for su!ering based on notions of universal 
kinship and solidarity need not be predicated on moral realism or a reductionist view of 
personal identity.
55  Moore, 1907, p. 15.
56  Moore, 1906, pp. 327-328.
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in a caring response to the su!ering of our fellow beings.57 As he wrote in 

his autobiography:

I cannot help but feel the su!ering all around me, not only of 

humanity but of the whole of creation. I have never tried to 

withdraw myself from this community of su!ering. It seemed to 

me a matter of course that we should all take our share of the 

burden of pain which lies upon the world.58

6.11 “Do No Harm”

Another widely shared moral principle that can support a focus on reduc-

ing su!ering is the principle of non-male$cence: do no harm. "e principle 

primum non nocere — “$rst, do no harm” — is emphasized in many cul-

tures in general, as well as in modern medical ethics in particular, where its 

origins can be traced back to the Hippocratic school of ancient Greece.59

Principles of non-male$cence are uniquely prominent in Eastern 

traditions such as Hinduism, Buddhism, and especially Jainism. "ese 

traditions all consider Ahimsa, often translated as “do no harm”, to be 

an important tenet and virtue. "e strong emphasis placed on Ahimsa 

within Jainism derives in large part from the teachings of Mahavira (born 

around the sixth century BCE), whom Gandhi considered “the greatest 

57  Martin, 2007, chap. 6. Such a sentiment of solidarity was also expressed by Scho-
penhauer in his essay “On the Su!ering of the World”, in which he argued for seeing 
and sympathizing with other humans as “fellow su!erers”, which Schopenhauer argued 
“reminds us of that which is after all the most necessary thing in life — the tolerance, 
patience, regard, and love of neighbor, of which everyone stands in need, and which, 
therefore, every man owes to his fellow.” Schopenhauer, 1851, p. 50. Philosopher Edward 
Payson Evans likewise described and defended “a common bond of brotherhood and 
benevolent sympathy, which is now slowly expanding so as to comprise … every sensitive 
embodiment of organic life.” Evans, 1898, p. 4. Similarly, Peter Wessel Zap!e wrote of 
“the brotherhood of su!ering between everything alive” in Zap!e, 1933.
58  Schweitzer, 1933, p. 242. Schweitzer and Moore also both emphasized compassion as 
a core value, which is a view we shall explore below.
59  "e Hippocratic Oath includes a promise of abstaining from doing harm, yet, 
contrary to common belief, it does not in fact include the precise statement “$rst, do no 
harm”. Apropos medical ethics, the view that the relief of su!ering should be a foremost 
aim of medical practice has been defended in Cassel, 1991.
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authority” on Ahimsa.60 Mahavira taught that “[a]ll breathing, existing, 

living, sentient creatures should not be slain, nor treated with violence, 

nor abused, nor tormented, nor driven away.”61 Indeed, Jains are famous 

for also extending Ahimsa to insects, and to avoid walking on grass so as 

to not crush them.62

In recent history, an ethic of “do no harm” and non-violence was 

developed and endorsed by Leo Tolstoy, most elaborately in his book $e 

Kingdom of God Is Within You.63 Tolstoy was inspired by Christianity, which 

he saw as “fundamentally a creed of Non-violence based on Jesus’ Sermon 

on the Mount”.64 Together with Jain teachings on Ahimsa, Tolstoy’s views 

were an important in%uence on Gandhi’s view of non-violence, which in 

turn in%uenced Martin Luther King Jr.65

If we generalize the principle “do no harm” to the su!ering that our 

civilization may cause future generations, it follows that we should actively 

work to reduce such future su!ering.

6.12 Compassion as a Core Value

"e $nal motivation for prioritizing the reduction of su!ering we shall 

visit in this chapter is compassion: sympathetic consciousness for the suf-

fering of others accompanied by a wish to alleviate it. Compassion is 

considered an important virtue in most major religions66 as well as in 

many secular traditions. For example, in the tradition of virtue ethics, phi-

losopher Martha Nussbaum has defended compassion as a virtue, and has 

argued that Aristotle defended it too.67 Similarly, philosopher Roger Crisp 

60  Pandey, 1998, p. 50.
61  Acharanga Sutra, Book 1, lecture 4, lesson 1, as quoted in Fox, 1996, p. 262.
62  A modern introduction to Ahimsa is found in Altman, 1988.
63  Tolstoy, 1894.
64  Tahir, 2012, abstract.
65  Ibid., p. 349.
66  "ough especially in Jainism and Buddhism. Indeed, the above-mentioned concept 
of Ahimsa is also often translated as compassion (although “karuna” is the more common 
word for compassion in both Sanskrit and Pali). For an elaborate survey of the role of 
compassion in major world traditions, see Lampert, 2005.
67  Nussbaum, 2001, Part II. Compassion has also been defended as a virtue at the level 
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endorses a compassion-based “su#ciency principle” according to which we 

should give absolute priority to those who fall below a certain threshold 

of well-being.68 And Arthur Schopenhauer even identi$ed compassion as 

the sole basis of morality.69

A moral concern for su!ering based on compassion is compatible 

with — but not identical to — the other motivations we have seen above. 

For example, one may, contrary to many of the arguments outlined in 

previous chapters, maintain that happiness and su!ering have similar moral 

(in) signi$cance from an impersonal perspective, yet still hold su!ering to 

be more signi$cant from the vantage point of compassion (as that is arguably 

what compassion itself says). And if one then identi$es this vantage point, 

this particular moral sentiment, as one’s core virtue or value, a focus on 

reducing su!ering follows.70

Grounding a moral concern for su!ering in sentiments of compassion 

is, it should be noted, quite compatible with a systematic and rigorous 

approach to ethics in practice, as evidenced by the systematic approaches 

of many of those who ground their morality in this way.71 Indeed, in his 

book Consequences of Compassion, scholar of Buddhism Charles Goodman 

argues that various Buddhist philosophers motivated by compassion have 

endorsed consequentialist (which is to say systematic and optimizing) 

moral views, and that the determination to act like a perfect consequential-

ist who helps all sentient beings is “the heart of Mahayana Buddhism”.72

of political philosophy, such as by proponents of “compassionate conservatism”.
68  Crisp, 2003.
69  Schopenhauer, 1840. See also Wolf, 2015; Shapshay, 2019. Schopenhauer’s view of 
the basis of morality bears signi$cant similarities to that of David Hume (Hume, 1751), 
who has also been interpreted as defending compassion as a core virtue, Swanton, 2000; 
2015. Philosopher Tadeusz Kotarbiński likewise defended an “ethics of pity” aimed at the 
alleviation of su!ering, Rabinowicz, 2000. Bertrand Russell can also be interpreted as rest-
ing his ethics on compassion, at least in his later years, as he held that ethics must be based 
on sentiments, and wrote that “what the world needs is Christian love, or compassion” 
(Russell, 1954, p. ix), and that “every individual in the world who is su!ering represents a 
failure of human wisdom and of common humanity” (ibid. p. 227).
70  For a case for a moral realist view resting on compassion, see Marshall, 2018.
71  A modern such systematic approach to ethics based on compassion can be found in 
Jonathan Leighton’s $e Battle for Compassion, Leighton, 2011. I believe Brian Tomasik, 
too, grounds his moral view in roughly this way, and his approach to ethics at the practical 
level is among the most systematic and calculating approaches I know of.
72  Goodman, 2009, pp. 5-7.
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As is clear from the above, a strong concern for su!ering can be supported 

by many diverse arguments (and the list of arguments outlined here is, of 

course, still far from exhaustive). "e convergence of so many di!erent and 

independently plausible arguments gives us strong reason to accept that 

the reduction of su!ering should be a foremost moral priority.73

73  For an extensive list of publications that argue in favor of su!ering-focused views, see 
Center on Long-Term Risk, 2016. Another way one can defend su!ering-focused views 
is to ground them in concern for the dignity of individuals, Pullman, 2002; Mayerfeld, 
2008. Unlike su!ering, a neutral absence of happiness does not threaten the dignity of in-
dividuals. Additionally, one can support su!ering-focused views with aesthetic sentiments, 
such as “small is beautiful” (Tomasik, 2015a), or the sentiment that su!ering is revolting 
in a way the absence of happiness is not. An argument that supports a su!ering-focused 
view based on aesthetic considerations is also found in the appendix in Benatar, 2015.
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Biases Against Focusing on Su!ering

“When we forget pain, or underestimate it, or talk about people 

‘getting used to it’, we are really so far losing sight of what the 

universe, which we wish to conceive adequately, really is.”

— Edmund Gurney1

In this chapter, I shall present various biases against giving su!ering its 

due moral weight and consideration. "ese biases are worth keeping in 

mind as we form our appraisal of su!ering-focused views. Otherwise, 

we risk rejecting these views for reasons we would not ourselves endorse 

upon re%ection.

7.1 Can We Be Biased Against Values?

It may be objected that it is unclear how one can be biased against a set of 

values, as opposed to a set of facts. My $rst response to this sentiment is 

to note that, on the moral realist view I myself defend, there is ultimately 

no dichotomy between facts and values. Yet beyond that, there are in fact 

1  As quoted in Epperson, 1997, p. 140.
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many ways in which one can be biased against values.2 For example, if we 

refuse to give fair hearing to a moral position because it is shunned by our 

local culture, and if we would in fact accept this moral view upon deeper 

re%ection, then our dismissal of this view can fairly be said to be biased. 

"at is, relative to our own well-re%ected judgment, strong cultural resis-

tance against a given moral position can indeed be a biasing factor, and a 

rather strong one at that.3

Beyond such cultural biases, another source of bias is simply ignorance 

of the facts. For example, the question of what it is like to experience states 

of extreme su!ering, including how horrible we ourselves would consider 

them from the inside, is a factual matter, and something we can be very 

wrong about. If we are wrong about what it is like to experience intense 

su!ering, we risk being wrong about its moral importance.

7.2 Contemplating Extreme Suffering Is Painful

One reason we should expect to be biased against giving su!ering its due 

moral weight is that su!ering can be horrifying to behold and think about.4 

In other words, we have a strong personal incentive to avoid exposure to 

extreme su!ering, and this incentive may prevent us from arriving at a 

well-re%ected assessment of its moral importance — i.e. the well-re%ected 

judgment we ourselves would form if only we exposed ourselves to that 

which we currently hide from our gaze.5

2  For an elaborate case against the legitimacy of the fact/value-dichotomy, see Putnam, 
2002.
3  For a similar, more concrete example, consider political bias, which we can readily 
talk about in meaningful ways without assuming deep truths about right and wrong. For 
example, say we accept the premise that the most important thing in politics is that we 
promote the best policies no matter who endorses them (most people would probably 
agree with this premise upon re%ection). If we accept this premise, then tribally-driven 
tendencies to deviate from this fundamental value — e.g. any tendency to favor a policy 
when it is proposed by one’s own political party while rejecting it when proposed by the 
opposition — can accurately be called a bias.
4  In particular, empathizing deeply with the su!ering of another can be very painful, 
and this painfulness of empathy may motivate us to look away and disengage. "is is one 
reason for us to primarily cultivate compassion over empathy, Bloom, 2016.
5  Studies have found that direct confrontations with su!ering, such as when we observe 



   113

Biases Against Focusing on Su!ering

Somewhat paradoxically, the horror of extreme su!ering can keep us 

from appreciating the true scope of this horror. Indeed, we commonly turn 

our heads away from extreme su!ering while simultaneously denying, often 

with con$dence, that it carries supreme disvalue. Yet how can we make 

such a claim about extreme su!ering if we do not dare to truly behold it?

It is not only at an individual level that we shun and neglect su!ering 

but also at a societal level, as sociologist Stanley Cohen argued in his book 

States of Denial: Knowing About Atrocities and Su!ering.6 Cohen explores 

the psychology of denial in the context of su!ering — our tendency to 

suppress it with self-deception and rationalizations because it is too dis-

turbing — and demonstrates how this results in denials of the reality and 

scope of su!ering at an individual, social, and political level.7 He argues 

that denial is the norm while awareness of the everyday horrors of reality 

is a rare aberration.8

others in pain or experience pain ourselves, generally lead to more sympathetic moral 
judgments, Xiao et al., 2015. "is suggests that hiding su!ering from our gaze leads us to 
have less concern for it.
6  "e extent to which the su!ering that surrounds us is hidden from our gaze is also 
described in Alexander, 2015. Alexander describes how we cannot comprehend just how 
bad things are even in communities that appear relatively well-o! from the outside. His es-
say does not even describe the poorest people in the world; nor does it say anything about 
non-human animals, who su!er in far greater numbers and whose su!ering is hidden far 
more e!ectively still.
7  A collective neglect of su!ering at a social and institutional level, particularly within 
academia, is also described in Siu, 1988. See also Kleinman et al., 1997; Daoust, 2012.
8  Cohen, 2001. A similar argument is made in Zap!e, 1933, III. Our preference for 
shoving su!ering under the carpet also shines through in much of the philosophical termi-
nology. For example, philosophers usually use the term “well-being” to cover both positive 
and negative states of “well-being”, and rarely use the term “ill-being” (though see Kagan, 
2014; Mathison, 2018). And views that consider well-being to be comprised wholly by 
su!ering and pleasure are called “hedonist” views (from the Greek word “hedone” for 
pleasure), in e!ect omitting any mention of su!ering (inspired by Robert Daoust, I prefer 
to use the more balanced term “algo-hedonic”). Likewise, views holding that well-being 
(positive and negative) is all that matters are called “welfarist”.
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7.3 Cognitive Biases Conspiring

Modern psychology has documented a long list of cognitive biases to which 

the human mind is prone. And many of these biases plausibly conspire 

to produce a strong bias against appreciating the true horror of su!ering. 

For one, there is wishful thinking: our tendency to believe as true what we 

wish were true.9 In the context of appraising the signi$cance of extreme 

su!ering, this bias likely pulls us toward the belief that extreme su!ering 

can’t be that bad, that it must be outweighed and compensated for some-

how, and that there has to be some grander quest more worth pursuing 

than to reduce su!ering.10

Next, there is con$rmation bias: our propensity to search for and favor 

information that con$rms our pre-existing views.11 If we already look away 

from extreme su!ering, and entertain wishful beliefs about it, con$rmation 

bias will serve to maintain this status quo — to keep us shying away from 

arguments and other sources of evidence that might count against our view. 

And this status quo can then be further consolidated by our conformity 

bias, our tendency to conform to our peers. For although most people do 

agree on re%ection that the reduction of su!ering is important, relatively 

few seem to believe it should be a foremost priority in their lives, much 

less act on this belief.12

"ese last two biases can, of course, also work in the other direction. 

"at is, if one already believes that the reduction of su!ering should be 

our foremost priority, and if one’s closest peers share this view, then con-

$rmation bias and conformity bias can make us biased against opposing 

views. Yet we should expect a bias in this opposite direction to be far less 

common, again since comparatively few people currently consider the 

9  Bastardi et al., 2011. See also Kunda, 1990.
10  Note that our bias toward wishful thinking is related to, yet still distinct from, the 
bias of looking away and ignoring described in the previous section. For while the bias 
described in the previous section primarily keeps us from witnessing and thinking about 
the true nature of su!ering in the $rst place, wishful thinking (also) leads us to entertain 
wishful beliefs about su!ering even when we do think about it.
11  Plous, 1993, p. 233.
12  "is discrepancy explains how reducing su!ering can both be highly popular and 
unpopular at the same time: it is popular at the level of our re%ective values (cf. Future of 
Life Institute, 2017), yet unpopular at the level of what we do in practice (e.g. most people 
spend their resources sel$shly and eat beings whom they know have su!ered).
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endeavor of reducing su!ering an overriding priority in their lives, and 

even fewer are surrounded by people who share this view.

Beyond that, there is also an asymmetry in that wishful thinking, 

unlike con$rmation bias and conformity bias, cannot readily cut both 

ways. For to say that extreme su!ering carries supreme disvalue, and that 

we should make the reduction of su!ering our foremost priority, is hardly 

a wishful or feel-good proposition for anyone.13 It is not a view we would 

want to be true, and hence we should expect our minds to be resistant 

toward accepting it, even if we would in fact accept it upon re%ection.

"ere is an irony here. We are tempted to dismiss and downplay 

the disvalue and moral importance of (intensely) bad feelings because 

acknowledging it might result in (mildly) bad feelings for ourselves. Yet 

I suspect this ironic dynamic is not uncommon. Indeed, as Par$t noted, 

it is easy to see how it can be in our self-interest to downplay the badness 

of su!ering in this way:

When Nietzsche tried to believe that su!ering is good, so that his 

own su!ering would be easier to bear, Nietzsche’s judgment was 

distorted by self-interest. But when we believe that su!ering is bad, 

our judgment is not distorted in this way.14

Our condition can be made much easier to bear if we believe that extreme 

su!ering is not that bad, or that it can readily be outweighed by other things. 

We should be careful not to let this incentive cloud our judgment.

Another thing to be wary of, in relation to wishful thinking, is the 

common human tendency of assuming that there must be some great thing 

that will eventually come about and make all the bad things worthwhile, 

whether it is some kind of heaven in a life after death, some state of spiri-

tual bliss, or some future utopia we hope might eventually emerge. "e 

independent convergence toward beliefs of this kind across many di!erent 

cultures suggests that the human mind has a natural proclivity for such 

13  However, even if this is not a feel-good account of value and ethics, accepting a view 
of this kind is nonetheless compatible with living a ful$lling life. Indeed, integrating 
su!ering-focused ethics with a healthy personal attitude and lifestyle is paramount if we 
are to be e!ective in our e!orts to alleviate su!ering (more on this in chapter 17).
14  Par$t, 2011, chap. 126.
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beliefs, and that we should maintain some skepticism toward expectations 

that conform to this pattern.15

7.4 We Underestimate the Badness of Suffering

“[A]s a rule we $nd pleasure much less pleasurable, pain much more pain-

ful than we expected.”

— Arthur Schopenhauer16

"ere are many reasons why we underestimate the badness of su!ering.17 

One of them we have already mentioned in a previous chapter: the badness 

of extreme su!ering is simply incomprehensible from the outside when we 

ourselves are experiencing a relatively pleasant state. Our understanding 

of conscious states is inherently state-dependent, and consequently a large 

gap exists between the understanding of extreme su!ering we can attain in 

any bearable state of consciousness versus the understanding that would 

be revealed to us directly in an actual state of extreme su!ering. "is so-

called “empathy gap” between us and those who su!er intensely means 

that we can only understand su!ering indirectly, through vague hints and 

symbols, when we are not su!ering ourselves.18

15  I am not suggesting we should be skeptical of the notion that life can get a lot bet-
ter. Yet this should not be confused with the question of whether any better state we can 
reasonably expect to bring about — such as a much happier state — can ever morally out-
weigh all the su!ering its creation would entail, including the (risk of ) extreme su!ering. I 
say more on this in section 8.6.
16  Schopenhauer, 1851, p. 42.
17  Jamie Mayerfeld provides an elaborate account of some of the ways in which we 
underestimate su!ering in Mayerfeld, 1999, pp. 101-107, pp. 189-193. "is section owes 
a considerable debt to Mayerfeld’s account.
18  "e term “empathy gap” refers to our inability to understand emotional states very 
di!erent from our own in general, not just our inability to understand su!ering (when we 
ourselves are okay). Yet pain and su!ering have been a prominent focus for studies on the 
empathy gap. For example, one study of bullying found that people who were not them-
selves socially excluded consistently underestimated the social pain of those who were, 
Nordgren et al., 2011. Similarly, research suggests that physicians routinely underestimate 
the pain of their patients, Marino & Marino, 2014.
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Another signi$cant reason we underestimate su!ering is that we con-

fuse it with something far milder that masquerades as the real thing. In 

the words of Jamie Mayerfeld:

"ere is a whole subclass of rather common emotions that falsely 

parade as su!ering to win increased attention for themselves. I 

am speaking not only of anger, but also resentment, spite, and 

bitterness. It is important to recognize that these emotions often 

include no su!ering at all, although the people experiencing them 

may wish to describe them that way.19

As mentioned earlier, we all too readily confuse an aversive subcompo-

nent of experience for su!ering. For example, it is possible to cry intensely 

and feel a sense of sadness without having a bad overall feeling. And if we 

mistake an experience like this for su!ering, let alone compare it to extreme 

su!ering, we are making a grave mistake indeed. Mayerfeld continues:

Real cases of su!ering, meanwhile, tend to go unheard. "is is 

not only because people who are genuinely su!ering typically lack 

the resources with which to publicize their condition, but also 

because … many forms of su!ering deprive people of the very 

ability to express, sometimes even think, the fact that they are 

su!ering.20

Being unable to express one’s su!ering is also the case for the vast 

majority of sentient beings on the planet: non-human animals. "e most 

numerous of them, such as $sh and invertebrates, cannot even scream. We 

do not even need to cover our ears to ignore their su!ering.

19  Mayerfeld, 1999, p. 53. A similar quote from Mayerfeld: “It is of the highest impor-
tance to be able to distinguish genuine su!ering from the pale but deceptive imitation 
of it. It is of the highest importance to realize that what so often passes for ‘su!ering,’ for 
want of a richer vocabulary or clearer powers of discernment, in the experience of people 
who enjoy a $rm material and psychological foundation in their lives, is not genuine suf-
fering and can only be called so by the most distant and strained analogy.” Ibid., p. 46.
20  Ibid., p. 53.
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Yet, as Mayerfeld hints, the same is true of many humans, since extreme 

su!ering can severely compromise our ability to express ourselves — a phe-

nomenon that has been explored by Gordon and Susan Marino in their essay 

“Paying Homage to the Silence of Su!ering”. "ey argue that “intense and 

prolonged agony breaks down our linguistic and cognitive capacities”,21 and 

hence our assessments of pain and su!ering are often biased by the resulting 

“silence of pain”.22

Most of us indeed have very little sense of proportion when it comes to 

su!ering, which is not surprising given that the mere act of contemplating 

the many possible levels of su!ering can itself be painful. Yet such painful-

ness notwithstanding, let us try to brie%y survey just a few of these levels 

to get but a vague sense of the possible depths of su!ering.

For example, we can start by imagining a person, Jane, who is anxious 

about an upcoming exam. "e anxiety is intense and all-consuming in a 

way that renders it impossible for her to $nd any relaxation or sleep. “What 

could be worse than this?”, she is tempted to think. Yet the next day, Jane 

is informed that her parents have been killed. She now truly su!ers. Her 

sadness hits a level she had no idea existed — as though the word “sad-

ness” has a deeper meaning that she had hitherto known nothing about. 

She now realizes how blessed her situation had been before, as her current 

state feels far worse and immeasurably more hopeless. "is could hardly 

be worse. And yet it could.

For next, Jane is kidnapped by a gang of sadistic psychopaths who take 

her to a torture chamber to impose horrendous torment upon her. Physi-

cal and psychological pain at a level that breaks almost everything in Jane, 

including her ability to think a structured thought and to express, even to 

herself, what is happening. Jane’s world is su!ering. She feels she is su!er-

ing, albeit this su!ering has almost no commonality to any su!ering she 

had experienced before. "is has to be the peak of badness. But it is not.

For nothing means more to Jane than her two brothers and two sisters 

whom the evil torturers have now also found and captured. Peak badness 

suddenly gets stretched radically further, as the torturers begin employing 

21  Marino & Marino, 2014, abstract.
22  Ibid. A similar case is made in Scarry, 1985.
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even worse torture methods on Jane as well as on her brothers and sisters. 

Nothing can be said. Words have no meaning. “Why?” seems apt yet is 

misplaced, and inexpressible anyway. Nothing can be worse. Yet, of course, 

in reality, it can. Indeed, what happens in reality, in every moment of every 

day, is far worse, and certainly far worse than anything this story comes 

close to conveying.23

"is is a terrible story to sit and make up, but it does serve to illustrate an 

important point: when we think su!ering can barely get worse, it usually 

can, and by a lot. We may be experiencing a state of minus nine and think 

we have reached the absolute bottom, until we experience a state of minus 

ten and see how wrong we were. "en we experience a state of minus a 

hundred, which makes us realize how wrong — and relatively blessed — 

we were in a state of “just” minus ten.24 And then we experience a state of 

minus a thousand, and so on. Our conception of su!ering would have to 

be stretched and broken many times for it to conform even remotely to 

the true extent that the horror of su!ering can assume.25

Sadly, however, this point remains di#cult to convey. Our sense of 

what it is like to be in the last stage of the ladder of horror described above 

probably does not come close to capturing the actual horror one would 

23  Not least due to the enormous number of beings who endure extreme su!ering. Yet 
even if we insist on comparing the su!ering of a single individual with the su!ering of 
Jane, it is sadly quite probable that the one being who is doing the very worst on Earth at 
any given moment su!ers signi$cantly more than Jane. Or put more precisely: that the 
string of the worst consciousness-moments on Earth at any given moment is worse than 
Jane’s.
24  As a case in point, a friend told me that his personal experience with heartbreak made 
him signi$cantly more sympathetic to su!ering-focused ethics. And while such experiences 
indeed can lend strong support to su!ering-focused views, it is worth noting that the ex-
perience of heartbreak will still tend to only lie at a very early step in the ladder of horror. 
"e fact that an experience of heartbreak can lead to a signi$cant increase in the concern 
we give su!ering provides a strong indication of how little thought we give to, and how far 
detached we in fact are from, the reality of the very worst states of su!ering.
25  "at the intensity of su!ering is felt as falling along a logarithmic scale $nds support 
in Emilsson, 2019. How does such a scale $t with the lexicality between di!erent intensi-
ties of su!ering I defended in the $fth chapter? "e claim I sought to defend in the $fth 
chapter was merely the general claim that intense su!ering should take priority over mild 
forms of su!ering. "is is compatible with the more speci$c claim that some forms of 
extreme su!ering are worse, and deserve more priority, than others.
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experience even in the mid-stages of this ladder — say, after being informed 

that one’s parents have been killed, or in the earliest stages of progressively 

worse torture. Again, words and imagination can only take us so far. Yet 

they can at least help us realize the relative insigni$cance of most of our 

daily worries, and thus help sharpen our priorities.

For instance, many of us can probably admit to having felt frustrated 

by a small stain on a shirt to such an extent that it took up a substantial 

fraction of our mental energy. And yet the scale of a problem of this kind 

does not even compare to the $rst step on the ladder of su!ering described 

in the story of Jane. To be consumed by problems this trivial, as many of 

us often are, is to be out of touch with reality in a very real sense. It is to 

be out of touch with the badness of the worst states of su!ering. And not 

only that, it is also to be disconnected from the reality of what we in fact 

could be doing with our time and resources to alleviate such su!ering, 

which leads us to the next point.

7.5 We Underestimate Our Ability to Reduce Suffering

For beyond underestimating the badness of su!ering, we also generally 

underestimate our ability to prevent it. After all, preventing just a com-

paratively small duration of extreme su!ering each year (say, minutes of 

it) would surely be worth making a great e!ort to accomplish, and yet we 

tend not to realize that we in all likelihood readily could reduce this much 

su!ering — and probably far more26 — if only we tried. It is as though 

the extent of our ability to reduce su!ering barely interests us, which alone 

indicates just how much we underestimate it.27

"us, we underestimate both the badness of su!ering as well as our 

ability to reduce it, which in turn leads us to greatly underestimate what 

Mayerfeld calls our duty to relieve su!ering:

26  See section 15.2.
27  Mayerfeld writes more about our tendency to underestimate and forget our ability to 
reduce su!ering in Mayerfeld, 1999, pp. 191-193.
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[B]y distorting the meaning of su!ering and denying its existence, 

and by overlooking our capacity to prevent it, we interpose a series 

of screens that permit no more than a faint image of the duty to 

relieve su!ering to come before us.28

And this faint image is likely made even fainter by our omission bias. 

For even if we did have a clear sense of our ability to relieve su!ering, most 

of us would probably still be much more motivated to prevent su!ering 

resulting from our own acts of commission (i.e. su!ering caused directly 

by us) than to prevent an equal, or even much greater amount of su!ering 

due to acts of omission (i.e. su!ering that we did not cause directly, yet 

which we could have prevented).29 Our natural moral intuitions, which 

most of the time seem more concerned about not being blamed for behav-

ing badly than about reducing su!ering, have a hard time seeing even a 

remote equivalence between these two kinds of failure to prevent su!ering. 

Indeed, we tend to consider acts of commission far worse, even though 

we arguably bring about far more su!ering by omission in today’s world: 

by not actively working to reduce su!ering.30 "ese omission-tolerant 

intuitions thus count as an additional biasing factor preventing us from 

acting according to our duty to relieve su!ering.31

28  Ibid., p. 213.
29  Again, for elaborate arguments against a strong moral distinction between in%ict-
ing harm and failing to prevent harm, see Kagan, 1989, chaps. 3-4; Bennett, 1995. For 
psychological studies on “omission bias”, see Ritov & Baron, 1990; Spranca et al., 1991.
30  Mayerfeld makes a similar point: “Note that the duty to relieve su!ering comes in 
two parts: a prohibition against in%icting su!ering, and a requirement to prevent it. What 
we tend to underestimate is less the former than the latter.” Mayerfeld, 1999, p. 189.
31  Again, such a duty, or goal, need not be predicated on moral realism. Nor does this 
point about omission bias depend on our accepting any particularly demanding moral 
principle. For instance, merely holding the modest moral premise that we ought to reduce 
su!ering when we can do so at a minimal cost to ourselves would imply that our omission-
tolerant intuitions constitute a biasing factor (relative to the practical implications of this 
premise).
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7.6 Novelty Bias and Numbness to the Scope of Suffering

Another biasing factor is that we fail to appreciate the scale at which 

su!ering is always occurring, not to mention the scale at which it risks 

occurring in the future. "ere are various reasons for this. First, we appear 

to have a novelty bias of sorts: when we see a disaster in the news, such 

as a school shooting or an earthquake, we tend to feel a strong sense of 

horror and urgency over what has happened — something unusual that 

demands serious attention. Yet the truth is that the disasters reported in 

the news, including large ones such as 9/11 or the 2004 tsunami in Indo-

nesia, represent no more than a drop in the ocean of su!ering experienced 

on Earth at any moment.

For example, we rarely hear about the fact that 5.4 million children 

under the age of $ve die each year, often in excruciatingly painful ways, 

and that more than half of these deaths “are due to conditions that could 

be prevented or treated with access to simple, a!ordable interventions.”32 

And yet human su!ering constitutes only a tiny minority of all su!ering on 

the planet. More than 150 million land-living non-human beings experi-

ence the horror of being forced into a slaughterhouse and killed for human 

consumption, and more than three billion aquatic beings are killed in the 

most agonizing ways for the same purpose — every single day.33

Disaster on an unfathomable scale is always taking place on Earth. 

Countless instances of extreme su!ering are occurring in this moment 

— right now. Yet because this su!ering is so normal and ordinary, simply 

occurring every day, distributed rather evenly over time and space, it seems 

less evocative and urgent than the more unusual, more localized disas-

ters, such as school shootings and earthquakes. Almost all the su!ering 

that occurs on Earth can be considered baseline horror, which allows 

us to ignore it.34 We simply do not feel the ever-present emergency that 

surrounds us. As George Bernard Shaw observed in relation to the hor-

rors routinely in%icted upon non-human animals: “Custom will reconcile 

people to any atrocity …”35

32  World Health Organization, 2019.
33  Mood & Brooke, 2010.
34  A similar point is made in Davidow, 2013.
35  Salt, 1915, preface.
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Yet the lack of novelty is not the only thing that keeps our moral 

intuitions from grasping the scope of the disaster in which we $nd our-

selves. For even when we are presented with a novel atrocity, we still fail 

to appreciate its horror in a way that is remotely proportional to its scope, 

a phenomenon known as “scope neglect”. And the greater the scope, the 

greater our failure. Indeed, work by psychologist Paul Slovic suggests that 

we not only fail to care in proportion to the number of victims involved 

in an atrocity, but we even seem to care less the more victims there are.36

A million deaths really is just a statistic at the level of our moral cog-

nition.37 "is dumbfounding-by-numbers blindspot of our minds is one 

we must make arduous e!orts to control for if we are to have an accurate 

sense of the scope and moral importance of the su!ering of the world.

Yet not only do we seem to care less about a group of beings the bigger 

the group is, we also seem to care less about helping the same number of 

beings a!ected by a tragedy when the total number of beings a!ected by 

the tragedy is higher. "at is, we feel more compelled to help ten people 

out of twenty than we do to help ten out of a hundred, although the abso-

lute impact would be the same in both cases — a “proportion bias”, if you 

will.38 "is constitutes an additional bias to control for, especially given 

the magnitude of the ever-present baseline horror that exists as a backdrop 

to any endeavor we may pursue to reduce su!ering.

Given this failure to appreciate the scope and urgency of ongoing suf-

fering, we should hardly expect our appreciation of risks of astronomical 

future su!ering to be any better.39 In fact, we should expect these risks to 

be even more readily ignored than the ongoing baseline horror, in part 

due to 1) their far-away and unfamiliar nature; 2) their lack of novelty — 

we can always work to reduce such risks, and hence it can be di#cult to 

summon moral motivation to do such work now rather than later; and 

3) the scope of such risks is orders of magnitude greater than the sum of 

disasters currently taking place on Earth, implying that our scope neglect 

36  Slovic, 2007; Cameron & Payne, 2011.
37  "e quote “"e death of one man is a tragedy, the death of millions is a statistic” is 
often attributed to Stalin, yet he appears never to have said it.
38  Fetherstonhaugh et al., 1997.
39  See chapter 14, as well as Tomasik, 2011; Althaus & Gloor, 2016; Baumann, 2017e.
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may leave us even more dumbfounded by these risks of astronomical future 

su!ering and the ongoing maximal moral urgency of reducing them. "is 

would appear consistent with the low amount of attention we currently 

devote to analyzing and addressing these risks.

7.7 Perpetrator Bias

Our tendency to overlook the baseline horror always occurring in the world 

is probably also in part explainable by a “perpetrator bias” of sorts. "at is, we 

seem to care more about su!ering when it is caused by a moral agent who has 

brought it about by intentional action compared to when it is not.40 Given 

that we evolved in a social world, it makes sense that our moral sentiments 

are especially attuned to the transgressions of other moral agents. However, 

with respect to the goal of e!ectively reducing su!ering for sentient beings, 

this tendency likely constitutes a signi$cant bias, as the vast majority of suf-

fering in the world is not caused by the intentional actions of moral agents.41 

Indeed, even the term Paul Slovic gave to our tendency to neglect the suf-

fering and death of the masses — “genocide neglect” — itself displays this 

bias: our “perpetratorless-su!ering neglect”.42

40  Tomasik, 2013i.
41  Davidow, 2013. "is bias probably clouds our thinking about su!ering in the long-
term future as well, even as most su!ering then may well be caused by moral agents. For 
most future su!ering will probably have systemic causes, and our perpetrator-biased minds 
generally seem far more active with respect to the actions of a small group of individuals 
compared to larger, systemic sources of su!ering. Take, for instance, the example of factory 
farming in today’s world: our moral sentiments do tend to get exercised about the single 
farm worker who throws piglets into a concrete %oor, yet less so about the institution of 
factory farming as a whole, although the latter causes far more su!ering.
42  "e name Slovic used is not so strange given that he chose genocide as the particu-
lar case for his study of our tendency to “become numbly indi!erent to the plight of 
individuals who are ‘one of many’”, Slovic, 2007. Yet the choice of genocide as the point 
of departure for exploring this phenomenon is itself a case of choosing a relatively small 
and evocative subset of sources of su!ering compared to others that are much bigger and 
far less evocative, such as the su!ering of non-human animals in nature (Tomasik, 2013i; 
Davidow, 2013), or the many forms of human misery not caused by agents who harm oth-
ers intentionally (e.g. the human su!ering caused by aging and mental illness).
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7.8 The Just World Fallacy

A related bias is the “Just World Fallacy”, a cognitive bias that leads us to 

assume that whatever happens in the world must be morally fair, balanced 

in proportion to what everyone deserves. If something bad happens to 

someone, they must have done something to deserve it. (Which, again, 

makes some sense to assume for a brain adapted to a social world, as social 

agents do indeed tend to punish those who violate norms.)

Belief in a just world can make us cynical and cold toward su!ering. 

For example, in one study where subjects were made to observe an actor 

apparently receive painful electrical shocks, the subjects would devalue and 

reject the (perceived) victim when they were unable to intervene, in part, 

the authors suggest, because of the observers’ need to maintain a belief 

in a just world.43 As a more recent review of our tendency to believe in a 

just world put it:

When [people] cannot help innocent victims and remedy injustice 

or when help is too costly they tend to downgrade the victims 

and/or blame them for self-in%iction and hence increase victim 

su!ering.44

One may, of course, dispute whether the need to maintain a belief 

in a just world is the main explanation of this observed pattern of down-

grading. But whatever its source, our tendency to make such knee-jerk 

rejections and devaluations of victims and their su!ering clearly constitutes 

an additional bias to control for in our attempts to gain a proper sense 

of the importance of reducing su!ering, especially when the endeavor to 

reduce su!ering appears costly and di#cult.

43  Lerner & Simmons, 1966, p. 209.
44  Furnham, 2003, 2.4.
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7.9 An Optimistic Psychology Built by Evolution

In light of our evolutionary history, we should not be surprised to discover 

that we have psychological mechanisms that bias us against realizing the 

badness and scope of su!ering. After all, appreciating the badness of others’ 

su!ering and prioritizing its reduction was hardly an optimal strategy for 

gene propagation in our ancestral environment. As Aldous Huxley wrote 

in his novel Crome Yellow:

[I]f one had an imagination vivid enough and a sympathy su#-

ciently sensitive really to comprehend and to feel the su!erings of 

other people, one would never have a moment’s peace of mind.45

Yet it is not only the su!ering of others that we may tend to underesti-

mate and ignore. It has also been argued that our assessments are strongly 

biased even when it comes to the su!ering that has occurred, and will 

occur, in our own lives. For example, David Benatar argues that many of 

our cognitive biases conspire to make us greatly overestimate the quality 

of our own lives, and to downplay the su!ering they contain.46

Philosopher "omas Metzinger has proposed a similar picture in 

his essay “Su!ering”. Metzinger reports the results from a pilot study he 

conducted in which students were asked at random times, via their cell 

phones, whether they would be willing to relive the experience they had 

the moment before their phone vibrated. On average, the students reported 

their experience not worth reliving 72 percent of the time.47 Metzinger 

45  Huxley, 1921, p. 132.
46  Benatar, 2006, pp. 64-65. Benatar further argues that self-assessments of one’s quality 
of life “are a better indicator of the comparative rather than actual quality of one’s life. One 
e!ect of this is that those negative features of life that are shared by everybody are inert 
in people’s judgements about their own well-being. Since these features are very relevant, 
overlooking them leads to unreliable judgements.” Benatar, 2006, p. 68. As a case in point, 
consider how we would feel about having to defecate if only few people ever did it, as 
though it were a rare disorder. It seems likely that we would consider this condition a most 
regrettable one for those who have it, especially considering that it occasionally involves se-
rious pain and complications (e.g. stomach pain, indigestion, diarrhea). Yet since everyone 
shares this condition, we tend not to see it in this way.
47  Metzinger, 2016, p. 240. David Hume may be said to have reported a similar $nd-
ing: “Ask yourself, ask any of your acquaintance, whether they would live over again the 
last ten or twenty years of their life. No! but the next twenty, they say, will be better …” 
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uses this result (which he himself admits “cannot count as signi$cant”) as 

a starting point for a discussion about how our large-scale narrative about 

the quality of our lives might be severely out of touch with the reality of 

our actual felt, moment-to-moment experience:

If the human organism would not repeat most individual conscious 

moments if it had any choice, then the logic of psychological 

evolution mandates concealment of the fact from the self-modelling 

system caught on the hedonic treadmill. … a strategy of %exible, 

dynamic self-representation across a hierarchy of timescales could 

have a causal e!ect in continuously remotivating the self-conscious 

organism, systematically distracting it from the potential insight 

that the life of an anti-entropic system is one big uphill battle, a 

strenuous a!air with minimal prospect of enduring success. Let us 

call this speculative hypothesis “narrative self-deception”.48

In the terminology of Daniel Kahneman, Metzinger’s proposal amounts 

to the claim that our experiencing self (our moment-to-moment experience) 

is much less happy than our remembering self (our evaluations of past expe-

riences based on memory). And Kahneman’s own research in fact strongly 

supports the claim that our remembering self does not reliably track our 

moment-to-moment experience, and that it often fails to appreciate the 

amount of pain the experiencing self has experienced — even to such an 

extent that, when forced to choose between two di!erent painful experi-

ences endured in the past, the remembering self can easily be manipulated 

to prefer signi$cantly more pain rather than less.49

Recent research on the evaluations of the remembering self and the 

experiencing self also con$rms that the former is much more optimistic 

Hume, 1779, part 10, Demea speaking.
48  Metzinger, 2016, pp. 241-242. Schopenhauer made a similar claim in $e World as 
Will and Representation: “If … we were to bring to the sight of everyone the terrible su!er-
ings and a&ictions to which his life is constantly exposed, he would be seized with horror.” 
Schopenhauer, 1819, vol I, p. 325.
49  Kahneman et al., 1993; Kahneman & Riis, 2005; Kahneman, 2011, part 5.
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than the latter. As one study reported: “Across all measures, global reports 

[of well-being] were signi$cantly higher than aggregated daily states.”50

"at our minds are skillfully hiding the actual amount of su!ering we 

experience, as proposed by Metzinger, is in line with the $nding that the 

human mind has a strong proclivity for self-deception and suppression in 

general.51 And the view is also well-supported by studies of our percep-

tion of the good and bad things in our lives in particular. For example, 

in their book $e Pollyanna Principle, psychologists Margaret Matlin and 

David Stang argue that people tend to report encountering positive stim-

uli signi$cantly more often than they in fact do, and that we generally 

remember pleasant experiences more accurately than unpleasant experi-

ences.52 In Matlin’s words: “As our memory for an event fades, the positive 

components of that event seem slightly less positive, whereas the negative 

components seem much less negative.”53

"e tendency of our memories of negative emotions to fade more over 

time than our memories of positive emotions is known as the “fading a!ect 

bias”.54 Research on this bias has also shown that our memories associated 

with negative emotions, such as memories of negative events themselves, 

also tend to fade more readily than memories associated with positive 

emotions.55

Closely related is the cognitive bias known as “rosy retrospection” 

— our tendency to rate events more favorably some time after they have 

occurred than we do while experiencing them.56 And a similar phenom-

enon occurs as people age and make backward evaluations of their own 

lives, which is known as the “age-related positivity e!ect”: “Relative to their 

50  Newman et al., 2020, abstract.
51  For an accessible review of such self-deception and selective suppression in the human 
mind, see Simler & Hanson, 2018, part I.
52  Matlin & Stang, 1978.
53  Matlin, 2017, p. 320.
54  Walker & Skowronski, 2009.
55  Skowronski et al., 2014. However, it seems that people with major depressive disorder 
are an exception to this pattern, as they remember negative stimuli better than positive 
stimuli, Kaletsch et al., 2014.
56  Mitchell et al., 1997.
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younger counterparts, older people attend to and remember more positive 

than negative information [about their lives as a whole].”57

Baumeister et al. summed up the research on optimistic memories in 

the following way, which lends support to Metzinger’s thesis:

Although both good and bad feelings may fade with time, the 

bad ones are actively suppressed; whereas the good memories may 

be cultivated and sustained (e.g., through reminiscence). By the 

same token, people may treat bad experiences as isolated events 

while integrating good ones into an ongoing general perception of 

goodness. In this way, individuals may sustain a broadly favorable 

view of their lives.58

So while our tendency to misremember past su!ering can in part be 

explained by our inability to understand states very dissimilar from our 

present one (i.e. the empathy gap), it likely also involves a signi$cant 

amount of active suppression.59

Beyond our tendencies to misremember and understate past su!er-

ings and bad events (sometimes collectively referred to as the “positivity 

bias”),60 we also have a tendency to form overoptimistic expectations about 

the future, known as the “optimism bias”. "at is, we underestimate how 

likely we are to su!er misfortune and overestimate our likelihood of attain-

ing success. As cognitive neuroscientist Tali Sharot writes:

57  Reed & Carstensen, 2012, abstract.
58  Baumeister et al., 2001, p. 361.
59  A $rst-person account of how this psychology of suppressing and forgetting su!ering 
may occur is found in Mayerfeld, 1999, p. 34. Mayerfeld’s account, particularly his claim 
that we underestimate past su!ering more the further in the past it occurred, $nds support 
in Matlin, 2017.
60  See e.g. Sutton, 2009, p. 536.
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[W]e underrate our chances of getting divorced, being in a car 

accident, or su!ering from cancer. We also expect to live longer 

than objective measures would warrant, overestimate our success 

in the job market, and believe that our children will be especially 

talented. "is phenomenon is known as the optimism bias, and 

it is one of the most consistent, prevalent, and robust biases 

documented in psychology and behavioral economics.61

Such biased beliefs may well have been adaptive for the task of propa-

gating genes in the past,62 yet they probably serve as an impediment for 

getting a clear picture of the risks of future su!ering that face us.

7.10 The Pleasure-Desire Bias

Another reason we may be biased against prioritizing the reduction of 

su!ering is that evolution has built us to crave various sources of pleasure 

— sex, food, admiration, etc. We are, in a sense, built to be addicts to 

these sources of pleasure. And this craving, it has been argued, could bias 

our evaluations of the importance of attaining and increasing pleasure 

(at least of these kinds) versus avoiding and reducing su!ering, since the 

avoidance of su!ering is not something we crave and desire in this same, 

quasi-addicted way.63

"is argument ties into the important distinction drawn in neu-

roscience between “wanting” and “liking” in our reward system. For as 

neuroscientists Kent Berridge and Terry Robinson note:

61  Sharot, 2011, abstract. Optimistic biases of this kind have also been observed in non-
human animals, ibid.
62  Ibid. "e tendency for overly optimistic beliefs to lead to a greater chance of success 
(in certain endeavors) is known as the “Pygmalion e!ect”.
63  A version of this argument has often been made by su!ering-focused advocate 
Inmendham. For example, he writes the following on his website donotgod.com: “[T] he 
only true positive is elimination/prevention of a true negative. [T]he perception of all 
other positive worth is an illusion of desire which perverts evaluation of the worth of lesser 
states of discomfort.” See also Tomasik, 2016c.
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[T]he brain circuitry that mediates the psychological process of 

“wanting” a particular reward is dissociable from circuitry that 

mediates the degree to which it is “liked.” Incentive salience or 

“wanting,” a form of motivation, is generated by large and robust 

neural systems that include mesolimbic dopamine. By comparison, 

“liking,” or the actual pleasurable impact [emphasis mine] of reward 

consumption, is mediated by smaller and fragile neural systems, and 

is not dependent on dopamine. "e incentive-sensitization theory 

posits the essence of drug addiction to be excessive ampli$cation 

speci$cally of psychological “wanting,” especially triggered by cues, 

without necessarily an ampli$cation of “liking.”64

"us, there is an important distinction between being pleased by some-

thing and wanting something. Indeed, as Berridge and Robinson hint, 

there can be intense wanting with virtually no accompanying liking. And 

what the argument outlined above says is that, $rst, we should be careful 

not to confuse this pure wanting component of our motivation system for 

“an actual pleasurable impact”. More than that, we should be careful not 

to be overwhelmed by the strong motivating power of this wanting system, 

and to not follow its recommendations uncritically — this motivating 

power being the force that often overrules our willpower and better judg-

ment, and leads us to pursue crude desires (smoking, cheating, bingeing) 

over our deeper values and ideals. "is is not the system we would want 

as the highest arbiter of our most important decisions.

7.11 Existence Bias

Another reason to expect the human mind to be strongly motivated to 

reject su!ering-focused moral views is that we have a powerful drive — 

quite distinct from our drive for pleasure — to maintain and extend our 

existence almost no matter the costs. As "omas Metzinger describes it:

64  Berridge & Robinson, 2016.
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I claim that our deepest cognitive bias is “existence bias”, which 

means that we will simply do almost anything to prolong our own 

existence. For us, sustaining one’s existence is the default goal in 

almost every case of uncertainty, even if it may violate rationality 

constraints, simply because it is a biological imperative that has 

been burned into our nervous systems over millennia.65

Indeed, if it happens to be the case that there are strongly life-

unfriendly truths about the value of our condition, then any ability to 

readily acknowledge such truths would likely have faced strong selection 

pressure, and thus mostly been weeded out of the population. Which is 

to say that, if such truths exist, we should expect to have a very hard time 

acknowledging them. More than that, we should expect to have an exis-

tence bias of the kind Metzinger describes.

"e widespread taboo against euthanasia, even in the most hopeless 

cases, may be considered an expression of such a bias, which highlights 

the importance of questioning our instinctive inclination to favor exis-

tence at any price.66 From an ethical perspective, we cannot simply assume 

that existence is worth a lot of su!ering, or even that existence is in itself 

intrinsically good. Indeed, philosopher Philippa Foot argued that “merely 

being alive, even without su!ering, is not a good.”67

"e putative existence bias described by Metzinger could have astro-

nomical implications. For not only should we expect this existence bias 

65  Metzinger, 2017. Such an existence bias is also implied by Schopenhauer’s concept 
of the “will to live”, which he saw as an underlying psychological force motivating all 
living beings (Schopenhauer, 1819), and it is also related to the concept of bhava-tanha 
(craving for existence) within Buddhism. Beyond that, there is evidence in the psychologi-
cal literature for an existence bias of a more general kind. For example, one study, titled 
“"e existence bias”, demonstrated that “people treat the mere existence of something as 
evidence of its goodness.” Eidelman et al., 2009.
66  Indeed, it is highly relevant to control for existence bias on virtually any moral view. 
For example, if one is a classical utilitarian (i.e. if one thinks happiness can outweigh suf-
fering, and that we should maximize the sum of happiness minus su!ering), it seems that 
one should take great care to make sure that one is not biased by an existence bias to deem 
a condition net positive when it is in fact net negative. In the worst case, such a mistake 
could cause a moral disaster on an astronomical scale, also by classical utilitarian standards.
67  Foot, 2002, p. 42. Philosopher Jonathan Glover has defended the same view, Glover, 
1977, pp. 39-59.
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to recommend us to incur virtually any cost for the sake of our own 

continued existence — as well as to vastly overestimate the badness of 

non-existence68 — but we should also expect it to endorse the same thing 

with respect to the continuation and expansion of our notional tribe and 

species, and possibly even to strongly favor the expansion of sentient life 

beyond our planet.69 In light of this possibility, it is paramount that we 

make sure our thinking about such prospects is guided by reason rather 

than by crude biological drives.

7.12 Social Signaling: Show Your Best, Hide Your Worst

Much of what we humans do is done to signal things to others about our-

selves. In particular, for evolutionary reasons, we like to exhibit positive 

things about ourselves — crudely speaking, that we are capable and happy 

winners in life — and to hide the negatives, such as our shortcomings and 

our unhappiness.70 And this constitutes yet another reason to expect us to 

be biased in our thinking about su!ering, in various ways.

First, our general tendency to signal positive things about ourselves 

probably gives us a skewed sense of how much other people su!er. For 

while we may realize that we ourselves tend to su!er signi$cantly, at least 

in periods, a casual glance at the lives of other people will reveal a di!er-

ent picture, as people publicly show much less failure and misery (those 

being bad signals from a biological perspective) and far more success and 

happiness (good signals) than what they actually experience. Consider 

social media as an example: we mostly present our best rather than our 

worst moments to the world. Here is how Schopenhauer described this 

general phenomenon:

68  One may argue there is nothing bad about the non-existence of sentience, in contrast 
to our feelings about it, cf. Knutsson, 2016a; Vinding, 2018f. In Geinster’s words: “the 
only thing that’s horrible (hurtful) about [non-existence] is the very existence of one con-
templating not to exist.” Geinster, 2012.
69  Cf. Tomasik, 2014e; Dello-Iacovo, 2016.
70  A case for this general claim can be found in Simler & Hanson, 2018.
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[H]uman life … is covered on the outside with a false glitter; what 

su!ers always conceals itself. On the other hand, everyone parades 

whatever pomp and splendour he can obtain by e!ort …71

And when we do share our failures and misery publicly, it is usually 

the failures and misery of the past, which we can now report from a rela-

tively blessed vantage point that is spared from accurate memories of the 

su!ering we once experienced, and from which we can weave our past 

misery into a story of eventual success and accomplishment — a story 

that re%ects positively on us. By contrast, the misery that does not lead to 

great success seems much less willingly reported, and is at any rate far less 

interesting to hear about.

Second, it is not only our own lives we prefer to present and reinforce a 

positive narrative about, but also the world at large, which can in turn create 

an echo chamber of positivity. For example, studies have found that Twitter 

users have a preference for sharing positive rather than negative information, 

and that they are more emotionally a!ected by positive information.72 "is 

preference and emotional disposition toward favoring positive information 

is another biasing factor potentially preventing us from giving a fair hearing 

to views that give primary importance to the reduction of su!ering.

Indeed, by telling a positive story about the world at large, one also 

signals positive things about oneself — that one has a positive mindset, 

for instance, and that one is not a downer. By contrast, publicly endors-

ing a view of the world that is all about su!ering and the overwhelming 

importance of its reduction does not signal a positive or happy story about 

us. "is is an additional way in which our preference for signaling positive 

things about ourselves likely biases us against holding a su!ering-focused 

view, let alone expressing such a view.73

71  Schopenhauer, 1819, vol I, p. 325.
72  Ferrara & Yang, 2015a; 2015b. A similar $nding is reported in Taylor & Brown, 
1988: “[B]oth the social world and cognitive-processing mechanisms impose $lters on 
incoming information that distort it in a positive direction; negative information may be 
isolated and represented in as unthreatening a manner as possible.” "is is related to the 
general thesis of su!ering suppression defended in Cohen, 2001.
73  A third reason to expect us to be biased against su!ering-focused views in relation to 
social signaling is that we care a lot about recognition and admiration from others. And if 
we assume that we at some primitive level want to maximize such admiration, yet that we do 
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7.13 Suffering Is Abstract

Another reason we focus less on su!ering than deeper re%ection might 

recommend, and why we fail to reduce it as e!ectively as we could, is its 

abstract nature.74 People often do work to address forms of su!ering they 

have been touched by personally — for instance, one might have seen a 

close family member su!er and die terribly from a speci$c disease and then 

choose to dedicate one’s life toward the alleviation of this ailment. Yet it 

is rare for people to work to reduce su!ering in general. "is is also true 

of most people who choose to work on reducing forms of su!ering that 

have not touched them personally: they still tend to work on addressing 

speci$c forms of su!ering (e.g. hunger, domestic violence, child abuse), 

as these tend to have communities, academic literatures, and sociologi-

cal momenta supporting them and drawing people to them. By contrast, 

there is very little academic literature and sociological momentum about 

the reduction of su!ering in general.75

From a normative perspective, this makes little sense, and is indeed 

yet another expression of bias. For whether we ourselves happen to have 

encountered a given form of su!ering, or whether society currently focuses 

on particular forms of su!ering over others, should not be what determines 

our priorities.76 "at would be an expression of an epistemic limitation 

not think this aim is important on re%ection, it follows that we could have a bias to prioritize 
working toward the creation of a large and happy future population — in a public way, so 
this large population could admire us for having brought it about — rather than to work to-
ward a future with the least amount of su!ering. "e latter would probably be a future with 
fewer sentient beings, and hence with less admiration for us. "is argument may seem far-
fetched, yet note that it mostly rests on the premise that we might at some level be motivated 
to maximize our own admiration over all time, and this premise is hardly that far-fetched.
74  A similar point is made in Mayerfeld, 1999, p. 107.
75  My point is not that we, as a society, focus too much on any of the speci$c sources 
of su!ering just mentioned. My point is rather that our e!orts to reduce su!ering tend to 
be much too narrow and con$ned, whereby we risk missing more e!ective ways in which 
we could reduce su!ering in general. For instance, it is conceivable that there are actions 
that would increase the amount of resources devoted to the reduction of virtually all forms 
and sources of su!ering (a Pareto improvement for a wide range of endeavors to alleviate 
su!ering, if you will), such as by increasing society’s concern for su!ering in general.
76  To be sure, the priority society gives to the alleviation of a given form of su!ering 
does give some indication of its severity, but this indication is, unfortunately, quite weak 
in the bigger picture, especially relative to the goal of reducing su!ering for all sentient 
beings.
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and status quo bias respectively, which most of us can agree should not be 

the animating forces behind our decisions. If by working on alleviating 

some particular evil, A, we will relieve more intense su!ering for a greater 

number of beings than by addressing another evil, B, then, other things 

being equal, reason would dictate that we work on addressing A rather 

than B. Indeed, the choice of addressing A over B might be the most con-

sequential choice we could ever make. And yet, as a society, we spend very 

little e!ort trying to get choices of this most consequential sort right.77

"e abstractness bias reviewed here is probably especially strong in 

relation to risks of astronomical future su!ering, since such su!ering is 

more abstract and general than even all currently ongoing su!ering. We 

do not know what forms such future su!ering might take — it could exist 

in as yet unknown forms and contexts — and this lack of concreteness 

may well make it even more di#cult for us to take these risks seriously 

compared to ongoing, well-known forms of su!ering.

7.14 A Brief Introspective Experiment

To get a clearer sense of how our reasoning might be biased, it may also 

be worth taking a step back to observe our own mind and the nature of its 

motivations more directly. "e following introspective experiment might 

help shed some light on the matter: if you observe your mind carefully, and 

try to internally raise the moral conjecture that extreme su!ering carries 

supreme disvalue and warrants our highest moral priority, what attitude 

emerges in your mind? Is it an attitude similar to that of a dispassionate, 

impartial scientist who wants to identify the most plausible theory in light 

of all evidence, whatever that theory may turn out to be? Or is it more 

akin to the attitude of, say, a politically motivated partisan who dislikes 

and seeks to discredit a bothersome proposal that does not $t with the 

party line? (I can personally testify that my mind was strongly partisan 

against this moral conjecture in the past, and that it in many ways still is.)

77  From a descriptive perspective, however, our priorities make perfect sense. "e hu-
man mind is not built to reason abstractly from well-re%ected $rst principles, at least not 
as a $rst resort.
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I believe this exercise is worth doing in relation to any moral view we 

might ponder, as we can agree on re%ection that we should aspire toward 

the dispassionate attitude of the scientist rather than the motivated reason-

ing of the partisan. Nonetheless, by (human) nature, we tend to be more 

like the partisan than the scientist.

7.15 Counterbiases?

Finally, for this exploration of biases to be fair and complete, we should also 

search for biases that might lead us to overestimate the moral importance 

of su!ering. "is is, however, a more di#cult task. An obvious candidate, 

at least judging by its name and common interpretation, would be the 

“negativity bias”. Yet contrary to what its name and popular image might 

suggest, this so-called bias is not really a counterweight to the positivity 

bias reviewed above. In fact, it is quite the opposite. For the term “nega-

tivity bias” refers to the well-documented tendency reviewed in the study 

“Bad Is Stronger "an Good” by Baumeister et al., namely: our tendency 

to actually feel the bad more powerfully than the good — that “bad is 

stronger than good, as a general principle across a broad range of psycho-

logical phenomena [including emotions].”78

In other words, what this “bias” refers to is the tendency of our 

actual experiences of bad things to diverge from some idealized symmetry 

between good and bad.79 And hence, if anything, the so-called negativity 

“bias” would seem to count as a reason in favor rather than against focus-

ing on the alleviation of su!ering in practice. "is is not what we were 

searching for.80

78  Baumeister et al., 2001, abstract. Another paper described negativity bias as “[t]he 
principle … that in most situations, negative events are more salient, potent, dominant in 
combinations, and generally e#cacious than positive events.” Rozin & Royzman, 2001, p. 
297.
79  "is is a rather unusual way to de$ne a bias, since a bias is usually de$ned in terms of 
how our expectations fail to track empirical reality, not the other way around. If we adopt 
this more common de$nition of what constitutes a bias, it is indeed our a priori expecta-
tion of symmetry that is biased, i.e. distorted relative to empirical reality.
80  "ere may seem to be a contradiction between the positivity bias and the negativity 
“bias”, yet the tension is only apparent. Negativity “bias” implies that we tend to experi-
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We already noted above how, if one currently grants supreme priority 

to the reduction of su!ering, and if one’s peers do the same, con$rmation 

bias and conformity bias could count as biases in favor of su!ering-focused 

views. "is seems a legitimate source of bias worth being aware of and con-

trolling for.81 Yet, as also noted above, biases of this kind will probably tend 

to be signi$cantly weaker and more rare compared to the con$rmation and 

conformity biases working in the opposite direction (given how little most 

people in fact prioritize reducing su!ering at the level of their behavior).

Another relevant bias is “pessimism bias”, which is the opposite of 

optimism bias — a tendency to overestimate the probability of misfortune 

and underestimate the probability of success. Again, however, optimism 

bias is generally much stronger and more prevalent than pessimism bias. 

Studies indicate that people are generally optimistic, with depressed people 

being the exception who display a pessimism bias.82 "is suggests that 

most people should be more concerned about controlling for optimism 

bias than pessimism bias.83

One may dispute whether this is true, as most people do appear to 

make overly pessimistic assessments about how others are doing in some 

respects, such as whether the fraction of people living in absolute pov-

erty has declined in recent decades (it has).84 Yet people also seem to 

have grotesquely optimistic beliefs that concern much larger numbers of 

beings. For instance, 58 percent of adults in the United States think that 

ence negative emotions more powerfully, and become a!ected more by negative events, 
whereas the positivity bias implies that our memories of negative emotions and negative 
events are signi$cantly more positive than they in fact were when we experienced them, 
and indeed that we are more likely to forget negative events altogether (Skowronski et al., 
2014), even as such events have a more powerful e!ect on our mood at the time and after, 
Baumeister et al., 2001; Rozin & Royzman, 2001.
81  Relative, again, to the ideal of independent re%ection.
82  Sharot et al., 2007.
83  Related to this, it has been hypothesized that some degree of depression makes us 
more realistic (depressive realism), Alloy & Abramson, 1988. Beyond that, it should be 
noted that the pessimism bias, like the optimism bias, only pertains to the estimation of 
the probabilities of future events, not the badness of those events in themselves, and hence 
the pessimism bias has little relevance for our attempts to evaluate the intrinsic moral 
signi$cance of su!ering, as opposed to our assessments of its future prevalence. In other 
words, even if one has a strong pessimism bias, one may still underestimate the moral 
importance of su!ering.
84  See e.g. Rosling et al., 2018.



   139

Biases Against Focusing on Su!ering

“most farmed animals are treated well”, despite the fact that 99 percent of 

“farmed” animals in the United States live on factory farms.85 And people 

probably have even more unjusti$ably optimistic views about the condi-

tion of non-human animals in nature, who constitute the vast majority of 

sentient beings on Earth.86

An additional $nding that may be relevant is that people with major 

depressive disorder (MDD) display a “negative perception bias” relative to 

other people, in that they perceive and rate other people’s emotions more 

negatively than most people rate others’ emotions, and rate “interactions 

with negative emotionality as being more intense” than do people without 

MDD.87 "us, if one has MDD, this might count as a bias to control for in 

one’s appraisal of the prevalence of negative emotions in others. However, 

one may also argue that most people rate others’ emotions too optimisti-

cally, and that depressives generally have a more accurate perception of 

the emotions of others.88 Indeed, on my reading, the study cited above is 

equally consistent with this latter interpretation.89

Two other tendencies of the human mind that might seem worth 

reviewing here are “loss aversion” — our tendency to value losses more than 

(in some sense) equivalent gains — and “risk aversion”, our tendency to 

prefer a safe option over a risky one even when the risky one yields a higher 

expected value. It seems natural to suspect that these aversions could count 

as biases in favor of a su!ering-focused view. Yet upon closer examination, 

it is not clear why they should. For loss aversion and risk aversion say rather 

little about su!ering in particular. "ey are about losses-versus-gains and 

risks in general, and they are usually studied in the context of monetary 

85  Sentience Institute, 2017. For some insight into the actual and indisputably horren-
dous conditions on factory farms, see mercyforanimals.org/investigations.
86  Pinker, 2002, p. 163; Tomasik, 2009b; 2009d; Horta, 2010a; Davidow, 2013; Igle-
sias, 2018.
87  Kaletsch et al., 2014.
88  Again, some argue that people with depression generally make more accurate assess-
ments, Alloy & Abramson, 1988.
89  "e study in question being Kaletsch et al., 2014. “Equally consistent” because 
people with MDD rate the expression of positive feelings just as positively as other people 
do, yet they rate the expression of negative feelings (i.e. body movements by actors that 
portray negative emotions) more negatively, and it is not clear why one of these two 
groups should be considered more correct in its assessments than the other.
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losses and risks, which have little to do with su!ering as such.90 One may, 

of course, suggest that we prefer to avoid losses and risks because they lead 

to negative emotions, yet, following the remarks on the negativity “bias” 

above, such a preference to avoid negative states arguably speaks to their 

felt disvalue rather than a bias.91

All in all, while there are some biases that plausibly do push us toward 

focusing on the reduction of su!ering, these seem comparatively few and 

weak when compared to the biases that pull us away from such a focus. At 

any rate, the biases reviewed in this chapter should give us serious pause 

with respect to any inclination we may have to dismiss the moral weight 

of su!ering and the importance of prioritizing its reduction.

90  Indeed, a risk-averse classical utilitarian may (irrationally) make a choice that leads 
to more rather than less su!ering in expectation. Imagine, for instance, a choice between 
1) a bet with 95 percent probability of creating 500 “utilons” (a unit of happiness), and 5 
percent probability of creating 10 utilons, or 2) creating 1,000,000 utilons and 999,525 
“disutilons” (a unit of su!ering). "ese options have an expected value of 475.5 and 475 
utilons respectively on the classical utilitarian framework. Yet the risk of an outcome with 
only 10 utilons keeps the risk-averse classical utilitarian from making the choice with the 
highest expected value, and which entails no su!ering. "us, risk aversion need not favor 
less su!ering; it can readily favor more of it.
91  "at we feel strong negative emotions about risks and losses (compared to foregone 
gains) is probably in large part explained by the diminishing marginal value of resources. 
For example, for an individual, being in possession of $100,000 is not ten times as good 
as having $10,000, and hence getting $10,000 for sure is indeed better (for the sake of 
our survival) than a 1/10 bet of getting $100,000, although an idealized risk-neutral agent 
would consider them equivalent. Likewise, in the case of loss aversion, if one has $10,000, 
then losing this would be much more signi$cant than a gain of another $10,000.
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Various objections can be leveled against the arguments I have presented 

in previous chapters. "e aim of this chapter is to raise and respond to 

some of the most common of these objections.

8.1 The views defended here are absurd because they imply we 

should seek to end all sentient life.

First of all, the general claim that we should give special importance to 

the reduction of su!ering in practice does not imply that we should end 

all sentient life, even if we could do so painlessly (more on this below).

Second, on the more speci$c views I have defended — the principle 

of sympathy for intense su!ering and my moral realist view — it would 

indeed, in theory, in some hypothetical scenario, be morally right to push a 

button that ends sentient life if the alternative is to let it keep existing with 

the extreme su!ering it entails. ("ough notice that it could be better still, 

on these views, to push a button that allows sentient life to keep existing 

without extreme su!ering.)1

1  Whether this would be better depends on what one considers valuable beyond the 
reduction of extreme su!ering. "at is, beyond the claim that extreme su!ering carries 
supreme moral disvalue, my moral realist position and the principle of sympathy for 
intense su!ering are both silent on what has moral value, and hence both views are com-
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However, it is not obvious that this theoretical claim about hypothetical 

scenarios is absurd. Before claiming it is absurd, we should keep in mind the 

concrete reality of what extreme su!ering is in fact like (not to mention the 

many biases reviewed in the previous chapter, especially Metzinger’s existence 

bias). We should remember that some beings are experiencing su!ering so 

horrible that they consider the end of it more important than anything else. 

Can we really state with con$dence that this assessment of theirs is absurd, 

or that it is absurd to sympathize and agree with their judgment?2

Indeed, if we were forced to directly observe the being su!ering the most 

on the planet right now, a helpless victim in a state beyond excruciating tor-

ment, would we still be able to con$dently maintain that it is absurd to say that 

we should push the button? (Not to mention if we had to directly observe all 

the beings who experience extreme su!ering on the planet right now, as well 

as all the future su!ering that pushing the button would prevent.)

A related question we should ask ourselves is whether we would push 

a button to create a world that contains such su!ering. If not, or if we 

would have serious hesitations about doing it, we should also be hesitant to 

consider it absurd to claim that the painless cessation of sentient life would 

be better than the continued existence of the extreme su!ering it entails.3

All of this is, of course, wholly theoretical — pertaining to hypotheti-

cals quite detached from the reality of our condition. It is another issue 

altogether what is optimal to do in practice according to these views, when 

we do factor in the realities of our condition. And here we $nd many 

strong reasons to not try to end sentient life on Earth, including human 

civilization in particular.4

patible with views according to which it would be morally important to sustain life (in the 
absence of extreme su!ering).
2  Cf. Knutsson, 2016a.
3  I am not hereby claiming that not creating the world is morally equivalent to ending 
it. What I do claim is that if abstaining from creating the world with all the su!ering it 
entails is not obviously morally absurd, then we should at least also hesitate to call the 
pushing of this hypothetical button morally absurd.
4  We should, of course, assign some probability to the claim that seeking to end all 
sentient life is the best we can do given these views, as there is bound to be some uncer-
tainty about what is optimal. Yet it is important to note that this applies to all consequen-
tialist views. "at is, on any plausible consequentialist view, there is some probability that 
the future will be so bad, and our options for preventing bad outcomes so limited, that 
it would be best if we tried to end all sentient life. "us, with respect to the question of 
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One important reason is that it is conceivable that future scenarios 

in which human civilization persists will generally contain less extreme 

su!ering than future scenarios in which it does not, and there is indeed 

considerable uncertainty about this.5 For example, it is conceivable that 

human civilization may give rise to less extreme su!ering than some other 

civilization — whether that civilization originates from other planets6 or 

from other lifeforms on Earth7 — which might colonize our local region 

of the cosmos in our stead in case human extinction occurs. If human 

civilization reduces extreme su!ering in expectation, then this constitutes 

a reason to work to preserve human civilization. And the fact that there 

is considerable uncertainty about the matter constitutes a strong reason 

against trying to end human civilization.

Beyond that, even if one believes that the persistence of human civilization 

is more likely to increase extreme su!ering, there are still overwhelming reasons 

to not seek to end human civilization, and to strongly discourage any such 

attempts. One reason is that any attempt to end all Earth-originating sentient 

life is likely to back$re, and thus to increase extreme su!ering in expectation, 

in part by decreasing stability and cooperation in the future, and by decreasing 

compassionate values and concern for su!ering.8 A more elaborate explanation 

of this point is found in the “Negative Utilitarianism FAQ”:

whether one should seek to end all sentient life in practice, the only di!erence between 
the su!ering-minimizing views I have defended and other consequentialist views is the 
particular credence they assign to an a#rmative answer to this question. And what I am 
arguing here is that these credences would plausibly not di!er much: it is highly unlikely 
that we should seek to destroy the world on any su!ering-minimizing view, for reasons I 
shall now explore in the text. See also Knutsson, 2019a.
5  For some considerations relevant to this question, see Pearce, 1995, chap. 4, 32; 
Tomasik, 2011, “What if human colonization is more humane than ET colonization?”; 
2013a, “Might humans be replaced by other species?”; Vinding, 2015b; Knutsson, 2019a, 
“Is Killing Everyone More Likely to Become Optimal from a Negative or from a Tradi-
tional Utilitarian Perspective?”
6  Tomasik, 2011, “What if human colonization is more humane than ET coloniza-
tion?”
7  Tomasik, 2013a, “Might humans be replaced by other species?”
8  Tomasik, 2011, “Why we should remain cooperative”.
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[Increasing extinction risk would be] very bad even by NU [negative 

utilitarian] standards. "ere are important and dominant reasons 

against doing this. … "e di!erence between “no future” (i.e. no 

Earth-originating intelligence expanding into space) and a decent 

future, where concern for su!ering and thwarted preferences plays 

some role (even though it would likely not be the only value) is 

much smaller than the di!erence between a decent future and one 

that goes awfully wrong. NUs will bene$t more by cooperating and 

compromising with other value systems in trying to make the future 

safer in regard to (agreed-upon) worst-case scenarios, rather than by 

trying to prevent space colonization from happening at all. It would 

be a tragedy if altruistically-concerned people split up into opposing 

factions due to them having di!erent de$nitions of “doing what is 

good”, while greed and bad incentives lead the non-altruistically-

inclined people in the world [to] win the race. Instead, those who 

share at least some signi"cant concern for the reduction of su!ering 

should join together.9

In relation to this point, it appears especially relevant to keep our 

proportion bias in mind: our tendency to be more eager to help ten out of 

twenty individuals than to help ten out of a hundred.10 "is bias likely leads 

us to overestimate the value of ending all extreme su!ering in a (hypo-

thetical) future that would otherwise contain comparatively little su!ering, 

relative to the value of preventing even a substantial fraction of extreme 

su!ering in a (hypothetical) future scenario with astronomical amounts 

of extreme su!ering. "e absolute amount of su!ering prevented in the 

latter case may be far greater, even as the su!ering reduced in proportional 

terms may be modest, and hence unappealing to our biased intuitions.

We should be careful to control for this. If we are trying to minimize 

extreme su!ering in expectation, we should seek to minimize expected suf-

fering in absolute rather than proportional terms, which in turn implies 

that we should be careful not to overlook risks of future scenarios that 

9  Anonymous, 2015, 3.2. More elaboration is found in this same piece, as well as in 
Tomasik, 2011, “Why we should remain cooperative”; 2013a; 2013g; 2014a; Gloor, 2018.
10  Fetherstonhaugh et al., 1997.
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contain astronomical amounts of su!ering.11 Also because virtually every-

one can get behind e!orts to avoid very bad outcomes, which highlights 

the importance of cooperating with others who are willing to support such 

e!orts, and not least the importance of avoiding uncooperative actions 

that turn others away and thus hamper these most important e!orts to 

avoid very bad outcomes.

In sum, on any view according to which we should minimize su!er-

ing, there are overriding reasons not to seek to end sentient life, including 

human civilization in particular. Instead, we should seek to engage with 

others in kind and cooperative ways so as to increase future concern for 

su!ering, and in particular, we should work to reduce the risk of worst-case 

outcomes that contain astronomical amounts of su!ering. How we can 

best do this is the subject we shall explore in the second part of this book.

Also worth pointing out in response to the objection above is that, as Simon 

Knutsson has argued, it seems about as likely that strict su!ering-mini-

mizing views endorse “destroying the world” as it does that, for example, 

classical utilitarianism endorses that we should kill people in order to 

replace them with happier beings.12 Both are theoretical implications that 

most people would probably $nd unpalatable at $rst sight, and both are 

courses of action we almost surely should not pursue in practice accord-

ing to these respective views. Yet if we do not think this latter theoretical 

implication constitutes a strong reason to dismiss classical utilitarianism, 

11  "at is, when thinking about future priorities, we should be careful not to consider 
the worst-case scenario something like “su!ering will be bound to Earth and things will 
go on as usual”, but instead something like “astronomical su!ering at a scale and intensity 
orders of magnitude greater than anything seen on Earth”, and we should realize that 
incautious pursuits to prevent scenarios of the former kind likely signi$cantly worsen 
scenarios of the latter kind in expectation.
12  Knutsson, 2019a. Similarly, one can argue that classical utilitarianism has an even less 
plausible button-pushing implication than do su!ering-minimizing views. For if we could 
push a button that destroyed our world in an armageddon of su!ering, by causing the 
worst torture possible for years for all beings in this world, and if this button in turn cre-
ated a new world with a “su#cient amount” of pleasure, then classical utilitarianism would 
oblige us to push this button of torment to create such pleasure (a similar point is made 
in ibid.). See also David Pearce’s discussion of what he calls a “utilitronium shockwave”, 
a shockwave of matter and energy optimized for bliss, the creation of which would, in 
theory, be a moral obligation according to classical utilitarianism, Pearce, 2017, “On Clas-
sical Versus Negative Utilitarianism”.
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it is not clear why the corresponding theoretical implication of strictly 

su!ering-minimizing views should count as devastating for those views.13

One response to these objections is to reject both views, or at least to 

reject them in their pure form, and instead adopt additional elements in 

one’s moral theory, such as a prohibition against killing innocent beings. 

Having such a multiplicity of elements in one’s moral theory — what 

is called a pluralist moral theory — is common in modern philosophy, 

including among defenders of su!ering-focused moral views in particular. 

"is relates back to my earlier remark that su!ering-focused views do not 

generally imply that we should end all sentient life even if we could do so 

painlessly. Indeed, many su!ering-focused views entail a maximal prohibi-

tion against it. For example, Jamie Mayerfeld defends a strong prima facie 

duty to reduce su!ering, and argues that no amount of bliss can justify 

allowing the lifelong torture of one being.14 Nonetheless, he still maintains 

that he is “sure that it is wrong to seek the destruction of sentient life, even 

if it could be done painlessly.”15 He goes on to note that:

[T]here may be a crucial di!erence between thinking that it would 

have been better if the world had never come into existence, and 

thinking that we may take it upon ourselves to destroy the life 

that already exists.16

Mayerfeld thus defends an explicitly pluralist account of ethics, accord-

ing to which we should respect individual autonomy and the intrinsic value 

of persons, and which holds that it is wrong to seek the destruction of 

sentient life.17

Another prominent defender of su!ering-focused ethics with a similar 

view is Clark Wolf, who defends a pluralist view according to which our 

prime obligation as far as welfare is concerned is to reduce su!ering, while 

he also notes that he is “convinced that welfarist considerations are not 

13  Knutsson, 2019a.
14  Mayerfeld, 1999, p. 178.
15  Ibid., p. 159.
16  Ibid., pp. 159-160. David Benatar makes a similar point in MOWE, 2018, around 
68 minutes in.
17  Mayerfeld, 1999, pp. 159-160.
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the only morally relevant considerations.”18 In particular, with respect to 

death and the world destruction argument, Wolf writes that:

[W]e might have a contravening prima facie obligation not to kill 

other people. Such an obligation might then defeat the prima facie 

obligation to alleviate su!ering and would provide the basis for a 

plausible argument against the annihilation of our world.19

A similar view seems endorsed within the tradition of Buddhist ethics, 

as scholar of Buddhism Daniel Breyer explains with the following analogy:

An oncologist strives to eliminate cancer in her patients, but she 

does not succeed when they die. Likewise, the Buddhist strives to 

eliminate su!ering, but does not succeed by destroying the world 

because she can no more cure the world of su!ering by annihilating 

it than the oncologist can cure cancer by killing her patient.20

"is Buddhist view and the views of Mayerfeld and Wolf are all 

strongly su!ering-focused views that do not permit the destruction of 

the world.21 And given that attempts to destroy the world seem so bad in 

expectation, it is probably optimal to adopt a side-constraint that prohibits 

such attempts even on purely su!ering-minimizing views.22

18  Wolf, 1997, VIII.
19  Ibid. Wolf has also argued against the world destruction argument with an appeal to 
rights: “[P]olicy makers simply have no right to make decisions about whether the lives 
of others are worth living, or whether they should live or die. Since it is clear that policy 
makers have no right to kill o! the miserable and destitute, this response gains support 
from our moral intuitions.” Wolf, 1996, p. 278.
20  Breyer, 2015, p. 555.
21  In a similar vein, author Jonathan Leighton has defended a pragmatic view he calls 
“negative utilitarianism plus”, according to which we should do our best to reduce pre-
ventable su!ering, yet where we can still “categorically refuse to intentionally destroy the 
planet and eliminate ourselves and everything we care about in the process …” Leighton, 
2011, p. 96. See also Leighton, 2019.
22  Again, the same point can be made about classical utilitarianism and similar moral 
views: the future could be negative in expectation, and hence destroying the world could be 
optimal given these views, yet it is probably still best to adopt a side-constraint that forbids 
it. "ere is not a fundamental di!erence between classical and negative utilitarianism in 
this regard, Knutsson, 2019a.
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All in all, it is not the case that the views defended here imply that we 

should seek to destroy the world, whether we speak of the broader moral 

claim that we should give special importance to the reduction of su!er-

ing, or the stronger, more speci$c moral view that the minimization of 

extreme su!ering carries overriding moral importance. On the contrary: 

these views strongly imply that we should not do this.

8.2 Giving so much weight to su!ering seems to imply that death 

would be a good thing, and that death is something we should want 

to occur sooner rather than later. Yet most people do not want to die.

"e short reply to this objection is that none of the views defended here 

imply that death is generally a good thing. Again, to say that the reduction 

of su!ering should be a foremost priority is not to say that other things 

do not have value as well. As noted above, one can agree with this general 

claim while being a pluralist who ascribes intrinsic value to a wide variety 

of things, including living a moral life and achieving one’s life goals, both 

of which would imply that death is indeed bad.

Furthermore, the view that the reduction of su!ering deserves special 

priority is also compatible with classical utilitarianism, especially if one 

accepts Adam Smith’s point that the potential depths of su!ering are far 

deeper than the heights of happiness, and if one accepts the existence of 

a signi$cant asymmetry in the ease of realizing states of happiness versus 

states of su!ering, as defended in the $rst chapter.23 And classical utili-

tarianism does not generally consider death good either (even though it 

does in some cases, and probably quite often relative to what in%uential 

Christian views and views animated by existence bias $nd acceptable).24

23  As Mayerfeld notes: “[M]ost utilitarians agree we accomplish more by trying to pre-
vent su!ering than by trying to increase happiness …” Mayerfeld, 1999, p. 149. "e same 
view is expressed in Ord, 2013 and Singer, 2018, about 9 minutes in.
24  It is worth noting, however, that classical utilitarianism also has some counterintuitive 
implications with respect to death. For example, if a person who lives in complete isolation 
experiences signi$cantly more su!ering than happiness (also by their own admission), 
then, even if this person expresses a strong wish to live on, classical utilitarianism holds 
that, other things being equal, it would be morally right to end the life of this person 
(though to be clear, classical utilitarianism would not say we should kill such a person in 
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Yet even from the perspective of views that consider the minimiza-

tion of su!ering the overriding or only value, it is not the case that death, 

much less early death, is generally good. For one, early deaths are usually 

seen as more tragic and plausibly cause more su!ering to the bereaved than 

do later deaths.25 More signi$cantly, however, a reduced lifespan will also 

reduce one’s potential to reduce extreme su!ering, which renders the early 

death of any moral agent a potentially very bad thing.26

Beyond that, early death may give rise to more su!ering for other 

beings, such as wild animals, who may emerge in greater numbers in the 

dead individual’s stead, and whose lives may contain signi$cantly more 

su!ering than would the continued life of the individual who died early.27 

"ese considerations suggest that early death is also generally a very bad 

thing even from a pure su!ering-minimizing perspective.28

practice, as other things are not equal). "is is probably an unacceptable implication for 
many, even in theory, in which case one might $nd it necessary to include other things in 
one’s moral theory than just purely welfarist elements, such as respect for consent and a 
prohibition against killing.
25  One study of “bereaved parents of deceased children (infancy to age 34)” found that 
“[a]n average of 18.05 years following the death, when parents were age 53, bereaved 
parents reported more depressive symptoms, poorer well-being, and more health problems 
and were more likely to have experienced a depressive episode and marital disruption than 
were comparison parents.” Rogers et al., 2008. "is plausibly also applies to other species 
where parents have a small number of children in whom they invest a lot of resources, cf. 
Vinding, 2018e.
26  Vinding, 2015c.
27  Tomasik, 2016b; Vinding, forthcoming. "is consideration applies not only to the 
early death of humans but to all sentient beings, Tomasik, 2017a.
28  It must be conceded, though, that from one’s own personal perspective in isolation, 
views that assign overriding disvalue to extreme su!ering do indeed imply that one’s 
continued existence is bad due to the risk of extreme su!ering it entails. Yet this theoretical 
implication is again 1) not a view with great practical relevance, since one can generally 
expect to reduce much more su!ering by staying alive, and 2) hardly that absurd if we re-
ally think about what is at stake.
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8.3 The views defended here do not seem to respect personal 

autonomy and liberty.

Again, my core claim that su!ering deserves special priority in practice is 

consistent with pluralist views of value, including views according to which 

liberty and personal autonomy have intrinsic moral value. "e same is true 

of the more speci$c su!ering-minimizing views I have defended, as these 

views merely hold that the reduction of extreme su!ering is what matters 

most — not that it is the only thing that matters — and hence these views 

are also perfectly consistent with the claim that individual liberty and 

autonomy matter intrinsically.29

Beyond that, even if we do not consider liberty and autonomy intrin-

sically valuable, we should still, on any view that considers the reduction 

of su!ering a priority, value liberty and autonomy for instrumental rea-

sons, since doing so generally has good consequences. On an individual 

level, respecting the liberty and autonomy of others will generally be a 

much more e!ective way for us to engage with the world, as it enables 

trust and collaboration. Similarly, on a collective and institutional level, 

we should all want to enforce respect for individual liberty, as it serves as 

a precondition for open-ended human conversation and peaceful coexis-

tence, which both seem necessary for any successful endeavor to reduce 

su!ering e!ectively.

29  For an argument for the claim that the reduction of extreme su!ering should rank 
higher than respect for individual liberty, consider again two planets, one to which we 
can add greater levels of individual liberty (for people who do not su!er in the absence of 
liberty) and one to which we can add extreme su!ering. "e question is then whether it 
would be right to increase individual liberty on the one planet (assuming, still, that it does 
not reduce su!ering) while adding some amount of extreme su!ering to the other. I main-
tain it would not. Reducing extreme su!ering takes precedence over increasing individual 
liberty when these are in con%ict. A confounding factor, of course, is that these aims are 
generally not in con%ict, as I argue below in the text.
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8.4 Reducing suffering only seems overridingly important to us 

while we experience it. When we do not suffer, other things seem 

equally or more important. Why should suffering be granted a 

special status? For example, many people will also, in the moment 

of eating potato chips, downplay or disregard the importance of 

other things, such as their health, their figure, the bad feelings that 

may ensue, etc. Yet we do not consider this a good reason to deem 

potato-chip eating especially important. Likewise, we should not 

consider the reduction of suffering overridingly important just 

because we experience it as such in the moment.30

First, it is worth reiterating that the core claim that su!ering deserves spe-

cial importance in practice does not imply that other goals, such as those 

we tend to pursue when we do not su!er intensely, are not also intrinsi-

cally worth pursuing.

Second, even as the problem of su!ering is vastly neglected, many 

people actually do consider the reduction and prevention of su!ering 

uniquely important even when they do not su!er themselves. As a case in 

point, a survey conducted by the Future of Life Institute, in which more 

than 14,000 people responded, found that the goal people favored most 

as the ideal aim of a future civilization was “minimizing su!ering”.31 "is 

was the most popular aim by a large margin, ahead of “maximizing positive 

experiences”, and most of the people who favored this goal were probably 

not su!ering while they responded to the survey.

"ird, the biases reviewed in the previous chapter may distort our 

judgment. For example, the empathy gap that makes us unable to really 

understand the nature and importance of su!ering when we are not expe-

riencing it, and the positivity bias that makes our memories of negative 

states mild compared to our memories of positive states, even though the 

negative states actually tend to be more dominant.32 Beyond that, there is 

the pleasure-desire bias: the potential for our mechanism of pure want-

ing, as opposed to the actually pleasant sensation of liking, to bias our 

30  "is objection is a paraphrased version of the objection found in Grace, 2012.
31  Future of Life Institute, 2017.
32  See section 7.9; Baumeister et al., 2001.
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assessments. And this seems especially relevant with respect to the potato-

chip example, since potato-chip eating plausibly tends to be motivated 

signi$cantly more by wanting than by liking. In other words, it may stem 

more from anticipation of a reward than from an actual sensation of plea-

sure (not too unlike the actions of an addict, although on a smaller scale).33 

In contrast, when we experience su!ering, we are directly experiencing a 

bad state, and our drive to get away from it is not based on frivolous self-

indulgence or “empty” wanting.

When we consider su!ering unimportant because we do not ourselves 

experience it, we do so, I submit, because of an epistemic limitation. "e 

same cannot be said, or at least not to remotely the same extent, about 

the wanting-driven behavior of eating potato chips. Indeed, potato-chip 

eating can often be deemed barely enjoyable and without real value even 

from the inside while one indulges in it (such as if one has already eaten a 

full bag), whereas intense su!ering will always be experienced as intensely 

bad, and its avoidance will always be found undeniably important in the 

moment. "is is a big di!erence.

More generally, we have many crude drives for primeval indulgences 

that we can easily be caught up in and obsess about, yet most of us can 

agree that these tend not to stand up to re%ective scrutiny, nor warrant a 

high-minded defense (if anything, these drives usually require the oppo-

site from our cerebral faculties: restraint). "e reduction of su!ering, on 

the other hand, does indeed deserve our most sincere endorsement and 

defense. Most of us can agree, on re%ection, that these goals are not on 

the same footing.

33  Pablo Sta!orini made a similar point in the comments on Grace, 2012.
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8.5 It seems strange to deny a symmetry between happiness and 

suffering. Why should happiness of a given intensity not be 

considered as morally good as suffering of the same intensity should 

be considered morally bad?

Intuitions certainly di!er on whether it is more strange to deny or a#rm 

a moral symmetry between happiness and su!ering.34 Recall that R. I. 

Sikora called it a common intuition that “pain prevention should count 

more heavily than the promotion of pleasure”,35 while philosopher Gustaf 

Arrhenius calls it an “important intuition” that it is “more important to 

relieve su!ering than to increase (already happy people’s) happiness.”36 

And the survey $nding that minimizing su!ering appears the most favored 

ideal goal among people also suggests that asymmetrical intuitions are 

widely shared.37

In the interpersonal case especially (which is the most morally relevant 

one by far), I believe most people would $nd any supposed moral symme-

try between happiness and su!ering deeply suspect. For instance, if Bob 

could gain a maximal level of happiness for an hour at the price of Alice 

having to experience su!ering for an hour at an intensity just below the 

“corresponding” intensity of su!ering, is it really plausible to say that we 

are morally required to bring about this state of a!airs (if the alternative is 

that Alice and Bob are both in an untroubled, neutral state)?38 I think most 

people would deny this, and it is by no means clear why they should not.

34  At any rate, one should be careful with appeals to strangeness. For the fact that a 
proposition seems strange does not imply that the alternatives will seem less strange. 
Indeed, there is no logical reason why our intuitions should not deem every conceivable 
position on a given issue strange. So even if it in some sense seems strange to reject a moral 
symmetry between happiness and su!ering, it may well be much stranger still to accept 
such a moral symmetry, especially when we consider its implications.
35  Sikora, 1976, p. 587. James Gri#n also wrote that Karl Popper “has answered for the 
majority” in rejecting a moral symmetry between happiness and su!ering, Gri#n, 1979, p. 47.
36  Arrhenius, 2000, p. 138.
37  Future of Life Institute, 2017. "ere may, of course, be other things explaining these 
responses than just a moral asymmetry between equally intense happiness and su!ering, 
such as asymmetries in potential intensities (see section 1.2) as well as asymmetries in ease 
of realization (see section 1.3), yet it still seems likely that (implicit) acceptance of such a 
moral asymmetry is at least part of the explanation.
38  "e meaning of the term “corresponding intensity” in this context is itself problemat-
ic, as it is not clear how to measure intensities of happiness and su!ering in a commensu-
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After all, as G. E. Moore wrote in Principia Ethica:

We have no title whatever to assume that the truth on any subject-

matter will display such symmetry as we desire to see … "e study 

of Ethics would, no doubt, be far more simple, and its results far 

more ‘systematic,’ if, for instance, pain were an evil of exactly 

the same magnitude as pleasure is a good; but we have no reason 

whatever to assume that the Universe is such that ethical truths 

must display this kind of symmetry …39

Clark Wolf makes a similar point in relation to the assumption that 

pleasure can outweigh pain:

[I]t is far from obvious that pains and pleasures are commensurable 

in this way, and there is good reason to doubt that the twin utilitarian 

aims [of maximizing happiness and minimizing su!ering] are even 

compatible — at least not without further explanation.40

One observation that may seem to favor a moral or evaluative sym-

metry between happiness and su!ering is that we can sometimes have 

bad and good feelings simultaneously, and it can seem like the good can 

sometimes overpower or outweigh the bad. If so, why should we not deem 

them symmetric?

One must be careful here, however. For happiness and su!ering as 

de$ned here — an overall good feeling and an overall bad feeling respec-

tively — indeed cannot coexist at the same time; only aversive and pleasant 

components can. And pleasant components can surely dominate aversive 

components, in e!ect producing an overall pleasant feeling. "is is a clear 

rable way, let alone in a manner that has interpersonal validity, Knutsson, 2016b. Yet let us 
assume for the sake of argument that Bob and Alice use the same intensity scale. Note also 
that the “corresponding level” of su!ering need not be close to maximal, cf. the asymmetry 
in potential states defended in section 1.2 and Mathison, 2018, chap. 2.
39  Moore, 1903, p. 222. Indeed, as quoted earlier, Moore wrote that “pleasure, however 
intense, does not, by itself, appear to be a great good, even if it has some slight intrinsic 
value”, whereas “pain … appears to be a far worse evil than pleasure is a good.” Ibid., p. 212.
40  Wolf, 1997, I.
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and well-de$ned sense in which pleasant components can prevail over 

aversive components.

Yet to draw implications about su!ering from this is, once again, to 

overlook the monumental gap between a mere aversive component and 

su!ering proper, the former being a merely local experiential property 

that may well be wholly agreeable, whereas the latter is, by de$nition, a 

globally disagreeable state of consciousness. In other words, these are two 

fundamentally di!erent phenomena (although the former may lead to the 

latter). And unlike the case of pleasant components dominating aversive 

components, there is no straightforward sense in which the happiness of 

many can outweigh the extreme su!ering of a single individual, although 

we may be tempted to (mis)extrapolate like this from the case of aversive 

components, their vast dissimilarity from su!ering notwithstanding.41

Pleasure may well be able to prevent su!ering, such as by keeping 

su!ering at bay in the mind that it occupies, yet that still does not sug-

gest that whatever intrinsic value pleasure might have is comparable to 

the intrinsic disvalue of su!ering, much less that it is justi$able to create 

pleasure at the price of su!ering.

Indeed, the notion that happiness and su!ering are morally symmetric 

deserves our most meticulous scrutiny. It may, of course, seem intuitive 

to assume that some kind of symmetry must obtain, and to superimpose 

a certain interval of the real numbers onto the range of happiness and 

su!ering we can experience — from minus ten to plus ten, say. Yet we 

have to be extremely cautious about such naively intuitive moves of con-

ceptualization. "is holds true of e!orts to devise theoretical models in 

general, but it is especially true when our ethical priorities hinge on these 

conceptual models; when they can determine, for instance, whether we 

$nd it acceptable to allow astronomical amounts of su!ering to occur in 

order to create “even greater” amounts of happiness.

First of all, it is worth examining why it can seem intuitive to consider 

su!ering and happiness morally symmetric. One reason may be the terms 

we usually use to describe these states. As Simon Knutsson notes in a 

defense of the view that su!ering does not have a truly positive counterpart:

41  A similar point is made in Anonymous, 2015, 2.2.5
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[T]he phrases ‘negative well-being’ and ‘negative experiences’ are 

unfortunate because if something is negative, it sounds as if there is 

a positive counterpart. Better names may be ‘problematic moments 

in life’ and ‘problematic experiences,’ because unproblematic, 

which seems to be the opposite of problematic, does not imply 

positive.42

Another reason we may consider happiness and su!ering opposites is 

that they, as hinted by Knutsson, are opposites in a very real sense: a prob-

lematic feeling is indeed the exact opposite of an unproblematic feeling. 

Yet the fact that two states are each others’ opposites in this sense does not 

imply they are symmetric in the sense of being able to morally outweigh 

each other or meaningfully cancel each other out. Consider, by analogy, 

the states of being below and above water respectively. One can certainly 

say that being below water is the opposite of being above water. In par-

ticular, one can say that, in one sense, being 50 meters below water is the 

opposite of being 50 meters above water. But this does not mean, quite 

obviously, that a symmetry exists between these respective states in terms 

of their value and moral signi$cance. Indeed, there is a sense in which it 

matters much more to have one’s head just above the water surface than 

it does to get it higher up still.

In general, it is simply fallacious to assume that every element in exis-

tence necessarily has an inverse element that can meaningfully undo or 

outweigh it. As Guillaume Chauvat puts it:

Many symmetric utilitarians assume that things must be symmetric 

by default; that the existence of negative value almost mathematically 

implies the existence of positive value. "is seems misguided: very 

often, optimization problems consist in minimizing an error that 

ideally would be zero, but which in practice has a strictly positive 

lower bound. I wonder if common intuitions would be di!erent 

if things were phrased more as an optimization problem?43

42  Knutsson, 2019a, “How objectionable are the purported implications?”
43  Personal communication.
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"e view that happiness and su!ering are not opposites in the sense 

of being symmetric counterparts also $nds support from psychology and 

neuroscience. As Baumeister et al. note:

"e distinction between good and bad (pleasant and unpleasant) 

emotions is well established in psychology and familiar to nearly 

everyone. Although laypersons typically regard these as opposites, 

there is some evidence that the two are somewhat independent …44

Philosopher of psychology and neuroscience Adam Shriver sums up 

the research in the following way:

Recent results from the neurosciences demonstrate that pleasure 

and pain are not two symmetrical poles of a single scale of experi-

ence but in fact two di!erent types of experiences altogether, with 

dramatically di!erent contributions to well-being.45

And as Shriver notes, it is worth paying close attention to these $nd-

ings in our ethical theorizing:

Given the large body of evidence suggesting an asymmetry [between 

happiness and su!ering at the level of the brain], ethicists cannot 

simply assume that what is said about pleasure has similar implica-

tions for pain, and vice versa.46

"us, also when we take into account what we know about happiness 

and su!ering in psychological and neuroscienti$c terms, we $nd reasons to 

doubt that (to use Popper’s phrase) we can treat degrees of pain as “negative 

44  Baumeister et al., 2001, p. 331. See also Diener & Emmons, 1984.
45  Shriver, 2014, abstract. "is is not, however, to say that there are not signi$cant over-
laps between the circuits that mediate pain and pleasure. For example, as Mike Johnson 
points out, damage to the ventral pallidum seems able to change reactions toward other-
wise pleasurable things into active disliking, and “certain painkillers such as acetamino-
phen blunt both pain and pleasure …” Johnson, 2016, pp. 5-6.
46  Shriver, 2014, p. 13 (draft version). "e same point is made in Bain & Brady, 2014, 
4.3: “We must not … assume that whatever is said about unpleasantness should simply be 
inverted and said about pleasantness …”
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degrees of pleasure”, and to doubt that pleasure can ethically “cancel out” 

pain — any more than putting people far above a water surface can cancel 

out or outweigh the bad of putting people far below it.

Yet far stronger still, I maintain, are the more direct reasons not to 

accept a moral symmetry between “equally intense” states of happiness 

and su!ering that we have reviewed in previous chapters, such as the fact 

that there is an urgency to reducing su!ering, inherent to the experience 

itself, while there is no corresponding urgency to increase happiness for 

those who do not su!er.47

"is is a real, qualitative di!erence between the experiential prop-

erties of happiness and su!ering, and it implies, I submit, that helping 

someone go from zero to ten on a notional happiness scale (where zero is 

an entirely unproblematic, neutral state) does not have remotely the same 

moral importance, if any at all, as helping someone go from minus ten to 

zero on a “corresponding” su!ering scale.

Such a moral asymmetry also $nds support in the related fact that 

the wrongness and problematic nature of su!ering is manifest from the 

inside, inherent to the experience of su!ering itself rather than superim-

posed, whereas the notion that there is something (similarly) wrong and 

problematic about states absent of su!ering must be imposed from the 

outside. Su!ering and happiness are qualitatively di!erent in these regards, 

whether intense or not.48

47  See section 1.4. Again, for concreteness, we can imagine that we have a bunch of pills 
that we can use to raise happiness to maximally intense levels for a group of otherwise 
entirely untroubled people for a full day, or we can use them to reduce “correspondingly 
intense” su!ering for an equally large group of people, and bring them to an untroubled, 
neutral state (for the same duration). It seems highly plausible to say that we should 
use these pills for the latter rather than the former, which is to say that it seems highly 
plausible to reject the moral symmetry between happiness and su!ering supposed by the 
objection above.
48  Beyond that, one can argue that, even if happiness and su!ering were morally sym-
metric up to a certain point, this would not imply that su!ering of an intensity beyond 
this point can be morally outweighed by any amount of happiness. Additional arguments 
in favor of a moral asymmetry between happiness and su!ering are found in Mayerfeld, 
1996; 1999, chap. 6; Mathison, 2018, chap. 2.
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For these reasons, it is far more plausible to add up happiness and su!ering 

separately than to add them up in a single measure, especially from a moral 

perspective. Cognitive scientist Stevan Harnad defends the same view:

[Pain and pleasure are] incommensurable … it makes no sense to 

add and subtract across both half lines to integrate “net” welfare 

over both these qualities. …

It follows that if welfare comparisons or integrations are to be 

applied across multiple individuals, it can only be done separately 

for pain and separately for pleasure.49

On this view, the only thing that can count as “negative su!ering” is 

the reduction of su!ering itself, not the increase of something else. And 

while there are no doubt also considerable problems with regard to mea-

suring and adding up su!ering and happiness separately,50 such separate 

measurements are still much less problematic, as they only entail measuring 

and adding up things of the same fundamental kind — not two qualita-

tively di!erent things.51

49  Harnad, 2016, pp. 1-2.
50  Knutsson, 2016b.
51  It is also bound to be less problematic since summing happiness and su!ering 
together into one measure indeed requires that we can add up happiness and su!ering 
respectively, and that we can add them up together. "e mere fact that this is an additional 
assumption we have to accept renders such a single sum of happiness and su!ering strictly 
less plausible than the claim that we can add them up separately. See also Anonymous, 
2015, 2.2.13.
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8.6 The strong focus on suffering argued for here is missing 

something important: the world is getting better.52 We have seen 

poverty decline rapidly over the last few decades, and humanity’s 

understanding and wealth are increasing at a near-exponential 

pace. In particular, the science and engineering of happiness has 

only just begun, and it may well be that these endeavors will 

eventually enable us to create forms of happiness far greater than 

anything any currently living sentient mind is able to experience. 

Such states of happiness could have greater moral weight than 

even the most extreme forms of suffering that biological evolution 

has created, and our civilization could some day bring about 

astronomical numbers of beings experiencing such happiness. It 

would be a myopic shame if we allowed the comparative bleakness 

of today’s world to prevent us from working toward the creation of 

such a truly awesome future.

First, the fact that the world is getting better in some respects does not imply 

that things will continue to get better in all morally relevant respects in the 

future; and any expectation we may have that things will continue to get 

better should be met with skepticism, especially in light of our tendency to 

entertain wishful thinking and overoptimistic expectations.53 Second, the 

world is in fact not getting better in all respects. For example, the number of 

individuals subjected to the extreme horrors of factory farming — which is 

about twenty times the number of existing humans, per year 54 — is increas-

ing at a roughly exponential rate.55 So overall, for the sentient beings within 

humanity’s “care”, the world is in fact becoming worse every year, with a 

roughly exponential increase in human-caused su!ering.56

52  Ridley, 2010; Pinker, 2011; 2018; Rosling et al., 2018. Note that none of the argu-
ments I have presented concerning the moral importance of su!ering are in tension with 
the descriptive accounts of human progress in these books. A criticism I would level at 
these descriptive accounts, however, is that none of them come remotely close to convey-
ing the situation of the vast majority of sentient beings on the planet, which renders these 
accounts incomplete at best.
53  Bastardi et al., 2011; Sharot, 2011.
54  Mood & Brooke, 2012.
55  Bollard, 2018.
56  "is is not to say that this trend could not also be reversed — hopefully it will be — yet 
it does serve to question the optimistic narrative expressed in this objection, which does not 
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And even if the world were improving at an exponential pace in every 

regard, this would not imply that our condition is on the whole “net posi-

tive” — such that, say, it is worth spreading to outer space — or that it 

is on its way to becoming “net positive”. "e fact that we have reduced 

some bad things signi$cantly, such as poverty and child mortality, does 

not imply that we have thereby produced a positive good, much less a 

positive good that can outweigh extreme su!ering. By analogy, imagine 

a torture chamber in which a thousand people are perpetually subjected 

to the most horri$c torture. If it happened that the number of people 

tortured in the torture room was brought down to “just” a hundred in a 

decade, this would surely be amazing progress, at least in some sense. Yet 

it would not imply that the torture room would now be worth expand-

ing to outer space, or that it ever could be. And our planet undoubtedly 

contains far more extreme su!ering than a torture room that ceaselessly 

tortures a thousand individuals for a lifetime.

As for the notion that we might be able to create happiness “much 

greater” than even the most extreme su!ering currently possible, it should 

be noted that we might also create forms of su!ering even more extreme 

than what has hitherto been possible, such as in future interrogations pow-

ered by technological breakthroughs.57 In the worst case, we might create 

such su!ering on an astronomical scale.58

A more fundamental point, however, is that the possibility that happi-

ness might become much more intense has little relevance to most of the 

arguments advanced here. As noted in response to the previous objection, 

no matter how intense happiness can be, it does not change the fact that 

there is no moral urgency found in the neutral absence of happiness, or 

in mild happiness that could be more intense. Nor does it change the fact 

that the presence of intense su!ering is felt as intrinsically problematic, 

as experienced from the inside, whereas the notion that the absence of 

intense happiness carries a similarly problematic nature must be imposed 

from the outside — it is not intrinsic to the mere absence of happiness.

seem warranted from an impartial perspective that takes all sentient beings into account.
57  Knutsson, 2015b, “Modern and future torture”.
58  Tomasik, 2011; Althaus & Gloor, 2016; Baumann, 2017e.
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"e prospect of more intense future happiness is also irrelevant accord-

ing both to anti-hurt views and the asymmetrical views of population 

ethics reviewed in the $rst chapter. Similarly una!ected is the principle 

of sympathy for intense su!ering — we should still give total priority to 

those who consider their su!ering unbearable and unoutweighable, regard-

less of how intense others’ happiness may be. And the same holds true of 

the general moral principle defended in the third chapter: that it is wrong 

to create happiness at the price of su!ering. Most people who consider 

it wrong to torture one person for the happiness of many do not do so, I 

submit, because the happiness of the many is insu#ciently intense. "is 

also applies to the city of Omelas in particular: raising the happiness of 

the already happy inhabitants of Omelas even higher does not address the 

underlying objection that it is wrong to cause the unfortunate child to 

su!er for others’ happiness.

"is is not just theoretical. For the truth is that space colonization, even 

if done to maximize happiness, would entail signi$cant risks of extreme 

su!ering, and hence would contain, in expectation, a considerable amount 

of extreme su!ering.59 Consequently, if we do not think extreme su!ering 

can be outweighed by happiness, we should not work to create happiness 

on a cosmic scale (though we should remain cooperative with those who 

do). As Brian Tomasik notes:

"ose who feel that Ursula K. Le Guin’s city of Omelas should 

not exist ought also to reconsider their support of post-human 

space colonization. Omelas is actually a much better scenario than 

almost any actual outcome we can expect to see, so even those who 

welcome Omelas should exercise caution regarding what kinds of 

futures they’re working to bring about.60

59  Again, it has been argued that a very bad scenario is in fact what is most likely to fol-
low from space colonization, Deudney, 2020; Torres, 2018a; 2018b.
60  Tomasik, 2013f.
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8.7 The view that it is more important to reduce suffering than to 

increase happiness plausibly derives from the prioritarian view, 

according to which it is more important to help beings the worse 

off they are, rather than the view that suffering per se is more 

important than happiness.

First, even if the view that it is more important to reduce su!ering does, in 

the eyes of some people, derive purely from a prioritarian view, this does 

not change what the view says. "at is, whether we think this view derives 

from a prioritarian intuition or from the intrinsic badness of su!ering, 

the main content of the view stands just the same: it is more important to 

reduce su!ering than to increase happiness.

Second, the notion that the moral asymmetry between happiness and 

su!ering derives purely from prioritarian intuitions seems most implausible. 

For no matter how well or badly o! a person may be, there is still something 

intrinsically bad about extreme su!ering, and it still contains an urgency that 

increasing happiness does not. Indeed, if the moral asymmetry between happi-

ness and su!ering derived purely from a prioritarian view, and if one thought 

there is a moral symmetry between happiness and su!ering otherwise, then 

it could be right to impose torturous su!ering on someone who is otherwise 

well-o! in order to increase the happiness (i.e. happiness that does not reduce 

su!ering) of some individuals who are otherwise badly o!, if only the amount 

of happiness is great enough.61 Yet I doubt many people who hold a priori-

tarian view would accept this implication, which is to say that I doubt most 

prioritarians accept a moral symmetry between happiness and su!ering per se.

"us, although prioritarianism does lend considerable support to the 

view that su!ering deserves unique priority, it is still unlikely to be the 

sole, or even main, explanation of the moral asymmetry between happi-

ness and su!ering.62

61  One may object that the extreme su!ering will make the otherwise well-o! person 
worst o! in total, yet this is not the case if the benefactors of the resulting happiness have 
also experienced extreme su!ering, and indeed experienced more extreme su!ering, at 
some point in their lives (and again, we must make clear that the happiness gained would 
not in any way reduce su!ering, in which case we would not be pitting su!ering against 
happiness).
62  See also Mayerfeld, 1999, pp. 149-157 for a discussion of whether prioritarianism or 
the intrinsic badness of su!ering provide the better account of the moral asymmetry be-
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8.8 A paradise without any suffering and full of happiness and 

meaning is surely better than absolute nothingness.

"is claim is consistent with most of the su!ering-focused views explored 

in this book. For example, it is directly implied by the impure anti-hurt 

view, which says that happiness and su!ering both matter, although the 

reduction of su!ering is more important than any increase in happiness.63 

Indeed, even views that assign absolutely no value to happiness can still 

agree with this claim — for example, pluralist accounts of value accord-

ing to which things other than experiential well-being also matter, such 

as living meaningful lives and accomplishing life goals.64

Some pure anti-hurt views would reject the claim, however. One way 

to defend this rejection may be to say that we only consider happiness to 

be better than nothing because we already exist, and because we want there 

to be happiness (and hence we may feel dissatis$ed about its absence). Yet 

if we or this want of ours did not exist, there would be nothing subopti-

mal about the absence of happiness.65 As mathematician and philosopher 

Piet Hein put it:

"e universe may

be as great as they say.

But it wouldn’t be missed

if it didn’t exist.66

tween happiness and su!ering. Mayerfeld expresses great sympathy toward both views, yet 
notes that his “con$dence in the priority view is not quite as strong as it is in the intrinsic 
property view.” Ibid., p. 154.
63  See section 2.3.
64  As highlighted by Lukas Gloor in his defense of tranquilism, Gloor, 2017. And again, 
pluralist views are also endorsed by the most prominent su!ering-focused thinkers within 
academia, such as Jamie Mayerfeld and Clark Wolf (both of whom assign some value to 
happiness).
65  "is view is consistent with Fehige’s anti-frustrationist view as well as the perfectionist 
axiology explored in Contestabile, 2014. See also Anonymous, 2015, 2.2.2; Jules, 2019.
66  "is stems from one of Hein’s many collections of “grooks”, yet I have failed to $nd 
where it was published originally. A large collection of his grooks were published posthu-
mously in Hein, 2002.
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8.9 Most people would say that a mere pinprick can be outweighed 

by a large amount of happiness.67

First, the sentiment expressed in this objection is perfectly consistent with 

maintaining that our overriding moral priority should be to minimize 

extreme su!ering, not least since a pinprick is not remotely close to extreme 

su!ering. It is also consistent with my core claim that the reduction of 

su!ering deserves a foremost priority.

Second, we should be careful to clarify what is entailed by a pinprick 

in the context of this objection, as a pinprick may just lead to an aversive 

component in an overall agreeable experiential state, which is di!erent 

from su!ering as de$ned here: an overall bad experience.68 "us, views 

that say su!ering cannot be outweighed by happiness need not say the 

same about pinpricks.69

"ird, from the perspective of a consciousness-moment that does expe-

rience an overall bad experience (even if just mildly bad), there is indeed 

something bad and problematic about the su!ering. And if the alternative 

to imposing such su!ering is an entirely untroubled and problem-free state 

without any su!ering whatsoever, it is not obvious why creating this suf-

fering together with a lot of happiness is a better state of a!airs.

67  See also section 3.4 (my reply below restates some of the points made in that section). 
Sometimes this objection is framed in terms of world destruction: pure negative utilitarian-
ism would imply that we should destroy the world to avoid a pinprick. Yet it should be 
noted, again, that similarly unpalatable implications follow from other consequentialist views 
that take welfare to be the only thing that has moral value. For instance, as David Pearce 
points out (Pearce, 2017, “"e Pinprick Argument”), classical utilitarianism would also, in 
theory, mandate the destruction of a world full of sentient beings to avoid even the smallest 
pain if it otherwise contained exactly net zero welfare. "is too seems implausible to most 
people, and hence one should be careful to consider whether what one objects to (when 
objecting to negative utilitarianism, say) is the emphasis on reducing su!ering over increasing 
happiness, or instead the notion that nothing besides welfare matters. For more discussion of 
the world destruction argument against negative utilitarianism, see Knutsson, 2019a.
68  A similar distinction has been drawn by Justin Klocksiem, who argues that any amount 
of genuine pain has greater disvalue than any amount of mere discomfort, Klocksiem, 2016.
69  "ough similar to the impure anti-hurt view that acknowledges two lexically distinct 
values, one can also construct a view that prioritizes the reduction of aversive experiential 
components before increasing pure happiness (i.e. states of happiness that contain no 
aversive components). For instance, one may hold a three-level view according to which 
any amount of su!ering has greater moral weight than any amount of aversive experiential 
components, which in turn have greater moral weight than any amount of pure happiness.
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A relevant thing to keep in mind in this context is the distinction 

between interpersonal and intrapersonal tradeo!s. For if we consider the 

interpersonal case in particular, it is not clear that most people or “common 

sense” would say that the imposition of even mild su!ering for the purpose 

of creating happiness is permissible, much less morally required (provided, 

again, that the alternative is an entirely untroubled state).

Indeed, imposing such su!ering on someone for the sake of others’ hap-

piness would be forbidden by Par$t’s compensation principle: one person’s 

burdens cannot be compensated by bene$ts to another person who is already 

well-o!, which seems quite commonsensical (as noted earlier, Par$t considered 

this principle “clearly true”).70 And we obtain a similar conclusion by applying 

the common-sense principle defended by Seana Shi!rin in the context of what 

we are allowed to do to others for their own sakes; that principle being that 

it is permissible to harm someone in order to prevent greater harm for them, 

even without their consent, yet never permissible to harm someone (without 

their consent) to provide them a pure bene$t.71 "us, if we accept and combine 

these two common-sense principles, it follows that it is not morally permissible 

to impose even the mildest su!ering on another person without their consent 

in order to create a pure bene$t such as happiness (i.e. happiness that does not 

in turn reduce su!ering or other harms).

Lastly, in practice, the creation of large amounts of happiness all but 

surely would compensate for mild su!ering, even according to pure negative 

utilitarianism, since creating large amounts of happiness in already existing 

beings likely means they will su!er considerably less than they otherwise 

would.72 Which is to say that happiness that has no e!ect on su!ering hardly 

exists in the real world. And this is probably a strong confounding factor 

when we seek to appraise the intrinsic value (as opposed to the instrumental 

value) of happiness versus the intrinsic disvalue of su!ering.73

70  Par$t, 1984, p. 337; Wolf, 1997, I.
71  Shi!rin, 1999.
72  Kant similarly defended an indirect duty to secure happiness on deontological 
grounds: “To secure one’s own happiness is a duty, at least indirectly; for discontent with 
one’s condition, under a pressure of many anxieties and amidst unsatis$ed wants, might 
easily become a great temptation to transgression of duty.” Kant, 1785, “First Section”.
73  As noted in the second chapter, a defender of pure anti-hurt views may also argue that this 
is why we consider it worthwhile to go through pinprick-level su!ering to obtain happiness 
in the intrapersonal case: if we do not obtain happiness, we tend to su!er (and notice in this 
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8.10 "e claim that extreme su!ering is worse than any amount of 

mild su!ering seems strange and implausible. For if we have a state 

of extreme su!ering that occurs for a certain duration, it seems that 

a slightly less intense state of su!ering extended for a much longer 

duration would be worse. "is is presumably true at all levels of 

su!ering: for a given duration of any intensity of su!ering, some 

slightly less intense su!ering extended for a su#ciently long duration 

would be worse. In this way, we can construct a sequence in which 

intense su!ering is gradually exchanged for longer durations of less 

intense su!ering, and in which we eventually get a vast duration of 

mild su!ering that is worse than a short duration of extreme su!ering. 

And since mild su!ering can always be outweighed by happiness, it 

follows that extreme su!ering can be outweighed by happiness.74

"e last premise in this objection — that mild su!ering can always be out-

weighed by happiness — is what I argued against in the previous objection 

based on common-sense principles, as well as in previous chapters.75 So 

the last step in this argument cannot readily be granted, nor can it readily 

be considered more commonsensical than its rejection.76

regard that words like “unhappy” and “unpleasant” refer to negative states, not neutral ones). 
What we tend to call a neutral state often entails subtle yet signi$cant boredom and frustra-
tion, which can be removed by pleasure. "e following quote from Benatar may help explain 
the seeming contradiction in how everyday discomforts can both be signi$cant and overlooked 
at the same time: “Because of Pollyannaism we overlook the bad (and especially the relatively 
mildly bad). Adaptation also plays a role. People are so used to the discomforts of daily life that 
they overlook them entirely, even though they are so pervasive. Finally, since these discomforts 
are experienced by everybody else too, they do not serve to di!erentiate the quality of one’s own 
life from the quality of the lives of others. "e result is that normal discomforts are not detected 
on the radar of subjective assessment of well-being.” Benatar, 2006, p. 72.
74  "is objection does not distinguish between inter- and intrapersonal tradeo!s, which 
one may consider relevant as well. For instance, one may think that it is morally acceptable 
to undergo extreme su!ering oneself to avoid experiencing a large duration of mild su!er-
ing, yet not consider it permissible to impose extreme su!ering on someone else to prevent 
a longer duration of mild su!ering for oneself or others.
75  See the third chapter and section 1.4.
76  Indeed, for a great number of people in the East, the commonsensical view is argu-
ably that su!ering cannot be outweighed by happiness: “"ere are nearly 1.5 billion 
Buddhists and Hindus [actually there are more], and while Buddhism is less explicit and 
less consequentialist than negative utilitarianism, the basic (though not uniform) Buddhist 
view on how pleasure and su!ering are being valued is very similar to negative utilitarian-
ism; Hinduism contains some similar views.” Anonymous, 2015, 2.2.14.
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As for the $rst step, there are many things to be said. First, even if it 

seems “strange” to say that extreme su!ering is more important to prevent 

than any amount of mild su!ering, perhaps primarily because we can make 

this seemingly plausible sequence argument against it, this does not imply 

that the alternative will not also seem strange — the alternative being the 

claim that there is some number of mild states of su!ering that, collectively, 

would be more important to prevent than extreme su!ering, such as a full 

day of brazen-bull torture. Indeed, to many people, this latter claim will 

appear signi$cantly more strange and implausible, even if the sequence 

argument in its favor also seems somewhat plausible.

Yet how can one respond to this sequence argument? One way to 

respond is to argue that there indeed is a discontinuous step where su!er-

ing becomes worse than all lesser forms of su!ering, such as at the point 

where one can no longer consent to it.77 As mentioned earlier, however, 

one actually does not need to accept such an abrupt point of discontinu-

ity to defend value lexicality between mild and intense su!ering.78 Here is 

Simon Knutsson outlining a rough sketch of one of the many alternative 

approaches one may favor instead:

[O]ne can, for example, hold that there are di!erent orders or levels 

of su!ering and that the separation between them is not sharp 

[in the sense that it kicks in between two very similar intensity 

levels of su!ering]. "ere are di!erent versions of such non-sharp 

distinctions, but here is just a simple example to illustrate. Say that 

someone claims that there are bald and non-bald humans, must 

that person hold that there is some sharp line such that if one adds 

a single hair, a person would go from bald to non-bald? "is is a 

typical illustration of vague terms such as ‘bald,’ and non-sharp 

di!erences between levels of value have been described both in terms 

of vagueness and in other ways …79

77  "is particular view was defended at greater length in the fourth chapter and in 
Tomasik, 2015a, “Consent-based negative utilitarianism?”
78  Arrhenius & Rabinowicz, 2015, 12.5, 12.7; Knutsson, 2019b; Vinding, 2020a.
79  Knutsson, 2016e. See Knutsson, 2019b for a more elaborate and technical argument 
based on many-valued logic.
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Indeed, one can reasonably maintain that no amount of mild su!er-

ing carries greater signi$cance than extreme su!ering while being largely 

agnostic about the details: maybe there is a discontinuous step,80 maybe 

there are ranges and vagueness in the way described by Knutsson,81 maybe 

the disvalue of aggregates of mild su!ering levels o! asymptotically,82 or 

maybe something else entirely accounts for this superiority in value.83 "e 

fact that we may not have a single, universally accepted account of the 

structure of this value lexicality at a very $ne-grained level does not render 

it implausible — any more than the fact that we cannot explain the details 

of how biological life emerged via crude mechanical processes provides a 

compelling reason to doubt that it in fact did.

Finally, it is worth noting that, at least relative to the moral intuitions 

of many people,84 the position we take in relation to the objection above 

will be largely inconsequential either way, since it does not alter the con-

clusion that we should prioritize the reduction of extreme su!ering over 

the creation of happiness in practice. As Brian Tomasik notes:

[W]e don’t need to know whether there exists a theoretical amount 

of happiness that can outweigh torture to know that our moral 

priority should be on reducing extreme su!ering rather than trying 

to create new happy beings.85

80  As defended in the fourth chapter. A similar view is defended in Klocksiem, 2016.
81  Knutsson, 2016e, “"resholds”; 2019b.
82  Carlson, 2000; Arrhenius & Rabinowicz, 2015, 12.7.
83  In particular, one may assign di!erent credences to di!erent theories, or “structures” 
of lexicality that have been proposed, cf. Knutsson, 2016g, “"e structure of lexicality”. 
For example, one may assign some credence to the account outlined in Arrhenius & Rabi-
nowicz, 2015, 12.5; some credence to the account outlined in ibid., 12.7; some credence 
to the account defended in Knutsson, 2019b; etc. Together, these credences should then 
add up to the total credence one has in the general lexicality thesis.
84  Cf. Future of Life Institute, 2017.
85  Tomasik, 2015d. See also Tomasik, 2013b, “Practical implications aren’t much 
a!ected by the choice”. "is even applies when we consider our potential to create an 
astronomically large future paradise, since any endeavor to create such a paradise would 
entail vast amounts of extreme su!ering in expectation as well, Tomasik, 2011; 2013f.
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8.11 The view that it is more important to prevent some amount 

of extreme suffering than any amount of mild suffering seems 

implausible because it implies we should just ignore all mild 

suffering in practice.

Although this implication seems intuitive, it does not in fact follow, for 

various reasons. First, there are considerations about instrumental e!ects: 

if we ignore mild su!ering in practice, we will probably be more likely, 

through self-conditioning, to fail to reduce extreme su!ering in the 

future.86 Second, there are considerations pertaining to empirical uncer-

tainty: we often cannot know whether other beings experience extreme 

versus non-extreme su!ering (this is especially true of beings such as $sh 

and insects, as well as disembodied brains).87 Indeed, there is a small yet 

non-negligible risk that those who seem to experience “merely” mild suf-

fering in fact experience extreme su!ering, implying that reducing what 

seems to be mild su!ering also deserves priority in practice on views that 

assign lexical weight to extreme su!ering.

"ird, even ignoring the two previous considerations, it is by no means 

unthinkable that there might be cases in practice where one has no idea 

whether an action that prevents mild su!ering has a positive or negative 

in%uence on the amount of extreme su!ering there will be (though the 

previous considerations suggest the e!ect will generally be positive). In 

such cases, the lexical view will indeed require us to prevent the mild suf-

fering, as this is still better than reducing no su!ering.88

86  Cf. Salamon & Rayhawk, 2009. "is mirrors Kant’s worry about harming non-hu-
man animals: even though he excluded non-human animals from the “Kingdom of Ends”, 
he still thought it was wrong to harm them because it in turn made people more likely to 
harm people. (For a defense of a Kantian view that does not disregard non-human animals 
in this way, see Korsgaard, 2018.)
87  For more on disembodied brains, see section 11.4.
88  One may object that the expected value of our actions with respect to extreme suf-
fering would never be exactly zero. "is is true, of course, at least on re%ection. Yet we 
often need to act before we can meaningfully perform any expected value calculations, and 
in such cases the immediate evaluation may well be exactly neutral (unlike on re%ection, 
where various considerations will quickly lead the expected value to diverge from zero; 
yes, one may say we have crude intuitions that can point in some direction, yet translating 
such intuitions into an actionable expected value may also be infeasible in many cases). 
Beyond that, one may reasonably defend an epistemic or decision-theoretic threshold 
view according to which su#ciently small credences should be rounded o! to zero, one 
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Lastly, the actions that seem most promising for the reduction of 

extreme su!ering, such as working to prevent very bad outcomes on an 

astronomical scale, are probably also among the better actions we can take 

to reduce less intense su!ering. "is is another sense in which views that 

give supreme weight to extreme su!ering do not lead us to ignore less 

intense su!ering in practice.89

8.12 It seems implausible to assign supreme moral disvalue to just 

a single second of the most extreme suffering.

First, one can maintain that some amount of extreme su!ering has lexi-

cally greater moral disvalue than everything else without assigning such 

moral disvalue to a single second of extreme su!ering. For example, Jamie 

Mayerfeld argues that it is more plausible that such lexical disvalue only 

obtains above a certain intensity and duration of su!ering.90

Second, our intuitions about short durations of extreme su!ering 

may not be reliable. After all, it is probably di#cult for us to imagine that 

the most extreme su!ering could last for only a second. We probably feel 

that we could bear a single second of any kind of su!ering and keep our 

heads above the water. Yet this betrays the premise we are assuming: for 

the consciousness-moments experiencing the worst forms of su!ering, 

there is nothing bearable about this su!ering. Nor is there any comfort or 

relief to be found in its short duration (which may, subjectively, feel like 

an eternity).91 From the perspective of such consciousness-moments, the 

su!ering in question is indeed supremely bad and unbearable.

An exercise that may be helpful in controlling for unreliable intu-

itions in this regard, especially if one holds that the moral disvalue of an 

rationale for which may be to avoid absurd conclusions in expected value calculations (this 
is related to the issue of fanaticism discussed in Bostrom, 2011b, 4.3).
89  "ough to be sure, we should not expect the practical implications of the respec-
tive aims of minimizing extreme su!ering and minimizing mild su!ering to be perfectly 
convergent, cf. section 13.4.
90  Mayerfeld, 1999, pp. 179-180.
91  If there were any comfort to be found in its short duration, this would contradict the 
underlying premise, as the su!ering in question would then not be among the very worst 
states of su!ering.
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experience scales linearly with its duration, is to multiply the duration of 

the experiences in our proposed moral tradeo! by a given constant. For 

example, if one suggests that a single second of the most extreme su!ering 

is less morally signi$cant than some larger duration of mild headaches or 

great bliss, one may multiply the durations of all these experiences by a 

billion, upon which the extreme su!ering in question will last more than 

30 years. And it may then seem more intuitive to say that extreme su!ering 

cannot be morally outweighed by a (correspondingly) larger duration of 

mild su!ering or bliss, even if one $nds it intuitive that the moral disvalue 

of an experience should scale linearly with its duration.

A similar exercise that may help control for unreliable intuitions, espe-

cially if one holds the distribution of experiences across time and space 

to be morally irrelevant, is to take the sum of experiential states one may 

claim to have greater moral signi$cance than extreme su!ering — say, an 

enormous amount of mild headaches or states of sublime bliss — and then 

distribute this sum to many di!erent beings in chunks that each last only a 

single second. When framed in this way, we may $nd it more plausible to 

say that a single second of extreme su!ering has greater moral importance 

than any amount of single-second chunks of mild su!ering or sublime 

bliss. More generally, this framing may help us realize that our intuitions 

assign little value to short-lived experiences in general, which in turn sug-

gests that our tendency to intuitively assign limited moral signi$cance 

to short durations of extreme su!ering should not be taken to say much 

about extreme su!ering in particular.

Lastly, it is worth reiterating that, even if we think a single second of 

the most extreme su!ering is more morally signi$cant than any amount 

of mild su!ering, we should still, in practice, work to reduce what appears 

to be milder su!ering because of empirical uncertainty and instrumen-

tal e!ects.
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8.13 What about the importance of creating lives that are 

meaningful and virtuous? Is this not also important, and indeed 

potentially more important than reducing suffering?

First, the claim that there is intrinsic value in meaningful and virtuous lives 

is wholly compatible with my core claim that the reduction of su!ering 

deserves a foremost priority. Second, if we pit the creation of meaningful 

and virtuous lives against the reduction of extreme su!ering, I would still 

argue that the latter should take priority: adding meaningful and virtuous 

lives to the world does not justify adding extreme su!ering to it. Indeed, 

I would argue that the highest meaning we can pursue in life is to allevi-

ate and prevent extreme su!ering for sentient beings. Likewise, it seems 

plausible to think that a life is virtuous roughly to the extent that it is 

congruent with the aim of reducing su!ering, which Breyer argues is in 

fact the view of virtue found in the Pali tradition of Buddhism:

Why … might Pāli Buddhists think that virtue and prosperity 

are good? I want to argue that virtue and worldly prosperity are 

derivatively good in a very speci$c sense: they contribute to and 

are sometimes constitutive of the cessation of su!ering.92

Lastly, just as happiness can reduce su!ering and thereby have great 

instrumental value, meaning and purpose can also help keep su!ering 

at bay and make it more bearable — they can serve as a bulwark against 

despair. As Nietzsche wrote: “If you have your why for life, you can get by 

with almost any how.”93 We should be careful not to let this distort our 

view of the value of meaning and purpose: their ability to reduce su!ering 

92  Breyer, 2015, p. 541. Note too that Aristotle, who is arguably the philosopher most 
strongly associated with virtue ethics, viewed virtue as a means to what he considered the 
highest good, eudaimonia (“happiness”; “%ourishing”), which entails the avoidance of 
su!ering (indeed, recall that Aristotle’s starting point in his discussion about the value of 
pleasure was the badness of pain, Aristotle, 350 BC, Book 7, chap. 13). Relatedly, a virtue 
ethical case for giving signi$cant consideration to the potential su!ering of small beings, 
such as insects, is found in Knutsson & Munthe, 2017. Knutsson and Munthe’s argument 
lends further support to a complementarity, rather than a con%ict, between virtue and 
concern for su!ering, even in the context of substantial uncertainty about the sentience of 
other beings.
93  Nietzsche, 1889, p. 6.
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should not lead us to consider them positive goods that can justify the 

creation of more su!ering.

8.14 What about spiritual experiences and the attainment of 

spiritual or contemplative insights?

Such experiences and insights arguably do not carry moral urgency, or 

at least no urgency that is comparable to the urgency of alleviating and 

preventing extreme su!ering. Adding more spiritual insight to the world 

cannot justify adding more extreme su!ering to it, as most prominent 

contemplatives and contemplative traditions themselves would probably 

agree.94 After all, most contemplative traditions and $gures consider the 

cessation of su!ering to be among the core goals, if not the core goal, of 

spiritual practice and insight.95 "e goal is not to $nd something posi-

tive, some novel experience that “outweighs” su!ering, but rather to attain 

moksha or nirvana — the release from su!ering — by giving up the long-

ing for pleasure and the identi$cation with an egoic self that always craves 

and longs for more.96

In the words of meditation teacher Joseph Goldstein:

[O]ne of the things we discover through this simple introspection 

and observation is to see what patterns of thought and emotion 

create su!ering, for ourselves and others, and how to be free of 

that su!ering. And that’s really the bottom line of why to [engage 

in introspective practice]: it’s a way of coming out of su!ering.97

94  And thus, if we are consequentialists who do not accept a strong commission-omis-
sion distinction, it would also follow that we cannot justify prioritizing the attainment 
of spiritual insight (for its own sake) at the opportunity cost of reducing extreme su!er-
ing (though it may well be justi$ed on instrumental grounds — if it enables us to better 
reduce extreme su!ering).
95  For a review of the importance of reducing su!ering in Buddhism in particular, see 
Keown, 1992, pp. 175-176 (“"e goal of diminishing dukkha [including all mental and 
physical su!ering] is common to all forms of Buddhism” p. 176); Goodman, 2009; Con-
testabile, 2010; 2014; Breyer, 2015.
96  Contestabile, 2010; 2014.
97  Harris, 2014b.
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So again, as in the case of happiness and meaning, spiritual practices 

and insights may well help reduce su!ering, and thus have great instru-

mental value (on top of any intrinsic value they may have). Yet we should 

be careful not to confuse this instrumental value for an intrinsic value that 

can justify the creation of extreme su!ering.

Relatedly, it is sometimes claimed that su!ering is an illusion, and that 

spiritual practice enables us to see through this illusion. "is claim prob-

ably stems from the fact that it is often possible to focus one’s attention and 

reframe one’s experience in such a way that su!ering disappears. Yet such 

a reframing itself constitutes a change of one’s experience, and it would be 

a great mistake to think that su!ering does not exist or is illusory merely 

because one can sometimes get rid of it or reduce it by mental means.

8.15 It would likely have dangerous consequences if people 

accepted the views presented here. These views may well lead to 

more suffering rather than less.

"ere is indeed a risk that some people will draw naive and misguided 

implications from the views presented here — both when it comes to the 

broad claim that the reduction of su!ering deserves a foremost priority as 

well as the stronger claim that we should minimize extreme su!ering. Yet 

this does not, of course, remotely suggest that these views are wrong. More 

than that, risks of this kind exist for all moral views, especially consequen-

tialist ones: some people may derive false implications based on misguided 

beliefs about the world. And it is not clear that the views presented here 

pose a unique risk in this regard, especially relative to the aim of reduc-

ing su!ering. Indeed, the acceptance of moral views that do not explicitly 

give great importance to su!ering probably entails a much greater risk of 

catastrophic outcomes that involve a lot of su!ering.

"us, the fact that there is a risk that people may take su!ering-focused 

views the wrong way does not imply that we should endorse other moral 

views instead, nor that we should emphasize the reduction of su!ering any 

less. Rather, it implies that we should be careful to debunk the naive and false 
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implications that people may be tempted to derive from su!ering-focused 

views (as I shall seek to do at greater length in the second part of this book).

8.16 Most people do not agree that life is mostly suffering. The 

view defended here merely seems to be depression presented as a 

moral truth.

First, the claim that “life is mostly su!ering” can itself be understood to 

mean many things, such as “most consciousness-moments on the planet 

are moments of su!ering”, or “most people would say that their lives are 

dominated by su!ering”. One need not accept any of these particular 

claims in order to maintain that the reduction of su!ering deserves unique 

moral priority. Nor need one be depressed in the least to hold this view. 

One can think one’s life is wonderful and be perfectly satis$ed with it and 

yet still think the reduction of su!ering deserves unrivaled priority. After 

all, the view that the torture-level su!ering of one individual cannot be 

morally justi$ed by the creation of “greater” happiness for others seems 

widely held, and it would be strange to suggest that one must be depressed 

to agree with it.

Similarly, even if most people report their life satisfaction to be quite 

high, this does not imply that those people’s life satisfaction in any sense 

outweighs the su!ering experienced by those who are worst o!. Indeed, 

a high self-reported life satisfaction does not even imply that the person 

giving the report would say that their life has been “net good” or worth-

while, all things considered. For example, Dax Cowart, the young airplane 

pilot who was severely burned, eventually reported that he had a “very 

good quality of life”, in spite of his assessment that no amount of happi-

ness could ever outweigh the su!ering he had experienced.98 (To say that 

his su!ering could not be outweighed by any happiness is obviously not 

to say that he could never be happy again.)99

98  Engel, 1983.
99  For an essay on how we mostly fail to appreciate how bad things in fact are, even for 
many people who seem to do well from the outside, see Alexander, 2015. Also, surveys of 
life satisfaction almost never allow a negative evaluation of life (e.g. the available options 
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Beyond that, we should also, in the context of this objection, recall 

the many biases reviewed in the previous chapter that color our evalua-

tions. For example, a signaling bias to display strength and happiness while 

hiding su!ering, as well as various positivity biases that make our memories 

and life evaluations more optimistic in hindsight.

Lastly, we should keep in mind that humans are not the only beings 

who su!er. If only we dared to contemplate the lives of the billions of 

non-human beings whom humanity exploits and kills under the horri$c 

conditions of factory farming, we would be given pause in proclaiming 

that life is not mostly su!ering. For these billions of beings at humanity’s 

mercy, life indeed is mostly su!ering — in every sense of the term.100

8.17 Very few people have held the views presented here. Does this 

not speak against these views?

"e fact that a view is not widely held is not a strong reason to reject it, 

especially not if most people plausibly hold various compounding biases 

against the view in question. Besides, the claim that very few have held 

the views presented here is simply not true. Indeed, even if we only con-

sider variations of negative utilitarianism in particular, quite a number of 

supporters can in fact be cited among academic philosophers, as Simon 

Knutsson points out:

may be to rate it from 1 to 10), and hence such surveys are already biased toward a posi-
tive conclusion in the way they are phrased, Vinding, 2018j.
100  Again, for some insight into the actual and indisputably horrendous conditions on 
factory farms, see mercyforanimals.org/investigations. For similar insights into the condi-
tions faced by animals in nature, see Horta, 2010a; 2015; Iglesias, 2018.
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[Negative utilitarianism] has been supported by mainstream 

philosophers: Gustaf Arrhenius and Krister Bykvist say that 

they “reveal” themselves “as members of the negative utilitarian 

family.” J. W. N. Watkins describes himself as “sort of negative 

utilitarian.” Clark Wolf defends what he calls “negative critical level 

utilitarianism” for social and population choices. "e principle 

says that “population choices should be guided by an aim to 

minimize su!ering and deprivation.” "omas Metzinger proposes 

the “principle of negative utilitarianism.” Ingemar Hedenius held 

a view similar to negative utilitarianism. According to his form of 

consequentialism, some su!erings cannot be counterbalanced by 

goods. Joseph Mendola proposes a modi$cation of utilitarianism 

that “resembles … negative utilitarianism.” His principle prescribes 

that “we are to look to the worst possible outcomes in evaluating 

actions and institutions” and “to ameliorate the condition of the 

worst-o! moment of phenomenal experience in the world.”101

Another academic who expressed support for negative utilitarianism 

was linguist and philosopher Henry Hiz:

Utilitarianism failed, but what is sometimes called ‘negative 

utilitarianism’ avoids many of the shortcomings of classical utili-

tarianism. It is a good candidate for an ethics that expresses the 

Enlightenment tradition.102

Furthermore, scholars of Buddhism Damien Keown, Charles Good-

man, and Daniel Breyer have all argued that there are signi$cant similarities 

between prominent strands of Buddhist ethics and negative utilitarianism.103

101  Knutsson, 2016e. Other academics who have defended variants of negative utilitari-
anism include H. B. Acton (Acton & Watkins, 1963; Mathison, 2018, 2.5.1), A. D. M. 
Walker (Walker, 1974), Christoph Fehige (Fehige, 1998), Fabian Fricke (Fricke, 2002), 
and Roger Chao (Chao, 2012).
102  Hiz, 1992, p. 423. He also wrote: “For ethics, there is only su!ering and the e!ective 
ways of alleviating it.” Ibid., p. 429.
103  Keown, 1992, chap. 7; Goodman, 2009, pp. 101-102; Breyer, 2015.
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If we go beyond negative utilitarianism, and consider the more general 

claim that su!ering deserves unique moral priority, the list of support-

ers grows further.104 And even more common is the view that it is more 

important to reduce su!ering than to increase happiness. As noted in the 

“Negative Utilitarianism FAQ”:

"e intuition that the badness of su!ering doesn’t compare to the 

supposed badness of inanimate matter (as non-pleasure) seems 

very common, and the same goes for the view that contentment 

is what matters, not pleasure-intensity.105

Indeed, as mentioned before, the Future of Life Institute’s survey 

found “minimizing su!ering” to be the most favored ideal aim of a future 

civilization.106 So arguably, the truth is the opposite of what the objection 

states: the core claim argued for here — that reducing su!ering deserves 

unique moral priority — is among the most widely shared moral views of 

all, despite the many biases that lead us to resist it.107

8.18 How can we consider the reduction of suffering a foremost 

priority when it is impossible to measure suffering in the 

first place?

We certainly can measure su!ering. In fact, there are many ways to obtain 

information about others’ su!ering, such as self-reports (in the case of 

humans), seemingly pain-induced bodily movements and grimaces, self-

harming and suicidal behavior, levels of stress hormones in the blood, and 

104  We have seen many examples of philosophers whose views support this claim, includ-
ing Epicurus, Arthur Schopenhauer, Karl Popper, Richard Ryder, and Jamie Mayerfeld. 
More supporters of strongly su!ering-focused views are mentioned in Anonymous, 2015, 
2.2.14; Knutsson, 2016e, “"e purported lack of support for negative utilitarianism”.
105  Anonymous, 2015, 2.2.14.
106  Future of Life Institute, 2017.
107  "ough this is not to say that it is common for people to act in accordance with this 
value; it is sadly not, in part because of the many biases reviewed in the previous chapter. 
One of our great challenges is to close this enormous gap between our ideals and our 
behavior. More on this in chapter 12.



180  

Chapter 8

brain scans.108 Yes, it is true that we often cannot measure su!ering with 

great precision, yet this does not imply that we cannot reduce it. Consider, 

by analogy, the concrete form of su!ering that is depression: the fact that 

we cannot measure depression with the same razor-sharp precision as we 

can measure, say, the mass of a rock does not mean that we cannot take 

reasonable, evidence-based measures to reduce depression. "e same goes 

for su!ering in general.

Furthermore, we often do not even need rough measures of su!er-

ing (beyond those we intuitively make) to be able to navigate toward the 

reduction of su!ering. For instance, no advanced measurement e!ort is 

really needed to conclude that atrocities like the Holocaust should be 

prevented in any endeavor to reduce su!ering, and the same can be said 

of most other sources and cases of extreme su!ering — factory farming, 

North Korean torture chambers, sadistic crime, etc.

8.19 The focus on reducing suffering advocated here overlooks the 

vital functions that pain and suffering serve.

Su!ering undeniably does serve various useful functions. It can help us 

maintain our physical safety, it can provoke important changes in our lives, 

it can foster learning and maturation, etc.109 Even given negative utilitarian 

views that consider the reduction of su!ering the sole moral aim, su!ering 

can have enormous utility, not least in that it can help us understand the 

moral signi$cance of su!ering.

Yet the crucial question we must ask in response to this objection 

is whether the many functions served by su!ering themselves are worth 

the creation of more su!ering, in the aggregate. In particular, we must 

ask whether they can justify bringing more extreme su!ering into the 

world, su!ering of the kind endured by Dax Cowart, Junko Furuta, and 

Ahmad Qabazard. I have argued they cannot. On my account, the only 

108  For more ways to measure su!ering, see Daoust, 2015, “Preparatory Notes for an Al-
gometry”. A more elaborate discussion of this subject is found in Mayerfeld, 1999, chap. 3.
109  Arguments for the utility of su!ering (or in many cases just aversive experiential 
components) can be found in Bastian, 2018; Bloom, 2019.
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su!ering that deserves the label “necessary” is that which in turn leads to 

less (extreme) su!ering in the aggregate.

Moreover, it is clear that much su!ering serves absolutely no function 

and entails no silver lining whatsoever, such as the su!ering endured by 

countless individuals every second who are eaten alive while fully conscious 

and unable to escape, or the su!ering entailed by debilitating chronic pain. 

"e world contains vast amounts of such useless su!ering, and we should 

all be able to agree that this su!ering is worth preventing.

Finally, the conviction that one’s su!ering is helpful can itself render 

that su!ering much less bad and more bearable.110 For this reason, we 

should be careful not to draw sweeping conclusions about the acceptability 

of pain and su!ering from the comparatively privileged vantage point of 

bearable and useful pain and su!ering.

8.20 Should we not maintain some humility on questions 

concerning ethics? After all, our knowledge of the world is 

rather limited.

I agree that intellectual humility is important, and that we should continu-

ally subject our convictions to doubt and scrutiny. "is also holds true in 

the realm of normative ethics in particular, whether we are moral realists 

or not. For if we are moral realists, we should doubt whether our views 

of ethics faithfully track the purported moral truth (and if our views of 

other factual questions are any guide, we will almost surely be wrong and 

ignorant about more than just small details). If, on the other hand, we 

think ethics only exists relative to some other, less strong ideal, such as 

“that which we $nd most reasonable given perfect re%ection and informa-

tion”, we should still maintain some uncertainty as to whether our present 

views truly conform to this ideal.

Even so, epistemic humility by no means implies that we cannot be func-

tionally certain about various conclusions. For example, our considerable 

110  A similar point seems to apply to physical pain in particular, at least according to the 
gate control theory of pain advanced by Ronald Melzack and Patrick Wall, Melzack & 
Wall, 1982; Mayerfeld, 1999, p. 27.
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uncertainty in the realm of physics does not imply that we should have 

much doubt in the claim that, say, Earth is approximately spherical. And the 

claim that su!ering carries uniquely signi$cant disvalue and moral weight 

is, I submit, a claim with roughly the same status on any plausible concep-

tion of ethics.

Beyond that, intellectual humility and uncertainty can cut both ways: 

we may be overestimating the horror and moral importance of su!ering, 

yet we may also be grossly underestimating it, even as we think nothing 

else is more important. For instance, even if we hold su!ering-focused 

views, the outlook and the priorities we have most of the time may still 

be clouded by the biases reviewed in the previous chapter. (I would say 

this is true of myself.)

More generally, if we conclude that we have good reason to accept one 

set of moral views over others, intellectual humility does not alter the rela-

tive status of these views. We should still give most weight to the views we 

have the most reason to accept, and be most guided by these views in our 

actions. "us, in light of the arguments I have presented in this $rst part 

of the book, I would argue that a healthy amount of intellectual humility 

does not alter the core conclusion I have sought to establish here: that we 

should give special priority to the reduction of su!ering.

Having provided a case for this claim, let us now move on to the all-

important practical question.



Part II

How Can We Best 

Reduce Suffering?
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Uncertainty Is Big

To brie%y recapitulate: the main claim I have defended in the $rst part 

of the book is that we should make the reduction of su!ering a foremost 

priority. Beyond that, I have also defended more particular views according 

to which we should minimize extreme su!ering. "ese strict su!ering-min-

imizing views clearly imply the more general claim that reducing su!ering 

should be a foremost priority, yet the reverse does not hold true. "at is, 

one can accept that the reduction of su!ering deserves special priority 

without agreeing with strict su!ering-minimizing views.

My aim in this second part will be to derive some of the main practical 

implications of these views. "ese will be (what I take to be) the practical 

implications of both the strict su!ering-minimizing views as well as the 

more general view that su!ering deserves a foremost priority in practice. 

For although strict su!ering-minimizing views surely can diverge signi$-

cantly from other views that also consider the reduction of su!ering a 

foremost priority, it is still reasonable to expect all su!ering-focused views 

to have similar practical implications in most regards.
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9.1 Uncertainty: Our Inescapable Predicament

A crucial point is that uncertainty about how we can best reduce su!ering 

is bound to be great.1 "e world is vast while our brains and knowledge 

base are relatively small. Indeed, even our knowledge of the present state 

of the world is highly limited, and much more uncertain still are the future 

states that would result from some hypothetical course of action.2 Con-

sequently, when trying to reduce su!ering, we are bound to act on very 

rough estimates that will always be subject to reasonable doubts.

"is is a fundamental fact about our circumstance. And though it 

may seem discouraging, it is in fact a key insight with many important 

implications. First of all, it implies that we should approach the question 

of how we can best reduce su!ering with great humility. "at is, we should 

maintain an open mind about what the answers to the question might be, 

and continually be open to new data that might update and improve our 

current beliefs. In doing so, we should remain mindful of the countless 

biases that tend to distort our thinking, such as con$rmation bias, con-

formity bias, and the availability heuristic.3

"is then leads to the next point, namely that we should not only 

be open-minded, but indeed actively and systematically seek out new 

data and knowledge that can inform our approach to reducing su!ering. 

"is should be a priority for a variety of reasons. First, the universality of 

con$rmation bias suggests that we will not seek out new information and 

alternative perspectives that challenge our existing beliefs as much as we 

should, even if we are sincerely dedicated to reducing su!ering.

Second, we should actively seek new information, broadly construed, 

for the simple reason that information is the only thing on which good esti-

mates can be based. And the more (relevant) information we incorporate 

1  Tomasik, 2013m; Baumann, 2017d.
2  Beyond these mundane sources of uncertainty — i.e. limited knowledge about 
the present and future states of the world within a common-sense framework based on 
standard physics — there are also fundamental uncertainties concerning the nature of 
the world and our place within it, and these add even more uncertainty to questions of 
optimal action, Baumann, 2017d.
3  Plous, 1993; Kahneman, 2011. "e availability heuristic refers to our tendency to 
estimate the likelihood of events based on how readily available they are in memory rather 
than on objective data.
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in our estimates, the better we should expect them to be. Indeed, it is 

conceivable that a single novel consideration or piece of information could 

change our estimates of the optimal course of action quite radically, which 

further underscores the importance of seeking out such new information 

and considerations to improve our current estimates.4

"us, one could say that a whole new research project is needed, a new 

science even: the science of reducing su!ering. For how we can best reduce 

su!ering is ultimately a scienti$c question — i.e. a question to which we 

can approach answers via empirical examination. And given that explora-

tions of this question have been quite rare so far, it seems likely that there 

is much low-hanging fruit to pluck for a new research project focused on 

this question. I shall say more about this research project in chapter 16.

9.2 Beware Underestimating Uncertainty

"e point I have made above concerning the inevitability of substantial 

uncertainty may seem trivial, and in many ways it surely is. Yet an addi-

tional reason to emphasize it is that we probably tend to underestimate it 

just the same. One obvious reason to believe this is our well-documented 

overcon$dence bias: we tend to signi$cantly overestimate the accuracy of 

our judgments.5 And this bias is probably only magni$ed when it comes 

to large-scale endeavors such as “reduce su!ering for all sentient beings”, 

as our brains did not evolve to think about such extensive undertakings 

and the especially signi$cant uncertainties that pertain to them.

Instead, in relation to our actions, our minds tend to hunger for con-

creteness. "at is, we seem to prefer palpable goals and tasks that we can 

take clear steps toward accomplishing. Yet to say that it is an open question 

how we can best reduce su!ering, and that there is bound to be substan-

tial uncertainty about it, is in many ways antithetical to this preference. It 

is deeply annoying. Also because work on concrete tasks that yield more 

tangible results, such as reducing poverty in some particular country, gives 

4  Tomasik, 2013m; Bostrom, 2014b.
5  Plous, 1993, pp. 219-220.
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us something we can show others and ourselves to prove that we actually 

make progress and that we really “do something”.

For these reasons, when it comes to large-scale questions of this kind, we 

probably have a strong bias to settle prematurely on some given answer — “we 

should probably focus primarily on X to best reduce su!ering” — and to then 

overstate our con$dence in this answer to ourselves and others afterwards.6 To 

keep on investigating the big picture in a way that remains honest about the 

extent of our uncertainties along all dimensions can easily feel emotionally 

taxing. (Indeed, psychologists routinely use statements like “I understand” and 

“I see” to put people in a good mood, and statements like “I don’t understand” 

and “I’m lost” to put them in a bad mood.)7

In the face of such exhausting explorations, settling on something 

more concrete may provide us psychological relief. Yet we should be skep-

tical of such relieving settlings and inclinations to rationalize them. In 

particular, given this putative bias to settle for some concrete path, as well 

as our tendency to rationalize our past choices,8 we should probably subject 

any proposed “optimal concrete thing to focus on to reduce su!ering” to 

extra scrutiny, especially if it is asserted with great con$dence.

Another reason to expect us to be biased toward pursuing some 

concrete action is that it makes evolutionary sense if the urgency of suf-

fering compels us toward direct action rather than general re%ection and 

exploration. Urgent problems have not, historically, been of an intangible 

large-scale kind. Rather, they were more akin to here-and-now events, such 

as a predator ambushing a fellow group member — events that called for 

immediate action rather than re%ection. Yet such an inclination to throw 

re%ection and deeper exploration to the wind in the face of the urgency 

of su!ering is not conducive to reducing su!ering in the world of today.9 

6  "is claim of mine is not only based on speculative extrapolations of how I expect the 
human mind to behave in light of my own introspection and knowledge of general psychol-
ogy, but also on more direct observations of self-identi$ed e!ective altruists who tend to 
endorse rather general goals, yet who still seem unjusti$ably sure about which speci$c actions 
are optimal relative to these goals.
7  Kagan, 2013, p. 258.
8  Lodge & Taber, 2013.
9  Robin Hanson makes a similar point about in%uencing the future in general, and 
argues that those who wish to in%uence the future should $rst make it a priority to under-
stand the most likely future scenarios, and then try to steer accordingly, Hanson, 2014a.
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After all, we can do much worse than doing nothing, even when we sin-

cerely try to reduce su!ering, and this is especially true if we have not 

re%ected carefully about the consequences of our actions.10

Recent psychological studies also suggest that we are prone to not 

take uncertainty su#ciently into account at the level of our decisions. For 

example, in a study where people were asked to consider two competing 

hypotheses, both of which were plausible, yet where one was more plausible 

than the other, people would wholly ignore the less plausible hypoth-

esis when making predictions and further inferences, even though they 

acknowledged that the less plausible hypothesis deserved some weight.11 

"is $nding is especially relevant for the endeavor of reducing su!ering, 

in which there is no shortage of plausible hypotheses (concerning optimal 

paths to impact, say) that we may irrationally disregard in favor of our 

preferred hypothesis.

Given that we have such tendencies to underestimate and disregard 

our uncertainty, we should also expect to underestimate the importance 

of foundational exploration, and to be biased toward abandoning such 

exploration prematurely. "is seems true to me: most people aiming to 

reduce su!ering tend to underestimate the importance of foundational 

research into how we can best reduce su!ering — what I tentatively con-

sider one of the best things, if not the best thing, we can do to reduce 

su!ering in expectation.

9.3 Be Prudent

Another, somewhat unexpected implication that follows from our ines-

capably substantial uncertainty is that we should avoid ill-considered 

radicalism, and instead adopt a prudent approach in most respects. Merely 

contemplating the fact that uncertainty is bound to be great lends support 

to this claim. “If you are highly uncertain about which action is best, then 

don’t rush to do something radical” seems a reasonable rule of thumb. 

10  For some ways in which people trying to do good can end up making things worse, 
see Wiblin & Lempel, 2018.
11  Johnson et al., 2019.
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Indeed, for virtually any action we may propose to reduce su!ering, a 

long list of plausible considerations for and against can be given, and just 

a slightly di!erent weighting of this list of considerations — or the addi-

tion of a new consideration — can readily imply that a seemingly optimal 

action is in fact suboptimal, or even extremely bad.12

"is high sensitivity to the weight we place on di!erent considerations 

implies that we should be reluctant to pursue radical actions based on naive 

analyses — extraordinary measures require more than weak justi$cation. 

Not least because “the action is considered overly radical by most people” 

itself counts as a prima facie reason against pursuing the action in question. 

For if something is considered too radical by most people, there may well 

be a good reason behind this assessment that our current perspective fails to 

fully appreciate (exceptions abound, of course). And even if most people’s 

conviction that a given action is too radical is poorly justi$ed, the mere fact 

that most people perceive it as such still counts as a reason against pursuing 

it. Why? Because if someone comes across as too radical, others will be less 

inclined to cooperate with them, which in turn limits that person’s impact. 

(I shall say more in favor of cooperation in the following chapter.)

"is is also a reason to favor moderation in general: most people are 

most comfortable with people who do not stand out too much in too many 

ways, such as by having extremely weird clothes, hairstyles, and ideas. 

Indeed, the psychological literature on “idiosyncrasy credits” suggests that 

people will be inclined to distance themselves from a person who deviates 

signi$cantly from the norm in many regards, which suggests that we may 

reduce su!ering more e!ectively by limiting such deviation.13

"ese may be consoling points for those seeking to reduce su!ering, 

not least since one may naively suppose that reducing su!ering will require 

us to relinquish all moderation and conformity to common norms. "at 

is, one may feel a strong pull from one’s ideals to do something extreme 

in order to reduce su!ering — “whatever it takes, social conventions be 

12  Tomasik, 2013m; Bostrom, 2014b.
13  Hollander, 2006. "e same general point is made in Hanson, 2012. Others have de-
scribed a concept similar to idiosyncrasy credits in less formal yet more descriptive terms, 
namely in terms of a limited amount of “weirdness points” that one should spend with 
care, Hurford, 2014.
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damned!” — while social pressures may pull strongly in the opposite direc-

tion. It can then be a relief to know that various considerations suggest that 

extreme actions are most likely not endorsed by these ideals either, and 

that a fuller extrapolation of ideals aimed toward reducing su!ering may 

well, in practice, imply that we would do best by conforming to standard 

norms in most regards.14 If there are things we should be extreme about, 

these are probably things like being extremely well-considered, wise, and 

prudent — the polar opposites of extremism by any common de$nition.15

To be clear, the points above should not be taken to imply that the 

optimal course of action for reducing su!ering will not entail signi$cant 

sacri$ces and deviations from the norm. It surely will. "e point is just 

that balance is important, and that we have stronger reasons to be prudent 

in our endeavor to reduce su!ering than a naive analysis might suggest.

9.4 The Silver Bullet Delusion

It may be tempting to assume that what we are seeking is some singular 

answer that, if only we could $nd it, would lead us to reduce su!ering 

most e!ectively. "e One Insight to Rule "em All. I have certainly held 

such an implicit assumption myself. Yet this is almost certainly mistaken. 

"ere is no single, simple answer to the question of how we can best 

reduce su!ering.

"is is not to say that there are no crucial insights, as there undoubt-

edly are. But the point is that there are probably many such crucial insights, 

and that these need to be supported by countless smaller ones. Consider 

science by analogy. Every scienti$c $eld surely has foundational insights, 

and discovering these is no doubt of great signi$cance. Yet all $elds have 

many such core insights, as well as many smaller, supporting observations 

that account for the details. And we should expect the insights necessary 

for reducing su!ering to be even more numerous and varied in nature than 

14  "ough it may be less of a relief if one prefers to signal that one is di!erent and 
uniquely sincere about one’s chosen cause, Hanson, 2012.
15  Similar points are made in Caviola, 2017.
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the sum of theories found within any given scienti$c $eld (not least because 

reducing su!ering is aided by knowledge from virtually all scienti$c $elds).

Uncovering these insights is more akin to learning a language than 

to $nding a super-equation — a gradual and continuous learning process 

rather than a single, momentous step. Indeed, both at the level of our 

actions and our insights, it is important to realize that success is a matter 

of degrees rather than all or nothing. As Jamie Mayerfeld notes in relation 

to our actions in general:

We do not comply fully with the duty to relieve su!ering until we 

achieve the maximum reduction, but if we achieve something less 

than this, we have partly complied with the duty to relieve su!ering. 

Compliance admits of degree. Furthermore, though nothing less 

than full compliance is required of us, there is nothing signi$cant 

about taking the $nal step into full compliance, as distinct from 

intermediate steps that lead from lesser to greater though not yet 

maximum compliance.16

"e same can be said about insightfulness: it admits of degrees, and 

every new insight counts for something. Appreciating this makes the dif-

ference between whether we meet new information with an attitude of 

“if this does not seem of the greatest importance, I will drop it and move 

on” versus the more open and curious attitude of “what small yet perhaps 

signi$cant insight might I be able to learn from this?” If successfully reduc-

ing su!ering is indeed a continuous quest of accumulating and applying 

many di!erent insights, failing to adopt this latter attitude may be costly.17

16  Mayerfeld, 1999, p. 119. A similar point is made in Norcross, 2006, as well as in 
Tomasik, 2015e, which argues that it is best to think about reducing su!ering along the 
lines of “a point counter in a video game, where you aim to accumulate as many points as 
you can within the bounds of reason. "ere’s no binary ‘right’ and ‘wrong’. You just do the 
best you can.”
17  "e same point is made at greater length in Tomasik, 2013k.



   193

Uncertainty Is Big

9.5 Optimizing on Many Levels

Not only are there many di!erent levels on which we should seek impor-

tant insights, from physics to sociology,18 but there are also many distinct 

levels on which we must apply our many insights, ranging from the indi-

vidual level to various social and political levels. Indeed, a successful 

endeavor to reduce su!ering will require every aspiring su!ering reducer 

to make e!orts on many of these distinct levels. (Again, this point may 

seem trivial, but it is still worth stressing lest we take a simplistic approach 

to reducing su!ering.)

At the personal level, we need to invest in our own health and well-

being, as well as in our abilities, if we are to contribute competently to 

the cause. More than that, we also need to continually remind ourselves 

of the importance of su!ering, in healthy and sustainable ways, as our 

minds otherwise tend to creep back into the homeostatic equilibrium they 

evolved to be in — caught up in relatively petty thoughts and pursuits.

We might here $nd inspiration in ancient traditions, such as Bud-

dhism, in which practices aimed to remind us of the reality and importance 

of su!ering have been cultivated over millennia. Such practices include 

“loving-kindness meditation” and “compassion meditation”, in which one 

wishes others happiness and relief from su!ering. Research suggests that 

these meditation practices not only increase compassionate responses to 

su!ering,19 but that they also help to increase life satisfaction and reduce 

depressive symptoms for the practitioner,20 as well as to foster better coping 

mechanisms and increased positive a!ect in the face of su!ering.21

18  And here I do not mean to imply we should only seek knowledge at the level of 
concepts. After all, the intrinsic badness of su!ering is arguably preconceptual. Explora-
tion of psychedelic substances and introspective practices may well be important too (e.g. 
to re%ect deeper and to re$ne our epistemology).
19  Condon et al., 2013.
20  Fredrickson et al., 2008.
21  Klimecki et al., 2013. Likewise, a#rmations may also have their place, even if they 
seem superstitious. After all, thinking or saying out loud an expression like “I endeavor to 
reduce su!ering” is an action in the world with a real causal impact trickling throughout 
one’s brain as a whole, and it is thus not unthinkable that an a#rmation like this can help 
bring one’s moment-to-moment attention into better alignment with one’s deepest values, 
even if just marginally.
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More generally, both individually and collectively, we need to develop 

a stronger “su!ering object permanence” (object permanence refers to the 

ability to know that some object still exists even when one cannot see it). 

For it is as though we forget that su!ering exists when we are not con-

fronted with it directly. And one may argue this is only healthy — after all, 

would we not be traumatized otherwise? Yet it is important to distinguish 

between 1) being aware of the reality of su!ering and having sympathy 

for it, and 2) su!ering ourselves. Even as these two are related, they are by 

no means coterminous. As Mayerfeld notes:

Sympathy is sometimes de$ned as the su!ering we experience as a 

result of contemplating the su!ering of other people and animals. 

If this were what sympathy meant, there would be even less of 

it—much less of it—than the small amount actually found! But 

su!ering in the onlooker is by no means a necessary condition of 

sympathy. In fact, sympathy usually exists without it. Sympathy 

just means the sincere desire to see another person’s or animal’s 

su!ering removed. … One can have the super$cial verbalized 

knowledge that another person is su!ering; one can trust, on the 

basis of previous perception, that such su!ering is a horrible evil; 

and one can therefore have a sincere abiding desire for the removal 

of that su!ering. It is thus possible to feel sympathy while skirting 

genuine awareness.22

Such abstract, painless recognition of the reality of su!ering combined 

with a strong dedication toward its alleviation may well be the optimal 

state of mind to adopt for reducing su!ering.23

22  Mayerfeld, 1999, p. 105. Psychologists draw a similar distinction between (a!ective) 
empathy and compassion, where the former is the ability to feel what others feel, which 
often overwhelms and paralyzes us, whereas the latter, compassion, entails more positive 
a!ect and a strong drive to help others. See Bloom & Davidson, 2015; Bloom, 2016.
23  And one can work toward this state of mind from both opposing extremes: either if 
one has virtually no awareness of su!ering, or if one has an intensely painful awareness of 
su!ering, in which case practices of compartmentalizing and abstracting may be helpful 
— to have the string of symbols, “su!ering”, as an amnesia-inducing placeholder for the 
traumatic real thing. A similar point about compartmentalization is made in Ben Kuhn’s 
essay “To stressed-out altruists”, Kuhn, 2013.
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"ings we should prioritize at the social level include the cultivation of 

good interpersonal relationships and the establishment of healthy commu-

nities that consider the reduction of su!ering a foremost priority. Ideally, 

we should then, through these communities, create a political movement 

aimed toward reducing su!ering — at every level of policy — in coop-

erative and considerate ways. Less ideally, in terms of what is realistic for 

everyone at the political level in the short term, we should support political 

actions that, on the margin, reduce su!ering and push us toward greater 

concern and compassion for su!ering in the future.

9.6 Reducing Suffering Does Not Change Everything

A lot is already known concerning all the levels mentioned above, and this 

established knowledge is worth drawing on to the extent possible. "ere is 

no need to reinvent the wheel, which ties into the more general point that, 

in many ways, the goal of reducing su!ering does not change everything. 

For example, basic facts about how things work and how to succeed in 

di!erent areas remain the same. How to optimize personal productivity 

and health, how to navigate well in one’s relationships and in the social 

world at large, how to create political change — none of this really changes.

Another way in which the aim of reducing su!ering does not change 

everything is that most people already agree that su!ering is bad and worth 

preventing, even if they do not act accordingly (though, to be sure, no 

one acts in perfect accordance; it is really a matter of degree for all of us). 

In other words, humanity’s current values are quite far from 180 degrees 

opposed to the goal of reducing su!ering — they are perhaps more like 

30 degrees o!.

As horrible as human behavior often is, the reality is that we could do 

much worse than we currently do, which implies that we should have at 

least some bar of standards and caution when it comes to novel ideas con-

cerning “obviously better” ways of doing things. More than that, it implies 

that there may be much more to lose than to gain with respect to changes 

in humanity’s values. "is is another reason to go to great lengths to not 

be perceived as overly radical or o!-putting by others: pushing people and 
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future values away from su!ering-focused values may be many times more 

negative than drawing them closer would be positive.

9.7 Adhering to Firm Principles

Another way in which reducing su!ering does not change everything is 

when it comes to basic moral principles and virtues. For it would indeed 

be simplistic to think that a single principle like “minimize extreme suf-

fering” can be a su#cient guiding principle in practice, even if we believe 

it captures our highest moral aim in theory. Rather, successfully reducing 

su!ering will require us to adhere to a multitude of principles and virtues, 

such as honesty, non-aggression, and law-abidingness.24 "ere are many 

strong reasons for this.

For one, adherence to principles of non-aggression, honesty, and 

respect is crucial for building trust, which is in turn critical for being able 

to cooperate with others and for gaining support for one’s endeavors.25 

Indeed, as pointed out by Schubert et al., there are reasons to think that 

people engaged in a community that seeks to improve the world should 

strive to be extra considerate:

[B]eing considerate can improve the level of trust and collabora-

tiveness among members of the community. It can also improve the 

reputation of the community. Conversely, failing to be considerate 

can harm the community, both internally and in its reputation.26

A related consideration in favor of rule-following in the context of 

cooperation is that psychological studies have found that most people $nd 

non-consequentialists (i.e. people who adhere to $rm principles rather than 

optimize on a case-by-case basis) to be more moral, more trustworthy, and 

better cooperation partners than consequentialists.27 "ese are $ndings 

24  Provided the laws we are supposed to abide by are reasonably just, of course.
25  In relation to the bene$ts of honesty in particular, see Harris, 2011; Tomasik, 2013j.
26  Schubert et al., 2017. "e authors here write about the so-called e!ective altruism 
community in particular, yet their point applies more generally.
27  Everett et al., 2016; Everett et al., 2018.
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that any consequentialist should take into consideration, and they suggest 

that adherence to $rm principles will often be the best way to create good 

outcomes in dealings with humans.

Another reason for adhering to a multitude of disparate principles and 

virtues — including kindness and compassion — is that they can stimu-

late actions and cognitive styles that a single, purely cerebral principle like 

“reduce su!ering” cannot. After all, we are not deductive machines that 

can start at some single intellectual principle and then deduce the optimal 

path forward. Deep principles and intuitions provided to us by our culture, 

as well as by our nature, will often be better than anything we can derive 

from $rst principles in the purely cerebral departments of our minds. For 

example, our ability to be kind and empathetic derives far more from our 

nature and culture at large than from our abstract moral principles, and 

we would do a very poor job indeed if we always insisted on navigating by 

our cerebral principles over these time-tested virtues. In a complex world 

with many challenges, we should not expect a single principle to be suf-

$cient for navigating every situation.

None of this is to say that we should not think from $rst principles. 

Indeed, such thinking is all too neglected in e!orts to reduce su!ering. "e 

point is just that we need to combine such thinking with the many other 

moral “tools” and faculties at our disposal. We should view $rst-principles 

thinking as a captain of a team of players rather than as a lone super player.

Considerations of self-serving biases provide another reason to stick 

to $rm rules. As Jamie Mayerfeld notes:
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An agent who regarded [sound moral principles] as mere rules of 

thumb would ignore them whenever she calculated that compliance 

wasn’t necessary to minimize the cumulative badness of su!ering. 

"e problem is that it might also be in her own interest to violate 

these principles, and self-interest could distort her calculations, 

even when she calculated sincerely. She could thus acquire a pattern 

of violating the principles even when compliance with them really 

was necessary to prevent the worst cumulative su!ering. To avoid 

this, we would want her to feel strongly inhibited from violating 

the principles. Inhibitions of this kind can insulate agents from 

the e!ect of biased calculations.28

And as Mayerfeld goes on to write, this point also applies, perhaps 

even more strongly, to communities and political groups at large where 

ingroup biases may lead judgments astray.29

Adherence to set rules and virtues is also important for the simple 

reason that we do not, and cannot, deliberate over each and every small 

decision. Indeed, most of the choices we make during the day are per-

formed on autopilot, implying that we hardly have any alternative but to 

$nd good rules to follow when we are in this default-mode, as the only 

alternatives are no rules or bad rules.

Yet even when it comes to small choices we could deliberate over, it 

is arguably still better to adhere to $xed principles and virtues so as to 

spend our limited resources optimally. By adhering to such principles in 

small day-to-day choices rather than deliberating arduously, we free up 

our cognitive resources and time to focus on more important problems 

on a larger scale.

Abiding by common-sense principles and virtues also saves resources 

in that it guards against costs and risks to one’s reputation and resources in 

general. After all, the point of our law and norm enforcement mechanisms 

is to make adherence less costly than non-adherence. Similarly, observance 

of accepted norms and virtues can also help us save resources by enabling us 

to be more transparent and less worried, in turn freeing up more cognitive 

28  Mayerfeld, 1999, p. 121.
29  Ibid.
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resources in this way as well. As an apocryphal Mark Twain quote on hon-

esty goes: “If you tell the truth, you don’t have to remember anything.”

Another reason to act on simple principles and virtues is that it often 

simply leads to better decisions than do more advanced deliberative models 

and decision-procedures. "is is a surprising yet solid conclusion in the 

study of bounded rationality: less is often more. As cognitive scientist 

Henry Brighton and psychologist Gerd Gigerenzer note:

In contrast to the widely held view that less processing reduces 

accuracy, the study of heuristics shows that less information, 

computation, and time can in fact improve accuracy.30

Finally, we should adhere to $rm principles because, even disregard-

ing most of the considerations above, we have strong reasons to think 

that a signi$cant degree of rule-following is the best way to produce good 

long-term outcomes on a collective level. As James Wood Bailey shows 

in Utilitarianism, Institutions, and Justice, various game-theoretic models 

suggest that a collective observance of strict rules tends to bring about 

signi$cantly better consequences for virtually everyone compared to other 

strategies.31

Which exact set of $rm principles and virtues we should ideally adopt 

stands as an open question for us to explore. Yet there is good reason to 

think that it will at least encompass many of the most widely accepted 

moral principles and virtues, including honesty, fairness, and kindness.32

"is point may provide some relief in the face of our great uncertainty 

about how to best reduce su!ering. "e fact that we have so many good 

reasons to follow common-sense moral principles and virtues seems to give 

us something we can fall back on with at least some con$dence: if nothing 

else, we can at least strive to be curious, honest, kind, cooperative, etc.

30  Brighton & Gigerenzer, 2012, abstract.
31  Bailey, 1997.
32  Mayerfeld provides more discussion of the reasons to adhere to strict principles in 
Mayerfeld, 1999, pp. 120-125, pp. 196-205.
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9.8 Introducing Key Concepts

Before we conclude this chapter and dive deeper into the question of how 

we can best reduce su!ering, we still need to introduce a few key concepts. 

"ese concepts apply to virtually everything related to the reduction of suf-

fering, and are worth always keeping in mind in examinations of the issue.

9.8.1 Marginal Influence

Each of us, as individuals, only exerts a limited in%uence on the world — 

a modest e!ect on the margin. In a world with more than seven billion 

people who each try to shape the world in their own ways, and eventually 

with many future agents who will try to do the same, we should not expect 

our own actions to shape the large-scale direction of the future all that 

much (compared to a counterfactual scenario where we exert no in%uence). 

We often forget how big the world is, but one instance where we probably 

do realize it is when we cast our vote in a national election: a single vote 

is obviously unlikely to change much in the bigger picture. Yet the same 

holds true about our actions in the world in general.33

Crucially, however, this claim should not be confused with the claim 

that we can have at most a small or insigni$cant in%uence in an absolute 

sense, which is surely not the case. Indeed, each of us probably has the 

potential to spare many thousands of lives from extreme su!ering.34 "is 

may seem in tension with the claim above, but this is only because our 

intuitions are not well-calibrated to think about large-scale outcomes: in 

our ancestral environment, a large absolute impact no doubt did constitute 

a great in%uence on the trajectory of one’s tribe. Yet this no longer applies 

when one’s “tribe” is the entire world. To be sure, it is not that it is impos-

sible that one could in%uence the large-scale trajectory of civilization — it 

is just extremely unlikely.35

Marginal thinking is also relevant with respect to which particular 

areas we should support with our resources. If the value of additional 

33  More elaboration on this point can be found in Tomasik, 2013c; Hanson, 2014a.
34  See section 15.2.
35  Tomasik, 2013c.
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resources in a given area faces strongly diminishing returns, it may be better 

to direct our marginal resources toward other areas that are more neglected.

9.8.2 Expected Value Thinking

"e concept of expected value is employed in a wide range of $elds related 

to optimal decision-making. Indeed, in many contexts, optimal decision-

making is thought to consist entirely in maximizing expected value. "e 

concept is perhaps best explained in terms of betting options: if we are 

trying to maximize the amount of money we win from a set of available 

betting options, then we must consider both the probability and the prize 

money entailed by each option. In particular, to $nd the expected value 

of a given option, we must multiply these two factors.

To take a concrete example: say that option A gives us a 50 percent 

probability of winning a prize of $10,000, which means that option A has 

an expected value of 0.5 times $10,000 (= $5,000), while option B gives us 

a one percent chance of winning a prize of a million dollars, which yields an 

expected value of 0.01 times a million dollars (= $10,000). "us, although 

the probability of winning the prize is much smaller with option B, we 

should still bet on that over option A to maximize the expected reward. 

"is illustrates the general point that even highly unlikely outcomes can 

still be the most important ones to focus on according to the expected 

value framework, provided they are su#ciently (dis)valuable.

"e expected value framework can be applied to virtually all deci-

sions where we can make reasonable estimates of probabilities and the 

value or disvalue of di!erent outcomes (though with some important 

quali$cations).36 And if we take seriously the point that small-probability 

events can potentially be the best thing to focus on given this framework, 

we see that our being unlikely to e!ect large-scale changes does not in 

fact imply that we should not focus on such large-scale in%uence. Care-

ful analysis could, for example, suggest that the way to reduce the most 

36  Some of these quali$cations are reviewed in Karnofsky, 2011; 2014. For a brief case 
for trying to maximize expected value in the context of reducing su!ering, which means 
minimizing expected su!ering, see Tomasik, 2007.
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su!ering in expectation is to steer our future away from a priori unlikely 

futures that are very bad and that everyone can agree we should avoid.

9.8.3 The Importance of the Long-Term Future

If we accept that su!ering matters equally regardless of where and when 

it is experienced — as I maintain we should37 — it follows that the long-

term future matters far more than common sense suggests. Why? Because 

we have good reason to believe that the vast majority of su!ering we can 

reduce will lie beyond the next few decades that tend to occupy all our 

moral and political attention. "e immediate implication of which is that 

the impact our actions have on the long-term future may well be the most 

important thing about them.38

"is carries many important implications, some of which we shall 

explore in the following chapters. Yet it is worth highlighting here how 

the signi$cance of the long-term future lends additional support to many 

of the points mentioned above. For one, it gives us even more reasons to 

be prudent, as it highlights the importance of considering not just the 

immediate e!ects of our actions, but also the secondary and tertiary e!ects. 

Beyond that, it reinforces the point about epistemic humility stressed 

above: the consequences of our actions are di#cult enough to predict 

over just the next decade, yet they become much harder still to foresee 

when we consider spans of time that are orders of magnitude greater. "is 

further strengthens the case for prioritizing foundational research and 

deep re%ection.

Unfortunately, our intuitions are poorly equipped to grasp the impor-

tance of the long-term future. In $elds ranging from biology to economics, 

we $nd strong reasons to expect humans to engage in temporal discount-

ing (i.e. to consider things less valuable the further into the future they 

might occur).

37  A brief defense of this view is found in E!ective Altruism Foundation, 2016. A more 
elaborate case for an impartial view is defended in Vinding, 2017b.
38  "e moral importance of the long-term future is explored in depth in Beckstead, 
2013, though not from a su!ering-focused perspective.
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In economic terms, we may reasonably prefer having a certain good 

today rather than in twenty years, as we may not be around by then. And 

in biological terms, we should expect our “sel$sh genes” to “care less” 

about any particular descendant the further away in time they are, as our 

genes get more diluted. "ese reasons can make sense of strong temporal 

discounting at the level of our intuitions. Yet they are not good reasons to 

discount the intrinsic disvalue of future su!ering. In other words, there is a 

strong divergence between our immediate intuitions and impartial concern 

for su!ering as time progresses. Consequently, we appear to have good 

reason to make an e!ort to continually remind ourselves of the importance 

of the long-term future. No matter how much we think we have internal-

ized this point, our brains will still not be long-term futurists at the core.

It is worth noting, however, that the case for focusing on the long-

term future can also be overstated, and that various counter-considerations 

dampen it at least modestly. One such counter-consideration is that there 

is a non-trivial probability that humanity, including its potential machine 

descendants, will go extinct in the future, and when evaluated from the 

present, this probability only increases the further into the future we look. 

And it turns out that even modest values of this extinction probability 

imply that the vast majority of su!ering we can reduce, in expectation, 

does not lie all that far into the future. For example, an annual extinction 

probability of 0.1 percent39 would imply that virtually all the su!ering we 

can in%uence is found within the next 1,000-10,000 years.40 Furthermore, 

it is probably easier to reduce su!ering reliably in the near-term future 

compared to the long-term future, as the di#culty of predicting the con-

sequences of our actions grows considerably with time. "ere are several 

more counter-considerations of this kind.41

These considerations do not undermine the importance of the 

long-term future, which should arguably still dominate our priorities sig-

ni$cantly. Yet they do at least dampen naive versions of the long-term 

39  An annual extinction probability of 0.1 percent would imply less than a ten percent 
probability of extinction by the end of this century. For comparison, one informal survey 
of experts landed on an estimate of human extinction that was roughly twice as high: 19 
percent probability of extinction before 2100, Sandberg & Bostrom, 2008.
40  Vinding, 2017e.
41  For reviews of some of these, see Tomasik, 2015c; Baumann, 2017a; 2019b.
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thesis, and show that we also have strong reasons to prioritize reducing 

su!ering in the short term.

What I have argued for in this chapter — humility, prudence, rule-fol-

lowing, etc. — may seem in stark tension with one of the main claims 

I defended in the $rst part of the book, namely that we are always con-

fronted with an acutely urgent opportunity to reduce su!ering. "is claim 

about urgency sounds strong and motivating whereas what I have said 

in this chapter may feel weaker and much less motivating. Where did all 

the urgency go? But the truth is that it went nowhere. "e tension only 

exists at the level of our psychology, where we commit an “urgency fallacy” 

of sorts. For the fact that we have a truly urgent opportunity to reduce 

su!ering in no way implies that we know how to best take advantage of 

this opportunity.

Again, it is understandable if this is deeply confusing at an intuitive 

level, given that feelings of urgency were mostly tied to palpable actions 

in our evolutionary past. Yet if we are to reduce su!ering e!ectively, we 

must step beyond this confusion and learn to maturely integrate these 

two important insights: we are confronted both by great urgency and 

great uncertainty. Consequently, what we urgently need to do is to learn 

more about how we can reduce su!ering so that the estimates guiding our 

actions are as re$ned as possible.



205

10
We Should Be Cooperative

“We are all in this together.”

— Common expression of solidarity

We live in a world where people disagree profoundly about many things, 

including about what our priorities should be. "is will remain true for 

the foreseeable future, and hence we have good reason to learn to cooper-

ate with people with whom we disagree.

10.1 Cooperation: A Positive-Sum Prospect

A simple reason why cooperation is desirable is that it often allows better 

outcomes in expectation for all parties involved. Consider a simple exam-

ple where two basketball teams have each been granted a respective half 

of a local gym hall. Both teams wish to use the full hall to practice prop-

erly, as half-court practice is suboptimal. "is leaves the teams with two 

options: 1) they can each try to gain more of the gym hall for themselves 

by encroaching on the other team’s space, or 2) the two teams can make 

a cooperative agreement to share the entire hall between them by practic-

ing at di!erent times. Both teams $nd the latter option clearly superior, 
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as it enables them to get what they want without sacri$cing anything 

of signi$cance.

Another example whose relevance in the moral sphere may be more 

obvious is that of two moral agents who intend to push for opposing sides 

on some moral or political issue, yet who agree to instead further a shared 

goal. For example, a Republican who wants to donate $1,000 to the Repub-

lican Party and a Democrat who wants to donate the same amount to the 

Democratic Party may agree that it would be better if they each donated 

their money to a charity they both consider worth supporting.1 Each person 

may consider a $1,000 donation to the charity less good than a $1,000 dona-

tion to their own party, yet they may consider the combined bargain that is 

$2,000 to a favored charity and $1,000 less to the other party to be much 

better still, in which case they both win by cooperating.

Trade of this kind has been referred to as “moral trade”, and the wins 

produced can be thought of as “gains from moral trade” (by analogy to 

gains from trade in economics). A wide variety of moral views can, in 

theory, see gains from such moral trades.2 Moreover, gains of this kind are 

also potentially wide-ranging in that there is no limit, in principle, to the 

number of agents with di!erent values who can come together in this way 

to agree on positive-sum decisions. In cases where such improvements are 

possible, it would be a great shame for everyone involved if the respective 

agents choose not to cooperate.

10.2 Why Do We Not Cooperate?

If cooperation can yield signi$cantly better outcomes in expectation, we 

should wonder why people do not cooperate more. A few plausible rea-

sons can be given.

First, we may fail to cooperate because of crude human nature. Our 

brains are deeply tribal, and so we may be naturally reluctant to even con-

sider cooperating with perceived outgroups (and disagreeing on values is 

arguably a strong catalyst for outgroup perception). Beyond that, we also 

1  "is example is also mentioned in Ord, 2015.
2  Ibid.
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like to signal that we are loyal to our own group, which likely biases us 

further away from cooperating with “outgroups”.3 For instance, when a 

Democrat and a Republican make an agreement that results in no money 

donated to their respective political parties, this may be perceived as a 

betrayal by their political peers. In this way, our drive to signal loyalty can 

keep us in a suboptimal tug of war when we could cease to “tug” against 

one another and instead go in directions that bene$t all parties.4

Another reason we may fail to cooperate is simply a lack of trust, which 

is a vital precondition for cooperation.5 For example, the two basketball 

teams in the example above would never agree to share the gym hall if 

they thought the other team would keep on showing up to claim their 

own half. Such a lack of trust may be justi$ed, of course, especially if one 

lives in a society where people rarely honor agreements, or if the particular 

agent one would ideally like to cooperate with has not held true to their 

promises in the past. "ese justi$ed reasons to withhold trust highlight the 

importance of promoting trust and observance of shared rules, as failures 

in these regards may well result in big losses for everyone.

Lastly, one may refuse to engage in moral trade because a fuller analy-

sis would in fact often recommend against it. For example, as mentioned 

in the previous chapter, people generally $nd consequentialists less trust-

worthy and less worth cooperating with, which may also have important 

implications for moral trade in particular.6 It suggests that moral trade, 

although cooperative in itself, may reduce one’s potential to cooperate in 

the future because of the impression it makes on third-party observers (e.g. 

the impression that one is willing to sell out on one’s moral principles).

"is reservation does not necessarily count as a decisive reason against 

engaging in moral trade — especially when the potential gains are great 

— yet it does at least give us reason to be somewhat cautious about it.7 

Similar considerations about people’s perceptions also suggest that we 

should hesitate to dismiss the loyalty signaling cited above as just being 

3  Simler & Hanson, 2018.
4  A similar point is made in Hanson, 2007; 2019.
5  Ord, 2015, pp. 132-134.
6  Everett et al., 2016; Everett et al., 2018.
7  Additional caveats in relation to moral trade can be found in Ord, 2015, pp. 137-138.
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primitive human nature that we should ignore. For even if loyalty signal-

ing is just primitive human nature, it remains a fact that most people do 

care about it, and failing to take this into consideration could well prove 

costly to one’s ability to cooperate with others in the future.

Note, however, that none of these caveats about moral trade in par-

ticular speak against cooperation in general. Indeed, the underlying reason 

that animates these reservations about moral trade is that it may harm one’s 

ability to cooperate in a more general sense. After all, moral trade is but 

one of many ways in which disagreeing moral agents can gain by cooper-

ating. Another form of cooperation, one that need not have anything to 

do with compromises between con%icting values, is cooperation between 

di!erent agents toward aims that they do agree on.

"is kind of cooperation is especially relevant for su!ering reduction, 

since the aim to reduce su!ering is already among the most widely shared 

moral aims.8 In e!ect, those who share the goal of reducing su!ering will 

have a lot to lose by competing $ercely on issues they disagree on com-

pared to if they spend their resources working toward their common goal. 

For not only does competition over other things count as an opportunity 

cost to the advancement of this common goal, it also constitutes a risk to 

the entire project of cooperation. Sometimes all it takes for cooperation 

to break down among humans is a single con%ict.

"is leads to a tentative maxim for those seeking to reduce su!ering: 

most people already agree that su!ering deserves signi$cant priority, and 

so we should work on $nding ways to reduce su!ering that most people 

are willing to support. Failing to do this could be highly suboptimal rela-

tive to the goal of reducing su!ering. Unfortunately, tribal human nature 

makes it all too tempting to succumb to failures of this kind, as we too 

readily focus on what divides rather than what unites us.

8  For some support for this claim, see Future of Life Institute, 2017.
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10.3 Additional Reasons to Cooperate

Many other reasons can be cited in favor of being cooperative. A signi$cant 

theoretical reason comes from game theory, the study of strategic interac-

tion between rational decision-makers. For example, in variations of the 

so-called iterated prisoner’s dilemma, which approximates many real-world 

scenarios, simulations suggest that an agent seeking to maximize its own 

gains should generally adopt a cooperative strategy.9

Speci$cally, in simulations of simple iterated games, political scien-

tist Robert Axelrod found the winning strategy to be: cooperate from the 

outset, keep on cooperating as long as others cooperate, and defect if others 

defect.10 And in more complex games that introduce noise, such as random 

mistakes or unclear feedback about what is going on, it turns out that an 

even more generous strategy, in which one cooperates in ten percent of 

the cases where one should defect in the simpler games, tends to win out 

in the long run.11 "is strategy may be thought of as giving one’s coopera-

tion partners the bene$t of the doubt, and, in the words of Axelrod, its 

upside is that it “prevents a single error from echoing inde$nitely” — i.e. 

it prevents mistakes from ruining all future cooperation for good.12

One can also give reasons for cooperating that are less abstract. For 

example, that common sense strongly endorses cooperation, and that human 

nature in many ways is set up to reward cooperation (and punish defection).13 

More than that, being cooperative and kind also generally makes one more 

likable, which in turn makes others more willing to listen to and sympathize 

with one’s views, including one’s moral views in particular. For example, 

animal rights activists who show a kind and cooperative attitude toward their 

listeners are probably more likely to have people listen with an open mind.

9  Axelrod, 1984; 1997.
10  Axelrod, 1984, chap. 2. For some examples and discussions of possible exceptions, 
see Press & Dyson, 2012a; 2012b. Press and Dyson discovered “zero-determinant strate-
gies” (ZD strategies) that can beat the tit-for-tat strategy in a stochastic iterated prisoner’s 
dilemma. However, ZD strategies actually allow even more gainful cooperation between 
agents (provided both agents know of ZD strategies), as they make it possible to ensure 
maximum rewards for both parties, Press & Dyson, 2012b. However, there is reason to be 
skeptical that these abstract results have great real-world relevance, ibid.
11  Axelrod, 1997, pp. 34-35.
12  Ibid., p. 34.
13  Henrich & Henrich, 2007; Tomasello, 2009.
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In this way, cooperation is not only crucial for win-win decisions 

between competing value systems, but also when it comes to not turning 

people away from values that they would in fact agree with if only they 

re%ected more deeply, or if only those who endorsed these values seemed 

more kind and worth associating with. "is point is especially true in 

relation to aggression and violence in particular. "at is, we should go to 

great lengths to avoid hostile behavior, not least since it tends to alienate 

potential supporters. A strict adherence to principles of non-aggression 

and “do no harm” is generally advisable.

Here is how Brian Tomasik sums up the importance of being coopera-

tive and promoting compromise:

I think advancing compromise is among the most important projects 

that we who want to reduce su!ering can undertake. A future 

without compromise could be many times worse than a future with 

it. "is is also true for other value systems as well, especially those 

that are risk-averse. "us, advancing compromise is a win-win(-win-

win-win-…) project that many of us may want to work on together. 

It seems like a robustly positive undertaking, squares with common 

sense, and is even resilient to changes in our moral outlook.14

10.4 Cooperating with Empirical Disagreements

As noted above, cooperation is not only important in the context of value 

disagreements. Another respect in which it is crucial is in the context of 

empirical disagreements. For people who agree fully about the importance 

of reducing su!ering will inevitably still have disagreements on various 

factual questions, including questions about which future scenarios are 

most likely, and these disagreements can readily imply di!erent practical 

priorities. If those aiming to reduce su!ering are to be e!ective, then they 

must manage to cooperate in the face of such disagreements.

14  Tomasik, 2013g. Additional reasons for being cooperative are listed in Tomasik, 
2014d.
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It may be tempting to understate the signi$cance of empirical disagree-

ments. After all, if two parties agree on fundamental values, disagreements on 

other issues should be relatively minor and easy to tolerate. Sadly, this view 

turns out to be naive. Indeed, some of the most divisive disputes are found 

among people who are in close agreement on goals, yet who disagree about 

other things, such as optimal strategies or key empirical claims. Obvious 

examples include political allies and scientists. "e latter are a particularly 

good example in this context, since scientists all share the aim of discover-

ing the truth (at least ideally) and their disagreements are purely empirical 

(again, at least in the ideal). Nonetheless, it is quite common to see scientists 

end up in bitter disputes that impede cooperation and scienti$c progress; a 

famous example is the dispute between Robert Hooke and Isaac Newton.

"e reason disputes like this happen despite the convergent ideal aims 

of the people involved is hardly a deep mystery, since the ideal motives 

people state are obviously not their only motives — for instance, personal 

prestige and group psychology also tend to motivate us strongly. And the 

point here is that those who share the ideal aim of reducing su!ering face 

the same challenge. Empirical disagreements should be acknowledged 

for the readily %ammable substance they are among those who are value-

aligned. After all, empirical beliefs, beyond just tracking reality, also serve 

as a loyalty signal to our peers.15 And so it may well feel like a betrayal — 

to the more primitive parts of our minds, that is — when someone who 

is otherwise an ally disagrees with us on empirical matters.

So how should we conduct ourselves in the face of empirical disagree-

ments? Striving for compromise again seems the right response, on two fronts. 

First, at the level of the empirical beliefs themselves, it seems that two truth-

seeking agents who end up with di!erent beliefs should seek to update their 

beliefs in each others’ direction.16 After all, the fact that another reasonable 

15  Hanson, 1997; Simler, 2016. For example, as Kevin Simler suggests, someone on the 
political left may be seen as stepping out of line if they do not believe in anthropogenic 
climate change, whereas someone on the right may be seen as stepping out of line if they 
do believe climate change is real and caused mostly by human activity, although these are 
purely empirical beliefs.
16  "is is related to Aumann’s agreement theorem, which says that two rational agents 
with the same knowledge cannot agree to disagree. A problem, of course, is that agents in 
the real world can never fully share all their knowledge and intuitions.
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person believes something should be considered (at least) weak evidence that 

the given belief is correct. If one gives no weight to someone else’s belief and 

full weight to one’s own prior belief, then this requires an explanation, such 

as that the other person has less information or reasons incorrectly.17 Second, 

beyond seeking to converge on beliefs, it is also necessary to cooperate and 

make compromises in the face of divergent empirical beliefs. For even if people 

sincerely strive to update their beliefs, some empirical disagreements will still 

persist. "is leaves no alternative but to learn to tolerate empirical di!erences 

and to seek a pragmatic path forward that involves compromises where neces-

sary (while continually being open to updates and belief convergence).

10.5 How to Promote Cooperation?

A general propensity toward cooperation in society is useful for all the 

speci$c forms of cooperation mentioned above, which then raises the ques-

tion of how we can best promote such a general willingness to cooperate. 

One way may be to increase interpersonal trust, which is probably best 

done via institutions — ranging from informal norms to formal public 

institutions — that help make people worth trusting in the $rst place.18 

Bene$cial informal norms include honesty and integrity, as well as norms 

against intolerance, aggression, and tribalism, whereas important things 

to promote at the level of our formal institutions include transparency, 

fairness, and stability. "ere is also evidence that less income inequality 

leads to more interpersonal trust.19 Other ways to foster cooperation may 

include general education about how cooperation is a surprisingly e!ective 

strategy in countless game-theoretic scenarios, especially in the long term.20

17  Hanson, 2001.
18  "ere appears to be a mutual relationship between trust and institutions in that they 
seem to grow and fall together: greater trust makes better institutions possible and vice 
versa. See Sønderskov & Dinesen, 2014.
19  Ortiz-Ospina & Roser, 2019; Wilkinson & Pickett, 2009. "is is also what one 
would expect in light of humanity’s egalitarian origins, Boehm, 1999.
20  More suggestions on how we can promote cooperation are found in Tomasik, 2013n.
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Given that cooperation might well be among the best tools we have for 

avoiding the very worst futures — i.e. future outcomes with vast amounts 

of su!ering that everyone wants to avoid — we seem to have good reason 

to work toward a future that is generally more cooperative.21 As Brian 

Tomasik writes:

Probably the strongest reason [to promote cooperation] is that 

cooperation puts our descendants in a better position, both in 

terms of social institutions and moral values, to be able to tackle 

issues that we have no hope of addressing today. It’s quite plausible 

that most of the su!ering in the future will come from something 

that we can’t even anticipate now. We should aim to empower 

our descendants to handle unknown unknowns, by advancing 

positive social technology — including institutions for peace and 

compromise — relatively faster than scienti$c technology.22

"at said, the promotion of cooperation on a large scale is unlikely to be a 

particularly tractable endeavor, which renders it doubtful that large-scale coop-

eration is the main thing we should push for with our marginal resources. By 

contrast, the task of embedding cooperation deeply into our own approach to 

reducing su!ering is quite tractable. And not only would this be bene$cial in 

terms of win-win relations with outsiders, but also in terms of the large gains 

it can secure within the community of people seeking to reduce su!ering. "e 

promotion of such “local” cooperation should be a top priority.

21  Cf. the tragedy of the commons scenarios, which are best avoided via cooperative 
agreements that enable agents to collectively steer away from the tragic outcomes that 
would otherwise emerge by default. A concrete example may be arms races between 
con%icting groups: everyone may prefer to avoid arms races, yet if cooperation fails, each 
agent may see no alternative but to spend resources on destructive technology rather than 
spending it on something constructive and positive-sum. Another example, one that is 
perhaps more salient to us today, is the increasing political polarization we currently wit-
ness, where each individual seems to win points in the ingroup by distancing themselves 
from the other side, which may be considered a win to that individual within their group, 
yet the net result is an environment of polarization that makes everyone worse o!.
22  Tomasik, 2014a.
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Non-Human Animals and 

Expansion of the Moral Circle

Contemporary discussions and e!orts pertaining to the reduction of su!er-

ing tend to be conducted from a thoroughly anthropocentric perspective. 

Yet if our aim is to reduce su!ering e!ectively, this narrow focus cannot 

be defended. We must prioritize the su!ering of all sentient beings.1

Imagine, by analogy, if virtually all our e!orts to alleviate su!ering 

were focused on people of just one nationality — Norwegians, say. "is 

would obviously be an ine!ective and unjusti$able focus. And yet the 

prevailing moral focus on humans to the exclusion of all other sentient 

beings is really no better. Indeed, the ratio of Norwegians to all humans is 

considerably larger than the ratio of humans to all sentient beings. Most 

sentient beings — more than 99.99 percent even if we just count verte-

brates2 — are non-human, and this fact should be strongly re%ected in 

our approach to reducing su!ering.

1  Much of my work to date has focused on the subject of this chapter, and hence I will 
not here restate an elaborate case for the moral importance of non-human animals and of 
expanding our moral circle. I have provided more elaborate treatments of these subjects in 
Vinding, 2014a; 2014b; 2015a; 2016a.
2  Tomasik, 2009d. Indeed, it is likely that the number of $sh alone is 1015 at any given 
moment, implying that if we consider just the set of all humans and $sh alive at any one 
time, $sh constitute more than 99.999 percent of these beings. (In relation to the ability of 
$sh to su!er, see again Braithwaite, 2010; Brown, 2015; Balcombe, 2016; Jabr, 2018.) And 
yet vertebrates are in turn vastly outnumbered by invertebrates, who are thousands of times 
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11.1 Rejecting Speciesism

"e argument against discounting the su!ering of non-human beings is 

simple: an individual’s species membership is not relevant to their intrin-

sic moral value — only their sentience is. Hence speciesism, discrimination 

against beings based on their species membership, is unjusti$able.3 We should 

give equal priority to equal interests in general, and to equal su!ering in par-

ticular. Indeed, it is the rejection of the principle of equal consideration of equal 

interests that requires justi$cation, since such a rejection faces the burden of 

identifying a morally relevant criterion that can justify this discrimination.

"e claim that species membership itself constitutes such a criterion 

is question-begging; it would be no di!erent from a racist who claims that 

one ethnic group of humans is inherently more morally important than 

all others. To justify treating beings di!erently, one must point to a mor-

ally relevant di!erence between them. And in this regard, e!orts to justify 

discrimination against non-human animals run into the “argument from 

species overlap” (also known as the “argument from marginal cases”): what-

ever purportedly relevant di!erence we can point to between humans and 

non-human animals, such as di!erences in cognitive abilities, can also be 

found among humans. "at is, many humans do not possess the cognitive 

abilities (or the ability to take moral responsibility, or “special social relation-

ships”, etc.) that supposedly constitute the morally distinguishing feature 

that justi$es discrimination against non-human animals. And yet we rightly 

do not accept discrimination against humans based on these di!erences. On 

the contrary, we realize that, if anything, we have greater obligations to assist 

such disadvantaged humans — the complete opposite of what we take these 

di!erences to imply in the case of non-human individuals.

In this way, the argument from species overlap suggests that the reasons 

we generally give for discriminating against non-human animals are not in 

fact reasons we ourselves consider valid.4 In the case of humans, we realize that 

more numerous than $sh (Tomasik, 2009d), and there is indeed no justi$cation for not also 
granting them consideration, as they may well su!er. For more on this subject, see Tomasik, 
2009a; 2015b; Elwood, 2011; Knutsson, 2016c; Tye, 2016; Singer, 2016; Birch, 2017.
3  For a more elaborate case for this conclusion, see Horta, 2010b; Ryder, 2011; Animal 
Ethics, 2012; Vinding, 2015a. "e term “speciesism” was coined by Richard Ryder.
4  For a deeper exploration of the argument from species overlap, see Horta, 2014.
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sentience alone is su#cient to warrant full moral consideration. And there is 

really no excuse for not extending this realization to all sentient beings.5

11.2 Wild-Animal Suffering

"e implications of rejecting anthropocentrism in relation to our e!orts to 

reduce su!ering are far-reaching and di#cult to summarize in a short space.6 

But an obvious yet widely overlooked implication worth highlighting is that 

we should seek to reduce the su!ering of all sentient beings — including 

those who live in nature. Sadly, this point tends to be overlooked even by 

self-identi$ed animal rights activists. Yet when it comes to humans, we realize 

that not actively harming other individuals is far from morally su#cient. We 

should also actively help alleviate harms when possible. For example, we realize 

that we should help people who are struck by ills such as famine and natural 

disaster, regardless of whether we ourselves have played any role in causing 

these ills. And just as an individual’s race is no valid reason not to extend such 

help, neither is an individual’s species membership.

In other words, we ought to alleviate the su!ering of non-human ani-

mals when it is in our power to do so, even if the su!ering is not caused 

by ourselves, such as when it occurs in nature for natural reasons.7 Indeed, 

the su!ering of wild animals constitutes the vast majority of su!ering on 

Earth today by virtually any measure, due both to the vast numbers of wild 

animals8 and the fact that a large fraction of them su!er in horrendous 

ways, such as by being eaten alive, starving to death, and being infected 

by parasites.9

So what can we do about such su!ering? "is is admittedly a dif-

$cult question to answer in detail, especially since very few people have 

explored it at this point. Some answers have been proposed, however. In 

5  Horta, 2010b; Vinding, 2015a.
6  A more elaborate examination of the implications can be found in Vinding, 2015a, 
part II.
7  More arguments for this conclusion can be found in Tomasik, 2009b; Pearce, 2009; 
2012; Horta, 2010a; 2015; 2017a; 2017b; Mannino & Donnelly, 2014; Vinding, 2015a.
8  Tomasik, 2009d.
9  Tomasik, 2009b; Pearce, 2009; Horta, 2010a; 2015; 2017a; 2017b; Iglesias, 2018.
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the short term, there are interventions such as vaccinating against diseases, 

as well as small-scale interventions that help visibly a&icted individuals.10 

Beyond that, at a more comprehensive level, David Pearce defends what 

he calls “compassionate biology”, which entails using advanced technology 

to create a “pan-species welfare state”.11

Yet even if we had no proposed answers, this would not give us reason to 

dismiss the issue. Consider, by analogy, the case of human poverty: the mere 

fact that this is a di#cult problem to solve does not mean that we should 

give up and do nothing. On the contrary, it implies that we should do more 

research and think harder about how we might alleviate the problem of 

human poverty. So too with the problem of su!ering in nature: it is unclear 

what we can do at the level of direct interventions at this point, which sug-

gests that, rather than give up, we should do more research. Another thing 

we can do is to make the case that wild-animal su!ering is a serious problem 

that merits priority, and to promote concern for non-human individuals in 

general — especially for numerous and yet neglected beings such as $sh and 

insects.12 So there is in fact much we can do about this problem, even today.13

10  For examples of such interventions that have already been done, see Animal Ethics, 
2014; Horta, 2019.
11  Pearce, 2016. For a discussion of other proposed answers, see Vinding, 2019.
12  Again, for resources on the sentience and moral relevance of $sh, see Braithwaite, 2010; 
Balcombe, 2016; Jabr, 2018. For resources on the sentience and moral relevance of inver-
tebrates, see Tomasik, 2009a; 2015b; Elwood, 2011; Knutsson, 2016c; Tye, 2016; Singer, 
2016; Birch, 2017. One may reasonably question whether invertebrates such as insects can 
su!er intensely (e.g. whether they can experience extreme su!ering of the kind described 
in the fourth and $fth chapter). However, on an expected value framework, one need only 
assign a modest probability to the possibility that they can — say, one percent — in order for 
the intense su!ering of invertebrates to dominate that of vertebrates in expectation, due to 
the vast numbers of invertebrates. And as many of the sources quoted above suggest, we have 
reason to have more than just a one percent credence in this possibility.
13  See Animal Ethics, 2013.
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11.3 Ending the Exploitation of Non-Human Animals

Another important implication is that we should end society’s exploita-

tion of non-human animals.14 "at is, we should work toward a society 

in which non-human animals are not considered mere property, and in 

which we do not exploit and kill them for frivolous reasons such as palate 

pleasure — as we currently do by the billions every year.15 Likewise, at 

the individual level, we should abstain from consuming animal products 

to the extent possible. "is is important for various reasons. For one, it is 

obviously important so as to reduce the su!ering we directly cause to non-

human animals today, as well as to remove support from various industries 

and institutions that actively impede greater moral concern for non-human 

animals at the societal level. However, it is also important for more subtle 

yet no less signi$cant reasons, namely to purify our own minds of the 

biasing in%uence exerted by the consumption of “animal products”.16 And 

there are good reasons to think that this biasing in%uence is strong indeed.

First, it seems highly plausible that we evolved to display a strong 

moral apathy toward the beings whom we have learned to see as food, as 

there was probably strong selection pressure against displaying even mild 

sympathy and moral concern for such beings in our evolutionary past (it 

would likely make a prehistoric human a worse hunter, cook, and con-

sumer of limited resources). Psychological studies bear out this apathy 

hypothesis: not only do we appear to show apathy toward the beings we 

consider food, but we even seem to deny that they have minds in the $rst 

place.17 And this insidious in%uence on our perception of the beings we 

eat is unlikely to be limited to just the beings we eat themselves, but will 

likely trickle out and skew our moral perception of non-human individuals 

14  "is conclusion is defended at greater length in Vinding, 2014a; 2014b; 2015a.
15  For more elaborate arguments for this conclusion, see Francione, 2000; 2008; Vind-
ing, 2015a.
16  In scare quotes because the things I refer to here are “animal products” in the same 
sense that severed human body parts and forcefully obtained human breast milk would be 
“human products”. "at is, it is a grotesque euphemism. However, it is also important to 
note that, in the world of today, grotesque euphemisms and worse should sadly often be 
used, even casually, so as to communicate e!ectively with people who will only be turned 
o! by words that track reality more faithfully.
17  Bastian et al., 2012.
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in general. For example, if one consumes the body parts of non-human 

animals on a regular basis, this probably makes one more resistant toward 

arguments that suggest speciesism is wrong.

Another way to appreciate the in%uence that the consumption of 

“animal products” has on us is to consider how it would in%uence our 

minds to consume the body parts of certain humans. For example, if a 

Dutch person regularly ate the %esh of German people (and never Dutch 

people), would this person really be an apt candidate for the board of an 

organization that works for better treatment of Germans? Is it at all plau-

sible that this person’s ability to reason about Germans, in moral terms, 

is left wholly uncompromised? It seems not. Yet why should we think the 

situation is signi$cantly di!erent in the case of non-human beings?

Indeed, there seems to be a tendency among utilitarian-minded people 

to think that there is nothing uniquely important about the steps we can 

take toward not eating non-human animals and “products” of their exploi-

tation relative to other things we can do for them, such as doing activism 

or making charitable donations. While there is a grain of truth to this view 

— the importance of activism and donations surely is immense and univer-

sally underestimated — it also contains a large grain of falsehood. "is is 

clear when we consider the equivalent human case mentioned above, where 

we are not tempted to say that there is nothing special about the step from 

“eating humans” to “not eating humans”. As is viscerally clear in this case, 

it is more than plausible that we lose concern for the kinds of beings we 

eat, and hence that eating a certain group of beings risks in%uencing us in 

deeply undesirable ways. "is is a deep psychological point, and it is all too 

readily missed in naive consequentialist calculations, such as calculations 

that focus only on body counts of beings exploited and killed. (Indeed, 

this point is often missed even among those who stress the importance of 

avoiding naive consequentialism.)

And while some utilitarian-minded thinkers may manage to be signi$-

cantly less in%uenced in this way, it should still be noted that most people 

probably cannot do the same, and hence such utilitarian-minded thinkers 

may well underestimate the psychological signi$cance the consumption 
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of “animal products” has for most people.18 Moreover, even if one has a 

unique ability to reduce the biasing in%uence that the consumption of 

“animal products” has on one’s own mind, it seems unlikely that one can 

come close to eliminating it entirely — again, compare the di#culty of 

remaining unbiased toward a group of humans despite consuming their 

%esh and other “products” of their exploitation. Finally, there are also 

considerations of self-serving biases that suggest that our convenient evalu-

ations of the (un)importance of a principled approach cannot be trusted.19 

In sum, utilitarian-minded thinkers often grossly underestimate the impor-

tance of not consuming “animal products”.20

"ese arguments for the importance of personal consumption not-

withstanding, a strong case can be made that the main focus of our broader 

e!orts to create positive change for non-human animals should be to 

change institutions — not individual consumer behavior. In other words, 

there is good reason to think that our chief priority should be to in%uence 

societal norms, politics, and laws, and that we should phrase our aims in 

these terms rather than in terms of, say, changing people’s diets.21

An important reason for this is that people are much less resistant to 

institutional change, partly because it is less about them personally. In fact, 

not only are people less resistant to institutional change, but they even 

express surprisingly strong support for it. For example, a survey from 2017 

suggests that almost half of the US population supports a ban on factory 

farming and slaughterhouses — i.e. a surprisingly high level of support 

for radical institutional change. In contrast, when the issue is raised in 

the context of personal consumption, people express a strong support for 

the status quo.22

Another reason it may be promising to focus on institutional change, 

in particular in the realm of politics, is that, in a democracy, radical reforms 

18  "is is also a reason for utilitarian-minded thinkers to abstain from such consump-
tion, since it would be hypocritical to advocate for others to follow a norm that one does 
not follow oneself.
19  See Mayerfeld’s point about self-serving biases mentioned in section 9.7.
20  See also Vinding, 2014b; Sebo, 2019. "is point is worth stressing here because the 
readers of this book are likely to be at least somewhat utilitarian-minded.
21  Reese, 2016; 2018, chap. 7; 2020; Vinding, 2016c.
22  Sentience Institute, 2017; Reese, 2020. "e results of this survey were replicated in 
Norwood & Murray, 2018.
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and bans can in principle be achieved when just slightly more than half 

of the population supports them. "is consideration, combined with the 

$nding that almost half of the US population already seems to show some 

support for radical legislative changes, hints at the enormous potential that 

lies in strategies and advocacy focused on institutional change.23

11.4 Expanding Moral Consideration Beyond (Live) Animals

"e importance of expanding our circle of moral concern goes much 

further than what we have covered above. For beyond the sentient beings 

inhabiting Earth today, there is also a potential for enormous amounts of 

su!ering to emerge in new kinds of minds that may exist in the future. 

In fact, we need not even go to the future to get a sense of the risks this 

possibility entails. Recently, scientists have been able to partially revive 

the brains of dead pigs, reactivating their cerebral metabolism by keep-

ing them in an isolated chamber.24 Reportedly, the pigs did not regain 

consciousness, yet it seems di#cult to rule out the possibility that some 

%eeting experiential states emerged, and this should be considered a seri-

ous risk given the potential of such states to entail intense su!ering. At 

any rate, the fact that technologies of this kind already exist and are likely 

to be developed further should lead us to take seriously the prospect of 

disembodied minds that can su!er.

Indeed, disembodied minds pose a unique challenge to our moral 

sentiments, in that they have no accompanying face, body movements, 

or screams to which we can relate. "ere is just a mind-brain that may be 

undergoing su!ering far more severe than any scream could ever convey. 

Combine this with the possibility that disembodied minds — in the form 

of “arti$cial” sentience realized in future hardware25 — could be by far the 

23  Mannino, 2016. Such a strategy is already being pursued in Switzerland, where the 
organization Sentience Politics has managed to collect enough signatures to bring about 
a public vote on whether factory farming should be banned. For more on the impor-
tance of politics in relation to non-human animals, see Animal Ethics, 2017b; Garner & 
O’Sullivan, 2016; André, 2019.
24  Vrselja et al., 2019.
25  Ziesche & Yampolskiy, 2019a; 2019b.
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most numerous minds in the future, and we begin to see how important 

it is that we make an e!ort to appreciate the moral signi$cance of such 

future minds.26

On an expected value framework, greater future concern for such 

“silent” minds could turn out to be orders of magnitude more important 

than greater concern for presently existing beings. For this to be plausible, 

one would only need to assume a modest probability that vulnerable minds 

of this kind will exist in astronomical numbers in the future. And given 

that humans, in a race for purely economic gains, have created the still 

growing institution of factory farming that imposes horri$c su!ering upon 

billions of sentient beings every year, it is by no means guaranteed that our 

descendants will not eventually create similar su!ering on an astronomical 

scale for similar reasons.

What the minds of the future will be like is, of course, highly uncer-

tain, which in turn renders it di#cult to say how we can best reduce the 

su!ering that may emerge in such minds. It might well be that the best 

we can do today is to raise concern for the presently existing beings whom 

we neglect in moral terms — an approach that also has the advantage of 

pertaining to beings who are both actual and relatable.

On the other hand, focusing primarily on presently existing beings 

could also turn out to be suboptimal. For example, it could be that people 

are signi$cantly more open toward the moral inclusion of future beings. 

One reason this might be the case is that most people are behaviorally 

invested in practices that harm presently existing non-human individuals, 

and they may fear social disapproval if they stop such behavior and start 

speaking up for these individuals. In contrast, it may feel less threatening 

to people’s identities to support advocacy and measures that help future 

beings.27

26  For instance, if our descendants colonize space and $ll it with minds, it seems likely 
that disembodied minds will be the most e!ective way to do so.
27  "is should not be taken as an excuse for our current atrocities against sentient 
beings. "e point is merely that we must focus on that which best reduces su!ering for 
sentient beings, and the fact that people are less personally and socially invested in harm-
ing future beings, as well as the fact that there will be many more future beings than there 
are present beings, do in combination count as a considerable reason to focus primarily on 
future beings in our e!orts to reduce su!ering (a reason that may, of course, be counter-
balanced by other reasons).
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In the absence of clear answers to the questions raised by these con-

siderations, it seems to me wise to opt for a middle road that relates both 

to beings of today and of the future. Speci$cally, to invoke the relatability 

of presently existing non-human individuals while also emphasizing argu-

ments about the importance of reducing su!ering in all beings, regardless 

of their temporal location and external traits.

11.5 Biases

"ere are quite a few relevant biases to be aware of in relation to our circle 

of moral consideration. "ese biases are important to understand for two 

principal reasons: 1) to see how we ourselves may be biased against priori-

tizing non-human beings, which will hopefully enable us to better correct 

for these biases, and 2) to understand the psychology of other people so 

that we can adjust our focus accordingly and navigate more e!ectively 

toward the goal of reducing su!ering.

An especially relevant bias is our “speciesist bias”. As a recent study 

found, we humans tend to “value individuals of certain species less than 

others even when beliefs about intelligence and sentience are accounted 

for.”28 And this bias probably a!ects all of us, regardless of how sincere 

we are about reducing su!ering. For both biological and cultural reasons 

that are di#cult to transcend, we tend to care much less about beings 

who are not human. At the biological level, it is wholly unsurprising that 

we are hardwired to care disproportionally about our own kin and kind. 

And the reasons for our anthropocentrism are no less obvious at the cul-

tural level. For example, our laws and culture at large fail to promulgate 

concern for non-human beings to any considerable extent, and indeed do 

not punish most misdeeds against them, such as frivolously killing and 

eating them. More generally, just about everywhere one turns in society, 

one is met by intense propaganda against non-human individuals — in 

supermarkets where their body parts are on sale, in our conversations where 

28  Caviola et al., 2019. 
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their names are used pejoratively, and in nature where they are “objects 

of conservation”.29 

Again, it is di#cult to appreciate the extent to which these things 

blind us to the moral importance of non-human beings, not to mention 

the continual e!ort that is required to reduce their biasing in%uence. For 

even if we adamantly reject speciesism at the level of our explicit beliefs, we 

are still deeply anthropocentric at the level of our attitudes and sentiments, 

which probably in large part determine our moral motivation and focus.

Our speciesist bias is also worth keeping in mind in order to see real-

ity more clearly and to avoid undue cynicism. For in a world where the 

su!ering of non-human animals is often met with indi!erence, and some-

times even amusement, we should remember that it is not the case that 

most people have no empathy or concern for su!ering, but rather that 

these capacities are heavily muted relative to the su!ering of non-human 

beings. More than that, we should remember that most people actually 

do display concern for non-human animals at the level of their stated 

beliefs. For instance, a 1996 poll conducted in the United States found 

that 67 percent of people reported agreement with the statement that a 

“[non-human] animal’s right to live free of su!ering is just as important 

as a [human] person’s right to live free of su!ering”.30 "us, the challenge 

arguably lies more in bringing people’s attitudes and behaviors in line with 

their stated beliefs than it lies in revolutionizing their convictions about 

the moral importance of non-human beings.

Other biases that are important to control for include two biases we 

have mentioned before, namely our scope neglect and our perpetrator bias. 

Scope neglect, the tendency of our moral sentiments to give insu#cient 

weight to large numbers, is obviously relevant given that the number of 

non-human animals is so overwhelmingly large — both on factory farms 

and in nature. And we should expect our scope neglect to be even more 

signi$cant still in relation to risks of non-human individuals su!ering in 

astronomical numbers in the future.

29  See Vinding, 2015a, “"e Conservationist Delusion”.
30  Deseret News, 1996 (38 percent agreed strongly, while 29 percent agreed somewhat). 
Similar $ndings are reported in Sentience Institute, 2017; Norwood & Murray, 2018.
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Perpetrator bias is likewise important to control for at all these three 

levels.31 At the level of humanity’s systematic exploitation and abuse of 

non-human animals, we $nd no single perpetrator we can point toward, 

but rather many partly complicit agents — the farmer, the slaughterhouse 

worker, the customer. "is division of male$cence blinds us to the atroci-

ties committed by this institution as a whole.

Far stronger still is our perpetrator bias in the context of su!ering 

in nature for natural reasons: here there are absolutely no agents we can 

identify as culpable perpetrators and who can $re up our moral sentiments 

— just an enormous amount of su!ering that human psychology evolved 

to ignore.32 (And this is, I believe, the great blindspot of most vegans: the 

absence of a perpetrator leads them to neglect the su!ering of the major-

ity of the beings they claim to care about.)33 Lastly, we should expect our 

perpetrator bias to be strong in relation to risks of astronomical su!ering, 

as the greatest such risks are not due to any single evil agent but rather, 

like the moral catastrophe of factory farming today, due to failures of a 

more distributed and systemic kind.34

A $nal bias worth highlighting here is that people display a signi$-

cant bias against vegetarians and especially vegans. For instance, a recent 

study conducted in the United States found that people on average evalu-

ate vegans more negatively than other minority groups such as atheists 

and homosexuals.35 "e study also found that vegans themselves reported 

experiencing negative judgements from others, and to have had friends 

31  For more on (what I call) the perpetrator bias, see Tomasik, 2013i; Davidow, 2013. 
See also section 7.7.
32  Davidow, 2013.
33  Another bias that is relevant is underestimating the moral importance of small beings 
relative to larger beings, Vinding, 2015a, “A Short Note on Insects”. For example, ants 
have signi$cantly more neurons than lobsters, yet people generally seem to display greater 
moral concern for lobsters than for ants. "is consideration is relevant because small be-
ings constitute the vast majority of non-human beings, both among vertebrates (most of 
whom are small $sh) and invertebrates.
34  Even in scenarios in which the majority of future su!ering is caused by a single evil 
agent, the emergence of such a powerful agent would itself be the result of systemic failures 
— still the product of factors our perpetrator-biased minds are not naturally geared to 
appreciate and take seriously.
35  MacInnis & Hodson, 2017. See also Horta, 2018.
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and family members contact them less, and in some cases even no longer 

contact them at all, after they revealed they were vegan.36

"is bias against vegans is $rst of all relevant because it likely skews 

our appraisals of veganism itself, and disinclines us from adhering to it.37 

Yet the bias also constitutes an important psychological fact about how 

people may react to various messages. Indeed, such biased attitudes against 

vegans are a signi$cant hurdle to many otherwise straightforward endeav-

ors to reduce su!ering. It is therefore important that we take such biases 

into account in our evaluations of optimal strategies for reducing su!ering.

11.6 Caveats

If our core goal is to reduce su!ering, we should be careful not to simply 

assume that expanding humanity’s moral circle — or any other intuitively 

related and appealing goal — is necessarily perfectly convergent with our 

core aim. Indeed, the three goals “minimize su!ering”, “expand humanity’s 

moral circle”, and “minimize human consumption of ‘animal products’” are 

not identical. And even though these goals are surely related, one should 

be skeptical that the actions best suited to address one of them also happen 

to be best suited for the others. "at would be a remarkable coincidence.38

In fact, it is not di#cult to point to ways in which expanding human-

ity’s moral circle could end up increasing future su!ering.39 For example, 

many people hold moral views according to which the extreme su!ering of 

one individual can be outweighed by goods enjoyed by others. Some people 

even consider factory farms good for the beings who live on them,40 and 

36  MacInnis & Hodson, 2017.
37  "e existence of such an e!ect is supported by a study that found fear of stigmatiza-
tion to be a likely barrier preventing “dietary shifts toward a plant-based diet”, Markowski 
& Roxburgh, 2019.
38  Cf. Lewis, 2016.
39  For more on this point, see Tomasik, 2015d; Vinding, 2018h.
40  "is is a version of the “logic of the larder” (“raising and killing other beings is good for 
them, as they would not have existed otherwise”). For an example where it is applied in the 
context of factory farming, see Hanson, 2002. Curiously, as pointed out by naturalist Henry 
S. Salt (Salt, 1914, “Logic of the Larder”), this argument is never used to argue that it would 
be good to raise and kill humans, although it would seem just as (in) valid in that context.
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many more consider the sentient condition in nature to be “net positive”, 

despite the enormous amount of extreme su!ering it entails. Given the 

popularity of such optimistic views, a wider circle of moral concern could 

well increase future su!ering by leading people to prioritize bringing more 

beings, and hence more su!ering, into the world. "is consideration sug-

gests that it may be better and more robust to focus on raising humanity’s 

concern for su!ering, or at any rate to emphasize that the most.

Another way in which work to expand humanity’s moral circle may be 

suboptimal is if it imposes signi$cant opportunity costs relative to other 

crucial tasks we could pursue to reduce su!ering. "at is, there may be 

other endeavors that are more important to focus on, such as promoting 

concern for su!ering. Or it may be that work to expand humanity’s moral 

circle comes with too high signaling costs — if it, for psychological reasons, 

makes other people less sympathetic and more hostile to one’s persona and 

cause in general. "is is a risk worth considering before investing most of 

one’s resources into advocating for veganism or expansion of humanity’s 

moral circle: these things could, given most people’s biases, be costly to 

other projects that are crucial to the reduction of su!ering, many of which 

we may not even have thought of yet.41

Expanding humanity’s moral circle probably remains among the more 

promising endeavors we can support. Yet the caveats above do at least give 

us reason to doubt that generic work to expand humanity’s moral circle is 

what we should devote most of our resources to.

41  Where does this leave my argument above against consuming “animal products”? It 
leaves it quite intact, as my argument did not pertain primarily to activism. "at is, one 
can be vegan and reap the bene$ts of a less morally biased mind without necessarily devot-
ing a signi$cant fraction of one’s resources to vegan advocacy.
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Promoting Concern for Su!ering

"e promotion of greater concern for su!ering appears a particularly good 

strategy to reduce su!ering. In this chapter, I shall present some of the 

reasons why it seems promising and explore how it can best be done.

12.1 Why It Seems Promising1

Actions that promote concern for su!ering appear uniquely robust. "ere 

are few pursuits we can expect to be positive across a wide range of pos-

sible future scenarios — as noted in the previous chapter, even expansion 

of humanity’s moral circle entails a signi$cant risk of increasing su!ering 

in some scenarios. Yet greater concern for su!ering does seem positive 

in expectation in almost all future scenarios. "is is no coincidence, as 

concern for su!ering is oriented more directly toward the reduction of 

su!ering than anything else.

Indeed, as Brian Tomasik argues, other interventions have a greater 

risk of being useless, or even negative, whereas the promotion of concern 

for su!ering can build a uniquely %exible resource:

1  "is section draws heavily on Tomasik, 2015d.
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Pushing for a particular object-level policy stance, such as opposing 

climate change, runs the risk that you’d change your mind about the 

policy with further information. For example, maybe it turns out 

that climate change is actually net bene$cial with respect to wild-

animal and future su!ering. In that case, your previous advocacy 

would have been worse than wasted. In contrast, if you work to 

advance broader ethical principles, such as the priority of reducing 

extreme su!ering, then you create a more %exible resource, since 

as further information comes in, people who share that viewpoint 

can change what they work on. Future generations will have much 

better insight into problems of the future than we have today, so 

imparting a concern for su!ering to future generations will often 

more reliably conduce to good outcomes than will promoting some 

particular, ideology-independent policy.2

"e promotion of greater concern for su!ering has the advantage of 

making people more likely to join the endeavor to reduce su!ering at the 

most fundamental level — the level of core values — from which they can 

help $gure out the best ways to reduce su!ering. A movement of people 

oriented toward this goal seems the best kind of movement we can create. 

Not least since everything else is in a sense downstream from our core 

values: they are ultimately what determine our practical priorities, which 

renders them uniquely consequential.3

Another reason to prioritize the promotion of concern for su!ering 

is that society’s values seem somewhat more contingent than many other 

things we could focus on advancing, such as technological and scienti$c 

progress, and hence we may expect to make a greater marginal di!erence by 

increasing concern for su!ering.4 Beyond that, the promotion of concern 

2  Tomasik, 2015d.
3  More elaboration on these points is found in Vinding, 2017a, “"e Tree of Ought — 
A (Cause) Prioritization Framework”, “Reasons to Focus on Values as Our Main Cause”.
4  For a case for the limited contingency of technological and scienti$c advances, see Kelly, 
2010. Kelly demonstrates that scienti$c discoveries and technological inventions were often 
made independently, almost simultaneously. By contrast, religious leaders and philosophers seem 
to have exerted a more contingent in%uence throughout history. For example, di!erent religions 
di!er quite strongly on values, and in relation to political philosophy, it is unclear whether we 
would have seen communist revolutions had it not been for the writings of Karl Marx.
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for su!ering also appears more neglected, in terms of resources devoted 

to it, than most other speci$c projects and mainstream causes one could 

pursue, such as scienti$c progress or moral circle expansion.

Finally, another signi$cant reason to promote concern for su!ering 

is that many of those who currently focus on reducing su!ering seem to 

have adopted dangerously naive views and approaches — neglecting, for 

instance, the importance of being cooperative. And it is plausible that one 

of the best ways to in%uence these people in more cooperative and e!ective 

directions is by defending the moral views these people hold, and to then 

present a more sophisticated and balanced picture of these views’ implica-

tions. If nothing else, this may at least reduce the risk that people aiming 

to reduce su!ering will harm the cause due to naive ideas.

12.2 What Promoting Concern for Suffering Means

Promoting concern for su!ering can mean many things and take many 

forms. For one, it can mean presenting arguments in favor of giving special 

priority to the reduction of su!ering, as I have done in the $rst part of this 

book. Yet it can also consist in producing educational documentaries that 

help raise people’s concern for su!ering,5 or in promoting practices that 

raise people’s compassion and emotional attunement to su!ering, such 

as compassion meditation or so-called compassion cultivation training.6

Another sense in which one can promote concern for su!ering is by 

bringing the concern people show for su!ering at the level of their behav-

ior into congruence with the concern they have at the level of their ideals. 

For example, as mentioned earlier, a large survey found that a plurality of 

people — roughly a third — believe that minimizing su!ering should be 

the main aim of future civilization.7 Yet it is hardly the case that a third 

of people work to reduce su!ering in a dedicated and e!ective way. "ere 

can be many reasons for this, of course, some of which we already explored 

5  For a short such documentary, see Leighton, 2015.
6  See "e Center for Compassion and Altruism Research and Education: ccare.stan-
ford.edu.
7  Future of Life Institute, 2017.
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in the chapter on biases: we may not be aware of our potential to reduce 

su!ering, we may be suppressing the reality of su!ering in our day-to-

day lives, we may be too caught up in our own pursuit of pleasure, etc. 

In this way, promoting concern for su!ering need not primarily be about 

changing people’s values, but can just as well be a matter of helping people 

bring their actions into alignment with the core values they already hold.

12.3 Is It Uncooperative?

"e main argument against promoting concern for su!ering is that it is 

uncooperative: advancing one’s own values is a zero-sum activity that just 

steals resources from other, opposing value systems. "us, the heuristic 

that we should be cooperative suggests that we should focus on other, more 

positive-sum projects instead.8

"is argument is problematic, for many reasons. One problem is that it 

rests on a crude toy model of cooperation between abstract value systems. 

A more realistic and sophisticated view of cooperation will instead focus 

on cooperation between actual moral agents9 — a much more complicated 

and nuanced view that must factor in the myriad diverse norms, values, 

and interests that animate individuals in the real world, of which their 

abstract moral values are but a subset.10

For the truth is that the values people hold are many and complex, and 

they go far beyond moral values in a narrow sense. For example, people 

also tend to observe tacit norms tied to their communities and cultures, 

and such norms will often prize the open-ended exploration of di!erent 

8  A fuller version of an argument along these lines is found in Christiano, 2013; a brief 
version is outlined in Tomasik, 2015d. Christiano’s argument is against “moral advocacy” 
in general while the argument Tomasik outlines is about concern for su!ering in particu-
lar. Christiano does not explicitly de$ne what he means by moral advocacy, yet this lack 
of de$nition is not relevant to what I write in this section, as my main aim here is not to 
examine Christiano’s arguments but rather to examine the particular argument I just stated 
in the text (which is roughly the one Tomasik outlines).
9  By “actual moral agents” I do not mean to exclude future moral agents. I simply mean 
moral agents that are or will (potentially) be actual — as opposed to crude, abstract agents.
10  Which is to say that the toy model of cooperation between abstract values is incorpo-
rated in this more multidimensional model to the extent it is relevant.
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moral views and perspectives. Beyond such community values, re%ective 

moral agents also hold various epistemic values, at least tacitly (after all, 

without epistemic norms, one cannot meaningfully do any moral re%ection 

in the $rst place). And these epistemic values are also often friendly toward 

the advancement of many di!erent moral views, as they tend to include 

an ideal of openness and impartiality toward novel views and arguments.

Indeed, one can argue that we all, as re%ective moral agents, have 

a genuine interest in being exposed to the strongest arguments for any 

given moral view so that we can re%ect and make up our minds in a 

well-informed manner, implying that those who are advancing views with 

which we disagree are in fact in some sense acting in our interest.11 Such a 

natural interest in being exposed to arguments is among the core tenets of 

the tradition of liberalism and the Enlightenment more broadly. As John 

Stuart Mill wrote in On Liberty:

[T]he peculiar evil of silencing the expression of an opinion is, 

that it is robbing the human race; posterity as well as the existing 

generation; those who dissent from the opinion, still more than 

those who hold it. If the opinion is right, they are deprived of the 

opportunity of exchanging error for truth: if wrong, they lose, 

what is almost as great a bene$t, the clearer perception and livelier 

impression of truth, produced by its collision with error.12

Not only is it cooperative to disseminate the strongest case for one’s 

moral views, but it is in fact, on Mill’s conception of liberalism, uncoop-

erative not to do so, as that would rob others of a great bene$t — whether 

these others will agree with the view or not. In other words, arguing for 

a particular moral view is a cooperative contribution that adds to the 

11  Indeed, Christiano says something similar about his own preferences and re%ection: 
“My preferences are loosely de$ned by reference to what I would judge good upon re%ec-
tion.” Christiano, 2013. Yet engaging with the arguments that others have proposed in 
favor of a set of values is arguably among the best ways to $nd out what one would “judge 
good upon re%ection”, implying that the dissemination of such arguments is a good thing 
relative to such re%ective preferences.
12  Mill, 1859, chap. 2. It may be objected that no one argues that su!ering-focused 
views should be forcefully silenced, which is true. Yet Mill’s point applies just the same to 
silently withholding one’s own opinion for supposedly cooperative reasons.
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common good by potentially advancing everyone’s views. And so to the 

extent the toy model above recommends against stating and disseminating 

the strongest case for one’s values, it is worth asking whether that model 

should weigh heavier than the widely endorsed and elaborately defended 

values of liberalism and the Enlightenment more generally.

"at these traditions hold such a view of the importance of getting 

every argument out in the open is no coincidence: it stems from the under-

lying claim that there can be truly better or worse reasons for accepting a 

given view, including a moral view in particular. And this is indeed another 

thing I would criticize in the toy model above — it seems to tacitly assume 

that our values are ultimately arbitrary, as though we cannot come to truly 

better views through collective re%ection and examination. Such a claim 

about the complete arbitrariness of values seems highly implausible.13 For 

instance, humanity has seen countless value changes over the last few cen-

turies that have happened partly due to moral arguments, including the 

abolition of (legal) slavery, and few people would claim that these changes 

have been wholly arbitrary and without merit in any real sense. Many of 

these changes in humanity’s values can be considered bene$cial relative to 

the re%ected values of most of us, and it seems reasonable to expect future 

moral examinations and discussions to be able to e!ect more such changes.

For these reasons, it seems unlikely that defending and discussing 

values in public constitutes a zero-sum game. And this seems especially 

true of defending greater concern for su!ering, since most people can prob-

ably agree, on re%ection, that we should have greater concern for extreme 

su!ering and do more to alleviate and prevent it.

Additionally, it is worth highlighting how the manner in which a moral 

view is advanced can also be positively cooperative. For example, one can 

advance a set of moral values in a way that directly promotes cooperation. 

In particular, promoting su!ering-focused values can be highly cooperative 

if it makes otherwise imprudent agents more cooperative and less naive.

13  Note that this claim is not predicated on moral realism: one can think we have truly 
better reasons to hold one moral view over another without being a moral realist. For ex-
ample, many moral anti-realists will probably agree that we have good reason not to hold 
inconsistent moral views.
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"e discussion above pertains mainly to the promotion of concern for 

su!ering via arguments for certain moral values. Yet as pointed out in the 

previous section, there are many other promising ways to promote concern 

for su!ering, and these are not uncooperative either — quite the contrary. 

For example, there is the promotion of greater compassion through vari-

ous practices, which is di!erent from advancing arguments in that it is 

not a matter of changing cerebral beliefs, but rather a matter of chang-

ing people’s emotional attentiveness to su!ering. One may then wonder 

whether such training of people’s emotions is uncooperative, yet this seems 

implausible since compassion is considered a virtue in most societies and 

cultures, and promoting something that is widely considered positive and 

worth promoting is hardly uncooperative either.14

Another important way to promote greater concern for su!ering 

that does not involve arguing for or changing moral values is to help 

people bring their views and actions in line with the values they them-

selves endorse upon re%ection. For the truth is that we all have some level 

of disconnect between our deepest ideals and our actual behavior. And 

given that people’s deeper values generally do entail a signi$cant concern 

for su!ering, helping to reduce this disconnect seems a good and coopera-

tive way to increase concern for su!ering in practice (such as by reducing 

the degree to which we suppress the reality of su!ering, and by making 

us aware of our opportunity to reduce it). If being cooperative means 

respecting other people’s preferences, then there is hardly anything more 

cooperative than this.

Moreover, this way of promoting concern for su!ering could well be 

the most promising of all given the magnitude of the disconnect there 

seems to be, in society as a whole, between the priority we give the reduc-

tion of su!ering at the level of our values versus how many resources we 

devote toward this end in practice.15 "ere may be a lot of low-hanging 

fruit to reap in translating this widely shared value into congruent actions.

Similarly, one may also lead others to give greater priority to su!ering 

by presenting purely empirical arguments, such as by pointing out that 

there seems to be an asymmetry in the ease of realizing states of su!ering 

14  Lampert, 2005.
15  Cf. Future of Life Institute, 2017.
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versus happiness, which can in turn imply that e!orts to reduce su!er-

ing are generally a superior investment of resources. Such re$nements 

of empirical beliefs can also change people’s practical priorities without 

changing their values in the least.16

12.4 Is It Better Still to Focus on Technology?

Another objection against prioritizing the promotion of concern for suf-

fering is that we may do even better by trying to in%uence emerging 

technologies.17 "e argument is roughly as follows: the vast majority of 

potential future su!ering is probably due to irresponsible uses of tech-

nologies not yet invented, and hence trying to in%uence the formation 

and use of these technologies seems the most direct and e!ective way to 

reduce future su!ering.18

"is proposal to focus directly on future technologies is certainly worth 

exploring. Yet I see quite a few reasons to believe that the promotion of 

concern for su!ering is a better strategy. One reason is that we do not 

presently know what the relevant future technologies will look like in 

much detail, and hence we cannot be sure that e!orts to in%uence future 

technologies will be signi$cantly more focused and direct than the promo-

tion of concern for su!ering. Indeed, in light of this uncertainty, there is a 

high risk that direct work to in%uence future technologies will be wasted. 

In contrast, as noted above, greater concern for su!ering seems robustly 

positive almost regardless of the contingent details. (Given that we tend 

to greatly underestimate the extent of our uncertainty,19 I believe we have 

a di#cult time appreciating the force of this consideration and the value 

of such robustness.)

16  Likewise, knowledge of the various biases described in the seventh chapter can also 
lead one to give greater priority to su!ering in practice without necessarily changing one’s 
values. For example, a classical utilitarian may conclude that these biases probably lead 
most classical utilitarians to focus too little on su!ering relative to what their moral values 
demand. No value change need be implied by this judgment.
17  Baumann, 2017c.
18  For a brief case for focusing on emerging technologies, see E!ective Altruism Founda-
tion, 2016.
19  See section 9.2.
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Another problem with the argument in favor of focusing directly 

on future technology is that it seems to assume that the future will be 

determined by one or a few technologies on which we can exert a direct 

in%uence, as opposed to there being countless important technologies 

that each have a signi$cant, yet not all-important impact on the world. 

"e latter is arguably what we see today, and the question is then why we 

should expect it to be otherwise in the future.20

By analogy, consider factory farming: this is a clear example of a moral 

catastrophe made possible by modern technology. Yet there was no single 

technology that made factory farming possible. It required the con%u-

ence of many di!erent technologies, such as big farms, big trucks, and big 

slaughterhouses, and it is doubtful that a focus on any one of these tech-

nologies would have been the best way to reduce the su!ering caused by 

factory farming. Trying to make people connect with their own professed 

concern for non-human animals and the implications that follow from this 

concern would probably have been a better strategy — not least because 

this strategy would pertain to the whole institution of factory farming, 

including all the technologies involved.

In my view, this is likely also true of risks of astronomical su!ering 

due to future technologies: increasing people’s concern for su!ering seems 

a more e!ective way to mitigate these risks, not least since there will prob-

ably be many crucial technologies and many people working to build these 

technologies.21 Indeed, even if there were just one crucial technology to 

in%uence, it seems that one would still do better by increasing concern 

for su!ering among the people developing it, again since such capacity-

building seems uniquely robust, and since it likely taps into far greater 

technical expertise than that held by oneself or the few people currently 

focused on these “su!ering risks”.22

20  Some argue that arti$cial intelligence is likely to be such a crucial technology, 
Bostrom, 2014a; Gloor, 2016. Whether this is plausible is discussed in Hanson & 
Yudkowsky, 2013. One of the main arguments against the notion that a few AI systems 
will be all-important is that AI systems of the future are also, in light of recent trends in 
technological development, likely to be many and diverse — not a single, all-purpose “su-
persystem”. For elaboration on this point, as well as more counterarguments, see Vinding, 
2016b; 2017g; 2018i.
21  For another perspective, see Gloor, 2016, which I have critiqued in Vinding, 2018i.
22  "ere is also an important question of technology vs. values focus in relation to 
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12.5 How to Increase Concern for Suffering?

It stands as an open question how we can best promote greater concern 

for su!ering. As noted above, there are various options, such as re$ning 

and disseminating arguments, familiarizing people with real-world cases 

of extreme su!ering, increasing compassion through various techniques, 

and helping people close the gap between their ideals and their actions.23 

"ese di!erent ways of promoting concern for su!ering can be pursued 

through various media, such as writings, documentaries, and lectures.

Which of these methods and media are most e!ective is an empiri-

cal question. Investigations of this question should ideally inform our 

approach in practice, along with theoretical considerations about which 

approach seems most conducive to reducing future su!ering all things con-

sidered. One such relevant consideration is that those who will contribute 

the most to the endeavor of reducing su!ering — the researchers, in%u-

encers, and donors of tomorrow — are likely to be reached best through 

intellectual arguments, not least since a certain intellectual bent seems a 

prerequisite for developing an interest in reducing su!ering e!ectively. "is 

consideration suggests that our attempts to promote concern for su!ering 

should have a strong intellectual component.24

factory farming in particular, namely whether we can best reduce the horrors of factory 
farming by investing in alternatives to “animal products” or by in%uencing people’s values 
with arguments, Witwicki & Greig, 2018. It seems to me an open question which option 
is best for the sake of reducing factory farming, yet if one focuses on the expansion of hu-
manity’s moral circle more generally, i.e. if one includes wild animals and potential future 
minds in one’s considerations, then the dissemination of arguments that pertain to all 
these beings (e.g. arguments against speciesism and for the moral importance of sentience) 
seems a better, more robust investment. And relative to the aim of reducing su!ering, the 
promotion of concern for su!ering seems even more robust and promising still.
23  "is is by no means an exhaustive list. Another promising option may be to start a 
political party aimed toward reducing su!ering, and which takes an empirical approach 
to politics, favoring the policies that seem to best reduce su!ering all things considered. 
"is is promising since political parties get much attention and can, if successful, exert a 
signi$cant in%uence. Similarly, founding academic institutions and $elds aimed toward 
the reduction of su!ering also seems promising (see Daoust, 2012; 2015). Arguing for re-
ductionist views of personal identity (empty/open individualism) may also be a promising 
strategy, Vinding, 2017b, “How Do We Reduce Su!ering?”; Kaufman, 2018.
24  For more reasons to favor an intellectual approach, see Mannino, 2016.
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Personal talents and skills are also relevant. For example, if one has a 

lot of knowledge and experience within a given $eld — e.g. psychology, 

philosophy, or politics — it may well be that relevant work within that 

$eld is the best one can do to increase humanity’s understanding of and 

concern for su!ering. Beyond that, the e!ectiveness of di!erent methods 

and media will probably depend on the receiver, which suggests that we, 

as a collective, may do best by focusing on various strategies and media as 

opposed to just a single one.25

Finally, it is worth stressing once more that the greatest potential for 

increasing concern for su!ering may well lie in connecting people with the 

concern for su!ering they themselves already hold on some level, and to 

explore with them how they can best act in accordance with this concern. 

"is means we should be especially careful not to antagonize people, as that 

risks losing this great potential, and to instead communicate in a measured 

way that most people will $nd appealing, and which makes them want to 

stand by rather than reject their own concern for su!ering.

25  Speaking of receivers, it may also be worthwhile to focus the most on elite audiences, 
as elites may generally be more open to arguments and to changing their minds, and since 
they generally have more resources and can exert a disproportionate in%uence on the 
world, Mannino, 2016.
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"e Abolitionist Project

Su!ering is mediated by certain physical states. And given that such states 

are subject to rigorous understanding and engineering, it is only natural 

to wonder whether the science of tomorrow will enable us to engineer 

su!ering away for good — to make it impossible for sentient beings to 

experience any kind of mental or physical pain. "is prospect has been 

explored most thoroughly by David Pearce, who coined the term “the 

abolitionist project”, the project of abolishing su!ering throughout the 

living world via technological means, which he argues is both technically 

feasible and morally urgent.1

13.1 A Theoretical Possibility: Convergent Arguments

Pearce is, as he himself stresses, not the $rst person to argue for this pos-

sibility. Medical doctor Lewis Mancini published a paper that outlined 

essentially the same idea in 1990.2 In short, Mancini argued that various 

genetic conditions prove that it is possible to create painless yet functional 

sentient life. In his own words:

1  Pearce, 1995; 2017.
2  Mancini, 1990.
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A hypothesis is presented to the e!ect that everything adaptive 

which is achievable with a mind capable of experiencing varying 

degrees of both pleasure and pain (the human condition as we 

know it) could be achieved with a mind capable of experiencing 

only varying degrees of pleasure.3

"is is precisely the same core idea that Pearce would defend $ve 

years later in his manifesto $e Hedonistic Imperative.4 Pearce was wholly 

unaware of Mancini’s work at the time, which renders the degree of con-

vergence all the more striking. Both predict it will become technically 

feasible to abolish pain and su!ering, and they both explore genetic engi-

neering and direct brain stimulation as viable and complementary options 

toward this end.5

Perhaps the most tangible and recent case in support of Mancini and 

Pearce’s abolitionist project is that of genetic outlier Jo Cameron, a retired 

schoolteacher from Scotland. When Cameron reported no pain after what 

is normally an intensely painful operation, a group of doctors decided to 

examine her more closely. Cameron indeed proved to be an exceptional 

case in that she appears unable to feel pain.6 And not only is Cameron 

unique in that she does not feel physical pain, but she also does not appear 

to feel mental pain — she reports never having felt anxious, stressed, or 

depressed.7 Yet her inability to experience any such painful states has not 

prevented her from leading a normal and socially responsible life just the 

3  Ibid., abstract.
4  Pearce, 1995.
5  Pearce also explores future designer drugs as a third option, Pearce, 2007. Both Pearce 
and Mancini agree that genetic engineering would, in Mancini’s words, be “the de$ni-
tive” technology in the long term, Mancini, 1990; Pearce, 2007. "ere does appear to be 
some disagreement on timescales, though. Mancini believes the abolition of su!ering “will 
probably take thousands of years to implement” (Mancini, 1990, abstract), while Pearce 
expects it to be possible “over the next few centuries” (Pearce, 2007).
6  Other examples of people who cannot feel pain include the Marsili family (whose 
condition is now known as the Marsili syndrome), as well as some people with Riley-Day 
syndrome, Mancini, 1990. In terms of entire species, it seems that African mole-rats are 
insensitive to at least many kinds of pain, Eigenbrod et al., 2019.
7  Cameron’s inability to feel both mental and physical pain appears to be due to muta-
tions in both the FAAH gene and the FAAH-OUT gene, Habib et al., 2019.
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same.8 Indeed, Cameron is vegan and reportedly displays exceptional kind-

ness and compassion.9

"e case of Cameron merely hints at the prospect envisioned by Man-

cini and Pearce. Her case is but an early-stage proof of concept, presumably 

quite far from what could be achieved through future genetic engineering. 

Informed selection could further re$ne this already promising template 

thrown up by natural selection, in principle creating minds that are both 

incapable of su!ering and super-humanly conscientious, intelligent, empa-

thetic, etc. On Pearce’s view, this rewriting of genomes to abolish su!ering 

can and should be extended not just to humans, but to the entire living 

world, ultimately leading to the complete abolition of su!ering.10

13.2 Practical Implications

Sentient life without su!ering appears possible in principle. Yet the all-

important question for us is what this implies in practice: what does it 

mean in terms of the actions we should take to best reduce su!ering?

It may be tempting to think we should initially push for technologies 

that can make humans unable to su!er, not least since such a strategy that 

does not challenge people’s anthropocentric values seems a realistic way to 

get a foot in the door. Yet there are many reasons to think this would not 

in fact be an optimal focus.

For one, Pearce himself describes humanity’s values and ideas — not 

technological progress — as the key bottleneck to the realization of the 

abolitionist project.11 If this is true, we should probably devote our mar-

ginal resources toward addressing this bottleneck directly. In particular: 

we should work to increase the priority and resources humanity devotes to 

the reduction of su!ering.12 As Pearce stresses: “Technical feasibility dif-

8  Ishak, 2019.
9  "e Guardian, 2019.
10  Pearce, 2016; 2017, part III.
11  Pearce, 2007; 2016.
12  Note that this strategy would also funnel more resources into technologies that can 
reduce su!ering, at least to the extent future agents in%uenced by this strategy will consider 
investments into such technologies a wise use of resources.
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fers from sociological plausibility.”13 Which is to say that even if we grant 

that the complete abolition of su!ering is technically feasible, this by no 

means implies that humanity will make it happen.

Indeed, some researchers, such as Brian Tomasik and Lukas Gloor, 

believe humanity is likely to vastly increase su!ering in the future, even 

if we in principle could abolish it, as they think other aims are likely to 

override concern for su!ering (as is the case today with factory farming).14 

Moreover, in expected value terms, future scenarios with large amounts of 

su!ering merit greater priority than scenarios in which su!ering is soon 

abolished, even if such catastrophic outcomes are much less likely.15 "is 

implies that signi$cantly reducing the probability or badness of very bad 

future scenarios would have much greater expected value than, say, making 

the abolition of su!ering on Earth happen one century from now rather 

than two.16

"us, both when we consider issues of sociological plausibility and 

when we consider the expected disvalue of very bad outcomes, it seems 

signi$cantly better to focus primarily on increasing the resources and prior-

ity humanity devotes to the reduction of su!ering (for all future beings). 

Again, this is a uniquely robust strategy, and the fact that people of radi-

cally di!erent empirical convictions, from David Pearce to Brian Tomasik, 

can agree that it is highly bene$cial indeed lends it signi$cant support.17 

It is a strategy that can lead more people to help us re$ne our views of 

how to best reduce su!ering, which is probably optimal given how much 

we have yet to learn.

Another consideration against focusing primarily on technologies to abol-

ish human su!ering in the short term is that there is signi$cant evidence 

that people who have experienced su!ering are more sympathetic toward 

13  Pearce, 2015.
14  Tomasik, 2011; 2013c; 2016d; Gloor, 2018.
15  Of course, if such catastrophic scenarios are su#ciently unlikely, they will not merit 
greater concern. However, since we cannot con$dently rule out future scenarios that 
contain astronomical amounts of su!ering, working to reduce the probability of such 
scenarios arguably is more important in expectation. We shall explore this subject deeper 
in the following chapter.
16  A similar point is made in Gloor, 2018.
17  Tomasik, 2015d; 2016d; Pearce, 2016; personal communication.
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the su!ering of others. For example, one study found that adults who 

reported having experienced childhood trauma had “elevated empathy 

levels compared to adults who did not experience a traumatic event” and 

that “the severity of the trauma correlated positively with various compo-

nents of empathy.”18 Another study found that the experience of physical 

pain “motivated participants to be more sympathetic in their moral judg-

ments”, supporting the view that “pain can serve a positive psychosocial 

function.”19

To be clear, the point here is not that human su!ering is not worth 

preventing. Nor is the point that people cannot be empathetic without 

experiencing pain — the case of Jo Cameron alone disproves that claim. 

Rather, the point is that, in a world where we only have limited marginal 

in%uence, the evidence above does suggest that the abolition of human 

pain and su!ering is not the main thing we should push for in the short 

term if our aim is to reduce su!ering for all sentient beings.20 Yes, it may 

well be possible to create minds that do not su!er and which are far more 

compassionate and determined to reduce su!ering than any presently 

existing mind. Yet this does not contradict the claim that pushing for the 

abolition of su!ering in humans is likely a suboptimal use of marginal 

resources at this point.

Indeed, in a world where humans are the only agents who can reduce — 

and increase — su!ering in a systematic way, there is potentially a very great 

danger in making these uniquely powerful moral agents uniquely unable to 

experience su!ering. It seems better to push for technologies and ideas that 

make us wiser, more compassionate, and in general better motivated and 

able to reduce su!ering. "is also holds true in the realm of human genetic 

18  Greenberg et al., 2018. Similar $ndings are reported in Lim & DeSteno, 2016.
19  Xiao et al., 2015. For more discussion of the importance of experiencing su!ering for 
caring about it, see Tomasik, 2014c. Of course, su!ering can often have negative instru-
mental e!ects as well. For example, prolonged su!ering, even if relatively mild, can lead 
people to become much less productive and less motivated to create positive change, and a 
complete and balanced perspective should also take this into account.
20  Again, this is by no means to say that we should ignore human su!ering, even when 
it is merely mild. We have many good reasons not to, beyond just the intrinsic badness of 
the su!ering in question. One of them is the reason mentioned in section 8.11: ignor-
ing mild su!ering, including human su!ering in particular, likely conditions us slightly 
toward ignoring su!ering in general.
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engineering in particular: to the extent one should push for changes in this 

regard (and its controversial nature does cast some doubt on this), one should 

probably push primarily to boost traits such as compassion and prudence.21

Another reason not to use our limited resources to develop technolo-

gies that alleviate human su!ering in the short term is that humans already 

devote a substantial amount of resources toward this aim.22 By contrast, 

work to increase the priority humanity devotes to reducing the su!ering 

of all sentient beings in the future is highly neglected.

13.3 Proportion Bias Revisited

In thinking about the abolitionist project, we should be especially mindful 

of our proportion bias: our tendency to care signi$cantly more about help-

ing 100 out of 100 individuals than about helping 100 out of 1,000, even 

though the absolute impact is the same.23 For if we consider the abolition of 

su!ering to be our main aim, we can easily come to think in rather binary 

terms: either we succeed and abolish su!ering completely, or we fail to 

abolish it, and hence fail completely. "ough perhaps intuitive, this is not a 

good way to think about the task of reducing su!ering. After all, one would 

make a far bigger di!erence by preventing su!ering from being multiplied 

by orders of magnitude beyond Earth than by abolishing all the su!ering 

that would counterfactually have been on Earth alone.24 Tacitly assuming 

that our aim should be to abolish su!ering could bias us to focus on the 

latter — abolishing Earth-bound su!ering. And yet we may well be able to 

reduce the greatest amount of su!ering in expectation by trying to prevent 

catastrophic scenarios that contain astronomical amounts of su!ering.25

"is is why our focus should not primarily be to abolish su!ering, but 

rather to reduce su!ering as much as we can in expectation,26 which would 

21  A similar point is made in Tomasik, 2016d.
22  Tomasik, 2016d.
23  Fetherstonhaugh et al., 1997.
24  "is point is also made in Gloor, 2018.
25  Tomasik, 2011; Gloor, 2018.
26  Within the bounds, that is, of whatever side-constraints one may wish to adopt, and 
given other factors one may wish to consider, cf. the general nature of su!ering-focused eth-
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at any rate entail the abolition of su!ering in the best case.27 Indeed, Pearce 

sometimes speaks of how, if we one day abolish su!ering completely and 

“we are sure — absolutely sure — that we have done literally everything 

we can do to eradicate su!ering elsewhere, perhaps we should forget about 

its very existence.”28 Yet if su!ering warrants special moral concern, the 

truth is that we should never forget about its existence.29 For even if we had 

abolished su!ering throughout the living world, there would still be a risk 

that it might reemerge, and this risk would always be worth reducing.30

13.4 Other Pitfalls

Aiming for the complete abolition of su!ering in humans could be risky 

in other ways as well. For example, if mild su!ering makes moral agents 

more motivated and better able to reduce extreme su!ering, then we should 

perhaps have more mild su!ering (in moral agents) rather than less. After 

all, we know the future will contain a lot of su!ering, and so the question 

is not whether there will be any su!ering, but rather which path we can 

take that involves the least su!ering. And it could well turn out that the 

path of least su!ering will entail a lot of mild su!ering and discontentment. 

Indeed, this point about discontentment is not based on pure speculation, 

as bad moods seem to have various instrumental bene$ts:

ics versus strictly su!ering-minimizing views. My point here being that even though not all 
su!ering-focused views are strictly su!ering-minimizing views, virtually all su!ering-focused 
views will still entail a signi$cant degree of minimization in some sense. "ey will just di!er 
on the speci$c constraints within which this minimization should be sought.
27  For a case for why we should focus on minimizing expected su!ering, see Tomasik, 
2007.
28  Pearce, 2008.
29  Indeed, in the ultimate theoretical limit, the moral aim of minimizing su!ering 
would seem to require us to exploit all available resources in the universe to $gure out and 
implement the best ways to reduce su!ering in expectation.
30  We can be sure that this risk would always be there for solid theoretical reasons: the 
world is just far too complex for us to predict future outcomes with great precision, espe-
cially at the level of complex social systems, and hence we can never be absolutely certain 
that su!ering will not reemerge. "us, we should never lose sight of this risk.
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"ere is … evidence that bad moods elicit more thorough and 

careful information processing than good moods (e.g., Clore, 

Schwarz, & Conway, 1994; Schwarz, 1990). "ese $ndings are 

consistent with Taylor’s (1991) view that negative information 

stimulates a special set of processes designed to cope with threat. 

Yet even when a person is not threatened, bad moods seem to 

lead to greater processing. For example, Bless, Hamilton, and 

Mackie (1992) induced good and bad moods and then presented 

to participants information about someone else. "ey found that 

participants in good moods tended to cluster information and 

process it super$cially, whereas people in bad moods processed it 

more carefully.31

It would be a remarkable coincidence if the actions that minimize mild 

discontentment in the world also happened to minimize extreme su!ering, 

which highlights the importance of not con%ating these aims.32 We should 

keep our priorities straight and maintain a hard-nosed attitude. If Atlas 

carries his responsibility best in a discontented state, so be it.33

"e abolition of su!ering through technological means remains an idea 

very much worth exploring further. Yet, in thinking about where we should 

push the most at this point, it is important to keep expected value consid-

erations in mind. In particular, we need to pay great attention to ways in 

which things might go very wrong.

31  Baumeister et al., 2001, p. 333. Again, the point here is not that one could not 
achieve similar bene$ts without bad moods in principle. Yet given limited resources and 
path dependencies, uncovering such alternative styles of cognition should probably not be 
a main priority, at least at this point.
32  Cf. Lewis, 2016. Similarly, it would be a remarkable coincidence if the genetic tweaks 
that enable moral agents like humans to best reduce su!ering were also those that make 
these agents themselves maximally happy. "ese aims are not a priori identical.
33  We shall, however, see some reasons against this sentiment in chapter 17, not least reasons 
pertaining to social signaling: if we make reducing su!ering seem like something that mostly 
induces discontent, this makes joining the cause seem less attractive. Indeed, as we shall see, 
there are good reasons to think that we can reduce su!ering more e!ectively if we live genuinely 
ful$lled lives. Yet this does not contradict the claim that we should occasionally be willing to 
use bad moods to process things better and gain clearer perspectives, and that our ability to 
reduce su!ering would likely be handicapped if we had no access to bad moods.
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Reducing S-Risks

“An ounce of prevention is worth a pound of cure.”

— Common saying

It is conceivable that future space colonization will create orders of magni-

tude more su!ering than anything that could ever be contained on Earth. 

"e risk that su!ering might be realized on such a large scale has been 

called a “su!ering risk” or “s-risk”, and reducing such risks should be a 

priority on all views concerned about future su!ering.1

14.1 Astronomical Negative Potential

"e case for prioritizing s-risks rests on expected value calculations that 

factor in the enormous amount of su!ering that could potentially be real-

ized beyond Earth, which is more than ten million times greater than all 

the su!ering that could exist on Earth in the future.2 "is magnitude is 

di#cult to grasp intuitively, as our minds probably do not feel much of 

a di!erence between, say, the prospect of multiplying all su!ering on 

1  See Althaus & Gloor, 2016; Daniel, 2017; Baumann, 2017e; 2017f.
2  See the numbers in Bostrom, 2013, p. 18; 2014a, p. 103.
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Earth ten thousand times versus ten million times, although the di!er-

ence is crucial in terms of expected (dis) value. Consequently, we should 

be careful to control for our scope neglect when assessing the importance 

of reducing s-risks.

"e other de$ning component of expected value calculations, besides 

magnitude, is the probability of the outcomes in question: how likely are 

outcomes with astronomical amounts of su!ering? For if the probability of 

such outcomes were negligibly low — as we may dearly hope — then they 

would not merit priority. Unfortunately, it does not seem reasonable to con-

sider this probability anything close to negligibly low, for various reasons.

First, the conditions that would have to obtain for an s-risk to be 

realized are not all that far-fetched. Roughly speaking, outcomes with 

astronomical su!ering merely require that 1) large-scale space colonization 

will happen, and 2) this colonization will involve an insu#cient concern 

for su!ering. "is combination of conditions can hardly be written o! 

as having extremely low probability, especially given that serious projects 

aimed to colonize Mars already exist,3 and that humanity currently displays 

a gross lack of concern for the su!ering of sentient beings.

Second, s-risks are disjunctive — they can be realized in many di!er-

ent ways that bear little relation to each other.4 "us, as David Althaus 

and Lukas Gloor note:

Even if the probability of any one speci$c scenario involving 

astronomical amounts of su!ering … is small, the probability that 

at least one scenario will occur may be fairly high. In this context, 

we should beware the disjunction fallacy … according to which 

most people not only underestimate the probability of disjunctions 

of events, but they actually judge the disjunction as less likely than 

a single event comprising it.5

"ird, there is ample historical precedent for humanity causing suf-

fering on a large scale relative to its available resources, from systematic 

3  Musk, 2018.
4  For a typology of di!erent s-risks, see Baumann, 2018.
5  Althaus & Gloor, 2016.
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genocides against fellow humans to the atrocity of factory farming. Indeed, 

an extension of some kind of factory farming into space is a concrete example 

of how an s-risk might materialize that neither history nor contemporary 

events allow us to dismiss out of hand.6 More generally, if space colonization 

becomes feasible (which cannot be ruled out), and if technological progress 

makes it easy to create ever greater amounts of su!ering (as seems to have 

been the case so far), then we cannot be at all con$dent that we will not 

create su!ering on an astronomical scale in the future.7

To be clear, none of the arguments above rest on the claim that suf-

fering on an astronomical scale is close to being the most likely outcome. 

As Tobias Baumann notes:

To be concerned about s-risks, it is su#cient to believe that the 

probability of a bad outcome is not negligible, which is consistent 

with believing that a utopian future free of su!ering is also quite 

possible.8

Indeed, as noted earlier, even if utopian outcomes in which su!ering is 

soon abolished were most likely, these outcomes still contain comparatively 

little su!ering in expectation, and hence they warrant far less priority (in 

terms of which scenarios we should work to improve or prevent) than do 

outcomes that contain astronomical amounts of su!ering in expectation.

14.2 Space Expansion May Be Catastrophic by Default

Relative to views that place primary importance on reducing su!ering, space 

colonization is probably very bad in expectation: a vastly greater potential 

to create su!ering likely means vastly more su!ering, including extreme 

6  Other examples of how s-risks might be realized include the spread of wildlife into 
space, which may be valued by certain environmentalist groups, Tomasik, 2014e; Dello-
Iacovo, 2016. For more concrete examples of s-risks, see Tomasik, 2011.
7  "e same point is made in Baumann, 2017e, “S-risks are not extremely unlikely”, 
from which the preceding section of mine has drawn heavily.
8  Baumann, 2017e. However, a case against considering such utopian outcomes most 
likely is found in Tomasik, 2017c.
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su!ering in particular.9 Yet there are also reasons to believe space colonization 

would be bad on most other value systems. As mentioned in the introduc-

tion, author Phil Torres and political scientist Daniel Deudney have argued 

that the most likely outcomes of space colonization are catastrophic ones 

animated by perpetual con%ict and insecurity.10 In Deudney’s words:

Once large scale expansion into space gets started, it will be very 

di#cult to stop. My overall point is that we should stop viewing 

these ambitious space expansionist schemes as desirable, even if they 

are not yet feasible. Instead we should see them as deeply undesirable, 

and be glad that they are not yet feasible. … Space expansion may 

indeed be inevitable, but we should view this prospect as among the 

darkest technological dystopias. Space expansion should be put on 

the list of catastrophic and existential threats to humanity, and not 

seen as a way [to] solve or escape from them.11

Deudney argues that expansion into space would signi$cantly increase 

the probability of human extinction, which would imply that the avoid-

ance of such expansion should be a priority for a wide variety of value 

systems, not just su!ering-focused ones. For it is indeed perfectly possible 

for space expansion to both increase the probability of human extinction 

and increase future su!ering in expectation — such as by vastly increasing 

the expected su!ering in non-extinction scenarios, or by increasing the 

expected su!ering in scenarios where humanity goes extinct.12

It is, of course, by no means certain that Torres and Deudney’s analy-

ses of space expansion are correct, yet they do at least merit closer study. 

We should think deeply about these matters before we make choices that 

irreversibly lead to bad outcomes.

9  Tomasik, 2013f. Also, from a short-term perspective, space colonization would entail 
a large opportunity cost in terms of foregone opportunities to reduce su!ering on Earth.
10  Deudney, 2020; Torres, 2018a; 2018b.
11  Cabrera, 2016.
12  For example, human extinction could be brought about by AI systems, and such 
systems could in principle go on to cause su!ering on an astronomical scale, Althaus & 
Gloor, 2016; Sotala & Gloor, 2017. If space expansion is indeed most likely to lead to 
global insecurity, as Deudney argues, then it might also increase such AI-driven s-risks, as 
insecurity likely increases the risk of AI arms races, Tomasik, 2013l.
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14.3 The Astronomical Atrocity Problem

Space colonization would lead to an enormous amount of su!ering in 

expectation, which in turn raises the moral problem of whether any 

positive good we could bring about through space expansion could ever 

outweigh or justify this (in expectation) vast amount of su!ering.13 I call 

this the “astronomical atrocity problem”, and it was already raised in the 

introduction, where we asked whether the creation of extremely happy 

lives for, say, a population of 1032 people can justify the creation of lives 

full of extreme su!ering for 1024 people.14 Put bluntly, can any amount of 

positive goods outweigh billions of Holocausts of su!ering?15

It is worth highlighting some of the many pitfalls that pertain to 

our thinking about this problem, such as subtle equivocations and false 

extrapolations. For instance, one may have a mildly aversive experience 

that one considers readily outweighed by happiness, and then conclude 

from this that astronomical amounts of extreme su!ering can probably 

also be outweighed by greater amounts of extreme happiness. Yet such 

an extrapolation jumps over many crucial issues and arguments in need 

of addressing.

First, it overlooks the distinction between a mere aversive component 

of an experience and actual su!ering: a bad overall experience.16 Second, 

it overlooks the important distinction between mild su!ering — i.e. a 

mildly bad overall experience — and extreme forms of su!ering, which I 

and others have argued are of incomparable moral signi$cance.17 "ird, it 

overlooks the di!erence between interpersonal and intrapersonal tradeo!s: 

many philosophers have defended the view that one person’s happiness 

cannot outweigh or justify the su!ering, much less the extreme su!ering, 

13  Note that the conclusion defended in the third chapter implies that we should ideally 
not colonize space, at least not for the sake of creating happiness.
14  As Brian Tomasik points out, this ratio of happiness to su!ering appears wildly 
optimistic relative to the ratio we should realistically expect given future space expansion, 
Tomasik, 2013f; 2017c.
15  "is was also referred to as the “problem of evil 2.0”: how can we justify creating far 
more su!ering than the sum total of su!ering that has been endured on Earth so far? A 
similar allusion to the problem of evil is found in Tomasik, 2014e.
16  See the introductory section in the $rst chapter and Klocksiem, 2016.
17  See chapters four and $ve.
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of someone else.18 Fourth, it ignores widely endorsed asymmetrical views 

in population ethics that do not consider it important to bring happy 

lives into existence, yet which do consider it important to prevent miser-

able lives.19 Fifth, it ignores the view that the value of positive goods has 

diminishing returns whereas the disvalue of su!ering does not.20 Sixth, 

it ignores the view that there exists a threshold of a certain intensity and 

duration of su!ering such that, beyond this threshold, no amount of posi-

tive goods can outweigh it.21

"ese are all crucial issues to consider carefully in the context of this 

problem.22 For example, if one believes the value of positive goods has 

weakly diminishing returns whereas the disvalue of su!ering does not, the 

implication could well be that the prevention of su!ering deserves supreme 

priority on an astronomical scale (even if this were not the case on a terres-

trial scale). "e same applies to threshold views that consider it impossible 

for a certain intensity and duration of su!ering to be outweighed: if one 

thinks there is such a threshold at what corresponds to, say, the intense 

lifelong su!ering of 1020 beings, then preventing such su!ering ought to 

be the dominant priority.23 In short, we should be careful about naive 

extrapolations and assumptions when thinking about astronomical stakes.

It should be noted, however, that one need not even $nd the astronomical 

atrocity problem particularly compelling in order to prioritize reducing 

s-risks, since some scenarios involving astronomical su!ering are so bad 

that they are vastly dominated by su!ering on any measure. Such hell sce-

narios would be worth avoiding on all value systems, and hence we should 

18  See section 3.2.
19  See section 1.1.
20  See section 6.2.
21  Such a view is endorsed in Mayerfeld, 1999, pp. 179-180. "is view is di!erent from 
the one I defended in the $fth chapter in that the latter only pertains to intensity.
22  "ere are many other important arguments and positions to consider as well, such as 
the other views explored in the sixth chapter, as well as asymmetry arguments of the kind 
explored in the $rst chapter — e.g. the view that it is far worse to create a dystopia than it 
is to fail to create a utopia.
23  Note that views that assign diminishing returns to the value of positive goods can 
be roughly equivalent to such threshold views — if the value of positive goods levels o! 
asymptotically, then there is also, on such views, a threshold of su!ering that can never be 
counterbalanced by positive goods.
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all be able to agree on reducing the risk of their realization — a risk that, 

at least according to some, is also non-negligible.24

Also worth emphasizing here is the importance of being strategic about 

the prospect of space colonization. For if space colonization is indeed 

unavoidable, it should ideally be done by agents who show signi$cant 

concern for su!ering. Consequently, e!orts to dissuade relatively com-

passionate agents from space expansion in ways that make other, less 

compassionate agents more likely to dominate space would probably be 

harmful. Which is to say that a dogmatic opposition to space colonization 

could well be bad, possibly even astronomically bad.25

14.4 S-Risk Reduction: Neglected and Tractable

Expected value calculations about beings su!ering in immense numbers 

beyond Earth are quite remote from what our brains are adapted to think 

and care about. It should therefore not be surprising that few resources have 

been devoted to reducing s-risks, even as reasoned arguments lend con-

siderable support to such a priority. Indeed, many of the biases reviewed 

in the seventh chapter plausibly work against s-risk reduction, as does the 

“illusion of control”: our well-documented tendency to overestimate the 

control we have over events.26 "is illusion may lead us to overestimate 

the probability that we can control the future in positive directions, and 

thus lead us to neglect the risk of very bad outcomes.

"e low level of resources devoted thus far to s-risk reduction provides 

an additional reason to direct our marginal resources toward this endeavor. 

It suggests there is much low-hanging fruit ready to be picked, particularly 

in the form of information that provides critical guidance for how we can 

best reduce s-risks.27

24  Sotala & Gloor, 2017. Note too how the view of Deudney outlined in the previous 
section supports the claim that the probability of outcomes that are very bad (by virtually 
any standard) is non-trivial.
25  A similar point is made in Tomasik, 2011, “Why we should remain cooperative”.
26  "ompson, 1999.
27  A similar point is made in Althaus & Gloor, 2016; Baumann, 2017e.
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Yet not only does s-risk reduction seem highly neglected, it also seems 

more tractable than comparable large-scale objectives, such as utopia cre-

ation. Put simply: the asymmetry in ease of realization suggests that it 

is more cost-e!ective (for a wide variety of value systems) to work to 

avoid dystopian outcomes than to create utopian ones.28 As Althaus and 

Gloor write:

Creating vast amounts of happiness in the future without also 

causing vast amounts of su!ering in the process requires a great 

deal of control over future outcomes; it essentially requires hitting 

a bulls-eye in the space of all possible outcomes. … By contrast, 

steering our future trajectory away from broad classes of bad or 

very bad outcomes could arguably be easier.29

"e neglectedness and (comparative) tractability of s-risk reduction 

renders it a plausible priority on many di!erent value systems, not just 

su!ering-focused ones.30

14.5 How Can We Reduce S-Risks?

An important step we can take to reduce risks of astronomical su!ering 

at this point is to advance research on the issue. Such research inevitably 

entails great uncertainty, speculation even, which highlights the impor-

tance of approaching it with great sophistication. Advancing s-risk research 

requires one to think through many strange possibilities while avoiding 

the trap of unwarranted con$dence in speculative hypotheses.31 "is is a 

di#cult task. What we need is to build a research program on s-risks that 

embodies intellectual humility and deep scholarship.

Beyond research, it is also di#cult to overstate the importance of 

cooperation, which is especially important in relation to s-risks. For again, 

28  See section 1.3.
29  Althaus & Gloor, 2016.
30  "e same point is made in ibid.
31  Cf. section 9.2.
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everyone can agree that a large class of s-risks are extremely important to 

avoid, including the very worst ones, which means we should ideally act 

in ways that capitalize on this broad consensus — doing so could poten-

tially channel vast resources into s-risk reduction. "is would be much 

better than non-cooperative actions that risk curtailing future resources 

dedicated to s-risk reduction, and thus greatly increase future su!ering in 

expectation.32

Another important point, especially in light of our vast uncertainty, 

is that we should opt for robust strategies. In particular, the promotion of 

concern for su!ering, including su!ering due to s-risks, seems uniquely 

robust and promising given the uncertainty we face.33 It can help build a 

%exible capacity in the form of a community and resources dedicated to 

reducing s-risks — a capacity that can help us clarify which problems we 

should prioritize, and in turn contribute to solving these problems once 

we understand them better.

Such a mundane mission of capacity-building, cooperation, and 

research-promotion hardly seems like a particularly attractive thing to be 

a#liated with for our status-obsessed brains. Nor does it stir our emotions 

in a way remotely comparable to, say, the prospect of saving a single, identi-

$able victim from excruciating horror. Yet these facts about our immediate 

attitudes do not imply that this mission is not indeed the main mission we 

should be pursuing at this point to prevent the greatest amount of horrors 

we can. I suspect it is.34

32  Again, a similar point is made in Tomasik, 2011, “Why we should remain coopera-
tive” as well as in Althaus & Gloor, 2016, “Concluding thoughts”.
33  "is strategy also has the bene$t of being robust for reducing su!ering in the near 
future as well as in scenarios that do not contain astronomical su!ering.
34  For more suggestions about how we can best reduce s-risks, see Baumann, 2017c, 
“How can we avert s-risks?”
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Donating to Reduce Su!ering

Monetary donations can be a great way to reduce su!ering. Whether it is 

the main thing one should focus on depends on how much money one 

expects to donate, what one might be able to do otherwise, and what other 

people are doing.

15.1 The Case for Prioritizing Monetary Donations

“Earning to give” is the pursuit of a high-earning career for the purpose 

of donating large amounts of money to charity. "e perhaps most com-

pelling argument in favor of earning to give has to do with replaceability: 

many people will apply for the limited jobs at non-pro$t organizations 

and within academia, and the good done by a given person who gets such 

a job must therefore be compared to the good that could have been done 

by the person who would otherwise have gotten the job. By contrast, if 

one earns to give, it is unlikely that someone who would otherwise have 

done the same job would donate a comparable amount. "us, by earning 

to give, one can expand the pie of altruistic resources, and in turn increase 

the number of people doing direct work, such as activists and researchers.1

1  Tomasik, 2006b; Todd, 2017a.
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However, there are many caveats to this naive case for prioritizing dona-

tions. For one, the di!erence between two people hired in academia may be 

signi$cant — for instance, it would be much better if a philosophy depart-

ment hired a person who focuses primarily on su!ering reduction than if 

it hired someone who defends, say, environmental conservation. Beyond 

that, the di!erence between two people pursuing the same objectives in the 

same job can also be great. For example, just like donations can create more 

activists and researchers, so can good activism, and hence even a marginal 

di!erence between two di!erent activists in the same job may correspond to 

the good done by a large donation — say, if activist A creates six new activ-

ists a year while activist B would create only four. A similar point applies to 

researchers: better researchers can help us gain more clarity about what we 

should prioritize, in e!ect rendering our future investments more e#cient.

Two key questions to consider in relation to which path is optimal are 

1) what are the main bottlenecks relative to su!ering reduction? Is it more 

money, better research, or better outreach? And 2) where do you, with your 

unique talents and opportunities, have the greatest potential to contribute? 

"e answers to these questions will depend on speci$cs that vary across 

di!erent times and di!erent people. For example, even if research is the 

crucial bottleneck now, it may be that money will be the crucial bottleneck 

in a couple of decades. Similarly, even if the main bottleneck for su!ering 

reduction is money at the level of the broader community, it will still be 

true of many people that they can make the greatest di!erence by doing 

research, given their talents.

"e caveats above notwithstanding, it will still be true of many people 

that they can best help the cause by focusing primarily on donations 

because of their comparative potential. And in any case, one need not earn 

to give in order to contribute meaningfully with monetary donations. As 

we shall now see, even a modest monetary contribution can make a big 

di!erence in expectation.2

2  For advice on earning to give, see Brian Tomasik’s site, reducing-su!ering.org, “Mak-
ing money to reduce su!ering”.
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15.2 Promising Ways to Donate

"e organization Animal Charity Evaluators estimates that a thousand 

dollars donated to their most recommended charities can be expected to 

spare more than 4,000 beings from a life of horror on a factory farm.3 "is 

estimate should be taken with a considerable grain of salt, yet even if it 

is o! by a full order of magnitude, it remains true that the di!erence we 

can make with just a modest donation is incomprehensibly great. Indeed, 

for the majority of us who enjoy a relatively safe and cozy existence, it is 

di#cult to get a sense of the signi$cance of sparing even a single life on 

a factory farm — a life where you are endlessly con$ned to a tiny space, 

where one or more of your body parts are cut o! without anesthesia,4 and 

where you die in terror and agony in a slaughterhouse. And we are even 

less able to understand the signi$cance of sparing many such lives, not 

least given our scope neglect.

Such a donation to reduce the su!ering of non-human animals 

exploited by humans is a promising way to reduce su!ering, also since the 

secondary e!ects are likely quite positive: beyond directly sparing beings 

from terrible lives, it probably also marginally increases general concern for 

su!ering and for non-human beings in the long term. However, in terms 

of such positive long-term consequences, other ways to donate appear 

even more promising.5

After all, working to increase concern for non-human animals exploited 

on farms in particular is probably not the best thing we can do to increase 

concern for all non-human beings, such as animals in the wild or other 

kinds of beings who may su!er in the future (even as it likely does have a 

positive e!ect in this regard).6 Nor does such increased concern for non-

human beings necessarily translate e!ectively into concern for su!ering 

in particular, as opposed to other things one may value for other beings 

3  Animal Charity Evaluators, 2018. Similar estimates are found in Tomasik, 2012a.
4  As noted earlier, it is common practice to “debeak” birds so they do not peck each 
other to death, and to cut o! the tails of piglets so other pigs do not bite their tails. It is 
also common practice to cut o! the testicles of male piglets without anesthesia, American 
Veterinary Medical Association, 2013.
5  And again, the long-term consequences should arguably dominate our considerations 
strongly (see the previous chapter and section 9.8.3).
6  Vinding, 2016c.
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(even though, again, its e!ect on humanity’s concern for su!ering is likely 

positive).7

"us, relative to the goal of reducing su!ering, it is probably signi$-

cantly better to invest in e!orts aimed more directly toward this particular 

goal, such as e!orts to increase concern for the su!ering of all sentient 

beings, as well as e!orts to research how we can reduce su!ering most 

e!ectively. In other words, to invest in the creation of more %exible capac-

ity focused on reducing su!ering.

An organization that seeks to promote concern for su!ering, including 

at the level of governance, is the Organisation for the Prevention of Intense 

Su!ering (OPIS), while an organization that pursues research, including 

research on s-risk reduction, is the Center on Long-Term Risk (CLR).8 

Similar aims are pursued at the Center for Reducing Su!ering (CRS), 

which does work on su!ering-focused ethics, prioritization research, and 

s-risk reduction (I should note that I am a co-founder of CRS).

Whether these particular organizations are the best bets in these areas 

is not the point here. "e point is rather that the areas they focus on likely 

are the best areas to invest in to reduce su!ering, and supporting these 

organizations is one way to promote these areas.

15.3 Beware Naive Views on Donations

Once again, a few caveats and clari$cations are in order. First, one should 

be careful not to understate the importance of investing, in various senses. 

For example, if one has a thousand dollars, and if one can invest this 

money in a business that will enable one to donate hundreds of thousands 

of dollars later, then investing in this business would likely be optimal.9 

7  See section 11.6.
8  In the interest of full disclosure, I should note that the founder of OPIS, Jonathan 
Leighton, is a friend of mine, and that my work on this book has been partly funded by 
the parent organization of CLR. "at I personally know the people behind the organiza-
tions cited here does not re%ect cronyism. Rather, it re%ects the fact that the group of 
people who have made it their foremost aim to reduce su!ering for all sentient beings is 
rather small at this point in time. I should also note that CLR reports not being strongly 
funding-constrained, whereas OPIS presently is constrained strongly by funding.
9  For an essay on starting a startup to donate money, see Todd, 2014.
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Similarly important is self-investment: if you invest in your own educa-

tion and skills, this can make you far more capable down the line, whether 

that means earning more or being a better researcher. "e same applies 

to investments in one’s own health and well-being. Indeed, among those 

who are most dedicated to reducing su!ering, it is a common mistake to 

neglect personal needs so as to be able to donate to worthy causes in the 

short term. "is is probably not optimal, as it overlooks how much of a 

potential asset one is oneself.

Another important caveat is that di!erent actions aimed toward reduc-

ing su!ering, including donations in particular, do not for the most part 

di!er by several orders of magnitude in terms of how much su!ering they 

reduce in expectation (when the resource investment is roughly equal). 

"is point has been stressed at length by Brian Tomasik, who argues that 

uncertainty and second-order e!ects tend to limit the expected di!erence 

in impact between actions that at $rst sight seem to di!er radically in 

expected value.10 (However, it still remains true that some pursuits will be 

signi$cantly better in expectation than others.)

Being aware of this can prevent us from making naive statements about 

vast di!erences in impact, and keep us realistic about the magnitude of 

the uncertainty before us — in all we do. No less importantly, it may help 

reduce any snobbery we might be tempted to entertain in relation to the 

actions that others are pursuing to reduce su!ering, and help us appreciate 

such actions rather than lament them. Some donations toward the allevia-

tion of su!ering, even if directed toward suboptimal targets, will for the 

most part be better than none. In general, encouraging and nurturing the 

growth of a tiny will to reduce su!ering is better than thwarting it.

10  Tomasik, 2014b. See also Baumann, 2017d.
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“An investment in knowledge pays the best interest.”

— Apocryphally attributed to Benjamin Franklin

Reducing su!ering e!ectively requires extensive research. Investing most 

of our resources in a course of action that further research would have 

revealed suboptimal is an all too realistic prospect, which highlights the 

importance of investing in research. Our level of knowledge largely deter-

mines how quali$ed our actions to reduce su!ering will be.

16.1 A Hard-Nosed Research Project

Ideally, we should establish a formal research project with the same depth 

and status as, say, physics has today: a $eld of study focused solely on suf-

fering reduction, pursued at every university worthy of the name, with the 

most promising students all over the world seeking to major in this $eld 

of su!ering reduction.1 Less ideally, given the limited amount of resources 

1  Author Robert Daoust has argued for the establishment of a similar research $eld, 
although he advocates for a study of su!ering in general, not a project focused speci$cally 
on its reduction, Daoust, 2012; 2015. See also Siu, 1988.
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and people currently devoted to the cause, we should seek to promote 

research that can help us answer the most basic questions concerning what 

our priorities should be.

A few notes are worth making on the nature of the research we should 

promote. First, the research needs to integrate knowledge from many dif-

ferent $elds. It is not enough to merely focus on, say, the biology of 

su!ering in particular, as extensive and important as this subject is. We 

must also draw on insights from physics — to get a sense of what will 

ultimately be possible for a future civilization, for example — as well as 

the social sciences, to get a sense of what is likely for a future civilization, 

and to understand how we can best steer clear of bad outcomes at the 

social and political level.

A wide knowledge of many $elds seems necessary for forming a sophis-

ticated view of what our priorities should be. And the fact that a single 

crucial consideration could change our priorities signi$cantly further high-

lights the importance of combing through many di!erent $elds to uncover 

such crucial insights.2

"is search for information should be done in a hierarchical and recur-

sive manner. Hierarchical in that it should prioritize exploring the areas 

and questions that seem most relevant in light of all we know (while still 

allowing plenty of room for random search to uncover unexpected avenues 

of insight). And recursive in that the new discoveries we make should con-

tinually update our future research directions: if we discover something 

new that seems uniquely important, we should obviously revise our previ-

ous research plans so as to study this new thing closer.

Such recursion should be done with care, however, as one can easily 

get caught up in a recursive loop of speculative inferences animated by 

con$rmation bias. It is therefore essential that we practice insistent skepti-

cism toward any idea announcing itself in our minds as “clearly the most 

important thing to focus on”, and that we maintain humility about the 

extent of our uncertainty and the di#culty of the question before us. As 

hinted earlier, there is a great risk that we commit prematurely to juvenile 

conjectures and trust untested models too strongly.3

2  Tomasik, 2013m; Bostrom, 2014b.
3  See section 9.2.
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Relatedly, it is important that we promote research that embodies deep 

scholarship and is laser-focused on the question. Rather than succumbing 

to the human tendency of telling pretty stories and devising impressive 

theories that make us feel good and re%ect well on us, our research should 

primarily be guided by a hard-nosed determination to acquire accurate 

views. "is can be painful and demanding, yet unless we think our drive 

to impress others and comfort ourselves with wishful and fancy theories is 

more important than extreme su!ering, this is what we must do.4

16.2 Open Research Questions

"e following are probably among the questions that deserve the great-

est priority.

16.2.1 Social Dynamics and Suffering

How can we best increase concern for su!ering and motivate people to 

reduce it in cost-e!ective ways? How can we entrench concern for suf-

fering at the level of our institutions and make its reduction a collective 

priority?5 How can we promote a sound research project focused on suf-

fering reduction?6

4  "is point applies to researchers themselves as well as to their patrons: both are likely 
biased toward comforting and impressive research.
5  As noted, most people seem to already agree, at least on re%ection, that su!ering 
deserves priority. "e main challenge is arguably to translate this concern “in theory” into 
concern in practice. OPIS is an example of an organization that focuses on entrenching 
concern for su!ering at an institutional level.
6  One way to study this may be to examine how existing research $elds and intellectual 
movements have been established. See e.g. Sheikh et al., 2011; Vaughan, 2016; Vermeu-
len, 2017.
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16.2.2 S-Risk Reduction

How might s-risks come about? Which s-risks are most important to 

address, and how can they best be mitigated?7 How can we best increase 

the priority and resources devoted to s-risk reduction? And which ways 

of communicating about s-risks are safest relative to information hazards 

and the danger of inadvertently increasing s-risks?8

16.2.3 The Structure of Reality and Its Implications for Suffering

What implications do various theories about the structure of reality have 

for su!ering reduction? For example, what do the most plausible models 

of the universe at large (e.g. of cosmic expansion and the probability of 

the emergence of sentient life elsewhere) imply for su!ering reduction? Is 

the universe in$nite, and if so, what are the implications?9

Our answers to this last group of questions are bound to be speculative, 

yet given the potential stakes, having just slightly more quali$ed answers 

could still be highly valuable. More generally, we should be realistic about 

how complete our knowledge of su!ering reduction can be in light of the 

complexity involved. It may well be that we can at most get, say, 25 percent 

of the way toward having complete knowledge about optimal su!ering 

reduction (not de$ned in any precise way; I am merely trying to convey 

a basic point). Yet this does not render the quest for such knowledge any 

less important. It is still crucial that we work to gain as much knowledge 

as we can.10

So far, very few people have done serious research on how we can best 

reduce su!ering for all sentient beings. Yet such research is too important 

to be beholden to the quirks of a few people. We need contributions from 

7  See s-risks.org.
8  Bostrom, 2011a; Wiblin & Lempel, 2018.
9  Tomasik, 2006c; Bostrom, 2011b; Oesterheld, 2017; Vinding, 2017f.
10  Yet when does one stop re$ning one’s views and go out and act? I think this question 
rests on a false premise, as though it is either-or. We should always do both: update our 
views based on the latest research and then take action based on those $ndings.
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many people with di!erent talents and intuitions so as to even out distort-

ing idiosyncrasies, and to reduce the gaping holes in the current state of 

su!ering reduction research.

Getting more people to do such research is probably among the most 

urgently important things to do at this point. We can do this by becom-

ing such researchers ourselves, by donating toward such research, or by 

disseminating the research done so far and encouraging people to critique 

and build on it.
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"e Importance of Self-Investment

"e overwhelming horror of su!ering can readily make one feel like drop-

ping everything in one’s hands so as to jump to the aid of the a&icted. 

"is is an admirable sentiment, yet care must be taken to channel the 

underlying desire to help in the right directions. In particular, neglecting 

ourselves and being unconcerned about our appearance are among the last 

things we should do to reduce su!ering.

17.1 Self-Care: A Top Priority

We can help others more e!ectively if we take good care of ourselves. "is 

is just a psychological fact. It is a mistake to think about self-care in zero-

sum terms — as though investing in one’s own well-being is tantamount 

to stealing resources from the pursuit of helping others. Quite the opposite 

is true. After all, whatever good one can do in a state of self-neglect, one 

can probably do much better in a healthy and happy state, implying that, 

even from a purely altruistic perspective, it is more than worth investing 

in one’s own health and happiness.

It may be natural for us to think that we must neglect ourselves to 

reduce su!ering e!ectively, perhaps even to the point of painful self-sac-

ri$ce. One can speculate that this sentiment stems from a drive to signal 
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that we are doing things for others,1 or it may simply be because zero-sum 

thinking is intuitive. Yet whatever its origin, it is important that we tran-

scend it. Painful self-sacri$ce is generally not a recipe for e!ectiveness and 

success.2 Indeed, it is probably ideal to mostly enjoy the e!orts one makes 

to reduce su!ering, both for optimal motivation in the moment and for 

long-term sustainability.

So even though we are in some sense always facing a condition of maxi-

mal urgency, having the feeling of urgency is probably not optimal for us 

in order to do what needs to be done, at least most of the time. A calmly 

motivated state animated by a cerebral understanding of the urgency of 

su!ering, as well as a strong desire to alleviate it — i.e. compassion — is 

probably better.3 And the good news, as noted earlier, is that compassion 

appears to be something we can in fact cultivate to a signi$cant extent, 

and that such cultivation not only makes us more attentive to su!ering, 

but also decreases the empathic distress we experience in the face of su!er-

ing.4 "us, increasing one’s compassion appears a worthwhile investment 

bene$ting both oneself and others.5

(A similarly positive result that contradicts zero-sum thinking and 

shows personal happiness to be compatible with e!orts to reduce su!er-

ing is that doing things for others, including donating to charity, actually 

seems to make people happier.6 Doing good for others versus doing good 

for ourselves really is a false dichotomy in many ways.)

Another important investment that is di#cult to overestimate is good 

sleep, which research suggests is critical for our mental health.7 And yet 

1  Miller, 1996.
2  Leighton, 2017b.
3  For one, such a state appears more sustainable and compatible with rational thought 
than do intense feelings of urgency or empathy, Bloom, 2016. To be clear, the point 
Bloom makes is not that strong feelings of empathy do not have their place, but merely 
that they make us prone to burnout and bias if care is not taken, and that such feelings are 
often less desirable than common sense would suggest.
4  Fredrickson et al., 2008; Klimecki et al., 2013; Condon et al., 2013; Bloom & Da-
vidson, 2015; Sözmen, 2016; Weng et al., 2018.
5  One can $nd good compassion meditations by searching for “compassion medita-
tion” on YouTube.
6  Dunn et al., 2008; Dunn et al., 2011; Mogensen, 2011.
7  One study (Winsler et al., 2015) of more than 27,000 teenagers found that get-
ting less than eight hours of sleep was associated with progressively worse mental health 
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sleep is not the only form of rest we need. We also need leisure: relaxed 

downtime that keeps stress at bay and refuels motivation, and which 

enables us to live wholesome lives. After all, it is quite plausible that, to 

e!ectively reduce su!ering, most people will need to have other goals and 

pursuits in life than just to reduce su!ering. Being singularly focused on 

a goal like that is hardly congruent with human nature.8 "us, a standard 

amount of leisure and enjoyable activities is probably advisable.

One reason adequate rest is so important is to reduce mistakes that 

require many good actions to undo. "ere is a real risk that we will make 

such mistakes, and this risk increases signi$cantly when we are stressed out 

or sleep deprived. In part for this reason, it seems better to function stably 

at 80 percent performance than to work at 99 percent with a high risk of 

crashing and burning out. Beyond minimizing the risk of crash-induced 

mistakes that can cause setbacks and damage one’s reputation, consistent 

performance at 80 percent is also just more sustainable, and hence likely 

more productive in the long term. Doing 80 percent of what seems like a 

hundred percent may well be a hundred percent, all things considered.9

Another thing worth emphasizing is the surprising importance of 

self-compassion and self-forgiveness.10 Intuitively, one might think self-for-

giveness stands in opposition to productivity: toughness and unforgiving 

discipline must surely be the way. Yet it turns out the opposite is true. Self-

forgiveness and self-compassion are key to self-discipline and productivity.11 

As psychologist Kelly McGonigal notes: “[S]elf-compassion—being sup-

portive and kind to yourself, especially in the face of stress and failure—is 

associated with more motivation and better self-control.”12

outcomes. Similar associations between sleep quality and mental health have been found 
in adults, Al-Khani et al., 2019.
8  Flanagan, 1991.
9  An analogy to health may be instructive here: being obsessive and striving for perfec-
tion in everything is generally less healthy than a more relaxed and balanced approach. See 
also Tomasik, 2010; 2015e.
10  Jonathan Leighton’s “Guided Meditation for Activists” (Leighton, 2017a) was created 
speci$cally “to support self-forgiveness … especially for people aiming to reduce su!ering 
in the world.”
11  McGonigal, 2012, chap. 6.
12  Ibid., p. 148.
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Conversely, those who are hardest on themselves for procrastinating are 

generally those who procrastinate the most.13 "is is not surprising when 

we consider how other people best motivate us: kind and encouraging 

people are usually more motivating in the long run compared to unkind 

and shaming ones. And the lesson here is simply that the same is true at 

the level of self-talk and self-motivation.

"us, we have good reason to recognize with self-kindness that we are 

not perfect. We all make mistakes, and that is okay. Likewise, it is worth 

acknowledging to ourselves that it can in fact be quite di#cult to be alive, 

and that we nonetheless tend to do quite well for a creature full of con-

%icting drives, and who evolved to live in a very di!erent kind of world.14

17.2 Investing in Future Abilities and Influence

Crucial self-investments go beyond just investments in self-care. To become 

an e!ective force for good, we also need to invest in building the requisite 

skills and networks.

"is includes learning a lot of information in the form of book knowl-

edge, but it also includes learning how to communicate well, as well as 

building social skills. Such learning is often not best pursued in a formal 

setting. Yet formal education can still be important, not least due to the 

status it confers, which can in turn lead to greater in%uence.15

Investments that increase productivity are important too. "is includes 

building habits conducive to productivity — reducing distractions and 

training one’s self-control and concentration. It also means investing in a 

few high-quality things rather than many mediocre ones: a reliable com-

puter, a good mattress, a comfortable chair, etc.

Another thing we must invest in to have a positive in%uence is to look 

presentable, as trivial as it may seem. It is simply a fact about human nature 

that we judge each other based on appearances, and partly for good reasons: 

13  Ibid.
14  In relation to this point, I think there are many valuable insights in Soares, 2015-
2016.
15  For more on the importance of education for reducing su!ering, see Tomasik, 2013k.
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our appearance signals our conscientiousness and our degree of connec-

tion with social reality. Not caring what one looks like and how one comes 

across is usually not a healthy sign, and it is unlikely to be a path toward 

respect and in%uence. By contrast, looking well-groomed, friendly, and 

well-adjusted makes one seem more likable and worth associating with.16

17.3 Avoiding Social Failure

If we are to be e!ective in motivating people to reduce su!ering, we must 

be realistic about what in fact motivates people, and orient our strategy 

accordingly. For the truth is that people care greatly about signaling: we 

want to associate with things and people that make us seem cool and high-

status, and to avoid associating with things that make us seem uncool and 

low-status.17 Unfortunately, having su!ering reduction as one’s highest 

priority is not, it seems, cool or high-status in the eyes of most people.18 

It carries an undercurrent of negativity and bleakness that most of us 

would prefer not to be associated with. And even more damningly, it may 

be natural to suspect that the people who share this aim are mostly sad 

losers — people we would prefer not to be associated with.19 As crude as 

this all sounds, these social concerns likely do represent a major obstacle 

to people’s willingness to prioritize the reduction of su!ering.20

"e remedy to this PR problem is to be just the opposite, namely 

people whom others very much do want to associate with: friendly, well-

adjusted, accomplished people who inspire others with deep compassion 

and integrity. To be clear, it is not that we should merely appear to be 

such people in order to attract others. Rather, the point is that we have 

good reasons pertaining to self-care and self-investment to actually be such 

16  Cf. the halo e!ect, Nisbett & Wilson, 1977. For more on self-investment for altruis-
tic impact, see Todd, 2017b.
17  Simler & Hanson, 2018.
18  To clarify: it is not cool or common to focus predominantly on reducing su!ering in 
practice, yet at the level of ideals, it is very common, as the Future of Life Institute’s survey 
shows.
19  See section 7.12.
20  To be clear, I am not pointing $ngers here. Perceptions of other people’s status in%u-
ence all of us to a signi$cant extent, whether we realize it or not.
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well-adjusted, accomplished people, and the signaling consideration out-

lined above is just an additional reason that points in the same direction.

Another mode of social failure worth avoiding is to turn people o! 

by making su!ering reduction seem impossibly demanding. Just as it may 

be optimal to only require 80 percent performance from ourselves, it is 

probably also ideal to avoid making near-maximum demands on others. 

For example, one study of charitable giving found that people were will-

ing to give more, and felt they had more reasons to give, when demands 

were low compared to when they were high.21

"e same may well apply to e!orts to reduce su!ering in general: 

if such e!orts appear to demand a very large commitment, people will 

probably not be motivated to join them, whereas if the e!ort required 

appears modest and compatible with personal ful$llment, the motiva-

tion to join will likely be higher. "us, we have good reason to only make 

relatively modest demands for the most part, and even more good rea-

sons to hold ourselves to merely human standards and to live ful$lling 

lives (lest we make reducing su!ering seem unappealing). Movements 

and memes that become associated with strenuous demandingness are 

probably not durable.

A similar way we can risk turning people o! is by coming across as 

too “saintly”.22 For it turns out that people have a tendency to put down 

and dislike other people who display strong moral motivation — what is 

known as “do-gooder derogation”.23 "is suggests that it is best if those 

seeking to reduce su!ering come across more as normal people than as 

saints. Again, it is not that those aiming to reduce su!ering should be 

dishonest about their true moral convictions, but simply that there are 

pragmatic reasons to not display one’s moral behavior too strongly. (At least 

to outsiders; it could perhaps serve a positive function relative to ingroup 

do-gooder competition.)

21  Bruder & Tanyi, 2014, “V. General Discussion”. A plausible explanation for this pat-
tern may be that people start to disengage and dismiss the issue at hand when they feel the 
demands become too personally costly, cf. Cameron & Payne, 2011.
22  A similar point is made in Hanson, 2015.
23  Minson & Monin, 2011.
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By contrast, there is no reason to hide the positive feelings one feels 

when helping others,24 as positive feelings about altruistic behavior not 

only make it seem more inviting to join these altruistic e!orts, but they 

also, it turns out, lead people to evaluate these e!orts as more praisewor-

thy. Conversely, when people report feeling bad about altruistic actions, 

such actions are seen as less praiseworthy.25 "is is another reason to ensure 

that we ourselves feel genuinely ful$lled in our e!orts to reduce su!ering.

Contrary to what one may naively think in the face of the immense horror 

and urgency of su!ering, we do in fact have good reason to invest in our-

selves, both in terms of self-care and skill-building. Such self-investment 

not only makes us much better o! ourselves, but it also allows us to be 

more e!ective in our endeavor to create a world with less su!ering. And 

no endeavor could be more important.

24  Again, studies suggest that giving to and helping others can make us happier, Dunn 
et al., 2008; Dunn et al., 2011; Mogensen, 2011.
25  Yudkin et al., 2018. A complication, however, is the phenomenon of tainted altru-
ism: when people also pursue and attain sel$sh ends in their altruistic behavior, or when 
altruistic behavior is mostly motivated by self-interest, this tends to be evaluated as worse 
even than purely sel$sh behavior, Newman & Cain, 2014. "us, while it seems good to 
be happy in altruistic endeavors (and to display it), it may be best to mostly separate self-
interested pursuits from altruistic ones.
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What You Can Do

A key impediment to realizing our enormous potential to reduce su!ering 

is not knowing which concrete steps to take. "us, in this $nal chapter, I 

will brie%y list some concrete things everyone can do.

18.1 Join the Community

Getting in touch with people who share the goal of reducing su!ering can 

help maintain and boost our motivation to reduce su!ering. It can con-

nect us with role models and mentors, and enable us to collectively re$ne 

our ideas about reducing su!ering — others can correct our blindspots, 

and we can correct theirs.

Speci$cally, one can join Facebook groups such as “Negative Util-

itarianism and Su!ering-Focused Ethics” and “Reducing Wild-Animal 

Su!ering”, as well as subreddits like r/negativeutilitarians and r/wildani-

malsu!ering. One can also join local animal activist groups to take part 

in discussions and meet inspiring people (though such groups are often 

not primarily focused on reducing su!ering).
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18.2 Donate to the Cause

Consistent donations, even in small amounts, can be highly valuable. Not 

only can donations fund important work, but they can also help the donor 

form the habit and self-identity of being someone who contributes to the 

cause of reducing su!ering.

Speci$c organizations I recommend supporting, in part because they 

have considerable funding gaps, include Animal Ethics, the Organisation 

for the Prevention of Intense Su!ering (OPIS), and the Center for Reduc-

ing Su!ering (CRS). (As noted earlier, the latter is a new organization that 

I have co-founded.) I especially recommend donating to organizations that 

focus primarily on reducing su!ering, and which take all future su!ering 

into account.

18.3 Learn More

Learning more about reducing su!ering includes reading about directly 

related subjects, such as the psychology of empathy and compassion, and 

the philosophy of antispeciesism and wild-animal su!ering. It means read-

ing the works of su!ering-focused thinkers such as Jonathan Leighton, 

Jamie Mayerfeld, David Pearce, Brian Tomasik, and Clark Wolf (the more 

the better; it is important to avoid the common pitfall of relying too 

strongly on any one person’s views). Yet it is also paramount to learn more 

about the world in general — about physics, economics, psychology, etc. 

— as well as learning how to optimize personal productivity and health.

Learning more about such relevant subjects is a concrete task we can 

always pursue to become more quali$ed agents of change, and it is dif-

$cult to overstate its importance. As mentioned, our knowledge largely 

determines how e!ective we can be in creating a better world.
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What You Can Do

18.4 Inform Others About Suffering-Focused Ethics and Practice

"is can mean talking about the issue with open-minded friends and 

students who might be interested and willing to contribute. It can also 

mean informing larger groups of people, such as by sharing links, writing 

articles, or making YouTube videos. After all, we live in a time where a 

single hyperlink can change a person’s life completely.

18.5 Reflect on Your Career

In terms of our ability to make an impact, there is perhaps no decision 

more important than our choice of career. It is therefore worth investing 

signi$cant resources into getting this decision right.

Examples of promising careers for reducing su!ering include:

Earning to give: pursuing a high-earning job to donate a large 

fraction of the salary to e!ective organizations.

Su"ering-focused outreach: this can mean doing the kind of 

work pursued by OPIS, which includes presenting blueprints for 

compassionate governance to in%uential institutions and educating 

the public in creative ways.

Researching how we can best reduce su"ering: one can explore 

open research questions such as those presented in chapter 16, and 

do scholarly work on the ideas presented in the second part of this 

book, such as cooperation, non-human su!ering, abolitionism, 

and s-risks.

Developing su"ering-focused ethics: one could make an elaborate 

case for the importance of reducing s-risks, or one could explore 

and develop ideas like those presented in the $rst part of this book.
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Chapter 18

It is generally advisable to aim for a career that $ts both one’s tal-

ents and personal needs, as this enables one to contribute better and 

more sustainably.

I have argued that our opportunity to reduce su!ering is the greatest, most 

important opportunity we have. Even if you disagree with many of the 

arguments presented here, I hope that I have at least convinced you that 

the reduction of su!ering deserves special priority. I sincerely hope you 

will consider taking action to reduce su!ering.
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Recommended Websi tes

abolitionist.com

algosphere.org

animal-ethics.org

centerforreducingsu!ering.org

ea-foundation.org

hedweb.com

longtermrisk.org

magnusvinding.com

preventsu!ering.org

reducing-su!ering.org

simonknutsson.com

s-risks.org

su!ering-focused-ethics.surge.sh
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/' Lutts: "The Trouble with Bambi" Page 1 of17 

I bet most of you have never really thought about where your own personal images of nature 

have come from. The fascinating article that appears below explores this topic with specific 

reference to the classic Walt Disney movie Bambi. When you are done you should take a 

look at Charles E. Little's short article about Smokey the Bear. 
..

The Trouble with Bambi: Walt Disney's Bambi and the  
American Vision of Nature  

by Ralph H. Lutts 

Published in Forest and Conservation History 36 (October 1992): 160-171. 

Walt Disney's influence is so pervasive in American culture that it often goes unrecognized. 

It is easy to overlook the obvious. "All the world is watching the United States," proclaimed 

a bumper sticker, "and all the United States is watching Walt Disney." A pop-psychologist 

put it another way. "After all," she wrote, "Disney cartoons are a shared cultural heritage 
that predate Beaver Cleaver and Howdy Doody. They are the beginning of our global media 

village .... For better or worse, Uncle Walt pioneered the notion of a standard-issue childhood 

memory." Disney's animal characters, in particular, are truly "a part of our cultural 

DNA."(1) 

One of these characters, Bambi, has played and continues to playa key role in shaping 

American attitudes about and understanding of deer and woodland life. It is difficult to 

identify a film, story, or animal character that has had a greater influence on our vision of 
wildlife than the hero of Walt Disney's 1942 animated feature, Bambi. It has become 

perhaps the single most successful and enduring statement in American popular culture. 

against hunting. An examination of this cinematic statement will reveal some of the ideas 

underlying the present debate between those who support sport hunting and those who seek 

its end. The film was based on Bambi: A Life in the Woods, written in 1926 by Felix Salten 

(pen name of the Austrian novelist, journalist, and theater critic, Siegmund Salzmann), and 

published in the United States in 1928. Whittaker Chambers' superb English translation 

reflected his own deep, aesthetic love of nature.(2) The film's success was built on the 

foundation of a fine book, on superb animation that was scripted and designed by people 

who knew how to appeal to the interests of the viewing public, and on Disney's 

extraordinary marketing machine that has promoted Bambi for the past fifty years. In the 

process, Disney's Bambi acquired a content and character that are distinctly its own, despite 

its many similarities to Salten's original novel. 

The Disney Version of Bambi 

Walt Disney's version of Bambi opens with a long scene panning through the forest that 

establishes Its mysterious and lyrical beauty. Then birds announce the birth of the fawn, 

Bambi. Woodland animals, including Friend Owl and Thumper, gather around to observe 
the "Young Prince" and his first stumbling effort to stand up. A buck, his father, watches 
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from a distant rock ledge. ("Dad isn't around much," noted a People Weekly reviewer. "He 

strikes macho poses on mountaintops, part of his job as great prince of the forest." [3]) Later, 

Bambi sets off for his first walk during which he meets new friends including Thumper, the 

rabbit, and Flower, the skunk, and learns to talk. ( 4) He and his mother return to the thicket 

when it begins to rain, which leads into a musical segment about April showers. 

The next day, Bambi's mother takes him to visit the meadow. She cautions that although it is 

a wonderful place, it also can be a very dangerous place. He must always be careful when he 
approaches the meadow. In the meadow he meets and plays with another fawn, his cousin 

Faline.(5) Soon a large herd of bucks arrives. The greatest of them all, his father, stops to 

look at Bambi and then walks away. He returns quickly though, to warn that Man is nearby, 

and the deer race off to the sound of a gunshot. ( 6) 

Autumn arrives, symbolized by two lone leaves remaining on a tree, which are pulled off by 

the wind and float to the ground. Time passes and Bambi wakes to discover snow on the 
ground. Thumper appears and introduces Bambi to ice skating, but Bambi can do little but 

fall. This happy segment is followed by scenes of winter's harshness as the deer must strip 

bark from high in the trees to stave off starvation. Eventually there is none within reach. "I'm 

awfully hungry," Bambi tells his mother. "Yes," she replies, "I know." Then she finds the 

first sign of spring, new grass sprouting amidst the melting snow. Suddenly, as they are 

eating, his mother senses that Man is near and warns Bambi to run and not to look back. A 

shot rings out. Bambi reaches safety, but cannot find his mother and wanders off in a 

snowstorm looking for her. His father appears and tells him, "Your mother can't be with you 
anymore." 

The next scene is an upbeat counterpoint to the death of his mother. Bambi has grown and 

proudly sports a rack of antlers. All the forest creatures are in love, but Bambi, Thumper, 

and Flower are determined to nothing to do with females. Their resolve is short-lived 

as each finds a mate, including Bambi who falls in love with the beautiful Faline. He wins 

her, however, only after fighting with another stag, Ronno. Some time later, Bambi's father 

appears to announce the arrival of Man and warns him to seek safety deep in the forest. But 

Bambi must first find Faline who is being chased by a pack of hunting dogs. He saves her, 

but as he leaps to safety Bambi is shot. Meanwhile, the hunters' campfire escapes and 

quickly becomes a major forest fire. The Great Prince of the Forest appears beside the fallen 

Bambi and urges him to get up, despite his wound. After a great effort Bambi rises and they 

flee to safety on an island, where Bambi and Faline are reunited. 

In the concluding segment, life returns to the scorched forest and Faline gives birth to twins. 

Bambi and his father watch together from a height. His father then walks off, leaving Bambi 

the new Great Prince of the Forest. The cycle is complete. 

The Death of Bambi's Mother 

The scene with the single greatest impact on the public was the death of Bambi's mother, an 

impact compounded by Bambi's vulnerability and dependence upon her. It followed the 
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scene in which Bambi and his mother found the new spring grass, giving the impression that 

the winter's danger was over. Wait Disney proposed that the mother be the one who finds 

the grass rather than Bambi, because it would make the audience "feel he's more helpless 

and everything." Initially, Disney had considered showing the mother's death on screen, with 

Bambi later returning to find her impression in the snow where the hunters had dragged 

away her carcass. He finally decided that this would be too much for the viewer. The 

mother's death happens completely offscreen. Nevertheless, its impact is so great that many 

people will swear that they actually saw her shot. It was an emotionally compelling scene 

and even one of Disney's daughters chastised him for allowing Bambi's mother to be killed. 

(7) 

Critics agreed that the scene was powerful. "It is one of the paradoxes of movie business," 

wrote film critic Pauline Kael, "that the movies designed expressly for children are generally 

the ones that frighten them the most. I have never heard children screaming in fear at any of 

those movies we're always told they should be protected from as they screamed at Bambi 

and Dumbo. Bambi's mother is murdered, Dumbo's mother is goaded to madness and 

separated from Dumbo; those movies really hit children where it counts." Another critic 

called the death "surely one of the most devastating moments in any movie." Even horror 

novelist Stephen King wrote that it was the Disney cartoons, including Bambi, that 

frightened him most as a child.(8) 

Each time the film is rereleased parents worry about the impact of the death scene on their 

children. In the summer of 1988, for example, a psychologist told USA Today that the film 

"feeds into a young child's worst fear, that of losing a parent," and advised that children 

under the age of seven should not be allowed to see the movie. However, many parents 

found that their children handled the film well, especially if they prepared their children in 

advance for the death scene. One parent remarked, "I wonder if it was my own anxiety that 

played into what I'd heard about the movie. I'm a working mother and I'm loaded with guilt." 

Another commentator suggested that, "if parents want to use this movie for lessons, they 

might emphasize how Bambi learns to survive with his friends despite the terrible loss of a 

parent." (Good advice at a time when single parent households are increasingly common.) A 

Chicago Tribune editorial argued that it is really the parents who are most frightened by the 

scene. "What has made 'Bambi' arguably the most memorable of the Disney animated 

movies," the editorial continued, "was that it did touch some real human emotions .... 

Besides, how are [children] going to know what to worry about when it's their kids' tum to 

see 'Bambi,' if they don't get to cry at the movie now?"(9) 

This death scene is central to the film's antihunting message. The dog pack chasing Faline, 

the shooting of Bambi, and the general panic among and killing of the wild animals during 

the hunt certainly contribute to this message. It is, however, the death of Bambi's mother that 

people remember. Disney spent nearly three-quarters of the film building sympathy for 

Bambi as a cute, lovable, vulnerable child. His mother nurtured and cared for him, and then, 

just as they had come through winter's hardships, she was killed. Bambi was left a virtual 

orphan, without his principal caregiver, alone until his loving but aloof and 

uncommunicative father appeared. The film never voiced a word against hunting. The 
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antihunting message was conveyed on a completely emotional level through sympathy with 
its characters. It was targeted at children in their most impressionable, formative years. The 
memory of the incident remains with them even into adulthood. 

The film's immediate impact was not limited to children. It also shaped the opinions of many 
adults. For example, one man told how his grandfather, an avid hunter, had taken him to the 
theater to see Bambi when he was a child. When the film was over and they were walking 
out into the sunlight, his grandfather said, "I'll never hunt again." He disposed of his hunting 
paraphernalia and never did hunt again. "(1 0) 

The "Bambi Factor" and the Anti-Bambi Backlash 

Hunter opposition to Bambi began even before the film was released. Following a preview 
of the film, Raymond 1. Brown, editor of Outdoor Life, sent Walt Disney a telegram 
pointing out that it was illegal to shoot deer in the spring. The film, he argued, unfairly 
implied that the nation's law-abiding hunters were "vicious destroyers of game and natural 
resources." He asked Disney to add a foreword to the film explaining that it is a fantasy and 
is not representative of American sportsmen. Receiving no satisfaction, he tried to have the 
film's distributor force Disney's company to attach a foreword to the him. When this failed, 
he condemned the film as an insult to American sportsmen and called upon the nation's 
hunters to rally to their own defense, confident that they would have the last laugh. 
Commenting on the flap, the managing editor of Nature Magazine wrote that "few rod and 
gun editors who have rushed into print on Mr. Brown's say-so" had probably even seen the 
film. For his part, though, he could not "believe that any real sportsman or conservationist 
will regard himself as the prototype of the invisible man in Bambi. As for the rest, we do not 
care what they think."( 11) 

It is not surprising that some hunters viewed the film as a threat. Public opposition to 
hunting did not originate with Bambi. Even before the twentieth century many people, 
particularly those who were economically comfortable, appreciated the grace and beauty of 
deer and regretted seeing them killed. This attitude became increasingly widespread in the 
late nineteenth century. An 1887 primary school reading lesson, for example, told of a 
child's delightful encounter with deer and ended with the hope that "the hunters will not find 
those deer." Disney provided a morality play and a national symbol that became touchstones 
for opposition to hunting. For example, although public outcries against killing does were 
not new, Bambi fueled the fire. In 1943, the year after the film was released, Aldo Leopold 
pressed for an antlerless deer season to control an overpopulated Wisconsin herd by 
reducing both its size and its rate of reproduction. Public opposition killed the proposal. 
Both Susan Flader and Curt Meine have suggested that Bambi played a role in shaping 
public opinion on the issue. (12) 

"Take Bambi's mom. Please ... ," recently urged a columnist addressing similar issues in 
Sports Afield. He complained that, whether from a misplaced sense of sportsmanship and 
sentimental reluctance to kill females or a fixation on antlered trophies, hunters are 
themselves responsible for much of the opposition to policies that encourage shooting does. 
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Some of these hunters, he suggested a bit facetiously, "still felt responsible for Bambi's 

losing his mom."(13) 

Over the years, "Bambi" has become almost synonymous with opposition to hunting. 

"Naturally," wrote Field & Stream columnist George Reiger, "once Bambi is raised in status 

from mere deer to Jesus Whitetail Superstar, man's hunting of deer becomes a crime 

comparable to the persecution of Christ." The San Francisco Chronicle recently reported 

that, "A poll taken by supporters of a June ballot measure that banned mountain lion hunting 
in California found that people reacted more negatively to the lions when told that they 
regularly kill deer than when informed that lions had mauled a couple of children." 

Although the public may have responded to the mauling as little more than isolated 

incidents, the executive director of the Santa Monica Mountains Conservancy concluded 

that "there was a real Bambi constituency out there." "After seeing 'Bambi,' nobody wants to 

kill a deer," commented an Institute for Advanced Study scholar regarding efforts to reduce 

the size of the deer herd on the institute's New Jersey grounds. On the same issue, Peter 
Benchley, author of Jaws, called the deer "wretched, sickly creatures starving to death" and 

lamented, "If only they didn't have those saucer eyes and Walt Disney behind them. The 
Bambi complex seems to have taken over around here."(14) 

The "Bambi complex," "Bambi factor," and "Bambi syndrome" are three terms used 

interchangeably for sentimental, sympathetic attitudes toward wildlife, especially deer. They 

are usually used derogatorily and reflect a backlash against the humane, antihunting, and 

preservationist values, and the excessive sentimentality that Bambi has often come to 

symbolize. Anthropologist Elizabeth Lawrence found that, "Ranchers invariably 'love deer,' 

both by their own admission and the observations of wildlife personnel, who call this 
mystique 'the Bambi complex.' ... Cattlemen are very proud of the fact that in winter they 

willingly let deer eat from their haystacks, 'even with the high price of hay.'" National Park 

rangers also refer to visitors' willingness to treat wild bears as if they are tame storybook 

animals, or to oppose the use of controlled fires as a management tool because they may 

injure some animals, as manifestations of the Bambi complex. People who oppose hunting 

have been diagnosed by those who support hunting as suffering from the Bambi complex. 

"They anthropomorphize these animals and exhibit the brightness akin to a 10 watt 

lightbulb," wrote one such diagnostician."(15) 

The anti-Bambi backlash is generally associated with people who support hunting or who 
view the issue as more complex than do those "suffering" from the Bambi 

factor/complex/syndrome. It can also be seen in the black humor voiced by the owner of a 

herd of fifteen hundred deer on his New York venison farm. He worried that the "Bambi 

syndrome" might cut into his market, but "[w]hen asked how he can possibly kill such 

beautiful animals, his response was: 'They're much easier to eat when dead." The backlash is 

perhaps best symbolized in the film Bambi Meets Godzilla, which makes no reference to 

hunting.( 17) This short bit of animation consists of little more than an idyllic, cute image of 
Bambi grazing peacefully in the meadow until suddenly and without warning a gigantic 

reptilian foot descends from the sky, squashing the fawn. End of film. 
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There have been many satirical jabs at people suffering from the Bambi syndrome. A 

magazine article titled "Should They Shoot Bambi" began with a full page illustration of 

Bambi standing in the sights of a hunter's rifle, with Thumper watching aghast. "Whether or 

not starving deer feel pain," wrote the author Ted Williams, "will likely be debated until one 

of them, other than Bambi, speaks." Williams was writing about animal rights activists who 
had argued that starvation is painless. This was part of a controversy over the use of hunting 
to reduce an overpopulated herd of white-tailed deer on the Crane Memorial Reservation in 

Ipswich, Massachusetts. The controversy led to a number of tongue-in-cheek articles using 

and abusing Bambi. The Boston Globe published a hypothetical conversation among Bambi, 

Thumper, and Flower in response to an opponent of the hunt who proclaimed, "I'd rather see 

[the deer] starve to death than shot." An emaciated Bambi explained to his friends that he 

was starving because there were too many deer and the population had grown beyond the 

reservation's carrying capacity. His mother was already dead, not by hunters' guns, but killed 

by pet dogs when she was too weak from starvation to run. "Why are you sitting?" Flower 
asked, "Fawns don't sit." "I'm too weak to stand," said Bambi. "I think I'll lust sit here for a 

few days until I fall over and die." And he did."(l?) 

Another, more lighthearted contribution was a response to the proposal that the problem be 

solved by administering contraceptives to the deer herd. Science writer Chet Raymo 

concocted a conversation between Bambi and his father. "Bambi," the Old Stag said, "It's 
time we talked about the birds and the bees." "The birds and the bees," Bambi responded, "I 

often talk to Magpie, Jay and Owl. They tell me lots of things. I know all about the birds and 

the bees." "Hmm," muttered the Old Stag, "That's not what I had in mind."(18) 

In some cases, the backlash against Bambi has even grown to encompass the whole 

environmental movement. A strongly negative review of Bill McKibben's The End of 

Nature, for example, appeared in Forbes. The reviewer wrote that McKibben "yearns to 

return to a nature 'independent' of mankind." But, he argued, independent nature produced 

the bubonic plague and "bound most of mankind to stoop labor. But never mind: People like 

McKibben and his admirers weren't raised on history but on a Walt Disney view of nature. 

For McKibben, nature is solely a 'sweet and wild garden.' Hi there, BambL"(19) 

What Disney did to Bambi 

What is the "Disney view of nature?" Does Bambi actually present a terribly distorted view 

of animal behavior and woodland ecology? Walt Disney and his staff went to great lengths 

to present an accurate representation of deer and other wild animals in Bambi. In an effort to 

ensure accuracy in the film's backgrounds, he had an artist spend six months sketching forest 

scenes in Maine's Baxter State Park. A pair of fawns, named Bambi and Faline of course, 

was shipped from Maine to Disney's California studios where they became models for his 
artists, who underwent special training in drawing wildlife. Bambi, a Black Forest roe deer 

in Salten's book, thus became a white-tailed deer in Disney's film. The task of animating 

accurately the movements of four-legged deer as they walk, lie down, and get up, and of 

maintaining correct perspective for a rotating rack of antlers as a buck moves his head was 

daunting. The film set a new standard for naturalistic realism in animated films.(20) The 
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"April Showers" segment, for example, ends with an image of ripples radiating from the last 

raindrops to fall on a pool of water. The splash of the raindrops is accurate even to the 

momentary central pillar that rises when the drop hits the water, although viewers must 

slowly advance their Bambi video frame by frame to notice it. 

Disney, like Salten, tried to establish a relationship between Bambi and his father while 

respecting the biological fact that male deer do not form a lasting bond with females and do 

not participate in rearing the young. This is why the Great Prince remains a loner, aloof and 

uncommunicative. Bambi's father stands on the distant rock ledge because a buck would not 

be present at the birth of his offspring. In Salten's Bambi even Bambi and Faline are only 

temporary mates. Although Disney's version does not progress beyond their first mating 

season, Bambi joins his father on the ledge when Faline gives birth. Nevertheless, for the 

sake of the story both Salten and Disney set a limit to authenticity and anthropomorphize 
deer by establishing a caring relationship between father and son. 

Disney, however, changed the nature of this relationship. The ability of Bambi's father to 

live a solitary life, to appear without warning, and then to vanish into the forest, are keys to 

his survival. To be visible is to be vulnerable. Bambi's maturation in Salten's story is a 

process of learning the lessons of survival. "If you live, my son," his mother explains, "if 

you are cunning and don't run into danger, you'll be as strong and handsome as your father is 

sometime, and you'll have antlers like his, too." Bambi's father, the Great Prince, achieved 

his stature by surviving to become the oldest and wisest of the deer. In Salten's book, the 
Great Prince is a teacher who passes his survival wisdom on to Bambi. He teaches mostly by 

example, but also with words. His first words to Bambi come at a time when the fawn is 

alone, crying for his mother. The stag suddenly appears and scolds, "Can't you stay by 

yourself? Shame on you!" Bambi learns his lessons well and eventually becomes as skillful 

and solitary as his father; he learns "the most vital lesson of the woods: 'Be alone'." These 

lessons in survival come full cycle years later when, at the very end of the book, old Prince 

Bambi comes across a pair of fawns crying for their mother. "Can't you stay by yourselves?" 

he scolds.(21) 

In his effort to wrest a coherent plot out of Salten's episodic novel, Disney did away with the 
cycle of survival lessons and replaced it with the cycle from Bambi's birth to the birth of his 

own children. In the process, Disney made Bambi's father primarily a protector rather than a 

teacher and turned Bambi and Faline's love story into the film's central plot. It is a story of 

childhood's end as Bambi matures from an awkward child, who continually falls down, into 

a buck who must learn to stand up for himself and for his mate. This is best symbolized 

when he lies shot and in the path of the forest fire and his father appears and urges, "Get up, 

Bambi. Get up. You must get up."(22) 

"All too often, animal books are highly emotional, over-sentimental stories of creatures who 

act amazingly like humans," pointed out the teacher's guide accompanying a Walt Disney 

Educational Products record album of Bambi. "Although the animals in Bambi speak, they 
still retain their animal characters, and the portrayal of their way of life is scientifically true. 

From Bambi, children learn accurate information as well as feel deep concern and 
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tenderness for the characters." However, the same teacher's guide included an absurd picture 

of Bambi staring at a family of opossums hanging by their tails from a tree limb." In the 

film, Bambi meets these improbable opossums during his first walk. The forest fire segment 

even shows an opossum finding safety on the island, with her children hanging by their tails 

from her tail! Although opossums are capable of hanging by their tails, this is not a preferred 

behavior and they certainly do not sleep hanging by their tails.(24) Nevertheless, this bit of 

nature fakery appears again and again in children's books based on Bambi, even in spin-off 

books minimally connected with the movie.(25) The film and books have done more than 

anything else to perpetuate this folklore. The Disney Stores are even selling coffee mugs 

emblazoned with this scene. 

The film is an extraordinary work of animation artistry. On another level, it is an odd 

mixture of beautiful, impressionistic backgrounds, naturalistic forest and wildlife images, 
and classic Disney cartoon characters. Virtually all of the film's birds are cartoon fantasies. 

Friend Owl can even tum his head completely around two or more times without choking to 

death or breaking his neck. The artists give Bambi antlers in springtime; fanciful appendages 

necessary to help the viewer distinguish his sex from Faline's. Bambi's touted authenticity is 

severely limited. The film is faithful to visual, artistic accuracy in the general appearance 

and movements of many of its animals, not to a scientific or ecological accuracy. Even the 

visual accuracy is compromised for the sake of cuteness: for example, the more traditional 

cartoony cuteness of Thumper and Flower, and the tail-hanging opossums. 

In short, despite their efforts to be accurate, Salten's original version of Bambi underwent a 
transformation as Disney and his staff reshaped it to fit a different medium, their own 

sensibilities, and a mass market. In the process much of Salten's ecological and moral 

subtlety were winnowed away. From the start, what attracted Disney to Bambi was its 

potentially interesting cast of characters. It was the director/producer Sidney Franklin and 

the artist Tyrus Wong who managed to educate Disney and his staff to appreciate the artistic 

and poetic potential of the story. Nevertheless, Disney realized that to win the viewing 

public's attention he had to provide an upbeat story with sympathetic animal characters. The 

spotted fawn has long been recognized as a particularly cute and attractive image. This 

image of cuteness has become so popular that even adult deer are sometimes mistakenly 

shown with spots.(26) Disney, however, had a well-tested technique for carrying cuteness to 
an extreme. 

Both Salten and Disney gave their characters distinctive personalities. However, Disney's 

medium required that he accomplish this quickly and visually, and the film lost much of the 

subtlety of Salten's novel. His artists habitually exaggerated the size of their cartoon 

characters' heads and eyes and reduced their muzzles, thus giving them the proportions of 

human infants. Initially, Disney's staff had tremendous difficulty rendering the deer in 

Bambi as sympathetic personalities capable of dramatic expression because they were trying 

to draw them too realistically. They finally solved the problem by reverting to some of their 

standard cartoon techniques. "A smaller muzzle and much larger cranium," wrote two of the 

supervising animators, "finally created the new design and made all of the expressions 

available to the animators." Note the difference between the preceding description and the 
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photograph accompanying this article. Young Bambi's head became almost as large as the 

rest of his body. (One of Disney's artists called him "little pumpkin-head.") Disney's artists 

also added exceptionally large white eye patches surrounding and exaggerating his 

enormous eyes. "With a huge head dwarfing its trunk and a pair of oversized eyes with 

pupils and lashes," writes anthropologist Elizabeth A. Lawrence, "Disney's Bambi arouses 

sympathy and nurturance and a sense of parenthood toward this relatively sociable species 

that sometimes responds to human attention."(27) This technique of manipulating the 

viewer's emotions is also used in "motel art" paintings of sad-eyed puppies, kittens, and 

human waifs. Similarly, the large eyed, anthropomorphic face of baby harp seals help to 
motivate efforts to prevent their slaughter. 

No wonder that Bambi, Thumper, and Flower win our sympathy; they display the features 
that elicit our nurturing sympathy for human children. Disney's Bambi relies on the child 

Bambi to win viewer sympathy. Although Bambi was an antlered buck through half of 

Salten's book, he remains a fawn through three quarters of the film. It is not surprising that 

most people picture only a cute, vulnerable fawn when they think of Bambi.(28) On a 

subliminal level, the Disney version of Bambi motivates opposition to hunting, in part, by 

representing deer visually as surrogate human children. 

Disney also presents a distorted image of woodland ecology, one in which all animals live at 

peace. For example, Friend Owl, who appears to be a great homed owl, is Thumper's and 
Flower's friend. Apparently great horned owls do not consume their normal quota of rabbits 

and skunks in Disney's forest because Disney's world is a world without predation. In the 

world of Disney's Bambi, all wild creatures are friends. Children's books based on the film, 

including spin offs only loosely tied to the film, perpetuate this image of nature. For 

example, a recent children's activity book shows all creatures, predators and prey alike, in 

happy proximity. It even has Bambi and Thumper asking a friendly fox for travel directions. 

Predation does appear in one spin-off book when a fox tries to make a meal of Thumper. 

Bambi and his father save the day. This rare appearance of predation is placed within a very 

clear moral framework, however. Flower describes it as "a very mean fox," and it is obvious 
that the fox is morally flawed. But what alternative has the fox? Predation must be akin to 

original sin in this moral universe.(29) 

The Disney version of life in the woods stands in sharp contrast with that of Felix Salten, 

which presents a far more ecologically and philosophically complex vision of nature. 

Although Salten's vision has its own limitations, comparing the two underscores the trouble 

with Disney's. Salten's Bambi found a very different world when, during his first walk in the 

forest, the fawn heard something rustle in the foliage. "A thread-like, little cry shrilled out 
piteously; then all was still .... A ferret had caught a mouse. He came slinking by, slid 

sideways, and prepared to enjoy his meal." Bambi asked, "What was that?" but his mother 
answered only, "Nothing." "'But,' Bambi trembled, 'but I saw it.' 'Yes, yes,' answered his 

mother. 'Don't be frightened. The ferret has killed a mouse.'" When Bambi asked, "Shall we 

kill a mouse, too, sometimes?" "No," his mother reassured him, "Because we never kill 

anything." George Reiger has argued that this conversation underscores the book's failure as 

a life history, because the mother avoided the whole issue of death by saying deer "never kill 
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anything." Also, she did not explain that ferrets must kill to live. She implied, he wrote, "that 

such creatures have a choice--like man." It seems more reasonable, however, to interpret her 

response to Bambi's questions as an effort to calm her very young child, who will soon learn 

more about such things. Reiger also noted that, "because even foliage talks to itself in Bambi 

and apparently has a soul, if not an afterlife, Bambi does 'kill things' by eating grasses and 

later destroying shrubs while thrashing the velvet from his antlers. "(30) 

Nevertheless, Salten's Bambi lives in a world in which the food web is a very active 

presence. The mouse's death was not an isolated incident. During a winter that produced far 
more suffering than Disney's, "the crows fell upon Friend Hare's [the original model for 

Thumper's] small son who was lying sick, and killed him in a cruel way. He could be heard 

moaning pitifully for a long while." In other incidents a fox killed a pheasant, a fox killed a 

duck, an owl killed a mouse, and a squirrel (that Bambi mistook for its father) explained that 

its grandmother was killed by a ferret and its father by an owl. These incidents are all 

presented in almost a casual manner. They are normal occurrences that may cause 
momentary pain and consternation ("You never know who's going to go next," one autumn 

leaf said to another as they debated the nature of death), but they are neither out of the 

ordinary nor evil.(31) Predation and death are ever present, independent of Man's presence, 

in Salten's woodland drama. 

The process of creating the Disney version of Bambi was a process of erosion as the normal 

and pervasive, although uncomfortable, presence of predation and death emphasized in 

Salten's version was omitted or blunted. This process continues in the children's book spin-

offs based on the film. They tend further to reduce the severity of winter starvation. They 

also have difficulty acknowledging that Bambi's mother was actually killed. In two coloring 

books, for example, Bambi says, "My mother's gone!" and his father says only, "You'll live 
with me now, son." Another book reports only that "The hunters had caught her," thus 

suggesting that she was still alive. A read-along booklet accompanying a Bambi audio tape 
omits any reference to the incident. As another example of this process, one children's book 

ends with a picture of Bambi in an anthropomorphic family setting with Faline and their 

fawns, rather than off on the distant hil1.(32) As a result, Salten's sharp, naturalistic vision of 

woodland life is degraded into a fantasy of nature cleansed of the traumas and difficulties 

that may trouble children and that adults prefer to avoid. 

One wildlife biologist has argued that despite its shortcomings Disney's film is really quite 

accurate in its representation of deer ecology, and that it presents a strong argument in favor 
of using hunting as a tool to manage deer herds.(33) In the film neither Bambi nor Faline has 

brothers or sisters. This presents a problem, since deer usually give birth to more than one 

fawn. Their mothers must have been under some sort of stress that caused them to produce 

only single births. The evidence, he argues, was in the meadow. On Bambi's first visit he 

saw a great many stags in the meadow, evidence of an overpopulated deer herd. 

Malnourishment must have led to the single births. During the winter, Bambi and his mother 

could find food only by stripping bark from high in the trees. This is a sure indication that 

the size of the herd had exceeded the carrying capacity of its range. Although the film 

blunted the severity of the winter's hardships, many deer in that overpopulated herd must 
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have starved. However, starvation and the toll taken by hunters must have brought the herd 

back down to a reasonable size, thus reducing the stress on individual deer. The evidence? 

As the film ended Faline gave birth to twins. 

This is an interesting argument that has biological merit, but Disney never intended the film 

to be open to this interpretation. Although this argument may tease animal rights activists, it 

is simply not apparent to the film's viewers. Disney's is a "Sunday school" vision of nature 

as a place without stress, conflict, or death. The sole exceptions are the difficulties of winter, 

which the film acknowledges but minimizes, and the short period of conflict between bucks 

during the mating season (they are friends at other times). The state of nature is a simple, 

uncomplicated, romantic state of happiness and virtue--an escapist fantasy. Disney did not 

create his audience's desire for such fantasies, but he did feed it. In short, he presented nature 

as an earthly Eden. There is, however, no place for humans in this garden. 

Bambi and the Problem of "Man" 

Humans, although never seen in the film, are the sole source of evil in the Disney view of 

nature. "'Bambi' does have a more vivid sense of evil than any other Disney film," wrote a 

movie reviewer, "perhaps because the evil isn't personified .... The warning issued by 

Bambi's mother--'Man is in the forest'- has the compacting force of a phrase from Brecht." 

Another reviewer called this line memorable and intimidating, and recalled that it "still 

creates shudders." No wonder that People Weekly listed "Man" among the top movie "Hot 

Heavies" adding, "That's the hunter who kills the hero's mom--the ultimate in dastardly 

deeds."(34) Hunters not only kill Bambi's mother, they also kill the woodland creatures 

indiscriminately, their dogs attack Faline, and their fire ravages the forest. The fierce, 

hungry flames that devour the forest and its creatures become a surrogate for Man that 

continues and subliminally magnifies the hunters' destructive hunger for the lives of Bambi 

and his friends.(35) Hunters are represented virtually as a satanic force. Disney adds to this 

impression by using crows, circling and cawing ominously over the forest, as dark 

harbingers of Man. 

Salten's version of Bambi also presents hunters as objects of fear, perhaps even more than 

did Disney. Salten's hunting scenes are far more terrifying. Disney protected his viewers 

from the full force of the horror of Salten's major hunting episode, transforming Salten's 

wave of panic into a forest fire that appears only in the film. However, Salten represents 

"Man" not as satanically evil, but as a powerful force of godlike proportion. "Man" is always 

capitalized, just as one capitalizes "God." In Salten's book, Man is both a force to be feared 

and a puzzle. In the children's books based on Disney's Bambi, Salten's "Man" becomes 

"MAN." The awesome word spoken both with wonder and fear in Salten's book thus 

becomes virtually a scream in Disney's. 

Bambi and the other creatures try to understand the nature of Man. They watch, they 

speculate, and they fear. A crow observed that, although she often saw Man, "no one can 

explain Him."(36) The problem of Man is one of the book's central themes, a problem that 

Bambi must solve in his effort to learn the lessons of survival. 
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At one point, when the deer have gathered together during the long winter, they discuss the 

nature of Man. The aging deer, Old Netda, hates Man, saying "He is loathsome!" But young 

Marena offers, "They say that sometime He'll come to live with us and be as gentle as we 

are. He'll play with us then and the whole forest will be happy, and we'll be friends with 

him." Old Nettla heatedly scoffs at such youthful idealism. "Friends with Him! He's 

murdered us ever since we can remember, every one of us, our sisters, our mothers, our 

brothers! Ever since we came into the world He's given us no peace .... And now we're going 

to be friends with Him. What nonsense!" Nevertheless Marena persists, IIILove is no 

nonsense,' she said. 'It has to Come. III (37) 

With this dialogue Felix Salten framed a critical question for his readers. Is human nature 

mutable or is it fixed? Can humans make peace with the deer? Salten does not present an 

easy answer. The reader could see that Faline's brother, the weakly fawn Gobo, was not able 

to survive the harsh winter, and his life appeared to be shortened only a little more quickly 

when he lost his strength and was unable to flee the hunters. But Gobo reappeared in the 

summer. He had been rescued by the hunters, nursed back to health, and released. He had, 

however, lost his fear of Man and trotted out to meet his human friends during the next hunt. 

It was a fatal mistake. "Gobo lay with his bloody entrails oozing from his tom flank," and 

when the hunters reached him the other deer "heard Gobo's wailing death shriek." The 

hunters could give both life and death, a power proclaimed by a hunting dog in his argument 

with a fox he was about to kill. "He's all-powerful," the dog shouted exultantly. "He's above 

all of you. Everything we have comes from Him. Everything that lives or grows comes from 

Him."(38) 

The climax of Salten's novel comes when Bambi learns that what the dog had said was 

wrong. His father brought him to see the corpse of a poacher lying against a tree. The bullet 

wound in his neck "gaped like a small red mouth. Blood was oozing out slowly." "He isn't 

all-powerful as they say," his father explained. "Everything that lives and grows doesn't 

come from Him. He's lust the same as we. He has the same fears, the same needs, and 

suffers in the same way. He can be killed like us, and then He lies helpless on the ground 

like all the rest of us, as you see Him now." Bambi pondered upon this lesson and 

concluded, "There is Another who is over us all, over us and over Him. "(39) With this final 

lesson the old stag's work was done. His responsibility to Bambi was over, and he went off 

to die. The lesson, of course, was intended for Salten's readers. Humans and deer, he was 
arguing, are equal before the eyes of God. 

Walt Disney intended to conclude his version of Bambi with this powerful scene and 

argument against hunting. It was to be the climax of the film. Bambi and his father were to 

find the corpse of a dead hunter amid the charred remains of the forest, killed by the fire 

caused by his own carelessness. But Disney'S staff were unsure how to present a "real" 

death, rather than a fanciful or fairy tale cartoon death, in a way that was acceptable to the 

audience. They tried one version on a test audience and "four hundred people shot straight 

up into the air" when the corpse appeared. Thus ended Disney's efforts to bring a 

philosophical conclusion to the film. All that remains of Salten's powerful scene in the 

Disney version is the symbolic departure of the old stag, leaving Bambi on the mountain 
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side overlooking Faline and her fawns. ( 40) 

The Trouble with Bambi 

Both Felix Salten and Walt Disney represent humans as intruders whose presence disrupts 

the Edenic forest garden of nature. However, it is not a human nature-lover whose 

contemplation of the garden is disrupted by the intrusion of hunter and gun. Nor is the 

viewpoint that of a frontier father hunting to feed his family or a sportsman seeking a trophy. 

Instead, the reader and audience are shown nature as experienced by the forest dwellers, the 

objects of the hunt. It is not the presence of the machine that disrupts this garden, but the 

presence of the human. (4 I) Despite this similarity, Salten's and Disney's versions of Bambi 

differ in their treatment of this theme. Both versions appear to represent biocentric views of 

nature. The test of their biocentrism, however, lies in the faithfulness of their fictional 

animals to the reality of their biological counterparts. Disney'S Bambi falls this test even 
when granted the wide latitude that is appropriate for children's fiction. 

Salten's Bambi presents a poetic vision of woodland life and a powerful statement against 

hunting. Although he humanized his animal characters, they live in a world of complex 

ecological relationships that includes the ever present reality of death by predation and 

winter starvation, as well as by the hunter's gun. Humans often bring death, as do other 

creatures in the forest, but Salten presents humans as a problematic force, rather than as an 

unmitigated evil. His Bambi offers some hope, however remote, that we may be able to 
establish a more gentle relationship with nature. People may, depending on their own views, 

praise or condemn his position on hunting. Regardless, Felix Salten should be commended 

for conducting his morality play on a naturalistic stage. 

Walt Disney's Bambi is an extraordinary work of cinematic art that also evokes a poetic 

vision of nature and makes a strong antihunting statement. It presents, however, an 

extraordinarily one-sided view of nature and of people. There is no predation in Disney's 

forest. With few exceptions--Bambi, his mother, a few birds, and the rabbits--the animals do 

not eat at all. Although winters may be harsh, death comes only by the hand of Man, an evil 

force in the world. Disney did not set out to present this as his philosophical view of nature. 

Instead, Salten's complexities were whittled away in the pragmatic process of shaping the 

story for a visual medium and a mass market. Financial problems also forced Disney to cut 
the length of the film by nearly a third.(42) As a result, the story lost its ecological and 

philosophical depth, but the film gained an aesthetic elegance and simplicity that have 

earned it a reputation as one of Disney's finest works of art. 

Nevertheless, what gives the film artistic elegance also gives it ecological shallowness. 

Bambi is not unique in its lack of ecological sophistication, and despite its shortcomings it is 
a joy to watch. However, the film was praised for establishing a new standard of naturalistic 

realism for its medium, including scientific accuracy. Its problems are compounded by the 

film's enormous popularity and the Disney corporation's tremendous, sustained success in 

bringing it to a mass market. The marketing of Bambi has also been the dissemination of a 

vision of nature, and its success also marks the success of that vision. 
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Marketing Disney's Bambi 

Bambi was not the first wild animal character to capture the attention of the American 
public. Naturalistic stories and books sympathetic to the perspective of wild animals were 
first published nearly fifty years before Bambi appeared in theaters. Jack London's dog, 
Buck, triumphed in winning freedom in the Alaskan wilderness and leadership of a wolf 
pack. Charles G. D. Roberts's Red Fox raised his family and learned how to avoid hunters 
and traps. Ernest Thompson Seton's wolf, Lobo, symbolized wild cunning and devotion to 
one's mate. Seton's stories, in particular, have been read, reread, and continue to be read by 
generations of children and adults. However, no other wild animal character achieved the 
stature of Walt Disney's lovable fawn. No others have been so carefully shaped to appeal to 
a mass market or so successful in capturing the hearts and wallets of the nation. 

The film received its world premier at the Radio City Music Hall on 12 August 1942. The 
following week, on 21 August, Disney released it for distribution via RKO Radio Pictures. it 
was generally well received despite some reviewers' difficulty in adjusting to an animal 
cartoon without zany characters and slapstick humor. ("Mickey wouldn't be caught dead in 
this," complained one critic.) The film did not recover its production expenses, however, and 
was considered a financial failure. Nevertheless, subsequent releases following World War 
11 made the film one of the industry'S great money makers. Based on total rental fees paid to 
distributors through 1988, Bambi earned $47,265,000. By comparison, Casablanca, also 
released in 1942, earned $4,145,178 during the same period. Only two films released 
between 1939 and 1969 had accumulated more rental income by the end of 1988: Gone with 
the Wind (1939), and The Sound of Music (1965). Gross sales during this time, estimated by 
Disney at $490 million, are even more impressive. In the last six months of 1988, the film's 
latest rerelease grossed $38.1 million .(43) 

These figures do not include income from the video version of Bambi. In 1989, Disney 
launched an aggressive marketing campaign for Bambi and Roger Rabbit videos at a 
combined cost of $60 million. A senior DisneylBuena Vista executive called it "the largest 
[marketing] program ever in home video." The campaign included marketing tie-ins with 
Crest Toothpaste and M&M candies. Sixty percent of the initial release of ten million units 
of the Bambi video were shipped to mass outlets, such as K-Mart and Target. Finally, nearly 
fifty years after its premier, Bambi was first broadcast on television, via the Disney Channel, 
of course, on Sunday, 3 February 1991. The broadcast was repeated seven other times that 
month, and we are bound to see it on television again in the years to come.(44) 

It is fair to say that Bambi has become an inevitable part of the childhood education of most 
people in America and in many other parts of the world. As a result of Disney's aggressive 
promotion, merchandising, and licensing enterprises, many children meet Bambi long before 
they see the film. Throughout the 1 940s Disney used these mechanisms to bring Bambi to 
the public's attention and keep it there, and also to ensure a steady flow of collateral income. 
In 

1941, the year before the film was released, a Bambi comic book giveaway was distributed 
through Horlick's Malted Milk and toy stores. A Bambi Sunday comic strip began running 
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in newspapers on 19 July 1942, a month before the film was released, and continued to 4 

October. RCA Victor released a three record set based on the film. Dell Publishing 
Company released a Walt Disney Bambi comic book in the same year and another in 1948. 

A Thumper comic book also appeared, as did Bambi's Children, a comic book based on 
Felix Salten's sequel to Bambi. In addition, the 1940s saw the publication of at least nine 

other Bambi books based on the original Salten story, the Disney film, or characters from 

the film. At least three manufacturers produced a variety of ceramic figurines based on 
Bambi, Thumper, and Flower. One company produced a set of Bambi children's dinnerware 
(plate, bowl, mug, and pitcher), and Bambi lovers could purchase their own Ingersoll Bambi 
wristwatch. In 1947, the New York Graphic Society advertised full color prints of scenes 
from Bambi. ( 45) 

More books and other products continued to appear as the years passed. From 1950 to the 
present dozens of books, not to mention such items as an alarm clock, a lamp, and stuffed 

toys, based on Disney's Bambi have appeared in addition to new editions of Salten's classic 
noveL These include coloring books, a "scratch-and-sniff' book, children's introductory "A-
B-C" and counting books, new comic books, ViewMaster 3-D reels, and new stories based 
on the Disney Bambi characters. A video comprised of clips from various Disney films was 
released for the Christmas market. It included the Bambi segment with Bambi and Thumper 
playing on the ice, opportunistically called "Bambi's first Christmas Day." Recorded 
versions of the Disney story continually appear on records and tapes, a number of film strip 
versions have been produced for classroom use, and Disney now markets packages that 
include a Bambi audio cassette and "read along" books for elementary school reading 
programs. Disney Educational Products has mined Bambi for a variety of educational 
offerings, including a film and video based on Bambi's first, memorable walk. The 

advertisement promises, "An encouraging lesson for youngsters who must overcome 
embarrassment at failure or fear of trying is demonstrated as the newborn Bambi tries to 
walk and talk for the first time." In addition, new Bambi character ceramic figurines and 
stuffed dolls, posters, books, and other items are sold through a growing national chain of 
well over one hundred Disney stores.( 46) The presence and influence of Disney's Bambi has 
been and remains pervasive. 

The Impact of "Bambi" on American Culture 

The name Bambi has become a part of our language and is often used as a synonym for 
"deer." Examples abound. "Look," a parent will tell his or her child on spotting a deer, 
"there's Bambi!" When an orphan fawn wandered into an Iowa barnyard, the family raised it 

and named it Bambi. A Los Angeles Times article about radio tagging deer was titled, 
"Now, Bambi has a Beeper." When a Virginia game warden placed a stuffed deer beside a 
road to catch hunters illegally shooting from their cars, newspapers dubbed the operation 

"Bambi scam." Esquire gave a "Dubious Achievement of 1990" award to the hunter whose 
shotgun fired, killing him, while he was clubbing a deer with it. The magazine announced 

this honor under the score, "Bambi 1, Asshole 0."(47) 

Bambi has also become synonymous with something soft and sentimental, even wimpy. An 
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article in Art News told of a group of Native American artists who were "outspokenly 

opposed to the more lyrical, nostalgic and even, as they maintain, 'Bambi-like' traits of so 

much Indian arts around and before them." In a 1988 speech supporting the 

DukakislBentsen presidential campaign, Senator John Glenn said, "Lloyd Bentsen believes 

that when other countries take advantage of us, you can't talk like Rambo and act like 

Bambi." Johnny Carson took advantage of the sharp contrast between the images of Bambi 

and Rambo. Disney was violent enough to kill Bambi's mother, the comedian offered, but he 

drew the line at creating "Bambo," and Carson displayed a drawing of an angry deer 

returning fire with an assault rifle.( 48) 

The film's influence has been far-reaching and sometimes quite surprising. Shortly after the 

film and its forest fire sequence appeared, the Wartime Council used Bambi and his friends 

in a national poster campaign to promote fire prevention. (Bambi was replaced a year later 

by the newly invented character Smokey Bear.) The Wall Street journal reported that former 

daredevil Evel Knievel had become an artist, selling inexpensive limited edition prints based 

on his paintings on various themes, including Bambi. A columnist spoofing the National 

Rifle Association reported seeing "ads for video tapes from the NRA, with the latest tips for 

Uzi-toting psychopaths. 'How to Shoot Bambi's Mother While Bambi's Watching."' And, 

amazingly, actor Kiefer Sutherland told Playboy that Bambi was the first film he ever saw 

and, he said, "it's still the film with which I compare everything .... It taught me about-- I 

guess on a broad scale--sexuality. I was in love with Thumper's girlfriend from the time I 

was seven until I was ten. She's got all that eye shadow on and she's looking real good. "(49) 

More important to the present study, Bambi has made an enduring mark on popular 

American ideas about the environment. One commentator recalled vividly remembering 

three things from her childhood viewing of the film: 1) "The extraordinary lyrical beauty of 

the forest setting;" 2) "The must-touch cuddliness of the major characters;" and 3) "The 

death of Bambi's mother."(50) Its powerful antihunting message, especially the death of 

Bambi's mother, left a lasting impression on the public. "Yes, it's sappy and sentimental," 

wrote a Sierra Club reviewer, but "this 45-year-old lawyer cries at every viewing." He added 

that the film promotes "at least a few wistful ecocentric thoughts." People Weekly, not 

known as an environmental publication, found that despite its anthropomorphism and 

"several too many shots of cute, twitching little tails ... there is also what amounts to an early 

pro-environmental message about the havoc wrought in the forest by man's incursion."(51) 

We are in the midst of a national debate over hunting and our proper role in the forest. It is a 

complex debate involving a tremendous diversity of perspectives and arguments. At one 

extreme are people who are defending an American tradition and a way of experiencing 

nature that is personally fulfilling. They argue that hunting is an essential and humane means 

of keeping game populations in balance with their environment. At another extreme are 

those who value the lives of individual wild animals and seek to prevent their destruction, 

arguing that hunting disrupts the balance of nature. Advocates on both sides profess a keen 

interest in wildlife protection. Effective action for the benefit of wildlife, however, requires 

a sound understanding of the natural history and ecology of wild animals, as well as humane 

values and a deep personal commitment to the cause. 
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It may be that more people have, consciously or unconsciously, based their understanding of 

deer and woodland life on Walt Disney's Bambi than on any other single source. Its images 

and concept of nature have been impressed on the American psyche and reinforced through 
decades of exposure to the film, its multitude of spin-offs, and Disney's marketing magic. 
Bambi has become one of our most widespread and emotionally powerful national symbols 

of nature, one that motivates deep concern, and dedicated action to protect wildlife. 

However, Disney's Bambi is an empty symbol, because the concept of nature that his fawn 
represents is impoverished. The film motivates, but does not educate. It may stimulate 
action, but not understanding. Instead of affirming nature, it represents a flight from the 
natural world into a comfortable nature fantasy. Ironically, it offers no hope for us poor 
humans to be anything other than destroyers of the natural world 

Nature, symbolized by Disney's infant Bambi, an infant with endearing human qualities, 
becomes something fragile and vulnerable. It becomes something that we must nurture and 

protect. (52) This can be a useful metaphor, given our enormous technological abilities to 
destroy our environment. However, grave problems lie ahead if we confuse a fetching 
metaphor with the living reality of deer, other wildlife, or our environment. After all, the 
challenge we face is to protect real wildlife in a real environment, not the Disney version. 

NOTES 
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Abstract 

 
Roman epic authors extended, reinvented and created new wild animal representations 

that stood apart from traditional Greek epic renderings. The treatment of wild animals in 

seven Roman epics (Virgil’s Aeneid, Lucan’s Civil War, Ovid’s Metamorphoses, 

Statius’ Thebaid and Achilleid, Valerius’ Argonautica and Silius’ Punica) forms the 

basis of this thesis, but the extensive study of other relevant works such as Homer’s 

Iliad and Odyssey and Apollonius’ Argonautica allows greater insight into traditional 

Greek renderings and throws Roman developments into starker contrast.  

Initial stages of research involved collection and detailed examination of almost 

900 epic references to wild animals. The findings from this preliminary research were 

analysed in the context of Pliny’s Natural History, Aristotle’s Historia Animalium, and 

other ancient works that reveal the Greeks’ and Romans’ views of wild animals. The 

accumulation of such a range of evidence made it possible for patterns of development 

to become evident. This thesis focuses on the epic representation of animals and 

considers a number of questions: 1) How Roman epic authors represented animals’ 

emotions and employed creatures’ thought processes. 2) How Roman epic authors 

examined the difference between wild and tame animals and manipulated the 

differences and similarities between humans and animals and culture and nature. 3) 

How wild animals were aligned with scientific and cultural beliefs that were particular 

to Roman society. 4) How animals were employed to signify foreign countries and how 

some epic animals came to be symbolic of nations. 5) How Roman epic authors 

represented particular aspects of animal behaviours with fresh insight, sometimes 

ignoring traditional representations and historiographic sources.   
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Chapter 1: Introduction 

 
1.1 The Argument and its Implications  

 

The study of wild animals in Roman epic enhances our understanding of those epics and 

allows us to appreciate innovative literary developments. For example, when Ovid 

describes how Procne killed her son, he compares her to a tigress dragging off a fawn:   

 

nec mora, traxit Ityn, veluti Gangetica cervae  

lactentem fetum per silvas tigris opacas,  

utque domus altae partem tenuere remotam,  

tendentemque manus et iam sua fata videntem  

et 'mater, mater' clamantem et colla petentem  

ense ferit Procne, lateri qua pectus adhaeret,  

nec vultum vertit; satis illi ad fata vel unum  

vulnus erat, iugulum ferro Philomela resolvit;  

vivaque adhuc animaeque aliquid retinentia membra  

dilaniant... 

 

Ov. Met. 6.636-645.
1
 

  

“She hauled Itys off without delay; just as a tigress by the Ganges drags the unweaned 

young of a deer through shady woods. Procne reached an isolated part of the high palace 

while Itys, stretching out his hands now saw his fate. “Mother, mother” he shouted; 

while he was seeking to reach her neck Procne struck him with a dagger. She cleaved 

him at the place between the rib and the breast bone but did not turn her face away. One 

                                                 
1
 For more extensive discussion of this passage see section 4.3. 
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wound sealed his fate well enough: Philomela slit his throat with the dagger, and they 

tore his limbs apart even while they were still retaining some breath...”.
2
  

 

Neither Homer nor Apollonius Rhodius mention tigresses in their epics: 

tigresses are a Roman epic phenomenon and have their own unique characterisation. 

The Roman epic tigress is a savage and cruel creature but also displays strong maternal 

instincts. Thus, Ovid’s comparison of Procne with a tigress cleverly highlights her 

predatory nature while also emphasising the unnatural direction of her predation. Procne 

kills her own child in the manner that a tigress would kill another’s child: in effect 

Procne is more inhuman than a tigress.  

  Of course, most animals that appear in Roman epics are also found in Greek 

epics, but in those cases the Roman conception of the animal often differed from 

previous representations of the creature. If we do not take Roman views of animals into 

account, our insight into the epic representations of these creatures and the 

developments of those representations are sure to be limited. It is clear that Roman  

readers were aware of the traditional roles various species played in Greek literature, but 

they also had other, more direct ways of forming their opinions of wild animals: 

Romans enjoyed access to the arena and could view animals in the Colosseum, they 

may have seen animals paraded in public during triumphs, and a few even kept wild 

animals as pets. Some began to see wild animals as creatures with thoughts and feelings 

and portrayed wild animals smpathetically.  

 

1.2 Wild Animals outside Epic 

 

                                                 
2
 All translations are my own unless otherwise noted. 
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Epic material offers some insight into the perception and treatment of wild animals in 

the Roman world, but we can gain a more thorough understanding of the epic 

manipulation of the wild animal by considering it in the context of other sources. 

Didactic and scientific works root epic wild animals in contemporary beliefs of the day 

and so help us to understand why epic writers treated wild animals in the way they did. 

Whereas the epic manipulation of the wild animal is often restricted to similes or 

appearences that motivate the plot, the depictions of wild animals in less restrictive 

literary genres offer us more comprehensive overviews and thus allow us to spot 

innovations and deviations from common beliefs.  

The comparison of various sources allows us to understand how much Romans 

knew or thought they knew about certain species. We can work out how Roman epic 

perceptions of wild animals developed and how they compared to the perceptions 

embodied in the Greek epics that pre-dated them. It is vital to consider the wider context 

of epic animal references in order to discover innovations that were fundamental to the 

Roman epic authors. Only by doing so may we judge the extent to which the epic author 

was adapting his material to the genre or complying to the standard account of animal 

behaviour.  

When we consider epic accounts alongside their literary counterparts we can re-

evaluate passages that seem corrupt or bizarre in isolation. For example in his epic 

account Silius compares Hasdrubal to a beaver that bites off his own testicles in order to 

evade capture (15.485-487). Interestingly Pliny records the belief that beavers actually 

behaved in this way to escape their captors (Nat. 8.47.109), and so this grotesque simile 

would not have struck Roman readers as ridiculous; rather it highlights Hasdrubal’s 

desperation to escape encirclement and documents Silius’ grasp of contemporary animal 

lore. 
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Aristotle’s Historia Animalium and Pliny’s Natural History offer us valuable 

insight into the behaviours of a wide range of wild species as perceived by Greek and 

Roman writers. Anecdotes and humorous sketches of animal behaviour are included by 

Pliny and afford understanding of the Romans’ delight in some animals and dislike for 

others. Pliny clearly enjoys describing the antics of elephants and monkeys
3
 but also 

appreciates the fact that animals such as moles, frogs and locusts may be highly 

destructive (Nat. 8.43.104). Pliny’s work is invaluable in helping us understand the 

thoughts of the Romans as a whole.  

Aristotle includes a similar range of information but often gives more 

anatomical descriptions and emphasises animals’ physical habits, movements and other 

such biological topics of interest. Both Aristotle and Pliny grapple with mans’ 

relationship with wild animals; Aristotle states that children are not unlike wild animals 

(H.A. 7.1.588a:30-588b:5), while Pliny records that some animals such as elephants 

have the capacity to fall in love with humans (Nat. 8.5.13-14) and judges that elephants 

possess a level of intelligence closest to man (Nat. 8.1.1). The information contained in 

these two works helps to make the range of wild animal references in epic both more 

accessible and more intelligible.  

Other literary sources also contribute to our understanding of Roman wild 

animals. Martial’s De spectaculis refers to animals in the spectacles of the arena and 

refers to one occasion when a lion turns against its trainer (Sp. 12). He appreciates the 

overwhelming strength and rage of a provoked rhino (Mart. Sp. 11) and chooses to 

interpret the circus trick of the kneeling elephant as a compliment to the Emperor (Mart. 

Sp. 20). Some of Martial’s observations make it possible to gain a stylised insight into 

the workings and level of elaborate showmanship found in the Roman arena.  

                                                 
3
 Plin. Nat. 8.2.5, 8.80.216. 
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Aesop and Phaedrus provide stereotypes of animal behaviour as a by-product of 

exploring moral topics. Their works are useful in piecing together the most common 

Classical generalisations concerning animals: the manipulation of animals’ 

characteristics must have been at least loosely based on commonly accepted ideas or 

they would lose their moral relevance altogether. Lucretius uses wild animals in his 

explanations of philosophy, and so occasionally provides us with direct insight into 

Roman thought about animals as an entity in their own right. In all three cases we must 

be satisfied to extract somewhat fragmented overviews where the realistic 

representation of wild creatures is not the authors’ primary concern. 

Other authors such as Grattius, Varro and Cato can also provide useful 

information. Their contribution is largely coloured by agricultural considerations, but 

some remarks offer insight into the Roman perception of wild animals as victims of the 

hunt or as pests. For example, Varro considers the wolf as a predator and addresses the 

measures that should be taken against the animal, while Grattius discusses the dynamics 

of hunting practices in relation to the selection of horses and dogs. 

 

1.3 Wild Animals in Roman Epic 

 

There is a high frequency of wild animal references in Roman epic, and these references 

perform a variety of functions. Epic wild animals may stimulate the plot or contribute to 

the elaboration of a particular scene; as when Hylas is led astray by hunting down a stag 

sent by Juno and is then drowned in a lake (V.Fl. 3.545-557). Wild animals may colour 

the behaviour of a nation or may invoke the remembrance of a particular myth; the 

ecphrasis displaying the she-wolf suckling Romulus and Remus in the Aeneid 

demonstrates both these principles (Verg. 8.630-634). Epic wild animals may even be 

employed in the form of verbal abuse (Verg. A. 4.367) or manipulated to heighten a 
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protective stance: Hannibal is compared to a tigress tracking her young when he hears 

that Capua is under siege (Sil. 12.458-462). Some beasts predict an occurrence that is to 

come in the future (Luc. 5.396), while others simultaneously perform a variety of these 

roles.  

In order to gain an overview of wild animal occurrence in epic sources I have 

completed my own survey of wild animal appearances. The two tables below contain 

eight species; the occurrence of the lion, tiger, elephant, wolf, deer, snake, eagle and 

owl have all been calculated and listed in separate columns showing their frequency. 

The first chart displays the results relevant to the Homeric epics while the second lists a 

range of Roman epic works. In table two, Statius’ Achilleid, Virgil’s Aeneid, Valerius 

Flaccus’ Argonautica, Lucan’s Civil War, Ovid’s Metamorphoses, Silius Italicus’ 

Punica and Statius’ Thebaid have all been included in the numerical survey.  

 

1. Homeric Epics 

 Lion Tiger Elep. Wolf Deer Snake Eagle Owl Total
4
 

Iliad 48 0 0 10 16 9 11 32 126 

Odyssey 14 0 0 2 7 1 10 57 91 

Total 62 0 0 12 23 10 21 89 217 

 

2. Roman Epics 

 Lion Tiger Elep. Wolf Deer Snake Eagle Owl Total
5
 

Achilleid 4 1 0 3 2 1 0 0 11 

Aeneid 10 4 0 8 9 11 4 2 48 

Arg. 11 4 0 2 3 2 0 0 22 

Civil W. 5 3 1 4 2 15 7 3 40 

Met. 29 10 0 17 25 98 7 8 194 

Punica 13 6 12 5 4 13 7 2 62 

Thebaid 22 11 0 9 4 16 1 0 63 

Total 94 39 13 48 49 156 26 15 440 

 

                                                 
4
 The calculated totals include only references to the species listed here (for species selection see 1.4 

below).  
5
 The calculated totals include only references to the species listed here (for species selection see 1.4 

below); the epics also include some references to other species, as well as numerous mentions of wild 

animals by terms like ferae that do not allow one to identify a particular species. 
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While the above tables should be taken as an indication of the general distribution of 

wild animal references they will not feature predominantly as a focus of my work. The 

present thesis is organised in such a way that it considers innovations on the roles of 

individual epic species. The numerical evidence provides a general overview of the 

subject. 

 

1.4 Animal Selection 

 

The selection of species included in this thesis has been designed to afford the greatest 

possible insight into a range of wild animals in both Roman epic and other sources. 

However, the distribution of wild animal references found in extant Latin literature is 

not uniform across all species, and where there is a complete lack of information on a 

particular type of animal this has created some unavoidable limitations.  

In an attempt to make the best use of the available material this study has focused on a 

selection of wild animals that play a prominent role in multiple genres of Latin literature. 

The lion, tiger, elephant, wolf, snake, deer, eagle and owl are used and discussed in a 

variety of roles in Latin epic and numerous other Latin written sources.   

Such animals as the panther, fox, bear, mouse, lizard, beaver and insect are 

referenced so infrequently in Latin epic that they do not provide a feasible avenue of 

further exploration and have not been addressed in the present study.  

Despite the fact that this study concentrates on eight different species of wild 

animal and ignores less familiar epic participants, there are still an abundance of 

references to animals that play a leading role in this investigation. Owing to the sheer 

quantity of wild animal references in epic it is impossible to study every passage in the 

same depth. Instead of offering an exhaustive study of wild animals in Roman epic the 

present work aims to compare Roman epic treatment of wild animals (with the help of 



 13 

other Latin sources) with their Greek representation. As a result my argument focuses 

on those references to wild animals which are most useful for such a comparison.  

 

1.5 What is a Wild Animal?  

 

The Romans were very interested in defining the difference between wild and tame 

animals. The subject is addressed in Roman law, the Natural History of Pliny, the epics 

of Ovid and Virgil and the fables of Phaedrus. Despite the high level of interest in the 

concept of wildness it seems that a hard and fast definition was challenging to find. 

Gaius offers several different interpretations of wildness and affords us with various 

(and sometimes flawed) examples in an attempt to explain: 

 

At ferae bestiae nec mancipi sunt, uelut ursi, leones, item ea animalia, quae ferarum 

bestiarum numero sunt, uelut elefanti et cameli, et ideo ad rem non pertinet, quod haec 

animalia etiam collo dorsoue domari solent; nam ne notitia quidem eorum animalium 

illo tempore fuit, quo constituebatur quasdam res mancipi esse, quasdam nec mancipi.  

 

Gaius, Inst. 2.16. 

 

“Again, wild beasts are not capable of mancipation, such as bears and lions, and also 

those animals which are to be counted as wild, such as elephants and camels. It is 

therefore irrelevant that the latter are also commonly broken in for use as beasts of 

draught or burden; they were not even known about when it was determined that some 

things were capable of mancipation and some were not.”
6
  

 

                                                 
6
 Translated by Gordon et al. 1988: 131 with minor amendments. 
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In the eyes of Roman law the wild animal was a creature that could not be 

claimed as mancipia. mancipia were essentially the slaves, beasts of burden and Italic 

lands that belonged to primitive farmers (De Zulueta 1953: 57). In the most theoretical 

of senses then, the wild animal was not considered as a controllable entity; in its natural 

form it was devoid of an owner and had free will.   

The importance of defining the “wild” animal is tackled by Gaius once again 

when he tells us: 

 

Gallinarum et anserum non est fera natura: palam est enim alias esse feras gallinas et 

alios feros anseres. Itaque si quolibet modo anseres mei et gallinae meae turbati 

turbataeve adeo longius evolaverint, ut ignoremus ubi sint, tamen nihilo minus in nostro 

dominio tenentur. Qua de causa furti nobis tenebitur, qui quid eorum lucrandi animo 

adprehenderit. 

 

Gaius, dig. 41.1.5.6  

 

“Poultry and geese are not wild by nature; for there obviously exist other species which 

are wild fowl and wild geese. Hence, if my geese or chickens be disturbed and fly so far 

away that I do not know where they are, nonetheless they remain my property. Anyone 

who takes them with a view to gain will be liable to me for theft”.
7
  

 

According to Gaius, the owner of the animal not “wild by nature” retained 

ownership of that animal even if he or she did not know the location of the animal in 

question. In effect, this definition of tameness relies partly on the identification of a 

rightful owner. Gaius’ statement implies that there are two very separate versions of 

                                                 
7
 Translated by Watson 1998: Book 41 with minor amendments. Aquisition of Ownership of Things.  
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animals. The wild animal is related to the tame creature but belongs to a different 

conceptual sphere.  

Gaius also differentiates between an animal that is ‘wild by nature’ and an 

animal that is generally domesticated by referring to bees. 

 

Apium quoque natura fera est: itaque quae in arbore nostra consederint, antequam a 

nobis Alveo concludantur, non magis nostrae esse intelleguntur quam volucres, quae in 

nostra arbore nidum fecerint. Ideo si alius eas incluserit, earum dominus erit. 

 

Gaius, dig. 41.1.5.2 

  

“Bees, again, are wild by nature, and so those which swarm in our tree are, until housed 

by us in our hives, no more regarded as ours than birds which have made a nest in our 

tree. Hence, if another should imprison them, he will be their owner”.
8
  

 

This statement appears to suggest that the animal’s inherently wild nature 

continued to be recognised and appreciated wherever they wandered. 

Gaius’ statutes tend to consider the status of the animal in relation to potential 

ownership, but other Roman accounts focus on very different defining features. Pliny 

asserts that animals could occupy an intermediate position between the status of wild 

and domesticated (Nat. 8.82.220-221) and so seems to understand that the definitive 

categorisation of an animal was not an easy one to make. Meanwhile, in Phaedrus, 

domesticated animals appear to consider themselves in opposition to wild animals. They 

view wild animals as cunning; the tame dog suggests that the wolf is wild because it 

prioritises freedom over all else (Phaed. 3.7). 

                                                 
8
 Translated by Watson 1998: Book 41 with minor amendments. Aquisition of Ownership of Things. 
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It seems that the Roman desire to qualify the terms of wildness was so strong 

that even writers of epic, such as Virgil and Ovid, offered their own views on the 

subject. Like Gaius, Virgil (A. 7.483-492) seems to define the status of an animal in 

relationship to the concept of possession. He appears to work along the lines that 

tameness is a prerequisite to animal ownership. Meanwhile in his Metamorphoses, Ovid 

discusses the human consumption of meat products by narrating with the voice of 

Pythagoras and makes a further division between the behaviour of wild and 

domesticated animals. While wild animals enjoy a carnivorous and bloody diet, Ovid 

(Met. 15.83-87) points out that tame animals such as horses, sheep and cattle only 

consume vegetation.  

From a Roman perspective the lion, tiger, elephant, deer, wolf, snake, eagle and 

owl were considered fundamentally wild; such creatures were brought into the Roman 

domestic world only on occasion and only as a result of hunting or capture. They were 

not farmed or domesticated to any significant extent and it is unlikely that such 

creatures would spontaneously begin to frequent Roman homes without some level of 

coaxing or intervention. To the best of my knowledge they were not bred captive by the 

Romans on any large scale.
9
  

 

1.6 Ancient Animals in Modern Scholarship 

 

The sources on the treatment of Classical farmed animals are numerous and have been 

studied at great length. Macdill (1927) has considered the implications of horse 

equipment and horse treatment in both Greek and Roman times, and the role of horses 

                                                 
9
 Breeding in captivity is now a standard measure of domesticity in animals (Kalof 2011: 71), but 

discussion on the nature of domesticity continues.  Hediger (1964: 28) writes that free animals will 

constantly attempt to avoid their enemies, and Bekoff (2004: 513) suggests that domestic animals tend to 

be less fearful of humans than their wild counterparts and take more interest in novel objects. Bonner 

(1980: 177) studies animal evolution and theorises that wild animals can transmit defensive behaviour to 

their wild offspring.    
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in the Roman world has been investigated more recently by Hyland (1990). Meanwhile 

Zirkle (1936) has noticed that Homer, Aristotle, Pliny and Silius Italicus all made 

reference to mares being impregnated by the wind. Frayn (1984) studies the 

implications of sheep rearing for the Italians, and MacKinnon (2001) considers the 

popularity, range and distribution of pigs in the Roman world by combining 

archeological, material and textual evidence.  

Studies on animals more commonly found in the ancient household have also 

proved a subject of great interest; Lilja (1976) has written on dogs in Ancient Greek 

poetry, and Preston Day (1984) has studied the changing attitudes towards dogs from 

the Late Bronze age to the Geometric periods and focuses on the burial of canines as 

companions to their masters in their journeys to the underworld. Brewer (et al. 2001) 

has also studied dogs in the ancient world. Calder (2011) has recently completed a book 

on Greek attitudes towards animals that focuses on domesticated and tame species and 

their reception between 600 and 300BC. Donalson (1999) and Engels (1999) have 

written on the care, role and representation of domestic cats in Roman times. Lazenby 

(1949) affords an overview of household animals in Greek and Roman times, and 

Bodson (2000) examines pet keeping in ancient Rome. More recently Amat (2002) has 

completed a work that studies a range of working dogs, song birds, parrots, cats and fish 

in the Roman world. Her work indirectly expresses the sheer range of animals that 

contributed to the Roman household. 

Usefully, Voultsiadou and Tatolas have attempted to give an overview of the 

types of animals that are included in archaic Greek epic (Homer, Hesiod, and the 

Homeric hymns). They find that Greek epic literature tends to focus on animals that 

interact closely with humans (2005: 1875-1882).  

To date, the practicalities of wild animal treatment in the ancient world have 

been dealt with by several hugely influential works. Jennison’s (1937) “Animals for 
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Show and Pleasure in Ancient Rome” catalogues the Greek and Roman experience of 

wild animals and considers practicalities such as transportation and the display of 

creatures in private and public venues. Toynbee’s (1973) “Animals in Roman Life and 

Art” documents both the literary and material experience of domestic and wild animals. 

More recently Coleman (2006) has completed her work on Martial’s Liber 

Spectaculorum which, among other subjects, provides insight into the dynamics of 

animals as contributors to shows and spectacle. Shelton in Kalof’s 2011 “A Cultural 

History of Animals in Antiquity” also examines animal spectacles in the ancient world 

and emphasises the importance of subduing wild animals in the Roman psyche; 

apparently the destruction of dangerous creatures emphasised the Roman success in 

conquering and controlling hostile territories (Shelton 2011: 119). 

Some research has placed ancient animals in the context of very specific 

geographical areas. Jashemski and Meyer (2002) have studied the natural history of 

Pompeii and accumulate information on animals found in material and literary evidence. 

Others have made a contribution to our understanding of ancient wildlife by considering 

animals in the context of the wider environment. Redman (1999) considers the ancient 

human impact on environments, while Hughes (1994) devotes a chapter to wildlife 

depletion in the ancient world. Among other things he lists commercial hunting, 

domestication and deforestation as major contributors to the extinction and destruction 

of some species.    

Other works have studied wild animals in the context of Homeric literature 

(Scott 1974). Scholars such as Lonsdale (1990) have returned to Homer’s work to study 

hunting similes in the Iliad, while hunting in the ancient world has been a particular 

topic of interest to Anderson (1985) and Barringer (2001). Sometimes individual 

animals have been removed from their epic context in order to allow in depth 

examination. Staley (1990: 25-38) examines Aeneas’ hunting of deer in book 1 of the 
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Aeneid, and Schell (2009) considers the unusual inclusion of the deer in Aeneid 7 when 

studying internal allusion in the Roman epic. 

The relationship between more abstract ancient concepts and animals has also 

been considered. West (1997) has shown how Lucretius, Virgil, Ovid, Statius and 

Martial express attitudes of sympathy towards animal suffering. Stephen Newmyer’s 

(2006) work on Plutarch and animal rights considers philosophical attitudes towards 

animals, and Sorabji’s book (1993) emphasises the importance of animals in all aspects 

of Greek and Roman life. 

Some works have concentrated on the cultural and material representations of 

wild animals while others have researched the depictions of animals in literary accounts. 

Although I can not claim to combine the vast array of findings generated by these works 

my study investigates a range of epic references in some depth and attempts to place 

them within the wider context of literary and cultural influences. My examination of 

epic animal sources and other Latin sources has allowed some comparisons to be drawn 

that have not been made before. It is my hope that the present study will go some way to 

bridge the gap between representations of wild animals in epic works and other 

references that elucidate wider historical and cultural trends.   

 

1.7 Roman Epic Authors 

 

Ennius 

 

Ennius was born in 239 BC and wrote a range of tragedies and an epic describing the 

progression of the Romans from the destruction of Troy to the time of Cato the Elder. 

The Annales, as they were called, were divided into fifteen books and were composed in 

dactylic hexameter. Ennius clearly borrowed some ideas from Homer (Aicher 1989: 228) 
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but also favoured the plays of Euripides. Cicero compared his writings to those of other 

Roman tragic poets such as Accius and Pacuvius, and the innovations of Livius 

Andronicus and Naevius may well have influenced his epic. The Annales had an 

influence on Virgil, Ovid, Lucretius and Lucan and so his work is relevant to this thesis 

in a wider sense. Ennius died in 169 BC, perhaps from gout; his epic was obviously 

popular as it was still being recited in the time of Hadrian (Hornblower and Spawforth 

2003: 525-6).   

 

Virgil 

 

Born in 70 BC, Virgil left behind three major works: the Eclogues, the Georgics and the 

Aeneid. The Eclogues are a collection of ten short poems which are united by their 

pastoral theme, while the Georgics is a didactic work describing the cultivation of crops 

and the tending of farmed animals. Towards the end of his life Virgil wrote the Aeneid, 

an epic influenced by a vast range of sources including Homer, Apollonius Rhodius, 

Ennius, Greek ‘cyclic’ epic, Greek and Roman tragedy and Hellenistic poetry 

(Hornblower and Spawforth 2003: 1605). Virgil manipulates a range of wild animals to 

provoke the beginnings of war, symbolise the foundation of Rome and to demonstrate 

the individual traits of characters while chronicling the progress of Aeneas from Troy to 

the foundations of Rome. The Aeneid had a profound effect on the epic authors that 

followed and was hailed as an innovative text even in Virgil’s own day. By the time of 

Virgil’s death in 19 BC the Aeneid had become so popular that it was included in the 

Roman school syllabus (Boyle 1993: 79-80).  

 

Ovid 

 



 21 

Born in 43 BC, Ovid was a prolific writer; his works include the Amores, the Heroides, 

the Medicamina Femineae, the Ars Amatoria, the Remedia Amoris, the Metamorphoses, 

the Fasti, the Tristia and the Epistulae ex Ponto. Unlike the Fasti which takes the 

format of a calendar, the Ars Amatoria which examines the wiles that a suitor may 

employ to win his heart’s desire, and the Medicamina Femineae which advises women 

on improving their appearance, the Metamorphoses intertwines a vast range of tales, 

which have the common theme of transformation. The Metamorphoses has been termed 

as a work about love while others have interpreted it as an epic about rape.
10

 There is a 

high frequency of animal reference, and wild animals play a prominent role not only in 

the format of simile but also in the dynamics of the plot. It is not easy to treat wild 

animal references in the Metamorphoses on a strictly individual basis because the 

majority of animal appearances are directly involved in the process of transformation. 

Influenced by many sources, the Metamorphoses is perhaps closest in formation to 

Callimachus’ Aetia (Hornblower and Spawforth 2003: 1085). After his completion of 

the Metamorphoses Ovid was banished by Augustus from Rome owing to some 

indiscretion and never managed to return to the city. He died in exile in 17 AD. 

 

Lucan 

 

Lucan was born in 39 AD (Wilson Joyce 1993: ix). He wrote a significant number of 

works including the Catacthonia, the Ilicia and the Orpheus, but only fragments of 

these are still extant; many more titles are recorded but the whole works have been lost 

(Hornblower and Spawforth 2003: 94). His epic, The Civil War, was begun in 61 AD 

and is based on the historical events of 49-48 BC. Lucan records the actions of three 

                                                 
10

 The art of storytelling is also predominant as a theme; while many have attempted to read the epic as a 

series of individual episodes it could also be argued that the poem should be interpreted as a literary 

continuum (cf. Simpson 2003: 5). Wheeler (1999: 1-5) identifies how important the reader is to the 

Metamorphoses as the author leaves much unsaid and relies on his audience to make the connection 

between stories.  
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main characters, Caesar, Pompey and Cato. Documenting their contribution to the fall 

of the Republic, the epic narrates Caesar’s crossing of the Rubicon and also describes 

the battle of Pharsalus ending with Caesar in Alexandria. The identity of the hero has 

been much debated in relation to The Civil War,
11

 and it is in characterising the 

behaviour of Pompey and Caesar that wild animals truly come into their own. The Civil 

War is heavily indebted to both Virgil and the Homeric tradition and went on to 

influence later epic works, particularly the Thebaid of Statius (Hornblower and 

Spawforth 2003: 95). The epicist committed suicide after the Pisonian conspiracy in 

65AD, and so his work was left unfinished. 

 

Silius Italicus 

 

Silius based his epic on the Second Punic War. The work is dated between 83 and 96 

AD and relied heavily on the evidence of Livy (Conte 1994: 491-3). In writing the 

Punica, Silius continued the thematic line of Virgil’s Aeneid and continually 

emphasised the power of the gods despite the more historical tone of his version of 

events. The influence of Virgil is clear when Silius includes a wild animal ecphrasis 

depicting the she wolf and Romulus
12

 and a passage on the Capuan deer.
13

 His inclusion 

of wild animals is frequent; he lists the types of snakes tamed by the Marsi and makes 

reference to a variety of other animals including elephants, lions and eagles. His epic is 

most like that of Ennius in form and structure, yet there is no definitive hero figure 

(Conte 1994: 493-494). Silius died in 102 having completed the longest poem to be 

written in Latin (Hornblower and Spawforth 2003: 1407). 

 

Valerius Flaccus 

                                                 
11

 Nutting 1932: 41-52. Discussion dates back to 1932 at least, if not before.  
12

 Sil. 5.143-145 may be compared to Verg. A. 8.630-634. 
13

 Sil. 13.115-137 may be compared to Verg. A. 7.483-504. 
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The Argonautica is unfinished, and we know much less about the life of Valerius than 

those of the other epic authors. The dating of the work is frequently disputed as it could 

have been composed under the rule of Vespasian, Titus or Domitian (Hornblower and 

Spawforth 2003: 1578), yet it is generally believed that Valerius died around 92 AD and 

that the epic on Jason’s travels was written to be dedicated to the Emperor Vespasian 

(Conte 1994: 488).  It is thought that Valerius owes much to his predecessor Apollonius 

Rhodius whose Greek version of Jason and the Golden Fleece had become the accepted 

standard in the ancient world (Conte 1994: 489). Unlike Apollonius’, Valerius’ version 

of the myth prioritises the place of the individual and tends to concentrate on specific 

episodes sometimes to the detriment of the narrative (Conte 1994: 489). This tendency 

is apparent in Valerius’ use of animals. Although a deer is employed to lead Hylas away 

from his companions, Valerius also compares individuals to wild animals to further 

their characterisation: Medea is equated to a dove (V.Fl. 8.32) as well as wolves and 

lions (V.Fl. 8.453-457). In his version of the epic Valerius reworks such a variety of 

source materials
14

 that his epic sometimes lacks cohesion as a unified whole (Conte 

1994: 489). It seems likely that Flaccus completed his epic before Statius and that 

Statius employed Flaccus’ work as a literary resource (Smolenaars 1994: xvii and 

passim). 

 

Statius  

 

Born between 40 and 50 AD (Pollmann 2004: 11), Statius wrote the Thebaid between 

80 and 92 AD. The epic is a tale of the attack of the seven champions of Argos against 

the City of Thebes. A second epic, the Achilleid, was begun in 94 AD but left 

                                                 
14

 Ovid, Seneca the Younger, Lucan, Virgil and Homer. 
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unfinished at the time of Statius’ death. Ganiban (2007: 2-6) argues that Statius re-

evaluates the Aeneid and Virgil’s conception of one man domination in the Thebaid, yet 

there appears to be little agreement among academics concerning the implications of 

Statius’ interpretation of the Aeneid; nor how Statius’ manipulation of the Virgilian epic 

affects the tone of the Thebaid itself. When writing the Thebaid Statius was probably 

influenced by Ovid’s Metamorphoses, Lucan’s Pharsalia and Callimachus’ poetry – it 

is also probable that Statius took Seneca’s tragedies into account considering the themes 

of familial conflict (Hornblower and Spawforth 2003: 1439). It seems possible that 

Statius’ Thebaid considers the new regime of the Flavians just as the Aeneid commented 

on Augustus’ rule (McNelis 2007: 2-8). After all, both regimes were threatened by civil 

war, and it is revealing that the majority of the references to wild animals in the Thebaid 

are employed in the context of conflict. According to McNelis (2007: 10, 176) Statius 

places emphasis on the power of the individual in the Thebaid to find their own terms 

for peace and praises the virtue of clementia. The Achilleid is more difficult to judge 

since there is very little of it, but it is generally interpreted as having a more peaceful 

tone. Statius died around 96 (Conte 1994: 481 and 487). 

 

1.8 Methodology 

 

The conclusions of this study are based on a corpus of nearly 900 references to wild 

animals in the Roman epics, together with hundreds more passages gathered from Greek 

epics and from scientific literature in both languages. I collected this corpus by reading 

systematically through all the epics included in this study, as well as the Homeric poems 

and significant portions of the works of Aristotle, Pliny, and Plutarch, plus selections 

from other authors such as Apollonius Rhodius. After all the Roman epic data had been 

collected and I had spent enough time with the passages to understand the individual 
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practices of each epicist, I analysed it by species and determined which species would 

provide insights useful for a broader understanding. For each species treated, the 

understanding presented is informed by all the passages initially collected, although to 

enhance clarity and avoid redundancy the discussion focuses only on a relatively small 

number of passages where the features discussed can be most clearly identified. 
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Chapter 2: The Lion 

 
2.1 Greek Understanding  

 

The Greeks had limited knowledge about the lion. Basic assumptions about the animal 

seem to have prevailed in early Greek thought, and the lion was generally perceived as 

an aggressive animal from the prehistoric period. Greek pottery of the late eighth and 

seventh centuries BC often represents the lion in the process of attack, and Homeric 

references to the lion also tend to concentrate on the ferocious characteristics of the 

beast (Markoe 1989: 92). It appears unlikely that the Greeks experienced the full range 

of lion behaviours recorded in the Iliad or the Odyssey (Alden 2005: 342). Passages 

describing lions in the Iliad may have taken Assyrian reliefs as their inspiration rather 

than real life encounters (Alden 2005: 340).  

If lions were present in early Greece at all they must have been relatively rare. 

Images of the animal found in Greek art of the fifth and fourth centuries BC seem to 

have been sketched with domestic cats
15

 or dogs as models and perhaps also relied on 

depictions of lions borrowed from Syria (Vermeule 1972: 51). In contrast third-century 

depictions of lions seem to have more life-like characteristics - perhaps as a result of 

improved access to lions in mid-fourth century zoos. Isocrates, 436-338 BC 

(Hornblower and Spawforth 2003: 769) records that lions were displayed yearly and 

could be trained to behave in particular ways.
16

 Despite somewhat improved access to 

the lion Aristotle gives a rather confused insight into the creature’s habits and brings 

together a ramshackle collection of observations. He states that lions drink little (Arist. 

H.A. 7.5.594b:21-22) and suggests that they are at their most aggressive when they have 

not been fed (Arist. H.A. 8.44.629b:8-10). It appears that some of Aristotle’s 

                                                 
15

 Even depictions of domestic cats are rare; dogs and birds are much more frequent (Calder 2011: 93). 
16

 Isoc. Ant. 213 cf. Bliquez 1975: 381.  
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assumptions were based on ancient Greek epic literature; like Homer (Il. 11.554), 

Aristotle (H.A. 8.44.629b:22-24) writes that lions fear fire more than anything else. 

The lion could be found in Modern Turkey until the last third of the nineteenth 

century (Alden 2005: 336), and lions may even have survived in Northern Greece in the 

Classical Period.
17

 Xenophon (Cyn. 11) records that lions could be caught around 

Mount Pangaeus, Cittus and beyond Macedonia but does not ever refer to the animals 

being trained. Aristotle (H.A. 7.28.606b:14-16) states that lions roam in Europe but 

qualifies his claim by explaining that they are mainly to be found between the Achelous 

river and Nessus.  

 

2.2 The Romans and the Lion 

 

As a society the Romans were well placed to develop an independent understanding of 

the lion. Shows displaying lions and other aggressive animals became one of the 

mainstays of arena entertainment, and the Romans came to favour ever more 

extravagant and daring performances. The lion was first displayed in Rome in 186 BC 

by Nobilior (Toynbee 1973: 17), and Pliny (Nat. 8.20.53) records that it was less than a 

century on before Scaevola
18

 innovatively exhibited a group of lions together. Pliny 

(Nat. 8.20.53) records that 100 lions were slaughtered by javelin throwers in the 

Praetorship of Sulla in 93 BC, while in 55 BC Pompey secured a record 600 lions for 

his show (Plin. Nat. 8.20.53). The leaders of the Roman world were keen to manipulate 

the lion in new ways; Antony amazed spectators when he appeared in a chariot pulled 

by tame lions accompanied by the actress Cytheris (Plin. Nat. 8.21.55), and Commodus 

even dressed up as Hercules with a lion skin draped from his shoulders (Dowden 1998: 

130).  

                                                 
17

 See Hdt. 7.125–6 when Xerxes’ camels are attacked by marauding lions cf. Alden 2005: 336. 
18

 Probably Mucius Scaevola who held the aedileship in 101 BC (Jennison 1937: 49). 
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Lions were just as popular a decade later. 400 lions featured in the quadruple 

triumph of Caesar’s games held in 46 BC
19

 and Augustus outdid his predecessors by 

staging a colossal range of beasts in a series of 26 hunts or the venationes bestiarum 

Africanarum. The magnitude of the slaughter during those games was significant, and it 

is recorded that 3,500 animals perished altogether - a good number of which must have 

been lions.
20

 There were 260 lions shown in the Circus Maximus in 2 BC (D.C. 55.10.7), 

200 lions were killed in 12 AD (D.C. 56.27.5) and Nero’s bodyguards slaughtered 300 

of the animals in the arena (D.C. 61.9.1). 

Lions were often procured from those areas that were influenced by the emperor 

or leader of the time (Jennison 1937: 53). Thus it is likely that Pompey’s supply of lions 

came from both Africa and the East (Jennison 1937: 52), while the lions of Caesar 

probably came from Syria or Mesopotamia.
21

 Likewise, the beasts of Sulla may well 

have been hunted down and gathered in Mauretania, his area of particular influence.
22

 

Provincial citizens and inhabitants as well as professional hunters were often charged 

with the capture of beasts, and it is not inconceivable that the army was also summoned 

to assist in the hunt.
23

 Symmachus refers to specialist wild animal dealers or 

negotiatores ursorum
24

 so the numbers of lions and other wild beasts caught must have 

been significant.  

The urban demand for dangerous beasts was sometimes so great that it 

inconvenienced those in the provinces. If the level of leopard hunting had any bearing 

on the demand for lions it seems that the gathering of wild animals could cause friction; 

Cicero (Fam. 2.11.2) writes to Caelius and makes excuses for the lack of progress 

telling him that there are not many leopards to be had; meanwhile his correspondence 

                                                 
19

 Plin. Nat. 8.20.53 cf. Toynbee 1973: 18. 
20

 Aug. R.G. 22. cf. Toynbee 1973: 21. 
21

 It is likely that these lions were taken from Cassius (Jennison 1937: 56). 
22

 Sulla had nurtured a friendship with the Moorish king Bocchus who could supply him with the animals 

(Jennison 1937: 53). 
23

 Apparently the capture of wild animals was believed to be a useful military training process in its own 

right (Jennison 1937: 141). 
24

 Sm. 5.62 cf. Jennison 1937: 140-141. 
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(Att. 5.21.5) makes it clear that he will not press locals to become involved in the hunt 

in case he is accused of misconduct. It appears that provincials may have profited from 

the collection and shipping of wild creatures; Strabo (2.5.33) intimates that the demand 

for wild animals had advantaged local agricultural output and improved the quality of 

Numidian farming, and Aelian records that lions could plague local communities; 

apparently an invasion of lions caused some tribes in Libya to flee from their native 

lands (Ael. N.A. 17.41).    

Pliny (Nat. 8.21.54) describes the methods of lion capture in some detail; he 

writes that lions were initially trapped in pits, but that a freak accident in the Principate 

of Claudius revealed that the lion could be pacified when its head was covered by a 

cloth. Meanwhile Oppian, writing in the late second century AD (Hornblower and 

Spawforth 2003: 1069) gives specific details of lion pit capture; he records that a kid or 

lamb would be placed on a plinth in the centre of a deep pit, and that the edges of the 

hole would be surrounded by a fence or some other obstruction. The idea was simple; 

hearing the bleating of the bait-animal tied to the top of the pillar the lion would jump 

the fence and would land squarely in the pit. On discovery, hunters would lower a cage 

into the pit with some tasty morsel inside and thus coax the lion in (Opp. C. 4.77-111). 

It seems that there were some regional variations in hunting techniques; in the area 

around the Euphrates horsemen would pursue lions and drive them on with lit torches 

and by banging their shields. It was hoped that the lion, panicked by the flames and the 

noise, would become so diverted that it would voluntarily dive into pre-positioned 

curved nets (Opp. C. 4.112-139).  

Once captured, lions would be transported to Rome. Claudian, born circa 370 

AD (Hornblower and Spawforth 2003: 337) describes the trepidation of those who had 

to convey the exotic creatures,  
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                                  ratibus pars ibat onustis  

per freta, per fluuios; exanguis dextera torpet  

remigis et propriam metuebat nauita mercem.  

per terram pars ducta rotis, longoque morantur  

ordine plaustra uias montanis plena triumphis  

et fera sollicitis uehitur captiua iuuencis,  

explebat quibus ante famem, quotiensque reflexi  

conspexere boues, pauidi temone recedunt.  

 

Claudian, De Consulatu Stilichonis, 3.325-332. 

 

“One group was travelling on loaded boats across seas and through rivers; the bloodless 

right hand of the oarsman stiffens and the seaman is apprehensive about his own cargo. 

Another group were dragged through the land in wheeled wagons. The carts, filled with 

the result of a triumph over the mountains, obstruct the roads in a long line. The wild 

beast, taken prisoner, is borne onwards by anxious bullocks; on whom the very same 

beast previously curbed its hunger. As often as the bullocks turn and catch a glimpse [of 

the beast] they draw back from the yoke in panic.”  

 

Claudian could be exaggerating the scale of the organisation, but it seems that a 

significant number of vehicles, cages and ships would have been needed to ensure the 

supply of fresh beasts for the arena if his description is accurate. Roman legislation also 

indicates that the trade in lions and other wild cats was significant; those conveying 

felines, or more specifically leones, leaenae, pardi, leopardi, pantherae “lions, 
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lionesses, male panthers, leopards and female panthers” were taxed as they travelled 

over the frontiers of the Empire.
25

 

It is evident that the Romans were keen to experiment with the lion both in the 

arena and in public displays. It is believed that lions were originally trained to draw 

chariots in processions worshipping Dionysius and Magna Mater, and Amat (2002: 193-

194) suggests that Emperors later adopted the same mode of transport in order to align 

themselves with such deities. Although it was possible to train big cats to draw chariots 

they were largely reserved for special occasions (Amat 2002: 193). Lucretius (5.1308) 

records that people experimented with bulls, boars and lions as implements of war but 

such attempts often ended in disaster when the animals turned against their trainers and 

ran from the battlefield in pain and fear. 

The skill of trained lions was certainly worthy of ancient comment: Martial was 

impressed that lions in the arena were disciplined enough to snatch up hares, hold them 

in their jaws and then drop them unharmed. Apparently this particular spectacle was the 

more astounding because the same lions had slaughtered a number of bulls in a 

preceding show.
26

 Seemingly the trained lion had a majestic and exotic quality that 

appealed to Roman imagination; the crowds demanded ever more daring feats. Lions 

were killed in extravagant acrobatic spectacles, and it is possible that such displays were 

rehearsed and formed part of a longer sequence (Amat 2002: 192). 

Initially, lions were not set free in the arena but were restrained by chains (Sen. 

Dial. 13.6); Jennison (1937: 177-179) imagines that there must have been a mechanism 

for gathering wild animals still alive at the end of an arena show. It must have taken 

considerable ingenuity to clear the stadium in the morning when there was a tight 

schedule of various spectacles planned for the afternoon. It is possible that the keepers 

                                                 
25

 Marcianus, dig. 39.4.16.7: cf. Jennison 1937: 153.  
26

 Mart. Sp. 1.48, 1.51, 1.60, 1.104. 
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may have enticed the thirsty animals with water after they had been exposed to the heat 

of the midday sun (Jennison 1937: 179). 

Although the lion was a dominant presence in the arena some Romans appear to 

have introduced them to the domestic sphere too. Seneca refers to lions that have a free 

run of the Roman household (Dial. 2.31.6.4-5), and the Emperor Elagabalus would even 

shock his guests by releasing lions, leopards and bears into their rooms at night as a 

practical joke (Hist. Aug. Elagabalus 25.1). It seems that some individual lions could be 

trained to become remarkably subservient. In the Silvae Statius rhetorically questions a 

lion that is trained to leave its cage and return to it on command:  

 

quid tibi monstrata mansuescere profuit ira?  

...quid, quod abire domo rursusque in claustra reverti  

suetus et a capta iam sponte recedere praeda  

insertasque manus laxo dimittere morsu?  

 

Stat. Silv. 2.5.1-6 

 

“What good did it do you to relinquish the rage you had shown and grow tame? ...What 

good did it do you that you were accustomed to leave your home and return again to 

your cage, to retreat of your own accord from prey you had already captured and with 

gentle jaw to release hands put in your mouth?” 

 

This account suggests that the some tame lions were resigned to a routine of 

imprisonment and temporary release.  

 

2.3 Homer and the Angry Lion 
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Homer frequently links the lion
27

 with the epic hero and rates the animal as one of the 

most dangerous and wrathful creatures in his works. The brutal cyclops is likened to a 

lion devouring corpses (Od. 9.292-293), and the lion’s nature is even compared to that 

of the wild boar - a mythically aggressive creature.
28

 “οὔτ’ οὖν παρδάλιος τόσσον 

μένος οὔτε λέοντος | οὔτε συὸς κάπρου ὀλοόφρονος, οὗ τε μέγιστος | θυμὸς 

ἐνὶ στήθεσσι περὶ σθένεϊ βλεμεαίνει, | ὅσσον Πάνθου υἷες ἐϋμμελίαι 

φρονέουσιν” (Hom. Il. 17.20-23) “They say that the courage of neither the leopard nor 

of the lion nor of the wild boar - whose heart exults most in his chest - is as great as that 

of the sons of Panthous, who are armed with ashen spears.”  

The conceptual link between formidable heroes and lions is explored in the 

context of ecphrases and simile. Hercules is often depicted wearing a lion skin in 

mythology, and his belt in the Odyssey (Hom. 11.609-612) is decorated with flashing-

eyed lions. In effect the belt emphasises Hercules’ comparable status to Achilles whose 

shield depicts terrible twin lions who mutilate a bull.
29

 The volatile Achilles is likened 

to a lion in a simile when he faces Aeneas with pent-up rage. 

 

Πηλεΐδης δ’ ἑτέρωθεν ἐναντίον ὦρτο λέων ὣς 

σίντης, ὅν τε καὶ ἄνδρες ἀποκτάμεναι μεμάασιν  

ἀγρόμενοι πᾶς δῆμος· ὃ δὲ πρῶτον μὲν ἀτίζων 

                                                 
27

 In Homeric references the lion is always referred to in the masculine grammatical form (Edwards 1991: 

75). 
28

 Hercules faced the fearsome Erymanthian boar in his third labour. According to Hornblower and 

Spawforth, “Many but not all of the labours were already depicted in Greek art of the Geometric and early 

Archaic periods” (2003: 685). Knapp (1935: 167-168) records a wonderful account of the vicious nature 

of the wild boar and the difficulties of boar hunting. 
29

 Hom. Il. 18.582-586. Markoe (1989: 88-89) also makes reference to the representation of lions on 

warrior shields. He draws attention to the fact that the gods often promote violent and lion-like behaviour 

in heroes. 
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ἔρχεται, ἀλλ’ ὅτε κέν τις ἀρηϊθόων αἰζηῶν 

δουρὶ βάλῃ ἐάλη τε χανών, περί τ’ ἀφρὸς ὀδόντας 

γίγνεται, ἐν δέ τέ οἱ κραδίῃ στένει ἄλκιμον ἦτορ, 

οὐρῇ δὲ πλευράς τε καὶ ἰσχία ἀμφοτέρωθεν  

μαστίεται, ἑὲ δ’ αὐτὸν ἐποτρύνει μαχέσασθαι,  

γλαυκιόων δ’ ἰθὺς φέρεται μένει, ἤν τινα πέφνῃ 

ἀνδρῶν, ἢ αὐτὸς φθίεται πρώτῳ ἐν ὁμίλῳ· 

 

Hom. Il. 20.164-173. 

 

 “The son of Peleus rushed against him from the other side, just like a destructive lion 

which men desire to kill; the whole population comes together; at first the lion walks by 

regardless, but then a certain brave warrior who is swift in battle hits him with a spear 

blow. Froth foams around the lion’s teeth in its gaping mouth, his stout heart sighs 

within him and the lion whips his ribs and haunches from both sides and works himself 

up for the fight. He launches straight on in his bravery, with gleaming eyes; whether he 

slays one of the men himself or he himself is killed in the first onslaught.”    

 

Without doubt, Homer depicts an aggressive and ill-boding animal. This lion is 

described as murderous - the jaw is set wide, the glaring eyes are pronounced and the 

lion is foaming at the mouth; a characteristic often associated with great fury. Here the 

lion is aligned with the most aggressive and wrathful of individuals: the hero Achilles, 

who is renowned from the start of the Iliad for his anger and destructive tendencies 

(Hom. Il. 1.1-3).  



 35 

The Homeric lion is equally aggressive when it is associated with Hector. In 

Iliad 12 Hector urges his men on and relentlessly attempts to attack the Argives. 

Although threatened by a formation of armed hunters the lion in the simile displays 

incredibly resilient characteristics. Instead of beating a hasty retreat the animal 

repeatedly launches itself at its aggressors. 

 

ὡς δ’ ὅτ’ ἂν ἔν τε κύνεσσι καὶ ἀνδράσι θηρευτῇσι 

κάπριος ἠὲ λέων στρέφεται σθένεϊ βλεμεαίνων· 

οἳ δέ τε πυργηδὸν σφέας αὐτοὺς ἀρτύναντες 

ἀντίον ἵστανται καὶ ἀκοντίζουσι θαμειὰς 

αἰχμὰς ἐκ χειρῶν· τοῦ δ’ οὔ ποτε κυδάλιμον κῆρ  

ταρβεῖ οὐδὲ φοβεῖται, ἀγηνορίη δέ μιν ἔκτα· 

ταρφέα τε στρέφεται στίχας ἀνδρῶν πειρητίζων· 

ὅππῃ τ’ ἰθύσῃ τῇ εἴκουσι στίχες ἀνδρῶν 

 

Hom.  Il. 12.41-48. 

 

“Just as when a wild boar or lion turns around among dogs or hunting men, exulting in 

his courage. Those men, arranging themselves into a barrier, stand against him and 

throw closely packed spears from their hands. However he is not alarmed nor is he put 

to flight; although his arrogance is his very death. On numerous occasions he turns 

around testing the line of men and at the very place that he rushes towards, the line of 

men gives way.” 
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In this Homeric extract the lion displays a fearless attitude and shows little 

desire to cower and submit. It is interesting that κῆρ “the heart” is related to the 

temperament of the heroic Greek lion in this extract (Hom. Il. 12.45). The frequency of 

the epithet θυμολέοντα “lion-hearted” is striking in both the Iliad and the Odyssey. 

Penelope describes Odysseus as lion-hearted twice in one book,
30

 and Hercules and 

Achilles are also termed in the same way.
31

 

Perhaps it is relevant that Aristotle (de An. 403a31-403b) believed that the heart 

was the seat of all angry passions owing to the blood that boiled there. It seems that the 

influence of this idea was still prevalent in Roman times; Seneca relates Volunt itaque 

quidam ex nostris iram in pectore moveri effervescente circa cor sanguine; causa cur 

hic potissimum adsignetur irae locus non alia est, quam quod in toto corpore 

calidissimum pectus est (Dial. 2.19.3) “A certain number of our people therefore want 

to believe that anger is awakened in one’s breast when blood is bubbling around the 

heart. The reason why the place of anger is attributed here and not elsewhere is because 

the chest is the warmest part of the whole body”.  

In the Iliad 12 another bold-spirited lion is not dissuaded from attacking a flock 

of sheep despite the presence of herdsmen. This lion is compared to Sarpedon when he 

attempts to break down battlements. Particularly revealing is the description “κέλεται 

δέ ἑ θυμὸς ἀγήνωρ | μήλων πειρήσοντα καὶ ἐς πυκινὸν δόμον ἐλθεῖν·” (Hom. 

Il. 12.300-301) “his arrogant heart exhorts him to attack the sheep and go into the well-

guarded fold”. It is as if the Homeric lions’ spirit is uncontrollable; a pre-determined 

and violent nature determines every action. Homer even reiterates the word θυμός in 

reference to the hero’s actions, “ὥς ῥα τότ’ ἀντίθεον Σαρπηδόνα θυμὸς ἀνῆκε | 

τεῖχος ἐπαΐξαι διά τε ῥήξασθαι ἐπάλξεις” (Il. 12.307-308) “his heart incites 

                                                 
30

 Hom. Od. 4.724, 4.814. 
31

 Hom. Il. 5.639, 7.228. 
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godlike Sarpedon to rush against the walls in the same way”. The connection between 

the lion’s aggressive drive and the motivation of the hero is very pronounced.   

Unsurprisingly the association between the lion’s aggressive behaviour and 

Homeric hero’s temperament has not gone unnoticed; Garvie (1994: 115) discusses the 

persistent symbolism of the lion as representative of the epic hero’s powerful attack on 

an enemy. Scott (1974: 122-3) concentrates on the “hunter-predator theme” of lion use 

in the Odyssey and explains how a sequence of lion similes
32

 foreshadows Odysseus’ 

revenge on the suitors. Schnapp-Gourbeillon rates the lion as the most heroic symbol in 

relation to the Homeric combatant,
33

 while Moulton identifies a pattern in the lion 

Odyssey extracts and suggests that they build to “Odysseus’ victory in 

Mnesterophonia”.
34

 Magrath (1982: 207-208) asserts that the lion develops from an 

animal that is driven by its bravery and fiery nature in the Iliad to a beast ruled by 

hunger in the Odyssey.  Both Polyphemus and Odysseus are likened to bloody lions; 

Polyphemus when he feasts on Odysseus’ men (Hom. Od. 9.289), and Odysseus when 

he slaughters the suitors in the banquet hall (Hom. Od. 22.402-6). It seems possible that 

Odysseus’ journey has influenced his behaviour: morally, he becomes just like the foul 

beasts that he has conquered when he returns to Ithaka (Magrath 1982: 211). Finally, 

Lonsdale (1990: 39-40) comments that lions in Homeric epic are often formulated as 

“marauding” agressors whose battles with men and guard dogs are descriptive of those 

of heroic warriors.  

In summary Alden (2005: 335) equates at least 28 lion similes in the Iliad with 

heroes’ combative behaviour, while Markoe (1989: 89) records 25 Iliadic references to 

“leonine aggression”. Depending on the exact definition of ‘aggressive’ behaviour I 

have found at least 30 such incidents in relation to the Iliad alone. 

                                                 
32

 Hom. Od. 4.335: 6.130: 17.126: 22.402-5.  
33

 Schnapp-Gourbeillon 1981: 39-40 cf. Markoe 1989: 88. 
34

 Moulton 1977: 139-141 cf. Glenn 1998: 110. 
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References to lions under attack in Homeric epic are scarce and when they do 

occur they often underline the lion’s reluctance to retreat. On the few occasions when 

lions are beaten into withdrawal they are termed ἀέκων (Hom. Il. 17.112) “reluctant” 

or τετιηότι θυμῷ (Hom. Il. 11.555) “vexed in spirit”. Menelaus is compared to a 

hungry lion that refuses to give up and keeps attacking a farmstead; when he finally 

leaves he departs unwillingly (Hom. Il. 17.656-664). Hounds are sometimes described 

as chasing after lions,
 35

 but the lion is never depicted as a cowering victim. 

There is one Homeric reference to the lion which appears quite different from all 

others. In book 4 of the Odyssey Penelope is isolated and has little hope of rescue. She 

worries for her son but is largely powerless to improve her situation or defend him. In 

short, the position of Penelope could not be further removed from that of the typical 

Homeric hero.  

 

ἡ δ’ ὑπερωΐῳ αὖθι περίφρων Πηνελόπεια 

κεῖτ’ ἄρ’ ἄσιτος, ἄπαστος ἐδητύος ἠδὲ ποτῆτος, 

ὁρμαίνουσ’, ἤ οἱ θάνατον φύγοι υἱὸς ἀμύμων, 

ἦ ὅ γ’ ὑπὸ μνηστῆρσιν ὑπερφιάλοισι δαμείη.  

ὅσσα δὲ μερμήριξε λέων ἀνδρῶν ἐν ὁμίλῳ 

δείσας, ὁππότε μιν δόλιον περὶ κύκλον ἄγωσι, 

τόσσα μιν ὁρμαίνουσαν ἐπήλυθε νήδυμος ὕπνος 

 

Hom. Od. 4.787-793. 
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 Hom. Il. 8.338-340, 11.292-295. 
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“Straightaway, in the upper room of the palace, wise Penelope, not having tasted food 

nor drink, indeed starving herself, was wondering whether her blameless son might 

escape death, or would be struck down by the overbearing suitors. Just like a lion in a 

crowd of men dreads and ponders when hunters have assembled a cunning enclosure 

around it, just so was she pondering when sweet sleep overcame her.” 

 

The decision to compare Penelope with a lion or lioness stands out for two 

reasons. Lion similes in Homer are normally used in relation to men (Heubeck et al. 

1988: 242) and they do not usually portray a lion or a lioness thus cornered. Moulton 

(1977: 123-124) theorises that the simile of Odysseus as a furious lion (Hom. Od. 4.335) 

balances the simile at 4.787-793 when Penelope is surrounded by enemies. He argues 

that the manipulation of the two lion similes stresses the importance of the relationship 

between Penelope and Odysseus. Jones (1988: 44) suggests that Penelope has been 

aligned with the lion or lioness because she is a heroic woman. However, Dawe (1993: 

210) and Heubeck et al. (1988: 242) are not convinced by the application of the 

comparison and suggest that the simile is rather an odd one. Merry and Riddell (1886: 

205) theorise that the lion has been manipulated in this context in order to emphasise 

not the aggressive traits of the beast, but the cruelty of those who surround it. Thus the 

lion hunters take on the characterisation of the pushy suitors who rival each other for 

Penelope’s hand in marriage.  

Whichever way we interpret the animal simile it is clear that Homer equates a 

woman stricken with anxiety with a beast that was generally associated with aggressive 

characteristics. As I shall go on to show, innovations in Roman epic meant that the lion 

and the lioness were employed to transgress the heroic behaviours of stereotypical male 

warriors; Roman epic accounts of the beast depict animals with more emotionally 

refined characteristics. 
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2.4 Redefining the Heroic Lion 

 

The Roman epic lion often appears as a more discerning animal than its Homeric 

counterpart. The heroic lion in Virgil sometimes displays brutal behaviour, but it 

appears that the Virgilian version of the lion is often more restrained than the Homeric 

lion in its passions.  

In Aeneid 12 Turnus sees his forces attacked and is spurred onto behave like a 

rampaging lion. It is Virgil’s phrasing tum demum that is particularly curious here.  

 

Poenorum qualis in arvis 

saucius ille gravi venantum volnere pectus  

tum demum movet arma leo gaudetque comantis  

excutiens cervice toros fixumque latronis  

inpavidus frangit telum et fremit ore cruento:  

 

Verg. A. 12.4-9. 

 

 “Just as when the lion is hunted in African fields wounded by a fatal blow in the chest; 

then, at length, the lion rouses himself for the fight and rejoices, shaking the crested 

muscles around his neck; undaunted he breaks the spear of the hunter that is fixed in his 

body and roars with a blood-stained mouth.” 

 

The phrase tum demum suggests that the lion reverts to aggressive behaviour at 

greater length than its Homeric predecessor. Whereas Virgil’s lion only reacts slowly to 

provocation and is goaded to behave violently, Homer’s lions appear to act on impulse 

and deliberately spur themselves onto greater ferocity. When Achilles is compared to a 
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lion under attack,
36

 the lion does not hesitate to stir itself into a killing frenzy. In Iliad 

20 (164-173) the Homeric lion actually whips itself with its tail in order to anger itself. 

While the initial blow may have been struck by an enemy the Homeric lion deliberately 

provokes itself to further violence.  

This is not the only occasion when Virgil appears to emphasise that the lion has 

been driven to particular aggression owing to infuriating circumstances. Once again, 

when referring to Turnus, Virgil emphasises that the lion is driven to fury by the 

goading of its enemies. Turnus’ alignment with the lion comes in an unlikely context:   

 

Turnus paulatim excedere pugna  

et fluvium petere ac partem, quae cingitur unda;  

acrius hoc Teucri clamore incumbere magno  

et glomerare manum. ceu saevom turba leonem  

cum telis premit infensis, at territus ille,  

asper, acerba tuens, retro redit, et neque terga  

ira dare aut virtus patitur, nec tendere contra  

ille quidem hoc cupiens potis est per tela virosque:  

haut aliter retro dubius vestigia Turnus  

inproperata refert, et mens exaestuat ira.  

 

Verg. A. 9.789-798. 

 

“Gradually Turnus retreats from the battle and seeks the river and the place which is 

surrounded by water; the Teucrians gain on him the more furiously with a loud shout 

and they gather their band of men together. Just as when a crowd presses on a ferocious 

lion with hostile spears, but the lion, frightened, fierce and glaring wildly, steps back; 
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 Hom. Il. 20.164-173; see 2.3. 
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neither anger nor his courage allow him to turn tail, nor, though desiring to, is he even 

able to attack the spears and the men. Just so the uncertain Turnus retraces his lingering 

footsteps while his mind boils with rage.”  

 

This is not the most obvious of situations demanding a lion simile; in fact the 

Homeric-heroic stylisation of an all-powerful and aggressive hero is somewhat 

undermined. The lion simile ironically underlines the fact that Turnus is not quite living 

up to the Homeric ideal of the warrior. It is revealing that Turnus is in the process of 

retreat; doubt and confusion are the predominant emotions; anger does contribute to 

Turnus’ emotional state, but both his feelings and his actions are contradictory. The lion 

is simultaeneously territus and asper; it steps back but will not turn tail. 

The surrounding context makes it clear that Turnus is frustrated but also 

demonstrates that he is under considerable pressure. The Teucrians bear down on 

Turnus’ heels relentlessly (incumbere), and the lion is placed under a similar strain 

(premit). The hunters do not fear the lion; they are armed with spears and have a 

numerical and strategic advantage over the beast. In fact the men’s attitude towards the 

lion in Iliad 12
37

 is completely at odds with those who take part in the Virgilian chase. 

The lion in Homer is implicitly treated as a much more dangerous creature. The men 

enclosing it in a net fall back when the lion attempts to shove through (Hom. Il. 12.48). 

In Homer Menelaus and Ajax are compared to lions that are unwilling to retreat 

from conflict,
38

 yet in Virgil Turnus is likened to a lion that is unsure of its strength and 

suffers from a sheer overload of emotional as well as aggressive impulses. 

It is possible that Virgil’s lion sees escape as a favourable option, ...nec tendere 

contra | ille quidem hoc cupiens potis est per tela virosque  “...nor, though desiring to, is 

he even able to get through the spears and the men” (Verg. A. 9.796). Indeed this phrase 
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 Hom. Il. 12.41-48; see 2.3. 
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 Hom. Il. 17.112, 11.557. 
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is difficult to interpret as it could mean that Turnus would prefer to avoid conflict 

altogether, or that he wants desperately to overpower those surrounding him but cannot. 

The dual meaning of this line may well be designed to be deliberately ambiguous. What 

is clear is that Virgil is emphasising Turnus’ indecision: anger is no longer the key 

emotion.  

Statius’ lion is even further removed from the Homeric model. In the Thebaid 

Tydeus is aligned with a lion that is fatigued by excessive killing, 

 

ut leo, qui campis longe custode fugato  

Massylas depastus oves, ubi sanguine multo  

luxuriata fames cervixque et tabe gravatae  

consedere iubae, mediis in caedibus adstat  

aeger, hians victusque cibis; nec iam amplius irae  

crudescunt: tantum vacuis ferit aera malis  

molliaque eiecta delambit vellera lingua. 

 

Stat. Theb. 2.675-681.  

 

 “Just like the lion which has guzzled down Massylian sheep (when the herdsman has 

been put to flight a long way from the fields.) When the lion’s hunger has run its course 

in much blood, and his neck and mane have become weighed down and pressed 

together with gore he stands in the midst of the slaughter; sick, open-mouthed and 

conquered by food. Now his wrathful urges grow no further; he only snaps the air with 

empty jaws and licks the soft wool with his thrust-out tongue.”   

 

The lion is described as faint and so gorged that it cannot consider further 

slaughter and merely stands still and licks its mouth. When we compare Statius’ image 
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of the lion to the descriptions of Homeric lions it is clear that the beast has undergone 

significant development. A more complex being has replaced its raging predecessor.  

 

2.5 The Expressive Lion and Gender Innovation 

 

The Roman epic lion comes to display many more facets of divergent behaviour than its 

Homeric counterpart in comparison to both heroic and non-heroic figures. In 

Apollonius’ Greek Argonautica Amycus challenges the men who have come to his land 

and offers to fight them in a boxing contest. Amycus is compared to a lion entrapped by 

huntsmen.  

  

Ὧς φάτ’ ἀπηλεγέως. ὁ δ’ ἐσέδρακεν ὄμμαθ’ ἑλίξας,  

ὥστε λέων ὑπ’ ἄκοντι τετυμμένος, ὅν τ’ ἐν ὄρεσσι 

ἀνέρες ἀμφιπένονται· ὁ δ’ ἰλλόμενός περ ὁμίλῳ 

τῶν μὲν ἔτ’ οὐκ ἀλέγει, ἐπὶ δ’ ὄσσεται οἰόθεν οἶος 

ἄνδρα τὸν ὅς μιν ἔτυψε παροίτατος οὐδ’ ἐδάμασσεν. 

 

A. R. 2.25-9. 

 

“Polydeuces spoke bluntly. But Amycus, turning around, stared at him with glaring eyes. 

Just like a lion hit by a spear when men surround it in the mountains. Although it is 

being pushed by the mob the lion ignores the hunters; instead it gazes at the very man 

who hit him first but did not kill him.” 

 

Once provoked, the lion determines his enemy and singles him out. The animal 

is not distracted by the pressing attack of the crowding men but prioritises revenge 
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above all else. The description of the lion’s fixed stare exaggerates the fact that the beast 

is mentally focussed on his initial attacker; this simile shows that the lion is resolutely 

steadfast in its resolve.  

In Valerius Flaccus’ Argonautica Aeson is compared to a lion when he 

considers his position and is uncertain of the best course of action. Valerius’ depiction 

of the lion may echo Od.4.787-793  but is at odds with Apollonius’ lion representation.    

 

quasi multa leo cunctatur in arta  

mole virum rictuque genas et lumina pressit,  

sic curae subiere ducem, ferrumne capessat  

imbelle...? 

 

V.Fl. 1.757-760. 

 

“Just like a lion in a thick press of men hesitates a lot and with a huge gaping jaw 

squeezes its cheeks and eyes; thus worries pressed on the king: should he snatch up an 

unwarlike sword...?”. 

 

In such a context we might have expected that Valerius would chose to equate 

Aeson to a deer or a prey with similar characteristics of anxiety. However, Aeson’s 

indecisive behaviour is not compared to that of a creature of flight but to the lion. 

Valerius ironically emphasises the lion’s wide snarl and thus draws the attention of the 

reader to the fact that the predatory cat’s most lethal weapon - its jaw - is suprisingly 

inactive. The wording of the simile is unique in itself: Kleywegt (2005: 442) states that 

rictuque genas et lumina pressit seems to have no “exact parallel” in ancient literature.  
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It is clear that the Greek lion, when associated with the epic symbolism of the 

aggressive male, has intent to injure those attacking him. In complete contrast the 

primary emotional response of the Roman epic lion in Valerius is that of bewilderment. 

This time the animal’s eyes express his doubts rather than a resolute sense of attacking 

purpose.    

On this occasion the Roman epic lion does not follow the aggressive 

characteristics often associated with its Homeric heroic predecessors. The lion delays 

cunctatur and appears to be deep in thought. Meanwhile the surrounding context of the 

passage suggests unqualified levels of defeat; curae subiere emphasises the fact that the 

king is at a loss as to what to do next, and Valerius ends the scene with a sequence of 

questions; should Aeson wield a sword or ask elders for their help? (1.759-761).  

Unlike the passionate and warring lions associated with the heroes of Homer 

Valerius’ lion is in a position of weakness and does not instinctively adopt the 

aggressive traits of its Homeric predecessors. Even when presenting Penelope as a lion 

under attack Homer’s attempt at depicting the victimised lion does not go to the same 

lengths as the description of the beast found in Valerius. Homer (Od. 4.787-794) does 

not refer to the facial expression of the animal in order to exaggerate its anxiety. 

In the treatment of the Roman epic lion there is yet a further innovation. In the 

Homeric references the lion is always referred to in the masculine grammatical form 

(irrespective of sex); apparently the feminine Greek form “λέαινα” was used first by 

Aeschylus and Herodotus but did not appear before (Edwards 1991: 75).
39

 However in 

the Latin epics the male hero is sometimes likened specifically to a female lioness that 
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 According to the Homeric Scholia 134-6B Homer did not know about lionesses: οὐκ 

οἶδε γὰρ Ὅμηρος τὸ λέαινα·  
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is referred to with the grammatically feminine word: lea. As Renehan (2000: 216) 

suggests there must be a good reason for altering grammatical genders.
40

 

When associating the mourning lioness with the Roman epic hero Valerius uses 

the word lea and depicts Hercules seeking fitfully for Hylas. The hero displays 

uncharacteristic emotion and laments that he is unable to find his young friend. Like a 

lioness who has lost her young Hercules is dominated by anxiety. 

 

non aliter gemitu quondam lea prolis ademptae  

terga dedit: sedet inde viis inclusaque longo  

pervigilant castella metu, dolor attrahit orbes  

interea et misero manat iuba sordida luctu.  

V.Fl. 3.737-740.  

 

“Just as a lioness flees with a sigh once she has been deprived of her young: then she 

waits on the roads, and the locked strongholds watch all night in enduring fear. 

Meanwhile grief tires her eyes and her dirty mane hangs down with wretched sorrow.” 

 

It is of course relevant that Hercules is a hero whom we would naturally 

associate with the lion, but the choice of comparison here is telling and does not follow 

the most obvious course. Firstly, it is poignant that Valerius has chosen to feminise 

Hercules with comparison to a specifically female lioness. There are similar passages 

centered on loss and defence in Iliad 17 (133-6) when Ajax protects Patroclus and in 

Iliad 18 (318-322) when Achilles mourns for Patroclus, but the lions in both these 

                                                 
40

 Euripides refers to the female lioness in Helen (379). Hellenistic authors such as Theocritus (2.66-68) 

began to use the female grammatical form to refer specifically to the lioness. Theocritus describes the 

tradition of celebrating Artemis by dancing with animal masks (cf. Lawler 1947: 88). Roman epic authors 

innovated further and manipulated the symbolism of the female animal to challenge Homeric values of 

heroism. 
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Homeric similes are still ready for the fight despite their initial grief. The lion in Iliad 

17 (135) “ὃ δέ τε σθένεϊ βλεμεαίνει” “exults in his strength”, and the beast’s 

predominant reaction in Iliad 18 (322) is anger “μάλα γὰρ δριμὺς χόλος αἰρεῖ” 

“…for ferocious anger takes hold of him”. In complete contrast Valerius’ grammatically 

feminine lioness is a picture of dejection from start to end.  

The play on gender is striking within Valerius’ Argonautica. In a comparative 

passage in book 6 a grammatically specified male lion, leo is hemmed in and is forced 

to protect his cubs from attack. The simile is comparative to the actions of Telamon 

who guards the dead body of Canthus (V.Fl. 6.346-349). The similarities between these 

two Argonautica passages abound, but the gender alteration marks the reference to 

Hercules as something quite different. With these Homeric and Argonautica references 

in mind it appears that Valerius has deliberately chosen to shun the epic tradition of 

employing a grammatically male lion, but why would he chose to make this 

differentiation? 

Perhaps it is that Valerius challenges the traditional Homeric association of the 

aggressive lion with the violent hero by playing on the comparison of the female lioness 

with Hercules. By intermingling the sexes of animals and transgressing the most natural 

comparison of male with male Valerius appears to contradict our expectations of the 

traditional Homeric hero figure.  

Considering the fact that Hercules has previously shown anger when he is 

compared to a lion in book 3 (V.Fl. 3.587-593) we might expect the lioness in V.Fl. 

3.737-740 to react violently when she realises that her cubs have been stolen, but 

instead the lioness is deeply distressed and affected by grief. In addition, the focus is 

once again on the facial expression of the lioness; Valerius emphasises the animal’s 

pain by highlighting the drawn eyes and the drooping of the lioness’ mane. It seems 

possible that the concentration on the lioness’ face was becoming an increasingly 
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popular motif in Latin literature.
41

 Statius includes a very similar description in the 

Silvae: tum cunctis cecidere iubae, ... | ... et totas duxere in lumina frontes (2.5.14-15) 

“Then all their manes sank down, and they wrinkled all their brows over their eyes”. 

In Thebaid 10 Dymas is compared to a lioness beset by Numidian hunters. 

Desperate to give the last rites to his master, Dymas is attacked by Amphion and is 

undecided whether he should plead for his life or concentrate on his master’s body. Like 

Dymas the lioness is undecided as to the best course of action; should she protect her 

young or attack her enemies regardless?  

 

ut lea, quam saevo fetam pressere cubili  

venantes Numidae, natos erecta superstat,  

mente sub incerta torvom ac miserabile frendens;  

illa quidem turbare globos et frangere morsu  

tela queat, sed prolis amor crudelia vincit
42

  

pectora, et a media catulos circumspicit ira.  

 

Stat. Theb. 10.414-419.  

 

“...just like a lioness whose offspring are threatened by Numidian hunters in her 

ferocious den; she stands straight over her young cubs with an uncertain mind - 

wretchedly and pitifully roaring. She should be able to break the spears with a bite and 

to charge the hunting masses, but love of her cubs conquers her ferocious heart, and in 

the midst of her anger she glances around at her cubs.” 

 

                                                 
41

 A fresco from the House of Orpheus in Pompeii (VI.14.20) depicts a lion with very expressive facial 

features (Zanker 1998: 162, Plate 14.2).  
42

 cf. amor vincit omnia (Virg. E. 10.69). 
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The reference takes into account the conflicting responsibilities that the lioness 

and Dymas have in common; they both have a desire to protect those weaker than 

themselves but they are simultaneously driven by an instinctual urge for battle. In the 

end it appears that Dymas feels a strong bond with his dead comrade; it is this very 

loyalty that overpowers his traditional heroic instinct to enter back into the fray 

irrespective of the welfare of others. As Pollmann (2001: 21-2) emphasises, the moral 

dilemma inherent in Dymas’ decision is not found in any of the comparative passages
43

 

that are similar to this description. It seems that we have gone full circle: the depiction 

of the lioness represents how morality overcomes emotions. In effect the simile shows 

that Dymas’ feelings of duty towards his fellow warrior are greater than any impulses to 

defend or save his own life. This lioness is capable and suseptible to feeling love; amor 

crudelia vincit. In this instance love proves to have a stronger effect than anger; Statius’ 

lioness could hardly be further removed from the traditional Homeric symbolism of 

what it meant to be a lion. 

  In Punica 10 Moorish hunters attack a lioness and her cubs. The simile likens 

the efforts of a father and his sons to wound Hannibal to the ineffectual endeavors of 

cubs to defend themselves against the attack of hunters. 

 

haud secus ac Libyca fetam tellure leaenam  

venator premit obsesso cum Maurus in antro,  

invadunt rabidi iam dudum et inania temptant  

nondum sat firmo catuli certamina dente.
44

  

 

Sil. 10.124-127. 
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 Such as Hom. Il. 133-6 and V.Fl. 6.346-7. 
44

 cf. Lucr. 5.1310-1322. Lucretius refers to the strength of lions’ adult teeth.  
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“It is no different when a Moorish hunter in the land of Libya bears down on a lioness 

with her cubs in her besieged lair. Enraged, the new-born cubs now start empty battles 

and make an attempt [to injure] with teeth that are not yet powerful enough.” 

 

Here the cubs of the lioness are used to exaggerate the fragility of the men who 

face Hannibal. Although the cubs attempt to ward off their attackers it is implicitly 

understood that they will be unsuccessful. Hannibal goes on to slaughter both the father 

and the sons; the simile works on the assumption that the cubs will ultimately be 

destroyed. Homeric heroes are compared to aggressive lions at the peak of their physical 

maturity, but Silius has likened his soldiers to cubs that are unable to protect themselves 

let alone launch a successful attack. In effect Silius emphasises the fact that Hannibal’s 

strength diminishes the power of those around him: the father and sons are only cubs in 

comparison with Hannibal whereas they may well be termed as lions if they were to 

face a lesser threat. 

It is interesting that the Roman epic lion is not only depicted as more capable of 

emotional suffering than its Homeric counterpart but is also more often involved in 

situations that place it at a physical and psychological disadvantage. There is a range of 

references that undermine the strength and ferocity of the animal: Achilles steals lion 

cubs from their mother and shows little respect for them when he disposes of them; he 

throws them away thoughtlessly in order to welcome his mother abicit (Stat. Ach. 

1.172). Statius also refers to Achilles amusing himself by playing with the cubs. Dilke 

points out that the wording of the episode incitat ungues suggests that Achilles teases 

the young lion cubs into showing their small claws.
45

 By treating them with such 

frivolity Achilles emphasises the cub’s weakness.  
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 Stat. Ach. 1.170 and Dilke 1954: 97. 
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In Punica 7 the lion is treated as a simile for the behaviour of a retreating army 

(Sil. 7.401-403) while in Thebaid 6 (270-271) Hercules appears once more. This time 

he crushes the lion’s frame against his own strong chest while the male lion gasps out 

its last breath. In Thebaid 9 (Stat. 189-195) Tydeus’ corpse is mutilated like that of a 

male lion sub culmine fixus “nailed up beneath the roof”. The lion also comes under 

attack in the Metamorphoses (Ov. 4.512-515); in a bout of madness Athamas mistakes 

his wife for a lion and encourages his friends to hunt the beast down. These references 

demonstrate the sheer diversity of approaches that authors took towards the lion in 

Roman epic. Whereas Homeric references tend to exaggerate the aggressive nature of 

the beast Roman authors explored the lion in contexts that emphasised its vulnerability.   

With these episodes in mind it is clear that the depiction of the epic lion has 

undergone some significant changes. Both lions and lionesses are challenged on a 

diverse range of levels in Latin epic whereas Homeric lions are primarily employed to 

signify brute strength and anger. It seems that Roman epic writers have deliberately 

victimised lions and transgressed traditional gender associations; they 

anthropomorphise lions and ascribe very human facial expressions to them. The 

alteration in the lion’s characterisation often results in a more thorough emotional 

exploration of the creature. 

 

2.6 Questioning Anger 

 

Homeric epic emphasises the importance of reckless bravery and suggests that heroes 

must learn to value their personal honour and to overcome feelings of terror and mercy 

in their pursuit of personal glory (Redfield 1975: 104). Homeric epic examines values 

that are deeply rooted in heroic codes of conduct, and Homeric anger is often 

represented as a praise-worthy emotion that spurs warriors to acts of impressive bravery. 



 53 

Achilles is spurred on by his anger and viciously attacks the corpse of Hector (Il. 

22.345-54), while Odysseus gives himself the name Eperitus at the end of the Odyssey 

(24.305-6) which is etymogically related to the word “anger” in Sanskrit (Galinsky 

1988: 346).  

Interest in the implications of anger did not diminish over time; Greek 

philosophers subsequently examined the place of anger in society and came to influence 

later Roman epic depictions of the emotion. Galinsky (1988: 330-333) has shown how 

Aeneas’ behaviour at the end of the Aeneid (when he kills Turnus) corresponds to 

conceptions of anger that are found in Plato and Aristotle. Aristotle (E.N. 1126a29-30) 

criticises anger in excess and Stoics such as Seneca took very negative views of the 

emotion (Fowler in Braund 1997: 24 and 33).  

Virgil’s reckoning of anger may also have been influenced by the thoughts of 

Philodemus. The Epicurean makes a differentiation between “vain anger” and “natural 

anger” and argues that wise men should only feel anger in proportion to the type and 

extent of provocation suffered. It seems that Virgil initially associated himself with 

Philodemus’ philosophy (Galinsky 1988: 335-6). 

 Contemporary Roman attitudes to anger show that there had been a 

considerable shift in thoughts about the emotion. The expression of unwarranted anger 

was considered a serious vice and could have considerable repercussions. Cicero tells 

his younger brother to be wary of anger in his governance of the province of Asia:  

 

omnes enim qui istinc veniunt ita de tua virtute, integritate, humanitate commemorant 

ut in tuis summis laudibus excipiant unam iracundiam. quod vitium cum in hac privata 

cottidianaque vita levis esse animi atque infirmi videtur, tum vero nihil est tam deforme, 

quam ad summum imperium etiam acerbitatem naturae adiungere.  
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Cic. Q.fr. 1.1.3.  

 

“All who come from your place mention your excellence, your honesty and your 

kindness; they only stop short in praising you to the upmost in one respect - your 

tendency to anger. This vice is not only perceived as the sign of a weak and infirm mind 

in everyday private life, but more importantly nothing is as repulsive as joining an 

irascible nature to supreme power.”  

 

It seems that the changing characterisation of the epic lion expresses a shift in 

thinking about heroic behaviour and may even be symptomatic of a reassessment of 

anger in Roman culture as a whole. Harris (2001: 204) argues that the Romans began to 

question the moral value of anger as early as the late Roman Republic. By the days of 

Virgil ideas about heroic codes (cf. Conte 2007: 40), and the place of anger within that 

heroic code had undergone significant development.  

Roman epic authors felt that Homeric displays of rage were ill suited to their 

writings. The extreme wrath of Achilles was at odds with the Roman nationalistic cause; 

a continual search for Homeric kudos could no longer offer a sufficient paradigm for the 

new-age Roman hero. Roman epic heros were expected to display civilising traits 

(Hainsworth 1991: 103); thus by killing Turnus, Aenas acts in the interests of the 

community, whereas when Achilles kills Hector, he is isolated from the society that he 

relies on to honour him.
46

 The passions of the Homeric hero that remain in Roman epic 

are not necessarily placed in a favourable light. 

 

2.7 Realism   
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 Redfield 1975: 104-5 cf. Galinsky 1988: 342-3. 
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In Roman times the lion was viewed in a new context: as the mass captive of the 

Roman Empire and as an object of entertainment the lion could be seen by the masses in 

the arena (Dowden 1998: 130), in the circus or even in the street. As such it appears that 

the Romans became increasingly interested in the training of the lion; they nurtured a 

desire to understand the intricacies of lion behaviour. 

In book 10 of the Punica the lion is depicted as a wounded victim in the arena. 

 

immanis ceu, depulsis levioribus hastis  

accepit leo cum tandem per pectora ferrum,  

stat teli patiens media tremebundus harena  

ac manante iubis rictuque et naribus unda  

sanguinis, interdum languentia murmura torquens,  

effundit patulo spumantem ex ore cruorem. 

 

Sil. 10.241-6. 

 

“Just so a monstrous lion, when the lighter spears have bounced off, yields at last to a 

sword that has struck through his heart. Quivering, he stands resigned to the blow in the 

centre of the arena, and blood gushes from his mane, jaws and nostrils. He churns out a 

weak growl and he drips foam and gore from his wide jaws.” 

 

This reference is particularly revealing for it shows that the everyday experience 

of the Roman arena had found a place in contemporary epic literature. Use of the arena 

in epic similes is very rare (cf. Spaltenstein 1986: 72-73): there are three such references 
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to wild animals in the Roman arena in epic, only one of which involves a lion.
47

 It 

seems that Silius was keen to stretch the bounds of epic simile. The use of the arena as a 

setting for the simile marks Silius’ reference to the lion as inherently innovative. Paulus 

has slaughtered a vast number of enemies but is then struck in the face by a huge stone; 

the faces of the human and the lion stream with blood. The realistic arena setting 

imbeds the lion in a context that would have seemed appropriate in the age; the majority 

of Romans would have viewed the lion in the context of the arena rather than any other. 

Latin epic also takes account of the changeability of the lion’s nature. Statius 

(Ach. 1.858-863) explores the ability of the lion to revert to violence and depicts a lion 

cub that eventually turns against the man that has attempted to tame it. This simile 

obviously has its origins in Aeschylus (A. 717-736), but in Statius’ version the lion cub 

only resorts to violence once it has been challenged by the sword: si semel adverso 

radiavit lumine ferrum (Ach. 1.861) “if the sword once shines with a hostile light”. 

Meanwhile, Aeschylus’ lion kills unprovoked, “...χάριν| γὰρ τροφεῦσιν ἀμείβων | 

μηλοφόνοισι σὺν ἄταις | δαῖτ’ ἀκέλευστος ἔτευξεν·” (A.728-731) “...Unbidden, 

as thanks for those that bought it up, it made a banquet from the deadly slaughter of 

sheep.” The difference in the lion’s characterisation is clear: Aeschylus suggests that the 

lion is inherently driven to violence by its very nature while Statius assumes that the 

lion requires a catalyst to goad it to savage behaviour. As such, Statius affords his 

description with a moral dimension that is lacking in Aeschylus’ charcaterisation of the 

lion.   

Statius’ insight may well have to do with the treatment of the lion in the arena; it 

seems that lions would have had to be goaded into action. Dio complains that a hundred 

lions “emerged sluggishly” from their dens when they were put in the arena by the 

                                                 
47

 The others are to be found in Ovid (Met. 11.25-27) when Orpheus’ demise is compared to that of a stag 

in the amphitheatre and Lucan (6.220-223) when Scaeva is likened to a bear struck by a missile in the 

arena.  
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emperor Probus and writes that they did not put on much of a show (Hopkins et al. 2006: 

98). Visual images suggest that big animals were controlled with whips and chains 

(Hopkins et al. 2006: 100); considering the fact that some animals arrived stressed and 

emaciated from travel it is no wonder they had to be provoked to fight. No doubt it was 

necessary for trainers to spur them into action.  

Statius’ account of the lion may be somewhat indebted to ideas contained in 

Seneca. Seneca advises that patience be employed to deal with animals and suggests 

that they are inherently innocent. quae nullam iniuriam nobis faciunt, quia velle non 

possunt (Dial. 2.26.4-5) “[animals are the ones] who do us no wrong because they do 

not have the ability to wish to [do us wrong]”. Seneca appreciates that animals react to 

the way that they are treated and asserts that they can be moulded to behave in a 

particular way if they are handled correctly. His understanding rests on the theory that 

animals lack the intent to cause injury. 

The concept that lion cubs would be easier to train than older animals is 

supported in Pliny and Statius. Pliny (Nat. 8.17.42) describes the animal’s mane as a 

decisive indication of its maturity and likely behaviour; he identifies that lions who have 

just grown a mane are particularly high-spirited. It is telling that Statius’ lion refuses to 

be fed by its mother when it feels its mane on its neck. ut leo, cui parvo mater Gaetula 

cruentos | suggerit ipsa cibos, cum primum crescere sensit | colla iubis torvosque novos 

respexit ad ungues, | indignatur ali,... (Theb. 9.739-742) “Just like a lion whose 

Gaetulian mother heaps bloody nourishment before him when he is little. When he first 

felt his mane grow on his neck and examined his wild new claws he was indignant to be 

fed”. 

It seems that Roman epic writers fostered a new interest in animal realism. Some 

display a clear desire to place the epic lion in the setting that was most relevant to its 

contemporary existence, while others attempt to represent the likely behaviours of the 
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animal in real life. Owing to the fundamental role of the lion in the Roman arena epic 

writers appear to have been dissatisfied with the traditional representations provided by 

the Homeric tradition. Homeric lions are the product of a society that had a limited 

knowledge of the animal; the descriptions of Roman epic lions are indicative of more 

realistic insights.  

 

2.8 Conclusion 

 

The Homeric lion is symbolic of aggression, anger and heroic spirit: it is aligned with 

archetypal figures of wrath (such as Achilles), retreats unwillingly from conflict and 

unrelentingly attacks those that provoke it. We might expect the connection between the 

aggressive lion and epic hero to remain just as pronounced in later literature. Yet it 

appears that the characterisation of the lion has altered in Roman epic references. The 

Roman epic lion changes gender, develops a range of more expressive facial 

movements and is featured in contexts more relevant to a specifically Roman 

environment. The Roman epic lion is more often victimised than its Homeric 

counterpart and is characterised less explicitly by anger. Indeed, in the context of the 

arena, the lion behaves as a victim in its own right rather than as a one-dimensional 

symbol of heroic virtue. 

It is possible that the image of the Roman epic lion developed in accord with 

new, more nationalistic ideals. The Romans’ perchant for restraint and emotional 

gravitas could have altered the definition of heroism itself and so allowed an alternative 

interpretation of the epic lion to come to the fore.  

 

 

 

 



 59 

Chapter 3: The Deer 

 
3.1 Romanised Deer 

 

Roman epic descriptions of deer sometimes appear to refer back to Greek traditions, yet 

a number of details are specifically Roman additions.  In terms of the physical 

properties of the stag Aristotle, Virgil, Pliny and Phaedrus all comment on the animal’s 

antlers. Virgil refers to stags, capita alta ferentis | cornibus arboreis (Verg. A. 1.189-90) 

“their heads held aloft with branching antlers”. This topic is also discussed at 

considerable length in Pliny, who remarks on the stag’s antlers in his narration on the 

species: cornua mares habent, solique animalium omnibus annis stato veris tempore 

amittunt;…indicia quoque aetatis in illis gerunt... (Nat. 8.50. 115-116) “The males have 

horns and they alone of all animals lose them at an appointed time in spring every 

year...they also bear evidence of their age on them…”.  

Perhaps antlers were commonly discussed owing to Roman beliefs about their 

characteristics. Pliny suggests that the antlers of stags were particularly useful since 

they possessed medicinal properties: accensi autem utrius libeat odore comitiales morbi 

deprehenduntur “bouts of epilepsy are discouraged by the burnt smell of either horn” 

and singulare abigendis serpentibus odor adusto cervino cornu… (Nat. 8.50.115-118) 

“…the smell from a burnt brown deer horn is something extraordinary in warding off 

serpents”. Phaedrus too concentrates his attention on the antlers of the stag and 

maintains that the stag is unaware of his true assets. The stag has nimble feet but only 

fully appreciates their value after being pursued by a hound; the stag’s antlers prove to 

be his downfall since he catches them in trees and falls victim to hungry dogs (Phaed. 

1.12.9-11).  

An interest in antlers is also emphasised in Aristotle who charts their 

development, οἱ μὲν οὗν ἐνιαύσιοι οὐ φύουσι κέρατα πλὴν ὥσπερ σημείου 
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χάριν ἀρχήν τινα· τοῦτο δ’ ἐστὶ βραχὺ καὶ δασύ. Φύουσι δὲ διετεῖς πρῶτον τὰ 

κέρατα εὐθέα, καθάπερ παττάλους· διὸ καὶ καλοῦσι τότε πατταλίας αὐτούς. 

τῷ δὲ τρίτῳ ἔτει δίκρουν φύουσι, τῷ δὲ τετάρτῳ τραχύτερον· (Arist. H.A. 

8.5.611a31-611b1) “[Stags] do not grow horns in their first year – except as a token for 

the sake of starting, and those first horns are short and rough. After two years stags 

grow straight horns for the first time, and they are just like pegs; for that reason people 

call them two-year stags. In their third year stags grow horns that divide; and in the 

fourth year, horns that are more rugged.” The antlers of the stag seem to have been a 

common starting point when it came to commenting on the animal. However, when we 

delve more deeply into Roman depictions, it appears that some deer characteristics were 

not borrowed from Greek findings. 

Both Pliny and Virgil suggest that deer naturally herd in lines. This tendency is 

not referred to in Aristotle, who stays entirely silent on the issue. Pliny remarks, maria 

trameant gregatim nantes porrecto ordine (Nat. 8.50.114)  “They transverse seas 

swimming in a crowd in a long line”, while Virgil also describes the deer as moving in 

lines one behind another: hos tota armenta sequuntur a tergo et longum per vallis 

pascitur agmen (Verg. A. 1.185-6) “a whole herd followed them at their back and 

foraged throughout the valley arranged in a thin line.”  

Similarities between the accounts of Virgil and Pliny are also evident when we 

compare their understanding of the behaviours of deer under threat.  In Aeneid 7 (500-

502) Silvia’s pet stag has been wounded by Iulus’ arrow and rushes to its mistress’ 

stable in distress; the stag makes for the human surroundings that are familiar to it in an 

attempt to seek protection and pity:  saucius at quadripes nota intra tecta refugit | 

successitque gemens stabulis, questuque cruentus | atque imploranti similis tectum 

omne replebat (Verg. A. 7. 500-502) “But the wounded stag fled inside the well-known 

dwelling and entered its stable moaning; bloodstained it was filling the whole household 
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with lamentation as though it were invoking protection”. Virgil repeats the word 

tecta/tectum which positions the stag in a very human environment and so emphasises 

the fact that the stag has become a tame animal; the stag is obviously used to these 

surroundings and has knowledge of them: nota. Interestingly, Pliny tells us that wild 

deer also have a tendency to seek protection from humans when they are being chased 

by dogs: …placidissimo animalium. urgente vi canum ultro confugiunt ad hominem 

(Nat. 8.50.112) “…[stags] are the most placid of animals. When beset by the violence of 

dogs they flee for help to humankind of their own accord.”  

In Virgil, the tamed stag does not hesitate to return to human care when injured. 

Horsfall (2000: 326ff) comments on refugit in line 500, “…V. plays heavily upon the 

stag’s acquired instincts: The Tyrrhidae have given him a home, and he reacts in kind”. 

However, Virgil does not merely emphasise the stag’s learned behaviours, but also 

indirectly elaborates on the Roman understanding of the stag’s natural instincts. The 

account of Pliny suggests that wild deer are not averse to seeking help from humans 

when under stressful conditions; perhaps Virgil partly chose to include this particular 

detail concerning the tame deer because Romans expected wild deer to turn to human 

protection when under attack. This becomes more intriguing in the light of the 

contrasting statement of Aristotle who asserts that wild deer will often choose to defend 

themselves in their own lairs when under threat, ἔστι δὲ τοῦτο πέτρα ἀπορρώξ, 

μίαν ἔχουσα εἴσοδον, οὗ δὴ καὶ ἀμύνεσθαι ἤδη φασὶν ύπομένουσαν (H.A. 

8.5.611a21-23) “…there is a steep crag, that only has one entrance, where they say that 

the deer stands its ground and resists attack.” The contradiction between the Greek 

understanding of the behaviour of deer and the Roman perspective on the same issue 

suggests that Virgil had utilised Romanised information that was currently accepted in 

Roman society. In an attempt to render a realistic portrayal of the typical deer behaviour 

perhaps Virgil made reference to the most commonly held Roman assumptions about 



 62 

deer. From Pliny’s explanations it appears that Romans considered deer more likely to 

take advantage of human kindness than other wild animals.   

Similar broad concepts relating to deer may be found in both genres, but it 

seems that even the smaller details about deer were being transmitted from antiquarian 

writings into epic works. In some ways, the reference to a deer in Punica 13 echoes 

specific points found in Pliny’s encyclopaedic writing on deer.  For example, Silius 

remarks that the deer had a number of distinguishing features which are not copied from 

the comparative passage in Virgil.
48

 Silius’ deer has a snowy white coat
49

: Cerva fuit, 

raro terris spectata colore, | quae candore nivem, candore anteiret olores (Sil. 13.115-

16) “There was a deer, coloured in a way rarely seen by the world: with the dazzling 

whiteness of snow, it surpassed the whiteness of the swan” and it enjoyed a long 

lifetime: haec, aevi vitaeque tenax felixque senectam | mille indefessos viridem duxisse 

per annos,| saeculorum numero Troianis condita tecta | aequabat; (Sil. 13.126-9) 

“tough and blessed the deer lived through an eternal age of a thousand years, equalling 

in number the generations by which the Trojans had founded their city.” 

It is curious that Pliny also tells us that stags have long lives. He writes that there 

was a certain animal that belonged to Alexander the Great; the stag was found with a 

necklace around its neck that Alexander had put on it a hundred years before (Nat. 

8.50.119). He also records: sunt aliquando et candido colore, qualem fuisse tradunt Q. 

Sertorii cervam quam esse fatidicam Hispaniae gentibus persuaserat… (Nat. 8.50.117) 

“Sometimes deer have bright white coats; they report that the deer of Quintus Sertorius 

was of such a sort, and he had convinced the tribes of Spain that it was prophetic”. 

There seems to be a striking resemblance between information found in Pliny’s and 

Silius’ works.  

                                                 
48

 To some extent Silius modelled his pet deer passage on that of Virgil (Verg. A. 7.483-502). 
49

 White stags were believed to have magical properties (Cooper 2008). 
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When we refer to Aristotle’s thoughts on such details he tells us that deer did not, 

in fact, enjoy a long lifespan. Περὶ δὲ τῆς ζωῆς μυθολογεῖται μὲν ὡς ὢν 

μακρόβιον, οὐ φαίνεται δ’ οὔτε τῶν μυθολογουμένων οὐδὲν σαφές, ἥ τε 

κύησις καὶ ἡ αὔξησις τῶν νεβρῶν συμβαίνει οὐχ ὡς μακροβίου τοῦ ζῷου 

ὄντος (Arist. H.A. 6.29.578b24-6) “Tales are told in myth of its longevity, but the proof 

of such claims has not come to light; indeed the gestation and growth of the young deer 

does not correspond to an animal which has longevity”. In fact, key deer in the modern 

world have an average life-expectancy of only 4.5 years (Lopez 2003: 40), and red deer 

do not normally live beyond 26 years (Putnam 1988: 106). The Roman assessment of 

the deer’s longevity is a Roman mistake that appears to have been spread by the 

transmission of a myth and does not rely on direct observation. Pliny’s account directly 

contests that of Aristotle and we may suggest that Silius was more in line with 

contemporary Roman thoughts than with the ancient Greek view on the subject. It is 

possible that some specifically Roman ideas were being manipulated or transmitted 

from one literary genre to the other; or perhaps there was even an ongoing and mutual 

development between the two types of Roman work in relating to deer and their 

characteristics. 

In his epic Argonautica, Valerius Flaccus also includes a deer passage. Juno 

sends a stag for Hylas to chase and the stag serves as a decoy. Hylas is then submerged 

in a spring by a nymph loyal to Juno.  

 

sic ait et celerem frondosa per avia cervum 

suscitat ac iuveni sublimem cornibus offert. 

ille animos tardusque fugae longumque resistens 

sollicitat suadetque pari contendere cursu. 

credit Hylas praedaeque ferox ardore propinquae 
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insequitur; simul Alcides hortatibus urget 

prospiciens. Iamque ex oculis aufertur uterque, 

cum puerum instantem quadripes fessaque minantem 

tela manu procul ad nitidi spiracula fontis 

ducit et intactas levis ipse superfugit undas.   

 

V.Fl. 3.545-554. 

 

“She spoke thus and drove a nimble stag up through the leafy and remote wood, straight 

into the way of the boy with its majestic antlers. The stag harasses the boy’s spirit by 

coming to a standstill during a long and drawn out escape and urges him to strive on in 

the unrelenting race. Hylas, fierce with passion for the nearby reward, follows it; 

meanwhile the watching Alcides encourages him with exhortations. Now both are 

carried away from view and the boy keeps pursuing while threatening the stag with an 

arrow directed by a tired hand, but the stag leads on far away to a spring with glittering 

water and leaps over the waters without touching them.” 

 

Valerius implicitly displays knowledge of Virgil’s stag episode in the Aeneid 

(7.483-502)
50

 but also adds new characteristics to the deer’s escape, which are not found 

in Virgil’s deer descriptions.
51

  Valerius asserts that the progress of the stag is halted at 

                                                 
50

 cf. Garson 1963: 262.  
51

 Zissos (1999: 290) suggests that Valerius was well aware of the various versions of the Hylas myth, 

and that he mediated between a variety of alternative tales.  Most importantly, Zissos considers the 

relationship between a prophecy made by a seer called Mopsus and the actual circumstances of the 

disappearance of Hylas in Apollonius’ Argonautica (A.R. 1.218-20). In Valerius’ epic Mopsus 

prophesises that Hylas will be lost later in the Argonautica because he goes to fetch water. But in actual 

fact, Hylas disappears when chasing a stag at 3. 545-554. “It seems that the confusion that Mopsus 

generates with his prophecy arises from the fact that his knowledge is not based on a reading of signs and 

omens, but on a reading of Apollonius’ Argonautica” (Zissos 1999: 293). In his work Garson compares 

Apollonius’ version of the Argonautica with that of Valerius and notes that Valerius makes a number of 

changes to the original. Whereas Apollonius makes no mention of a stag being involved in the episode 

Valerius introduced the stag as a decoy (Garson 1963: 260-261). Zissos (1999: 294) argues that Flaccus’ 
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intervals, and suggests that it teases Hylas into pursuing it …ille animos tardusque 

fugae longumque resistens| sollicitat… (V.Fl. 3.547-8) “…the stag harasses the boy’s 

spirit by coming to a standstill during a long and drawn out escape…”. Pliny also 

explains that deer have a tendency to halt in the middle of their escape: et alias semper 

in fuga adquiescunt stantesque respiciunt, cum prope ventum est rursus fugae praesidia 

repetentes: hoc fit intestini dolore tam infirmi ut ictu levi rumpatur intus (Nat. 8.50.113-

114) “…At other times deer always stop in the course of their escape, and, standing still, 

look back. When hunters come near they take flight again; this phenomenon comes 

about owing to pain caused in the gut which is so weak that it is torn at the slightest 

blow”. Aristotle mentions this type of behaviour too and attributes it to some anatomical 

anomaly of the deer: ἐν δὲ τῷ φεύγειν ἀνάπαυσιν ποιοῦνται τῶν δρόμων, καὶ 

ὑφιστάμενοι μένουσιν ἕως ἂν πλησίον ἔλθῃ ὁ διώκων· τότε δὲ πάλιν 

φεύγουσιν. τοῦτο δὲ δοκοῦσι ποιεῖν διὰ τὸ πονεῖν τὰ ἐντός· τὸ γὰρ ἔντερον 

ἔχει λεπτὸν καὶ ἀσθενὲς οὕτως ὥστ’ ἐὰν ἠρέμα τις πατάξῃ, διακόπτεται τοῦ 

δέρματος ὑγιοῦς ὄντος (Arist. H.A. 6.29.579a13-17) “They cease in their escape and 

standing their ground, wait until the hunter comes near; then they run off again. They 

appear to behave in this way owing to some internal strain. For the deer has a slender 

and feeble gut, and if someone were to strike it softly it would break apart – despite the 

skin being untouched.” Perhaps Valerius chose to attribute this behaviour to the teasing 

nature of the deer because it suited his literary intention, but it seems this is an occasion 

where Roman didactic literature seems reliant on the Greek understanding.  

Both Pliny and Valerius mention that deer are particularly skilled at leaping 

away from danger: editos partus exercent cursu et fugam meditari docent, ad praerupta 

ducunt saltumque demonstrant (Plin. Nat. 8.50.113) “They drill their young in escape at 

                                                                                                                                               
inclusion of the stag serves to contradict the prophecy of Mopsus and undermine the trust between the 

reader and the narrator.   
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birth and teach them to practise fleeing. They lead them to steep places and show them 

how to jump.” The account of Valerius also supports the idea that the stag can leap 

impressive distances. The stag manages to escape with his long range jump: intactas 

levis ipse superfugit undas (V.Fl. 3.554) “the stag leaps over the untouched waters with 

light feet”.  

It seems that Lucan also utilised information recorded in Pliny in writing his 

Civil War. In book 4 Lucan describes a hunting scene. 

 

Sic, dum pavidos formidine cervos 

claudat odoratae metuentes aera pinnae, 

aut dum dispositis attollat retia varis, 

venator tenet ora levis clamosa Molossi, 

Spartanos Cretasque ligat, nec creditur ulli 

silva cani, nisi qui presso vestigia rostro 

colligit et praeda nescit latrare reperta, 

contentus tremulo monstrasse cubilia loro. 

 

Luc. 4.437-444. 

  

“Thus the hunter closes the fearful stags in; they are terrified, dreading the scent of the 

tainted feathers until he raises up the nets in varied lines; he shuts the the barking jaws 

of the nimble Molossian pointer and fastens the setters of Sparta and Crete; he does not 

trust any dog except the one who finds the trail with his muzzle pressed to the tracks. 

This dog does not bark when his booty is discovered - instead he is satisfied to have 

pointed out the den by pulling at his collar”. 
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Pliny mentions that the baying of dogs scares deer: fugiunt autem latratu canum 

audito secunda semper aura, ut vestigia cum ipsis abeant (Nat. 8.50.114) “…when the 

barking of dogs is heard [the deer] always use the winds to their advantage so that their 

tracks disappear with them”. It is revealing that Lucan’s hound is trained not to make a 

noise: praeda nescit latrare reperta (Luc. 4.442) the dog “does not think to bark when 

his booty is discovered”. In effect, Lucan reflects the “realism” of a trained hunting dog; 

such detail is nowhere to be found in Aristotle. Once again it seems that there is a strong 

link between the types of knowledge being displayed in Roman encyclopaedic works 

and their Roman epic counterparts.  

Valerius also narrates a hunting scene in book 6 of the Argonautica and suggests 

that the Colchians were relentless in war. Yet it is not the similarity between Roman 

encyclopaedic works and the Roman epic description that is of note here but the 

reference to the hunting dogs as Umbro or Umbrian. 

 

haut moti Colchorum animi: neque mittere parcunt 

tela, set implicitos miseraque in peste revinctos 

confodiunt, ac forma necis non altera surgit 

quam cervos ubi non Umbro venator edaci, 

non pinna petit, haerentes sed cornibus altis 

invenit et caeca constrictos excipit ira. 

 

V.Fl. 6.417-422. 

 

“The Colchians were undisturbed; they did not refrain from throwing their spears but 

transfixed those that they had conquered and ensnared them in wretched destruction. A 

form of murder develops just as when a hunter hunts stags not with his Umbrian hound 
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or with the feather snare, but when he discovers them entangled by their lofty antlers 

and comes across them enmeshed by their blind rage.” 

 

Virgil too makes reference to a further deer hunt in Aeneid 12 and also 

characterises the hunting dogs as Umber. 

 

inclusum veluti si quando flumine nactus 

cervum aut puniceae saeptum formidine pennae 

venator cursu canis et latratibus instat; 

ille autem insidiis et ripa territus alta 

mille fugit refugitque vias, at vividus Umber 

haeret hians, iam iamque tenet similisque tenenti 

increpuit malis morsuque elusus inani est… 

 

Verg. A. 12.749-755.  

 

 “Just like a stag which has stumbled, encircled by some stream or entrapped by the fear 

of purple feathers and has been pressed by the running and barking of the hunting dog; 

afraid of the snares and the high bank, the stag flees and runs back again in a thousand 

directions, but the Umbrian hound, full of life, stays close with gaping jaws and now 

and then he seems to seize it, but cheated he snaps on emptiness with his mouth”. 

 

Paschalis interprets the importance of the term Umber in relation to the context 

of death and the Underworld. “Aeneas presses upon Turnus as an Umbrian hound 

chases a cornered stag. The jaws of the Umbrian hound (‘Vmber…hians’) combine 

Darkness and Yawn. Hunger and Voracity are features of Virgil’s Underworld, and the 
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present scene narrativizes the ‘devouring’ darkness of death. Terms like ‘hio’/‘hiatus’, 

‘fauces’, and ‘guttur’ are shared by hungry animals and gaping Underworld openings or 

monsters; and Darkness and Yawn combine elsewhere only in connection with the 

Underworld. ‘Vmber’ invokes ‘umbra’; its association with Darkness as a component of 

Death has a parallel in the name ‘Vmbro’” (Paschalis 1997: 397).  

The word umber could also be interpreted as a Romanising feature. In his 

Cynegetica, dated to the Augustan period, Grattius refers to the Umbrian hound and 

suggests that it is not the best hound to use in the actual kill of the hunt; instead its 

strength lies in following the scent of the prey. at fugit adversos idem quos repperit 

hostes | Umber: quanta fides utinam et sollertia naris, | tanta foret virtus et tantum 

vellet in armis! (Grat. 171-173) “The same Umbrian dog flees from the enemies which 

it has previously sniffed out. If only the dog had as much courage as he possesses 

faithful tendencies and a clever nose!”  

From Grattius’ account it seems that the Umbrian hound was not a breed 

renowned for its bravery. There appears to be a very real contradiction in the Roman 

encyclopaedic and Roman epic interpretations of the hound. Grattius tells us that the 

Umbrian is scared of facing its enemies while Virgil describes the dog as vicious and 

bloodthirsty, at vividus Umber | haeret hians (Verg. A. 12.753-754) “but the Umbrian 

hound, full of life, stays close with gaping jaws”. In fact, Grattius (199-206) suggests 

that a range of other breeds are more suited to the tracking and kill of the hunt. He 

praises swift Sycambrian and Petronian hounds that make excellent sniffer dogs.  

It seems that the two epic references to Umbrian hounds do not take account of 

the suitability of the hound to the chase; instead the Umbrian hound is added as a 

Romanising touch. Here, both Virgil and Flaccus have departed from the Greek 

tradition of mentioning specifically Greek dogs – such as the frequently referred to 

Molossian or Spartan hounds. Both authors could have described more suitable Roman 
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dogs but it seems that realism has been sacrificed. In these descriptions Virgil and 

Flaccus see deer hunts from a characteristically Romanised perspective. 

 

3.2 The Deer: Wild or Tame? 

 

The most powerful depictions of deer in Roman epic (or at least those that have sparked 

the greatest interest), are arguably those contained within the Aeneid. In Aeneid 4 Dido 

is compared to a deer, wounded by love for Aeneas.  

 

uritur infelix Dido totaque vagatur 

urbe furens, qualis coniecta cerva sagitta, 

quam procul incautam nemora inter Cresia fixit 

pastor agens telis liquitque volatile ferrum 

nescius:  illa fuga silvas saltusque peragrat  

Dictaeos; haeret lateri letalis harundo. 

 

Verg. A. 4.68-73. 

 

“The unfortunate Dido burns, out of her mind as she roams the whole city, just as when 

a deer is pierced by an arrow, which a shepherd hunting with javelins has struck from 

afar when she was unheeding among the woods of Crete, but the unaware shepherd 

leaves the flying barb in her. The deer staggers through the forests and the thickets of 

Mount Dicte in escape, but the deadly shaft is buried deep in her flank.”   

 

Otis suggests that Virgil has combined two passages from Homer and 

Apollonius in his reworking of the deer motif.  “…in Virgil the simile is a device for 
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heightening or placing his [Virgil’s larger scheme of] motifs. The wounded deer simile 

is an excellent case in point. Its origin, despite the doubts of some commentators, seems 

clear enough. Virgil here, as elsewhere, is reworking Apollonius by combining him with 

Homer and by adapting both to his own purpose” (Otis 1964: 72-73). As Otis suggests it 

seems reasonable to draw a connection between Homer’s stag simile, the episode in 

Apollonius and the deer passage in Aeneid 4. 

 

εὗρον ἔπειτ’  Ὀδυςῆα διίφιλον· ἀμφὶ δ’ἄρ’ αὐτὸν 

Τρῶες ἕπονθ’ ὡς εἴ τε δαφοινοὶ θῶες ὄρεσφιν 

ἀμφ’ ἔλαφον κεραὸν βεβλημένον, ὅν τ’ ἔβαλ’ ἀνὴρ 

ἰῷ ἀπὸ νευρῆς· τὸν μέν τ’ ἤλυξε πόδεσσι 

φεύγων, ὄφρ’ αἷμα λιαρὸν καὶ γούνατ’ ὀρώρῃ· 

αὐτὰρ ἐπεὶ δὴ τὸν γε δαμάσσεται ὠκὺς ὀϊστός, 

ὠμοφάγοι μιν θῶες ἐν οὔρεσι δαρδάπτουσιν 

ἐν νέμεϊ σκιερῷ· ἐπί τε λῖν ἤγαγε δαίμων 

σίντην· θῶες μέν τε διέτρεσαν, αὐτὰρ ὁ δάπτει· 

ὥς ῥα τότ’ ἀμφ’ Ὀδυςῆα δαϊφρονα ποικιλομήτην 

Τρῶες ἕπον πολλοί τε καὶ ἄλκιμοι, αὐτὰρ ὅ γ’ ἥρως 

ἀϊσσων ῷ ἔγχει ἀμύνετο νηλεὲς ἦμαρ. 

 

Hom. Il. 11. 473-84. 

 

“Then they found the one dear to Zeus, Odysseus. The Trojans gathered about him just 

as blood red jackals in the hills strike the antlered stag, a stag which a man has struck 
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with an arrow from a bowstring. The stag has fled from him with his hooves; for as long 

as his blood was warm the stag’s knees were stirred onward, but when the swift arrow 

has worn him down the jackals that eat raw flesh devour him in the mountains and in 

the shady grove. But a divine spirit leads a ravenous lion to that place; the jackals run 

away, but the lion feasts on the stag. In just such a way the many and courageous 

Trojans toiled around the clever Odysseus full of wiles, but the hero warded off the 

pitiless day with the glance of his spear.” 

 

It is equally worthwhile to consider Virgil’s deer motif in the context of this 

passage from Apollonius: 

 

τῇ δ’ ἀλεγεινότατον κραδίῃ φόβον ἔμβαλεν Ἥρη, 

τρέσσεν δ’ ἠύτε τις κούφη κεμὰς ἥν τε βαθείς 

τάρφεσιν ἐν ξυλόχοιο κυνῶν ἐφόβησεν ὁμοκλή· 

αὐτίκα γἀρ νημερτὲς ὀίσσατο μή μιν ἀρωγήν 

ληθέμεν, αἶψα δὲ πᾶσαν ἀναπλήσειν κακότητα· 

 

A.R. 4.11-15. 

 

“Hera struck Medea’s heart with the most stricken anxiety; just like a swift fawn which 

the bark of dogs has terrified in the copse of a deep grove. She immediately feared for 

the help that had not escaped the notice of her father and quickly feared that all else 

would be overpowered with wickedness.” 

 

Although Otis is right to point out the similarities between these passages there 

are also significant differences. In Homer, the narrative involves not only the wounded 
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stag, but also jackals and a lion. Predator and prey in Homer are both depicted in their 

natural confines. The jackals roam in the hills and focus their attention on the stag; 

meanwhile the lion scares the scavengers away and fulfils expectations of its predatory 

behaviour. In short, Homer not only concentrates his attention on the stag as a victim 

but also observes the hierarchy of the natural world and portrays how what was once a 

scavenger in the role of predator may just as quickly become a scavenger in the role of 

victim.  

Homer’s depiction of the stag is relatively brief; the reader is merely informed 

that the stag is injured and that it initially escapes from harm owing to its endurance. 

ὄφρ’ αἷμα λιαρὸν καὶ γούνατ’ ὀρώρῃ· (Hom. Il. 11.477) “for as long as his blood 

was warm the stag’s knees were stirred onward.” It is the contest between the wild 

animals that is the most descriptive part of the simile.  

All the accounts emphasise that the deer or stag is under threat in a countryside 

environment. The woodland setting is maintained throughout: In Homer, the jackals are 

defined twice as a hillside species; they are δαφοινοὶ θῶες ὄρεσφιν (Hom. Il. 11.474) 

“blood red jackals in the hills” and they disembowel their victim in the woodlands, ἐν 

νέμεϊ σκιερῷ· (Hom. Il. 11.480) “in the shady grove.” In Apollonius too, the deer is 

pursued in a forest environment, βαθείς| τάρφεσιν ἐν ξυλόχοιο (A.R. 4.12-13) “in 

the copse of a deep grove.” Even in Virgil, the deer is shot by a shepherd nemora inter 

(Verg. A. 4.70) “among the woods”; she not only flees but also attempts to escape under 

the cover of dense woodland silvas saltusque peragrat (Verg. A. 4.73) “the deer 

staggers through the forests and the thickets.” 

Homer transfers focus from Odysseus to the wild environment in quick 

succession, but Virgil sets his version of the deer passage more explicitly in an urban 

context. Immediately preceding the deer simile in Aeneid 4 the reader is presented with 

a picture of Dido wandering through the city uritur infelix Dido totaque vagatur urbe 
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furens (Verg. A. 4.68-69) “The unfortunate Dido burns, she roams through the whole 

city out of her mind.” Unlike the deer episodes in Homer and Apollonius, Virgil’s 

version of the deer hunt is introduced within a specifically urban environment. The 

unfortunate Dido is a victim in a similar sense to the deer yet she is portrayed rushing 

through the city while the deer is depicted fleeing through a wooded environment. This 

rapid change in location perhaps reminds us of human infringement on nature.  

The wild predator versus prey complex of Homer has been lost in Virgil; instead 

the reader of Virgil is introduced to the forest landscape of the deer only after being 

reminded of the very artificial environment of mankind. Even at the end of Virgil’s deer 

episode, the reader is immediately plunged back into the urban environment when Dido 

shows Aeneas the confines of her kingdom: nunc media Aenean secum per moenia ducit 

| Sidoniasque ostentat opes urbemque paratam,... (Verg. A. 4.74-75) “Now she leads 

Aeneas through the city walls with her and she points out her Sidonian riches and the 

city”. Although Apollonius introduces his simile in reference to the emotions of Medea 

she is not described as being in the city immediately preceding and/or following the 

reference. Apollonius does not emphasise Medea’s location but concentrates on the 

turbulent emotions that she is subjected to. The place of human in relation to the 

situation of wild animal is perhaps most explicitly prevalent in Virgil’s version of the 

deer simile. 

In Aeneid 7 Virgil manipulates the image of the deer once again when Iulus 

shoots Silvia’s pet stag. 

 

cervus erat forma praestanti et cornibus ingens, 

Tyrrhidae pueri quem matris ab ubere raptum 

nutribant Tyrrhusque pater, cui regia parent  

armenta et late custodia credita campi. 
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adsuetum imperiis soror omni Silvia cura  

mollibus intexens ornabat cornua sertis, 

pectebatque ferum puroque in fonte lavabat. 

ille manum patiens mensaeque adsuetus erili 

errabat silvis rursusque ad limina nota 

ipse domum sera quamvis se nocte ferebat. 

hunc procul errantem rabidae venantis Iuli 

commovere canes, fluvio cum forte secundo  

deflueret ripaque aestus viridante levaret. 

ipse etiam eximiae laudis succensus amore 

Ascanius curvo derexit spicula cornu; 

nec dextrae erranti deus afuit, actaque multo 

perque  uterum sonitu perque ilia venit harundo. 

saucius at quadripes nota intra tecta refugit 

successitque gemens stabulis, questuque cruentus  

atque imploranti similis tectum omne replebat.   

 

Verg. A. 7.483-502. 

 

“The stag was powerful and beautiful with excellent antlers; it had been seized from the 

teats of its mother. The father Tyrrhus and his sons reared it - Tyrrhus cared for the 

royal herd and was even entrusted with the guarding of the expansive site. His sister 

Silvia lavished all types of care on the stag, and it was well accustomed to her calls, she 

adorned it weaving its horns with soft garlands, grooming and washing the wild animal 

in a clear spring. The stag became used to trusting the human touch and it gained 

confidence at its mistress’ table; it wandered through the dells and back again to the 



 76 

door it knew well - returning to the household at a late hour in the night. This stag the 

vicious dogs of hunting Iulus startled as it was wandering far; when by chance it had 

floated down on the river and was resting from the heat on the green bank. Burning with 

desire of renown, Ascanius himself aimed his arrows from a curved bow. A god was 

present and guided his right hand: once it was driven into swift motion the stake 

plunged through the flank and the innards of the stag. The wounded stag fled inside the 

well-known dwelling and entered its stable moaning; bloodstained it was filling the 

whole household with lamentation as though it were invoking protection.” 

 

In this Virgilian episode the location of the deer is constantly changing. 

Captured from the wilds, quem matris ab ubere raptum (Verg. A. 7.484) “it had been 

seized from the teats of its mother”. The stag is then cared for in a domestic 

environment by Silvia; the stag was apparently accustomed to come to the table of its 

mistress, ille manum patiens mensaeque adsuetus erili (Verg. A. 7. 490) “The stag 

became used to trusting the human touch and it gained confidence at its mistress’ table”. 

It seems that the stag in Aeneid 7 was equally at home in the woods and in man’s 

domain: errabat silvis rursusque ad limina nota| ipse domum sera quamvis se nocte 

ferebat (Verg. A. 7.491-2) “it wandered through the dells and back again to the door it 

knew well - returning to the household at a late hour in the night”. Unlike the Homeric 

passage (Il. 11.473-81, quoted above), this is not an episode that deals almost solely 

with the relationship between predator and prey in the wilds. Vance (1981: 127) 

explains how the original wildness of the stag in Aeneid 7 has been perverted by its 

human carers: “The nourishment of this deer by the custodians of the royal herds 

suggests further that the art of husbandry described in Georgic 3 has been directed 

toward an improper end and that such impropriety carries a potential for unwelcome 

political consequences.”     
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Silius also experiments with wild and domestic spheres in his deer description. 

 

Cerva fuit, raro terris spectata colore, 

quae candore nivem, candore anteiret olores. 

hanc agreste Capys donum, cum moenia sulco 

signaret, grato parvae mollitus amore, 

nutrierat sensusque hominis donarat alendo. 

inde exuta feram docilisque accedere mensis 

atque ultro blanda attactu gaudebat erili. 

aurato matres assuetae pectine mitem 

comere et umenti fluvio revocare colorem. 

numen erat iam cerva loci; famulamque Dianae 

credebant, ac tura deum de more dabantur. 

haec, aevi vitaeque tenax felixque senectam 

mille indefessos viridem duxisse per annos, 

saeclorum numero Troianis condita tecta 

aequabat; sed iam longo nox venerat aevo. 

nam, subito incursu saevorum agitata luporum, 

qui noctis tenebris urbem – miserabile bello 

prodigium – intrarant, primos ad luminis ortus 

extulerat sese portis pavidaque petebat 

consternata fuga positos ad moenia campos. 

exceptam laeto iuvenum certamine ductor 

mactat, diva, tibi - tibi enim haec gratissima sacra-         

Fulvius atque “adsis,” orat, “Latonia, coeptis”. 
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Sil. 13.115-137.  

  

“There was a deer, coloured in a way rarely seen by the world: with the dazzling 

whiteness of snow, it surpassed the whiteness of the swan. When Capys marked out the 

city walls with furrows he was softened by the grateful love of that small creature; the 

gift of the wilds. Training it, Capys reared the animal and gave it perceptions of 

humankind. Then, drawn away from wildness and easily taught to approach the table of 

its master, the deer loved his gentle touch. The matrons were well used to grooming the 

deer with a golden comb and cleaning its coat with running water – now the deer was 

the deity of the place. The people believed the tale about Diana and according to their 

custom they gave incense to it as a god; tenacious of life and time the blessed deer lived 

through a youthful age of a thousand unfatigued years - equalling in number the 

generations by which the Trojans had founded their city. However, now the night had 

advanced on its long lifespan; it was suddenly driven away by the approach of savage 

wolves that entered the city under the cover of shadowy night – a wretched omen in war. 

The panicked deer left through the gates at the first light of dawn and in a state of alarm 

it sought the fields lying near the city walls. The young men caught it in a sporting 

contest and their leader Fulvius gutted it, for you goddess – for you there was this most 

pleasing sacrifice. Fulvius begged the goddess, “Latonia, stand by me””. 

Although Silius has obviously modelled his deer passage in Punica 13 on the 

stag episode in Aeneid 7 (Verg. A. 483-502, quoted above),
52

 there is a significant 

conceptual difference between the two versions. The stag in Aeneid 7 chooses to go out 

into the woods despite being tame; it leaves the city of its own accord. But in the Punica, 

the deer (similarly tamed) is actually driven out of the city by wolves. The fact that the 

wolves actually enter the confines of the city is particularly revealing. In Homer (Il. 
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 See Pomperoy 2000: 151 on Silius’ admiration for Virgil. Silius was a particular fan of Virgil and 

Cicero – he celebrated Virgil’s birthday and went on pilgrimages to his shrine.   
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11.473-84) the focus is on the hierarchy of the natural world, in Aeneid 4 (Verg. 68-73) 

Virgil sets a topographical contrast between the urban environment of Dido and the 

wooded setting of the deer, in Aeneid 7 Virgil blurs the boundaries between wild and 

domestic settings and allows the stag to wander freely (Verg. A. 7. 483-502), and finally 

in Punica 13 (115-137) Silius brings a representation of the wild predator (the wolf) 

into the urban setting of the city. It seems that Silius’ deer has learned not to go into the 

woods of its own accord but has to be forced to do so by a malignant wild force. 

Perhaps we can even speculate that Silius’ deer has learned from the negative 

intertextual example of Virgil’s deer. 

In Virgil’s day it seems that the attempt to categorise wild animals was an 

ongoing one.
53

 Vance (1981: 128) argues “recent classical scholarship has made it clear 

that domesticity and wildness in the animal kingdom were held to be distinct and 

opposed categories among Virgil’s Greek forebears and his contemporaries”. However 

the qualification of wildness over domestic still seems to be one of some debate when 

we scrutinise the writings of Pliny. In the case of hares Pliny demonstrates that the 

distinction is not always an easy one to make: Hi mansuescunt raro, cum feri dici iure 

non possint: conplura namque sunt nec placida nec fera, sed mediae inter utrumque 

naturae, ut in volucribus hirundines, apes, in mari delphini. quo in genere multi et hos 

incolas domuum posuere mures… (Nat. 8.82.220-221) “These animals (hares) do not 

often grow tame - but it is not right for them to be called truly wild – for there are a 

multitude of animals that are neither tame nor wild, but somewhere in the middle. For 

example the winged species such as swallows and bees, and dolphins in the sea; many 

people have even placed house mice in this category…”.  

It seems that Pliny’s understanding of what it meant to be wild was somewhat 

more insightful than the definition discussed by Aristotle. Aristotle provided a more 
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rigid description of the differences between the two states. Καὶ τὰ μὲν νυκτερόβια, 

οἷον γλαύξ, νυκτερίς, τὰ δ’ ἐν τῷ φωτὶ ζῇ. ἔτι δ’ ἥμερα καὶ ἄγρια, καὶ τὰ μὲν 

ἀεὶ [οἷον ἄνθρωπος καὶ ὀρεὺς ἀεὶ ἥμερα, τὰ δ’] ἄγρια, ὥσπερ πάρδαλις καὶ 

λύκος· τὰ δὲ καὶ ἡμερροῦσθαι δύναται ταχύ, οἷον ἐλέφας·[ἔτι ἄλλον τρόπον·] 

πάντα γὰρ ὅσα ἥμερά ἐστι γένη, καὶ ἄγριά ἐστιν, οἷον ἵπποι, βόες, ὕες, 

ἄνθρωποι, πρόβατα, αἶγες, κύνες (H.A. 1.1. 488a26-32) “Some animals are 

nocturnal such as the owl and the bat while others live in the light of day. As yet, some 

are tame and some are wild. Some are always tame (such as humans and mules), and 

others are always wild (such as the panther and the wolf). Some are able to be tamed 

quickly - such as the elephant; for as many animals that there are wild there are just as 

many that are tame - such as horses, cows, pigs, men, sheep, goats and dogs.” 

Pliny is not the only Roman writer to discuss the definition of animals; Plutarch 

too shows a concern to divide animals into their correct categories, Οὐκ ἀγνοῶ δ’ ὅτι 

<τὸ> τῶν παραδειγμάτων ύμῖν φανεῖταί τι ποικίλον· (Plu. 970 E) “I do not 

overlook the fact that my examples seem rather random.” In the Moralia Plutarch deems 

it necessary to explain that he has not adhered to categorising animals by size. Instead, 

Plutarch makes it clear that he has arranged his writings in order to emphasise the 

shared traits of particular animals. Οἶμαι δὲ μὴ ἄκαιρος ύμῖν φανεῖσθαι τοῖς 

μύρμηξιν ἐπεισάγων τούς ἐλέφαντας, ἵνα τοῦ νοῦ τὴν φύσιν ἔν τε τοῖς 

μικροτάτοις ἅμα καὶ μεγίστοις σώμασι κατανοήσωμεν... (Plu. 968B) “I 

imagine it might seem inopportune to you that I am introducing elephants after ants, but 

it is so that we may observe the nature of thought in the smallest and biggest bodies at 

the same time”. Plutarch’s comments show that he was not only defining animals by 

their outward appearences but also by their mental capabilities. While Roman authors 
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had a tendency to anthropomorphise animals it appears that some were capable of 

drawing on the nuances of creatures’ attributes; they were considering the complexities 

of wild and tame categorisations, observing animal behaviours and not merely listing 

animals by external appearances. 

It appears that Pliny has given some thought to the nature of wildness in 

opposition to domesticity, and that Plutarch understood the difficulties of qualifying 

certain species into complex categorisations. Pliny recognised and adhered to 

conceptual boundaries between wild and domestic animals but did not simply rely on 

the findings of previous natural historians such as Aristotle in relation to this topic. 

Aristotle does suggest that there are wild and tame versions of the same animal, but 

Pliny introduces an entirely new depth of comprehension with his more nuanced 

comment. Unlike Aristotle, Pliny explicitly allows that there is a third category of 

variations in what it means to be domesticated. conplura namque sunt nec placida nec 

fera, sed mediae inter utrumque naturae (Nat. 8.82.220) “For there are a multitude of 

animals that are neither wild nor tame, but somewhere in the middle”.  

Interestingly, Gaius gives us even more insight into the way that Romans 

defined wildness and usefully theorises on the status of the deer:   

 

Pavonum et columbarum fera natura est nec ad rem pertinet, quod ex consuetudine 

avolare et revolare solent: nam et apes idem faciunt, quarum constat feram esse 

naturam: cervos quoque ita quidam mansuetos habent, ut in silvas eant et redeant, 

quorum et ipsorum feram esse naturam nemo negat. in his autem animalibus, quae 

consuetudine abire et redire solent, talis regula comprobata est, ut eo usque nostra esse 

intellegantur, donec revertendi animum habeant, quod si desierint revertendi animum 

habere, desinant nostra esse et fiant occupantium.  
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Gaius, dig. 41.1.5.5. 

 

“The wild nature of peacocks and doves is not pertinent, because they are accustomed 

by habit to fly away and fly back: for bees do the same thing, and it is agreed that their 

nature is wild; and some people have deer that have become so tame that they go into 

the woods and return, and no one denies that their nature is wild. For these animals, 

which are accustomed by habit to go away and return, the following rule (regula) has 

been approved, that they are understood to be our property so long as they have the 

mental instinct to return, but that if they cease to have the instinct of returning, they 

cease to be our property and become the property of the first to seize them. They are 

understood to have ceased to have their instinct of returning at the time when they have 

abandoned the habit of returning (revertendi consuetudinem)”.
54

  

 

Starr has shown how important this definition of wild and tame in Roman law is 

to the passage on deer in Aeneid 7. “A wild animal, is res nullius, the property of no one. 

It belongs to me when I take physical possession of it (occupatio) and generally stops 

belonging to me when it escapes from my physical possession. Here, then, possession is 

virtually synonymous with ownership” (Starr 1992: 438). When we apply these findings 

to Silvia’s deer in Aeneid 7 it seems that Ascanius would have been guilty of harming 

the property of another in the legal sense. Because Silvia’s stag consistently returned to 

Silvia the Romans would have considered that the stag concerned was tame and 

therefore a possession belonging to Silvia. Starr points out that Virgil emphasises the 

tame nature of the deer by using imperfects to highlight the continuous nature of care 

given to the animal and the way in which it faithfully returned again and again to its 

mistress (Starr 1992: 439).  
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Concentrating specifically on the role of Silvia’s stag in Aeneid 7 the themes of 

domesticity and wildness have been carefully examined by Vance. Vance (1981: 127-38) 

considers the perversion of the stag’s wildness by the Latins in Aeneid 7 and 

summarises his argument “My purpose here is to suggest that this episode, brief though 

it is, illustrates Virgil’s most basic assumptions about the binary opposition between 

domesticity and wildness, and, by extension, the opposition between the civilization of 

man and the condition of savage nature.” Vance considers the larger relevance of the 

subject to the previous works of Virgil; he asserts that the rules of effective husbandry 

once established in the Georgics have been ignored and transgressed in the Aeneid 7 

deer passage. “Virgil is incorporating the moral doctrines of the Georgics into the 

historical trajectory of epic, where such doctrines succumb” (Vance 1981: 134). The 

concept of pet possession and the subsequent attack on Silvia’s deer plays a crucial role 

in Virgil’s Aeneid.  

In effect, Allecto incites war by encouraging the hounds of Ascanius to chase 

Silvia’s pet stag. If Ascanius had been aware of the stag’s tameness he would not have 

been so likely to shoot it, and war might have been avoided. As it is, Virgil has the 

herdsmen gather in anger for revenge. By allowing the definition of the stag’s status to 

become blurred, Virgil shows how disaster may result from confusing boundaries 

between wild and tame.
55

   

It seems that there was also a comparative interest in the process of 

domesticating a wild animal in Roman epic. In their references to deer both Virgil (A. 

7.490) and Silius (13.120-21) detail the care lavished on the increasingly domesticated 

animals. Vance (1981: 127) comments that Silvia’s behaviour towards the stag is overly 

extravagant “…this deer had become the object of Silvia’s most indulgent love and care. 

She had decorated its splendid antlers, which are its natural weapons for defense in a 

                                                 
55

 See Griffin 1985: 170-171 for further discussion of the death of Silvia’s deer as a convincing casus 

belli. 



 84 

habitat of wildness”. It seems that both epic writers were anxious to experiment with 

and comment on the behaviour of wild animals in domestic situations.  

Meanwhile Amat (2002: 189) has discussed the decoration of stags and suggests 

that such epic descriptions were not without precedent. Apparently, Alexander the Great 

adorned stags with necklaces of gold and Calpurnius Siculus refered to such practices in 

ekphrasis (Ecl. 6. 37- 41). The Romans were not alone in keeping pet deer; a chous 

dated to 425-420 BC depicts a boy riding a deer (Berlin, Antikensammlung F2419), and 

another dated to 420-410 BC represents a fawn wearing a halter.
56

  

Despite the fact that the Greeks after Homer obviously kept pet deer it seems 

that they did not refer to the animals as pets in epic. In contrast, Roman writers such as 

Siculus and Ovid make reference to deer that are decorated; the stag of Siculus even 

carries a talisman (Amat 2002: 190).  

In the Metamorphoses, Ovid also makes reference to deer adornment in the myth 

of Cyparissus. namque sacer nymphis Carthaea tenentibus arva | ingens cervus erat 

lateque patentibus altas | ipse suo capiti praebebat cornibus umbras; | cornua fulgebant 

auro, demissaque in armos | pendebant tereti gemmata monilia collo; | bulla super 

frontem parvis argentea loris | vincta movebatur parilique aetate, nitebant | auribus e 

geminis circum cava tempora bacae. | isque metu vacuus naturalique pavore | deposito 

celebrare domos mulcendaque colla | quamlibet ignotis manibus praebere solebat (Ov. 

Met. 10. 109-119) “For there was a stately stag, hallowed to the nymphs who dwelt in 

the Carthaginean countryside; his stretching antlers offered deep shade to his own head. 

Those same antlers shone with gold and a gem encrusted necklace hung on his 

shoulders down from his smooth neck; a silvery locket, worn there from young age, 

swayed on thin thongs from above his forehead, and from both ears about his hollow 

temples there dangled pearls. He, free of fear and devoid of natural timidity, visited the 
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abodes of men and was accustomed to offer his charming neck to the hands of 

strangers.” 

Amat (2002: 190) suggests that Romans even gilded the horns of pet stags. 

Martial in an epitaph also refers both to the Cyparissus myth and to the stag of Silvia. 

Hic erat ille tuo domitus, Cyparisse, capistro. | An magis iste tuus, Silvia, cervus erat? 

(Mart. 13.96) “Was this stag the one tamed by your bridle, Cyparissus? Or was that stag 

yours, Silvia?”  

The Romans began to turn deer into decorative objects and tested the limits of 

wild animal behaviour. Virgil, Silius and Ovid explored the nature of wildness, 

domestication and the decoration of deer in their works. When we take into account the 

evidence for deer adornment it seems that the Romans expected and demanded 

entertainment from wild animals both in the real world and in a variety of literary 

formats. Virgil, Silius Italicus and Varro refer to the behaviour of animals and the way 

in which they were cared for or put on show. To some extent, all must have written 

about wild animals in captivity in order to shock the reader with their extravagant 

similes and entertaining accounts of reality. However, their accounts were not entirely 

fantasy but were based on the decadent yet realistic treatment of domesticated deer.  

Amat asserts that the pet stag was very much a real element in rich households 

but also emphasises that deer were frequent victims in the hunt. “Malgré ses rares 

qualities, le cerf n’en est pas moins l’animal le plus chassé, après le lièvre”, “In spite of 

its unusual qualities, the stag was nevertheless the most hunted animal, after the hare” 

(Amat 2002: 189). It appears that deer had a two-fold role in Roman consciousness; it 

was both decorated and hunted. Roman epic problematises these concepts and exploits 

the boundaries between wild and tame for tragic effect. 

 

3.3 The Conscious Deer? 
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Over time there was a noticeable shift in the representation of deer.  Homeric references 

often concentrate on the role of the hunting action rather than on the behaviour of the 

victim of the chase. The wild deer is considered as a one dimensional creature that 

serves no other purpose than to be hunted. 

 

τῇσι δὲ Ναυσικάα λευκώλενος ἄρχετο μολπῆς. 

οἵη δ’ Ἄρτεμις εἶσι κατ’ οὔρεα ἰοχέαιρα, 

ἢ κατὰ Τηϋγετον περιμήκετον ἢ Ἐρύμανθον, 

τερπομένη κάπροισι καὶ ὠκείῃς ἐλάφοισι· 

τῇ δέ θ’ ἅμα νύμφαι, κοῦραι Διὸς αἰγιόχοιο, 

ἀγρονόμοι παίζουσι·   

 

Hom. Od. 6.101-106. 

 

“White armed Nausikaa led the dance; just as Artemis shoots arrows along the 

mountains either from Taÿgetos or on lofty Erymanthos, delighting in boars and swift 

footed deer. At the same time her Nymphs, maidens of Zeus of the aegis, play in the 

countryside.” 

 

In the above reference from the Odyssey, wild deer are simply represented as 

creatures that flee. The awareness of the deer is not called into question and the animal 

merely provides entertainment for the pursuer. 

The wild deer is also the victim of the chase in Iliad 10. 
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ἀλλ’ ὅτε δή ΄ῤ ἄπεσαν δουρηνεκὲς ἢ καὶ ἔλασσον, 

γνῶ ΄ῤ ἄνδρας δηϊους, λαιψηρὰ δὲ γούνατ’ ἐνώμα 

φευγέμεναι· τοὶ δ’ αἶψα διώκειν όρμήθησαν. 

ὡς δ’ ὅτε καρχαρόδοντε δύω κύνε, εἰδότε θήρης, 

ἢ κεμάδ’ἠὲ λαγωὸν ἐπείγετον ἐμμενὲς αἰεὶ 

χῶρον ἀν’ ὑλήενθ’, ὁ δέ τε προθέῃσι μεμηκώς, 

ὣς τὸν Τυδεϊδης ἠδ’ ὁ πτολίπορθος Ὀδυσσεὺς 

λαοῦ  ἀποτμήξαντε διώκετον ἐμμενὲς αἰεί. 

 

Hom. Il. 10.357-364  

 

“But when the spear’s throw became less, he saw that they were enemy men, and stirred 

his knees rapidly to escape; those men quickly darted after him in pursuit. Just as when 

two dogs with sharp teeth have caught sight of a wild beast, a young deer or a hare, and 

they are stirred on unceasing, always through the gaps in the trees, but the deer runs 

ahead crying, just so the son of Tydeus and Odysseus sacker of cities pursued him, 

cutting him off from his people.” 

 

In this reference the wild deer recognises that it is under threat and its 

consciousness is subtly implied. The deer not only attempts to escape but it reacts 

emotionally to the stimulus of the chase and shrieks:  ὁ δέ τε προθέῃσι μεμηκώς 

(Hom. Il. 10.362) “the deer runs ahead crying”.  

In his deer references, Homer sometimes referred to the suffering of animals that 

had been wounded. In one passage in the Odyssey, Odysseus spears a wild boar. The 
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boar is afforded a much fuller role in the action than the deer in any of the previous 

Homeric extracts. 

 

ὁ δ’ ἄρα πρώτιστος Ὀδυσσεὺς 

ἔσσυτ’ ἀνασχόμενος δολιχὸν δόρυ χειρὶ παχείῃ, 

οὐτάμεναι μεμαώς · ό δέ μιν φθάμενος ἔλασεν σῦς 

γουνὸς ὕπερ, πολλὸν δὲ διήφυσε σαρκὸς ὀδόντι 

λικριφὶς ἀίξας, οὐδ’ ὀστέον ἵκετο φωτός. 

τὸν δ’ Ὀδυσεὺς οὔτησε τυχὼν κατὰ δεξιὸν ὠμον, 

ἀντικρὺ δὲ διῆλθε φαεινοῦ δουρὸς ἀκωκή· 

κὰδ δ’ ἔπεσ’ ἐν κονίῃσι μακών, ἀπὸ δ’ἔπτατο θυμός.  

 

Hom. Od. 19.447-454. 

 

“First Odysseus rushed forward holding up his long spear in his bulky hand, eager to 

lash out, but the wild boar pushed over his knee and ripped much of his flesh, moving 

fast sideways, with its tusk, but did not touch the bone of the man. Then Odysseus hit it 

on the right shoulder and the tip of the gleaming spear went through it. Shrieking it fell 

in the dust and its spirit flew away”. 

 

Just as revealing is the point at which Odysseus hunts down and kills a stag. 

 

ἀλλ’ ὅτε δὴ σχεδὸν ἦα κιὼν νεὸς ἀμφιελίσσης,  

καὶ τότε τίς με θεῶν ὀλοφύρατο μοῦνον ὲόντα, 

ὅς ῥά μοι ὑψίκερων ἔλαφον μέγαν εἰς ὁδὸν αὐτὴν 
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ἦκεν · ὁ μὲν ποταμόνδε κατήϊεν ἐκ νομοῦ ὕλης 

πιόμενος · δὴ γάρ μιν ἔχεν μένος ἠελίοιο. 

τὸν δ’ ἐγὼ ἐκβαίνοντα κατ’ ἄκνηστιν μέσα νῶτα 

πλῆξα · τὸ δ’ ἀντικρὺ δόρυ χάλκεον ἐξεπέρησε, 

κὰδ δ’ ἔπεσ’ ἐν κονίῃσι μακών, ἀπὸ δ’ἔπτατο θυμός.  

 

Hom. Od. 10.156-163. 

 

“But moving on, as I was near to the curved vessel, a certain god felt compassion for me 

since I was alone and placed a huge stag with lofty antlers on my route. He had come 

from his region of the forest to the river for a drink, for the blaze of the sun had affected 

him. When he ventured forward I struck him at the middle point of his back, in the spine. 

The full impact of the spear forged through. Shrieking he fell in the dust and his spirit 

flew away.”  

 

When we compare these two Homeric extracts, we can see that the suffering of 

the wild animals is described in a highly formulaic format. The descriptions of the 

suffering deer and the wild boar are identical: κὰδ δ’ ἔπεσ’ ἐν κονίῃσι μακών, ἀπὸ 

δ’ἔπτατο θυμός57 “Shrieking it fell in the dust and its spirit flew away.”  

In Apollonius’ Argonautica the wild deer is afforded a similarly brief 

description when it is compared to Medea’s trepidation: τρέσσεν δ’ ἠύτε τις κούφη 

κεμάς ἥν τε βαθείς | τάρφεσιν ἐν ξυλόχοιο κυνῶν ἐφόβησεν ὁμοκλή· | 

αὐτίκα γὰρ νημερτὲς ὀίσσατο μή μιν ἀρωγήν | ληθέμεν (A.R. 4.12-15) “just 

like a swift fawn which the bark of dogs has terrified in the copse of a deep grove she 
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immediately feared for the help that had not escaped the notice of her father”. The 

adjectives applied are not highly inventive κούφη κεμὰς (A.R. 4.12). Apollonius 

merely describes the fawn as a swift animal. 

 When we compare these references to deer to those found in Virgil and later 

Roman writers of epic we can fully appreciate the alterations and developments in the 

representation of deer behaviour. At the very end of the deer passage in Aeneid 7 Virgil 

emphasises the suffering of the tamed deer at length, saucius at quadripes nota intra 

tecta refugit | successitque gemens stabulis, questuque cruentus | atque imploranti 

similis tectum omne replebat (Verg. A. 7. 500-502) “But the wounded stag fled to the 

well-known dwelling and entered its stable moaning, blood-stained it was filling the 

whole household with lamentation as though it were invoking protection.” Horsfall 

(2000: 326ff) remarks on gemens, “A verb used of various animal noises…here though, 

the stag’s reactions are increasingly human in detail and expression”.  

The appreciation of animal suffering is much more developed in the instance of 

Aeneid 7 (Verg. A. 7. 483-502), and it does not seem to be mere coincidence that Virgil 

has chosen to elaborate on the detail and reaction of the deer in this way. It is important 

that Virgil is referring to a tamed animal rather than an animal in the wilds; it seems that 

Virgil may be paying greater attention to the tamed deer’s levels of consciousness here 

in order to provoke greater sympathy for the animal in his reader. 

We can tell that Romans were more likely to identify with animals when they 

displayed human characteristics. Pliny revels in elephants which behave in a human 

way. Apparently, one particularly clumsy elephant was found practising tricks in the 

middle of the night (Plin. Nat. 8.3.6), while another had learned the alphabet and had 

perfected its writing skills (Plin. Nat. 8.3.6). The fact that Pliny goes into some detail 

about such instances suggests that the Romans were interested in the spectacle of 

animals behaving in unexpectedly human ways.  
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It seems that Virgil has elaborated on the concept of animal suffering at greater 

length than Homer. In Homer’s epic account, deer are largely afforded a broad 

treatment, and when they are more closely examined, the references to their suffering 

are not necessarily detailed at length. On the other hand, in Aeneid 7, Virgil elaborates 

on the suffering of the animal and goes into far greater detail.  

In his observations on deer, Aristotle tells us: 

 

ἁλίσκονται δὲ θηρευόμεναι αἱ ἔλαφοι συριττόντων καὶ ᾳδόντων, ὥστε καὶ 

κατακλίνονται ὑπὸ τῆς ήδονῆς. Δύο δ’ ὄντων ὁ μὲν Φανερῶς ᾳδει ἢ συρίττει, 

ό δ’ ἐκ τοῦ ὄπισθεν βάλλει ὅταν οὗτος σημήνῃ τὸν καιρόν. ἐὰν μὲν οὖν τύχῃ 

ὀρθὰ τὰ ῶτα ἔχουσα, ὀξὺ ἀκούει καί οὐκ ἔστι λαθεῖν· ἐὰν δὲ καταβεβληκυῖα 

τύχῃ, λανθάνει.  

 

Arist. H.A. 8.5.611b26-32.  

 

“Deer are caught by pipe-playing and singing when they are being hunted. They lie 

down because they delight in the music. Two hunters approach – the first is clearly 

visible to the deer and sings or plays, while the second shoots the deer from behind. The 

second hunter aims when the first gives the appropriate sign. If the deer has its ears 

pricked it has sharp hearing and the hunter is not able to escape its notice, but if its ears 

are flat the hunter dupes it.”  

 

Pliny, who completed his Natural Histories after the Aeneid was already in 

circulation, also describes deer as startled creatures possessing similarly dazed 

characteristics to those alluded to in Aristotle:  
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cum erexere aures, acerrimi sunt auditus, cum remisere, surdi. cetero animal simplex et 

omnium rerum miraculo stupens in tantum ut equo aut bucula accedente propius 

hominem iuxta venantem non cernant aut, si cernant, arcum ipsum sagittasque mirentur.  

 

Plin. Nat. 8.50.114. 

 

 “When their ears are pricked their sense of hearing is very sharp, but they are deaf 

when their ears are flattened. In terms of other characteristics the deer is a simple 

creature stunned at every event. They are so simple that they do not recognise a hunter 

close at hand when a horse or a cow is approaching; or if they do perceive the hunter 

they only wonder at his bow and arrows.” 

 

Although Aristotle and Pliny generally offer similar accounts of the 

characteristics of deer, it seems that the two natural historians differ in their estimation 

of deer intelligence. Pliny (Nat. 8.50.114) tells us that deer are largely simple creatures, 

while Aristotle (H.A. 8.5.611a15-16) argues that deer do not seem to be unintelligent.  

When we examine the writings of didactic authors published slightly before the 

Aeneid and Pliny’s Natural History, the characteristics of deer are not detailed to the 

same extent. Lucretius’ De Rerum Natura was completed by 55 BC, and it describes 

deer in very basic terms when we compare his level of examination to that found in 

Aristotle and Pliny. Lucretius merely accounts for deer as timid and swift of foot (Lucr. 

3.741-743), while Phaedrus (2.8) represents the deer in his moral tales merely as a 

suppliant, always as a victim and as a nimble creature, continually fleeing from attack.  

In Aeneid 1 the deer depicted display a complete lack of awareness which hints 

that Virgil may have shared Pliny’s damning assessment of the animal’s intelligence. 
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navem in conspectu nullam, tris litore cervos 

prospicit errantis; hos tota armenta sequuntur 

a tergo et longum per vallis pascitur agmen. 

constitit hic arcumque manu celerisque sagittas 

corripuit, fidus quae tela gerebat Achates, 

ductoresque ipsos primum capita alta ferentis 

cornibus arboreis sternit, tum vulgus et omnem 

miscet agens telis nemora inter frondea turbam; 

nec prius absistit quam septem ingentia victor 

corpora fundat humi… 

 

Verg. A. 1. 184-193 

 

“There was no ship in sight at all, but Aeneas saw three stags wandering on the shore; a 

whole herd followed at their back and foraged on the valley arranged in a thin line. He 

stopped and took his bow and swift arrows in his hand - faithful Achates had been 

carrying the weapons – first he shot to the ground the three leaders who bore lofty and 

branching antlers on their heads, then the main herd as a whole mass ran off in different 

directions, away from the missiles and into the leafy grove; but he did not leave before 

he had succeeded and brought seven magnificent corpses to the ground”.  

 

Vance (1981: 132) refers briefly to this episode and argues that the passage is 

designed in order to compliment the hunting skills of Aeneas, “Virgil emphasizes 

Aeneas’ strategies as a hunter, which are those of a good warrior as well, as he assaults 

a herd of deer: first he kills the leaders, then scatters the herd, killing one stag for each 

boat in his party…”. However, I suggest that we may interpret the passage slightly 
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differently when we consider the behaviour of the deer. In this simile the leading stags  

are completely unaware of threat and the deer are slow to react to the threat of Aeneas 

as huntsmen. There is a certain similarity between the behaviour displayed by stags in 

Virgil’s depiction and the characteristics of deer as defined by Pliny. Pliny (Nat. 

8.50.114) informs us that deer often do not even realise that they are under threat from 

attack.  

In Aeneid 1, Aeneas not only slaughters seven deer overall, but he actually has 

the opportunity to define and select the leaders of the herd as his first kill. ductoresque 

ipsos primum…sternit (Verg. A. 1.89) “first he shot to the ground the three leaders…”. 

Aeneas manages to kill seven deer in succession before they can escape with no help 

from his companions. To my mind, this is not only a testament to Aeneas’ skill as a 

hunter (as Vance suggests), but also a testament to the Roman belief that deer are easily 

stunned and not the most intelligent of creatures. Unlike Aristotle, Pliny suggests that 

deer may be slow witted; it seems that Virgil may well have been of the same opinion as 

Pliny who pronounced judgement on deer stupidity rather than supporting the assertion 

of Aristotle that deer were intelligent animals. 

Statius also refers to deer in a simile:   

 

qualis cum cerva cruentis 

circumventa lupis, nullum cui pectore molli 

robur et in volucri tenuis fiducia cursu, 

praecipitat suspensa fugam, iamiamque teneri 

credit et elusos audit concurrere morsus. 

 

Stat. Theb. 5.165-169  
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“…Just as when a deer has been encircled by blood-thirsty wolves, no courage is left in 

her gentle heart and faint confidence in her swift escape, she runs headlong in uncertain 

flight, and now, and now again she believes herself to be captured and she hears the 

cheated snap of hungry mouths.” 

 

For the first time it seems that an epic writer has fully taken into account the 

thought processes of the deer. The deer is hunted in a realistic format and Statius 

actually considers the chase on the mental level of the deer. The deer is completely 

aware of the threat to its safety and the feelings of the deer are not just described as 

panic and terror, but the animal actually goes through a more substantial thought 

process. iamiamque teneri | credit et elusos audit concurrere morsus (Stat. Theb. 5.168-

69) “now, and now again she believes herself to be captured and she hears the cheated 

snap of hungry mouths”. Statius emphasises the spontaneity of the deer’s thought, 

iamiamque and the reader is afforded a direct insight into the deer’s consciousness when 

we are told that it hears the sound of the dog’s jaws snapping in close pursuit. In fact in 

none of the other epic episodes relating to deer are there significant references to deer as 

beasts that may possess a succession of thoughts.   

In Aeneid 7, Horsfall states that the ille in line 490 signals a change in Virgil’s 

approach. “V. has begun with human care lavished on the stag; now he passes to the 

stag’s view point: though used to petting and fixed meal times, he retains, fatally, some 

independence” (Horsfall 2000: 329). But at this point, Virgil only narrates the activities 

of the stag and does not comment that the animal has a range or sequence of thought 

processes: hunc procul errantem rabidae venantis Iuli | commovere canes, fluvio cum 

forte secundo | deflueret ripaque aestus viridante leveret  (Verg. A. 7.493-95) “…This 

stag the vicious dogs of hunting Iulus startled as it was wandering far, when by chance 
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it had floated down on the river and was resting from the heat on the green bank”. Virgil 

does not consider the subsequent realisations of the prey.  

Even in another stag reference in Aeneid 12, the stag is merely described in a 

general state of fear, inclusum veluti si quando flumine nactus | cervum aut puniceae 

saeptum formidine pennae | venator cursu canis et latratibus instat; | ille autem insidiis 

et ripa territus alta | mille fugit refugitque vias, at vividus Vmber | haeret hians, iam 

iamque tenet similisque tenenti | increpuit malis morsuque elusus inani est (Verg. A. 12. 

749-755) “Just like a stag which has stumbled, encircled by some stream or entrapped 

by the fear of purple feathers and has been pressed by the running and barking of the 

hunting dog; but the stag, afraid of the snares and the high bank, flees and runs back 

again in a thousand directions, but the Umbrian hound, full of life, stays close with 

gaping jaws and now and then he seems to seize it, but cheated he snaps on emptiness 

with his mouth”. Here Virgil merely tells us of the snarling of the dogs, but in Statius’ 

account, the deer actually hears them, audit and therefore is unmistakeably depicted as 

responding mentally to the threat of the predator.  

The deer in Statius considers her own position in the chase, volucri tenuis 

fiducia cursu: the deer has “faint confidence in her swift escape” (Theb. 5.167). Statius’ 

deer effectively judges that she is too slow to get away and she does not have 

confidence in her ability to outrun the hound.
58

 The case could be similarly argued in 

reference to the Punica. Silius’ deer has to be driven out of the city; it does not choose 

to wander away from the city’s protection of its own accord; Silius’ deer reacts to threat; 

it reacts because it is more aware and more conscious of danger than its epic 

predecessors. However, in earlier Homeric extracts, the deer merely flees and does not 

consider whether she can out pace the predators that follow.
59
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 Statius’ wolves (Theb. 10.42-48) in section 6.3 display similar levels of awareness. 
59

 See Hom. Il. 10.360-362 and 11.113-121. 



 97 

Perhaps Silius and Statius chose to represent deer as beasts aware of threat 

because they had been influenced by similar contemporary concepts. Writing more or 

less contemporaneously to Statius and Silius, Plutarch wrote a long treatise discussing 

whether wild animals had the ability to reason. In his book, Newmyer investigates 

Plutarch’s theories and beliefs and draws a number of conclusions. Newmyer effectively 

distances Plutarch from the general ancient Roman consensus and suggests that his 

positive attitude towards animals defines his theories as separate from other 

contemporary Roman beliefs: “...his consistently positive attitude toward animals sets 

him apart from the majority of ancient thinkers who addressed the issue of animal 

creation and man’s relation to animals. He touched upon issues not found elsewhere in 

extant ancient sources...” (Newmyer 2006: 8) and “I would contend that Plutarch’s 

concomitant regard for animals as suffering creatures is in general uncharacteristic of 

Graeco-Roman attitudes towards non-humans...” (Newmyer 2006: 6). On the contrary, 

Statius’ epic depiction of the humanised suffering of the deer suggests that some 

Romans did believe that animals could suffer irrespective of how they rated deer 

intelligence.  

Despite the difficulties in comprehending Plutarch’s exact stance on animal 

consciousness issues
60

 Plutarch shows respect for the smallest of creatures. He 

appreciates the skill of the spider as it weaves a web and describes how it captures its 

unsuspecting prey (Plu. 966E-967A). It is clear that Plutarch not only appreciates the 

beauty of the web but also attributes powers of perception to the spider. The spider lures 

its prey on with intent. αἰσθανομένης καὶ φρονούσης, (Plu. 967 A) “perceiving it 

the spider works out a stategm”.  

Although Greek thinkers such as Pythagoras and Theophrastus had addressed 

animal welfare issues before Plutarch (Newmyer 2006: 21) Plutarch seems to have 
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 It is very challenging to interpret Plutarch’s theories: the author had a tendency to contradict himself 

particularly when it came to animals (Newmyer 2006: 6-7). 
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developed the concept that animals were rational creatures to a much greater extent.
 61

 

For instance he recognises that animals cannot communicate in the same way as humans 

and imagines that they would beg for kindness if they were capable of doing so (994E-

F).  

Even if he did not generate a mass outcry against animal cruelty
62

 it seems that 

Plutarch’s writings demonstrate a subtle change in the Roman attitude towards animals; 

a change that is also evident in later Roman writers of epic. Perhaps Romans in this 

period attempted to gain a greater insight into the feelings of wild animals such as deer. 

I do not argue that all Romans believed that animals had thought processes but that epic 

writers were engaging with animals (such as deer) more sympathetically than ever 

before. 

 

3.4 Conclusion 

 

It appears that Roman epic writers were aware of the works of their didactic  

contemporaries and that they were also paying attention to individual pieces of 

information and modelling their similes with these didactic observations in mind. It 

appears likely that Silius and Statius exploited the best “science” of their day to enhance 

their poetic message. By including such nuggets of information from the records of their 
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 A number of scholars have suggested that Plutarch was more sympathetic towards animals than his 

Greek counterparts. “It was left to the Platonist Plutarch in his Life of Cato, not to any Stoic, to say that 

benevolence is owed to animals, even if justice is not. I have not found this argument anywhere else” 

(Sorabji 1993: 125).  “That Plutarch takes a more sympathetic note of the animal creation than any other 

Greek writer, except the naturalists, would be a thesis no doubt impossible to prove. Yet, for what it is 

worth, the impression remains” (Barrow 1967: 112). “Barrow may be correct when he says that Plutarch 

may have been more sympathetic to animals than any other Greek writer; Lecky would agree, claiming 

that Plutarch was the first to advocate vegetarianism on grounds of universal benevolence” (Dombrowski 

1984: 87). It seems possible that Plutarch’s thoughts were indeed symptomatic of the times, “…there 

were several remarkable humanitarian writers in later Roman times who showed compassion for animals. 

Pliny recounted anecdotes about the alleged intelligence and religiousness of elephants, the medical skill 

of the hippopotamus and the love that dolphins showed for music and young children. A tender feeling 

for animals is a distinctive feature of the poetry of Virgil, and Lucretius and Ovid also touch upon it” 

(Ryder 2000: 18). 
62

 “Plutarch exhibited admiration and sympathy for the myriad forms of living things and was an early 

defender of animal rights. Unfortunately, neither in his case nor in any other known from ancient times 

does it seem that such ideas resulted in practical programs to help wildlife” (Newmyer 2006: 19). 
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more scientifically minded counterparts, utilising specifically Roman insight into 

species in an entirely Roman format and stylising their works with specifically Roman 

beliefs in mind Roman epic writers reflect both the inrooted and the developing 

conceptual understanding of wild animals in the period in which they were writing.  

The innovative deer representations found in Statius and Silius seem to have 

been part of a wider development that heralded a time of increased Roman sympathy 

towards wild animals. The theories of Plutarch, which in the time of these epic writers 

were relatively new, may well be symptomatic of a change in thinking about animals in 

this period. 
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Chapter 4: The Tigress 

 
4.1 Imagining the Tiger 

 

Owing to the elusive nature of the tiger it seems that Roman epicists were given a free 

reign to interpret, manipulate and contextualise the animal as they saw fit. Roman epic 

authors could not even rely on previous epic accounts of the animal. Homer does not 

make any reference to the tiger in his epics; this is hardly surprising when we examine 

the Greek experience of the animal. It was only in the fourth century that Athens 

received a tiger sent by Seleucus I as a gift (Toynbee 1973: 70). Tigers may have 

inhabited Eastern Armenia, but they cannot have been in much abundance closer to 

Greece. Jennison (1937: 24) theorises that those tigers nearest to the mainland would 

have roamed around the region of Mount Ararat.  

In the Historia Animalium Aristotle refers to the mantichoras, a creature with a 

triple row of teeth and a ferocious reputation. Some modern scholars equate the 

mantichoras (whose name means ‘man-eater’ in Old Persian) with the tiger.
63

 

According to Aristotle the mantichoras has fantastical characteristics: it is as big as a 

lion and hairy, but its face is somewhat similar to a man’s. It has a tail like that of a 

scorpion and it can fire arrows from it. It runs incredibly fast and has a voice like a 

trumpet (Arist. H.A. 2.1.501a25-501b). These extravagant claims suggest that Aristotle 

knew nothing about the mantichoras first-hand. Indeed, he states that his description 

comes from Ctesias, a writer whose works are dated to the beginning of the fourth 

century. It has also been argued that Aristotle’s remarks about the mantichoras are in 

fact interpolations (Bigwood 1993: 538-542). 

Later in the Historia Animalium (8.28.607a4) Aristotle records that some people 

believe that Indian dogs are the offspring of dogs and tigresses, but it has been  
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theorised that Aristotle actually means the jackal in this context (Bigwood 1993: 542). 

Either way, Aristotle’s descriptions, if authentically his, appear to be fantastical and do 

not seem to confirm any accurate understanding of the tiger. It is virtually certain that he 

never saw a tiger; meanwhile the mantichoras certainly belongs to the world of fable 

rather than to reality (Bigwood 1993: 538). 

Pliny’s account of the tiger is more developed than that of Aristotle; he explains 

that tigers are found in Hyrcania (the region around the south of the Caspian) and in 

India. Pliny (Nat. 8.25.66) details the techniques involved in snaring the creature and 

considers the behaviour of the animals in some depth.  

Although extremely rare, the tiger made more appearances in the Roman capital 

than in Greek cities. Augustus was given a number of the animals on the Island of 

Samos by the Indian embassy in 20-19 BC (Toynbee 1973: 70), and Pliny notes that a 

tame tiger was displayed in a cage at Rome in 11 BC.
64

 The next recorded appearance 

of the tiger is dated to the reign of Claudius, who exhibited four tigers altogether (Plin. 

Nat. 8.25.65). Seneca (Ep. 85.41) refers to a tiger in the rule of Nero that was trained to 

perform tricks with its keeper in the arena; apparently the animal allowed the keeper to 

kiss it. Meanwhile Martial (1.104.2-3) records that tigers may be disciplined with the 

aid of a whip, and if we take Martial’s Liber Spectaculorum (21) literally it seems that 

tigers were sometimes set against other wild animals.  

Later emperors entertained the crowds with innovative shows; Commodus 

slaughtered a tiger in public,
65

 and Antoninus Pius displayed a selection of animals 

including tigers.
66

 There is evidence to suggest that tigers were sometimes  harnessed 

and trained to pull chariots.
67

 At the funeral games of Quintus Plautianus 10 tigers were 
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exhibited and slaughtered.
68

 However, it was not until the days of Elagabalus - well 

after the life span of the Roman epic writers in this study - that a larger number of tigers 

was shown together. Apparently, that Emperor secured 51 tigers for his games.
69

  

In comparison to lions, tigers remained a relative rarity in the Roman world. The 

Digest of Justinian goes into some detail specifying the taxes for felines such as lions, 

leopards and panthers but does not mention taxes relevant to the tiger.
70

 The tiger does 

not appear worthy of consideration alongside other exotic commodities; they were 

obviously not imported frequently enough to make it worth listing them. It is unlikely 

that tigers were shown in the provinces in the west (except for Rome) and if they were it 

was certainly not a common occurrence (Toynbee 1973: 71). King (2002: 442) asserts 

that tigers were unlikely to have reached Pompeii.  

Challenging hunting conditions may well have been partly responsible for the 

limited supply of tigers as they prowl over long distances (Kitchener 1991: 157). The 

fatality rate during transport to the capital must have been considerable and no doubt 

further limited supply.  

 

4.2 The Prominence of the Female 

  

In the ancient world there was a common fable that there was no such thing as a male 

tiger. Oppian (writing in the 2
nd

 century AD) theorises that this notion became prevalent 

because mother tigresses tended to stay with their cubs when hunted whereas males 

quickly abandoned their offspring. 

 

ὠκυτέρη τελέθει δὲ θοῶν πανυπείροχα θηρῶν· 
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αὐτῷ γάρ τε θέειν ἰκέλη Ζεφύρῳ γενετῆρι· 

οὔτι γε μὴν γενετῆρι· τίς ἂν τάδε πιστώσαιτο,  

θῆρες ὅτι δμηθεῖεν ὑπ’ ἠέρι νυμφευτῆρι; 

ἔπλετο γὰρ κείνη κενεὴ φάτις, ὡς τόδε φῦλον 

θῆλυ πρόπαν τελέθει καὶ ἀδέμνιον ἄρσενός ἐστι· 

δηθάκι γάρ κεν ἴδοις πολυανθέα καλὸν ἀκοίτην· 

ῥεῖα γὰρ οὐκ ἂν ἕλοις· δὴ γάρ τε λιπὼν ἑὰ τέκνα  

ἐμμενέως φεύγει, θηρήτορας εὖτ’ ἂν ἴδηται· 

ἡ δ’ ἕπεται σκύμνοισιν ἀνιάζουσά τε θυμόν, 

χάρμα μέγ’ ἀγρευτῆρσι, πρὸς ἄρκυας ἰθὺς ἱκάνει. 

   

Opp. C. 3.353-363.  

 

“The tigress comes forth at great speed, faster than all swift beasts for she runs just like 

her father, the West Wind. But the wind is not her father. Who would feel confident in 

this claim, that wild beasts are tamed in a marriage with the air as bridegroom? For that 

fable is a false one, that this race is counted as wholly female and is unwedded to any 

male. Indeed, you might see her handsome mate often enough, but you can not capture 

him easily. For abandoning his young, the tiger always escapes as soon as he perceives 

the hunters, but the tormented tigress follows with her young and brings them straight 

into the nets, to the great pleasure of the hunters.”  

 

It is intriguing that Pliny also highlights the fact that the tigress cares for her 

young while the male has no involvement with his cubs.   
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Tigrim Hyrcani et Indi ferunt, animal velocitatis tremendae et maxime cognitae, dum 

capitur totus eius fetus, qui semper numerosus est. ab insidiante rapitur equo quam 

maxime pernici atque in recentes subinde transfertur. at ubi vacuum cubile reperit feta 

(maribus enim subolis cura non est), fertur praeceps odore vestigans. Raptor 

adpropinquante fremitu abicit unum ex catulis; tollit illa morsu et pondere etiam ocior 

acta remeat iterumque consequitur ac subinde, donec in navem regresso inrita feritas 

saevit in litore. 

 

Plin. Nat. 8.25.66. 

 

 “The tigress comes from Hyrcania and India; it is an animal of formidable swiftness 

and is most often recognised as such when the whole of her brood – which is always 

very large – is hunted down. The litter of cubs is seized by ambush on a horse that has 

as much stamina as possible; after a time the cubs are transferred to a fresh steed. When 

the tigress discovers that her den is emptied of her cubs – for male tigers have no 

interest in their offspring – she makes off at top speed, following the robber by his scent. 

When the robber hears the growl [of the tigress] draw near he throws one of her young 

cubs away; she picks it up in her mouth and continues on with the burden, following 

him to the sea shore. If he makes it back to the ship she is enraged and she paws angrily 

on the shore.”   

 

It seems likely that Pliny’s “insight” sparked artistic interest in the topos; 

Toynbee
71

 draws attention to the scene found on the Nasonian tomb in Rome. Two 

tigers (perhaps one intended to be male and one female) chase three horsemen; another 
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two men are depicted on foot, and one of them suggestively holds a cub that is no doubt 

to be dropped as a delaying tactic. Other mosaics from the East also depict similar 

situations; namely the Worcester Hunt, a third Antiochene mosaic (c.500). This work 

was completed much later than the time of our Roman epic authors but suggests that 

conceptions of tiger-cub hunting did not change beyond recognition.
72

  

The prominence of the female rather than the male in zoological writings may 

have coloured the Roman epic treatment of the animal (Zissos 2008: 301). Epic 

references tend to concentrate on the female of the species, and Toynbee (1973: 70) tells 

us that tigris is always used in the feminine in the poets but is also found in the 

masculine in prose.
73

  

The reasoning behind the females’ prominence in epic could be explained in a 

number of ways. Renehan (2000: 218) asserts that one grammatical gender may be used 

at the expense of the other on grounds of style. For example, the feminine form of tigris 

may be employed because it sounds better in poetical terms or because it draws on 

archaic forms of language. The grammatical gender of the animal does not necessarily 

correlate with the intended sex of the creature; grammatical gender can behave quite 

seperately from sex as when Horace (Carm. 1.23.9) uses the feminine tigris to mean the 

male of the species in one of his poems.  

Even so, in the references that I am to research in the rest of the chapter the 

feminine grammatical usage of the tigress appears to match with an intended feminine 

subject. Why would the female tigress feature so prominently in the epic material?  

One possible explanation for the frequent use of the tigress could be that Roman 

epic writers cared about representing the tigress realistically. Authors of Roman epic 

could hardly utilise the information on the mantichoras as found in Aristotle, and Greek 
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epic sources made no reference to the animal whatsoever. Meanwhile Roman natural 

history accounts focused on the female of the species: if the tigress was to stand up to 

contemporary scrutiny it would need to conform to contemporary understanding. 

The feminine grammatical form could be used in such a way that it would 

support the general assumptions made about the animal; the female’s prevalence in 

Roman mentality must have gone some way towards influencing the depiction of the 

species in epic.   

   

4.3 The Maternal Tigress 

 

References to the tigress in Roman epic frequently emphasise the way in which the 

animal prioritises her cubs. The interest in the tigress’ maternal instinct is prevalent in 

philosophical writings. In one ancient experiment Plutarch relates that a tigress and a 

kid were made to share a cage and subsequently grew fond of each other. Plutarch 

(974C) records that the tigress refused to attack the adopted goat despite the fact that the 

animal keepers deliberately starved the tigress in an attempt to provoke her to savage 

the kid. The failure (or success) of the experiment may well have shocked and delighted 

Roman readers.  

Pliny’s (Nat. 8.25.66) and Plutarch’s maternal representations of the tigress 

appear to correspond with literary references found in a range of Roman epic literature. 

In the Punica, the tigress behaves in a proactive way when she purposefully hunts down 

those that have abducted her young ...rabiem prenso consumat in hoste (Sil. 12.462) 

“...she unleashes her rage on the seized enemy”. The tigress’ anger is specifically 

directed towards those that have stolen her offspring, and she will go to some lengths 

(from the Caucasian mountains to India in fact) to retrieve them (Sil. 12.460).  
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In Thebaid 2 (130), the tigress is provoked from sleep by the attack of hunters 

and although bella cupit “she desires wars” the tigress natisque alimenta cruentis 

| spirantem fert ore virum (131-132) “...carries a breathing man in her jaws as 

nourishment for her blood-stained cubs”. In the two extracts above the epic tigress is 

uniformly aware of her responsibility to protect and nurture her young. Her duty to her 

cubs overrides her natural instinct to battle when provoked. Even when the tigress reacts 

angrily to attack, she does not lash out at random, but behaves in such a way that she 

purposefully prioritises the welfare of her offspring. She perceives the hunter merely as 

a means of nutrition for her young.  

The stereotype of the vengeful and maternal tigress reoccurs often in Roman 

epic. In Valerius’ Argonautica Jason takes Acastus on board his ship and is compared to 

a hunter on horseback. Clutching stolen tiger cubs that are meant to be aligned with 

Acastus, Jason (the hunter) flees from the cubs’ mother (Pelias).
74

 haud aliter saltus 

vastataque pernix | venator cum lustra fugit dominoque timentem | urget equum teneras 

compressus pectore tigres | quas astu rapuit pavido, dum saeva relictis | mater in 

adverso catulis venatur Amano (V.Fl. 1.489-493) “it is no different when the agile 

hunter flees from woodlands and the destroyed haunts of wild beasts; he spurs the horse 

on that is anxious for its rider and he hugs young cubs to his chest - the very same 

animals that he snatched up with terrified cunning. Meanwhile their furious 

mother hunts down her abandoned cubs on the opposite bank of the Amanus”. 

The hunter fears for his life owing to the savage nature of the provoked mother; 

he is described with words that emphasise his trepidation quas astu rapuit pavido (V.Fl. 

1.492) “he snatched them up with terrified cunning”. The atmosphere is so tense that the 

steed becomes apprehensive dominoque timentem | urget equum.
75

  “he spurs the horse 

on that is anxious for its rider.” The reference to the abducted cubs and the swift escape 
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of the hunter leaves the reader to formulate the sequence of projected events: the tigress 

will be incensed by the abduction of her offspring and will subsequently pursue the 

criminal at high speed. The tigress is capable of hunting down those that have wronged 

her; she will find the huntsman despite the fact that she was absent when the crime 

actually took place.  

The tigress is only mentioned indirectly, and there is no explicit explanation why 

the hunter is fearful; it may be inferred that the Roman epic author expected the reader 

to make connections independently between these details. Valerius must have been 

confident in the general interpretation of the animal’s maternal instincts; otherwise the 

tigress’ behaviour would be detailed more explicitly. The implications are three-fold: 

the tigress was commonly credited with a sense of justice, a good memory and most 

importantly a loyalty to her cubs that often manifested itself in pursuing those that had 

wronged her. All in all it seems highly probable that Valerius was drawing on Pliny’s 

(Nat. 8.25.66) assessment of tigress behaviour (Zissos 2008: 300). At the core of this 

reference is a general assumption that tigresses are dangerous; particularly when their 

cubs are stolen. 

On some occasions the tigress does not react to the loss of her cubs with 

violence but obsesses over her offspring by remembering their material absence. In 

Thebaid 10, the tigress is associated with the mother of Menoeceus. Menoeceus has 

committed suicide by throwing himself from the walls of Thebes so as to end the war, 

and so his mother struggles to come to terms with his sudden death.  

  

 

sic aspera tigris  

fetibus abreptis Scythico deserta sub antro  

accubat et tepidi lambit vestigia saxi; 
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nusquam irae, sedit rabidi feritasque famesque  

oris, eunt praeter secura armenta gregesque:   

aspicit illa iacens; ubi enim, quibus ubera pascat   

aut quos ingenti premat expectata rapina?  

 

Stat. Theb. 10.820-826.  

 

“Just so a ferocious tigress lies deserted in her Scythian cave when her young have been 

plundered and she licks their imprints on the warm rock; she feels nothing of anger; the 

ferocity and hunger of her jaws subside, while the flocks and the cattle wander by. She, 

lolling about, considers them; for where are those cubs that she nurtured with her teats 

or for whom, long expected, she piles up her great plunder?”  

 

Menoeceus’ mother is in a state of shock when she sees her son commit suicide: 

Statius describes her initial reaction: she rends her face with her finger nails and 

repeatedly criticises the dead Menoeceus for ending his own life. Then, Menoeceus’ 

mother is lead away by her maids and goes into a trance, paying no attention to her 

surroundings.  

 In this description the tigress initially attempts to reinforce the memory of her 

cubs by licking their traces. Like Menoeceus’ mother, the tigress then tends to ignore 

her surroundings and pays no attention to the cattle that wander by. Williams (1972: 124) 

suggests comparison with Ov. Met. 13.547-548 and V.Fl. 3.737-740
76

 yet concludes that 

Statius’ description and wording in relation to the tigress is innovative.  

Interestingly, Martial (Sp. 21) describes a tigress that licks her keeper. In effect 

the author emphasises the power that the human wields over the tigress: Lambere securi 
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dextram consueta magistri | tigris, ab Hyrcano gloria rara iugo, | saeva 

ferum rabido laceravit dente leonem: | res nova, non ullis cognita temporibus... “The 

tigress is well accustomed to lick the hand of the carefree trainer; she is the exotic 

beauty from the Hyrcanian mountain. She lacerated the ferocious lion with her razor 

sharp teeth: a strange sight, known from no other such times...”. Coleman comments 

that an animal licking a human is to be understood as a sign of submission and makes 

reference to two other occasions where this is the case.
77

  

The extracts above
78

 are not the only references to tigresses licking in Roman 

literature. In Punica 10, the tigress is compared to Paulus when he makes a last ditch 

attempt to fight and wound Iertas. In the comparative simile the tigress tries to resist her 

attackers but is finally defeated. ceu vulnere tigris | letifero cedens tandem proiectaque 

corpus | luctatur morti et languentem pandit hiatum |  in vanos morsus nec sufficientibus 

irae | rictibus extrema lambit venabula lingua (Sil. 10.293-297) “Just like a tigress that 

has been knocked flat; she at last collapses with a fatal wound and wrestles with death; 

she opens her gaping jaws that are weary and bites with little effect; not capable of 

expressing her wrath she licks the hunting spears with the tip of her tongue”.  

It appears that the tigress in Silius’ Punica 10 and the reference to the tigress in 

Martial could be symbolically connected. On both these occasions the tigress is defeated 

and is clearly submissive. The act of licking a spear, a man-made implement of warfare, 

could be linked to the act of licking the hand of man himself. In complete contrast, the 

tigress in Thebaid 10 is involved in an act that depicts motherly tenderness; licking the 

few remains of her cubs emphasises the tigress’s maternal sentiment.  

In Thebaid 10 (820-826) the tigress is not only depicted as attempting to recall 

the presence of her cubs but also seems stricken by their absence. It is generally 

understood in Roman epic that the tigress would normally be unable to ignore prey. The 
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tigress in Punica 4 clearly has a reputation for inflicting mass murder; Hannibal is 

likened to a tigress that should be avoided at all costs. sic, ubi Caucaseis tigris se 

protulit antris, | ...tutas petit omne latebras | turbatum insano vultu pecus; illa pererrat | 

desertas victrix valles, iamque ora reducto | paulatim nudat rictu ut praesentia mandens 

| corpora et immani stragem meditatur hiatu (Sil. 4.331-336) “Just as when the 

Caucasian tigress ventures from her cave...all the cattle seek safe refuge since they are 

disturbed by her ferocious appearence; the tigress, the conqueror, roams through 

desolate valleys, and now she gradually bears her teeth with lips drawn back, as if she 

were devouring actual bodies, and devises slaughter with wide-open jaws.”  

In another reference in Thebaid 10 (when Thiodamas wishes to come up against 

his enemies), human traits are projected onto the animal. The tigress regrets that her 

hunger is sated as she wishes to cause even greater bloodshed; in effect the animal’s 

normally ferocious characteristics are heightened so that they suggest Thiodamas’ 

dissatisfaction. Caspia non aliter magnorum in strage iuvencum | tigris, ubi inmenso 

rabies placata cruore | lassavitque genas et crasso sordida tabo | confudit maculas, 

spectat sua facta doletque | defecisse famem (Stat. Theb. 10.288-292) “It is not in any 

other way that the Caspian tigress, her killing frenzy abated with plentiful bloodshed, 

has wearied her jaws with slaughter and has covered her stripes with congealed blood in 

the carnage of massive bullocks. She gazes down at her own deeds and regrets that her 

appetite has failed her.”  

The tigress is often depicted as a savage creature in the Aeneid and Civil War. 

Turnus is depicted on the war path immanem veluti pecora inter inertia tigrim (Verg. A. 

9.730) “…just like a monstrous tigress among motionless cattle”, while Lucan’s tigress 

is compared to Pompey: altus caesorum pavit cruor armentorum (Luc. 1.329) “she has 

feed well on the gore of slaughtered cattle”. The depiction in Thebaid 12 is just as 

decisive in emphasising the murderous instincts of the tigress: non secus adflavit molles 
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si quando iuvencas |  tigridis Hyrcanae ieiunum murmur, et ipse |  auditu turbatus ager, 

timor omnibus ingens, | quae placeat, quos illa fames escendat in armos (12.169-172) 

“It is no different when the hungry growl of the Hyrcanian tigress has wafted towards 

the gentle heifers; the very pasture is struck by the noise, huge fear is felt by all, which 

may well satisfy the tigress; her very hunger unleashes itself upon the shoulders of her 

prey.” In this instance the terror of the mild heifers emphasises the sheer brutality of the 

tigress. 

The exaggeration of the tigresses’ instinct to slaughter their prey and the 

violence of human traits projected onto the creature places the tigress’ devotion to her 

young at Stat. Theb. 10.820-826 in stark contrast. Simultaneously, it is implied that the 

abandonment of this ingrained desire for slaughter would only come about under 

exceptionally distressing circumstances. In Thebaid 10 (820-826) the disappearance of 

the tigress’ cubs have disturbed her to such an extent that she is unable to function 

normally. The tigress’ loss of interest in hunting speaks volumes and the extract shows 

that the animal is far removed from her usual carefree existance.  

The bewilderment of the tigress when she is bereft of cubs is also emphasised in 

Argonautica 6: maestaque suspectae mater stupet aggere ripae (V.Fl. 6.149) “the 

mother tigress is struck senseless with sadness on the mound of the traitorous bank”. In 

the first instance the tigress is so emotionally disturbed that she becomes instinctually 

impervious to the prey that are around her (Stat. Theb. 10.820-826); she does not even 

register them. In the second case the tigress is portrayed in a state of shock; unable to 

believe what has happened; she struggles to come to terms with her loss.  

Occasionally the typical maternal behaviours associated with the tigress are 

inverted in order to convey other, less palatable ideas. Whereas Statius and Valerius 

exaggerate the tigress’ protective stance towards her young Ovid employs the tigress to 

portray the perversity of women. In the Metamorphoses Procne wavers in her resolve to 
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kill her son. mota quidem est genetrix infractaque constitit ira, | invitique oculi lacrimis 

maduere coactis 
79

 “her mothering instinct became agitated and her unbroken ferocity 

diminished; her reluctant eyes became wet with the tears that gathered there”. It is 

highly ironic that Ovid then compares Procne’s relationship with her son to that 

between a tigress and her quarry (Ov. 6.636-645)
80

. Instead of protecting and valuing 

her offspring as a tigress is often shown to do, Procne rapidly steels herself to murder 

her son by evaluating him as legitimate prey. 

Ovid probably used Sophocles’ Tereus
81

  and Euripides’ Medea as inspiration 

for this scene (Otis 1970: 211). Euripides and Ovid imagine the action from slightly 

different perspectives: Euripides has Jason term Medea a “she-lion” (Med. 1342), while 

Ovid describes Procne as a tigress that attacks a young deer. This characterisation 

proved to be an influential one: in his version of Medea, Seneca subsequently defined 

Medea ut tigris orba natis | cursu furente lustrat | Gangeticum nemus (Med. 863-865) 

“just like a tigress bereft of her cubs rushes through the meadows of the Ganges in a 

mad onrush”. 

Ovid’s tigress simile must also be considered in the wider context of the Tereus 

myth. Procne is driven to the impious act of murdering her son because her husband has 

violated her sister, Philomela. Tereus’ original crime causes misery that is then mirrored 

in Procne’s killing of Itys. In effect, the tigress simile comes to encompass and then 

dominate all those that originally suffered as a result of Tereus’ crime. Ovid explicitly 

suggests that Procne is to be associated with the tigress but implies that the 

characterisation is just as relevant to Philomela. It is Philomela who cuts Ity’s throat in a 

horrific re-enactment of Tereus’ violence towards herself.  
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The gruesome nature of this scene may be designed to call to mind the very 

primal instincts of the tigress in the process of the hunt. Like Philomela, big cats tend to 

kill their victims by targeting the neck.
82

 Although Philomela’s characterisation is not 

explicitly linked to the tigress within the simile itself it appears that Procne’s tigress-like 

brutality may have influenced her sister: both women become bestial due to Tereus’ 

original barbarity.  

Ovid neatly calls to mind Itys’ supplication when Philomela violently slits his 

throat; the boy attempts to reach for his mother’s neck in a final entreaty before his 

slaughter. This gesture should remind Procne of her responsibility to her son, but the 

symbolism of the child’s very embrace is perverted into an act of sheer brutality when 

his own neck becomes the focus of Philomela’s attack.  

Hill (1992: 190) recognises that the tigress is often employed as a symbol of 

cruelty, but it seems that the imagery of the animal is also well adapted to this situation 

for more subtle reasons. The rapid change in Procne’s mentality from caring mother to 

savage killer is equally applicable to the characteristics of the tigress who may display 

these two types of behaviour almost simultaneously.  

Ovid subtly emphasises that Procne behaves unnaturally as a mother through his 

clever manipulation of the common conception of the tigress. The roles of the tigress, as 

an efficient predator and a faithful mother, have become fatally confused. The image of 

the tigress has been built up by a number of epic references and is supported by the 

conception of the animal in Roman natural history references: Ovid has simultaeneously 

blurred the boundaries between human and wild animal and cleverly exploits the image 

of the tigress as an ambivalent creature that can display maternal tendencies as well as 

ferocity. 
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4.4 The Representative of the Exotic East 

 

Epic authors employ a great variety of regional prefixes when introducing the tigress. In 

the Argonautica Valerius (1.492-3) refers to a tigress that hunts around the Amanus, a 

mountain in Cilicia. It appears odd that Valerius places the tigress in this region, for 

tigresses are most often referred to as inhabiting the Hyrcanian region in Latin poetry.
83

 

Zissos (2008: 301) theorises that Valerius may have made this reference for the sake of 

novelty, but it is curious that Valerius (6.147) later refers to hunters that run from a 

pursuing tiger by crossing the Hypanis (a river flowing north-west from the Caucasus). 

It appears that Valerius uses a range of exotic labels to introduce the tigress. 

It is noticeable that tigresses are often afforded striking regional prefixes in a 

range of other Latin epics. In the Punica, the tigress leaves her den in the Caucasus (Sil. 

4.331) and is later depicted roaming from the Caucasus to the Ganges (Sil. 12.460). 

Bacchus’ chariot is drawn by tigresses that are defined as Caucasian in the Punica (Sil. 

15.81), but in the Aeneid Dido aligns Aeneas with the offspring of Hyrcanian tigresses 

(Verg. 4.367), and Lucan (1.328) envisages a tiger who goes from den to den in the 

Hyrcanian jungle. Ovid (Met. 15.86) refers to Armenian tigers, while the tigress is 

Caspian in Thebaid 10 (Stat. 10.288). Statius continues to build on the exotic 

characterisation of the tigress six hundred lines later. At 10.821 the tigress is deserted in 

a Scythian lair, while in Thebaid 12 (Stat. 170) the animal is described as a Hyrcanian 

beast. 

The exotic nature of the tigress is often highlighted in Roman epic as a point of 

considerable interest. As soon as the tigresses in Thebaid 7 (581) show violent 

temperaments Statius comments that they are out of their normal sphere: 

erumpunt non agnoscentibus agris “they break forth, but the fields do not recognise 
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 Zissos 2008: 301 and Pollmann 2004: 130. Kleywegt (2005:286) states that Mt. Amanus is mentioned 

several times by Cicero (Att.5.20) and also in Lucan (3.244) but comments that other areas are associated 

with wild animals such as Scythia (Stat. Theb. 10.820), the Ganges (Sen., Sil) and the Caucasus (Sil.).  
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them”. This line cleverly serves three purposes; it explicitly suggests that the two 

tigresses’ behaviour has become much more vicious than ever before; it highlights the 

foreign nature of the animals, and finally it reminds the reader that the land of Greece is 

far from the eastern home of the tigress. According to Statius the aggressive behaviour 

that the animals show is completely unprecedented in Greece. Perhaps Statius is partly 

flattering his Roman audience with knowledge of the tigress, while highlighting the 

comparative Greek ignorance of the animal. 

It is clear that Roman epic authors were using a range of regional prefixes to 

describe the tigress, but why did they continue to highlight the geographical details of 

the tigress’ origin to such a great extent? It seems that the tigress added a sense of the 

exotic and the remote to Roman epic. Steele points out that the Romans had a 

conception of the Nile but that they were largely ignorant of the Ganges.
84

 He theorises 

that the concept of distance in epic simile lends a kind of appeal to the comparison: 

“distance lends enchantment to the view” (Steele 1918: 84). Meanwhile, Braund (1986: 

36) terms the Roman conception of unknown lands as “fantasy space” and emphasises 

the ancient curiosity in cultures that were associated with savagery.  

When we consider the theories of Parker it seems that our assessment of the 

Roman epic tigress may be brought into better focus. Parker (2002: 90) explains a link 

between the commodities of India and the mental mapping of India in the Roman mind. 

It seems possible that the tigress’ inclusion in epic may well have been indicative of 

Roman curiosity in regions beyond their understanding. In effect, the Roman need for 

comprehensive symbols underlines the significance of the epic tigress as a geographical 

marker for exotic lands outside of the Roman Empire.  
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 Steele (1918: 84) comments on a passage in the Aeneid (Verg. 9.2831) in which the Ganges is 

mentioned. 
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Sometimes the curiosity and excitement concerning the tigress translated itself 

into descriptions that seem rather outlandish. In Thebaid 7, Statius experiments with the 

limits of tigress behaviour. 

 

errabant geminae Dircaea ad flumina tigres,  

mite iugum, belli quondam vastator Eoi  

currus, Erythraeis sed nuper victor ab oris  

Liber in Aonios meritas emiserat agros. 

illas turba dei seniorque ex more sacerdos  

sanguinis oblitas atque Indum gramen olentes  

palmite maturo variisque ornare corymbis  

curat et alterno maculas interligat ostro.  

iamque ipsi colles, ipsa has - quis credat? - amabant  

armenta, atque ausae circum mugire iuvencae;  

quippe nihil grassata fames: manus obvia pascit,  

exceptantque cibos fusoque horrenda supinant  

ora mero, vaga rure quies;  

...erumpunt non agnoscentibus agris. 

ceu duo diverso pariter si fulmina caelo  

rupta cadant longumque trahant per nubila crinem:
85

  

non aliter cursu rapidae atque inmane frementis  

transiliunt campos aurigamque inpete vasto,  

Amphiarae, tuum...  

...illae autem longo cum limite fusi  

sanguinis ad portas utrimque extantia ducunt  

                                                 
85

 The Argives kill two tigresses sacred to Bacchus and so stir the Thebans into battle. The tigresses are 

here compared to two lightening brands.  
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spicula semianimes, gemituque imitante querellas  

saucia dilectis adclinant pectora muris. 

 

Stat. Theb. 7.564-598.  

 

“Twin tigresses were wandering by Dirce’s streams. Their chariot was once a 

devastating force of Eastern war, but Liber (only recently the victor from Erythraean 

borders) had sent the deserving animals forth into Aonian pastures. When the war had 

been forgotten the crowd of god’s priests, and a man advanced in years (as is the custom) 

took pains to bedeck the tigresses. They adorned them with a ripened vine branch with 

the smell of the grass of the Indus and with varigated ivy; thus they interlinked the 

tigresses’ markings with alternating purple stripes. Now - who would believe? The very 

hills themselves, and the cattle love the tigresses. The daring heifers bellow all around 

them. Indeed, hunger does not torture the tigresses: a willing hand supplies them with 

food and they take the titbits and throw open their bristling mouths to the wine poured 

for them; they are peaceful in their countryside wanderings (576);...[a Fury attacks the 

tigresses and so awakens them to their natural state of ferocity] (581) ...They break forth 

but the fields do not recognise them. Just as when two thunderbolts breaking at the same 

time from different parts of the sky descend and drag a long trail through the clouds. It 

was no different, for the tigresses flew through the fields at a fast pace and seized your 

charioteer Amphiaraus with tremendous force. (586)...[But Aconteus pursued them and 

drove them away with javelins]...(595) The tigresses, tottering about with dizziness, 

carry back the missiles protruding from their flanks and leave a long trail of blood in 

their wake to their very doors. Their moans sound just like human wails and they rest 

their injured flanks on the walls they loved.” 
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The passage is clearly indebted to similar episodes in the Aeneid (Verg. 7.483-

502), Metamorphoses (Ov. 10.109-119) and Punica (Sil. 13.115-137),
86

 but whereas 

Virgil, Ovid and Silius all refer to the adornment and or slaughtering of a tame deer, 

Statius chooses to describe the superficial taming and subsequent killing of two 

tigresses instead. The mention of tigresses definitely adds a sense of outlandish flair to 

the passage that the deer descriptions do not possess.
87

 Apparently the tigresses were so 

friendly that iamque ipsi colles, ipsa has amabant | armenta “...the very hills themselves, 

and the cattle loved them”; the heifers even begin to approach the tigresses of their own 

free will. This is surely an unnerving development that runs counter to the normal 

characteristics displayed by domesticated and agricultural animals towards tigresses.
88

  

Whereas the epic pet deer described in Virgil, Ovid and Silius are likely to be 

based on real phenomenon, the superficially tame tigress in Statius is probably a 

complete fiction. The tigresses show little interest in attacking the herds of cattle; 

preferring instead to quaff wine. Apparently tigresses and leopards were sometimes 

associated with Bacchus so there may be some symbolic association that explains the 

rather uncharacteristic portrayal (Smolenaars 1994: 259).  

In Stat. Theb. 7.564-598 the tigresses’ behaviour is somewhat suprising. The 

animals are attacked by Aconteus but they do not react aggressively. Instead they are 

described with the verb querellas. querellas is most often interpreted as a human sound 

and appears somewhat out of place here. It has been suggested that we interpret the 

tigresses as victims of the gods, and that querellas defines them as creatures that should 
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 See 3.2. 
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 Smolenaars (1994: 255) writes that the pair of tigresses are meant to call to mind the war between the 

two brothers central to the theme of the Thebaid; apparently, the death of the tigers portends the demise of 

the brothers. 
88

 Consider Stat. Theb. 12.169-172. 
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be pitied (Smolenaars 1994: 269). It could also be that Statius is attempting to imitate 

the emotional wail that emanates from Virgil’s stag when it is attacked.
89

 

Statius’ tigress passage could even be read as an acknowledgement that 

dangerous wild animals had the potential to run amok - particularly when they were 

kept in a domestic environment. Martial points out that captive animals would 

sometimes disobey their trainers; in Liber Spectaculorum 12 a lion actually turns on its 

keeper, Laeserat ingrato leo perfidus ore magistrum... (Mart. Sp. 12) “the perfidious 

lion had injured its trainer in its grim jaws...”. In effect, Statius’ passage could be 

perceived as being part of a larger scale epic investigation into wild animal behaviour: 

his representations of deer
90

 and tigresses allow him to consider animal behaviour in 

comparison with human interactions.   

Over time epic authors’ curiosity in the tigress resulted in a range of rather 

unlikely literary scenarios. Ovid (Met. 1.305) takes delight in picturing the tigress as she 

is swept along by the waves of a flood in the story of Deucalion and Pyrrha, while Silius 

describes a tigress that can travel at terrific speeds in search of her cubs. 

 

haud secus amisso tigris si concita fetu emicet, attonitae paucis lustratur in 

horis Caucasus et saltu tramittitur alite Ganges, donec fulmineo partus vestigia 

cursu colligat et rabiem prenso consumat in hoste.  

 

Sil. 12.458-462.  

 

“There is no difference at all if a provoked tigress has been separated from her young; 

she springs forth, and she roams through the stunned Caucasus in a few hours; the 
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saucius at quadrupes nota intra tecta refugit | successitque gemens stabulis questuque cruentus |  
atque imploranti similis tectum omne replebat. (Verg. A. 7.500-502) “But the wounded stag fled inside 

the well-known dwelling and entered its stable moaning; blood-stained it was filling the whole household 

with lamentation as though it were invoking protection.”  
90

 Cf. Statius’ manipulation of the deer in 3.3.  
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tigress is carried across the Ganges in a leap, until she deduces in her lightning path the 

tracks of her young and she unleashes her fury on the captured enemy.”  

 

Tigresses were renowned for their speed 
91

 but it seems that this tigress is as fast 

as lightning. The tigress crosses the Ganges in one leap; the animal is able to negotiate 

the rocks of the Caucasus mountains (the highest point measuring some 18,506 feet), 

track down her young, and reach India, all in a few hours.  

 

4.5 Conclusion 

 

In epic contexts designed to elicit a range of competing and contradictory emotional 

responses the tigress could be employed to explore ferocious impulses while also 

illustrating complex ties of responsibility. The maternal characteristics associated with 

the tigress in epic appear to arise from conceptions of the animal in Roman thought; 

these prevailing ideas seem to be original to the Romans and do not take Greek 

precedents such as Aristotle’s fantastical mantichoras as their inspiration.  

The nature of Roman epic tigress descriptions suggests that the Romans initiated 

their own investigations into tigress behaviour. The Romans employed a great variety of 

regional prefixes when referring to the tigress; the range of geographical associations 

exaggerated the exoticism of the animal and developed a way of thinking about the East. 

Some more outlandish tigress descriptions show how experimental Roman epic authors 

had become.  
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 cf. Jennison 1937: 147. Tigers were considered as being particularly swift. 
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Chapter 5: The Owl 

 
5.1 The Greeks and the Fortunate Owl 

 

The Romans and the Greeks interpreted the owl in very different ways and fostered 

opposing views on the meaning and symbolism of the bird. In the Greek consciousness 

the owl was most often linked with Athena and came to adopt her special qualities of 

wisdom and intelligence by association (Cenzato and Santopietro 1990: 61). No doubt 

as a result of mythical connotations, the owl had come to the fore in the tale of 

Ascalaphus and Demeter. Apparently, Demeter threw magical water at Ascalaphus in a 

fit of rage and the latter subsequently took on the form of an owl (Apollod. 2.5.12). 

Despite the fact that Demeter wanted to punish Ascalaphus for betraying her daughter, 

Ascalaphus got away from the affair relatively unscathed and, as the story goes, was 

adopted by Athena as a special ally. Ascalapus went on to enjoy Athena’s favour and 

served as her watchful guardian.  

The owl was immortalised as representative of the Athenian world in Athen’s 

very currency. The Athenian owl coinage depicted the goddess on one side and the owl 

on the other. Darel Tai Engen (2005: 367) discusses the possibility that the coinage was 

originally designed in order to publicise the democratic system at the heart of the 

Athenian civilisation and theorises that the coinage may have been maintained owing to 

its good repute as a silver standard both at home and abroad (2005: 364). The design 

proved to have considerable longevity; the owl currency was used in Athens with only 

minor variations for three and a half centuries (Darel Tai Engen 2005: 363-364).  

As a result of its positive connotations the Athenians favoured the owl and 

encouraged the bird to fly around the city night and day. Owing to its prominent night 

activities the owl was often associated with the moon, which was reputed as the seat of 

knowledge and good sense (Cenzato and Santopietro 1990: 61). The Greeks believed 
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that the owl had special powers of discernment because it was able to see clearly in the 

dark; the Greek name for the owl, glaux or “gleaming one”, emphasises the size and 

power of the bird’s eyes (Cenzato and Santopietro 1990: 61-62). Pollard (1977: 39) has 

it that it was the significant number of Glaux or little owls in the capital city that led to a 

pun denoting abundance (Antiphon, 3.96). “Taking owls to Athens” is the ancient 

equivalent of “carrying coals to Newcastle”.  

The good fortune associated with the owl is clearly denoted in Plutarch’s Life of 

Themistocles. He writes that the Athenians believed that the owl was a symbol of 

coming success when it appeared before the battle of Salamis (Plu. Them. 12). 

Benevolent characteristics were also attributed to the owl when Agathocles, the Tyrant 

of Syracuse, released a flock of owls over his battle line in order to enthuse his troops. 

On this occasion the owl was seen as a definite symbol of Athena’s support (D.S. 

20.11.3-5). Seemingly the owl had become a powerful conveyer of positive meaning in 

the context of war. The bird was even attributed with powers to predict the climate; 

Aratus records that the hoot of the owl was sometimes interpreted as a promise of good 

weather.
92

  

Attitudes towards the owl in the natural world were similarly positive. Aristotle 

suggests that the owl may be put to good use in the hunting of other birds: Τῆς δ’ 

ἡμέρας τὰ ἄλλα ὀρνίθια τὴν γλαῦκα περιπέταται, ὃ καλεῖται θαυμάζειν, 

καὶ προσπετόμενα τίλλουσιν· διὸ οἱ ὀρνιθοθῆραι θηρεύουσιν αὐτῇ 

παντοδαπὰ ὀρνίθια (H.A. 9.609a) “During the day some small birds fly around the 

owl; this is referred to as ‘venerating’, and when flying towards her they pull out her 

feathers. For that reason, bird hunters take an owl with them when lying in wait for 

many types of small birds”. Aristotle also comments that the scops owl was a relatively 

common sight since it was to be seen throughout the whole year (H.A. 8.617b-618a) and 
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observes that owls feed on mice, beetles and lizards (H.A. 8.619b). Meanwhile 

Alexander of Myndus, whose writings only survive in fragments, notes the appearance 

of the scops owl with significant insight. The scops owl is minutely defined: 

μικρότερός ἐστι γλαυκὸς καὶ ἐπὶ μολυβδοφανεῖ τῳ χρώματι ὑπόλευκα 

στίγματα ἔχει δύο τε ἀπο τῶν ὀφρύων παρ’ ἑκάτερον κρόταφον ἀναφέρει 

πτερά.93
 “it is smaller than the average owl and has white feathers over lead coloured 

ones; it has two pointy feathers above its eyebrows on each side of the forehead.” 

 

5.2 The Roman Omen-Owl 

 

Whereas the Greeks favoured owl symbolism and encouraged the owl to inhabit their 

temples, the Roman relationship with the bird was more ambivalent.
94

 Phaedrus (3.16)  

depicts an owl that is slow to anger but vicious when forced into a situation that 

warrants its resentment, and Pliny suggests that the night owl is constantly at odds with 

other birds. maiore circumdatae multitudine resupinae pedibus repugnant collectaeque 

in artum rostro et unguibus totae teguntur (Nat. 10.19.39) “ringed by a myriad of birds, 

owls defend themselves by lying down and kicking out with their feet; rolled into a ball, 

they are covered by their beak and talons”. It is true that owls have been observed 

behaving in this way in modern times; the birds may lean back and lash out with their 

feet when approached (Cramp 1985: 441). Owls pose a considerable threat to smaller 

birds at night but themselves become susceptible to attack during the daytime – 

particularly if a large group of birds gang together. Crowds of jays, crows and 

chickadees have been known to pester owls in daylight hours,
95

 and Elphick describes 
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 Alexander of Myndus in Athen. Deip. 9.391b-c.  
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 Holmgren 1988: 31-2 and Cenzato and Santopietro 1990: 10-11. 
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 Elphick et al. 2001: 341 cf. Parry-Jones 2004: 29. 



 125 

how owls attempt to camouflage themselves during the day by compressing their 

feathers.  

It appears that authors writing in Roman times saw owls as deceitful and vicious 

birds. Aelian writes that owls have a habit of stealing crow eggs (N.A. 3.9). Owls do not, 

in fact, steal crow’s eggs but they have been known to occupy abandoned nests after 

crows have deserted them some time before (Cenzato and Santopietro 1990: 75). It 

seems that Aelian deliberately exaggerates the evil potential of the owl when he 

suggests it is capable of sidelining its hunters, hypnotising them and holding them 

spellbound (N.A. 1.29).  

Like Aristotle, Aelian suggests that the owl may be useful in attracting other 

birds, but his account has much more negative overtones; the owl here is synomonous 

with evil rather than acting as the helpful assistant to the hunter:  

 

ἤδη δὲ καὶ ἐν ἡμέρᾳ θήρατρα ἕτερα τοῖς ὄρνισι προσείει  

μωκωμένη καὶ ἄλλοτε ἄλλην ἰδέαν προσώπου στρέ- 

φουσα, ὑφ’ ὧν κηλοῦνται καὶ παραμένουσιν ἐνεοὶ  

πάντες ὄρνιθες... 

 

Ael. N.A. 1.29.  

 

“During the day the owl offers another trap to birds, at intervals it alters the expression 

of its face to a different one; all the birds are bewitched by the owl and they stand fast, 

both deaf and dumb they are seized with dread...”.  

 

Aelian’s owl appears to have a malignant bearing and an ability to wield power 

over other less cunning birds. This type of behaviour may be based on realistic insight: 
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by tensing up the owl may drastically change its appearance. The bird will often raise its 

ear tufts and close its eyes to slits in the day time. At night owls generally relax their 

feathers, open their eyes and lower their ear tufts (Elphick et al. 2001: 341). The 

implication is that the owl is a dangerous entity, inherently deceptive and able to 

transform its expressions to terrifying effect. The Romans sometimes referred to the owl 

as strix. The word strix in Latin is used to signify the witch as well as the owl, and 

Aelian asserts that the bird actually looks like a witch (N.A. 1.29). The terminology as 

well as the comparison may indicate a deep rooted distrust of the bird.  

Pliny no doubt expresses the common sentiment of his day when he dubs the 

eagle-owl as a funerary bird, bubo, funebris et maxime abominatus publicis praecipue 

auspiciis, deserta incolit nec tantum desolata, sed dira etiam et inaccessa, noctis 

monstrum... (Nat. 10.16.34) “The owl is a bird associated with funerals and it is 

considered as an altogether terrible omen, particularly in public auspices; it dwells in 

wastelands and not only inhabits forsaken places but even those that are ominous and 

unapproachable; it is the demon of the night”. Pliny has it that the hoot of the owl is not 

a pleasant noise but sounds like a scream, nec cantu aliquo vocalis, sed gemitu (Nat. 

10.16.34) “its voice is totally without song, it merely screeches”. In the Greek play 

Lysistrata the owl’s hoot is an annoyance but does not come across as such a foreboding 

sound; the nuisance is caused by the fact that the owl can disturb sleep rather than the 

fact that is terrifies in its very symbolism, ἐγὼ δ’ ὑπὸ τῶν γλαυκῶν γε τάλαιν’ 

ἀπόλλυμαι | ταῖς ἀγρυπνίαισι κικκαβιζουσῶν ἀεί. (Ar. Lys. 760-761) 

“Wretched me, I am completely exhausted by the sleeplessness which is caused by the 

constant screeching notes of owls”. 

Aelian asserts that the very presence of the owl is to be interpreted as an ill 

omen and relates as proof the story of Pyrrhus of Epirus. The man in question travelled 

on horseback to Argos by night and was met by an owl that refused to leave him. As 



 127 

soon as Pyrrhus arrived at his destination he was killed outright by a tile thrown from a 

roof  (N.A. 10.37). The owl was also associated with death in more familiar Roman 

historical contexts: Caesar, Augustus and Aurelius Commodus were all visited by an 

owl before their deaths. Meanwhile, Herod Agrippa was correctly warned that he would 

come to his demise when he saw an owl for the second time (Cenzato and Santopietro 

1990: 72-75). 

The Romans appeared to go to some lengths to rid themselves of the owl; Pliny 

(Nat. 10.16.35) records that an owl flew into the shrine on the Capitol Hill and that a 

purification of the city was held on the 7
th 

of March as a result. Whereas the Athenian 

owl came to represent the very heart of Athenian society the Roman owl had only 

negative connotations of death and witchcraft. It is clear that the owl was disliked and 

feared by the Romans.  

 

5.3 The Romans and the Epic Owl  

  

In Homeric epic the owl is seldom used as an entity in its own right; it is mainly 

employed in epithets. Pollard (1977: 144) records that Athena is referred to as owl-eyed 

92 times in Homer.
96

 I have counted 30 references to owl-eyed Athena in the Iliad and 

53 references to γλαυκῶπις Athena in the Odyssey. In addition, there are three more 

references to a “flashing-eyed one” or “you of the flashing-eyes” in the Odyssey and 

two more references to an “owl-eyed darling” and a “flashing-eyed maiden” in the Iliad. 

Irrespective of all these references Athena never transforms herself into an owl, and 

there is only one occasion when the owl is referred to as an entity in itself.  

In book 5 of the Odyssey owls nest near Calypso’s haunt;  
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 cf. Friedrich 1997: 316. [Friedrich misquotes the page number in Pollard as 140]. The difference in 

figures might be owing to the fact that Pollard has counted other ‘Homeric’ works. He does not give a 

break down of his count by each epic. 
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ὕλη δὲ σπέος ἀμφὶ πεφύκει τηλεθόωσα, 

κλήθρη τ’ αἴγειρός τε καὶ εὐώδης κυπάρισσος. 

ἔνθα δέ τ’ ὄρνιθες τανυσίπτεροι εὐνάζοντο,  

σκῶπές τ’ ἴρηκές τε τανύγλωσσοί τε κορῶναι 

εἰνάλιαι... 

 

Hom. Od. 5.63-67.   

 

 “A flourishing forest had grown up around the cave, alder and black poplar and sweet-

scented cypress were all there. There, the birds, their wings outstretched, roosted, owls 

and hawks and the long-tongued ravens that roam the sea...”. 

 

The Homeric manipulation of the owl is limited. The bird helps to contextualise 

the scene along with a range of other birds: there is no suggestion that the owl is a 

demonic or troublesome force. In fact the tone is rather picturesque; the owl is content 

enough to nest and so obviously feels secure, it does not fight with the other birds, the 

sea crow chatters away. The general atmosphere is pleasant: trees are sweet-smelling 

and the wood is luxuriant. Anderson (1958: 6) even goes as far as to compare Calypso’s 

island with Elysium and notes that the messenger Hermes, arriving in order to deliver a 

message to Calypso, stands back in admiration of the scene (Hom. Od. 5.73-4). 

Considered thus, the Homeric representation of the owl accords well with the 

fundamental characterisation of the owl found in Greek society as a whole. The 

mythical association between Athena and the owl is repeatedly emphasised through 

epithets. In Odyssey 5 the owl is not envisaged as a negative omen. The bird is aligned 
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with other birds that carry positive connotations; there is nothing sinister about this 

extract. 

Left to develop the role and characterisation of the owl as they saw fit, Roman 

epic writers tended to offer a very different interpretation of the bird. In Aeneid 4, Virgil 

makes reference to an owl that lingers and hoots while Dido is pictured in a state of 

desolation after Aeneas’ desertion. Dido suspects that all is not well; first, she believes 

that she can hear the sound of her lost husband’s voice, an owl announces death on the 

roof top and then Dido listens to the words of prophets with trepidation. Dido appears to 

know that she will soon die. 

 

hinc exaudiri voces et verba vocantis  

visa viri, nox cum terras obscura teneret,  

solaque culminibus ferali carmine bubo  

saepe queri et longas in fletum ducere voces;  

multaque praeterea vatum praedicta piorum  

terribili monitu horrificant. agit ipse furentem  

in somnis ferus Aeneas; semperque relinqui  

sola sibi, semper longam incomitata videtur  

ire viam et Tyrios deserta quaerere terra:..  

 

Verg. A. 4.460-468. 

 

“Whenever dusky night covered the earth, voices were clearly heard from this place as 

well as the apparent mutterings of her calling husband, and alone on the roof tops the 

owl often lamented with funereal song and drew out its long notes into weeping; 

moreover the many predictions of devout priests worried her with dreadful admonition. 

Wild Aeneas himself drives her on as she is raving in her sleep; she is always alone and 
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deserted. She always dreams that she is travelling a long journey to search for her 

Tyrians in a desolate land...”. 

 

Considering the Roman associations with the bird it seems unsurprising that 

Virgil’s depiction of the owl contextualises it in an atmosphere of doom. The focus on 

the mournful nature of the bird’s character is highlighted in the sound it makes. Gould 

and Whiteley (1981: 101) suggest that we interpret longas in fletum ducere voces to 

mean that the owl’s hoots have become so prolonged that they mimic the sound of 

weeping. It is in this very context that Pliny’s observation, nec cantu aliquo vocalis, sed 

gemitu (Nat. 10.16.34) “its voice is totally without song, it merely screeches” seems 

particularly relevant. 

The isolation that Dido feels is repeatedly emphasised in Aeneid 4. Dido is sola 

or “alone”
97

 and other words such as incomitata and deserta emphasise her isolation 

from others. It seems that Virgil has cleverly incorporated the owl into this foreboding 

atmosphere while also taking account of the owl’s traditional characteristics. The 

Romans appear to have perceived the owl as a nomadic bird; Pliny emphasises the fact 

that the bird has a solitary existence, ...deserta incolit nec tantum desolata, sed dira 

etiam et inaccessa, noctis monstrum... (Nat. 10.16.34) “...it dwells in wastelands and not 

only inhabits forsaken places but even those that are ominous and unapproachable, it is 

the demon of the night”. In fact the structure of line 462 mirrors the meaning, for sola in 

line 462 is separated from its subject bubo at the very end of the line. Dido’s  seclusion 

is thus highlighted by an animal that was particularly symbolic of isolation; the bird 

stereotype highlights the clever linguistic structure of the line.  

Whereas Homeric epic makes very limited use of the owl, Virgil imbeds the bird 

into the narrative in a very sophisticated way. Dido’s lamentation is clearly set in 
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 Verg. A. 4.462 and 467. Virgil further emphasises the fact that Dido is all alone by placing sola in line 

462 and 467 at the very beginning of the sentence. 
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darkness so the owl is the most appropriate accompaniment to the scene. The owl, 

midway through the trio of bad omens, symbolically links the voice of Dido’s dead 

husband and the premonitions of the seers. The owl hoots in a way that reminds us of 

Dido’s husband’s voice and the bird is associated with death and the night: the world 

that her dead husband inhabits. However, the owl also carries connotations to do with 

wisdom and discernment; the owl, like the seer, often deals in omens and is reputed for 

its insight into areas that others cannot see. In short, the owl here embodies and 

encompasses the sentiment of the passage as a whole. The bird’s very presence unifies 

the horrific trio of terrible omens. 

Virgil’s reference to the owl in this context appears to have sparked more 

references to the bird. In Ovid’s Metamorphoses, the epic writer narrates the demise of 

Orpheus, who is attacked by a throng of Maenads. 

 

ac primum attonitas etiamnum voce canentis  

innumeras volucres anguesque agmenque ferarum  

Maenades Orphei titulum rapuere theatri.  

inde cruentatis vertuntur in Orphea dextris  

et coeunt, ut aves, si quando luce vagantem  

noctis avem cernunt, structoque utrimque theatro  

ceu matutina cervus periturus harena  

praeda canum est...  

 

Ov. Met. 11.20-27. 

 

“First the Italian Bacchantes seized the countless birds still stunned by the voice of the 

singer, as well as the snakes and the flock of wild beasts, the glory of Orpheus’ theatre. 
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Then the Bacchantes turned on Orpheus with bloodstained hands and ganged up just as 

birds do when they catch sight of the bird of the night wandering in the daylight, just as 

when a doomed deer is the victim of dogs on both sides in the erected theatre in the 

morning... ”. 

Miller (1990: 143-144) surmises that Ovid’s owl simile mocks the behaviour of 

the animals that once peacefully listened to Orpheus’ music. He suggests that the 

representation of the birds attacking the owl recreates a scene that the Maeneds are 

simultaneously destroying. It could be that Ovid modelled his version of Orpheus’ 

demise on Virgil’s description of Orpheus’ death in the Georgics.
98

 In the Georgics, 

Orpheus’ song is compared to that of a nightingale grieving for her lost young. Yet 

whereas Ovid develops comparative imagery associated with Orpheus’ demise, Virgil 

concisely describes the brutal attack of the Ciconian women on the poet in three simple 

lines. spretae Ciconum quo munere matres | inter sacra deum nocturnique orgia Bacchi 

| discerptum latos iuvenem sparsere per agros (G. 4.520-522) “The women of the 

Thracians, spurned by that devotion, were acting as sacred worshippers in the noctural 

orgies of Bacchus, and mangled the young man scattering him over the wide fields” . It 

is clear that Virgil makes no comparison between Orpheus and the owl or between 

Orpheus and the stag. Ovid has clearly departed from Virgil’s epic model and developed 

innovative associations with Orpheus’ death.   

Investigating the meaning of the owl passage in Ovid, Miller (1990: 144) refers 

to the writings of both Aristotle and Pliny. He emphasises the fact that Aristotle terms 

little birds as venerating the owl (H.A. 9.609a) and concludes that this type of behaviour 

is relevant to the descriptions of Lucian
99

 and Timon of Philus.
100

 Lucian describes fans 

flocking around a skilled musician ὥσπερ ἐπὶ τὴν γλαῦκα τὰ ὄρνεα “like birds 
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 Verg. G. 4.520-7 cf. Hill 1999: 185. 
99

 Lucian was born 120 AD (Hornblower and Spawforth 2003: 886). 
100

 Timon of Philus lived 320 BC-230BC (Hornblower and Spawforth 2003: 1529). 
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around an owl”
101

 and Timon pictures a similar scene employing a like concept οἱ δέ 

μιν ἠϋτε γλαῦκα πέρι σπίζαι τερατοῦντο “just as when chaffinches crowd around  

the owl”.
102

  

Owing to the phrasing of Aristotle, Timon and Lucian concerning the owl, 

Miller (1990: 144-145) proposes that the smaller birds’ respect for the owl became 

almost proverbial. He argues that Ovid inverts the common literary sentiment reversing 

the application of the owl and the smaller birds. Instead of admiring the owl (or 

Orpheus) the small birds (as representative of the Maenads) go on the attack and 

viciously tear apart the owl.  

However it seems to me that there may be another plausible explanation. Ovid 

may not be inverting the proverbial venerating of small birds as much as building on the 

strength of the assumption that little birds would attack an owl. It appears that the owl-

small bird relationship was not that clearly defined as a positive one in Roman times.
103

 

Pliny has it that the owl is forced to defend itself when surrounded by other birds and he 

tells us that owls are not in league with other birds at all but actually attempt to harm 

them. Apparently there was often considerable enmity, there is a Noctuarum contra 

aves sollers dimicatio (Nat. 10.19.39) “clever war that owls wage against other birds”. 

 Perhaps Ovid was well aware of the possible interpretations of this owl passage. 

He may have been intentionally using the owl here in order to implicitly convey the 

explosive nature of the situation and emphasise the inevitability of the gruesome 

outcome. It is also interesting that Aristotle writes that birds, when they are drawn to the 

owl, not only ‘venerate’ the owl but will actually try to pluck it, Τῆς δ’ ἡμέρας τὰ 
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 Lucianus, Harm. 1 cf. Miller 1990: 144. 
102

 Diels. H. (1901) Poetarum philosophorum fragmenta, Berlin fr. 34 (Diog. Laert. 4.42) cf. Miller 1990: 

144.     
103

 Chronologically, Pliny’s description of the owl would have come just after the time that Ovid wrote 

his Metamorphoses. Ovid lived from 43BC-17 AD and the Metamorphoses was written preceding 8 AD 

(Hornblower and Spawforth 2003: 1084-1085). Pliny lived 23-79 AD (Hornblower and Spawforth 2003: 

1197). 
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ἄλλα ὀρνίθια τὴν γλαῦκα περιπέταται, ὃ καλεῖται θαυμάζειν, καὶ 

προσπετόμενα τίλλουσιν· (H.A. 9.609a) “During the day some small birds fly 

around the owl, this is referred to as ‘venerating’, and when flying towards her, they 

pull out her feathers”. Miller has not taken account of this statement which may 

conceptually undermine his argument that Ovid has deliberately inverted the common 

behaviour of the small birds.  

Instead of inverting a common proverb, it could simply be that Ovid is assuming 

knowledge of the owl along similar lines to that stated in Pliny. This would not 

undermine the meaning of the simile, but rather would fit in with the context of the 

passage. Probably Pliny’s idea of owl enmity and the concept in Aristotle that the owl 

could suffer plucking contributed to Ovid’s literary manipulation of the bird.   

Unlike the Homeric scene in Odyssey 5, this reference in Ovid and the owl 

representation in Aeneid 4 both characterise the owl in ominous contexts. On both 

occasions the owl’s presence forebodes inevitable death and a gruesome end. Dido is 

tragically cursed by her own unrequited love and cannot perceive an alternative to 

suicide. Orpheus is doomed to being torn apart despite his powerful performance.  

However, Ovid does not stop there but frequently describes the owl in negative 

terms. The poet refers to the fact that Nyctimene was turned into an owl and 

characterises her as a pitiful creature: avis illa quidem, sed conscia culpae | conspectum 

lucemque fugit tenebrisque pudorem | celat et a cunctis expellitur aethere toto (Met. 

2.593-595) “she is indeed a bird, yet realising her wrongdoing she flees the light and the 

dishonourable gaze; she conceals her humiliation in the gloom and is thrust out by all 

from the entire sky”. Nyctimene is shunned and forced to avoid humankind owing to 

her overwhelming sense of guilt. Unable to inhabit the world of others she consigns 

herself to the night and leads a lonely existence as she attempts to conceal her shame.  
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The owl is also negatively portrayed in Ovid’s version of the Ascalaphus myth. 

When Demeter throws water into Ascalaphus’ face he is transformed into a hideous owl. 

The owl is afforded a very unattractive persona:  

 

ingemuit regina Erebi testemque profanam  

fecit avem sparsumque caput Phlegethontide lympha  

in rostrum et plumas et grandia lumina vertit.  

ille sibi ablatus fulvis amicitur in alis  

inque caput crescit longosque reflectitur ungues  

vixque movet natas per inertia bracchia pennas  

foedaque fit volucris, venturi nuntia luctus,  

ignavus bubo, dirum mortalibus omen.   

 

Ov. Met. 5.543-550.  

 

 “The queen of Erebus wailed and turned the eye-witness into the unholy bird [the owl] 

and changed his head, dripping with Phlegethon water, into a beak and feathers and big 

round eyes. He, snatched away from his own form, is now clothed in deep yellow wings 

and grows in his head and is bent around into long claws. He barely ruffles the feathers 

all over his incompetent arms, for he has become a repulsive bird, who makes known 

the grief of something to come; he is a listless owl - a warning dreaded by mankind.” 

 

The owl has lethal claws and spells doom for humans; it is also depicted as slow 

and cumbersome in its movements. Although Pliny does not represent the owl as a slow 

bird he does write that owls do not direct themselves efficiently, volat numquam quo 
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libuit, sed traversus aufertur (Nat. 10.16.35) “It never wings its way where it wants to 

go but is carried diagonally off its course instead”.  

The bird is also used to introduce tragic episodes depicting the most horrific 

violations of human moral conduct. Thus Ovid contextualises the marriage of Tereus 

and Procne with the screeching of an owl (as well as the appearance of the Furies). 

Eumenides stravere torum, tectoque profanus | incubuit bubo thalamique in culmine 

sedit (Ov. Met. 6.431-432) “The Furies flattened out the couch covers, and the unholy 

owl perched on the roof and squatted on the gable of the dwelling”. Even the remains of 

the bird may have morbid and wicked connotations. Medea drops the wings of a screech 

owl into her evil potion in order to murder Pelias. addit et exceptas luna pernocte 

pruinas | et strigis infames ipsis cum carnibus alas |... (Ov. Met. 7.268-269) “she adds 

hoar frost extracted when a full moon shone all night and she adds the wings of the owl 

of ill repute along with the flesh...”.  

In Metamorphoses 15, the owl is associated with a range of fearsome images 

when Caesar’s assassination is predicted:  

 

tristia mille locis Stygius dedit omina bubo,  

mille locis lacrimavit ebur, cantusque feruntur  

auditi sanctis et verba minantia lucis.  

 

Ov. Met. 15.791-793.  

  

“In a thousand places the Stygian owl delivered melancholy foreboding, 

in a thousand places the ivory effigy shed tears, it was said that singing and threatening 

words were heard in sacred groves.”  
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The owl hoot also bodes ill for Myrrha when she proceeds to commit incest with 

her father. ter pedis offensi signo est revocata, ter omen | funereus bubo letali carmine 

fecit: | it tamen... (Ov. Met. 10.452-454) “Three times she was called back by the omen 

of stumbling, three times the funereal owl gave her a warning with its deadly song, but 

still she carried on...”. The Romans interpreted a stumble as a sure sign of disaster 

(Anderson 1972: 513). Once again, the owl’s song carries incredibly negative 

connotations. 

The negative ideas of contemporary Roman society concerning the owl are 

subtly integrated into yet more epic references. In Thebaid 3, Melampus portends war 

when he and Amphiaraus go to Aphesas to take auspices; monstra volant, dirae strident 

in nube volucres, | nocturnaeque gemunt striges et feralia bubo | damna canens. (Stat. 

Theb. 3.510-512) “Monsters fly about, ominous birds hiss in the clouds, nocturnal 

screech owls lament, and the horned owl is singing its harmful funeral chant.” The owl 

is also just such a malignant omen in the Civil War. ...tonat augure surdo, 

|et laetae iurantur aves bubone sinistro (Luc. 5.395-6) “it thunders when the soothsayer 

is deaf, and birds that bring happiness are falsely sworn despite the horned owl that flies 

to the left”. The augurs are misleading, for the owl and the left hand side combined 

suggest doubly bad luck. The implication is that the Romans interpreted the owl as a 

sure sign of doom, both in their epics and in their everyday lives. 

 

5.4 Conclusion 

 

References to the owl in Homeric epic accord with general ideas about the owl’s 

association with Athena and are employed mainly in positive contexts, but the owl in 

Roman epic is envisaged as a dreadful creature that is linked to negative events which 

lead to funerals. In Roman epic the owl’s reputation as a bird of ill omen is employed to 
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heighten the unease created in highly distressing and disturbing situations. The differing 

epic representations encapsulate the contradictory attitudes found in the respective 

societies towards the owl. 
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Chapter 6: The Wolf 

 
6.1 Greek and Roman Understanding 

 

It is clear that the ancients encountered the wolf more often than exotic species such as 

the tiger. To the Greeks, the wolf was a savage and ruthless killer: wolves could grow 

large enough to wound humans and could cause significant damage to livestock. 

Capable of hunting in packs, wolves could even target larger animals and so were 

recognised as treacherous and rapacious creatures (Calder 2011: 67-69). Anti-wolf 

measures were suggested by Plato (Lg. 3. 681) who writes that walls of rubble and brick 

would dissuade wolf attacks. Meanwhile, it is clear that the Greeks employed guard 

dogs to protect their flocks from wolves; Aristophanes’ Bdelycleon states that his dog is 

“capable of guarding a large flock of sheep” (Ar. V. 953-955).  

It is very difficult to estimate the exact frequency of wolf predation on Roman 

livestock and thus to guess the amount of interaction between wolves and humans in 

rural areas, but it is likely that wolves permanently presented challenges to Roman 

shepherds. Toynbee (1973: 101) writes that wolves were “particularly common in the 

north and western provinces”, and Roman literature implies that wolves sometimes 

attacked Roman flocks. Columella (7.12.3-4) asserts that white dogs should be used to 

drive wolves off, and Silius (6.329-331) composes a simile in which a shepherd sets a 

pit trap for a wolf using a lamb as bait. Oppian writes that sheep are terrified of the 

predator: καὶ φθίμενοι γὰρ ὄϊς φθίμενον λύκον ἐρρίγασι (C. 3.287) “even when 

they are dead, sheep tremble at the dead wolf.”   

Coupled with the extensive territorial range of the wolf (they may travel from 

100 to 1000 km
2
) and its ability to adopt to a variety of environments (Macdonald and 

Barrett 1993: 92-3), it is quite plausible that a Roman shepherd would have encountered 

or at least sighted the animal first hand.  
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Indeed, Plutarch quickly dismisses the idea of describing the wolf in great depth, 

on the grounds that it was well known to his readers: Πανουργίας δὲ πολλῶν 

παραδειγμάτων ὄντων, ἀφεὶς ἀλώπεκας καὶ λύκους καὶ τὰ γεράνων 

σοφίσματα καὶ κολοιῶν, ἔστι γὰρ δῆλα,... (Plu. 971A-971B) “Of roguery there are 

many patterns, but I shall ignore those of foxes and wolves and the ruses of cranes and 

of jackdaws, indeed, they are evident in themselves...”. Plutarch obviously expects his 

Roman reader to have previously accumulated knowledge on the wolf; it seems that 

wolves were known first-hand at this time. 

Meanwhile Pliny (Nat. 8.34.80-84) ridicules the Greek beliefs about the 

werewolf but leaves us with painfully little solid information about the wolf itself. The 

relative disinterest in the wolf in natural history may be indicative of the Romans’ 

particular familiarity with the animal. Calder (2011: 57) writes that the Greeks tended to 

“exalt prestigious” animals while ignoring species that they encountered on a regular 

basis, and it could be that the very familiarity of wolves affected the Roman view of 

them.  

It is likely that wolves were not only present in rural areas but were also kept in 

captivity. Roman law stipulated the wolf could not be kept in a public street in case it 

caused injury to a passer-by,
104

 and young wolves were sometimes sacrificed in the 

context of religious festivals.
105

 Wolves did not take part in Venationes (hunts of wild 

animals in Roman amphitheatres), and King (2002: 414) theorises that this may have 

been because they were challenging to capture alive. Another possible explanation may 

be that wolves were not considered exotic enough to excite crowds. Indeed, in their 

respective accounts of Venationes, Livy (39.22), Cicero (ad Fam. 7.1.3, 8.8.10), Dio 

Cassius (43.23) and Suetonius (Tit. 7 and Jul. 39) tend to refer to animals that are 
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 dig. 21.1.40-2 cf. Jennison 1937: 153. 
105

 Paus. 7.18.12 cf. Jennison 1937: 25. 
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striking in their size, ferocity and novelty. It appears that more familiar wild animals 

may have been overlooked or considered unworthy of the amphitheatre.  

Conceptually, the Romans had an ambivalent attitude towards the wolf. The 

wolf was an animal of the wilds but the Romans not only recognised it as a predator but 

also thought of it as the nuturing creature that played an important role in their earliest 

civilisation. The Romans associated the wolf with the Romulus and Remus myth and 

the earliest foundation of their race. They celebrated the Lupercalia, a festival with a 

name surely founded on the Latin name for the wolf (lupus), and even employed the 

symbolism of the wolf in stock expressions. Terence, Cicero and Plautus used variations 

on the phrase lupus in fabula in order to express the concept “speak of the devil”, ie. if 

you speak of the wolf, he will come (Abbott 1956: 117-122).  No doubt the Romans 

saw the wolf as a frequent visitor to farmsteads; the animal’s predation on livestock 

probably made them superstitious about its presence.  

 

6.2 Homer’s Savage Wolf 

 

The Homeric representation of the wolf tends to concentrate on the animal’s savagery 

and rarely deviates from this theme. In the Iliad the fighting of the Trojans and 

Achaeans is compared to wolves that leap towards each other (Hom. 4.471-472) or rage 

in combat (Hom. 11.72-73). Wolves are portrayed as formidable beasts that are quite 

capable of seizing large prey. In book 16 wolves slay a stag, rip it to pieces and gorge 

themselves (Hom. Il. 16.155-163). Their aggression represents the spirit of the 

Myrmidons as they prepare for battle. Meanwhile, in book 13 the Trojans are compared 

to hinds which provide sustenance for wolves.  

 

Τρῶας ἐφ’ ἡμετέρας ἰέναι νέας, οἳ τὸ πάρος περ 
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φυζακινῇς ἐλάφοισιν ἐοίκεσαν, αἵ τε καθ’ ὕλην 

θώων παρδαλίων τε λύκων τ’ ἤϊα πέλονται  

αὔτως ἠλάσκουσαι ἀνάλκιδες, οὐδ’ ἔπι χάρμη· 

 

Hom. Il. 13.101-104. 

 

“The Trojans attack our ships; formerly they resembled the very timid hinds which 

become the victims of jackals, leopards and wolves in the forest; the cowardly beasts 

prowl about in the same way and they do not have any fighting spirit.” 

 

The Homeric wolf not only hunts down deer but also targets sheep. Homer 

chooses to emphasise the bitterness between the two animals and thus highlights the 

great enmity between Hector and Achilles.  

 

Τὸν δ’ ἄρ’ ὑπόδρα ἰδὼν προσέφη πόδας ὠκὺς Ἀχιλλεύς· 

Ἕκτορ μή μοι ἄλαστε συνημοσύνας ἀγόρευε· 

ὡς οὐκ ἔστι λέουσι καὶ ἀνδράσιν ὅρκια πιστά, 

οὐδὲ λύκοι τε καὶ ἄρνες ὁμόφρονα θυμὸν ἔχουσιν, 

ἀλλὰ κακὰ φρονέουσι διαμπερὲς ἀλλήλοισιν, 

ὣς οὐκ ἔστ’ ἐμὲ καὶ σὲ φιλήμεναι, οὐδέ τι νῶϊν  

ὅρκια ἔσσονται, πρίν γ’ ἢ ἕτερόν γε πεσόντα... 

 

Hom. Il. 22.260-266.  
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“Staring sternly, Achilles, swift of foot, addressed him: “Hector, you scoundrel, do not 

harangue me with peace treaties, for just as there are no faithful oaths between men and 

lions, nor do wolves and lambs possess a harmonious existence but endlessly think up 

malicious schemes against each other; as such it is not for me and you to hold each 

other dear, nor will there be peace treaties until one of us has fallen...””. 

The tradition of enmity between these two animals must have been well 

accepted to be considered worthy of describing the conflict between Achilles and 

Hector. It is obvious that lambs do not scheme against wolves, so, in effect, Achilles’ 

alignment of himself and Hector with wolves and lambs does not make logical sense. 

The inaccuracy is relatively unimportant however, for the association of the two heroes 

with such wholly opposite animals is designed to throw the differences in the mens’ 

natures into stark contrast. Homer has chosen these animals carefully because they have 

entirely different characteristics: one animal is reputed for its wild and savage nature, 

the other for its tame and defenceless tendencies.  

In another reference the Trojans are compared to lambs attacked by hungry 

wolves. 

 

Οὗτοι ἄρ’ ἡγεμόνες Δαναῶν ἕλον ἄνδρα ἕκαστος. 

ὡς δὲ λύκοι ἄρνεσσιν ἐπέχραον ἢ ἐρίφοισι 

σίνται ὑπ’ ἐκ μήλων αἱρεύμενοι, αἵ τ’ ἐν ὄρεσσι 

ποιμένος ἀφραδίῃσι διέτμαγεν· οἳ δὲ ἰδόντες 

αἶψα διαρπάζουσιν ἀνάλκιδα θυμὸν ἐχούσας·  

ὣς Δαναοὶ Τρώεσσιν ἐπέχραον·  

 

Hom. Il. 16.351-356. 
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“Each of these leaders of the Danaans killed a man, just as starving wolves prey on 

lambs or on kids and select them out of the herds. The sheep are separated in the 

mountains owing to the foolishness of the shepherd, and the wolves, at once realising 

this, seize and tear to pieces those who have but cowardly strength. Just so the Danaans 

were attacking the Trojans.” 

 

The savage representation of the wolf goes largely unaltered in Homer; it is only 

when wolves surround Odysseus’ men (when they come to the house of Circe) that the 

animals are considered in contexts that do not involve conflict. Circe’s enchanted 

wolves fawn around the visitors instead of savaging them. Comically, Odysseus’ men 

are seized with fear by the appearance of the animals (Hom. Od. 10.219); they 

obviously expect the wolves to attack rather than sit and beg. In effect the wolves’ 

behaviour emphasises the potency of Circe’s magical powers; her hold over the wild 

animals runs counter to the stereotypical Homeric representation of the creature. 

Eurylochus later voices his concern that Circe will turn them all into wolves and lions 

(Hom. Od. 10.433).  

Finally, the wolf is sometimes used in the context of epithet. Homer twice refers 

to Apollo as the “wolf-born god”.
106

 This usage is hardly surprising considering the 

Greek association between Apollo and the wolf. While the Romans often associated the 

wolf with Mars the animal was conceptually identified with Apollo in the Greek world 

(Richardson 1977: 93). Aelian
107

 writes that the wolf was honoured in Delphi, and 

Plutarch (Per. 21) records that a bronze wolf statue was inscribed with decrees in the 

sanctuary there.  
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 Il. 4.101 and 119. 
107

 N.A. 12.40 cf. Calder 2011: 69. 
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6.3 Innovations in Multiple Epics 

 

Major themes such as the relationship between the wolf and the lamb are common to 

Greek and Roman epic, but Roman epic writers develop various details of the wolf as a 

predator and colour the literary representation of the animal in very particular ways. 

Whereas there are only two Homeric references to the wolf attacking lambs, Roman 

epic (as well as other genres of Latin literature)
108

 re-examines the behaviour of the wolf 

when it faces its prey. It is perhaps a mark of the wolf’s continuous presence in the 

agricultural world that it continued to play such a prominent epic role. Alternatively, it 

is possible that epic authors frequently included the wolf because it fascinated urban 

readers who would have had relatively little experience of the creature. 

Some authors of Roman epic elaborate on the characteristics of the wolf. 

Virgil’s aligns Turnus with a predatory wolf when he attempts to scale the walls that 

prevent him from attacking the Trojans. Virgil’s wolf is a cunning beast; it selects a fold 

brimming with sheep (pleno) and lies in wait for the right moment to attack (lupus 

insidiatus).  

 

ac veluti pleno lupus insidiatus ovili  

quom fremit ad caulas, ventos perpessus et imbris,  

nocte super media (tuti sub matribus agni  

balatum exercent, ille asper et improbus ira  

saevit in absentis, collecta fatigat edendi  

                                                 
108

 That the topic gained momentum in the genre of Roman fable as well as the full range of Roman epic 

references is evident. Phaedrus presents a wolf that is ferocious and savage; he accuses the lamb of 

muddying his drinking water, and when his charge is proved to be false the wolf quickly slaughters the 

lamb with no justification.  Here the lamb is merely an innocent victim. As Phaedrus summarises, Haec 

propter illos scripta est homines fabula, qui fictis causis innocentes opprimunt (1.1.14) “This fable was 

written on behalf of men who crush the innocent with falsehoods as proof”. Phaedrus subsequently 

determines the wolf’s characteristics; Rapere atque abire semper adsuevit lupus... (1.16.4) “the wolf has a 

habit of snatching its prey and leaving”.   
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ex longo rabies et siccae sanguine fauces)... 

 

Verg. A. 9.59-64.  

  

“Just like a wolf that has lain in wait snarls at the entrances of the over-flowing sheep 

pen at midnight and endures the winds and the showers steadfastly. The lambs, safe 

under their mothers, keep up a constant bleating, but the wolf, cruel and bold in his 

anger, rages against the sheep that are safe. Its bloodless jaws and frenzy torment it with 

long-accumulated pangs of hunger”.   

 

Unlike the Homeric wolf in Il. 16.351-356, Virgil’s wolf is placed at a severe 

disadvantage; it cannot reach its prey and has to undergo the torment of being unable to 

attack the lambs. Virgil’s simile emphasises the contrast between Turnus in his wild 

state and the civilised society that he is attempting to attack. The wolf’s determination 

to endure adverse weather conditions highlights the lengths to which Turnus will go to 

to breach the Trojan walls; the Virgilian predator cannot reach the sheep and the beast is 

subsequently tortured by its proximity to the prey.  

Of course these innovations accord well with the epic context of Turnus’ attempt 

to scale the wall to reach the Trojans, but the added nuances of the simile also develop 

the wolf’s characterisation as a desperate predator. It is of particular interest that the 

Homeric wolf is employed as an animal that operates exclusively in a pack.
109

 The 

Greeks perceived the wolf as an animal that hunted as part of a team and conceived the 

idea that they worked together. In the Greek mentality it seems likely that the wolf 

                                                 
109

 See Hom. Il. 16.160-161, 16.352-353, 11.72-73. In the Aeneid, Turnus is linked to the isolated wolf in 

two similes and Arruns is envisaged as a wolf slinking away from a crime after he has killed Queen 

Camilla (Verg. 11.811). The solitary wolf comes to the fore in later Roman epics too. Hannibal is 

compared to a singular wolf (Sil. 7.718), Tydeus is presented as an unaccompanied wolf attempting to 

wound Thoas (Stat. Theb. 8.691-694) and Pheres is compared to a lone wolf in the thick of battle (Stat. 

Theb. 9.119). It is clear that the Roman use of the individual wolf in epic was not imitated from Homeric 

examples. 
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simultaneously represented cooperation along with the remoteness of the uncivilised 

and outside world (Buxton 1987: 62-63). Some Greeks thought that wolves were to be 

interpreted as a collective and began to consider that all wolves were alike (Buxton 

1987: 62-63). Xenophon (Hipparch. 4.19-20) records stories of wolves that deliberately 

worked together and suggests that packs of wolves behave as a cohesive unit. Such 

observations may be borne out by modern day research: Mech (1970: 7) observes that 

wolves have adapted so as to cooperate as much as possible. Fox (1971: 123) suggests 

that outside of breeding season wolves tend towards behaviours that prioritise the 

defence of the pack, the guarding of the territory of the pack, and the exclusion of 

unknown wolves, and Busch (2007: 47) asserts that there is a very close bond between 

wolves that may be compared to the relationships among primates.  

It appears that Virgil was drawing on alternative insights when he aligns Turnus 

with a lone wolf. Peterson (in Mech and Boitani 2003: 121) explains that wolves may 

hunt in isolation, in pairs or in a pack. Furthermore, the solitary wolf is certainly at a 

greater disadvantage than animals cooperating as part of a pack: Busch (2007: 55) 

comments that lone wolves have a much higher mortality rate owing to the lack of pack 

protection and the greatly increased difficulty in hunting for food. Thus Virgil cleverly 

emphasises the difficulties that the isolated wolf (Turnus) faces. It is only Aristotle (H.A. 

7.5.594a30) among the Greeks who records that lone wolves may attack humans owing 

to their increased desperation for food. In sum, it seems that Virgil is going to every 

length to represent Turnus’ dire situation. He is shut out from the community that he is 

attacking and is not just compared to a marauding wolf, but specifically to a lone wolf. 

In effect Virgil characterises Turnus as the most desperate, disadvantaged and 

dangerous entity imaginable. 
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 In Punica 7 Hannibal defeats Minucius but is subsequently driven from the 

battlefield by Fabius and his son. Minucius is compared to a lamb, while Hannibal is 

likened to a wolf. 

 

ceu stimulante fame rapuit cum Martius agnum  

averso pastore lupus fetumque trementem  

ore tenet presso, tum, si vestigia cursu  

auditis celeret balatibus obvia pastor,  

iam sibimet metuens spirantem dentibus imis  

reiectat praedam et vacuo fugit aeger hiatu.  

 

Sil. 7.717-722.  

 

“Just so the wolf that is driven on by hunger drags off a lamb when the shepherd is 

distracted. He, the creature of Mars, grasps the quivering young creature in his clamped 

together jaws, but then the shepherd makes haste (if he has heard the bleating) so as to 

meet with the track of the wolf. Fearing for its own sake the wolf now hurls the 

breathing victim from its long fangs and runs off, sick, with empty jaws.”  

 

The first three lines of this simile are very similar to Homer’s description of the 

wolves in Iliad 16 (351-356). In both instances the wolf targets the weakest animals; the 

fate of each of the lambs is apparently sealed by the absence of the shepherd. However, 

from line 719 onwards, Silius extends the simile and allows the herdsman the 

opportunity to recover his lamb. Fabius and his son rout Hannibal and his forces; the 

wolf tosses his prey away and beats a hasty retreat. Once again, the image of the lone 
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wolf emphasises Hannibal’s isolation from civilised society; Hannibal’s attack has left 

him hungry and dejected.   

The outcome of the simile is not the only innovation; Silius refers to the wolf as 

lupus Martius “the creature of Mars”.
110

 As previously discussed, the Romans 

associated the wolf with the Roman war god, but it seems curious that Silius has chosen 

to use such terminology to describe Hannibal. Perhaps Silius highlights the relationship 

between the wolf and the god of war because Hannibal was thought of as a formidable 

warrior. In effect the association between Hannibal, the wolf and the Roman god of war 

highlights the Romans’ ambivalent attitude towards the wolf. Although their foundation 

myth rested on a perception of the wolf as a nurturing creature, epic authors did not shy 

away from associating enemies of Rome with wolves.    

Statius’ Roman epic portrayal of the wolf as a predator is equally innovative. 

Unlike Virgil’s reference to Turnus as solitary wolf (A.9.59-64) Statius’ description 

refers to a number of frustrated wolves’ attacking in a group. Statius’ innovation is not 

that he describes a number of wolves but that he imagines the wolves’ anticipation of 

the kill in extensive detail. 

 

rabidi sic agmine multo  

sub noctem coiere lupi, quos omnibus agris  

nil non ausa fames longo tenuavit hiatu:  

iam stabula ipsa premunt, torquet spes inrita fauces,  

balatusque tremens pinguesque ab ovilibus aurae;  

quod superest, duris adfrangunt postibus ungues,  

pectoraque et siccos minuunt in limine dentes.  

 

                                                 
110

 Virgil (A. 9.561-566) employs similar terminology when he compares Turnus to the wolf.  
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Stat. Theb. 10.42-48. 

 

“Thus enraged wolves assemble in a great swarm under the cover of night, when all-

daring starvation has long held them in her grasp throughout all the region. Now they 

surround the very sheep folds; as well as the trembling bleating and fatty aromas from 

the pens, unfulfilled hope tortures their jaws; what remains - they strike their claws 

against the solid stakes, bruise their bodies and blunt their dry fangs on the gate.” 

 

Whereas Homer considers the wolf attack from the human perspective Statius 

considers the wolves’ senses and reactions to their prey.
111

 The lures of the sheep fold 

are too much to withstand: the bleating of lambs and their juicy scents prove irresistible. 

The phrase torquet spes inrita fauces highlights the desperation of the wolves and 

suggests that they are merely acting in order to survive. From this complex perspective, 

we are forced to recognise the pressures on the predators; they have to kill because they 

are starving.  

In effect Statius has charged this description with a sense of emotional contrast, 

the men outside the rampart are full of zeal for attack while those inside are beaten and 

defeated in submission. The beginning of book 10 is established with the comment that 

Jupiter does not pity either side of the forces involved in combat, but the nuanced wolf 

simile portrays that both sides are effectively the sacrificial victims of inevitable civil 

war.  

Statius’ description emphasises the extreme differences between the emotions of 

attacking warriors and those that are surrounded but also remains true to realistic wolf 

behaviours. Statius writes that the wolves attack under the cover of darkness. Whereas 

Homer makes no connection between the wolf and night predation, Roman epic authors 
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 Statius’ deer (Theb. 5.167) in section 3.3 displays similar levels of awareness.  
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such as Statius routinely refer to the wolf’s nocturnal activities. In fact, the animals in 

Aeneid 2.360, Aeneid 9.61, Punica 6.331, Punica 7.126, Thebaid 3.46, Thebaid 8.691 

and Thebaid 10.43 all roam in darkness. Macdonald and Barrett (1993: 92) confirm that 

the wolf in Europe is mostly nocturnal and reason that this is owing to the wolf’s fear of 

man. It seems that Roman epic authors were right to emphasise the fact that wolves 

were likely to be active under the cover of darkness.   

In fact, in a number of their epic similes, Roman authors display impressive 

contemporary awareness of the realities of wolf predation. Varro suggests that 

shepherds should take care to protect sheep rather than larger beasts. He writes that 

cattle are easily able to defend themselves against wolves whereas weaker and smaller 

livestock are vulnerable to attack.  

 

quid dicam de pecore maiore? cum sciam mulorum gregem, cum pasceretur <et> eo 

uenisset lupus, ultro mulos circumfluxisse[t] et ungulis caedendo eum occidisse[t], et 

tauros solere diuersos adsistere clunibus continuatos et cornibus facile propulsare 

lupos. 

 

Var. R. 2.9.2. 

 

“What should I say about the larger cattle? For I know that when a herd of mules was 

grazing and a wolf turned up, of their own accord the mules surrounded it and killed it 

by kicking with their hooves. And pairs of bulls have a habit of standing with their 

hindquarters together and so easily ward off wolves with their horns.” 

 

Statius displays a similar level of awareness when he refers to Polynices 

watching over the corpse of Tydeus: 
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inbellem non sic amplexa iuvencum  

infestante lupo tunc primum feta tuetur  

mater et ancipiti circumfert cornua gyro;  

ipsa nihil metuens sexusque oblita minoris  

spumat et ingentes imitatur femina tauros.  

 

Stat. Theb. 9.115-119.  

 

“He was more watchful than a mother cow guarding her helpless first-born calf against 

a hostile wolf, when she moves in a circle to point her horns in all directions and (not at 

all fearful) forgets her weaker sex. Although she is merely a female she foams at the 

mouth and copies the intimidating bulls.” 

 

Statius presents the cow accurately in terms of comparison to Varro; the 

capabilities of the domestic animals in facing the savagery of the wolf correspond and it 

is demonstrated that such animals as the cow, being on a larger scale, could indeed look 

after themselves.  

Statius marks the fact that the cow wheels about in an attempt to face the 

predator. In both instances the cattle are not portrayed as weak victims: Virgil depicts 

lambs that cower beneath their parents (A. 9.59-64), but Statius’ maternal cow feels no 

fear on her own account ipsa nihil metuens. Statius and Varro present cattle as 

intimidating beasts; it is implied that the wolf is placing itself in danger by choosing to 

attack large prey.  

Roman knowledge of wolf behaviour was surprisingly accurate: according to 

modern day research the wolf may place itself at risk by attacking some prey species 

and must approach with caution. Wolves possess the ability to judge the relative 
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vulnerability of different prey
112

 but become unsure of themselves when they come 

across victims that do not flee. If prey of comparable size withstands the curiosity of the 

wolf the predator will eventually leave without launching an attack (Mech and Boitani 

2003: 120).  

Seemingly, Virgil, Silius and Statius afford us with relatively authentic 

representations of the wolf; they understand the dynamic between predator and prey and 

dramatise this interaction in innovative ways. Whereas the Homeric wolf is merely a 

savage predator, Roman epic authors tend to highlight the difficulties that the wolf faces 

- even to the extent that it is driven on by its starvation and is so desperate to reach its 

prey that it will injure itself to get to them.  

 

6.4 Innovations by Author 

 

While most of the authors in this study investigate the characterisation of the wolf in its 

capacity as a predator there are other facets of the Roman epic wolf that are explored 

most thoroughly by individual epicists. Roman epic authors create starkly different 

narratives that consider completely diverse aspects of the wolf’s characterisation. The 

discussions below investigate these alternative representations and show how small 

details of the wolf’s characterisation are innovations specific to individual writers.     

 

6.4.1. The Wolf and the Shepherd in Virgil  

 

In their traditional roles as sworn enemies,
 113

  the images of the wolf and the shepherd 

form a framework of contrast in the Aeneid.
114

 At 2.302-8, Aeneas relates to Dido how 
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 Peterson and Ciucci in Mech and Boitani 2003: 119. 
113

 The conflict between the wolf and the shepherd had a volatile tradition in Roman consciousness.The 

discordant nature of the interaction is well documented by Virgil in the Georgics: Nec tibi cura canum 

fuerit postrema, set una | velocis Spartae catulos acremque Molossum | pasce sero pingui.| numquam 
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he woke from sleep to see the destruction of Troy and compares himself to a dazed 

shepherd. 

 

excutior somno et summi fastigia tecti  

ascensu supero atque arrectis auribus asto:  

in segetem veluti cum flamma furentibus austris  

incidit, aut rapidus montano flumine torrens  

sternit agros, sternit sata laeta bovomque labores  

praecipitesque trahit silvas; stupet inscius alto  

accipiens sonitum saxi de vertice pastor.  

 

Verg. A. 2.302-308.  

 

“I shake myself from sleep and scaling the gables of the house to the higher part I stand 

with listening ears: just as when a flame falls on a cornfield when the south winds are 

raging, or when the fierce torrent from the mountain flood flattens the pastures and 

crushes the prospering crops and the toils of the oxen. It pulls the forests down headlong 

while the ignorant shepherd stands aghast, hearing the din of rock from on high.” 

 

The most obvious point of comparison with the shepherd in this simile is to be 

found in Homer (Anderson 1968: 3-6). 

                                                                                                                                               
custodibus illis | nocturnum stabulis furem incursusque luporum | aut inpacatos a tergo horrebis Hiberos. 

(Verg. G. 3.404-409) “The care of dogs should not be your last one,  but feed the sharp Molossian and the 

pups of the swift Spartan with rich whey. You will never worry about a nocturnal thief when those dogs 

are on guard, nor are there wolf attacks or violent Spaniards at your back.” 
114

 Anderson and Chew have interpreted the role of the shepherd in Virgil. Chew (2002: 618) highlights 

the intricate combination of “martial” and “pastoral” in relation to the portrayal of the pastor as a 

progression in the Aeneid, while Anderson (1968: 17) believes that Aeneas’ pastoral innocence and 

behaviour as a shepherd is challenged in the political context of the epic. While interpreting the shepherd 

in relation to milites and the political sphere of the Aeneid is absolutely essential, we may gain greater 

insight into the manipulation of the shepherd by simultaneously considering the literary deployment of 

the wolf. To my mind the inherent meaning in the shepherd’s characterisation is further developed and 

balanced by comparison with the manipulation of the wolf and vice versa. 
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ὡς δ’ ὅτε χείμαρροι ποταμοὶ κατ’ ὄρεσφι ῥέοντες 

ἐς μισγάγκειαν συμβάλλετον ὄβριμον ὕδωρ 

κρουνῶν ἐκ μεγάλων κοίλης ἔντοσθε χαράδρης, 

τῶν δέ τε τηλόσε δοῦπον ἐν οὔρεσιν ἔκλυε ποιμήν·  

ὣς τῶν μισγομένων γένετο ἰαχή τε πόνος τε. 

 

Hom. Il. 4.452-456. 

 

“Just as when winter-gushing rivers, tumbling down the mountains from their great 

springs to a point where they meet each other, bring together their forceful waters 

within a hollow gorge, and far away in the mountains the shepherd heard the thunder: 

clamour and toil came from the turmoil in just such a way.” 

 

In Virgil’s description, Aeneas and the shepherd watch the destruction of the 

world about them but they cannot fully comprehend the chaos that is to come. The 

scene is made more poignant by the fact that the shepherd’s way of life had traditionally 

been idealised in pastoral literature (Anderson 1968: 6). Virgil’s shepherds in the 

Eclogues are portrayed in the context of beautiful pastures; they amuse themselves by 

playing the pipe and lament that their peaceful existence is destined to come to an end 

(Ecl. 1). Meanwhile, Horace studies the different pace of life in the country and his 

speaker desires the simplicity of a rural existence. Hoc erat in votis: modus agri non ita 

magnus, hortus ubi et tecto vicinus iugis aquae fons... (Hor. S. 2.6.1) “This was my 

prayer: a quantity of arable land, but not a huge amount, in which place there is a garden 

and a spring that continually flows with water near the house...”. In one fell swoop 

Virgil shatters this idyllic existence; the peaceful picture of country life has been 

irrevocably polluted, and Aeneas’ future has become overshadowed by chaos and war. 
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Anderson explains that we are party to the scene through the eyes of an 

individual at Verg. A. 2.302-308, but that this is not the case in the comparable Homeric 

simile. In Homer the shepherd is quite marginal; he is merely an adornment to the battle: 

τῶν δέ τε τηλόσε δοῦπον ἐν οὔρεσιν ἔκλυε ποιμήν· (Il. 4.455) “far away in the 

mountains the shepherd heard the thunder.” In contrast, in the Aeneid passage our focus 

is bought to bear on the battle through the eyes of Aeneas, and he reacts emotionally to 

the remembered image he sees before him (Anderson 1968: 3-6).  

Virgil’s shepherd plays a much more prominent role in his description. Virgil is 

not content to refer to the shepherd’s confusion once but immediately follows stupet 

with inscius. The shepherd is actually stunned by the disaster and can not look away 

from the on-coming destruction. Both Aeneas and the shepherd are ideally placed to 

view the drama as it unfolds. Aeneas watches from the roof top, summi fastigia tecti | 

ascensu supero atque arrectis auribus asto (Verg. A. 2.302-303) “scaling the gables of 

the house to the higher part I stand with listening ears” while the shepherd is perched up 

high de vertice.  

Following this shepherd simile, Aeneas goes on to narrate the turmoil as he and 

his men gather to defend the city from further attack. At 2.355 Aeneas encourages his 

friends to fight bravely and inclusively describes their thirst for battle by likening them 

to wolves. 

 

sic animis iuvenum furor additus. inde lupi ceu  

raptores atra in nebula, quos improba ventris  

exegit caecos rabies catulique relicti  

faucibus expectant siccis, per tela, per hostis  

vadimus haud dubiam in mortem mediaeque tenemus  

urbis iter...  
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Verg. A. 2.355-360. 

 

“Thus it was that madness polluted the rational souls of the young men. Then, just like 

plundering wolves in a gloomy fog, since the impious frenzy of hunger drives them on 

blind and their abandoned pups wait for them with dry fangs, we rush on through 

arrows and make our way through enemies to the city, towards a likely death...”. 

 

It is notable that Virgil has Aeneas associate himself and his band of comrades 

with wolves directly after he has depicted himself in the preceding simile as a startled 

shepherd. In Aeneid 2.302-308 Aeneas is like the rustic shepherds in the Eclogues; he is 

more accustomed to watch the world go by than to take decisive action. In striking 

contrast, just forty lines later at 2.355-360, Aeneas takes an active role in proceedings. 

He stirs on his fellow soldiers and compares them (including himself) to hungry 

predators who range through the dark night. It is interesting that Aeneas and his men 

behave like a group of wolves; perhaps Virgil is implying that the wolves tend to spur 

each other on when they behave as a pack. 

Wholly motivated by their lust for food, the wolves’ hunger is termed as 

improba. Austin (1971: 155 and 80) translates the word as “nagging” or “malicious”, 

but it is possible improba may also infer lawlessness. It seems that Virgil may be 

aiming to imply that the feeling of war is all encompassing. Virgil has Aeneas paint 

himself like a wolf to show that he is dominated by hunger for battle and desires 

bloodshed. Simultaneously, the wolf simile also underlines Aeneas’ multi-faceted 

response to the complicated circumstances around him. Aeneas is not only influenced 

by his desire to engage in warfare but also by his desire to protect and nurture those who 

rely on him. 
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Virgil uses the first person plural to make it clear that Aeneas is personally 

involving and including himself within the bounds of this comparison, vadimus. As a 

result, the reader may gain insight into the turmoil of the night, the inner workings of 

Aeneas’ thoughts and his subsequent assessment of his behaviour well after the event. 

The swiftness of the transition between the two descriptions, Aeneas as a shepherd 

versus Aeneas as a wolf, is vital to the interpretation. The chasm between the identity of 

the shepherd and the symbolism of the wolf demonstrates that Aeneas may switch 

between extreme behaviours when under the stress of battle conditions. The 

antagonistic relationship between the wolf and the shepherd encapsulates the disparate 

traits that may be found in both Aeneas’ character and his behaviour.  

In some respects, Virgil’s comparison of Aeneas to a shepherd emphasises the 

development in his character. In Virgil’s Georgics the shepherd is most concerned for 

his flock; he feeds them, protects them and herds them.
115

 Yet in the Aeneid, Virgil 

associates Aeneas with a shepherd when he unknowingly strikes a deer (4.68-73). Here 

the care of flocks has resulted in the wounding of an innocent animal; the shepherd 

appears distracted from the list of concerns properly addressed in the Gerogics. Later at 

Aeneid 12.587-592 Aeneas is once more depicted as a shepherd. But in this context the 

hero is compared to a herdsman smoking out bees. It appears that Virgil is attempting to 

convey the destructive powers of Aeneas and the distress of the Latins as they are 

attacked by his men.  

Through the progressive analysis of shepherd similes Anderson (1968: 1-17) 

argues that Aeneas has been politicised and has lost his initial innocence. I argue that 

Aeneas has not only lost his pastoral innocence but that he also begins to behave more 

as a predator than as a victim. It could be that the wolf simile, inclusive of Aeneas and 

his men, not only questions the place of pastoral innocence in successive shepherd 
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 Verg. G. 3.295-338 cf. Chew 2002: 618. 
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similes but also highlights Aeneas’ altering characterisation. In his thoughtless 

wounding of Dido, or the deer, the Virgilian shepherd could be said to have adopted 

some of the predatory characteristics of the Homeric wolf which hunts down stags (Il. 

16.155-163). Perhaps Virgil is preparing us for another later episode when Aeneas will 

be governed by murderous instinct rather than responsibility, the murder of Turnus. 

To further complicate matters other characters are also associated with the wolf. 

As we have already seen Turnus is compared to a wolf when he searches for a way to 

attack the Trojans in book 9 (A. 59-64). Later, Turnus is compared to a wolf once again, 

this time the wolf snatches a lamb in the same way that Turnus grabs Lycus. For his part 

Lycus attempts to escape Turnus’ grasp by scrambling up the wall to his allies. 

 

                                        simul arripit ipsum  

pendentem et magna muri cum parte revellit:  

qualis ubi aut leporem aut candenti corpore cycnum  

sustulit alta petens pedibus Iovis armiger uncis  

quaesitum aut matri multis balatibus agnum  

Martius a stabulis rapuit lupus. 

 

Verg. A. 9.561-566. 

 

“At the same time he [Turnus] snatches at the very man who hangs and pulls him down 

along with a big chunk of the wall: just as when the armour bearer of Jupiter lifts up 

either a hare or a dazzling white swan in its hooked claws as it is hunting at altitude, or 

as when the wolf of Mars has seized a lamb from the fold that is sought by the mother 

who bleats constantly.” 
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Unlike Aeneas, Turnus is not compared to the shepherd. This is hardly 

surprising since Turnus is not the symbolic leader of his people in the same way as 

Aeneas. Yet in the context of war and in the simile of the wolf, Turnus and Aeneas are 

the same. Turnus’ desire for war is compared to the hunger of the wolf and he is 

dominated not by any code of civilisation but by his most primal instincts. Hardie (1994: 

85) even suggest that the term “rabies” conceptually links Turnus’ hunger with a kind 

of madness.   

In these similes, Turnus is cast as an outsider. He is isolated from others and 

shut out from a community that fears him. It is revealing too that Virgil describes 

Turnus as “siccae sanguine fauces” (A. 9.64). In Aeneid 8, Virgil uses very similar 

words to describe the monster Cacus, whose throat is also siccum sanguine.
116

 

Ideologically, Virgil appears to be aligning Turnus with a man-slaughtering monster, 

but the epithet Martius suggests that alternative comparisons are also being drawn. The 

epithet links Turnus to the Roman war god and so may emphasise Turnus credentials as 

a brave warrior. As Mackie (1997: 50-51) asserts, the fact that Aeneas and his men are 

compared to wolves and that Turnus is subsequently likened to the wolf must be 

significant.  

In effect Virgil cultivates the image of the shepherd and the wolf in order to 

emphasise the conflicting pressures that Aeneas experiences. Meanwhile the wolf’s 

characterisation exaggerates the antithesis between Turnus and Aeneas while 

simultaneously demonstrating the similarities in their behaviours and reactions to events. 

When we consider Aeneas’ characterisation, it becomes clear that the transformation 

from the shepherd to the wolf is part of a deliberate strategy. Virgil emphasises the 

similarities between Aeneas and Turnus by comparing them to wolves and shows how 

pressures can drastically influence the heroes’ behaviours.  
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 Verg. A. 8.261 cf. Hardie 1994: 85. 
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6.4.2. Wolf Cowardice in Statius  

 

Whereas the Homeric wolf is often employed in battle similes and behaves as a savage 

predator, Statius’ version of the wolf is frequently characterised by its cowardice. In 

Thebaid 11, Statius describes how the Theban warriors chase the Achaeans after Jupiter 

has struck Capaneus with a thunderbolt.  

 

indomitos ut cum Massyla per arva  

armenti reges magno leo fregit hiatu  

et contentus abit; rauci tunc comminus ursi,  

tunc avidi venere lupi, rabieque remissa  

lambunt degeneres alienae vulnera praedae.  

 

Stat. Theb. 11.27-31.  

 

“...as when the lion has shattered wild kings of the herd with his wide jaw in Massylian 

fields and goes off on his way fully sated; then hoarse sounding bears approach; then 

greedy wolves come right up close. When their rage has been quietened the degenerate 

[wolves] lick the wounds of the spoil that belongs to another.” 

 

The Homeric wolf (Il. 16.155-163) attacks a stag and slaughters it itself, but 

Statius’ wolf is a scavenger who relies on the strength of another predator to make the 

initial kill. The wolf avoids confrontation with the lion and waits until the lion has 

departed to claim the remains of the slaughtered stag. In addition the jaws of the lion are 

placed in stark contrast to the wolf; the wolf only laps at the blood of the fallen prey 

whereas the lion shatters the bones of the stag in its jaws. Statius highlights that the 
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savagery of the wolf is diminished, rabieque remissa; the wolf scavenges from remains 

that are not the product of its own kill, alienae praedae.       

In book 12, Statius emphasises the degenerate behaviour of the wolf even more 

explicitly.  

 

taedet fugientibus uti  

Thesea, nec facilem dignatur dextra cruorem.  

cetera plebeio desaevit sanguine virtus. 

sic iuvat exanimis proiectaque praeda canesque  

degeneresque lupos... 

 

 Stat. Theb. 12.736-740.  

 

“Theseus tires of battle with those that are fleeing, his right hand does not consider easy 

bloodshed worthy. The others sate themselves in common slaughter. It is just as when 

lifeless carrion feeds dogs and degenerate wolves when it is thrown down before 

them...”. 

 

Here, the reference works on the assumption that wolves prefer to scavenge 

rather than struggle with their prey. The wolves are termed as degeneres; they are not 

driven to seek out victims that challenge their hunting prowess – they are satisfied with 

scavenging. Due to their degeneration the boundaries between wolves and dogs 

disappear; the soldiers’ morality does not benefit from fighting as part of a group. 

Theseus’ bravery and skill is placed in stark contrast with lowly soldiers who prefer 

easy battles; the wolves represent warriors who lack finesse.  
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Finally, in the Achilleid, Statius describes how Diomedes and Ulysses go to seek 

Achilles and compares the warriors to wolves that are ill at ease. 

 

procedunt, gemini ceu foedere iuncto  

hiberna sub nocte lupi: licet et sua pulset  

natorumque fames, penitus rabiemque minasque  

dissimulant humilesque meant, ne nuntiet hostes  

cura canum et trepidos moneat vigilare magistros.  

 

Stat. Ach. 1.704-708.  

 

“They go forth - just like a pair of wolves in alliance on a wintry night: their own 

hunger and that of their offspring taunts them. Inwardly they disguise their frenzy and 

go on their way keeping low to the ground, lest the attention of the dog make their 

presence known as enemies and lest it remind the restless shepherds to keep watch.” 

 

Statius emphasises the contrast between the wild wolves and the domesticated 

dogs; like Virgil,
117

 Statius manipulates the opposition between the two states. It is clear 

that each wolf is aware of the inherent dangers involved in alerting a trained guard dog 

of its presence; the wolves appear to realise that the bark of a hound will result in 

violent human intervention and they keep low to the ground in an attempt to get at their 

prey. In this instance Statius’ wolves display prudence; they are not reckless like the 

Homeric wolves (Il. 4.471-472 and 11.72-73) but appear to realise that they will suffer 

if they are caught.  

                                                 
117

 See section 3.2. 
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In all three accounts, Thebaid 11.27-31, Thebaid 12.736-740 and Achilleid 

1.704-708 Statius subtly develops the wolf’s degenerate characteristics. He portrays 

how the wolf waits for the lion to leave before snatching its leftovers and symbolically 

associates the wolf with weakness in Thebaid 12. Instead of savaging their prey and 

relentlessly attacking farmsteads like Homeric wolves, Statius’ wolves conceal 

themselves in order to increase their chances of reaching their prey. 

As a by-product of displaying degenerate characteristics Statius’ wolf is 

characterised as a more developed creature than its Homeric counterpart. Wolves in 

Statius possess the inherent ability to weigh up possibilities and have the foresight to 

imagine a disastrous outcome if they are caught in the act. Statius’ wolf will not 

scavenge when the lion is present but only approaches when a carcass is left unguarded. 

The wolf realises that the shepherd represents a threat to its safety. Homeric wolves are 

reckless and attack flocks without trepidation, but Statius’ wolves are clever enough to 

sense danger and react to the threat of discovery. Statius collapses the boundary 

between wild wolves and tame dogs to make a moral statement: some heroes do not live 

up to Homeric models of bravery. 

 

6.5 Conclusion 

 

The Roman epic wolf shows greater awareness than its Homeric predecessor. It realises 

that it is advantageous to attack in darkness, will use its cunning so as not to have to kill 

its own prey and displays prudence when it attempts to get into the farmstead. The 

Roman epic wolf is sometimes equated to Roman deities such as Mars and will not only 

hunt in packs, as in Homeric references, but will also attempt lone ventures.  

Some Roman authors made incredibly specific literary demands of the wolf: 

Virgil explored how the behaviours of the wolf and the shepherd could be manipulated 
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to explore personality traits in particular epic settings, while Statius exaggerated the 

cowardly elements of the animal’s behaviour and depicted wolves that display prudence. 

The wolf was well established in Greek and Roman thought and so its predatory 

characteristics were constantly re-examined, but lesser details of the animal’s 

characteristics could also be adapted to fit with the specific demands of very different 

Roman epics.  
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Chapter 7: The Snake 

 
7.1 Contact with the Snake 

 

The Greeks associated snakes with the god Asklepios and saw them as incarnations of 

the deity. It is likely that snakes actually inhabited the sanctuary of Asklepios at 

Epidaurus (Tomlinson 1983: 20) and were believed to have healing powers: there are 

several references to snakes curing patients: one inscription records that a man had a 

malignant ulcer on his toe, and that a snake cured it with its tongue; meanwhile 

Aristophanes (Pl. 730-740) narrates that serpents cured Plutus’ blindness (cf. Benson 

1983: 185). It is likely that snakes were trained to lick the afflictions of patients (Caton 

1955: 1573) and that they enjoyed the respect of Asklepios’ worshippers. Pausanias 

(2.11.8) records that the cult serpents at the temple were offered food. 

 We know that a serpent inhabited the temple of Athene on the Acropolis at 

Athens; Herodotus (8.4) suggests that the snake behaved as the “guardian” of the place 

and that it was fed regularly with honey cakes; Jennison (1937: 20) points out that 

snakes are unlikely to have actually fed on these offerings and that mice probably 

feasted on the cakes.  

 The Greeks may have encountered cult snakes that inhabited the temples of 

Asklepios and Athene but they did not necessarily experience or think of snakes in 

exactly the same way as the Romans. Pliny records that snake numbers could grow 

rapidly and could get completely out of control. 

 

anguis Aesculapius Epidauro Romam advectus est vulgoque pascitur et in domibus, ac 

nisi incendiis semina exurerentur, non esset fecunditati eorum resistere in orbe 

terrarum.  
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Plin. Nat. 29.22.72.  

 

“The Aesculpian snake was conveyed from Epidaurus to Rome and is usually reared 

even in our homes, and owing to their fertility it would not be possible to resist their 

spread over the earth if it were not for the fact that their young are often burned in 

fires.”  

 

The snake could easily become an unwanted nuisance. Pliny asserts that an 

excess of serpents could cause a problem quite as severe as mice: in Italia Amynclas a 

serpentibus deletas (Plin. Nat. 8.43.104) “Amynclae in Italy was completely obliterated 

by snakes…”. Such infestations are not unknown in the modern world and suggest that 

we should take Pliny’s comments seriously. One family in Idaho was recently forced to 

desert their home when they found that it was infested with snakes. The house had been 

built on a garter snake den where serpents would normally hibernate in the autumn and 

winter months. The scale of the infestation was so great that it was not unknown for 42 

serpents to be killed in a single day.
118

 

Some non-poisonous serpents may have taken up residence in Roman homes 

uninvited while others may have been deliberately welcomed in order to keep the mouse 

population at bay. Some scholars claim that the animal may have been perceived as a 

symbolic protector of the larder and may even have adopted a similar role to that of 

Zeus Ktesios - the traditional guardian of the Greek household and the food supply 

within the home.
119

 Snakes may have enjoyed the type of relationship with the Romans 

that was to be observed in Japan in the 1940’s. Opler (1945: 258) records that the 

presence of a white coloured snake was associated with fortune in Japan. In fact, white 

serpents were so strongly linked with wisdom that they were meant to bring luck if they 
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approached the family home; they were only considered to be a sign of ill omen if they 

subsequently left. 

While some Romans probably thought of snakes as benign guardians of the 

household the animals could also carry negative associations. Tiberius was warned that 

his fortune had changed after his pet snake was eaten by ants (Suet. Tib. 72.2.) and fell 

ill quickly afterwards. In Terence’s Phormio Geta places snakes in the context of 

negative omens. Quod res postilla monstra euenerunt mihi! | Intro iit in aedis ater 

alienus canis; | anguis in inpluuium decidit de tegulis; | gallina cecinit; interdixit 

hariolus;| ... (Ter. Ph. 705-708.) “After this, what divine portents have taken place in 

my presence! A strange black dog came into the house; a snake fell from the roof tiles 

into the courtyard; a hen sang out; a holy man said bad things...”. Such incidents in 

Latin literature suggest that the Romans made a connection between the presence of the 

serpent and changes in fortune, whether they turned out to be good or bad. 

Like most societies, there were some Romans who detested and feared serpents.  

Cicero was absolutely repulsed by poisonous snakes. etiamne in sinu atque in deliciis 

quidam optimi viri viperam illam venenatam ac pestiferam habere potuerunt? (Har. 

24.50.16) “How is it that even the best men are able to have that poisonous and noxious 

viper in their lap and in their hearts?” Petronius (77.1) appears to share similar 

sentiments in the Satyricon, and Lucan’s Cato perceives poisonous snakes as fearful 

animals that must be endured by the brave (Luc. 9.402-4).  

Attitudes towards non-poisonous snakes were often at odds with those towards 

poisonous types. Many appear to have embraced non-poisonous species wholeheartedly: 

as we shall see there are plenty of references to serpents that lived alongside human 

beings.  

 

7.2 Epic Snakes as Benevolent Messengers 
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The application and meaning of the snake in Roman epic has been variously interpreted,  

not least in reference to the Aeneid. Knox (1950: 379-400) has considered serpents in 

association with the imagery of the flame. He suggests that the snake was first to be 

associated with concealment and destruction whereas in the later stages of Aeneid 2 the 

serpent more positively invokes renewal and rebirth. Lewis (1974: 105) examines 

snakes and the imagery of the flood. He considers the snake as comparative to the penis, 

while associating Priam’s attacked castle with the womb. In the context of Aeneid 5 

Rose (1983: 115-121) argues that snakes were emblematic of Trojan fortune and the 

subsequent improvement in that fortune. Meanwhile Putnam (1962: 233) asserts that the 

flame imagery in the Aeneid transforms from “baleful to productive”, but that there is 

no change in the ideas or overall tensions associated with snakes.  

Instead of imposing a Freudian frame on snake references like Lewis (1974: 

103-113) or considering the monstrous snake solely in the context of the Roman epic 

tradition (Bassett 1955: 1-20), I would like to emphasise the fact that the representation 

of snake behaviour in Roman epic often develops beyond Homeric associations.  

Homeric snakes are repeatedly associated with omens and artifacts that are 

strongly related to war. Homer describes a terrible portent when a viper steals and 

devours eight baby sparrows along with their mother; the death of the nine birds is 

meant to portend the length of the bloody war against Troy (Il. 2.308-329). Homer 

makes another reference to the snake when he recalls the myth of Philoctetes (Il. 2.721-

723), and Alexander’s fear of Menelaus is compared to the reaction of a man who steps 

back from an intimidating serpent (Il. 3.33-37). Writhing snakes are depicted on the 

breastplate of Agamemnon when he is about to go into battle (Hom. Il. 11.26-28), an 

eagle in a portent is forced to drop a snake when it continues to attack and injure the 

bird (Hom. Il. 12.200-209) and Achilles awaits Hector just like a snake that plans to 
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attack a man (Hom. Il. 22.93-95). These Homeric serpents are terrifying creatures that 

often signify the bruality of conflict to come. 

The role of the snake in Roman epic develops beyond these Homeric 

representations. While there are plenty of Roman epic references that refer to the 

frightening behaviour and intimidating appearence of the snake, Roman epic authors 

also offer more nuanced interpretations of the serpent that characterise it as a benevolent 

creature that carries positive connotations. The Greeks and the Romans associated 

snakes with the underworld and sometimes interpreted snakes as representatives of the 

deceased (Lazenby 1949: 248); whereas Homer does not elaborate on this theme Virgil 

appears to engage with the idea and offers a positive depiction of the snake as a symbol 

of renewal.    

In book 5 Aeneas addresses his men, and a snake coils itself placidly around 

Anchises’ tomb. 

 

dixerat haec, adytis cum lubricus anguis ab imis  

septem ingens gyros, septena volumina traxit,  

amplexus placide tumulum lapsusque per aras,  

caeruleae cui terga notae maculosus et auro  

squamam incendebat fulgor, ceu nubibus arcus  

mille iacit varios adverso sole colores.  

opsitpuit visu Aeneas. ille agmine longo  

tandem inter pateras et levia pocula serpens  

libavitque dapes rususque innoxius imo  

successit tumulo et depasta altaria liquit.  

hoc magis inceptos genitori instaurat honores.  
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Verg. A. 5.84-94.  

 

“He had said this when a slippery snake slithered from the depths of the shrine and 

hauled his seven great coils around it in seven folds. Quietly embracing the mound and 

slipping through the altars, with his back mottled with blue markings, the snake 

gleamed with gold from his scales; just like a rainbow in the clouds throws a thousand 

different colours against the sun. Aeneas was flabbergasted at the scene. At last, the 

snake, making its way among the libation-saucers and the fragile drinking cups, took a 

sample of the solemn offerings and went harmlessly back under the deepest depths of 

the mound, leaving the altars on which it had browsed. So Aeneas re-started more 

eagerly the honors of his father that had been begun.” 

  

Significantly, Virgil describes the impressive skin of the snake in some detail; 

“Quietly embracing the mound and slipping through the altars, with his back mottled 

with blue markings, the snake gleamed with gold from his scales; just like a rainbow in 

the clouds throws a thousand different colours against the sun.” Williams (1981: 61) 

claims that the imagery in this passage may be linked to that in Iliad 2.308: ἔνθ’ 

ἐφάνη μέγα σῆμα· δράκων ἐπὶ νῶτα δαφοινὸς | σμερδαλέος, ...| βωμοῦ 

ὑπαΐξας πρός ῥα πλατάνιστον ὄρουσεν. (308-310) “Suddenly a significant omen 

came to light there. A terrible snake with blood-red back ... slithered from the altar to 

the plane-tree.” Immediately after these lines the Homeric snake attacks and devours 

baby sparrows ignoring the protests of their mother. 

 Virgil’s snake is a thing of beauty and glimmers with the sun, but Homer’s 

snake is described as “σμερδαλέος” and has a skin the colour of blood. The relative 

contexts highlight the varying treatments of the snake. The Homeric snake should be 

considered in the immediate context of inevitable warfare; it highlights the fact that the 
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conflict with the Trojans will last ten years, but the Virgilian snake behaves very 

differently.  

Virgil describes the snake as unharmful: the description is intriguing because 

such harmless behaviour is completely out of the ordinary in the context of earlier epic 

(Putnam 1962: 207). The peaceful and stately behaviour of the snake has lead the 

meaning of this passage to be questioned. 

Rose (1983: 119) has suggested that the snake’s appearence pinpoints a more 

favourable future for Aeneas, but Putnam (1962: 207) concentrates on the impending 

doom of the book and sees the snake as a threat of negative things to come; to him the 

snake’s appearence is a prelude to the firing of Aeneas’ ships and the evil deeds of Iris. 

Putnam (1962: 211) compares the snake in Aeneid 5.84-94 with the serpents that attack 

Laocoon in Aeneid 2 and asserts that there is a certain ambiguity owing to the intent of 

the differing snakes; both are pictured in the process of embrace, but Laocoon and his 

sons are the victims of attack whereas the Anchises’ serpent is not violent.  

Despite Putnam’s protests I think that the portrayal of the snake in Aeneid 5.84-

94 is a positive one. The Virgilian snake embraces Anchises’ tomb in an act of 

reverence rather than in a murderous embrace. Toynbee (1973: 224-233) explains the 

strong association that the Greeks and the Romans made between the snake and those 

that have died. She suggests that the snake was perceived as a representative of spirits of 

the deceased from Greek archaic times to the early Imperial period. To my mind 

Virgil’s characterisation of the snake hints only at peaceful associations: the snake 

slithers quietly through the libation saucers and tastes the offerings. Snakes that partake 

of offerings are often considered as symbolic embodiments of the dead (Mozley 1963: 

158-159) and they can also be identified as attendants to the deceased: it is probable that 

the snake personifies Anchises himself (Galinsky 1968: 171).  
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In fact, it is not particularly unusual for snakes to behave in this way in Roman 

epic. In Valerius’ Argonautica snakes sip at libations, and Valerius describes these 

snakes as placidi (V.Fl. 3.457). After making offerings to the gods the Argonauts are in 

particularly good spirits (V.Fl. 3.464, 468). Similarly positive associations with the 

snake are drawn to mind in Punica 15.139-145 when the portent of a glittering snake 

shoots through the skies. After the snake omen, Scipio’s supporters urge him to engage 

in battle believing the appearence of the serpent to be a form of encouragement from the 

heavens.
120

   

Furthermore the behaviour of the snake in Aeneid 5.84-94 is not necessarily 

aligned with “negative” developments in the rest of the book as Putnam suggests.  In 

material terms the burning of Aeneas’ ships is not disastrous. Only four ships are 

actually damaged and the Trojans are all able to continue their voyage (Galinsky 1968: 

168). Aristotle’s popular account
121

 of Aeneas’ mission focuses on the fact that the 

burning of the ships guarantees his renewed efforts to found the city. It could be argued 

that the burning of the ships allows Aeneas to rid himself of less useful comrades: the 

snake portent could easily be seen in the context of a positive interpretation of events in 

the sense of progress (Galinsky 1968: 170).  

In fact, Putnam’s alignment of the snake with the firing of Aeneas’ ships appears 

to be a rather random association altogether; particularly when we consider Aeneas’ 

immediate and positive reaction to the serpent. The snake’s appearence invigorates 

Aeneas (Rose 1983: 119), and the hero re-establishes the honours after the serpent has 

coiled itself around the mound. Even the Trojans react positively to the snake’s presence. 

They happily bring gifts before the altars and sacrifice oxen.
122
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While the snake is placed in the funerary context of Anchises’ burial mound, it 

is possible that the snake’s cultural association with fertility may also be relevant to the 

interpretation of the Anchises snake passage. As Toynbee points out (1973: 234) snakes 

were regularly associated with renewal, healing and fertility in the Ancient world; the 

symbolism of the staff of Asklepios is (of course) a case in point. Rose does not 

consider the possible connotations with rebirth when she refers to the serpent, but the 

idea of renewal along with the positive outcomes of healing would fit particularly well 

with her argument. Perhaps the serpent’s presence, evocative of rebirth, suggests that 

Anchises’ death is a necessary component in a sequence of events that will eventually 

result in regeneration and a new start for Aeneas and his people.  

Williams (1981: 60) examines the significance of the snake coiling seven times 

and judges that the number would have had a “mystical” meaning to the Romans. The 

number is not referred to in complete isolation so it appears that there may be some 

correlation between the number and the attitude of the snake itself. In Japanese culture 

the arrangement of the serpent is all-important in the interpretation of its meaning; 

Opler (1945: 258) explains that dreams about coiling snakes are understood to have 

particularly positive meanings and asserts that they are taken as indications of future 

prosperity. 

Toynbee (1973: 234) makes reference to a figurine in the temple of Syrian 

mystery deities on the Janiculum entwined by seven coils of a snake: “The seven coils 

of the snake and the seven eggs between the convolutions may allude to the seven 

planetary births and rebirths through which the soul must pass before attaining to its 

final immorality”. Perhaps the particular significance of this statuette as a symbol of 

rebirth may also be applied to the description of the Anchises’ funerary serpent in the 

Aeneid.  
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All in all, Virgil’s tomb snake deviates from Homeric depictions of the serpent. 

The snake in Aeneid 5 behaves as a benign messenger of support and encourages 

Aeneas and his men by its presence, but Homer’s snakes warn of wars and behave as 

savage predators.  

 

7.3 The Snake as a Pet 

 

It is possible that Ancient Greeks kept snakes in their homes in order to control vermin 

(Jennison 1937:20), but it is unlikely that serpents played as prominent a role in Greek 

homelife as they did in Roman times. Pet snakes were the height of fashion in the 

Roman Imperial court and a number of textual sources suggest that the Romans 

considered snakes as pets rather than as cult healers or as rat catchers. Augustus was 

given a ten cubit snake as a present (Str. 15.1.73) and thought it worthwhile to display 

particularly large examples of the species. Suetonius writes,  

 

solebat etiam citra spectaculorum dies, si quando quid inuisitatum dignumque cognitu 

aduectum esset, id extra ordinem quolibet loco publicare, ut rhinocerotem apud Saepta, 

tigrim in scaena, anguem quinquaginta cubitorum pro comitio. 

 

Suet. Aug. 43.4. 

 

“He was accustomed, even on days when no spectacles were scheduled, if anything 

worth seeing and exotic had been conveyed to display it in public in any place that 

suited, such as a rhinoceros in the Saepta, a tigress on the stage and a snake fifty cubits 

long in front of the Comitium.”  
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Augustus was not the only Emperor to display serpents; Tiberius was the proud 

owner of a pet snake that fed from his own hand (Suet. Tib. 72.2), and Elagabalus kept 

poisonous and harmless varieties (Hist. Aug. Elagabalus, 28.3). Martial even refers to 

an acquaintance who made a practice of placing snakes about her person: …gelidum 

collo nectit †Gladilla† draconem (Mart. 7.87) “…[Gladilla] fastens a cold snake around 

her neck…”. Vioque (2002: 469) tells us that the adjective gelidum “cold” refers to the 

poisonous and deathly nature of the serpent. 

The upper echelons of Roman society may have encountered snakes fairly 

regularly. Seneca (Dial. 2.31.6) refers to snakes that went gliding over people’s laps at 

dinner parties, and Tacitus remarks that Nero had the protection of serpents from a 

young age.  

 

favor plebis acrior i<n> Domitium loco praesagii acceptus est. vulgabaturque adfuisse 

infantiae eius dracones in modum custodum, fabulosa et externis miraculis adsimilata; 

nam ipse, haudquaquam sui detractor, unam omnino anguem in cubiculo visam narrare 

solitus est. 

 

Tac. Ann. 11.11.2-3. 

 

“The more enthusiastic praise given to Nero by the common people was taken in the 

place of an omen. It was widely said that snakes had been at hand as guards during his 

childhood - a myth invented to match foreign tales; for he himself, who was hardly 

prone to excessive modesty, was accustomed to tell people that only one snake had ever 

been seen in his bedroom.” 
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Pet snakes are also recorded by Pliny; he relates how Thoas kept a serpent and 

was forced to give it up. According to Pliny the serpent remembered the boy and 

defended him from attack:    

 

Haec fidem et Democrito adferunt, qui Thoantem in Arcadia servatum a dracone narrat. 

nutrierat eum puer dilectum admodum, parensque serpentis naturam et magnitudinem 

metuens in solitudines tulerat, in quibus circumvento latronum insidiis agnitoque voce 

subvenit.  

 

Plin. Nat. 8.22.61.  

 

“These tales afford Democritus the benefit of the doubt; he is the one who recounts that 

Thoas was saved by a snake in Arcadia. When he was a boy he looked after a snake like 

a beloved pet, and his parents, growing concerned about the nature and size [of the 

snake], carried it into the wilderness. There it recognised Thoas’ voice and assisted him 

when he was entrapped by the tricks of mercenary soldiers.” 

 

Accounts like Pliny’s often depart from highly scientific descriptions and tend to 

include sentimental episodes detailing affectionate serpent behaviour, but other records 

also focus on the intimacy of the relationship between human and snake. Lucian
123

 

writes that Alexander saw huge snakes that took milk from women’s breasts like babies 

(Alex. 7), and Aelian delights in the way that snakes were treated by the Egyptians. He 

describes how dinner guests snapped their fingers to summon and dismiss the animals. 

The asps enjoyed treats of honey cakes and quickly disappeared when diners wanted to 

rise from their couches so that they were not stepped on (Ael. N.A. 17.5). It seems that it 
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was particularly fashionable to make a literary connection between human and serpent; 

even if, like Aelian, you were merely referring to the snake’s intimacy with people in 

foreign cultures. No doubt such tales and public displays of the serpent provided fertile 

material for Roman epic elaboration. 

 

7.4 Epic Renderings of the Snake as a Pet 

 

Romans kept snakes that were understood as pets in their own right. It is therefore not 

wholly surprising that Roman epic authors developed the pet-like qualities of their epic 

serpents whereas Homeric references to snakes do not consider them as pets. The 

Roman epic accounts of the snake offer more nuanced interpretations of the creature 

that develop its pet-like qualities and emphasise its benevolent characteristics. 

When we compare Valerius’ Roman version of the Argonautica with 

Apollonius’ Greek version of the tale it becomes apparent that the serpent that guards 

the golden fleece is given a much more pet-like representation in Valerius’ description. 

In Apollonius’ Argonautica Medea drugs the snake on Jason’s behalf, and the snake is 

presented as a formidable monster.  

 

τὼ δὲ δι’ ἀτραπιτοῖο μεθ’ ἱερὸν ἄλσος ἵκοντο, 

φηγὸν ἀπειρεσίην διζημένω ᾗ ἔπι κῶας 

βέβλητο, νεφέλῃ ἐναλίγκιον ἥ τ’ ἀνιόντος  

ἠελίου φλογερῇσιν ἐρεύθεται ἀκτίνεσσιν·  

αὐτὰρ ὁ ἀντικρὺ περιμήκεα τείνετο δειρήν 

ὀξὺς ἀύπνοισι προϊδὼν ὄφις ὀφθαλμοῖσιν 

νισσομένους, ῥοίζει δὲ πελώριον, ἀμφὶ δὲ μακραί 
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ἠιόνες ποταμοῖο καὶ ἄσπετον ἴαχεν ἄλσος·  

ἔκλυον οἳ καὶ πολλὸν ἑκὰς Τιτηνίδος Αἴης 

Κολχίδα γῆν ἐνέμοντο παρὰ προχοῇσι Λύκοιο, 

ὅς τ’ ἀποκιδνάμενος ποταμοῦ κελάδοντος Ἀράξεω 

Φάσιδι συμφέρεται ἱερὸν ῥόον, οἱ δὲ συνάμφω 

Καυκασίην ἅλαδ’ εἰς ἓν ἐλαυνόμενοι προρέουσιν·  

δείματι δ’ ἐξέγροντο λεχωίδες, ἀμφὶ δὲ παισίν 

νηπιάχοις, οἵ τέ σφιν ὑπ’ ἀγκαλίδεσσιν ἴαυον, 

ῥοίζῳ παλλομένοις χεῖρας βάλον ἀσχαλόωσαι. 

ὡς δ’ ὅτε τυφομένης ὕλης ὕπερ αἰθαλόεσσαι 

καπνοῖο στροφάλιγγες ἀπείριτοι εἱλίσσονται,  

ἄλλη δ’ αἶψ’ ἑτέρῃ ἐπιτέλλεται αἰὲν ἐπιπρό 

νειόθεν ἰλίγγοισιν ἐπήορος ἀίσσουσα— 

ὧς τότε κεῖνο πέλωρον ἀπειρεσίας ἐλέλιζε 

ῥυμβόνας, ἀζαλέῃσιν ἐπηρεφέας φολίδεσσιν. 

τοῖο δ’ ἑλισσομένοιο κατ’ †ὄμματος εἴσατο† κούρη,  

Ὕπνον ἀοσσητῆρα, θεῶν ὕπατον, καλέουσα 

ἡδείῃ ἐνοπῇ, θέλξαι τέρας, αὖε δ’ ἄνασσαν 

νυκτιπόλον, χθονίην, εὐαντέα δοῦναι ἐφορμήν. 

εἵπετο δ’ Αἰσονίδης, πεφοβημένος· αὐτὰρ ὅγ’ ἤδη  

οἴμῃ θελγόμενος δολιχὴν ἀνελύετ’ ἄκανθαν  

γηγενέος σπείρης, μήκυνε δὲ μυρία κύκλα, 
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οἷον ὅτε βληχροῖσι κυλινδόμενον πελάγεσσιν 

κῦμα μέλαν κωφόν τε καὶ ἄβρομον· ἀλλὰ καὶ ἔμπης 

ὑψοῦ σμερδαλέην κεφαλὴν μενέαινεν ἀείρας 

ἀμφοτέρους ὀλοῇσι περιπτύξαι γενύεσσιν.  

ἡ δέ μιν ἀρκεύθοιο νέον τετμηότι θαλλῷ, 

βάπτουσ’ ἐκ κυκεῶνος, ἀκήρατα φάρμακ’ ἀοιδαῖς 

ῥαῖνε κατ’ ὀφθαλμῶν, περί τ’ ἀμφί τε νήριτος ὀδμή 

φαρμάκου ὕπνον ἔβαλλε· γένυν δ’ αὐτῇ ἐνὶ χώρῃ 

θῆκεν ἐρεισάμενος, τὰ δ’ ἀπείρονα πολλὸν ὀπίσσω  

κύκλα πολυπρέμνοιο διὲξ ὕλης τετάνυστο. 

ἔνθα δ’ ὁ μὲν χρύσειον ἀπὸ δρυὸς αἴνυτο κῶας, 

κούρης κεκλομένης, ἡ δ’ ἔμπεδον ἑστηυῖα 

φαρμάκῳ ἔψηχεν θηρὸς κάρη, εἰσόκε δή μιν 

αὐτὸς ἑὴν ἐπὶ νῆα παλιντροπάασθαι Ἰήσων  

ἤνωγεν· λεῖπον δὲ πολύσκιον ἄλσος Ἄρηος. 

ὡς δὲ σεληναίης διχομήνιδα παρθένος αἴγλην 

ὑψόθεν †ἀνέχουσαν ὑπωρόφιον θαλάμοιο 

λεπταλέῳ ἑανῷ ὑποΐσχεται, ἐν δέ οἱ ἦτορ 

χαίρει δερκομένης καλὸν σέλας—ὧς τότ’ Ἰήσων  

γηθόσυνος μέγα κῶας ἑαῖς ἀναείρετο χερσίν,  

καί οἱ ἐπὶ ξανθῇσι παρηίσιν ἠδὲ μετώπῳ 

μαρμαρυγῇ ληνέων φλογὶ εἴκελον ἷζεν ἔρευθος. 
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A. R. 4.123-171.  

 

“The pair reached the sacred grove by path, seeking the great oak where the fleece was 

hung; the fleece reddens up like a cloud hit with flaming rays of the rising sun. 

Stretching out his very long neck the sharp snake caught sight of them coming right 

away with his sleepless eyes; the monster hisses loudly, and the very hisses echoed 

around the long shores of the river and the unspeakable grove. Those heard it who were 

inhabiting the Colchian land at a great distance from Titanian Aea, next to the mouth of 

Lycus, the river which flows and is diffused from the loud Arxes and is borne of the 

sacred flow with Phasis; together they flow driving into the Caucasian sea. The mothers 

awoke owing to their fear and threw their arms up in anxiety; the very arms that were 

surrounding their helpless infants. Those babies were sleeping in their mother’s bent 

arms and started at the hiss. Just as when boundless whirls of smoke curl over wood 

giving off vapour in a sooty cloud, one waft always rises over another. The uplifted 

vapours waft about from below. Just so at that time did that gigantic snake coil up his 

unlimited length overhung with parched and horny scales. As he was squirming, the girl 

<came> before <his eyes>. She was calling on her protector, sleep, the loftiest of the 

gods with a sweet voice. Then she called on the queen that roams by night on the earth, 

to grant a successful attack. The son of Aeson followed in a state of fear. Being quickly 

enchanted by her song the snake was relaxing the long spine of its earth-born back. It 

stretched out its countless coils as when a black wave both blunted and loud-roaring 

rolls over a torpid sea. Nevertheless he lifted up his terrible head on high, desiring to 

enfold them both in his destructive jaws, but the witch cupped up her mixed potion with 

a recently cut twig of juniper and sprinkled pure drugs into the snake’s eyes with a 

chant. All around a boundless waft of the potion induced sleep. In that very place, the 

leaning snake dropped its jaw and stretched out his numberless coils far behind through 
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the forest with its many trees. Then Jason took the golden fleece from the oak while the 

girl was urging him on. Medea stood there and rubbed the head of the wild beast with a 

potion. When Jason himself commanded her to turn back to the ship again the witch left 

the very shady grove of Ares. Just as a maiden holds the reflection of the full moon 

from on high on a delicate robe under the roof of her chamber as it rises. Her heart is 

joyous as she looks at the beautiful radiance, so glad Jason lifted up the great fleece in 

his hands.” 

It is clear that the serpent in Apollonius’ version of the myth is to be imagined as 

a gruesome atrocity. The snake is a horror: it is huge in size (the “countless coils” are 

repeatedly referred to) and it has malicious intent: ...μενέαινεν| ἀμφοτέρους 

ὀλοῇσι περιπτύξαι γενύεσσιν. “ [the snake was] desiring to enfold them both in his 

destructive jaws”. In actual fact, this is a masterly description of monstrosity. 

Apollonius appeals to four of our five senses: the context of the simile suggests that we 

should imagine the sour smell of smoke; the terrible hissing of the snake jars in our ears; 

the sight is horrific since the snake is depicted on a huge scale, and we can imagine the 

feel of the serpent when we are informed that its body is covered with rough scales. 

Apollonius’ snake is even more horrifying because it recognises the approach of its 

enemies προϊδὼν ὄφις ὀφθαλμοῖσιν νισσομένους “the sharp snake immediately 

caught sight of them coming with its eyes”.124 It seems that Apollonius had a clear idea 

of the reaction that he expected from his Greek audience.  

Meanwhile the representation of Medea’s behaviour is also revealing. The fact 

that the heroine chooses to deceive the beast is emphasised with an ironic twist. Medea 

does not charm the serpent with a ἡδείῃ ἐνοπῇ “sweet voice” because she cares for it 

but because she is invoking the protection of the gods. The implication is that Medea is 
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 Apollonius’ description emphasises the monstrous and terrifying aspects of the snake’s senses. 

Serpents are not generally reputed for their eyesight (Cogger 2002: 618). 
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acting out of her own interest; her words are strategically applied in order to overcome 

an obstacle rather than to reassure the serpent.  

The tension in Apollonius’ passage remains until Medea puts a spell on the 

serpent with her pungent potions. After the snake has been drugged and the fleece 

snatched Medea simply annoints the snake’s head with a potion and follows Jason’s 

instructions to leave. The Apollonian heroine betrays no feelings of inner turmoil after 

she has drugged the serpent; her conscience is clear, and the welfare of the snake is not 

subsequently focused upon. All in all, Apollonius’ Medea is a calculating character: she 

believes that the fleece is of paramount importance and treats the snake with relative 

disdain. 

Not all ancient accounts consider the snake’s monstrosity or Medea’s 

relationship with the snake from the same perspective as Apollonius’ version of the 

myth. In some accounts Jason is recorded as taking a more dominant role in the action 

than the one that he plays out in Apollonius’ description. Some centuries before 

Apollonius, Pindar described the contact between Jason, Medea and the snake.
125

 In 

Pindar’s version of events it is not Medea who drugs the snake, but Jason who 

dispatches it: κτεῖνε μὲν γλαυκῶπα τέχναις ποικιλόνωτον ὄφιν, ὦ ‘ρκεσίλα, 

κλέψεν τε Μήδειαν σὺν αὐτᾷ, τὰν Πελίαο φονόν· (Pi. P. 4.249-250) “With his 

skills he [Jason] killed the snake with spotted back and with gleaming eyes; Arcesilas 

and he [Jason] stole Medea, and bought about the murder of Pelias with her help”.  

In Pherecydes’ version
126

 of the myth Jason slays the snake, and a Vatican vase 

depicts Jason being swallowed whole by the serpent (Green 1997: 298). Herodotus’ 

comments also appear to feature Jason’s role at the expense of Medea’s; Medea is often 

the lesser figure of the two (Hershkowitz 1998: 60). All in all it seems that the earliest 
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 Pindar was born circa 518 BC (Hornblower and Spawforth 2003: 1183). 
126

 Pherecydes of Leros lived circa 450 BC (Huxley 1973: 137-43). 
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Greek representations of the myth do not focus on Medea or comment on her 

relationship with the serpent at any length. 

It appears that the details of the golden fleece episode were transformed over 

time. In his version of the myth Euripides characterises Medea as the dominant figure. 

The witch highlights the fact that she protected Jason from peril.  

 

ἐκ τῶν δὲ πρώτων πρῶτον ἄρξομαι λέγειν· |ἔσωσά σ’, ὡς ἴσασιν Ἑλλήνων 

ὅσοι | ταὐτὸν συνεισέβησαν Ἀργῶιον σκάφος, | πεμφθέντα ταύρων 

πυρπνόων ἐπιστάτην | ζεύγλαισι καὶ σπεροῦντα θανάσιμον γύην· | 

δράκοντά θ’, ὃς πάγχρυσον ἀμπέχων δέρος | σπείραις ἔσωιζε πολυπλόκοις 

ἄυπνος ὤν, | κτείνασ’ ἀνέσχον σοι φάος σωτήριον.  

 

E. Med. 475-482. 

 

“I shall first start to narrate from the beginning. I saved you, as all the Greeks who 

embarked from the same hull of the ship, the Argo, know, when you were sent forth to 

tame the fire-breathing bulls with a yoke and to sow the deadly piece of land. And when 

I killed the snake, which being sleepless surrounded the golden fleece with its coils and 

guarded it, I held up the light of deliverance for you.”  

 

When we consider the various versions of the myth it seems that the accounts of 

Apollonius and Euripides share the most similar features. Indeed Apollonius’ account of 

Medea may be perceived as a response to Euripides’ manipulation of the witch as a 

strong heroine figure (Mori 2008: 91). Both writers comment on the sleepless nature of 

the snake and imply that Medea saved Jason from his doom; both authors highlight 

Medea’s motivations at the expense of Jason’s. As many scholars have noted, 
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Apollonius’ Medea is a force to be reckoned with while Jason behaves in an utterly 

unheroic manner; he fails to kill the snake and does not live up to the traditional 

standards of heroic bravery that we would expect.
127

  

Valerius’ account is quite different from those of Apollonius and Euripides. 

When we compare Valerius’ description of the snake to the one in Apollonius we can 

see that the authors represent the serpent, as well as the relationship between Medea and 

the snake, in completely contrasting ways.  

 

haec ait atque furens rapido per devia passu  

tollitur. ille haeret comes et mi[se]ratur euntem  

cum subito ingentem media inter nubila flammam  

conspicit et saeva vibrantes luce tenebras.  

'quis rubor iste poli? quod tam lugubre refulsit  

sidus?' ait, reddit trepido cui talia virgo:  

'ipsius en oculos et lumina torva draconis  

aspicis. ille suis haec vibrat fulgura cristis  

meque pavens contra solam videt ac vocat ultro,  

ceu solet, et blanda poscit me pabula lingua.  

dic age nunc utrum vigilanti hostemque videnti  

exuvias auferre velis an lumina somno  

mergimus et domitum potius tibi tradimus anguem.'  

ille silet, tantus subiit tum virginis horror... 

ille haud Aeolio discedere fessus ab auro  

nec dare permissae, quamvis iuvet, ora quieti  
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 Byre 2002: 114, Hutchinson 1988: 123, Beye 1982: 33. 
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sustinet ac primi percussus nube soporis  

horruit et dulces excussit ab arbore somnos.  

contra Tartareis Colchis spumare <venenis>  

cunctaque Lethaei quassare silentia rami  

perstat et adverso luctantia lumina cantu  

obruit atque omnem linguaque manuque fatigat  

vim Stygiam ardentes donec sopor occupet iras.  

iamque altae cecidere iubae nutatque coactum  

iam caput atque ingens extra sua vellera cervix  

ceu refluens Padus aut septem proiectus in amnes  

Nilus et Hesperium veniens Alpheos in orbem.  

ipsa caput cari postquam Medea draconis  

vidit humi fusis circum proiecta lacertis  

seque suumque simul flevit crudelis alumnum.  

'non ego te sera talem sub nocte videbam  

sacra ferens epulasque tibi nec talis hianti  

mella dabam ac nostris nutribam fida venenis.  

quam gravida nunc mole iaces, quam segnis inertem  

flatus habet! nec te saltem, miserande, peremi.  

heu saevum passure diem, iam nulla videbis  

vellera, nulla tua fulgentia dona sub umbra.  

cede adeo inque aliis senium nunc digere lucis  

immemor, oro, mei nec me tua sibila toto  

exagitent infesta mari. sed tu quoque cunctas,  

Aesonide, dimitte moras atque effuge raptis  

velleribus. patrios exstinxi noxia tauros,  
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terrigenas in fata dedi: fusum ecce draconis  

corpus habes! iamque omne nefas, iam, spero, peregi.'  

quaerenti tunc deinde viam, qua se arduus heros  

ferret ad aurigerae caput arboris, 'heia per ipsum  

scande age et adverso gressus' ait 'imprime dorso.'  

nec mora fit. 

 

V.Fl. 8.54-112. 

 

“Saying this and raging Medea walks up through hidden paths with a quick step. 

He, Jason (her accomplice) remains close and laments for her as she walks. When he 

suddenly notices a great flame in the middle of the clouds, and that the gloom is 

disturbed by a cruel glow, he asks “What is that red in the sky? What mournful star 

gleams so?” The girl replies to his anxiety: “behold, you are looking at the eyes and 

savage stares of the snake himself. He shakes these lightning flashes from his crest; he, 

fearing me only, sees me and calls on me as he is accustomed to and he begs me for 

food with a fawning tongue. Come now and tell me whether you would steal the fleece 

when he is awake and aware of his enemy, or shall we rather immerse his eyes in sleep 

and hand the snake to you when it has been tamed?” Jason does not speak, for 

considerable fear of the girl then overcomes him... [Medea invokes sleep to help her 

conquer the snake]. The sleepy snake does not want to abandon the Aeolian gold or to 

give in to permitted sleep, though sleep would please it; he holds up his head, and when 

he is first struck by the fog of sleep, he shivers and shakes the sweet drowsiness from 

the tree. Yet the Colchian girl stands firmly against the snake; she continues to sprinkle 

him with deadly drugs and to shake on him all the sleep of Lethe’s branch. She 

overwhelms his struggling eyes with an opposing chant and exhausts all her Stygian 
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power with her hand and song until sleep dominates the snake’s burning passions. Now 

his tall crests fall, and now he nods his conquered head; the great neck has fallen away 

from the fleece just like the flowing Po, or the Nile - that runs into seven rivers - and the 

Alpheus when it joins the Hesperian land. Afterwards, Medea herself looked at the head 

of her beloved snake on the ground. Thrown forward with her embracing arms about it 

the cruel woman bewailed both her nursling and herself. “I used not to see you thus late 

at night when I was bringing sacred offerings and feasts to you; nor was I thus when I 

used to place honey cakes in your gaping mouth and feed you faithfully with my drugs. 

How swollen up you are now as you lie in a shapeless mass! How your lingering 

breathing keeps you still! At least, wretched snake, I did not destroy you! Alas, you will 

suffer a cruel day: now you will see no fleece; no flashing gifts will lie in your shade. 

Yield then and spend your old age in other sacred groves – forgetting me, I beg you! 

May your hostile hisses not plague me across the whole sea! But you, son of Aeson, 

stop all your delaying and escape with the stolen fleece. I have destroyed the bulls of 

my father with my deadly skill and I have offered up the earth-born [snake] to the fates: 

look at the body of the snake stretched before you! Now I hope that I have achieved the 

whole crime”. When the hero was seeking a way to get up to the top of the tree bearing 

the golden fleece, Medea said, “Alas! Look, climb up on the snake itself and get going: 

imprint your steps on your adversary’s back.” 

 

Unlike Apollonius’ Medea, Valerius’ Medea holds the snake in some reverence. 

She cares for the serpent as if it were a domesticated pet: she feeds the snake titbits and 

places lovingly made cakes into his mouth. Medea does not stop at providing 

sustenance but also disciplines the snake. She claims that meque pavens contra solam 

videt... “fearing me only, he sees me...”. It seems that Medea has established the 

hierarchy in the relationship, and that the snake is well aware of his duties to his 
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mistress. In effect, Valerius’ snake is being depicted as a Roman pet snake rather than a 

dangerous wild animal. 

In addition, Jason’s inadequacies in terms of recognising the snake emphasise 

Medea’s ease with the serpent. She is familiar with the snake and can recognise his eyes 

for what they really are, but Jason only sees them as an indiscriminate glow. It is 

implied that Valerius’ Medea is comfortable with the proximity of the serpent: when 

Jason cannot reach the fleece it is Medea who encourages him to climb the snake itself.  

The level of concern that Valerius’ Medea openly displays for the snake is so 

acute that she drops to the ground to embrace the creature after he has been drugged; 

interestingly the serpent is termed as her alumnum “nursling”, and so we begin to 

consider the serpent as a creature that requires love and attention. It is clear that the 

heroine feels that she has betrayed the snake’s trust by drugging him. Medea bewails the 

serpent and imagines the snake’s consternation when it realises that the fleece has been 

stolen. It appears that the witch wants to limit the snake’s suffering and she even 

attempts to eradicate her traitorous doping of the snake from its mind. 

It could be that Valerius developed Medea’s reaction to the snake to make the 

hero and heroine appear alternately powerful. Stover (2003: 145) argues that Jason’s 

masculinity is tested by Medea in Valerius’ version of the Argonautica, but that his 

supremacy is eventually reinstated. It is true that Medea takes the initiative in directing 

her lover, but on other occasions she is characterised as an emotional wreck.
128

 An 

alternative reasoning may be that Valerius simply wished to depict Medea as a sweet 

woman; his version of the tale definitely demonstrates her kindness towards the serpent.  

These reasonings, although valuable in their own right, should not distract our 

attention from the fact that Valerius’ snake is at odds with its Apollonian equivalent. 

Valerius’ snake is portrayed as an intriguing creature which suffers from an ambivaent 
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 Hershkowitz (1998: 96-7) studies how Valerius’ Medea has many intertextual models including Helen 

(as she appears in Iliad 3) and Nausicaa (Hom. Od. 6150-152). Valerius’ Medea is simultaeneously 

dangerous and innocent: she has a dual personality. 
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personality. On occasion the serpent displays the characteristics that we would expect 

from an intimidating guard. Valerius mentions that the snake possesses an angry glare: 

ipsius en oculos et lumina torva draconis | aspicis. ille suis haec vibrat fulgura cristis| ... 

“behold, you are looking at the eyes and savage stares of the snake himself. He shakes 

these lightning flashes from his crest;...”. Yet on other occasions the animal seems more 

subjugated than the most obedient of domesticated creatures. The serpent does not gulp 

down gruesome entrails but begs Medea for food. This is not the type of behaviour that 

we would expect from a snake; especially when it is meant to be protecting a precious 

treasure. The snake’s contradictory characteristics show how far Valerius has come 

from simply imitating Apollonius; Valerius’ snake cannot seem to decide whether it 

owes greater loyalty to its mistress or to guarding the fleece.    

The Apollonian golden fleece tradition has warned the reader to expect a terrible 

serpent, and Valerius does not wholly abandon this monstrous stereotype; the 

Argonautica snakes share the ability to frighten those that encounter them with their 

terrifying appearance. However, Valerius’ reading of the snake does differ significantly 

from the creature found in Apollonius: Valerius’ snake loves Medea whereas 

Apollonius’ snake is (at best) disinterested in the witch. In effect, Valerius has kept the 

outer form of the horrific Greek serpent but has transformed its inner nature.  

The dichotomy in the snake’s behaviour may be typical of pets that the Romans 

would have been more familiar with (such as dogs). Snakes do not actually fawn on 

their owners, but dogs routinely display the type of behaviour that Valerius attributes to 

the serpent. It could be that Valerius based his serpent’s characteristics on those of a 

faithful hound. Dogs instinctually tend to protect their owners and guard against 

intruders: Valerius’ snake appears faithful to Medea alone but does not extend its 

loyalty to intruders such as Jason. 
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Roman epic snakes do not behave as stock monsters but tend to endear 

themselves to those that encounter them. The pet-like qualities these serpents display 

are no doubt symptomatic of a culture that accepted snakes as legitimate household pets.   

  

7.5 Snakes as Creatures with Thoughts and Feelings 

 

Homer makes little reference to the thought processes of the snake when it comes into 

contact with humankind, but it seems that Roman epic authors began to consider snakes 

as animals that had their own thoughts and feelings.  

In the Iliad, Homer relates how Paris starts back from Menelaus and compares 

him to a man who comes across a snake.  

 

Τὸν δ’ ὡς οὖν ἐνόησεν Ἀλέξανδρος θεοειδὴς  

ἐν προμάχοισι φανέντα, κατεπλήγη φίλον ἦτορ, 

ἂψ δ’ ἑτάρων εἰς ἔθνος ἐχάζετο κῆρ’ ἀλεείνων. 

ὡς δ’ ὅτε τίς τε δράκοντα ἰδὼν παλίνορσος ἀπέστη  

οὔρεος ἐν βήσσῃς, ὑπό τε τρόμος ἔλλαβε γυῖα, 

ἂψ δ’ ἀνεχώρησεν, ὦχρός τέ μιν εἷλε παρειάς,  

ὣς αὖτις καθ’ ὅμιλον ἔδυ Τρώων ἀγερώχων 

δείσας Ἀτρέος υἱὸν Ἀλέξανδρος θεοειδής. 

 

Hom. Il. 3.30-37.  

 

“But when godlike Alexander recognised the one who had shown up among the 

warriors his own heart was struck with dismay. He fell back into the band of his fellow 
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soldiers, shunning fate. Just as when a man backs away, recoiling, when he catches 

sight of a snake in the glens of a mountain and a shudder takes hold of his knees, he 

steps back and his cheeks go pale. Just so godlike Paris sank back into the crowd of 

noble Trojans, fearing the son of Atreus.” 

 

The mental state of the snake is not at issue in Homer’s version of the 

confrontation; the description focuses on the unfortunate man who approaches and  

hurriedly backs away from the serpent. The threat of the serpent is implied but the snake 

is not described as taking any action against its perceived enemy. It is simply assumed 

that the snake represents danger.  

As we shall see Virgil also describes an altercation between snake and man. His 

reference is more shocking and immediate than Homer’s rendering of the same subject. 

In Aeneid 2 Androgeos (a Greek) confronts Aeneas and his companions. He suddenly 

realises that he faces Aeneas and his men disguised in Greek amour.  

 

opstipuit retroque pedem cum voce repressit.  

inprovisum aspris veluti qui sentibus anguem  

pressit humi nitens trepidusque repente refugit  

attollentem iras et caerula colla tumentem:  

haut secus Androgeos visu treme factus abibat.  

 

Verg. A. 2.378-382. 

  

“He was stupified and curbed his voice and his foot as he stepped back. Just like the 

man who presses down on an unseen viper in among sharp thorns when he steps heavily 

on the ground and suddenly jumps back in fear at the snake, who rises up in anger and 
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swells out its dark throat: it was in no other way that Androgeos, made anxious by the 

sight, departed.” 

 

Here the Roman epic account extends the initial Homeric reference (Il. 3.30-37). 

Whereas Homer’s Alexander is likened to a man that almost steps on a snake Virgil’s 

soldier is compared to a man who actually treads on the serpent and encounters the 

animal’s resulting wrath. Virgil employs words that emphasise the difficult position the 

snake finds itself in: pressit and nitens. 

It is immediately clear that Virgil’s simile is much more descriptive of serpent 

behaviour than Homer’s account. The Virgilian snake is depicted as being very reactive 

to threat: attollentem iras et caerula colla tumentem “it rises up in anger and swells out 

its dark throat”, but the Iliad reference does not consider the snake’s reaction to the man; 

only the human subjects’ horror at perceiving the snake.  

In Aeneid 5, Virgil describes a snake crushed by a carriage wheel or the violent 

beating of a passer by. 

 

qualis saepe viae deprensus in aggere serpens,  

aerea quem oblicum rota transit aut gravis ictu  

seminecem liquit saxo lacerumque viator;  

nequiquam longos fugiens dat corpore tortus,  

parte ferox ardensque oculis et sibila colla  

arduus attollens, pars volnere clauda retentat  

nixantem nodis seque in sua membra plicantem...  

 

Verg. A. 5.273-279. 
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“Just as when a snake has been caught on the height of the road, when a bronze wheel 

drove across it or when a traveller has mangled it with the strike of a heavy object and 

left it half dead. The snake pulls along its coils as it flees in vain: partly fierce and 

blazing from its eyes, lifting high its hissing head – but another part, damaged by the 

wound, holds back the struggling creature as it twists its body into knots”.     

  

Once again, Virgil emphasises the snake’s volatile reaction to attack. The 

serpent is termed as ferox, and its eyes blaze with anger (ardensque oculis). It seems 

that the author has attempted to demonstrate the snake’s distress by focusing on its 

vulnerability to pain. The serpent attempts to escape the agony it feels by writhing and 

turning back on itself. 

It is not unusual for later Roman epic authors to focus on the snake’s thoughts 

and feelings. In the Punica, Marus tells Regulus’ son the story of his father’s battle with 

a snake. Regulus fights an immense and terrifying serpent (Sil. 6.151-293) that has a 

horrific appearence; it is monstrously long (as big as the hydra that Hercules had to fight) 

and has poisonous breath. This snake feeds on the the corpses of humans, and Regulus’ 

soldiers have to regroup in order to brace themselves for the attack.  

Despite the terrible appearence of Silius’ snake, and its fiercesome appetite for 

human flesh, it displays thought processes that qualify it as a complex animal. When the 

snake suffers a blow from Regulus’ thrown spear it goes mad with rage and Silius terms 

the snake as impatiens dare terga... (Sil. 6.254) “unable to endure the shame of turning 

its back in surrender...”. The snake appears to be spurred on by the attack of its enemies 

and shows determination in the face of adversity, but more importantly, it is unwilling 

to lose face by retreating. It seems that Roman epic writers were attributing snakes with 

thoughts and feelings that were in line with Roman concerns about bravery and duty.  
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The depiction of the snake under threat is also manipulated by Statius in the 

Thebaid. Like Silius, Statius tends to humanise the snake’s reactions. 

 

         at illi tacito sub pectore dudum  

ignea corda fremunt, iacto velut aspera saxo  

comminus erigitur serpens, cui subter inanes  

longa sitis latebras totumque agitata per artus  

convocat in fauces et squamea colla venenum:...  

 

Stat. Theb. 2.410-414.  

 

“But for a long time [Eteocles’] burning heart roars in his silent chest, just as when a 

cruel snake lying concealed in a hollow is enraged by a hurled stone and puffs itself up 

close at hand. Racked by long thirst throughout its body, the snake summons up all its 

poison into its jaws and scaly neck”.  

 

It appears that Statius has afforded the stung snake a real depth of understanding. 

Statius describes the boiling rage building up within Eteocles, ...tacito sub pectore 

dudum | ignea corda fremunt... “his burning heart roars under his silent chest...”. This 

description demonstrates the lengths to which Statius has gone in order to imagine the 

strength of the anger inherent in both the man and the comparative serpent. The fact that 

the epicist equates the serpent’s strength of feeling with a specifically human reaction 

implies that Statius saw the snake’s emotional range as broad and intense in scale as that 

of a human.  

Statius (5.505-587) also describes the gruesome serpent that kills Opheltes and 

then is itself killed. Recent research has re-examined the significance of Statius’ 
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Opheltes-snake episode: although the Nemean serpent is hideous (it has green eyes, 

poison in its fangs and a threefold quivering tongue) it does not attack Opeltes 

deliberately (as in every other version of the myth) but only kills him by accident. 

Statius describes the snake with the words, ignaro serpente (Theb. 5.539). While 

Soerink
129

 has suggested that the Opheltes passage is a microcosm of the Thebaid as a 

whole (Opheltes represents the victims of the Theban War; Hypsipyle the lamentation 

of the bereaved women, and the Nemean serpent the destructive forces of Thebes) it 

seems that the treatment of the Nemean serpent in the Opheltes episode also fits with a 

developing examination of the snake’s motivations – or lack of them. To describe a 

snake as “unknowing” when it attacks is to establish its actions within human terms of 

innocence and guilt. Epic writers appear to be thinking about snake behaviour in the 

context of human morality. 

7.6 Conclusion 

Roman writers examined humans’ relationship with the snake in much more depth than 

their Greek counterparts. Apollonius appears to describe the snake as a stock monster, 

and Homer most often associates it with omens or contexts suggesting war. Over time 

the image of the snake became open to more diverse interpretations. Virgil characterises 

the snake as a benevolent creature in his reference to Anchises’ tomb, and Valerius 

considers the snake in the conceptual role of a pet. The popularity of the household 

snake may well have contributed to its epic characterisation as a thinking and emotional 

creature.  

Roman epic writers define snakes as developed creatures that have thoughts and 

feelings of their own. The snakes’ external features may define them as monstrous 

                                                 
129

 Suggested by Soerink, 22 Jan 2010: Statius Nottingham Conference. 
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beasts, but the internal responses of epic snakes show that they are not merely terrifying 

monsters, but have the potential to respond and feel complex emotions.  
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Chapter 8: The Eagle 

 
8.1 The Greek Eagle  

 

In ancient scientific accounts the descriptions of the eagle range from those that are 

fairly accurate to those that are completely absurd. Pollard (1977: 76) records eight 

species of eagle that may be found in Greece and points out that Aristotle managed to 

define six different types of eagle. However, the fact that vultures, eagles and hawks 

were often confused emphasises the difficulty in interpreting the Greek understanding 

of the bird (Halliday 1913: 260). Pollard (1977: 78) suggests that whoever wrote the 

Historia Animalium book 9
130

 had a satisfactory insight into the bird’s habits, but the 

fact that the eagle often inhabited remote areas would no doubt have made it 

challenging for the Greeks to observe the bird in the wild. The most common of eagles 

is the golden eagle; and that species is most frequently found in uninviting mountainous 

areas (Bruun 1982: 72). Arnott (1964: 249) underlines the difficulty in identifying the 

birds found in ancient Greek literature and suggests that Aristotle’s accuracy in 

describing animals depended on the availability of particular species.  

The Greeks examined a range of the eagle’s characteristics. Dionysius
131

 

comments that eagles are extremely skilled in hunting and praises their ability to find 

and kill the most cunning of prey, but the writer also makes some bogus claims 

suggesting that the eagle does not drink water but only blood (D.P. 1.3). Even more 

fantastical notions find their way into his account; apparently the eagle places a magical 

stone in its nest and the same stone may be employed as a safeguard against abortion in 

women (D.P. 1.3).  

                                                 
130

 The authenticity of Aristotle’s book 9 On Birds has been placed in some doubt (Pollard 1977: 18). 
131

 The poem on birds is attributed to Dionysius of Philadelphia or Dionysius the Periegete. The former 

lived in the era of Hadrian and the latter two centuries later. It is not known whether this account of the 

eagle belongs to the earlier or the later scholar (Pollard 1977: 23). 
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In Greek culture the eagle was often seen as a link with the world of the divine. 

The eagle was symbolic of Zeus and the bird was most commonly considered as his 

personal messenger.
132

 Pseudo-Euripides
133

 (Rh. 531) refers to the eagle as flying in 

heaven, and Aratus (313ff) depicts the eagle soaring among the constellations.  

As the most predatory of the bird species, the eagle became a particularly potent 

symbol in Homeric epic; it is a frequent participant in omens and portents and often 

delivers messages that relate the intentions of the gods. As Boraston (1911: 220) points 

out, Homer most often chooses to align the gods with particularly swift and keen birds 

reputed for their intelligence and superior reputation. As such, Homer’s version of the 

eagle is defined by its aggression and predatory nature. The eagle and the snake are 

pitted against each other in Homeric simile (Il. 12.200-209); other prey are hares and 

lambs. In actual fact the eagle appears to have had a reputation for initiating conflict 

with a range of other species. Aesop’s fables highlight hostility between the fox and the 

eagle,
134

 while Aristotle (H.A. 9.609b.9.615b) emphasises the particular enmity between 

the swan and the eagle. 

The eagle sometimes carried negative connotations. Aeschylus employs an eagle 

omen in the Persians when the Queen has a dream about her son. She recalls:  

 

ὁρῶ δὲ φεύγοντ’ αἰετὸν πρὸς ἐσχάραν | Φοίβου, φόβωι δ’ ἄφθογγος ἐστάθην, 

φίλοι· | μεθύστερον δὲ κίρκον εἰσορῶ δρόμωι | πτεροῖν ἐφορμαίνοντα καὶ 

χηλαῖς κάρα | τίλλονθ’·  

 

A. Pers. 205-209. 

 

                                                 
132

  Pollard 1977: 16 and 117 cf. Wittkower 1939: 307. 
133

 Kovacs (2002: 352) discusses the much-disputed question of its attribution.  
134

 Aesop. 41 in Grahame 1984: 82. 
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“I caught sight of an eagle fleeing towards Phoebus’ hearth and stood absolutely 

speechless with awe, my friends. Later I beheld a hawk in pursuit; it was attacking the 

eagle’s wings and plucking at its head with its claws.”  

 

The eagle took on ominous characteristics in other contexts too: Xenophon (An. 

6.1.23) records how the appearance of the bird portended ill for him when he was 

setting out to reach Ephesus and join Cyrus. 

 

8.2 The Roman Superior Eagle 

 

In Roman times the eagle had great significance as the most impressive of birds. As the 

messenger of the father of the gods the eagle was often depicted as wielding the 

thunderbolt and was commonly associated with Jupiter. Pliny strategically places the 

eagle as one of the first species of birds in his avian chapter. The eagle is given a 

striking introduction Ex his quas novimus aquilae maximus honos, maxima et vis (Plin. 

Nat. 10.3.6) “Out of those [birds] which we know, eagles have the greatest honour and 

the greatest strength”. Writing in Roman times, Aelian also values the bird as among the 

most elite of the avian species;  

 

Τὸν ἀετὸν τὸν τῶν ὀρνίθων βασιλέα οὐ μόνον 

περιόντα καὶ ζῶντα δέδοικε τὰ ὄρνεα καὶ καταπτήσσει 

φανέντος, ἀλλὰ καὶ τὰ πτερὰ ἐκείνου ἐάν τις τοῖς 

τῶν ἄλλων συναναμίξῃ, τὰ μὲν τοῦ ἀετοῦ μένει ὁλό- 

κληρα καὶ ἀνεπιβούλευτα, τὰ δὲ ἕτερα κατασήπεται  

 

Ael. N.A. 9.2.  
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“Birds fear the eagle, the king of birds, and are in awe of his presence; not only when he 

flies around and is full of life, but also if one mingles his feathers with those of other 

birds; those of the eagle stay intact and in pristine condition while those of others 

decay”.  

 

Like Aelian, Pliny suggests that the eagle’s feathers have a negative effect on 

other birds. It seems that the eagle was a powerful force to be reckoned with; Aelian 

(N.A.9.2) refers to the bird as βασιλέα, and, like Pliny, Aelian suggests that its remains 

are so potent that they can dissolve the feathers of inferior species. 

The strength of the eagle was rated so highly that some believed that it would 

take on much bigger enemies. Pliny (Nat. 10.5.17) states that the eagle gathers dust and 

sprinkles it over the stag’s head in order to temporarily blind it and subsequently beats 

its victim’s head with its wings. Meanwhile Aelian (N.A. 9.10) asserts that the eagle is 

highly predatory and lists its most common victims as geese, hares and fawns. He 

claims that eagles have been known to attack the octopus (Ael. N.A. 7.11) and explains 

how eagles prey on tortoises and drop them from great heights in order to shatter their 

protective shells. It is interesting that Aelian attributes the eagle with this premeditated 

strategy; he records that eagles behave in this perculiar way in order to attack the 

tortoises’ unprotected bellies (N.A. 7.16).  

Some authors attributed the eagle with extremely loyal characteristics. Aelian 

(N.A. 2.40) relates how Pyrrhus’ captive bird chose to starve itself after its master’s 

demise, while Pliny (Nat. 10.6.18) records that an eagle committed suicide by throwing 

itself on a pyre as a tribute to the death of its mistress.  

 

8.3 Military and Political Symbolism  
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The power of the eagle’s associations with Jupiter, honour and strength meant that its 

use as a symbol quickly extended to the battle field. Pliny (Nat. 10.5.16) explains that 

the eagle became a Roman military mascot in the second consulship of Gaius Marius in 

104 BC. An eagle was sculpted on the top of Roman legionary standards and the aquila 

came to represent both the past military achievements of the legion and their imminent 

prowess on the battle field (Peddie 1994: 31).  

It appears that the Romans spent a considerable amount of time and energy in 

designing new models of the aquila; whereas early standards were small and easily 

portable later versions were moulded from gold and were larger (Peddie 1994: 32). The 

eagles on top of standards often acquired divine meaning further elicited by their poses. 

Some eagles were depicted with thunderbolts held in their claws, and others were 

designed with their necks bending sharply to the left as if awaiting divine favour 

(Peddie 1994: 31). The eagle standards took on such status that they were never melted 

down and reconfigured, even if they were badly mutilated in battle (Peddie 1994: 31).  

Peddie suggests that the eagle standards had a very practical use and asserts that 

the symbolic standards were important in the organisation and deployment of troops in 

the heat of battle.
135

 The standards even played a part in the religious life of the Roman 

army; Webster (1969: 135) explains that the symbols were annointed with oils and 

adorned with flowers on special occasions. The power of eagle symbolism also becomes 

clear when we consider monuments to Roman war dead. Keppie dates his study on 

Roman funerary monuments from 31BC to 68 to 70 AD and analyses a number of 

sculptures that depict the aquila.
136

  

The conceptual power of the Roman eagle as an influential symbol becomes 

even more apparent when it is mentioned by Tacitus. He tells us that Germanicus 

                                                 
135

 Peddie 1994: 36 see also Webster 1969: 135.  
136

 Keppie 2003: 43 and 47. 
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engaged in battle in 16AD at Cherusci. Apparently eight eagles flew towards the forest 

and Germanicus took courage. Interestingly enough, Tacitus actually labels the eagles 

as Romanas aves “birds of Rome” and attributes the birds with divine characteristics; 

exclamat irent, sequerentur Romanas aves, propria legionum nu<m>ina (Tac. Ann. 

2.17) “He shouted that they should charge and follow the birds of Rome, the special 

protectors of the legions”. This positive interpretation of the eagle is supported by the 

behaviour of Caesar’s tenth legion in 55 BC. Worried about jumping from the ship 

when invading Britain for the first time, Caesar’s soldiers were only convinced to 

disembark from the relative safety of the vessel after the eagle bearer had leapt towards 

the shore ahead of them (Caes. Gal. 4.25). 

The eagle not only proved to boost morale in the Roman army but also carried 

significant connotations in the wider political environment of the Roman world.  

After Crassus famously lost the eagle standards to the Parthians in 53 BC Augustus 

campaigned tirelessly for their return. When the Parthians finally signed a peace treaty 

the eagles were returned to the Roman capital to great public acclamation. The 

standards were housed in a new temple dedicated to Mars the Avenger (Zanker 2007: 

186), and Augustus proudly recorded his achievement in the Res Gestae.
137

  The force 

of the ideology behind the recaptured eagles appears to have been considerable; the 

event itself was commemorated on the cuirass of the Prima Porta statue (Zanker 2007: 

189), and a significant number of denarii were minted depicting the return of the 

standards.
138

 It is also a tribute to the symbolism of the eagle that the Romans rejoiced 

so enthusiastically on the occasion of the standards’ return.  

Augustus was well aware that the eagle carried positive connotations. The 

Gemma Augustea is thought to have been designed in order to commemorate Tiberius’ 

triumph in 12 AD (Stewart 2008: 121-2). The stone measures 23cm wide and depicts 
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138

 Webster 1969: 135. 
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Augustus, who is seated on a throne surrounded by close members of his family. 

Augustus is contextualised with an eagle that is perched beneath his figure and holds a 

sceptre in his left hand. The scene not only emphasises his divine associations with 

Jupiter (Stewart 2008: 121-2), but also highlights the successful and long lasting 

cultivation of Augustus’ image in relation to the bird.  

Considering the use of eagle symbolism in funerary contexts, the religious 

connotations of the bird and the Roman’s reluctance to abandon damaged standards it 

appears that the eagle embodied a large number of far-reaching sentiments. The 

repeated redesign of the aquila suggests that the eagle proved to be an enduring icon 

possessing powerful connotations. It does not seem to be an exaggeration to say that the 

Romans associated their very national security and identity with the eagle. 

 

8.4 Turning the Eagle to the Sun 

 

Both Aristotle and Pliny describe how the parent eagle would test the origins of his 

offspring with reference to the glare of the sun. Aristotle explains that the keen-sighted 

eagle forces its young to look at the sun and kills those that cannot gaze directly at the 

beams of light (Arist. H.A. 9.620a). Pliny describes how the sun provides unequivocal 

confirmation of legitimacy; if the eagle is a genuine descendent it will be able to 

withstand the glare of the bright rays. 

 

haliaetus tantum inplumes etiamnum pullos suos percutiens subinde cogit adversos  

intueri solis radios et, si coniventem umectantemque animadvertit, praecipitat e nido 

velut adulterinum atque degenerem. illum, cuius acies firma contra stetit, educat.  

 

Plin. Nat. 10.3.10.  
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“Still, the sea eagle forces his own unfledged chicks to stare into the glare of the sun, 

beating them. If the fledgling turns away blinking and weeping the parent hurls it from 

the nest as if it were an imposter and degenerate; he rears only the one whose line of 

sight stays unwavering.”  

 

The initial association between the eagle and the sun may be found in texts that 

predate Pliny and Aristotle. The Egyptians thought of the eagle as representative of the 

sun (Wittkower 1939: 293-325), and early Greeks followed their lead. In Aeschylus’ 

Suppliant Maidens the sun is described “Ζηνὸς ὄρνιν” (212) “the bird of Zeus”. 

Pollard (1977: 114) speculates that the link between the eagle and the sun may have 

been detailed in this instance in order to emphasise the exotic beliefs of the Egyptians. 

The other reference to the eagle carrying particular connotations with the sun is to be 

found in the writings of Pausanias. He states that the eagle is sacred and links it with 

Helios.
139

 

A tentative connection between the bird and the sun may have passed from 

Egyptian society or Greek literature to that of the Romans, but it seems that the concept 

of testing eagle chicks occurs frequently in Roman epic. In Silius’ Punica, the eagle and 

the sun come to the fore in the context of warfare. At the battle of Cannae, the father of 

six sons, Crista, urges his offspring to fight Hannibal alongside him.  

 

armiger haud aliter magni Iovis, anxia nido  

cum dignos nutrit gestanda ad fulmina fetus,  

obversam spectans ora ad Phaethontia prolem  

explorat dubios Phoebea lampade natos.   

                                                 
139

 Paus. 5.25.5 cf. Pollard 1977: 114. 
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Sil. 10.108-111.  

 

 “…the armour bearer of great Jupiter behaves in no other way; she anxiously rears the 

young in the nest so that they are worthy of carrying thunderbolts. The bird examines 

the staring chicks which look towards Phaethon’s face and investigates their lineage 

with the blaze of Phoebus.”  

 

It is obvious that the premise of this simile rests on the same basis as the 

explanations in Aristotle and Pliny. Crista’s sons’ legitimacy becomes conceptually 

related to their bravery and they are to be examined in the face of adversity. 

It is interesting that the young sons are aligned with the eagle in a military 

capacity, for the bird not only carried associations with the gods but also with the 

sovereignty of Rome herself. As previously discussed, the eagle, as the symbolic 

representation of Jupiter, came to invoke the very heart of what it meant to be Roman. 

Considered in this light it appears that both the state and the nobility of ancestors are 

elemental in this simile. Because Hannibal will slaughter the brothers they are 

associated with the most noble of birds and subtly linked to the identity of the Roman 

military as a whole.  

Although Silius aligns the boys with the historic glory of Rome he does not 

neglect the more realistic meaning of their involvement in war. By comparing the sons 

of Crista to eaglets Silius suggests the relative inexperience of the adolescent warriors; 

they are children in a hostile environment, and their lives are ultimately at stake. Their 

father’s righteous determination that they prove themselves as heroic fighters has a 

tragic aspect - his demands will ultimately end in all their deaths.  
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In effect, the simile explores the nature of personal loss in the face of military 

responsibility. Both the eaglets that fail examination and the sons that suffer defeat are 

doomed; but whereas the eaglets are sacrificed by their own father it is Hannibal that 

guarantees the murder of the young men.  

As well as operating as the executor of death Hannibal also initiates the test that    

tries the young soldiers’ endurance and so he is aligned with the sun. Spaltenstein (1990: 

62) highlights the fact when he comments, Les armes d’Annibal luisent d’un éclat 

terrifiant “Hannibal’s armour beams with terrifying brilliance”. Given the foreign 

associations with sun worship it seems possible that Hannibal’s alignment with the sun 

subtly emphasises the barbaric and hostile culture that he represents.   

It appears that the interest in turning the eaglet towards the sun is matched in 

non-epic sources.  Aelian gives another account of the eagle’s attitude towards its young; 

once again, adolescents are forced to prove their worth by gazing unblinkingly at rays of 

light.  

 

βάσανος δέ οἱ τῶν νεοττῶν 

τῶν γνησίων ἐκείνη ἐστίν. ἀντίους τῇ αὐγῇ τοῦ  

ἡλίου ἵστησιν αὐτοὺς ὑγροὺς ἔτι καὶ ἀπτῆνας· καὶ 

ἐὰν μὲν σκαρδαμύξῃ τις τὴν ἀκμὴν τῆς ἀκτῖνος 

δυσωπούμενος, ἐξεώσθη τῆς καλιᾶς, καὶ ἀπεκρίθη 

τῆσδε τῆς ἑστίας· ἐὰν δὲ ἀντιβλέψῃ καὶ μάλα 

ἀτρέπτως, ἀμείνων ἐστὶν ὑπονοίας καὶ τοῖς γνησίοις  

ἐγγέγραπται, ἐπεὶ αὐτῷ πῦρ τὸ οὐράνιον ἡ τοῦ γέ- 

νους ἀδέκαστός τε καὶ ἄπρατος ἀληθῶς ἐστιν ἐγ- 

γραφή. 



 208 

 

Ael. N.A. 2.26.9-17  

 

“The test of legitimate nestlings is as follows. They place them as fragile and featherless 

infants to face the gleam of the sun, and if [the eaglet] blinks at the intensity of the beam 

of light, shrinking away, it is thrust out of the dwelling and separated from its hearth. 

However, if the bird stares right at the beam wholly unmoved it does better than to 

deserve suspicion and is marked down as legitimate. This is all owing to the fact that the 

heavenly blaze is genuinely an uncorruptable and unbiased assurance of descent.” 

 

The relationship between the sun and the eagle is not only implied, but the 

process of scrutiny is dramatically played out before our eyes. The harsh treatment of 

the eaglet which fails the examination is striking; false imposters are evicted from the 

nest and left to perish. Like Silius’ young warriors, the eaglets are doomed if they do 

not quickly prove themselves. It appears that the concept of the eagle turning its young 

towards the beams of the sun could be employed in a range of epic and non epic 

contexts. 

In his Civil War, Lucan also refers to the relationship between eaglets and the 

sun. On this occasion the Psylli test their infant’s magical power against snakes.  

 

utque Jovis volucer, calido cum protulit ovo  

implumis natos, solis convertit ad ortus:  

qui potuere pati radios et lumine recto  

sustinuere diem, caeli servantur in usus,  

qui Phoebo cessere, iacent: sic pignora gentis  

Psyllus habet, si quis tactos non horruit angues,  
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si quis donatis lusit serpentibus infans.  

 

Luc. 9.902-8.  

 

“Just like the bird of Jupiter, which turns its fledgling young towards the rising sun 

when they emerge from the warm egg: those who are able to endure the rays and sustain 

their gaze direct at the glare are kept unharmed in the employment of heaven, but those 

who yield to Phoebus are cast aside. If the child does not recoil from handling snakes 

and plays with the snakes they have been given the Psylli have guarentees of their 

genuine descent.”  

 

In this instance the eaglet and sun simile has been put to a slightly different use. 

Lucan emphasises the expectations that parents have of their young but also identifies 

the inherent powers of the Psylli as a people who are able to protect themselves against 

snakes. It seems that Lucan is combining two literary traditions: firstly the rite of 

passage that young eagles must go through, and secondly the traditional conflict 

between the eagle and the snake.  

Wittkower (1939: 308) explains how the eagle and the snake were traditionally 

interpreted as enemies from the earliest times. Minoan stones depict the struggle 

between the two animals, and Homer pictures the battle between the eagle and the snake 

in Iliad 12 (200-209) when the bird clutches a serpent in its talons but is forced to drop 

it. Meanwhile Aristotle (H.A. 9.609a) explains that the eagle may feed on the snake and 

writes that the two animals are sworn enemies.  

The concept features just as prominently in the epics of Virgil and Silius. Virgil 

(A. 11.751-758) describes how Tarchon carries Venulus off like an eagle grabbing a 
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serpent in its claws, while Silius (12.55-59) employs the traditional emnity between the 

snake and eagle to describe the hostilities between Hannibal and the Romans.  

By skilfully invoking such a traditional concept of conflict between two arch 

animal rivals Lucan’s simile (9.902-8) symbolically links old epic traditions with new 

epic innovations. Lucan has aligned the adolescents of the Psylli with the eagle in order 

to identify them as more strongly opposed to the snake. It makes logical sense that the 

Psylli should be associated with the arch enemy of the serpent for the very reason that 

they are able to tame the snake.  

In effect the concept of turning eaglets to the sun adds a new twist to the epic 

eagle usage. The alignment of the Psylli as a unified snake-charming people with the 

eagle alludes to basic and accepted epic conventions. As such, Lucan bridges the gap 

between two very different types of material and fuses them in a completely innovative 

hybrid simile.  

It seems that epic references to the eagle may have coloured subsequent 

representations of the bird. Writing in the second century AD, Lucian includes a comic 

reference to the strange ritual and indirectly proves the potency of this particular belief. 

 

παρὰ πολὺ τῶν ἄλλων ζῴων ἀετός ἐστιν ὀξυωπέστατος, ὥστε  

μόνος ἀντίον δέδορκε τῷ ἡλίῳ, καὶ τοῦτό ἐστιν ὁ 

γνήσιος καὶ βασιλεὺς ἀετός, ἢν ἀσκαρδαμυκτὶ 

πρὸς τὰς ἀκτῖνας βλέπῃ.” “Φασὶ ταῦτα,” ἦν δ’ 

ἐγώ, “καί μοι ἤδη μεταμέλει ὅτι δεῦρο ἀνιὼν 

οὐχὶ τὼ ὀφθαλμὼ τοῦ ἀετοῦ ἐνεθέμην τοὺς ἐμοὺς  

ἐξελών· ὡς νῦν γε ἡμιτελὴς ἀφῖγμαι καὶ οὐ πάντα 

βασιλικῶς ἐνεσκευασμένος, ἀλλ’ ἔοικα τοῖς νόθοις 
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ἐκείνοις καὶ ἀποκηρύκτοις.  

 

Lucianus, Icar.14.9-18.  

 

“The eagle is by far the most keen-sighted of all living things. Consequently it is the 

only one who may look straight at the sun; it is only the legitimate and king-like eagle 

which looks towards the beams of light not blinking.” “They say such things”, I said, 

“And I am already sorry that I did not put the eye of the eagle in while taking out my 

own eye. Now I have come incomplete and am not wholly prepared in a royal way, just 

like those illegitimate and disinherited birds.” 

 

The examination of the references found in this section suggests that the concept 

of turning the eaglet to the sun could be combined with other epic traditions to form 

hybrid similes. Similes such as those in Lucan 9.902-8 and Silius 10.108-111 portray 

the ingenuity of epic authors. It has been demonstrated that the anecdote concerning the 

eagle, repeated so systematically in epic texts and other written sources, indicates that 

animal imagery possessed the power to transcend completely different types of 

literature.  

 

8.5 The Eagle and Epic Identity 

 

Over time the eagle is associated with a range of individuals. In the Odyssey, it is 

Odysseus who is most prominently aligned with the bird:  

 

χῆνες μὲν μνηστῆρες, ἐγὼ δέ τοι αἰετὸς ὄρνις 

ἦα πάρος, νῦν αὖτε τεὸς πόσις εἰλήλουθα, 
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ὃς πᾶσι μνηστῆρσιν ἀεικέα πότμον ἐφήσω.’   

 

Hom. Od. 19.548-550.  

 

“Before I was the eagle and the geese were the suitors, now your husband is back again, 

who shall unleash an outrageous destiny on every one of the suitors.”  

 

and so establishes his symbolic connection with the bird. The hero is also 

associated with the bird when his enemies see a sight that predicts they will suffer stern 

retribution at the hero’s hands, αὐτὰρ ὁ τοῖσιν ἀριστερὸς ἤλυθεν ὄρνις, | αἰετὸς 

ὑψιπέτης, ἔχε δὲ τρήρωνα πέλειαν (Hom. Od. 20.242-3) “A bird came upon them 

from the left, the high-soaring eagle held the timid wild dove”. These bird omens show 

their continuous support for Odysseus and guarantee that he will enact his revenge when 

he manages to return home (Podlecki 1967: 13-15 and 23). In fact, Odysseus’ 

identification of himself as the eagle is reiterated when Homer aligns his movements 

with the bird at the very end of the Odyssey οἴμησεν δὲ ἀλεὶς ὥς τ’ αἰετὸς 

ὑψιπετήεις (Hom. Od. 24.538) “Soaring high, he swooped just like an eagle on the 

assembled throng”. 

Homeric tradition shows the strength of the alignment between the eagle and 

Odysseus, but the link between epic heroes and the eagle is not always as we might 

expect in Roman epics. For example, in Aeneid 1, Aeneas is not associated with the 

eagle but with a swan. 

 

aspice bis senos laetantis agmine cycnos,  

aetheria quos lapsa plaga Iovis ales aperto  

turbabat caelo; nunc terras ordine longo  
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aut capere aut captas iam respectare videntur:  

ut reduces illi ludunt stridentibus alis  

et coetu cinxere polum cantusque dedere,  

haut aliter pubesque tuae pubesque tuorum  

aut portum tenet aut pleno subit ostia velo.  

 

Verg. A. 1.393-400.   

 

“Look at the twelve swans rejoicing in their procession: the swift bird of Jupiter has 

been struck down and causes tumult in the upper air. Now they seem either to reach 

land or to have reached it already in their long line; already they seem to look back on 

land. Just as you will succeed, the swans duck and dive with beating wings and swoop 

around circling in a crowd, loud with song. Your youths and your warriors will reach 

the port or the harbour in full sail just like the swans.”  

 

It is somewhat surprising that Aeneas is not associated more directly with the 

eagle. As the parallel hero to the Homeric Odysseus, Aeneas has more reason to be 

aligned with the bird than his Homeric predecessor. Aeneas is the human guarantee of 

Rome’s future success and is supported by Jupiter in his mission to found Rome. Given 

Rome’s military association with the eagle and her ancestral link with Jupiter
140

 it seems 

somewhat odd that the earthly representative of Jupiter’s divine intervention is not more 

frequently aligned with the Trojan hero.  

In Aeneid 1 the eagle is aligned with malign forces that threaten Aeneas’ safety 

as well as the prosperity of his men. It seems that the flock of swans in refuge represent 

the fact that Aeneas’ twelve missing ships from his fleet are safe (Austin 1971: 140). 

                                                 
140

 Jupiter was grandfather to Romulus and Remus. 
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The very phrasing emphasises the celebratory nature of the flight, the swans are termed 

as laetantis agmine
141

 “rejoicing in their procession”. It is likely that Aeneas’ ships are 

aligned with the swan because the swan was perceived as Venus’ bird; the conflict 

between the birds may symbolise the emnity that Jupiter and Venus display towards 

each other. Austin (1971: 141) asserts that the swans’ safe return signals Venus’ victory. 

In another episode in Aeneid 9, it is not the obvious hero of the epic, Aeneas, 

who takes on the characteristic associations of the eagle, but the impediment to peace, 

Turnus. Turnus is dramatically associated with the eagle when he attempts to catch the 

escaping Lycus,  

 

    simul arripit ipsum  

pendentem et magna muri cum parte revellit:  

qualis ubi aut leporem aut candenti corpore cycnum  

sustulit alta petens pedibus Iovis armiger uncis  

quaesitum aut matri multis balatibus agnum  

Martius a stabulis rapuit lupus. 

 

Verg. A. 9.561-566. 

 

 “At the same time he snatches at the very man who hangs 

and pulls him down along with a big chunk of the wall: 

Just as when the armour bearer of Jupiter  

lifts up either a hare or a dazzling white swan in its hooked claws 

as it is hunting at altitude, or as when the wolf of Mars 

has seized a lamb from the fold that is sought  

                                                 
141

  Verg. A. 1.393 cf. Austin 1971: 140. 
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by the mother who bleats constantly.” 

 

It seems that the correlation between Turnus and the eagle is quite definite. 

Turnus is associated with the eagle’s predatory characteristics; he preys on a weaker 

victim and brings disruption to the scene. The swan is the victim of the eagle’s hunt 

once more; as such the previous association between Aeneas and the swan (Verg. A. 

1.393-400) is brought to mind once again.  

Such a simile has obvious parallels in Homer; Menelaus is compared to the 

eagle when it is out hunting the hare (Il. 17.673-678); Hector is like an eagle swooping 

on a lamb or hare in Iliad 22 (308-311) and Hector is once again aligned with an eagle 

attacking swans in book 15 (690-695). The choice to represent Turnus as the eagle and 

the wolf emphasises his strong connections with the gods and aigns him with these 

Homeric heroes; there is no doubt that the warrior will cause great disruption owing to 

the fact that he believes that the gods support his aggressive stance (Hardie 1994: 180). 

The choice of phrasing has a number of striking implications. On the most basic 

level, the Romans thought of the eagle as a bird of prey; in this context Turnus is clearly 

a predator and a skilled one at that. Symbolically, the eagle was believed to possess 

superior qualities of strength and honour; as a result the Romans made the bird their 

very own military mascot. Finally, as the bird of Jupiter, we expect the eagle to behave 

as the executor of the god’s will. In this episode, verbally highlighted as “the armour 

bearer of Jupiter”, Turnus has a direct link to Jupiter. Seemingly, at this point, his 

actions are the most direct expression of the god’s wishes that we may expect. All these 

considerations may well have entered the mind of the Roman reader, but why would 

Virgil choose to align Turnus more prominently with the eagle than Aeneas?  

Perhaps the eagle is associated with Turnus because Virgil was trying to 

demonstrate the extent of the hero’s misplaced confidence in his military prowess. Or 
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perhaps Virgil was attempting to offer an alternative perspective on Turnus’ identity in 

the epic.  

To my mind it is the latter of these two concerns that determined Turnus’ 

suprisingly prominent association with the eagle. Because Turnus is aligned with the 

eagle more predominantly than Aeneas it could be that Virgil was attempting to 

emphasise the fact that the Italians had as much a critical role to play in the foundation 

of Rome as the Trojans.
142

 The symbolic usage of the eagle, as well as the comparative 

alignment of both Aeneas and Turnus with the wolf,
143

 may suggest that they both had 

the potential to play a critical part in Roman history. Jupiter’s association with the bird, 

and by extention, with Turnus, highlights the fact that the two men could have been 

allies. It is mainly owing to the interference of the gods that Turnus is killed; the eagle 

alignment highlights the fact that Aeneas and Turnus could have been linked in a 

positive way if things had turned out differently. Instead Aeneas’ eventual slaughter of 

Turnus is the ultimate tragedy: Turns suffers an ignoble death and Aeneas is 

dehumanised by the way he treats the Italian. 

Over time, the symbol of the eagle is crystalised as a representation of Roman 

power and military strength in its own right. In the Punica, the Romans are depicted as 

banding together as a nation struggling to defend themselves against a common enemy: 

the Carthaginians. Silius’ snake makes an attack on the eagle’s nest and so represents 

Hannibal launching his forces against the citadel of Naples.  

 

haud secus, occuluit saxi quos vertice fetus  

ales fulva Iovis, tacito si ad culmina nisu  

evasit serpens terretque propinquus hiatu,  

                                                 
142

 Toll (1997: 51) goes as far as to suggest that the Aeneid offered the perfect opportunity to draw the 

Romans and the rest of the Italian population together after the Civil War of the 90’s BC and the new 

citizenship laws. According to Toll (1997: 38) it is probable that the Romans considered themselves as 

ancestrally superior to the wave of newly enfranchised citizens. 
143

 See 6.4.1. 
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illa hostem rostro atque adsuetis fulmina ferre  

unguibus incessens nidi circumvolat orbem.   

 

Sil. 12.55-59.  

  

“It is not at all different when the tawny bird of Jupiter hides its young at the top of a 

rocky outcrop. If a snake climbs silently up to the nest at the summit and terrifies the 

young with its gaping mouth, the eagle, accustomed to carrying thunderbolts, picks up 

the enemy snake in her beak, and divebombing, swoops around the nest in a circle.” 

 

Silius distinguishes the eagle as ales fulva Iovis or the “tawny bird of Jupiter” 

(Sil. 12.56). The wording choice emphasises the specific associations between the wild 

animal and the Roman identity. In this particular instance, the eagle’s nest is 

comparative to Naples, and so the eagle itself becomes descriptive of Roman 

sovereignty in the face of attack.  The eagle is repeatedly referred to as the bird of 

Jupiter in Roman epic and is even termed as the eagle of Pompey and the “Roman” 

eagle.
144

 The eagle comes to denote the military potential of a nation under threat from 

foreign forces. 

Considering the power of the symbol of the eagle in the Roman mentality it 

seems possible that Virgil manipulated the eagle’s associations in order to provide the 

Italians and the Romans with a more unified identity. In the struggle to promote a united 

Roman front the symbolism of the eagle may well promote the similarity between 

Italian and Trojan heroes and their respective origins. Meanwhile the later depiction of 

Silius takes the symbolic use of the eagle to its logical extension. The eagle comes to 

                                                 
144

 Sil. 10.108, 12.56; Luc. 6.138-139, 6.129. 
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represent a much more established version of Roman sovereignity in the face of foreign 

attack. 

 

8.6 The Eagle Omen and the False Omen 

 

The Homeric eagle is often featured as the carrier of accurate omens: in the Iliad, an 

eagle omen warns that the Trojans will not be successful if they continue to fight against 

the Greeks (Hom. Il. 12.200-229). In the Odyssey (19.538-9) the eagle predicts 

Odysseus’ eventual return home when an eagle attacks geese in Penelope’s dream. The 

eagle is often suggestive of Odysseus’ slaughter of the sinful suitors; in book 2 (146-

156) eagles attack each other to prophecy the ominous return of the hero. The 

reoccurrence of the eagle is highlighted by both Podlecki (1967: 12-15) and Anderson 

(1971: 49-65). Considering the frequent manipulation of eagles and other birds in the 

Odyssey, Podlecki (1967: 23) suggests that we consider the bird usage as affording the 

epic with a sense of unity.  

In the Homeric context the eagle omen correctly predicts the eventual outcome 

of events and warns participants what will come to pass if they continue to behave in 

the same way (Anderson 1971: 51). When eagle omens are present in Homer, they are 

“expected to be true” (Anderson 1971: 52). Birds are conceptually identified as 

messengers that announce the intentions and desires of the Homeric deities.
145

   

In Homer’s Odyssey 2.147-156 and Iliad 12.200-229 the eagle omen constitutes 

a definite warning. The eagle omen in the Odyssey threatens the suitors who are 

attacking Odysseus’ household, while the eagle portent in the Iliad threatens the Trojans 

who keep attacking the Greeks (Anderson 1971: 51). In both Homeric cases the eagle 

                                                 
145

  Pollard 1977: 116 cf. Hom. Il. 10.274-276. 
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omen represents the genuine sentiments of divine forces at work; it is clearly evident 

that the suitors and the Trojans would ignore the omen at their peril.  

In Virgil’s Aeneid 12, however, the usage of the eagle omen evolves. Here the 

eagle is involved in a completely misleading episode when the Rutulians are duped by 

Juturna’s deceptive portent. Aeneas and Turnus have previously agreed to fight each 

other in single combat, but a deceptive eagle omen means that the Rutulians are mislead 

into thinking they must break the truce and attack to save Turnus. In the omen, an eagle 

swoops down on a swan but is forced to surrender the prey when it struggles:  

 

namque volans rubra fulvos Iovis ales in aethra  

litoreas agitabat avis turbam que sonantem  

agminis aligeri, subito cum lapsus ad undas  

cycnum excellentem pedibus rapit improbus uncis.  

arrexere animos Itali, cunctaeque volucres  

convertunt clamore fugam (mirabile visu)  

aetheraque obscurant pinnis hostemque per auras  

facta nube premunt, donec vi victus et ipso  

pondere defecit praedamque ex unguibus ales  

proiecit fluvio penitusque in nubila fugit.  

 

Verg. A. 12.247-256. 

 

“For flying in the rosy sky the tawny bird of Jupiter was driving shore birds and the 

resounding birds of a winged formation on, when suddenly, fallen to the very waves, the 

eagle cruelly seized up a pure white swan in its hooked claws. The Italians’ minds were 

agitated, and (an astonishing sight) all the birds turned about in riotous flight and cast a 
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shadow in the sky with their wings. Overpowered by their force and its own weight the 

eagle failed; he dropped the prize swan from his talons into the stream and fled deep 

into the clouds.” 

 

The eagle omen in the Aeneid is different from the Homeric counterparts. For 

one thing, the eagle omens in Homer are questioned and disbelieved by the onlookers, 

whereas in the Aeneid 12 Tolminus’ definition of the omen is accepted wholly without 

criticism (Anderson 1971: 51). Tolminus interprets that the eagle represents Aeneas, the 

swan symbolises Turnus, and the onlookers of the fight are the frightened birds. Of 

course it may be that Virgil was encouraging his readers to consider an alternative 

interpretation: namely, that Turnus may be aligned with the thwarted eagle and Aeneas 

with the rescued swan. Whereas Virgil’s readers are given the opportunity to consider 

the various meanings behind the omen, the Italians merely receive Tolminus’ 

interpretation at face value. 

In effect the eagle omen in Aeneid 12 may be read as a conscious attempt on the 

part of the gods to spur the Italians on to warfare. It not only contradicts the omen in 

book 1 that suggests that Aeneas will be successful and reach his mythical home safely 

but also shows how the Rutulians are easily swayed by their own naivety when it comes 

to considering their own and Turnus’ situation (Anderson 1971: 58 and 53). The Italians 

are duped by the omen because they prefer to perceive Turnus as the victim of the 

hostilities rather than as the cause of them. 

There are no Homeric eagle omens that parallel Virgil’s use of the bird. Homer 

only uses a false omen once, in book 2 of the Iliad. In this instance, Zeus sends a false 

dream to Agamemnon as an omen and deceives him into believing that he will be able 

to defeat the Trojans if he assaults their walls with his own forces. When Agamemnon 

acts on this omen, he gathers his forces for war and decides to test their bravery before 
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the attack. He deceives his men and tells them that he has decided to abandon the war 

and return home to Greece. Despite Agamemnon’s expectations, and in contradiction to 

Zeus’ dream prophecy, Agamemnon’s forces rejoice and eagerly return to their ships.  

It is likely that Virgil was drawing on Homer’s false dream omen in Iliad 2 

when he was writing the deceptive eagle omen in Aeneid 12, but it is noticeable that the 

types of omens are quite different. Most obviously there are no eagles in Homer’s false 

omen; Virgil is innovative in his use of the eagle as a carrier for a false omen. It is also 

worth mentioning that although Tolminus and Agamemnon find themselves in similar 

positions (they are both deceived by omens that spur them into initiating conflict 

(Anderson 1971: 52)) the motivating forces behind the two deceiving gods, Juturna and 

Zeus, are at odds. In effect, Juturna does not operate within a moral set of codes: 

whereas Zeus uses omens that “point unfailingly to the future” (Anderson 1971: 52), 

Juturna consciously creates a false omen that sparks unnecessary conflict and acts only 

out of pity for her brother (Anderson 1971: 52 and 57). 

The eagle omen in Aeneid 1 (393-400) encourages the view that augury is a 

reliable and authoritative form of communication between the divine world and the 

mortal sphere (Green 2009: 155). Yet the reference in Aeneid 12 is completely different 

in nature. Here, Virgil emphasises the fact that the eagle omen is not to be trusted. 

Tolminus interprets the omen, but it is not a misinterpretation on his part that sparks the 

Italians to violence, but the consciously deceptive omen itself which is to blame (Green 

2009: 157). As such the very reliability of augury is called into question.  

All in all it seems that the eagle omen in book 12 of the Aeneid makes an 

interesting comment on the nature of the contemporary political climate (Anderson 

1971: 53) and the Roman perception of the relationship between gods and men. It seems 

that this false omen explores and questions bird augury as a mediating force between 
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immortals and mortals. Green perceives this deceptive eagle omen as part of a larger 

development in Latin literature.
146

 

If the eagle omen does play a part in questioning the reliability of augury as a 

method of communication Virgil’s eagle omen may be seen as contributing to an 

Augustan reassessment of religion (Green 2009: 166). The influence of the gods as 

deceptive and selfish entities are emphasised in this reference; Juturna acts only to 

please her own instincts to protect her brother. She does not consider the welfare of the 

Italians, nor the larger repercussions of her behaviour. The deception inherent in 

Virgil’s Aeneid 12 signals considerable innovation in the role of the Roman epic eagle; 

this omen imagery questions the nature of bird augury in a way that is never examined 

in the Homeric counterpart.  

 

8.7 Conclusion 

 

Roman epic authors combined traditional facets of the eagle’s identity with more 

contemporary ideas of the bird: the eagle is employed by Virgil in order to promote the 

role of Turnus in Rome’s foundation, the myth of turning the eaglet to the sun becomes 

a literary topos in its own right and the eagle comes to the fore as a regal bird capable of 

representing Roman might. Where the eagle is still employed in the context of 

prophecies it takes on new significance and can no longer be relied upon as a 

trustworthy indicator of events to come.  

 

 

 

 

 

                                                 
146

 Green considers other references to augury in the works of Livy and Ovid (Green 2009: 147-167). 
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Chapter 9. The Elephant 

 
9.1 The Lack of Homeric Elephants 

 

There are no references to the elephant in the Iliad and Odyssey. In order to understand 

the Greek knowledge of the elephant we are forced to refer to Aristotle. Aristotle, as 

usual, takes a natural historian’s approach to the elephant rather than a poetic one; he 

studies the elephant’s trunk and describes how it uses it to convey food to its mouth 

(H.A. 1.492b17-21). He writes that elephants suffer from flatulence (H.A. 7.605a23-24), 

that they have guts four times the size of an ox’s (H.A. 2.508a1-3) and that they can 

consume up to nine Macedonian medimni of barley or groats (H.A. 7.596a3-4). It 

appears that Aristotle’s accounts of the animal owe much to those of Ctesias; Ctesias 

refers to elephants that fight in battles and have the power to demolish walls, and 

Aristotle’s comments betray Ctesias’ influence (Bigwood 1993: 544). 

Ctesias claims to have encountered an elephant first hand and to have witnessed 

it uprooting a tree (Bigwood 1993: 543), but it is questionable whether Aristotle had 

ever seen elephants himself and unlikely that he had dissected them. Although it is 

impossible to prove whether Aristotle encountered the elephant first hand, he may have 

referred to the writings of the physician Mnesitheus and those of Eudoxus of Cnidus (ca. 

391- ca. 342) for further insight into the creature’s anatomy. These scholars had 

researched the elephant’s physique and the geography of India respectively (Bigwood 

1993: 546-7).  

Because Homer makes no mention of the elephant, Roman epic authors could 

not base their representations of the animal on Homeric traditions.
147

 Instead, Roman 

authors largely used historical narratives as their basis for elephant imagery.  

                                                 
147

 There are no references to elephants in Apollonius Rhodius. Theocritus mentions ivory from elephants 

in his Idylls (24.101, 28.8) but does not refer to elephants themselves. Roman epic authors might have 

found the accounts of Diodoros Siculus (19.82.3-4, 84.4) helpful; he refers to the creatures in the context 
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9.2 The Carthaginian Experience 

To investigate the Romans’ understanding of the elephant we must first refer to the 

Carthaginian experience of the animal. The Carthaginians’ first contact with the war 

elephant came in the early third century. Pyrrhus king of Epirus travelled to Italy to help 

the Tarentines who were battling against the Romans and brought elephants with him. 

His fleet was subsequently attacked by Carthaginian fleets and many of the animals 

perished (Toynbee 1973: 33-34). Perhaps the Carthaginians were impressed by the 

magnificent stance of the animals, or perhaps they imagined their future potential in 

battle situations; at any rate they soon attempted to create their own elephant force. In 

the main the Carthaginians sourced elephants from Mauretania and Numidia and 

probably recruited Indian Mahouts to assist them in training the animals. Scullard (1974: 

146) estimates that it would have taken the Carthaginians a significant amount of time 

to capture and train elephants to perform to a standard conducive to victory; it is likely 

that two or three decades would have been necessary. Although the Carthaginians were 

not the first to train the elephant for military purposes they were definitely committed to 

increasing their stock of the animal (Scullard 1974: 148).  

From the outset of the First Punic War elephants were included in the battle line; 

in 262 Carthage sent fifty elephants to fight against the Romans in Sicily. In doing so, 

the Carthaginians showed impressive flair and commitment to transporting their 

military weapon; they not only managed to keep the elephants alive but also succeeded 

in navigating the difficult seas between Africa and Sicily with them on board (Scullard 

1974: 149). Despite their commitment to employing the war elephant, the Carthaginians 

lost the subsequent battle at Agrigentum, and the Romans confiscated their elephants. It 

is surely a mark both of Carthaginian determination and of their confidence in the 

elephant that they continued to capture and train elephants despite this initial and later 

                                                                                                                                               
of battle. Aelian (N.A.11.25) comments that Indian was the language used to train elephants. Later authors 

such as Galen (de usu partium) dissected elephants and studied their anatomy. 
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following defeats. By the time of the next clash with the Romans in Africa in 256 the 

Carthaginians fought victoriously with a force of a hundred elephants.   

After the Carthaginian defeat in the First Punic War elephants were used once 

again in the Mercenaries war. Carthage was unable to pay the mercenaries who had 

assisted in the initial conflicts against Rome but she fought and then managed to crush 

the mercenary rebels. Elephants were used during the struggles, but the most 

illuminating use of the animal came at the conclusion of the war. Hamilcar was ruthless 

in punishing the defeated mercenaries; “…men captured in battle were executed on the 

spot, while prisoners who were later brought in were thrown to the elephants to be 

trampled to death” (Scullard 1974: 153). It is revealing that Carthage chose such a form 

of punishment for those who had dared to challenge her. Conceptually it could be said 

that the elephant represented the Carthaginian state by enacting the punishment on her 

behalf. The magnitude of the violence reveals that Carthage wanted to daunt those who 

had crossed her and also portrays the value she bestowed on the elephant as an 

instrument of intimidation and annihilation.  

The Carthaginians continued to employ the war elephant in conflict in the 

Second Punic War and by Hannibal’s day the Carthaginians had realised how to use 

elephants to their best advantage. The elephant could intimidate inexperienced armies 

and terrify horses because of their smell (Scullard 1974: 155). The Carthaginians had 

understood that the elephant could have a profound effect on those novice armies who 

had not previously encountered it. 

 

9.3 Roman Understanding  

 

It seems that the Romans saw the elephant as a representation of the Carthaginian force 

rather than as a suitable military tool for themselves. The Romans did use some of the 
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elephants captured after the Punic wars to support their own troops in subsequent 

conflicts,
148

 but it is clear that they chose not to use elephants to the same extent as their 

Carthaginian rivals. Most of the animals captured after the success of Metellus during 

the First Punic War were probably put in the arena (Scullard 1974: 152).
149

 All in all the 

relationship between the elephant and the Roman army after the Second Punic War was 

spasmodic to say the least. “From time to time the Romans captured elephants, but Livy 

tells us that it was not until 200 BC that they actually used them in battle. A few 

campaigns showed that the experiment was not a success, and after the transportation 

difficulties of Aemilius Paullus in the Pydna campaign the elephant was seen no more 

in Roman armies except, as it were, by accident” (Glover 1948: 3). By the time of Silius 

it seems that the Romans had given up on the idea of employing the elephant as a 

weapon altogether.  

The Carthaginian association with the elephant must have had a strong influence 

on the Roman conception of the nation’s identity. Images of elephant head-dress 

including depictions of the tusks and ears are to be found on coins and sculptures; these 

symbols as well as depictions of the elephant itself personify Africa (Toynbee 1973: 50-

51). The Romans had obviously accepted the association of the elephant with Africa, 

and Roman authors consequently commented on this bond. In his explanation on the 

progression of humankind Lucretius comments, 

 

inde boves Lucas
150

 turrito corpore, tetras,  

anguimanus, belli docuerunt volnera Poeni  

sufferre et magnas Martis turbare catervas.  

 

                                                 
148

 War elephants fought for the Roman forces at Pydna, 168 BC, Numantia, 153 BC and Thapsus, 46 BC 

(Hammond and Scullard 1970: 380). 
149

 It is recorded that Caesar used an elephant in his invasion of Britain (Polyaenus Strategemata). 
150

 Toynbee (1973: 34) explains: “Since Lucania had been the scene of the elephant’s first appearance in 

Italy they were nicknamed by the Romans ‘Lucanian cows’”.  
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Lucr. 5.1302-1304. 

 

“Next the Carthaginians taught the Lucanian oxen with towering backs to suffer the 

wounds of conflict and to disorder the great battle lines of Mars; they were foul  

monsters and snake-handed.” 

 

In addition Pliny describes the lengths to which Hannibal was prepared to go in 

order to save the reputation of the elephant in the arena.  

 

Clara est unius e Romanis dimicatio adversus elephantum, cum Hannibal captivos 

nostros dimicare inter sese coegisset. namque unum qui supererat obiecit elephanto, et 

ille dimitti pactus, si interemisset, solus in harena congressus magno Poenorum dolore 

confecit. Hannibal, cum famam eius dimicationis contemptum adlaturam beluis 

intellegeret, equites misit qui abeuntem interficerent.  

 

Plin. Nat. 8.7.18.  

 

“It is well known that there was a fight of one of the Romans against the elephant, when 

Hannibal had driven our men that were taken prisoner to fight among themselves. For 

he cast the one man who remained in front of the elephant, and that man, when the 

bargain was made [that he would be set free if he destroyed the elephant], faced it alone 

in the arena and executed it - to the great sorrow of the Carthaginians. When Hannibal 

understood that the rumour of this struggle would result in scorn of the elephants he 

dispatched horsemen to kill the departing man.”  
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It is interesting that the Roman author attributed Hannibal’s actions to concern 

for the animal’s image. Pliny appears to suggest that Hannibal realised that he could not 

afford for the elephant to suffer a drop in Roman esteem.  

It seems that the Romans had a contradictory attitude towards the elephant 

depending on its context. Silius portrays the Romans as openly hostile to the elephant in 

times of war, which is hardly surprising in the setting of blood-thirsty conflict,
151

 but at 

some points in his Natural History Pliny emphasises the Roman adoration of the 

animals in the arena.  

 

sed Pompeiani amissa fugae spe misericordiam vulgi inenarrabili 

habitu quaerentes supplicavere quadam sese lamentatione conplorantes, tanto populi 

dolore, ut oblitus imperatoris ac munificentiae honori suo exquisitae flens universus 

consurgeret dirasque Pompeio, quas ille mox luit, inprecaretur. 

  

Plin. Nat. 8.7.21-22. 

 

“But Pompey’s elephants, when they had despaired of escape, were seeking mercy from 

the people with indescribable expression. Bewailing, the elephants prayed humbly for 

themselves with a certain type of lamentation; the anguish of the people was so great 

that they forgot the commander-in-chief and the munificence sought out for his honour 

and stood up weeping as one. They called the Furies down on Pompey - for which that 

man soon paid the penalty.”
152

  

 

Pliny’s delight in performing elephants is also difficult for him to mask.  

                                                 
151

 The Romans had attempted to develop a range of anti-elephant measures. At Ausculum two ancient 

sources record that the Romans tried to crush the enemy elephants with specially designed cranes and 

chariots (Scullard 1974: 107-108).   
152

 Apparently elephants were not only held in affection by the Romans but sometimes fell in love with 

humans (Plin. Nat. 8.5.14). 
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Germanici Caesaris munere gladiatorio quosdam etiam inconditos meatus edidere 

saltantium modo...postea et per funes incessere, lecticis etiam ferentes quaterni singulos 

puerperas imitantes, plenisque homine tricliniis accubitum iere per lectos 

ita libratis vestigiis, ne quis potantium attingeretur. 

 

Plin. Nat. 8.2.4-6. 

 

“At the gladiator show of Germanicus Caesar certain elephants even made disordered 

movements in the manner of dances,... Afterwards they balanced along ropes - even 

carrying between four of them a single elephant in a sedan pretending to be a woman; 

they moved among couches in dining rooms full of reclining people with poised 

footsteps so as not to knock any of those who were drinking.”  

 

Despite their love of the comic elephant the Romans were undeniably aware of 

the destructive potential of the Carthaginian war elephant. In the history of conflict the 

catastrophic Roman defeat at Tunis during the First Punic War may have influenced the 

subsequent Roman impression of the animal. The Roman formation was weakened by 

the attack of the elephants and the soldiers were so tightly packed together that they 

could not flee (Glover 1944: 260). The Carthaginian elephants annihilated the Roman 

forces and it seems that the Romans were not quick to get over the defeat. “Such 

Romans as came through the terrible line of elephants alive survived only to be spitted 

upon the pikes of the Carthaginian phalanx which the shrewd Spartan [Xanthippus – 

who was fighting on the side of the Carthaginians] had placed a little to the rear. On the 

other wing the Roman left was doing well until they were swallowed up in the disaster 

to their right, and from the battle only two thousand Romans escaped; the effect of the 
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defeat on their morale was almost equally crushing” (Glover 1944: 260). Unsurprisingly, 

it seems that the destructive capabilities of the war elephant left a lasting impression on 

the Romans after this episode. The horrific events of the battle meant that the Romans 

were unwilling to challenge elephants again for a number of years (Nossov 2008: 27). 

 

9.4 The Elephant as a Symbol 

 

Lucan is the first Roman epic author to refer to the elephant. He uses it in a simile to 

describe Scaeva – a heroic centurion who fights in Caesar’s army. In this context, 

Scaeva ignores the wounds that are inflicted on him and steadfastly attacks the enemy 

soldiers that outnumber him. He is badly mutilated by the arrows that strike him but 

refuses to give up: 

 

sic Libycus densis elephans oppressus ab armis  

omne repercussum squalenti missile tergo  

frangit et haerentis mota cute discutit hastas:  

viscera tuta latent penitus, citraque cruorem  

confixae stant tela ferae: tot facta sagittis,  

tot iaculis unam non explent vulnera mortem.  

 

Luc. 6.207-212. 

 

“Thus the Libyan elephant, attacked unrelentingly by spears, breaks all the arrows 

repelled from its rigid back; he breaks and dashes to pieces the spear heads clutching to 

his moving skin, his entrails are safe, concealed far within, and the spears do not reach 
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the blood of the struck beast; the wounds inflicted by so many arrows and so many 

javelins do not result in the death of the one elephant”.  

 

Whereas Lucan only employs the elephant once to illustrate Scaeva’s strength 

and determination in facing the enemy army, Silius employs the elephant in a sequence 

of references that emphasise the importance of the elephant to Carthaginian prowess and 

the threatening power of the animal to the Roman psyche. Revealingly, Silius describes 

the Carthaginian Mago making a specific request for more of the animals to be 

dispatched to the front line after the battle at Cannae: defit iam belua, tristis Ausoniis 

terror, necnon alimenta fatigant (Sil. 11.540-541) “Our elephants, the nightmare of the 

wretched Romans, are now lacking in number, and our lack of food supplies wears us 

down.” 

This extract simultaneously summarises the nature of the relationship of the 

animal with both the Carthginian side and the Roman troops. The Carthaginian forces 

prioritise the elephant along with food supplies as a necessary facet to wage effective 

war. The Roman side is characterised as being fearful of the war elephant. The 

arrangement of the Latin here emphasises the force of Roman horror in reaction to the 

animal: defit iam belua, tristis Ausoniis terror, necnon alimenta fatigant. By careful 

word placement Silius has linguistically encircled the Romans by their own foreboding 

of the elephant: Ausoniis is surrounded by tristis on the one side and terror on the other.   

Silius again indicates the significance of the Carthaginian elephant to the Roman 

consciousness when he refers to the transfer of the animals from the defeated 

Carthaginians to the victorious Romans after the battle of Nola.  

 

ille dies primus docuit, quod credere nemo  

auderet superis, Martis certamine sisti  
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posse ducem Libyae. raptant currusque virosque  

Massylamque feram et vivis avulsa reportant  

tegmina bellantum atque abeunt, sub cuspide terga  

contenti vidisse ducis. 

 

Sil. 12.273- 278. 

 

“The first day taught them the thing which no one would have dared to believe even if it  

had been promised by the gods: that the Libyan chief could be resisted in the conflict of 

Mars. The Romans usurped chariots, men and the elephants; they snatched the armour 

from living soldiers, took these things away and then went off; satisfied that they had 

seen the back of the Carthaginian leader at the point of their spears.” 

 

In combination with the confiscation of Carthaginian weaponry the Roman 

possession of the elephant signals the material dimension of Carthaginian defeat. The 

abduction of the elephant from Carthaginian command is simultaneous with the Roman 

realisation that Hannibal could indeed be conquered. With these details in mind it is 

revealing that Silius repeatedly brings the elephant to the fore at key turning points in 

the progress of the conflict between Carthage and Rome. Silius emphasises the animal’s 

importance again when the Carthaginian forces are defeated at Zama. The confiscation 

of the elephants is deliberately highlighted to emphasise the magnitude of the 

Carthaginian surrender.   

 

hic finis bello. reserantur protinus arces  

Ausonio iam sponte duci. iura improba adempta  



 233 

armaque, et incisae leges, opibusque superbis  

vis fracta, et posuit gestatas belua turres.  

 

Sil. 17.618-621. 

 

“The war ended in this way. Immediately and voluntarily the citizens unbarred their 

defences to the leader, Scipio. He removed their presumptuous laws and weapons and 

inscribed new laws; the influence of their arrogant wealth was broken and the elephants 

put down the towers they had once carried.”  

Clearly Silius appreciated the power of the elephant as a symbol of Carthaginian 

might. The elephant was relatively new to the epic genre and this presented Silius with 

the perfect opportunity for embellishment of the historical record. I shall argue that 

Silius was not satisfied with merely innovating and creating new elephant similes but 

that he also chose to undermine the Carthaginian forces in his Punica by subtly 

recreating and stylising the traditional portrayal and role of the war elephant seen in the 

historical writers. The epicist placed his own artistic and political beliefs over and above 

recording the exact reality of elephant involvement in the war. To him, the war elephant 

provided a symbol for the power of Carthage; the fall of the elephant could be 

artistically manipulated as a metaphor for the decisive Carthaginian defeat at the 

conclusion of the epic.  

 

9.5 Undermining the Carthaginian Elephant 

 

Silius repeatedly undermines the Carthaginian forces in his epic: he emphasises that the 

Carthaginians do not necessarily succeed in battle owing to their own merit and 

suggests that Carthaginian victories are largely owing to the support of Juno. At 
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Saguntum Juno drives the native citizens mad so they destroy themselves and cannot 

fight against the Carthaginians (Sil. 2.527-530). At Trebia, Juno makes the river swell 

up so the Romans become stuck in the swirling waters.
153

 Hannibal wins at Trasimene 

partly because the lake sends up a deceiving mist (Sil. 5.34-36). At Cannae the goddess 

stirs up winds that topple the Romans.
154

 At one point Juno even attempts to talk Paulus 

out of fighting because she fears for Hannibal’s safety (Sil. 10.45-58). Juno regularly 

contributes to the battle and offers a constant source of reassurance to Hannibal. 

Meanwhile the deceptive nature of the Carthaginians is constantly reasserted. 

Hannibal often chooses ambush over direct attack and is described as a deceitful man 

(Sil. 9.434-437). Hannibal attempts to turn Fabius' men against him with a trick (Sil. 

7.260-267) and deviously sets fire to cattle and sends them to spread the flames in the 

Roman camp in order to escape from encirclement (Sil. 7.310-321). According to 

Silius, Hannibal even trained his men to pretend to retreat in order to confuse the enemy 

(Sil. 10.185-192). It could be that we are meant to interpret Hannibal’s behaviour in a 

positive way, but I suspect that Silius is indirectly criticising the Carthaginians by 

emphasising their preference for trickery. At the same time, several Roman generals are 

given very scathing treatments by Silius and they are described as unprepared and 

foolish.
155

 Arguably Silius’ Hannibal does not make the most of his enemies’ 

weaknesses.
156

 

  This then is the backdrop to the place of the elephant in Silius’ Punica. The 

epicist 1) undermines Carthaginian tactics and bravery by emphasising the importance 

of Juno's help in their successes; 2) criticises the behaviour of Roman generals in 

making Hannibal's eventual demise seem even more pathetic; 3) emphasises that 

                                                 
153

 Juno is clearly rooting for the Carthaginians at Trebia; Sil. 4.573-574.   
154

 Juno’s interference is perhaps most obvious at the battle of Cannae; Sil. 9.501-510. 
155

 Varro (Sil. 9.20-23) and Flaminus (Sil. 4.708 -710) are afforded particularly damaging descriptions.  
156

 The Romans admired Hannibal but simultaeneously hated him. Livy (22.51) narrates how Maharbal 

(Hanibal’s cavalry commander) chided Hannibal “Vincere scis, Hannibal; victoria uti nescis.”, “You 

know how to win a victory, Hannibal, but you do not know how to use a victory”.  
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the Carthaginians were deceptive and suggests that they could not win the war despite 

the advantages that their trickery afforded them.  

 Silius does not stop at emphasising the weak traits of the Carthaginians, but 

characterises the involvement of the Carthaginian elephants so as to further undermine 

the symbolic representation of the Carthaginian forces. One example of this may be 

found when Silius describes the crossing of Hannibal’s elephants over the Rhone. 

Livy’s elaborate description of the same event suggests two ways that this was achieved, 

while Polybius gives a lengthy account of one way.  

 

“I believe that there were various plans for transporting the elephants; at all events the 

tradition varies as to how it was accomplished. Some say that the elephants were first 

assembled on the bank, and then the keeper of the fiercest of them provoked the beast 

and fled into the water; as he swam off, the elephant pursued him and drew the herd in 

his train; and though they were afraid of the deep water, yet as soon as each of them got 

out of his depth, the current itself swept them to the other bank. It is, however, more 

generally believed that they were carried across on rafts; this method, as it would be 

safer, if the thing were to be done, so, in view of its accomplishment, is more probably 

the one employed. A raft, two hundred feet long and fifty feet wide, was thrust out from 

the shore into the stream, and, after being moored to the bank above by a number of 

stout hawsers, so as not to be carried down the current, was covered with earth, like a 

bridge, in order that the beasts may boldly venture upon it, as solid ground. A second 

raft, of equal width and a hundred feet long, and fit for crossing the river, was coupled 

to the first. Then the elephants, with the females leading, were driven out over the 

stationary raft, as over a road: and after they had passed onto the smaller raft adjoining 

it the ropes by which this had been loosely attached were cast off and it was towed 

across by some boats on the eastern bank. After landing the first contingent in this 
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fashion, they returned and fetched the others over. The elephants exhibited no signs of 

fear so long as they were being driven along as though on a connected bridge; they first 

became frightened when the raft was cast loose from the other and was carried out into 

mid channel. The crowding together which resulted, as those on the outside shrank back 

from the water, gave rise to a slight panic, till terror itself, as they looked at the water all 

about them, made them quiet. Some in their frenzy, even fell overboard; but, steadied 

by their very weight, threw off their riders, and feeling their way to the shallow places, 

got out upon the land”.  

 

Liv. 21.28.5.
157

  

 

“Hannibal, on the day after the assembly, advanced his cavalry in the direction of the 

sea to act as a covering force and then moved his infantry out of the camp and sent them 

off on their march, while he himself waited for the elephants and the men who had been 

left with them. The way they got the elephants across was as follows. (46) They built a 

number of very solid rafts and lashing two of these together fixed them very firmly into 

the bank of the river, their united width being about fifty feet. To these they attached 

others on the further side, prolonging the bridge out into the stream. They secured the 

side of it which faced the current by cables attached to the trees that grew on the bank, 

so that the whole structure might remain in place and not be shifted by the current. 

When they had made the whole bridge or pier of rafts about two hundred feet long they 

attached to the end of it two particularly compact ones, very firmly fastened to each 

other, but so connected with the rest that the lashings could easily be cut. They attached 

to these several towing lines by which boats were to tow them, not allowing them to be 

carried down stream, but holding them up against the current, and thus were to convey 

                                                 
157

 This passage and all translations of it in later references are taken from Foster 1929: 83. 
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the elephants which would be in them across. After this they piled up a quantity of earth 

on all the line of rafts, until the whole was on the same level and of the same appearance 

as the path on the shore leading to the crossing. The animals were always accustomed to 

obey their mahouts up to the water, but would never enter it on any account, and they 

now drove them along over the earth with two females in front, whom they obediently 

followed. As soon as they set foot on the last rafts the ropes which held these fast to the 

others were cut, and the boats pulling taut, the towing-lines rapidly tugged away from 

the pile of earth the elephants and the rafts on which they stood. Hereupon the animals 

becoming very alarmed at first turned round and ran about in all directions, but as they 

were shut in on all sides by the stream they finally grew afraid and were compelled to 

keep quiet. In this manner, by continuing to attach two rafts to the end of the structure, 

they managed to get most of them over on these, but some were so frightened that they 

threw themselves into the river when half-way across. The mahouts of these were all 

drowned, but the elephants were saved, for owing to the  power and length of their 

trunks they kept them above the water and breathed through them, at the same time 

spouting out any water that got into their mouths and so held out, most of them passing 

through the water on their feet.” 

 

Plb. 3.45.5-3.46.12. 
158

 

 

Silius characterises the elephant crossing in a very different way from his 

literary predecessors: he offers a remarkably short account of the episode and fails to 

supply the intricate level of detail found in Polybius and Livy.  

 

fluminea sonipes religatus ducitur alno,  

belua nec retinet tardante Libyssa timore;  

                                                 
158

 This passage and all translations of it in later references are taken from Paton 1979: 109-111. 
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nam trabibus vada et iniecta tellure repertum  

conexas operire trabes ac ducere in altum  

paulatim ripae resolutis aggere vinclis. 

at gregis illapsu fremebundo territus atras  

expavit moles Rhodanus stagnisque refusis  

torsit harenoso minitantia murmura fundo.   

 

Sil. 3.458-465. 

 

“The noisy footed [herd of horses] is bound fast and led across by a wooden raft. The 

Libyan beast (elephant) does not hold the crossing back with delaying fear; for they 

cleverly cover the shallows with timbers, and they bind together beams with thrown 

earth, and then bring (these elephant-laden rafts) out into the deep little by little, 

loosening the chains attaching them to the bank. Terrified by the slipping and 

trumpeting of the herd, the Rhone dreaded the black bulky elephants and turned away 

its retreating waters; the river sent up threatening sounds from its sandy bed.  

 

Spaltenstein (1986: 237) states, “Liv. parle de radeaux faits de poutres (‘trabes’) 

assemblées puis recouvertes de terre pour que les éléphants croient s’avancer sur la 

terre ferme. Sil. note bien ‘iniecta tellure’ mais oublie d’en donner la raison. Si l’on 

n’avait que son texte, on ne comprendrait pas l’utilité de cette couche de terre.” “Liv. 

speaks of assembled rafts contrived to be covered by earth so that the elephants thought 

that they were walking on dry land. Silius justifiably records ‘iniecta tellure’ but forgets 

to give the reason. If one did not have Livy’s text one would not understand the use of 

the layer of earth”. It is probable that Silius assumed that his audience knew the 

practicalities behind the passage and thought it would be superfluous to repeat the 
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details. Even so the extremely concise nature of the reference in comparison to the more 

“historic” models is perhaps surprising. It seems to me that Silius not only understood 

that the elephant was to be remodelled for symbolic purposes but also recognised the 

constraints of his genre which determined the suitable level of emphasis to be put on 

each elephant episode.
159

   

When we consider the different intentions of the authors it becomes interesting 

to consider which particular details of elephant behaviour Silius chooses to include. It 

was important that he mould his elephant image carefully. Instead of clarifying the 

intricacies of the raft arrangement Silius emphasises very different details. He tells us to 

imagine elephants so great that they affect the flow of the Rhone. Apparently the river 

was terrified by the appearance of the elephants: “Terrified by the slipping noise of the 

herd the Rhone dreaded the black bulky elephants and turned away its retreating waters”. 

It seems that Silius had a very specific image of the elephant that he wanted to impart to 

his reader. The elephant is an intimidating creature that has the power to terrify 

nature;
160

 it is noisy, monstrous and foreboding in appearance. 

It could be argued that Silius’ rendering of the elephant owes more to Virgilian 

influence than historical reality. The Rhone’s reaction to the elephants could be 

compared to the response of the Tiber to Hercules’ strength at hurling a boulder in 

Aeneid 8. inde repente | impulit, impulsu quo maximus intonat aether, | dissultant ripae 

refluit que exterritus amnis. (Verg. A. 8. 238-240) “…then he suddenly threw it; mighty 

heaven thundered with the blow: the banks flew asunder, and the terrified river 

retreated.” Considered in this light, Silius’ elephants are representative of considerable 

might.  

                                                 
159

 Wallace (1968: 85-86) considers the factors of composition that may well have also influenced Silius’ 

depiction of the elephant. “In his approach to a historical panorama, out of which he was obliged by the 

requirements of epic poetry to select only those events which furthered and clarified the intent of his 

poem, Silius was forced to evaluate the importance of each individual happening; he was then obliged to 

include it or discard it according to his judgement and poetic acumen. The omission of events which did 

not contribute to the main action of the poem was accomplished in two ways: they were either completely 

passed over, as if they had not transpired at all, or they were alluded to by the barest mention”.  
160

 Cf. Sil. 4.601 below. 
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Irrespective of epic influences both Livy and Polybius went to great lengths to 

describe the fear of the elephant in facing the river. Livy (21.28.5) asserts that the 

animals were calm as long as they were on connected bridges but also describes their 

terror when they were near water. Polybius (3.46.12) too asserts that the animals were 

panicked and then made silent by their excessive fear of the river. In complete contrast 

Silius makes no reference to the fear of the elephants. He merely states belua nec retinet 

tardante Libyssa timore; “The Libyan beasts do not hold back in delaying fear”. 

It is clear that Silius depicts the elephant in a completely different light from his 

historiographic predecessors. He chooses to describe the elephant as an intimidating 

beast that has the power to affect the behaviour of the Rhone. In complete contrast, 

Polybius and Livy describe the animals as scared into silence by their excessive fear of 

that same river. Whatever Silius’ feelings concerning the historic versions of the war, he 

chooses to modify the reported behaviour of the elephant.  

In his first reference to the elephant Silius depicts the animal as an intimidating 

one. The elephants have the power to terrify the Rhone but remain under the complete 

control of the Carthaginians. Silius’ elephants are not permitted to hinder the crossing 

over the river; in effect Silius not only emphasises the inherent power and impressive 

stance of the elephant but also heightens the efficient “elephant-handling” skills 

displayed by the Carthaginians. I argue that Silius exaggerated the power of 

Carthaginian control over the elephants at this early point in the epic only to undermine 

that same control when the elephant next appears at the much more vitally important 

battle of Trebia. It seems that Silius made a conscious decision to integrate the elephant 

in his epic as a symbol of progressive Carthaginian failure rather than as a historically 

accurate reality. 

The subsequent repeated subjection and failure of elephants, particularly in 

battle scenes, is deliberately and artistically highlighted in order to foreshadow the 
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eventual fall of the Carthaginian force. In his next reference to elephants, in the Battle 

of Trebia, Silius describes the downfall of the animal despite the context of Trebia as a 

decisive Carthaginian victory. Before examining Silius’ account of these elephants it is 

worth studying the historical narratives of Polybius and Livy to see their treatment of 

the animals in this battle: 

 

“At length both of Tiberius’ wings, hard pressed in front by the elephants and all round 

their flanks by the light-armed troops, turned and were driven by their pursuers back on 

the river behind them. After this, while the rear of the Roman centre was suffering 

heavy loss from the attack of the ambuscade, those in the van, thus forced to advance, 

defeated the Celts and part of the Africans, and after killing many of them broke 

through the Carthaginian line. But seeing that both their flanks had been forced off the 

field, they despaired of giving help there and of returning to their camp, afraid as they 

were of the very numerous cavalry and hindered by the river and the force and 

heaviness of the rain which was pouring down on their heads. They kept, however, in 

close order and retired to Placentia, being not less than ten thousand in number. Of the 

remainder the greater part were killed near the river by the elephants and cavalry, but 

the few infantry who escaped and most of the cavalry retreated to join the body I just 

mentioned and with them got safely into Placentia…[The Carthaginians were 

triumphant]…for very few Africans and Spaniards had been killed, the chief loss having 

fallen on the Celts”.  

 

Plb. 3.74.2-11.
 161

 

 

                                                 
161

 This passage and all translations of it in later references are taken from Paton 1979: 183 and 185. 
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Thus Polybius’ elephants play an important part in the defeat of the Romans; the 

elephants encircle the Romans at the start of the battle and then advance against the 

retreating army. Livy describes a similar scenario: the elephants at Trebia intimidate the 

Roman forces.  

 

“…Besides this, the elephants, looming large on the outer extremities of the wings, gave 

rise to such a panic, particularly among the horses, not only by their strange appearance, 

but also by their unfamiliar smell, as to bring about a general flight....the elephants had 

now charged the centre of the line; and Mago and his Numidians, as soon as the Roman 

army had passed their ambuscade without observing it, started up in their rear, and 

caused the wildest panic and confusion. Nevertheless, amidst all these evils, the line 

held for a time unshaken and even - what no one had dared hope to for - against the 

elephants. Skirmishers, expressly posted to deal with the beasts, would throw darts at 

them and make them turn away, and then pursuing them would strike them under the 

tail, where the skin is softest and it is possible to wound them...In their terror they [the 

elephants] were now on the point of charging their own people, when Hannibal gave 

orders to drive them from the centre to the extreme left wing, against the Gallic 

auxiliaries. Here they immediately caused a decided stampede, …[the Romans 

attempted to escape in all directions]…”.  

 

Liv.21.55.7-11 and 56.1-2.
162

 

 

Livy does not expand on the conflict between human and elephant on individual 

terms. Instead he discusses the tactics that were used against the elephant in general. 

Although Livy suggests that the animals were somewhat inclined to panic he indicates 
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that the elephants were successfully deployed: they are depicted as intimidating beasts 

that rout the Romans and cause confusion among the enemy forces. 

According to Livy, Hannibal’s aggressive tactics paid off, and (on the whole) it 

seems that the elephants contributed positively to the Carthaginian success at Trebia. 

None of these positive details concerning the elephant are to be found in Silius’ 

rendering of the same battle. 

 

accumulat clades subito conspecta per undas  

vis elephantorum turrito concita dorso.  

namque vadis rapitur praeceps ceu proruta cautes  

avulsi montis Trebiamque insueta timentem
163

  

prae se pectore agit spumantique incubat alveo.  

explorant adversa viros, perque aspera duro  

nititur ad laudem virtus interrita clivo.  

namque inhonoratam Fibrenus perdere mortem  

et famae nudam impatiens 'spectabimur' inquit  

'nec, Fortuna, meum condes sub gurgite letum.  

experiar, sit ne in terris, domitare quod ensis  

non queat Ausonius Tyrrhenave permeet hasta'.  

tum iacit adsurgens dextroque in lumine sistit  

spicula saeva ferae telumque in vulnere linquit.  

stridore horrisono penetrantem cuspidis ictum  

belua prosequitur laceramque cruore profuso  

attollit frontem ac lapso dat terga magistro.  
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tum vero invadunt iaculis crebraque sagitta  

ausi iam sperare necem, immensosque per armos  

et laterum extensus venit atra cuspide vulnus.  

stat multa in tergo et nigranti lancea dorso,  

ac silvam ingentem concusso corpore vibrat,  

donec consumptis longo certamine telis  

concidit et clausit magna vada pressa ruina.  

 

Sil. 4.598-621. 

 

“Disaster suddenly struck when there was a sighting of a force of elephants; they had 

towers on their backs and were driven through the waves. The troop of elephants forged 

on headlong through the fords just like the tumbling rock of the dashed apart mountain 

plummets. The elephants stirred up the Trebia; the very Trebia that was unaccustomed 

to such trepidation in its heart, and they wallowed in the foaming water. Misfortunes 

test men, and virtue toils undaunted through adversity on the steep ascent towards glory. 

So Fibrenus scorned to waste himself in a dishonourable death bare of fame, and said: 

“I shall be known! Fortune, you will not hide my death beneath the waves. I shall 

experiment to see whether there is anything in the world which the Roman sword 

cannot conquer and the Roman spear cannot pierce”. Then straightening up he stood and 

threw a cruel shaft into the elephant’s right eye, and the spear remained in the wound. 

The elephant followed the impact of the pointed end with a high pitched sound, he 

raised his cut head which was dripping blood, dumped his driver and turned tail in 

escape. Then the Romans dared to hope for the elephant’s death and they attacked it 

with arrows and a shower of spears. A wound from the cruel weapons spread across its 

back and sides, and many a spear stood in its spine and in its dull coloured back; it set 
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the thick forest of weapons in motion when it shook its body until it fell down; all the 

spears had been used up in the drawn out conflict. The elephant blocked the compressed 

shallows with its monstrous carcass.” 

 

Despite the context of the Carthaginian victory Silius’ elephant displays underlying  

weaknesses. The elephants do not rush into battle of their own accord, but Silius’ 

perfect passive concita (Sil. 4.599) “driven” emphasises the fact that they had to be 

urged into battle; perhaps they were unwilling to become involved in the fighting. In the 

midst of battle too the behaviour of the elephants seems somewhat chaotic. The animals 

are described as rushing on praeceps (Sil. 4.600) and move ceu proruta cautes avulse 

montis (Sil. 4.600-601) “just like the tumbling rock of the dashed apart mountain 

plummets.”  

In contrast, the Roman Fibrenus takes on a heroic stance in facing the elephants, 

and Silius presents him as a brave and noble character. As Spaltenstein (1986: 316) 

asserts, Silius indulges in a well established motif “L’opposition entre son courage et 

l’injustice de la Fortune (vers 607) est également habituelle…” “The contrast between 

his [Fibrenus’] courage and the injustice of Fortune is equally traditional”. Fibrenus 

makes short work of the elephant, yet Silius describes the downfall of the beast in 

considerable detail: its eye is injured and it trumpets in agonised response to its pain, 

stridore horrisono (Sil. 4.612) “with a high pitched sound”. The elephant is afflicted 

with a series of wounds (Sil. 4.618) and is depicted bleeding cruore profuso | attollit 

frontem  (Sil. 4.613-614) “he raised his cut head which was dripping blood”. Even the 

Carthaginian perched on top of the animal is unable to control it; he is thrown 

unceremoniously from the back of the elephant lapso magistro (Sil. 4.614). Ominously, 

the elephant attempts to escape rather than face the aggressive Fibrenus dat terga (Sil. 

4.614). 
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In dealing with the elephant the Romans quickly gain confidence and Silius 

describes the gory end of the wretched creature in vivid detail. The poor animal is 

showered with spears, stat multa in tergo et nigranti lancea dorso (Sil. 4.618) “many a 

spear stood in its spine and in its dull coloured back”. It appears that Silius has once 

again applied the epic tradition to this scene rather than paying heed to the more historic 

models. In Aeneid 10, Mezentius throws so many spears at Aeneas that they collect in 

the hero’s shield: ter circum astantem laevos equitavit in orbis | tela manu iaciens, ter 

secum Troius heros | immanem aerato cicumfert tegmine silvam (Verg. A. 10.885-887) 

“He rode three times around the motionless man in left winding circles; throwing spears 

from his hand the Trojan turns around with him three times. A huge forest of arrows is 

in his bronze shield.”  

It is possible that Silius was mindful of this reference in the Aeneid when he was 

describing the elephant at Trebia. When we look back to Lucan 6.207-212
164

 we can see 

that Silius deviates significantly from Lucan’s treatment of the elephant in the Civil War. 

Lucan’s elephant is relatively unaffected by missiles: the javelins cannot penetrate its 

skin and the elephant has only to twitch to get rid of the irritants that do manage to get 

through its hide. To Lucan’s elephant the attack of missiles is a mere inconvenience: the 

darts rebound, the spears do not draw blood; the elephant’s life is not under threat. In 

some respects, Silius’ description of the elephant under attack could not be more 

different.  Silius’ elephant is vanquished by the weapons aimed at it. The animal is 

easily overpowered and the shafts that pierce it are saeva (Sil. 4.611). All that is left is a 

corpse straddling the river, clausit magna vada pressa ruina (Sil. 4.620-621) “The 

elephant blocked the compressed shallows with its monstrous carcass”. The elephant 

has been transformed from a magnificent animal ferocious enough to intimidate a river 
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into a victim blocking the shallows it once terrified. The message is clear; the elephant’s 

days are numbered as surely as the side it fights for.  

Seemingly, Silius’ desire to stylise the elephant and set it up for defeat 

demanded that he both innovate on the epic representation of the elephant as found in 

Lucan and flout Livy’s and Polybius’ historical record in increasingly dramatic ways. 

Polybius’ parallel account of elephants at Trebia does not concentrate so deeply on the 

conflict between elephant and human. His version of events is a markedly more 

simplistic overview of the skirmish and the elephants appear to contribute positively to 

the Carthaginian victory. 

In Silius’ account of the elephant’s behaviour at Trebia we can sense that the 

animal shifts in characterisation from the aggressor to the victim. Unlike Lucan’s 

impervious epic elephant Silius’ animal struggles to ward off attack; irrespective of 

Polybius’ and Livy’s historical accounts Silius’ elephant does not contribute to the 

Carthaginian victory. In effect the author undermines the reliability and intimidating 

characteristics of the animal. The focus on the collapse of the animal highlights the 

ingenuity and bravery of the Romans and foreshadows the eventual defeat of the 

Carthaginians.  

Following Silius’ complete annihilation of the elephant at Trebia he goes on to 

emphasise the scale of the animal. In book 8, Silius makes a passing reference to the 

elephant and envisages the effect of its impressive stature ...victrix insultat belua campis 

(Sil. 8.670) “The conquering elephant tramples the battlefield.” In the battle line-up 

Silius once again emphasises the apparent strength of the animal.  

 

sed qua se fluvius retro labentibus undis  

eripit et nullo cuneos munimine vallat,  

turritas moles ac propugnacula dorso  

belua nigranti gestans ceu mobilis agger  
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nutat et erectos attollit ad aethera muros.  

 

Sil. 9.237-241.    

 

“But where the river flows back with lapping waves and does not afford the soldiers any 

safeguard with a rampart, the elephants stand nodding, bearing heavy towers and 

fortresses on their black backs; like a movable fortification wall; the elephants raise the 

constructed defences to the heavens.”  

 

Silius once again sets the elephant on a magnificent pedestal before 

unceremoniously tearing it down. In Sil. 9.237-241 the elephant is compared to a 

rampart, and the epicist exaggerates the scale of the creature to excessive lengths: 

erectos attollit ad aethera muros. However, just three hundred lines later Silius 

subsequently refers to elephants that suffer terrible attacks at the Battle of Cannae.  

The fact that Silius refers to elephants in this context is an anomaly. Neither 

Polybius nor Livy mention elephants taking part in the battle at all. This seems hardly 

surprising since both historians claim that the majority of the Carthaginian elephants 

perished owing to the cold conditions after Trebia.
165

 Despite the historical evidence, 

Silius does not refer to the death of any of Hannibal’s elephants after Trebia. In fact he 

does not make any attempt to acknowledge this historical claim. In terms of historical 

accuracy, Silius’ account leaves a lot to be desired.  

 

                                        appellitur atra  

mole fera, et monstris componitur Itala pubes.  
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nam praevectus equo moderantem cuspide Lucas  

Maurum in bella boves stimulis maioribus ire  

ac raptare iubet Libycarum armenta ferarum.  

immane stridens agitur crebroque coacta  

vulnere bellatrix properos fert belua gressus.  

liventi dorso turris flammaque virisque  

et iaculis armata sedet. procul aspera grando  

saxorum super arma ruit, passimque volanti  

celsus telorum fundit Libys aggere nimbum.  

stat niveis longum stipata per agmina vallum  

dentibus, atque ebori praefixa comminus hasta  

fulget ab incurvo derecta cacumine cuspis.  

hic inter trepidos rerum per membra, per arma  

exigit Ufentis sceleratum belua dentem  

clamantemque ferens calcata per agmina portat.  

nec levius Tadio letum: qua tegmine thorax  

multiplicis lini claudit latus, improba sensim  

corpore non laeso penetrarunt spicula dentis  

et sublime virum clipeo resonante tulerunt.  

haud excussa novi virtus terrore pericli.  

utitur ad laudem casu geminumque citato  

vicinus fronti lumen transverberat ense.  

exstimulata gravi sese fera tollit ad auras  

vulnere et erectis excussam cruribus alte  

pone iacit volvens reflexo pondere turrim.  
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arma virique simul spoliataque belua visu  

sternuntur subita, miserandum, mixta ruina.  

 

Sil. 9.570-598. 

 

“The monstrous and dusky beasts were summoned and the Roman soldiers were 

brought together to face the animals; when Hannibal had ridden up on horseback he 

ordered the Moors who guided the Lucanian oxen to hasten them on into the conflict 

with the greatest speed and with a sharp goad. The elephants were driven on with many 

an injurious blow; they trumpeted wildly and moved nearer. A tower rested on each 

grey back equipped with soldiers and torches and arrows; and each poured a pounding 

hailstorm of rocks onto distant ranks; meanwhile the Libyans (who were up on high) 

threw a cloud of javelins here and there from their moving fortress. A long palisade 

stood crowded with white tusks and to each and every tusk was tied a spear which 

glinted from the curved section. Here, among the panic of the ongoing events, one 

elephant thrust an evil tusk through the armour, through the limbs even, of Ufens. When 

the elephant had lifted him up it carried him moaning through the trampled army. Nor 

was Tadius’ death less horrific; at the place where the breast plate hid his body with 

many layers of linen the sharp tusks of the elephant forced their way through little by 

little; the tusks lifted the man on high while his body was unharmed, but his shield was 

clunking. The courageous man was not shaken with fear by this new danger but used it 

as an opportunity for glory; near to the forehead of the elephant he quickly transfixed its 

two eyes with his dagger. Goaded on by such a painful wound the elephant raised itself 

up in mid-air; its legs lifted on high, it shook and dislodged the heavy tower behind it as 

it was shaking. It was a wretched sight when suddenly the elephant was stripped of its 
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rider; soldiers and weapons were strewn all over the ground in various states of 

collapse.”  

 

Considering the wider context of this episode (the battle of Cannae resulted in a 

Carthaginian victory) we would expect Silius to offer a positive account of the 

Carthaginian elephants. Our expectations are not left completely unfulfilled: one 

elephant skewers the unfortunate Ufens, and he is carried about by the murderous 

animal. However, the actual destruction wrought by the elephant on the Roman line 

remains limited and the characters verge on the fantastic. Silius emphasises the bravery 

of the courageous soldiers who face the animals and stresses their ingenuity: Tadius 

displays considerable presence of mind in a hugely dangerous situation. “The 

courageous man was not shaken with fear by this new danger but used it only as an 

opportunity for glory” (Sil. 9.591-2). 

From this point on Silius emphasises the ineffectual behaviour of the elephant; 

the animal is easily put out of action; it is simply a matter of poking the elephant’s eyes 

out, and then the outcome is inevitable. The tower on top of the elephant crashes to the 

ground, and the symbolism is clear; the elephant is destined to fail.  

By sculpting the elephant into a powerful symbol and then obliterating that same 

symbol repeatedly - irrespective of the historic tradition -  Silius subtly suggests the 

magnitude of the Carthaginian defeat to come. The collapse of the elephant stands out in 

pronounced and stark contrast to the Carthaginian success that Silius had every 

opportunity to describe. Despite the fact that the historical record tells us that a large 

number of elephants was unavailable at this time the epicist stubbornly refers to the 

presence of a number of creatures, narrates the colossal downfall of one animal and 

chooses not to portray a more positive elephant image. The exotic magnitude of the 

elephant would have been new to the Roman reader of epic on this scale, but Silius 
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moreover emphasises the heroism of the Roman soldiers who defeat the elephant rather 

than the capability of the animal as a symbolic military weapon.  

Silius’ account of the elephant combat at Cannae continues in a similar vein; this 

time the elephants are ruthlessly set alight:   

 

spargi flagrantes contra bellantia monstra  

Dardanius taedas ductor iubet et facis atrae,  

quos fera circumfert, compleri sulphure muros.  

nec iusso mora. collectis fumantia lucent  

terga elephantorum flammis, pastusque sonoro  

ignis edax vento per propugnacula fertur.  

 

Sil. 9.599-604. 

 

“The Roman general commanded the Dardanians to throw burning torches against the 

warring beasts and to cram the defences carried by the elephants with dark and 

sulphurous firebrands. These orders were acted upon without delay: the elephants’ 

backs lit up with blazing fire and smoke. The greedy fire was fed by the resounding 

gusts of wind and spread through the ramparts”.  

 

Once again the Carthaginians perish with the elephants, but this time it is flames 

that devour them. The epicist emphasises the complete collapse of the elephants and 

their handlers by innovating with a simile. 

 

non aliter, Pindo Rhodopeve incendia pastor  

cum iacit et silvis spatiatur fervida pestis,  
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frondosi ignescunt scopuli subitoque per alta  

collucet iuga dissultans Vulcanius ardor.  

it fera candenti torrente bitumine corpus  

amens et laxo diducit limite turmas.  

 

Sil. 9.605- 610. 

 

“The outcome is not different when the herdsman casts a flame on Pindus or Rhodope; 

the glowing plague travels on through the woods, the leafy cliff faces are on fire and 

suddenly Vulcan’s force, leaping about, collects into one unified and combined fire on 

high. Their bodies were glittering with baking bitumen and the elephants went mad and 

trampled a wide inroad into the troops.”  

 

This simile emphasises the ingenuity of the Romans in employing the force of 

fire against the animal. The strength of the fire is unendurable and quickly runs riot 

through the ranks of animals. Silius emphasises the speed of the flames with words such 

as dissultans (Sil. 9.608) “leaping about” and the unstoppable nature of the fire, fervida 

pestis (Sil. 9.606) “a growing plague”. Once again the elephants are completely 

uncontrollable; they run wild (Sil. 9.610) amens and charge through the ranks without 

hesitation. Silius not only refers to elephants that are not to be found in Livy and 

Polybius but provides the Romans with the most effective weapon against the elephants. 

By employing fire to rout the animals, Silius has gained the opportunity to minimise 

Roman losses and heighten the painful suffering of the Carthaginian elephants.  

The agony of the elephants is continually highlighted,  
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nec cuiquam virtus propiora capessere bella:  

longinquis audent iaculis et harundinis ictu.  

uritur impatiens et magni corporis aestu  

huc atque huc iactas accendit belua flammas,  

donec vicini tandem se fluminis undis  

praecipitem dedit... 

at qua pugna datur necdum Maurusia pestis  

igne calet, circumfusi Rhoeteia pubes  

nunc iaculis, nunc et saxis, nunc alite plumbo  

eminus incessunt, ut qui castella per altos  

oppugnat munita locos atque adsidet arces.  

ausus digna viro, fortuna digna secunda,  

extulerat dextram atque adversum comminus ensem  

Mincius infelix ausi, sed stridula anhelum  

fervorem effundens monstri manus abstulit acri  

implicitum nexu diroque ligamine torsit  

et superas alte miserum iaculata per auras  

telluri elisis afflixit, flebile, membris.  

 

Sil. 9.611-631.  

 

“No one’s courage was enough to take the elephants on in face to face combat, but they 

dared to lash out from afar with the blow of darts and javelins. The submissive elephant 

of great bulk is burned by the raging fire and approaches the hurled torches here and 

there until it hurls itself head first into the waters of a nearby stream...but where the 

battle commences (before the Moorish plague of elephants burned with fire) the Roman 
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soldiers had encircled the elephants and assailed them with javelins, stones and bullets 

hurled from a distance. Just as when soldiers besiege a fortress or fortification and 

attack a citadel on the high ground. There was one man who showed noble bravery 

worthy of favourable fortune; Mincius raised up his drawn sword in his right hand at 

close quarters but was unfortunate in his venture: the trumpeting trunk of the elephant, 

pouring out aggression, grabbed him up in a sharp embrace and wound him up in a 

dreadful wrap. When the elephant had cast the wretched man on high through the upper 

air it threw the unfortunate soldier down (his limbs mangled) on the ground.” 

Silius emphasises the madness of the elephant in pain and describes the misery 

of the animal in vivid detail. The epicist is not particularly quick to put the animal out of 

its agony. Only after another few sentences does the elephant have the presence of mind 

to submerge itself in the river. It is clear where Silius’ loyalties lie. In narrating the 

maiming of the Roman soldier Mincius Silius emphasises his bravery and is 

sympathetic when the murderous elephant finally crushes him to death. According to 

Silius, Mincius deserved better fortune (fortuna digna secunda) (Sil. 9.625). Perhaps 

Silius is foreshadowing the way that fortune will eventually side with the Romans; 

Minicius definitely seems to be a worthy warrior: he is termed as being incredibly 

courageous (ausus) (Sil. 9.625) and his deed was a brave but unlucky one (infelix ausi) 

(Sil. 9.627). The soldier is described as a poor wretch when crushed by the elephant 

(miserum) (Sil. 9.630) and the event of his demise is a mournful sight (flebile) (Sil. 

9.631).  

The last reference to the elephant in the context of war comes in book 10. Once 

again the elephant is mocked and destroyed, this time by soldiers who are also brothers.  

 

unanima inde phalanx crudo ducente magistro  

postquam hominum satiata nece est, prostraverat ictu  
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innumero cum turre feram facibusque secutis  

ardentem monstri spectabat laeta ruinam,...  

 

Sil. 10.98-101 

 

“Then that phalanx, in union and led by a blood stained general, when it had been 

satisfied with the murder of soldiers, attacked with numerous blows an elephant with a 

turret on its back. Then the burning torches followed and they looked on happily at the 

burning downfall of the monstrous beast”. 

 

Silius describes the shell of the elephant for all to see. The reader looks on as the  

brothers watch the burning corpse; their reaction is ironically joyful when they 

themselves are destined to perish at the hands of Hannibal. The prominence of the 

symbolism is clear: the elephant has fallen despite its initial success, the Carthaginian 

victory at Cannae will be short-lived and Carthage will burn just as the elephant has 

burned before it. 

 

9.6 Conclusion 

 

Silius’ elephant is a symbol of Carthaginian power, and by undermining the animal in 

battles where it should have played a more decisive role (or should not have been 

present in the first place) the epicist forewarns of the eventual destruction of the 

Carthaginian force and of Carthage herself. Instead of showcasing Carthaginian victory 

by depicting strong and tactically well placed elephants, Silius describes the animals as 

victims. The elephant’s failings showcase the ingenuity, determination and bravery of 

the Romans while foreshadowing the inevitability of Carthaginian defeat.  
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Chapter 10: Conclusion 

 
Wild animals were a medium through which Roman authors expressed a vast range of 

ideas; the society that the authors lived in was not static and the relationship between 

wild animals and the human world was a constantly mutating one. The dynamism of 

Roman culture and altering attitudes towards animals as well as a range of other factors 

guaranteed that no two epic wild animals were ever afforded exactly the same treatment.  

The traditional epic representations of Homer often provided a basis for Roman 

epic authors to generate their own depictions of a wild animal; the deer is a timid 

creature in Homeric epic and maintains this characterisation in Roman writings (3.3). 

The predatory nature of the wolf is manipulated both in Homeric epic and in Roman 

literature (6.4.1). Some concepts were evidently so deeply rooted in the ancient psyche 

that they could not be ignored and were constantly manipulated and reemphasised. 

Although some wild animal characteristics are just as apparent in Homeric as in 

Roman accounts, it appears that Roman epic authors often extended, reinvented or 

created new wild animal depictions. Five types of innovation are particularly evident: 1) 

Roman epic accounts offered greater insight into the mental capacity of animals; they 

afforded animals with the ability to think, react and even love.  2) Roman authors 

examined the difference between wild and tame animals and used the application of 

these concepts as epic themes. 3) Roman epic authors aligned wild animals with beliefs 

(scientific and cultural) that were particular to their society; epic wild animals often 

display characteristics that accord with practical animal writings of the time; they are 

frequently detailed in contexts that make them relevant to the contemporary climate. 4) 

Roman epic authors used wild animals to think about themselves as a nation and define 

exotic places that were foreign to them. 5) Roman epic authors represented particular 
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aspects of animal behaviours with fresh insight, sometimes ignoring traditional 

representations and historiographic sources. 

 

10.1 Emotional Development 

 

Authors of Roman epic often projected human feelings onto animals and sometimes 

described epic wild animals as emotionally developed creatures. The lion’s facial 

expressions are brought to the fore, and we are party to its distress when it is under 

pressure (2.5); the animal’s Homeric characteristics of blind anger are set aside (2.4), 

and the lion is often victimised (2.5). The wolf will use its cunning so as not to have to 

kill its own prey and displays prudence when it attempts to get into the farmstead (6.4). 

The snake’s reaction to threat leaves it open to examination as an emotionally complex 

being and the animal is credited as capable of suffering (7.6). The serpent does not 

always behave as a stock monster but tends to endear itself to those that encounter it; it 

may inspire human affection and behave as a faithful pet (7.4). The deer is portrayed as 

conscious of attack and capable of suffering; it has a heightened capacity for fear and 

displays a sequence of thought processes (3.3). 

The fact that Romans displayed wild animals in the arena and kept them as pets 

informed their attitudes towards wild animals and allowed them to observe creatures in 

a new light. There was a noticeable shift in the representation of wild animals that may 

be attributed to realism as well as new philosophical reckonings. Epic references also 

give us insight into the rules that governed relationships between humans and animals 

as well as boundaries between nature and culture. The increased interest in wild animal 

behaviour is symptomatic of a society that was re-evaluating the rights, status and 

mental capabilities of wild animals.  
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10.2 Wildness as a Topos 

 

Roman epic authors were interested in the definion of wildness and sometimes 

described animals that transgressed the boundary between wild and tame. Valerius’ 

snake behaves as a pet despite the fact that it is meant to be guarding the golden fleece. 

The serpent’s pet-like qualities define it as a completely different creature from the one 

described in Apollonius (7.4). Valerius’ version of the animal feels love for Medea 

whereas Apollonius merely emphasises the monstrous and terrifying characteristics of 

the creature. In Valerius’ Argonautica Medea’s treatment of the snake identifies her 

feelings of responsibility to the animal: she feeds it, trains it and does not wish to cause 

it pain. 

Virgil employs the question of the stag’s status as a prelude to battle in Aeneid 7 

(483-502). Iulus’ shooting of the stag brings the technical status of the animal into 

question. Its plight plays an important part in the motivation of the plot (3.2). 

Meanwhile, Silius’ similarly targeted deer is the subject of interaction between wild and 

tame influences (3.2).  

Other epic animals undergo transformation and abandon their tame 

characteristics only to resort to wild behaviours. Statius’ tigresses (Theb. 7.564-598) are 

exotic beasts that behave as pets but then run amok (4.4). Some Romans appear to have 

had doubts that wild animals could be trusted; when wild animals are depicted in 

domestic environments they are prone to return to their base instincts and revert to 

savage behaviours. The examination of wildness as a topos in its own right proved that 

the Romans continued to question the status of animals; authors of Latin epic 

manipulated the subject and found innovative ways of integrating such concepts into 

their writings.  
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10.3 Scientific and Cultural Alignment 

 

Roman epic writers changed the way that they portrayed wild animals because of 

changes in the way that Roman society thought about animals. Pliny shows us what the 

Romans thought about the owl and these thoughts often appear to accord with details 

found in Ovid and Virgil (5.3): the owl adopted increasingly ominous connotations in 

Roman epic after Virgil associated the bird with Dido’s death, and the deaths of 

historically prominent individuals (such as Caesar and Augustus) may have further 

encouraged the negative associations with the bird. Animals were also used as symbols 

for nations; the owl was associated with Athens (5.1), the eagle with Rome (8.3) and the 

elephant with Carthage (9.2). The eagle is repeatedly described in similes that 

emphasise its habit of turning its offspring to the sun (8.4). This test of legitimacy is 

recorded in natural history accounts and it appears that Roman epic authors adopted the 

observation of this particular phenomenon into their own representation of the bird and 

of humans.  

Pliny describes deer that live to a great old age and records that it is possible for 

deer to have snowy white coats, and Silius makes reference to deer with similar 

characteristics (3.1). Varro’s writings may well have contributed to the Roman epic 

stylisation of the wolf (6.3). The wolf fears the guard dog and strategically picks off the 

weakest of prey (6.4.2). 

The improved access to some species allowed deeper examination of wild 

creatures in Roman epic. Some references, such as those to lions in the arena (2.7) and 

those to owls being attacked by smaller birds (5.3), take fundamentally realistic facts as 

their basis. Some epic animals are treated in ways that ring true; the grooming of the 

epic deer in Virgil and Ovid may be based on real life phenomenons (3.2). 
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Contemporary moral principles or ancient patterns of thinking may emerge from 

epic references to wild animals. The epic recharacterisation of the lion suggests that the 

Romans were questioning the place of  traditional “heroic anger” (2.4 and 2.6) while the 

manipulation of the tigress suggests a wider interest in foreign cultures (4.4). The 

emphasis on snakes’ thought processes, and the interest in the deer’s emotions reveals 

that Roman authors of epic were thinking about animals in particularly innovative ways 

that probably coincided with assessments of creatures in everyday thought.  

 

10.4 Perceptions of Self and Otherness 

 

Some wild animal innovations are the result of how the Romans perceived themselves 

and others. Particular creatures, such as the wolf (6.3), are attributed epithets that denote 

their associations with Roman deities. The eagle was strongly associated with the 

Roman forces: the bird’s strength and symbolic association with Jupiter defined it as a 

key representative of Roman might in the face of adversity. The eagle represents Roman 

sovereignity as well as the role of individuals in the foundation of that sovereignity (8.5). 

Meanwhile, the tigress may well have been understood as an exotic commodity and 

could be considered in the context of the Roman’s mental mapping of India (4.4). This 

is an area of significant innovation, for Roman epic authors tended to employ creatures 

such as the elephant and tigress that are not to be found in Homeric epic at all. 

 

10.5 Hindsight and Literary Response as Innovation 

 

The interpretation of the wild animal in one source could germinate into a range of 

literary responses, extending, reinforcing and forever altering the epic wild animal 

representation. Sometimes a treatment of an animal could spark a number of imitations. 
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The wounded deer episode in the Aeneid (Verg. A. 7.483-502) triggered an array of 

similar passages in the Metamorphoses (Ov. Met. 10.109-132), Punica (Sil. 13.115-137) 

and Thebaid (Stat. Theb. 7.564-598). Each account stresses some aspects of the 

traditional characterisation while developing others. 

The conceptual identity of the wild animal was also governed by its relevance to 

the individual epic plot. Wild animals were often characterised with reference to the 

roles that they would play in the text. Dido is likened to the deer because she is 

defenceless and doomed to be attacked (3.2), while Aeneas and Turnus are both 

compared to wolves because they are suseptible to fury as well as the demands of their 

respective destinies (6.4.1). Ovid inverted the pre-established maternal nature of the 

tigress in order to highlight Procne’s murderous inhumanity (4.3). 

Sometimes historiographic sources did not contribute to the portrayal of wild 

animals as much as we would expect; Polybius’ and Livy’s descriptions of elephants in 

the Punic Wars had some influence on the representations found in Silius (9.5), but 

Silius sometimes offers completely alternative representations of the animals that do not 

follow historiographic accounts. Roman epic authors often explored a traditional aspect 

of the wild animal’s characterisation and treated that particular element with fresh 

insight; forever redeveloping key characteristics to fit within their larger epic schemes. 

Silius is not deterred from manipulating the epic depiction of the elephant when it was 

not historically authentic (9.5). 

In effect, each wild animal’s representation in epic was influenced by a number 

of external factors. Every depiction of the Roman epic animal was governed by 

fundamental cultural and literary influences; it was the relative balance and interaction 

of these traditional and contemporary influences that determined how the epic wild 

animal would subsequently evolve.  
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Introduction 

Think for a moment of a wild animal. What animal do you picture? 

When asked this, most people picture a healthy, adult mammal or bird 

such as a lion, an elephant, or an eagle. They often think of happy animals 

enjoying themselves. In reality, however, life is not easy for animals in the 

wild. From the moment they are born or hatch from their eggs, they face very 

serious threats. The factors causing them are diverse. Some are due to direct 

human action. Others may be indirect results of human action, natural 

circumstances, or a combination of the two. Among the factors that can be 

partly or completely natural are harmful weather conditions; hunger and 

malnutrition; thirst; a wide range of diseases; accidents and injuries; conflicts 

with other animals; parasitism; and psychological stress. These are not 

unusual circumstances, and the harms from them are as painful and severe to 

wild animals as they would be to domesticated animals or to us. In fact, due to 

these harms, many animals have lives that contain much more suffering than 

happiness. 

We can think, for example, of a chick who falls from her nest and, starving 

to death on the ground for days, suffers from the cold and the pain of the 

injuries sustained in the fall. Or a new-born fish starving after never being able 

to find any food. Such cases are common among young animals. Other animals 

may be able to survive for longer and reach adulthood but live with chronic 

pain, or die after having endured a lot of suffering. One example of this is a 

deer with Nasal Bot parasitic infection. Larvae grow in their nasal cavities 

until they are so numerous and so large that the deer is no longer able to 

breathe and slowly suffocates to death. 
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Examples such as these counteract the idea that the best thing we can do 

for animals in the wild is simply to leave them alone. There are many cases 

where we can’t do anything to help animals, or where helping them may cause 

greater harm to others. But there are other cases where we can make a 

difference for animals that is net-positive overall. 

Some people might wonder why we should pay attention to these natural 

causes of harm when there are so many visible ways animals are harmed by 

humans today, such as being kept in captivity or by things like fishing. 

Shouldn’t we focus our attention solely on those animals harmed by human 

beings instead of worrying about wild animals? But concern for wild animal 

suffering is just an expansion of this concern about the wellbeing of animals 

generally. There is no contradiction in caring about all sentient animals, 

regardless of whether they are being harmed by humans or by other causes, 

such as harmful weather conditions or disease. The contradiction would be in 

caring only about what happens to the animals that humans harm, and not 

caring about other animals. 

Why wild animal suffering is very important 

In order to get a better sense of the importance of wild animal suffering, we 

need to be aware that many animals have lives filled with suffering, as in the 

examples above. Such cases are much more numerous than we might initially 

believe. We can see this in the way animal populations evolve — and in their 

juvenile mortality rates. A key factor determining this is the reproductive 

strategy that different animals follow. In nature, some animals reproduce by 

having only one offspring at a time. These are animals who typically give 

extensive parental care to their offspring, in order to maximize their likelihood 

of survival. However, most animals follow a different reproductive strategy: 

bringing into existence a very large number of offspring. Their survival rates 

at the beginning of their lives are typically very low. If the animals reproduce 

just once during their lives and their populations remain stable, on average 

only two of their offspring per litter or clutch makes it to adulthood (that is, 
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one per parent). If they reproduce several times, the average number who 

survive from each clutch decreases.1 

Some of these animals might survive for some time even if they don’t 
manage to reach maturity. But in many cases, they die shortly after they have 

started to exist. Some of them might never develop into sentient beings. But 

many of them do, and they typically die in ways that are likely to be painful, 

sometimes extremely so. They starve to death, are killed by other animals, or 

die from other factors such as cold or disease. Many of these animals die 

before they have a chance to enjoy any positive experiences in their lives. They 

might experience little more than the pain of their deaths, so suffering appears 

to outweigh happiness in their lives.2 Unfortunately, these animals are 

probably the majority of those who come into existence. This is the main 

reason wild animal suffering is of great importance. It can make a big 

difference that there are ways to help some of these animals. The following are 

some examples. 

Causes of wild animal suffering and ways to help animals 

Many animals in the wild suffer immensely and die prematurely. Just some of 

the factors are harmful weather conditions, natural disasters, disease, 

parasitism, hunger, malnutrition and thirst, psychological stress, conflicts 

 

1 See for instance Roff, D. A. (1992) Evolution of life histories: Theory and analysis, 

Dordrecht: Springer; Stearns, S. C. (1992) The evolution of life histories, Oxford: Oxford 

University Press; Flatt, T. & Heyland, A. (eds.) (2011) Mechanisms of life history evolution: 

The genetics and physiology of life history traits and trade-offs, Oxford: Oxford University 

Press; Vandermeer, J. H. & Goldberg, D. E. (2013) Population ecology: First principles, 

Princeton: Princeton University Press. 

2 Ng, Y.-K. (1995) “Towards welfare biology: Evolutionary economics of animal 
consciousness and suffering”, Biology and Philosophy, 10, pp. 255-285; Tomasik, B. (2015a 

[2009]) “The importance of wild-animal suffering”, Relations: Beyond Anthropocentrism, 3, 

pp. 133-152; https://www.ledonline.it/index.php/Relations/article/view/880/717 

[accessed on 11 December 2019]; Horta, O. (2015 [2011]) “The problem of evil in nature: 
Evolutionary bases of the prevalence of disvalue”, Relations: Beyond Anthropocentrism, 3, 

pp. 17-32, https://www.ledonline.it/index.php/Relations/article/view/825 [accessed on 

11 December 2019].  

https://www.ledonline.it/index.php/Relations/article/view/880/717
https://www.ledonline.it/index.php/Relations/article/view/825
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between animals, and accidents that can cause severe injuries. It is possible to 

help alleviate this suffering, for example by rescuing animals stranded on 

beaches, trapped in ice, snow, or mud ponds; providing shelter and assistance 

to sick and injured animals; caring for orphans; and saving animals from 

starving in particularly harsh situations. On a larger scale, vaccination 

programs save huge numbers of animals from suffering and dying due to 

disease.  

New programs can also be developed.3 For example, well-monitored pilot 

programs could start with the aim of helping wild animals living in suburban, 

urban, or industrial areas. What we learn can then be applied to animals living 

in agricultural zones, and then in semi-wild and wild areas. In the future, we 

will be able to innovate in ways that we aren’t able to today. For this to be 

possible, however, it is necessary that we have and spread an attitude of 

concern for animals. 

The reasons why animals are not being helped 

Some people don’t care about what happens to animals at all — despite the 

fact that they can also feel and suffer. But most people are just not familiar 

with what the lives of these animals are like. In particular, they don’t know 

about animal population dynamics — and many who do know fail to recognize 

how it relates to animals’ suffering. 

In addition, we have cognitive biases that distort how we imagine animal 

life in nature. We mentioned above that when most people think of wild 

animals, the image that comes to mind is that of big animals, most likely 

mammals, or maybe big birds; in any case almost certainly vertebrates. 

Furthermore, in almost all cases, they think of adult animals. They may think 

of lions and tigers, perhaps of giraffes, elephants, wolves, eagles... but they 

 

3 See Animal Ethics (2019a [2016]) “Helping animals in the wild”, Wild animal suffering, 

Animal Ethics, https://www.animal-ethics.org/helping-animals-in-the-wild [accessed on 

29 December 2019]; (2019b [2016]) “The situation of animals in the wild”, Wild animal 

suffering, Animal Ethics, https://www.animal-ethics.org/situation-of-animals-wild 

[accessed on 29 December 2019]. Below in this guide there are many examples of this 

explained in much more detail. 

https://www.animal-ethics.org/helping-animals-in-the-wild
https://www.animal-ethics.org/situation-of-animals-wild


INTRODUCTION TO WILD ANIMAL SUFFERING 

 

5 

seldom think of, say, fishlings or invertebrates that have just broken out of 

their eggs. However, these animals are the overwhelming majority in nature. 

Most animals in the world are small, and most animals alive at any one time 

are very young. In other words, the perception that most people have of 

animals in the wild is completely unrepresentative — and it very much 

conditions their views about what the lives of these animals are like. 

Finally, there are people who think that we should not help animals living 

in the wild because doing so is not “natural.”4 We should note, however, that 

when humans are suffering in the ways that wild animals commonly do, we 

typically support helping them. Why have a different attitude when it comes to 

animals? The animals just want to be free from the suffering caused by those 

conditions, so we should help them whether or not humans are responsible. 

We should also note that humans already frequently do intervene in 

nature to further human interests. We build entire cities with houses, 

hospitals, schools, libraries, and many other things that make our lives safer 

and more convenient. We also plant the food we need to eat. If we are ready to 

transform our surroundings for the sake of our needs, we should be willing to 

do so when other sentient beings like wild animals need help. 

Learning more about how to best help animals 

Because finding the best ways to help animals requires careful study, it’s 

important to invest in research that will help us to both optimize the results 

for animals and to avoid negative indirect consequences of helping them. The 

good news is that there is already a lot of data that can be used for this 

purpose. Veterinary scientists have focused on assessing the wellbeing of 

domesticated animals, but they have also examined that of wild animals. 

Ecologists have researched the population dynamics of these animals, their life 

histories, and the way they interact with other animals and their 

 

4 Rolston, H., III (1992) “Disvalues in nature”, The Monist, 75, pp. 250-278; Musschenga, A. W. (2002) “Naturalness: Beyond animal welfare”, Journal of Agricultural and 

Environmental Ethics, 15, pp. 171-186. Waldhorn, D. R. (2019) “Toward a new framework 
for understanding human-wild animal relations”, American Behavioral Scientist, 63, pp. 

1080-1100. 
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surroundings. All this can provide us with a firm grounding on which to base 

programs to help animals. 

Unfortunately, knowledge from these different areas is seldom integrated. 

Furthermore, concern for nonhuman animals as individuals has not yet been 

included among the aims of most scientific research projects. Cross-

disciplinary research about the suffering of animals in the wild and the ways 

to help them would allow us to integrate the relevant knowledge already 

obtained to make further progress.  

Such research can help us learn more about how the wellbeing of animals 

is affected on an ecosystem level in different situations. It will also allow us to 

develop new ways to help animals, and to assess existing ways. More research 

can help us to choose and improve more effective methods, as well as helping 

others to understand how important this issue is. It can also aid us in 

developing new ways of helping animals that will increase our positive impact 

in the future.  

Due to this, an attitude of caring about animals in the wild can potentially 

have a big impact not only on the animals currently living but on future ones 

as well. This is very important, because if we really care about what happens 

to animals, we should not worry only about those living today. Those who will 

live in the future have the potential to suffer just as much, so making it 

possible that the future is the best it can be for them should be a top priority 

for all of us. 

With this book, we aim to provide a clearer understanding of the reality of 

wild animal suffering and, more importantly, of what can be done about it. It 

provides an introduction to this question for anyone interested in it, and will 

be especially useful to those involved in animal advocacy who want to know 

what they can do to help wild animals. It will also benefit people working in 

natural sciences who want to learn how their work can help animals. 

The book has three parts. Part I explains the ways that wild animals suffer 

and how we can help them. Part II presents the main issues in the debate 

about the moral consideration of animals. Part III gives an overview of the 

current perspectives for the scientific study of the wellbeing of wild animals, 

which has been called welfare biology. 
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The first part begins with an introduction to the problem of wild animal 

suffering and clarifies what it is. It also explains the impacts of negative factors 

on the lives of animals living in the wild, and the relationship between the 

prevalent reproductive strategies and the proportion of suffering among wild 

animals. We’ll then see ways these animals can be helped, and already are 

being helped, on different scales. Then, we will see the kinds of things that 

each of us can do to make a difference for wild animals. 

The second part gives an overview of contemporary debates about ethics 

and animals. This addresses reservations many people have about helping 

animals. We then examine the differences between the views defending the 

moral consideration of animals and those defending other criteria, as in some 

positions in environmental ethics. Finally, we will see what sentience is, and 

consider some indicators of its presence in different animals, especially 

invertebrates. 

The third part examines the ways to promote research in academia about 

how to best help wild animals. We look at the concepts of wellbeing, animal 

welfare, and wild animal welfare. We will also discuss welfare biology, which 

is the study of the situation of animals with regard to their wellbeing. We’ll see 

reasons to promote academic research in welfare biology, and what some 

promising lines of research for this field are. 

We hope this book will be useful to you. Our intention is to help you 

become familiar with the issues discussed in it, and to share some tools that 

enable you to do further research on them. If you want to learn more, you can 

visit our website, where you’ll find much more detailed information about 

many of these issues: https://www.animal-ethics.org. 

https://www.animal-ethics.org/
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What is wild animal suffering? 

We will now consider in more detail different meanings the term “wild animal 

suffering” can take on. As the word “suffering” indicates, concern about the 

harms suffered by animals relates to what affects their wellbeing — with what 

is positive or negative for them. It’s different from conservation, which is 

about how species, populations, or ecosystems can be affected. Wild animal 

suffering is about how the wellbeing of individual animals can be negatively 

affected. There’s another harm — death — which is not suffering, so strictly 

speaking it wouldn’t be part of “wild animal suffering,” but the term can also 

be used in a broader sense that includes not only suffering but also the harm 

of death. 

There are different kinds of factors that can negatively affect animals 

living outside of direct human control. By animals under “direct human 

control,” we mean animals such as those living in captivity and domesticated 

animals whose lives and activities are directly determined by human beings. 

To simplify things, the harms animals living outside of direct human control 

can suffer can be put into three main groups: 

Directly anthropogenic harms are the harms that are a direct result of 

specific human actions, either intentional or unintentional. 

Examples of intentional direct harm are fishing and hunting. Another example 

is the intentional eradication of certain animals. This may be for economic 

reasons, such as when they are killed because of their negative impact on 

agriculture. It can also be for conservationist purposes, such as when animals 

are killed as a result of their impact on other species. Examples of 
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unintentional direct harm are when animals are injured or killed by harvesting 

machines or by being run over by vehicles. 

Indirectly anthropogenic harms are the harms that result from human 

action, but are not the direct result of specific actions. 

They range from the harms caused by lost fishing nets to harms to animals due 

to extreme weather events from human-caused changes to the climate. 

Natural harms are the harms suffered by animals that take place without 

any human action being involved. 

Examples of these are harms from starvation, weather events, accidents, 

conflicts between animals, and natural disasters.  

As we saw above, many people are unaware that animals that are not in 

captivity can suffer for natural reasons, or else they think that only the harms 

that come from human actions matter Due to this, the term “wild animal 

suffering” is commonly used to mean the harms thus excluded, that is, those 

suffered by nonhuman animals that are either partially or totally natural. 

Another way of using this term is to mean all kinds of harms suffered by wild 

animals, including those that are anthropogenic and those that are natural. So 

we have these two meanings for this term:  

Wild animal suffering (1): the harms suffered by animals living outside of 

direct human control that are partly or totally natural. 

Wild animal suffering (2): the harms from any cause suffered by animals 

living outside of direct human control. 

Ultimately, the reasons for concern about natural harms are the same as those 

about harms from human action: we want animals to have lives that are as 

good as possible, free from suffering and premature death. So in practical 

terms, the choice of one or another meaning for the term “wild animal 

suffering” may not be very important. The point is that all the harms suffered 

by animals matter, not just those that are directly anthropogenic, but also 

indirectly anthropogenic and natural ones. 



INTRODUCTION TO WILD ANIMAL SUFFERING 

 

11 

There aren’t strict boundaries between the three different types of harms. 

It could be argued that poisoning invertebrates with insecticides is a direct 

anthropogenic harm, but if they are poisoned by pesticides used to kill weeds, 

that would be an indirect anthropogenic harm. Of course, for the animals 

affected, the end result is the same. Moreover, there can be combinations of 

the three types, especially of indirect and natural harms. Suppose that a new 

disease is introduced into a forest indirectly through human action and that 

some animals die from it. If the animals contract the human-introduced 

disease, then that harm is indirectly anthropogenic and partly natural, since 

the process by which it spreads is natural. 

Harms of this combined kind could be very common, because humans 

have changed most of the ecosystems on Earth. In fact, because of human-

caused changes to the climate, it is likely that there is no longer a single 

ecosystem unaltered by human activities, with the possible exception of some 

in the deep ocean and other remote zones. In addition, it is estimated that 

more than one-third of the world’s land surface is being used for agricultural 

purposes.5 Also, around one-fourth of the total land is forests, including large 

areas that have been planted partially or totally by humans, especially in 

temperate zones. Primeval forests, which have developed with very little 

human interaction, are a minority (a very small percentage for example in 

Europe).6 Yet, even these primeval ecosystems have been changed because of 

human activities affecting the climate. This means that there is no longer a 

clear distinction between strictly natural harms and partly natural, partly 

anthropogenic harms to animals. 

This is also why wild animals living in those areas could be considered to 

some extent under human control, because human action can modify the 
 

5 Bruinsma, J. (ed.) (2003) World agriculture: Towards 2015/2030. An FAO perspective, 

London: Earthscan, http://www.fao.org/3/y4252e/y4252e.pdf, pp. 124-157 [accessed on 

15 November 2019]. 

6 Potapov, P.; Laestadius, L.; Yaroshenko, A. & Turubanova S. (2009) Global mapping and 

monitoring the extent of forest alteration: The intact forest landscapes method, Rome: 

Forest Resources Assessment; Potapov, P.; Hansen, M. C.; Laestadius, L.; Turubanova, S.; 

Yaroshenko, A.; Thies, C.; Smith, W.; Zhuravleva, I.; Komarova, A.; Minnemeyer, S. & 

Esipova, E. (2017) “The last frontiers of wilderness: Tracking loss of intact forest 

landscapes from 2000 to 2013”, Science Advances, 3. e1600821. 

https://advances.sciencemag.org/content/3/1/e1600821
https://advances.sciencemag.org/content/3/1/e1600821
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places where they live and the conditions in which they live. The animals we 

are specifically concerned with here live outside of direct human control. 

Wild animal suffering: not just about 
animals living in the wilderness 

The meaning of “wild animals” should also be clarified. It is inaccurate to think 

of wild animals as only those that typically live in the wild, because the same 

animals can be found in other places. The term “the wild” can also be 

confusing. Properly speaking, it means areas or ecosystems untouched, or only 

affected in minor ways, by human beings. Sometimes it is understood to mean 

all areas that don’t have significant human presence or activity, including, for 

example, forests managed by humans. But the term wild animal suffering is 

not meant to include only the animals living in those places. 

Many animals that most people consider “wild” live outside of direct 

human control, in areas devoted to agriculture or animal farming. However, 

they can also be found in urban, suburban, and industrial areas. Many types of 

vertebrates, like small mammals (e.g., squirrels), reptiles (e.g., lizards), birds, 

and many invertebrates (e.g., butterflies) live in urban environments.7 They 

are often directly harmed by human actions. But they also suffer because of 

how their ecosystems affect their lives. So they can also be included within the 

definition. 

Other animals who live outside of direct human control but are not 

typically classified as wild are those considered “feral.” However, the 

distinction between “feral” and “wild” animals is not relevant from the point of 

view of their suffering. They are harmed in similar ways because of the 

challenges they must face. Accordingly, we can certainly include feral animals 

in the term “wild animal suffering.” 

We can therefore see that the term “wild animals” in “wild animal 

suffering” denotes all animals living outside of direct human control. “Wild 

 

7 Hadidian, J. & Smith, S. (2001) “Urban wildlife”, in Salem, D. J. & Rowan, A. N. (eds.) The 

state of the animals 2001, Washington, D. C.: Humane Society Press, pp. 165-182; 

Michelfelder, D. P. (2018) “Urban wildlife ethics: Beyond ‘parallel planes’”, Environmental 

Ethics, 40, pp. 101-117. 
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animal” is a linguistic shortcut that is used for simplicity. But we have to 

remember that it covers not only the animals living in wild or semi-wild areas, 

but also feral animals and those living in urban environments. 

Species membership is not what is relevant 

A common way to use the term “wild animal” is to refer to animals who do not 

belong to species that have been domesticated (selectively bred for many 

generations by humans, like dogs and chickens). There are animals who are 

wild in this sense but live in captivity, such as minks in a fur farm, captive 

elephants trained for labor, and zebras in a zoo. These animals usually suffer a 

lot because of their use by human beings, and their situation is something that 

anyone concerned about animal suffering should be quite worried about. 

Our focus here is animals who do not live in captivity. They are in a 

different situation and have different needs. To account for this, they are 

covered by the term “wild animal suffering.” Borderline cases include animals 

who are used in farming but spend most of their lives unconfined, like a goat 

or a sheep who spends her whole life in the hills. 

Problems with the term “wildlife” 

Another term that is often used is “wildlife.” This is an inaccurate term for wild 

animals for two reasons. First, it is often used to refer to all kinds of living 

organisms. This doesn’t differentiate animals from other organisms that are 

not sentient. Second, even when it is used to refer specifically to wild animals, 

the word “wildlife” is not a countable quantity, so it doesn’t recognize animals 

as individuals. 

So, to conclude, the word “wild” as used in “wild animal suffering” does 

not distinguish animals in terms of their species. It doesn’t, like “wildlife,” 

refer to them as part of an undifferentiated component of an ecosystem. It also 

has nothing to do with the assumption that they have a ferocious character or 

nature. It just describes a circumstance they are in. 
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Other terms related to wild animal suffering 

People concerned about the situation of these animals sometimes use other 

terms. “Helping wild animals” has been used to refer to efforts to help them. 

The term “wild animal welfare” is used as a descriptive term for their situation 

from the point of view of their wellbeing.8 Note, however, that “wild animal 

welfare” has been used in several different ways:9 

Wild animal welfare (1): the situation of undomesticated animals with 

respect to their wellbeing. 

Wild animal welfare (2): the regulations about the ways undomesticated 

animals are kept in captivity. 

Wild animal welfare (3): the science that assesses the wellbeing of 

undomesticated animals. 

A possible source of confusion comes from the common use of the term to 

refer to undomesticated animals living in captivity, rather than those living in 

the wild. 

 

8 See for instance Kirkwood, J. K.; Sainsbury, A. W. & Bennett, P. M. (1994) “The welfare of 
free-living wild animals: Methods of assessment”, Animal Welfare, 3, pp. 257-273; Harrop, S. R. (1997) “The dynamics of wild animal welfare law”, Journal of Environmental Law, 9, 

pp. 287-302; Kirkwood, J. K. (2013) “Wild animal welfare”, Animal Welfare, 22, pp. 147-

148; JWD Wildlife Welfare Supplement Editorial Board (2016) “Advances in animal 
welfare for free-living animals”, Journal of Wildlife Diseases, 52, pp. S4-S13. 

9 See Haynes, R. P. (2008) Animal welfare: Competing conceptions and their ethical 

implications, Dordrecht: Springer. Sometimes the term “animal welfare” is used among 
animal advocates for the view that it is acceptable to cause certain harms to animals 

provided that they are not excessive—see Francione, G. L. (1995) Animals, property and 

the law, Philadelphia: Temple University Press; (2000) Introduction to animal rights: Your 

child or the dog?, Philadelphia: Temple University Press. According to this view, some 

uses of animals that can be harmful to them are acceptable if the harms that are 

considered necessary for such use are minimized. This meaning is different from the 

others we have seen here. What we have said up to this point, and in the rest of the book, 

does not concern this other question, or imply taking a stance in support of this view.  
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Finally, the term “welfare biology” is used for a proposed field of study 

that would examine the wellbeing of all animals, especially those living outside 

of direct human control. It would primarily, though not necessarily only, study 

wild animal suffering. More technically, it can be defined as the study of 

sentient living beings with respect to their positive and negative wellbeing.10 

Welfare biology would be a cross-disciplinary field that includes wild animal 

welfare science together with contributions from ecology and other fields in 

the natural sciences. Wild animal welfare science would assess the wellbeing 

of animals by considering their behavior, physiology, and other indicators. 

Other fields like ecology would examine the external factors that affect it. 

Welfare biology has the potential to inform policies to help wild animals and 

prevent some of the harms they suffer. 

 

10 Ng, Y.-K. (1995) “Towards welfare biology: Evolutionary economics of animal 

consciousness and suffering”, Biology and Philosophy, 10, pp. 255-285; see also 

Carpendale, M. (2015) “Welfare biology as an extension of biology: Interview with Yew-

Kwang Ng”, Relations: Beyond Anthropocentrism, 3, pp. 197-202, 

https://www.ledonline.it/index.php/Relations/article/view/884/0 [accessed on 17 October 2019]; Faria, C. & Horta, O. (2019) “Welfare biology”, in Fischer, B. (ed.) 
Routledge handbook of animal ethics, New York: Routledge, pp. 455-466. 

https://www.ledonline.it/index.php/Relations/article/view/884/0
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Harms suffered by animals due to 
weather conditions and natural disasters 

Now that we have seen what wild animal suffering is, we will examine the 

different ways animals suffer in the wild. We’re going to start by considering 

how they can be harmed by factors related to their physical environment, in 

particular by weather conditions and natural disasters. 

Weather conditions and nonhuman animals 

Weather, especially temperature, plays a major role in influencing the 

suffering of animals in the wild. Fluctuations in temperature in certain regions 

affect large numbers of animals. Many animals, especially those who 

reproduce in large numbers, may colonize a certain area when weather 

conditions are fit for them to live there, only to die later when weather 

conditions change. Floods and heavy winds can also displace marine animals 

so they end up in unfavorable environments. 

Cold-blooded animals like fishes, amphibians, reptiles, and invertebrates 

are particularly susceptible to sudden changes in temperature. Young animals 

who cannot migrate or who live in shallow waters that get cold more quickly 

are especially at risk. 

Temperature changes 

Cold weather leads to loss of life more routinely than hot weather. Animals 

who don’t hibernate or don’t become dormant in cold weather have to endure 



INTRODUCTION TO WILD ANIMAL SUFFERING 

 

17 

large variations in temperature. The temperatures may fall within a range they 

can survive but still be very uncomfortable. This can weaken an animal’s 

immune system and make her more susceptible to illness. 

It’s common for large portions of a population of mammals to die every 

winter, and more than half can be wiped out during a particularly harsh 

winter. Unlike many other animals in temperate climates, deer populations 

don’t migrate or hibernate in the winter. They try to crowd into the few spots 

that provide some shelter from the cold, wind, and snow. Food is also scarcer 

for them during the winter.11 

Animals who hibernate are also more vulnerable during the winter due to 

an increased risk of disease or starvation before the winter’s end. For example, 

bats can suffer from frostbite or starve to death if they awaken during their 

winter hibernation and fly around too much, depleting the fat stores they need 

to get them through the rest of the winter. Crickets, like many other insects, 

can survive the winter in diapause (dormancy). Whether they survive typically 

depends on which stage of their life cycle they are in and how unstable the 

winter temperatures are. Some insects can withstand being frozen solid 

because they produce cryoprotective chemicals similar to antifreeze. 

However, if they thaw out due to sudden warming temperatures, they may not 

survive a refreeze.12 

Birds can usually tolerate a relatively large range of temperatures. But if 

they are sick or injured and unable to fly to a warmer place or can’t keep up 

their body heat in the winter, they can suffer from frostbite. They can also 

suffer from crash landings on ice or wet pavement that they mistake for water. 

Swans and other birds who can’t move well out of water sometimes get stuck 

on ice and injure their wings trying to flap them against the hard surface.13 

 

11 Wooster, C. (2003) “What happens to deer during a tough winter?”, Northern 

Woodlands, February 2, https://northernwoodlands.org/outside_story/article/what-

happens-to-deer-during-a-tough-winter [accessed on 14 October 2019]. 

12 Callahan, R. (2018) “How do crickets go into a hibernation state when cold?”, Sciencing, 

October 17, https://sciencing.com/crickets-hibernation-state-cold-12051048.html 

[accessed on 23 June 2019]. 

13 Brown, C. R. & Brown, M. B. (1998) “Intense natural selection on body size and wing 

and tail asymmetry in cliff swallows during severe weather”, Evolution, 52, pp. 1461-

https://northernwoodlands.org/outside_story/article/what-happens-to-deer-during-a-tough-winter
https://northernwoodlands.org/outside_story/article/what-happens-to-deer-during-a-tough-winter
https://sciencing.com/crickets-hibernation-state-cold-12051048.html
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Cold-blooded animals like fishes, amphibians, and reptiles have to expose 

themselves to warmer or cooler water or air to regulate their body heat. As a 

result, they are more vulnerable than mammals and birds to heat stress or 

hypothermia due to sudden temperature changes. Although marine 

environments generally have smaller temperature fluctuations than air, there 

can be a large variation in temperatures between bodies of water. Just as land 

animals migrate to inhabit new areas, marine animals can move into areas that 

are colder or hotter than is good for their bodies.  

Sea turtles commonly experience “cold stunning” when there is a rapid 

change in temperature or when the water remains too cold for too long. Cold 

stunning occurs when decreased heart rate and circulation result in shock and 

lethargy that can be fatal. Young turtles are especially at risk because they 

often live in shallow water that gets cold faster. Cold stunning often happens 

during unusually cold spells, but in some areas it is chronic, occurring every 

winter and killing more than half the turtles who aren’t able to migrate.14 

In response to warmer temperatures, the metabolism of some marine 

animals slows down, enabling them to better adapt. However, many marine 

animals experience heat stress that impairs their ability to consume oxygen. If 

temperatures remain too high for too long, they will be unable to survive. In 

extreme cases, or when changes in the climate occur progressively over longer 

time periods, entire populations may die off, suffering a great deal in the 

process. Animals dying from extreme weather conditions can experience a lot 

of pain in addition to losing their lives. 

 1475; Raddatz, K. (2018) “Frigid temps pose danger to local wildlife”, CBS Minnesota, 

January 4, https://minnesota.cbslocal.com/2018/01/04/cold-wx-wildlife [accessed on 

19 June 2019]. 

14 Gabriel, M. N. (2018) “Hundreds of sea turtles ‘cold-stunned’ by frigid temperatures in 

Gulf waters”, USA Today, January 4, https://eu.usatoday.com/story/news/nation-

now/2018/01/04/hundreds-sea-turtles-cold-stunned-frigid-temperatures-gulf-

waters/1006047001 [accessed on 19 June 2019]; Foley, A. M.; Singel, K. E.; Dutton, P. H.; 

Summers, T. M.; Redlow, A. E. & Lessman, J. (2007) “Characteristics of a green turtle 

(Chelonia mydas) assemblage in northwestern Florida determined during a hypothermic 

stunning event”, Gulf of Mexico Science, 25, pp. 131-145. 

https://minnesota.cbslocal.com/2018/01/04/cold-wx-wildlife
https://eu.usatoday.com/story/news/nation-now/2018/01/04/hundreds-sea-turtles-cold-stunned-frigid-temperatures-gulf-waters/1006047001/
https://eu.usatoday.com/story/news/nation-now/2018/01/04/hundreds-sea-turtles-cold-stunned-frigid-temperatures-gulf-waters/1006047001/
https://eu.usatoday.com/story/news/nation-now/2018/01/04/hundreds-sea-turtles-cold-stunned-frigid-temperatures-gulf-waters/1006047001/
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Other weather conditions apart from temperature 

Many factors other than extremes of temperature can affect animal 

populations. Some animals require a certain level of humidity to thrive and 

can suffer a great deal in arid regions. For others, too much humidity or rain 

can be harmful. Although there are many animals who are not affected by rain, 

or who actually like rain, there are others who are bothered by it or have 

illnesses or physical conditions that are worsened by it. Just as rain, snow, and 

strong wind can negatively impact human wellbeing, they can cause similar 

discomfort and stress to animals living in the wild. Even if these 

uncomfortable weather conditions don’t kill them, just as they usually don’t 
kill us, they can still cause suffering for nonhuman animals. Without access to 

adequate shelter or medical care, complications that would be minor for 

humans can be severe for animals living in the wild. 

Several other weather phenomena can have a huge impact on animals, and 

can wipe out entire populations. Their effects can combine with other factors 

such as disease and the availability of food and water. Consider, for example, 

droughts, heavy snows, and flooding. These extreme conditions can kill 

animals directly, for example by drowning, or indirectly, for example by 

damaging the food supply. Weather conditions can also trigger epidemics 

among animals. Many animals get weaker during the winter due to the harsh 

weather, which makes them more susceptible to becoming sick. Other animals 

suffer from diseases that become active only when certain weather conditions 

occur. For example, many birds carry avian cholera that affects them mainly in 

very cold weather. Lobsters are more susceptible to lobster shell disease when 

the water is warmer, which weakens their shells and makes them more 

susceptible to injury and predation. 

Animals in natural disasters 

Animals living in the wild are particularly vulnerable in natural disasters. 

Earthquakes, hurricanes, volcanic eruptions, tsunamis, and forest fires can 

have devastating consequences for them. Many animals die, drowned or 

buried alive by dirt, ash, lava, or snow; crushed to death in collapsed or burnt 
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burrows; smashed against trees and rocks, or pelted by hailstones. Others 

sustain major injuries. 

Animals are often at high risk of being displaced and sometimes orphaned, 

either because they moved to safer places or because they were swept away 

by high winds or rushing flood waters. If displaced animals are crowded 

together in a small area, they risk major outbreaks of disease and parasite 

infestations. Malnutrition and starvation due to limited food supplies also 

become major risks.  

Storms 

The wind, rain, and debris from storms injure and kill animals, including 

destroying shelters and contaminating food and water sources. Strong winds 

and rain can cause broken limbs and head trauma, as well as breathing 

problems and infections from getting water in the lungs. Most of these 

problems would not be fatal if the animals received care, but in most cases, 

they do not. A few lucky mammals and birds get care if they are blown into 

urban areas and are found disoriented on someone’s lawn. 

Rotating storms known as supercell thunderstorms can rise 10 miles high 

and have hurricane-force winds. When these storms occur in colder weather, 

animals are killed or injured when they are pelted with jagged hailstones the 

size of golf balls.15 Storm surges and strong winds can create such pressure on 

the seabed floor that large amounts of sediment and large objects are stirred 

up and tossed around. The pressure can also rapidly mix the colder water near 

the bottom of the ocean with warmer shallow waters. This can cause 

hypothermia in cold-blooded animals who rely on the water temperature to 

regulate their body temperature. The strong currents produced by the mixing 

 

15 Cappucci, M. (2019) “Montana hailstorm slaughters 11,000 birds”, The Washington 

Post, August 21, http://www.washingtonpost.com/weather/2019/08/21/montana-

hailstorm-slaughters-birds [accessed on 13 September 2019]. 

http://www.washingtonpost.com/weather/2019/08/21/montana-hailstorm-slaughters-birds
http://www.washingtonpost.com/weather/2019/08/21/montana-hailstorm-slaughters-birds
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waters can kill many small and slow-moving animals who can’t just swim 

away.16 

Floods 

Smaller animals are more vulnerable to drowning or dying in floods and 

mudslides.17 Burrowing animals may be safe from smaller disturbances, but 

torrential rains can collapse their burrows or block the entrances, trapping 

them or leaving them without shelter. Burrow entrances can be blocked by 

branches, leaves, stones and other debris moved around by water or wind. 

Leaves and debris can also harm marine animals, blocking sunlight, reducing 

oxygen levels as they rot, and suffocating animals with gills by blocking 

them.18 

Fires 

A single wildfire can kill millions of animals.19 The flames and smoke of forest 

fires kill most animals in their path, including many burrowing animals who 

are too near the surface, and animals who live in rivers and streams as the 

flames pass over. Animals who run away may be caught by waiting predators 

along the path. Even if they survive the fires, the aftermath can leave animals 

 

16 National Oceanic and Atmospheric Observation (2018) “How do hurricanes affect sea 

life?”, National Ocean Service, June 25, https://oceanservice.noaa.gov/facts/hurricanes-

sea-life.html [accessed on 23 September 2019]. 

17 Shafeeq, M. (2018) “Kerala floods leave trail of destruction in forests; elephants, tigers 

among several animals killed”, Firstpost, August 30, https://www.firstpost.com/india/kerala-

floods-leave-trail-of-destruction-in-forests-elephants-tigers-among-several-animals-killed-

5081351.html [accessed on 21 August 2019]. 

18 Dilonardo, M. J. (2018) “What happens to animals during a hurricane?”, MNN, 

September 12, https://www.mnn.com/earth-matters/animals/stories/what-happens-

wildlife-during-hurricane [accessed on 21 August 2019]. 

19 Phys.org (2019) “More than 2 million animals perish in Bolivia wildfires”, Phys.org, 

September 26, https://phys.org/news/2019-09-million-animals-perish-bolivia-

wildfires.html [accessed on 5 October 2019]. 

https://oceanservice.noaa.gov/facts/hurricanes-sea-life.html
https://oceanservice.noaa.gov/facts/hurricanes-sea-life.html
https://www.firstpost.com/india/kerala-floods-leave-trail-of-destruction-in-forests-elephants-tigers-among-several-animals-killed-5081351.html
https://www.firstpost.com/india/kerala-floods-leave-trail-of-destruction-in-forests-elephants-tigers-among-several-animals-killed-5081351.html
https://www.firstpost.com/india/kerala-floods-leave-trail-of-destruction-in-forests-elephants-tigers-among-several-animals-killed-5081351.html
https://www.mnn.com/earth-matters/animals/stories/what-happens-wildlife-during-hurricane
https://www.mnn.com/earth-matters/animals/stories/what-happens-wildlife-during-hurricane
https://phys.org/news/2019-09-million-animals-perish-bolivia-wildfires.html
https://phys.org/news/2019-09-million-animals-perish-bolivia-wildfires.html
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with burns, blindness, and respiratory problems that can be fatal or 

permanently debilitating. 

Some animals, like squirrels, porcupines, and koalas try to get away by 

climbing trees, which is not a good strategy in a fire. Other animals may try to 

flee but then panic and return to their dens. Smaller animals can burrow into 

the ground but if they don’t burrow deeply enough, they will die when their 

dens heat up like an oven.20 Fleeing animals may die due to smoke inhalation, 

burns, exhaustion, disorientation, or attacks from other animals.21 Mothers 

may not be able to leave with their babies, and territorial animals may be 

more reluctant to leave and end up staying where they are until it’s too late to 

get away. 

Smoke injury is sometimes short-lived and heals within a few days. 

However, if it is severe enough or prolonged, it can cause greater harm, 

including lung damage, vision loss, or blindness. Birds are especially at risk of 

serious respiratory harm because of how much air they take in relative to 

their size.22 Burned skin can cause a lot of pain, limit mobility, and may never 

heal completely. Singed wings and other appendages can affect an animal’s 

ability to move around and navigate. 

Earthquakes and tsunamis 

In earthquakes, animals can be crushed by falling rocks. Sea birds and aquatic 

animals who live in shallow waters near the shore are buried in sand or debris 

and suffocate. Many of them are washed ashore where they die slowly because 

they can’t breathe outside of water. Earthquakes may be followed by 

 

20 Zielinski, S. (2014) “What do wild animals do in a wildfire?”, National Geographic, July 

22, https://www.nationalgeographic.com/news/2014/7/140721-animals-wildlife-

wildfires-nation-forests-science [accessed on 13 September 2019]. 

21 Daly, N. (2019) “What the Amazon fires mean for wild animals”, National Geographic, 

August 23, http://www.nationalgeographic.com/animals/2019/08/how-the-amazon-

rainforest-wildfires-will-affect-wild-animals [accessed on 13 September 2019]. 

22 Cope, R. B. (2019) “Overview of smoke inhalation”, Merck manual: Veterinary manual, 

https://www.merckvetmanual.com/toxicology/smoke-inhalation/overview-of-smoke-

inhalation [accessed on 23 September 2019]. 

https://www.nationalgeographic.com/news/2014/7/140721-animals-wildlife-wildfires-nation-forests-science
https://www.nationalgeographic.com/news/2014/7/140721-animals-wildlife-wildfires-nation-forests-science
http://www.nationalgeographic.com/animals/2019/08/how-the-amazon-rainforest-wildfires-will-affect-wild-animals
http://www.nationalgeographic.com/animals/2019/08/how-the-amazon-rainforest-wildfires-will-affect-wild-animals
https://www.merckvetmanual.com/toxicology/smoke-inhalation/overview-of-smoke-inhalation
https://www.merckvetmanual.com/toxicology/smoke-inhalation/overview-of-smoke-inhalation
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landslides that bury animals alive and destroy their homes, or by floods that 

can drown them or sweep them away.23 

In addition to shaking land, earthquakes can shake and displace the 

seabed. Land masses can sink into the water, along with the animals who live 

there. When the ocean floor is displaced, it can create a tsunami, which is a 

series of high, fast waves that begin quickly, can cross oceans, and can last for 

days. When tsunamis strike, birds and other small animals can drown when 

they are washed into the water and unable to get back to dry land.24 

Volcanoes 

Animals can also be harmed by volcanic eruptions. They can last for months or 

years, spewing abrasive and toxic lava and ash, causing explosions, and 

heating nearby water that can boil marine animals alive. Ash deposited by 

volcanoes on land contains chemicals and sharp edges that harm animals in 

the area for many years after an eruption. The sharp edges of the ash cause 

eye and skin irritation and are abrasive to teeth, hooves, and insect wings. 

Ingestion of the ash causes respiratory problems and gastrointestinal 

blockages.25 Ash and other debris get stuck in gills and suffocate aquatic 

animals, and lava can leave tiny, glassy shards that harm them as the water 

passes through their gills. Ash and gases also destroy food and water supplies. 

 

23 Bressan, D. (2016) “Earthquakes can have devastating impacts on wildlife”, Forbes, Nov 

30, https://www.forbes.com/sites/davidbressan/2016/11/30/earthquakes-can-have-

devastating-impacts-on-wildlife/#5c400731a554 [accessed on 31 August 2019]. 

24 Goldman, J. (2011) “Impact of the Japan earthquake and tsunami on animals and the 

environment”, Scientific American, March 22, https://blogs.scientificamerican.com/guest-

blog/impact-of-the-japan-earthquake-and-tsunami-on-animals-and-environment 

[accessed on 13 September 2019]. 

25 Leggett, R. (2018) “Plants & animals around volcanoes”, Sciencing, April 23, 

https://sciencing.com/plants-animals-around-volcanoes-8259688.html [accessed on 19 

September 2019]; Scientific American (2005) “How do volcanoes affect world climate?”, 
October 4, https://www.scientificamerican.com/article/how-do-volcanoes-affect-w 

[accessed on 19 September 2019]. 

https://www.forbes.com/sites/davidbressan/2016/11/30/earthquakes-can-have-devastating-impacts-on-wildlife/#5c400731a554
https://www.forbes.com/sites/davidbressan/2016/11/30/earthquakes-can-have-devastating-impacts-on-wildlife/#5c400731a554
https://blogs.scientificamerican.com/guest-blog/impact-of-the-japan-earthquake-and-tsunami-on-animals-and-environment
https://blogs.scientificamerican.com/guest-blog/impact-of-the-japan-earthquake-and-tsunami-on-animals-and-environment
https://sciencing.com/plants-animals-around-volcanoes-8259688.html
https://www.scientificamerican.com/article/how-do-volcanoes-affect-w
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Diseases and parasitism 

Diseases in nature 

We now consider another very significant source of suffering and premature 

death for animals, which is disease. To understand how harmful disease can be 

to animals, think of the immense suffering that disease caused to human 

beings before the advent of modern medicine. This is the situation of animals 

in the wild. The harms caused by disease are worsened by lack of access to 

treatment and, sometimes, by lack of opportunity to rest and recuperate. In 

addition to their debilitating effects on the body’s ability to function and 

recover, illness and disease can increase the negative effects of environmental 

conditions and other stressors faced by wild animals. The result can be 

increased suffering and death.26 

There are so many diseases that affect nonhuman animals in nature that 

they cannot all be listed here. Some of them are illnesses humans can suffer 

from too, like flu, pneumonia, tuberculosis, cholera, Ebola, anthrax, salmonella, 

diphtheria, and rabies.27 Cancer is also common in both land and marine 

 

26 Beldomenico, P. M.; Telfer, S.; Gebert, S.; Lukomski, L.; Bennett, M. & Begon, M. (2008) “Poor condition and infection: A vicious circle in natural populations”, Proceedings of the 

Royal Society of London B: Biological Sciences, 275, pp. 1753-1759. 

27 Simpson, V. R. (2002) “Wild animals as reservoirs of infectious diseases in the UK”, The 

Veterinary Journal, 163, pp. 128-146; Gortázar, C.; Ferroglio, E.; Höfle, U.; Wobeser, G. A. 

(2005) Essentials of disease in wild animals, New York: John Wiley and Sons; Frölich, K. & 

Vicente, J. (2007) “Diseases shared between wildlife and livestock: A European perspective”, European Journal of Wild Research, 53, pp. 241-256; Williams, E. S. & Barker, 

I. K. (eds.) (2008 [2001]) Infectious diseases of wild mammals, 3rd ed., New York: John 

Wiley and Sons; Martin, C.; Pastoret, P. P.; Brochier, B.; Humblet, M. F. & Saegerman, C. 
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animals. Some populations of whales suffer from cancer at similar rates to 

humans.28 Other common diseases that can infect animals living in the wild 

are distemper, chronic wasting disease, African swine fever, and a variety of 

fungal infections.29 

Diseases in invertebrates 

Most people don’t think much about how invertebrates might suffer from 

disease, but they contract bacterial, viral, and fungal infections just like other 

animals. Some are very specific to the animals they infect and don’t spread to 

vertebrates, but they can be treated similarly, with vaccines, antibiotics, and 

antifungals.30 Here are some common diseases found in land-dwelling and 

marine invertebrates. 

 (2011) “A survey of the transmission of infectious diseases/infections between wild and 

domestic ungulates in Europe”, Veterinary Research, 42, a. 70; Washington State 

Department of Health (2019) “Animal transmitted diseases”, Washington State 

Department of Health , https://www.doh.wa.gov/YouandYourFamily/IllnessandDisease/ 

AnimalTransmittedDiseases [accessed on 26 June 2019]. 

28 Martineau, D.; Lemberger, K.; Dallaire, A.; Labelle, L.; Lipscomb, T. P.; Pascal, M. & Mikaelian, I. (2002) “Cancer in wildlife, a case study: Beluga from the St. Lawrence 

estuary, Québec, Canada”, Environmental Health Perspectives, 110, pp. 285-292; 

Albuquerque, T. A. F.; Drummond do Val, L.; Doherty, A. & de Magalhães, J. P. (2018) “From 

humans to hydra: Patterns of cancer across the tree of life”, Biological Reviews, 93, pp. 

1715-1734. 

29 Cole, R. A. & Friend, M. (1999) “Field manual of wildlife diseases: Parasites and parisitic 

diseases”, in Milton, F. & Franson, J. C. (eds.) Field manual of wildlife diseases: General field 

procedures and diseases of birds, Washington, D. C.: U. S. Geological Survey, pp. 188-258; 

Williams, E. S. & Barker, I. K. (eds.) (2008 [2001]) Infectious diseases of wild mammals, 

New York: John Wiley and Sons; Dantas-Torres, F.; Chomel, B. B. & Otranto, D. (2012) “Ticks and tick-borne diseases: A One Health perspective”, Trends in Parasitology, 28, pp. 

437-446; Wobeser, G. A. (2013) Investigation and management of disease in wild animals, 

Dordrecht: Springer. 

30 Raukko, E. (2018) “The first-ever insect vaccine PrimeBEE helps bees stay healthy”, 
University of Helsinki, October 31, https://www.helsinki.fi/en/news/sustainability-

news/the-first-ever-insect-vaccine-primebee-helps-bees-stay-healthy [accessed on 18 

august 2019].  
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Black death in butterflies 

One major disease that affects butterflies is nuclear polyhedrosis virus, or the 

black death. It’s called this because affected animals become lethargic and 

their bodies start to decay, turning black. Their insides liquefy and ooze out of 

their decaying body. The virus usually strikes in the caterpillar phase. It causes 

a great deal of stress to the caterpillar, who will refuse to eat and may 

regurgitate food. The virus can take up to three days to kill the caterpillar.31 

The infected drops of the liquefied body spread easily onto leaves and is 

further spread by parasites, infecting the caterpillars who eat those leaves.32 

Cricket paralysis virus 

A widespread disease afflicting crickets is known as cricket paralysis virus. 

Infected crickets become malnourished, have trouble jumping, lose 

coordination, and then their legs become paralyzed and they fall on their 

backs, where they lie for a few days before dying. It can also infect other 

insects, and similar strains infect bees and flies.33 

 

31 Hadley, D. (2019) “Why are monarch caterpillars turning black?”, ThougtCo, July 12, 

https://www.thoughtco.com/monarchs-turning-black-4140653 [accessed on 14 August 

2019]. 

32 Stairs, G. R. (1966) “Transmission of virus in tent caterpillar populations”, 
Entomological Society of Canada, 98, pp. 1100-1104. 

33 Liu, K.; Li, Y.; Jousset, F.-X.; Zadori, Z.; Szelei, J.; Yu, Q.; Pham, H. T.; Lépine, F.; Bergoin, M. & Tijssen, P. (2011) “The Acheta domesticus densovirus, isolated from the European 

house cricket, has evolved an expression strategy unique among parvoviruses”, Journal of 

Virology, 85, pp. 10069-10078; Szelei, J.; Woodring, J:; Goettel, M. S.; Duke, G.; Jousset, F.-

X.; Liu, K. Y.; Zadori, Z.; Li, Y.; Styer, E.; Boucias, D. G.; Kleespies, R. G.; Bergoin, M. & 

Tijssen, P. (2011) “Susceptibility of North-American and European crickets to Acheta 

domesticus densovirus (AdDNV) and associated epizootics”, Journal of Invertebrate 

Pathology, 106, pp. 394-399. 
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Lobster shell disease 

Lobsters can contract a common disease known simply as shell disease. 

Healthy lobsters have a slippery protective layer that prevents the shell from 

being eroded by bacteria. With shell disease, this barrier disappears, allowing 

the shell to start to erode. The disease itself is not always lethal, but it can 

cause the lobster distress and weakness that increases vulnerability to other 

harms such as injury.34 

Diseases and infections in vertebrates 

More is known about diseases that affect vertebrates. Vertebrate diseases tend 

to be easier to study because the animals are typically larger and many 

vertebrate diseases are known to be transmissible between a variety of 

vertebrates, including humans and domesticated animals. The diseases below 

are a sampling of common diseases in vertebrates. 

Cholera in birds 

Avian cholera is a common bacterial disease in birds living in both temperate 

and arctic climates. Many birds carry the disease, but it only becomes active 

when the birds are physically or emotionally stressed. Very cold weather or 

high water forcing birds in temperate regions to leave their homes are 

common stressors that can bring out the disease in infected birds. It causes 

weight loss, mucous discharge, diarrhea, and rapid breathing. It frequently 

leads to pneumonia. It can attack the liver, spleen, and skin and cause arthritis 

due to inflammation. Avian cholera can have a very high mortality rate, 

especially when it first spreads through a colony. It is spread by direct contact 

and by ingestion of contaminated water or soil.35 

 

34 Groner, M. L.; Shields, J. D.; Landers, D. F.; Swenarton, J. & Hoenig, J. M. (2018) “Rising 

temperatures, molting phenology, and epizootic shell disease in the American lobster”, 
The American Naturalist, 192, pp. E163-E177. 

35 Iverson, S. A; Gilchrest, H. G.; Soos, C.; Buttler, I. I.; Harms, N. J. & Forbes, M. R. (2016) “Injecting epidemiology into population viability analysis: Avian cholera transmission 
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Distemper 

Distemper is a viral disease related to measles that attacks the 

gastrointestinal, respiratory, and nervous systems of mammals. It is 

commonly associated with dogs but also affects many animals in the wild, 

including raccoons, foxes, wild cats, monkeys, and seals. Infected animals can 

exhibit behaviors similar to those caused by rabies, including drooling, circling 

behavior, chewing fits, nonresponsiveness to the environment, and loss of fear 

of humans and other animals. It can cause fever, vomiting, convulsions, and 

paralysis. It is usually fatal. Those who survive may have permanent 

neurological damage.36 

Skin diseases in amphibians, reptiles, and fishes 

Amphibians are susceptible to deadly skin diseases, such as fungal infections 

and ranavirus. The aquatic fungal infection chytridiomycosis is one of the 

deadliest pathogens on record. It afflicts frogs, salamanders, and other 

amphibians in wet climates. The fungus eats through an animal’s skin, causes 

metabolic changes, and finally kills the animal by triggering cardiac arrest. In 

addition to the skin, lesions develop on multiple internal organs and muscles. 

It spreads continually from immune amphibians to those who are 

vulnerable.37 
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(2008 [2001]) Infectious diseases of wild mammals, 3rd ed., New York: John Wiley and 
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37 Schelle, B. C.; Pasmans, F.; Skerratt, L. F.; Berger, L.; Martel, A.; Beukema, W.; Acevedo, A. 

A.; Burrowes, P. A.; Carvalho, T.; Catenazzi, A.; De la Riva, I.; Fisher, M. C.; Flechas, S. V.; 

Foster, C. N.; Frías-Álvarez, P.; Garner, T. W. J.; Gratwicke, B.; Guayasamin, J. M.; Hirschfeld, 

M.; Kolby, J. E.; Kosch, T. A.; La Marca, E.; Lindenmayer, D. B.; Lips, K. R.; Longo, A. V.; 

https://www.merckvetmanual.com/poultry/fowl-cholera/overview-of-fowl-cholera


INTRODUCTION TO WILD ANIMAL SUFFERING 

 

29 

Sickness behaviors 

Disease is more widespread in nature than many people realize. One of the 

reasons people misjudge the extent to which it affects animals living in the 

wild is that many animals have evolved to avoid showing signs of illness. 

Animals who look weak or vulnerable are prime targets for predators. 

Moreover, those who live in groups may lose social status or be abandoned 

and left to fend for themselves when they are least able to. Alternatively, 

sometimes animals selectively exhibit sickness behaviors, such as lethargy and 

sleepiness. This happens when the sickness behaviors are not caused by the 

illness itself, but rather by conserving energy to fight off an illness. Depending 

on the time of year and other circumstances, showing signs of illness might 

reduce opportunities to reproduce or make it impossible to defend valuable 

territory. An animal might take more time to rest and recover outside of 

breeding season, rather than trying to defend their territory. During breeding 

season, they might use their energy to reproduce and defend their nests or 

dens rather than on recovery efforts.38 

Therefore, an animal can be suffering greatly from a disease or illness that 

we cannot recognize without performing medical checks. As more research is 

undertaken on how animals are affected by diseases in the wild, our 

knowledge in this area continues to grow.39 In the meantime, it is worth noting 
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38 Lopes, P. C (2014) “When is it socially acceptable to feel sick?”, Proceedings of the Royal 
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that there are recognizable behavioral signs in some animals who are 

experiencing fevers, including lethargy, decreased appetite, and reduced 

grooming, though as mentioned earlier, animals may be able to choose not to 

exhibit these behaviors if the cost is too high.40 Humans can also learn a lot by 

observing larger animals in hospitals or doing autopsies, and there are 

increasingly sensitive methods of noninvasively detecting signs of illness in 

the wild. 

Some animals are hard to observe at all, such as small animals who spend 

most of their lives hiding underground and extremely numerous tiny 

invertebrates. Marine animals can also be difficult to study because of their 

numbers and also because it’s more difficult to study them non-invasively. As 

a result, the amount of suffering caused by diseases in the wild is much greater 

than many people would imagine. 

There is another often fatal threat to animals’ health that sometimes 

overlaps with disease. This is parasitism. 

Parasitism and parasitoidism 

Approximately half of all species of animals and plants are parasitic at some 

stage in their lifecycle; few, if any, species are not infested by any parasites. 

Many parasites are microbial pathogens that can harm their hosts by causing 

disease. Others are larger organisms, including animals. Some parasites cause 

little harm to animals. Some, however, cause pain and weaken them. 

Parasitoids ultimately kill the animals they infest. 

The actions of a parasite can cause fatigue, making it harder for the host to 

find food and avoid predators. Some parasites castrate their hosts, leaving 

their other systems intact so that the host can survive, diverting the energy 
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from reproduction into sustaining the parasite. Some parasites cause 

behavioral changes in their hosts (particularly intermediate hosts) that make 

them more susceptible to predators (final hosts).41 Intermediate hosts provide 

an environment for the immature parasite to develop and grow, and final 

hosts are where sexually mature parasites reproduce. 

For example, there’s a parasitic fluke that reproduces inside of its final 

hosts, which are grazing ruminants like cows, and its eggs are excreted in the 

host’s feces. The first intermediate hosts are common snails, who consume the 

feces and become infested by the larval parasites. An infested snail forms cysts 

around the parasites, which he then excretes. These cysts are consumed by the 

second intermediate host: an ant. The parasite is able to take control of the 

ant’s behavior, forcing him to climb to the top of a blade of grass where he will 

be eaten by a grazing animal, in which the now mature parasites can 

reproduce. 

Some parasites are called hyperparasites because they feed on other 

parasites. They are not to be confused with superparasites, which live in large 

populations within a single host (such as wasps whose larvae are parasites of 

caterpillars)42. The following are some examples of conditions caused by 

parasites that are prevalent among wild animals. 

Sarcoptic mange  

Sarcoptic mange is a skin disease caused by burrowing parasitic mites. The 

infestation causes an allergic reaction to the mite, resulting in intense 

scratching and biting. It affects several species of nonhuman mammals, 

including dogs, cats, coyotes, bears, and wombats. Wombats are especially 

badly affected by mange. It is believed that this is due to conditions inside 

wombat burrows being especially conducive to the survival and transmission 

 

41 Gopko, M.; Mikheev, V. N. & Taskinen, J. (2017) “Deterioration of basic components of 
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42 Van Alphen, J. J. & Visser, M. E. (1990) “Superparasitism as an adaptive strategy for insect parasitoids”, Annual Review of Entomology, 35, pp. 59-79; Sullivan, D. J. & Völkl, W. (1999) “Hyperparasitism: Multitrophic ecology and behaviour”, Annual Review of 

Entomology, 44, pp. 291-315. 
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of sarcoptic mites. Infested wombats get bloody lesions, lose hair, their skin 

becomes crusted and infected, and their eyes and ears become crusted over. 

The disease can cause blindness or deafness. In severe cases, it can lead to a 

slow and lingering death. This disease is believed to be one of the most painful 

ones afflicting nonhuman animals. 

Parasitic infestations in birds 

Trichomonosis 

Wild birds commonly suffer from trichomonosis, a disease caused by 

parasites. It can be a debilitating and sometimes deadly disease that usually 

affects the mouth, esophagus, crop, and glandular stomach of birds as well as 

other organs such as the liver. Other extensively reported parasites in birds 

are tracheal worms. These obstruct the trachea and bronchi, resulting in major 

respiratory distress. In response, infested birds usually cough, sneeze, and 

shake their heads trying to dislodge the parasites. They may lose body mass, 

display anemia, and often die of starvation. Heartworms, reported in swans 

and geese, are similarly debilitating.  

Common parasites among reptiles and amphibians 

Protozoan infections 

Haemopoteus, a protozoan parasite transmitted by blood-sucking insects, has 

been reported in various species of reptiles and amphibians, mostly turtles 

and tortoises. It has debilitating effects on skeletal muscles and other organs, 

such as the liver. One protozoan parasitic infection causes colitis, abscesses of 

the liver and other organs, and sometimes death. Spirorchiid trematodes 

infect turtles and snails, affecting major arteries and the heart. Other 

protozoan infections are reported in a variety of reptiles, mostly snakes and 
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lizards, causing regurgitation, diarrhea, weight loss, and enlargement of the 

gastric mucosa.43 

Parasitoidism among invertebrates 

Ichneumonidae and Braconidae wasps 

Among the best known examples of parasitoidism among invertebrates is the 

case of Ichneumonidae and Braconidae wasps. These animals lay their eggs in 

the bodies of other insects, such as caterpillars and ants. Some of these wasps 

are hyperparasites, laying their eggs in the bodies of other parasitic wasps. 

When the eggs hatch, the larvae start to eat their host alive, leaving the host’s 

vital organs intact until the end. Only after the edible nonvital parts of the host 

have been eaten is the host finally killed, probably after having endured great 

pain.44
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Hunger and psychological suffering 

Malnutrition and hunger in wild animals 

Another important factor that can seriously affect the lives of animals is the 

lack of food. Many animals suffer through long periods of hunger and 

malnutrition, yet they survive. Others starve to death, often shortly after birth. 

The most common cause of starvation in the wild is simply being born in an 

environment where there is not enough food for all. Unfortunately, this is the 

situation of most animals who are ever born. Most species of animals 

reproduce in very high numbers. Many different species of arthropods and 

fishes, for example, can lay from thousands to millions of eggs during their 

lifetime. This means that populations would grow out of control if most of the 

offspring survived. In order for a population to remain stable, on average only 

one offspring per parent can survive to adulthood. The rest will die. Some eggs 

don’t hatch, some animals are killed by predators, siblings, or even parents 

shortly after birth, but one of the most common forms of death is by starvation 

just after being born or hatched. For those who do survive, there are multiple 

challenges and dangers that can easily lead to malnutrition, starvation, and 

thirst. 

Parents are at greater risk of starvation just before and after mating, when 

their energy levels and fat stores can drop by 50% or more. Babies are also 

more vulnerable, even in species that have few children and care for their 

young. Young mammals prematurely separated from their mothers rarely find 

the food they need to survive. When food is scarce, a mother may starve 

herself in an effort to nourish her children. Alternatively, she may reject her 

children, refusing to feed them or let them suckle. Sometimes, malnourished 
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mammals are unable to produce milk. In these circumstances, babies either 

starve in the nest or den, or are abandoned, as is often seen among squirrels. 

Non-mammals can be at even greater risk of starvation during mating and 

parenthood, as their fat reserves drop and their access to food is severely 

restricted. Salmon, for example, endure an exhausting journey upriver to their 

breeding grounds, swimming against the current and leaping up waterfalls. 

Throughout this period, they do not eat. Some survive to make the journey 

again in subsequent years, but many do not, expending the last of their energy 

to reproduce, and dying shortly thereafter. 

Animals also face intermittent and seasonal periods of starvation. For 

example, different deer species don’t hibernate or migrate, and they routinely 

starve in large numbers every winter due to scarcity of shelter and food. In 

some areas, more than half a population of sea turtles can die during the 

winter when they become stunned by the cold and are too disoriented to eat 

or move around. 

Under food stress, mammals, birds, and fishes first shed accumulated 

stores of fat and then begin consuming muscle mass as an emergency source 

of energy, which can be debilitating and eventually becomes fatal as organs 

atrophy. Migration and dormancy are common adaptive responses to lack of 

food, but they have their own dangers. Migration takes a great deal of energy, 

and its success often depends on how favorable the weather and food 

conditions were in the previous spring and summer. Dormant animals are still 

vulnerable to starvation, as well as disease and stress from heat or cold. 

Invertebrates employ similar strategies to cope with starvation periods, 

and many invertebrates, including insects, have evolved to survive for months 

or even years without food. Others migrate, but their ability to take off and to 

fly can be reduced by hunger stress and malnutrition, leading to death. 

Throughout the animal kingdom, lack of energy sources is common. 

During times of food scarcity, the animals who starve first are those with 

lower fat stores, such as juveniles, animals who have lost energy due to 

breeding, animals too weak to migrate, and those with lower social status who 

have less access to food. Food scarcity is worsened by the simultaneous 

occurrence of hunger and predation. How are these two things related? First, 

to avoid being killed, animals try to find food in places where the risks that 
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other animals pose to them are lower. For example, they will look for food in 

wooded areas where they can hide instead of in open plains where predators 

can more easily see them. When there is not enough food in the areas where 

they hide, they face hunger and malnutrition. When malnutrition becomes 

critical, they start leaving safer areas, increasing their vulnerability. 

Thirst 

Thirst is another major contributor to high mortality rates in wild animals. 

There are two fundamental ways the lack of water causes wild animals to 

suffer and often to die painfully. First, during times of drought, there are not 

enough resources available for a large population of animals, so many of them 

die of thirst. Second, as with malnutrition, some animals show a reluctance to 

seek water because of the risk posed by predators. They hide in safe places 

where there is little or no water. Eventually, thirst forces animals to take many 

risks to satisfy their need for water. When they finally leave their hiding 

places, they are so debilitated that they become easy prey at watering holes or 

in open fields. Others stay in their hiding places until they are so dehydrated 

that they cannot move. Thus, they are unable to reach water and they die of 

thirst.45 

Extreme thirst is a frightening experience. It produces a sense of 

exhaustion caused by reduced blood volume, and the body attempts to 

compensate for the lack of water by raising the respiratory and heart rates. 

Next comes dizziness and collapse, and ultimately death.46 

Diseases can also lead to dehydration. For example, frogs can be infected 

by the chytrid fungus, which thickens their skin so much that they can’t absorb 

water and essential nutrients. Since frogs primarily hydrate themselves 

through their skin, this is usually deadly if left untreated. A treatment exists 

and the infection is simple to cure, but currently there is no way to treat large 
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populations of frogs in the wild. The disease can be further complicated by 

other factors such as heat stress. Heat stress can worsen the condition of a 

dehydrated frog, even at temperatures that do not harm them when they are 

hydrated. 

At times, authorities respond to droughts or lack of food in ways that 

harm the animals who are suffering. Sometimes measures are approved to 

deliberately starve animals. This happens, for example, to urban pigeons. 

Psychological stress in wild animals 

In addition to facing physical harms like the ones we have seen above, animals 

can also suffer psychologically due to the situation they are in. While the 

effects of stress in domesticated animals have been well documented,47 there 

have been fewer studies on wild animals, and the severity and number of 

stressors that afflict wild animals have likely been underestimated by 

scientific research, except for the effects of captivity on wild animals. 

Wild animals have to face adverse circumstances on a daily basis that can 

be stressful: physical trauma, disease, food shortages, conflicts with others of 

their species or group, dislocation due to severe weather conditions or natural 

disasters. They can also be frightened by loud or unfamiliar sounds. In 

mammals, birds, and arthropods, there is evidence of animals showing PTSD-

like symptoms in response to stressful events, of mood and anxiety disorders, 

and of negative moods spreading within social groups. Here we will cover 

stress related to external threats and various aspects of social living. 

 

47 See for example, Dantzer, R. & Mormède, P. (1983) “Stress in farm animals: A need for 
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Kluwer Academic; Broom, D. M. & Johnson, K. G. (1993) Stress and animal welfare, 

Hinglaw: Kluwer Academic; Moberg, G. P. & Mench, J. A. (2000) The biology of animal 

stress: Basic principles and implications for animal welfare, New York: CABI. 



WILD ANIMAL SUFFERING AND WAYS OF HELPING WILD ANIMALS 

 

38 

Stress due to external threats 

Stress caused by the risk of being attacked by other animals seems to arise in 

two major ways. The first is directly from the conflict itself, in which animals 

must face the stress of fleeing or fighting. The confrontation may be so intense 

that the prey animal dies of stress.48 Second, stress can arise in prey animals 

who are forced to balance their need for food against the risk of being killed, 

and decide whether to decrease foraging or to risk exposure to predators.49 

Often, animals decrease the likelihood of being caught by choosing to eat less. 

In those conditions, additional stress responses are likely to be triggered by 

starvation and dehydration. 

This can be made worse by certain human interventions that are carried 

out for ecological purposes, such as the reintroduction of predators into an 

area to preserve a threatened species of plant. One way this is done is when 

wolves are reintroduced in an attempt to prevent large herbivores (for 

example, an elk or a deer) from eating certain foods. Not only do the wolves 

eat these animals, but their presence causes the grazing animals to hide in 

places where they are less visible and where they eat less plentiful, less 

nutritious plants. The dynamics that result from this are called the “ecology of 

fear.” 

The stress of social animals 

Living in social groups involves costs for animals, primarily due to social 

conflict and competition. Many species of animals that are social and subsocial 

(such as crickets and lobsters) have dominance hierarchies, as do solitary 

animals like octopuses, who compete over territory. Although a lot of fighting 

for position is ritualized, some involves actual violence or ongoing 

harassment. The social status that each animal has in the hierarchy 

 

48 McCauley, S.; Rowe, J. L. & Fortin, M.-J. (2011) “The deadly effects of ‘nonlethal’ predators”, Ecology, 92, pp. 2043-2048. 

49 Clinchy, M.; Zanette, L.; Boonstra, R.; Wingfield, J. C. & Smith, J. N. M. (2004) “Balancing 

food and predator pressure induces chronic stress in songbirds”, Proceedings of the Royal 

Society B: Biological Sciences, 271, pp. 2473-2479. 
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dramatically influences her level of wellbeing, particularly when it comes to 

stress-related diseases. It has been well documented that social subordination 

constitutes a stressor in different social species among primates, rodents, and 

some types of aquatic animals. In low-ranking animals of these social species, 

depressive responses and a decrease in reproductive opportunities are often 

observed.50 

Other subordinate animals may face frequent threats and intimidation in 

order to remain in their group. Common causes of intimidation include food 

access and sexual competition — often together because of the extra energy 

demands of reproduction. Dominant males might attack or threaten other 

males who try to mate, and kill the children of other fathers, causing grief to 

the mothers, who are then coerced into mating. We give more detail about this 

in the following section about conflicts between animals. 

Subordinate females in matrilineal groups can face constant threats and 

deprivation, in which dominant females use aggression and intimidation to 

limit the access of subordinates to mating opportunities and food. The 

children of subordinate females might also be killed by the dominant female. 

She may force the subordinates to serve her, especially to further her 

reproductive success. This is common in meerkat gangs. The mothers whose 

children were killed must help care for the young of the dominant female or 

 

50 ; Fox, H. E.; White, S. A.; Kao, M. H. & Russell, D. F. (1997) “Stress and dominance in a 
social fish”, The Journal of Neuroscience, 17, pp. 6463-6469; Koolhas, J. M.; de Boer, S. F.; Meerlo P.; Strubbe, J. H. & Bohus, B. (1997) “The temporal dynamics of the stress 

response”, Neuroscience and Biobehavioral Reviews, 21, pp. 775-782; Koolhas, J. M.; Dde 

Boer, S. F.; de Rutter, A. J.; Meerlo, P. & Sgoifo A. (1997) “Social stress in rats and mice”, 
Acta Physiologica Scandinavica. Supplementum, 640, pp. 69-72; Shiverly, C. A.; Laber-

Laird, K. & Anton, R. F. (1997) “Behavior and physiology of social stress and depression in 

female cynomolgus monkeys”, Biological Psychiatry, 41, pp. 871-882; Sapolsky, R. M. (2004) “Social status and health in humans and other animals”, Annual Review of 

Anthropology, 33, pp. 393-418; Abbott, D. H; Keverne, E. B.; Bercovitch, F. B.; Shively, C. A.; 

Mendoza, S. P.; Saltzman, W.; Snowdon, C. T.; Ziegler, T. E.; Banjevic, M.; Garland, T., Jr. & 

Sapolsky, R. M. (2003) “Are subordinates always stressed? A comparative analysis of rank 

differences in cortisol levels among primates”, Hormones and Behavior, 43, pp. 67-82; Sapolsky, R. M. (2005) “The influence of social hierarchy on primate health”, Science, 308, 

pp. 648-652. 
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else be evicted from their colony and face the hazards of trying to survive on 

their own. 

Grieving 

Stress due to the adverse effects of maternal separation has been studied in 

numerous social species. Maternal separation can have a long-lasting effect on 

the physiology and behavior of both mother and child. After separation, 

common responses of the mother are reducing activity, moving with a bent-

over body, and exhibiting other sickness behaviors induced by the stressful 

event. A mother who loses a child may carry the dead child around or refuse to 

leave the body for days. This has been observed in primates, birds, elephants, 

cetaceans, and many other animals. 

Orphaned animals face fear and loneliness. Infants who are separated 

from their mothers show increased reactivity to stress throughout their lives 

and increased risk of disease. In wild animals, this has been observed in 

cetaceans, elephants, rodents, and primates, and other social species are likely 

to experience similar effects. 

In addition to the effects of maternal separation, there are many 

documented cases of elephants, cetaceans, dogs, birds, and other animals 

exhibiting grieving behavior at the loss of family members or friends. Animals 

like geese and ducks mate for life and grieve the loss of a partner. A mourning 

goose will lose weight, separate from her flock, and exhibit submissive 

behavior (and if she partners again, it will typically be with another goose who 

has also lost a partner). 



 

 

5  

Conflicts 

In a previous chapter, we saw one form of conflict between animals that is 

very common: parasitism. In this chapter, we will see some of the other 

conflicts that can commonly occur between animals and that can result in 

serious harms. We’ll first see the ones that take place among animals of the 

same species. Afterwards, we’ll look at harms due to conflicts with animals of 

other species. 

Intraspecies conflicts 

Animals of the same species fight to secure food, territory, mates, or social 

status within a group. Some animals eat members of their own species. 

Fighting can result in injury or death. We’ll look at some of these harms. 

Fighting over territory 

Territoriality is a widespread cause of intraspecific conflict. It occurs when an 

individual animal defends a particular area (the territory) against intrusion by 

other animals, and thereby maintains exclusive access to food, nesting sites, or 

mates. Animals use a variety of methods to demarcate and defend their 

territories, from scents to sounds to ritual displays. Sometimes, however, 
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animals use force to defend their territories, and this means risking injury or 

even death for the defender or the intruder.51 

Birds 

Many species of birds are territorial, at least during the breeding season, and 

some will fight to defend their territory.52 These fights can be brutal, leaving 

one or both parties with painful injuries. Blackbirds are extremely territorial, 

with both males and females fighting to protect their territory. 

Mammals 

Intergroup violence is common among chimps. Such conflicts usually center 

around control of territory or the kidnapping of fertile females. Also, big cats 

are frequently territorial. Tigers are generally solitary, maintaining individual 

territories. Generally, fights over territory result in the weaker individual 

submitting, though sometimes injury or death can result.53 

Insects 

Many ant species are highly territorial. Honey ants have specialized workers 

called repletes. The repletes are fed by the other workers and are used as 

living larders, storing honey for the winter. When one colony is significantly 

stronger than another, it will raid the weaker colony, killing or driving away 

the queen, enslaving the workers and capturing the honey-rich repletes to 

feed their own colony.54 In order to access the honey, the workers chew 

through the abdomen of the repletes. 

 

51 Harrington, F. H. & Mech, L. D. (1979) “Wolf howling and its role in territory 

maintenance”, Behaviour, 68, pp. 207-249; Begon, M.; Townsend, C. R. & Harper, J. L. 

(2006) Ecology: From individuals to ecosystems, Oxford: Blackwell, pp. 132-133. 

52 Ritchison, G. (2009) “Bird territories”, Eastern Kentucky University, 

http://people.eku.edu/ritchisong/birdterritories.html [accessed on 16 August 2019]. 

53 Mazák, V. (1981) “Panthera tigris”, Mammalian Species, 152, pp. 1-8. 

54 Hölldobler, B. (1976) “Tournaments and slavery in a desert ant”, Science, 192, pp. 912-

914; Hölldobler, B. (1981) “Foraging and spatiotemporal territories in the honey ant 

http://people.eku.edu/ritchisong/birdterritories.html
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Fighting over mates 

Polygyny is a mating system in which a single male lives and mates exclusively 

with multiple females. This system has been observed in elephant seals, 

gorillas, pheasants, and baboons. Since the numbers of males and females in 

most species are approximately equal, polygynous mating systems lead to 

competition between males for access to females. Elephant seal males fight to 

control a beach and thereby to have exclusive mating rights over the females 

in that territory. A successful male can have a harem of up to 100 females, 

while most males will not have a chance to mate at all. The fights between 

males can be brutal, especially when the males are evenly matched. 

Sexual coercion 

Having offspring is generally a much bigger investment of resources for 

females than it is for males – it is females who undergo pregnancy or lay eggs, 

who provide most of the parental care, and, in mammals, who provide milk for 

their young. Male investment of energy and resources is much lower. Males 

therefore tend to adopt a reproductive strategy that focuses on maximizing 

their number of mates, while females tend to adopt a strategy of having fewer, 

higher quality mates. Males coerce females into mating with them, by 

physically forcing them to mate, harassing them until they accede, or by 

punishing refusals to mate. 

Sexual coercion is common among animals of many species, including 

insects, fishes, birds, bottle-nosed dolphins, and primates. The victim usually 

struggles and attempts to escape and is often immobilized by the attacker. In 

some cases, it results in severe injury from actions like scalping (tearing the 

skin over the head) in water birds. The rape attempts can be made 

individually or in groups, like the “rape flights” performed by groups of 

 
Myrmecocystus mimicus wheeler (Hymenoptera: Formicidae)”, Behavioral Ecology and 

Sociobiology, 9, pp. 301-314. 
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drakes. The risk of injury is high and the severity of the act may lead to the 

drowning of the assaulted animal.55 

Social status 

In social animals, social status is important because a higher rank may mean 

better access to mates and resources like food and territory. Chimpanzees 

have been witnessed killing members of their own groups over social status, 

mating rights, or in apparent political power struggles. Sometimes the loser in 

a power struggle is chased away, and sometimes attacked or killed. 

Cannibalism and infanticide 

Cannibalism is common in nature. In many cases, cannibalism is practiced on 

infants. In some cases, this allows the cannibal to eliminate the progeny of a 

rival. In other cases, it is the parent who kills, and sometimes consumes, their 

own children. This behavior has been observed in different species of aquatic 

animals, birds, rats, sloths, and beetles. It isn’t always clear what causes 

parents to kill their own children. In some cases, it may be to cut their losses 

or recoup the energy expended in a “bad investment,” for example, if the 

infants are developing too slowly, are sick, or there isn’t enough food for them 

all. The parent might be starving or stressed, due to difficult environmental 

conditions. In some cases, parents kill their offspring in order to make 

themselves available for mating so they can “try again” for a better brood. 

 

55 McKinney, F. & Evarts, S. (1998) “Sexual coercion in waterfowl and other birds”, 
Ornithological Monographs, 49, pp. 163-195; Connor, R. & Vollmer, N. (2009) “Sexual 
coercion in dolphin consortships: A comparison with chimpanzees”, in Muller, M. N. & 
Wrangham, R. W. (eds.) Sexual coercion in primates and humans: An evolutionary 

perspective on male aggression against females, Cambridge: Harvard University Press, pp. 

218-243; Garner, S. R.; Bortoluzzi, R. N.; Heath, D. D. & Neff, B. D. (2010) “Sexual conflict 

inhibits female mate choice for major histocompatibility complex dissimilarity in Chinook 

salmon”, Proceedings of the Royal Society B: Biological Sciences, 277, pp. 885-894; Han, C. S. & Jablonski, P. G. (2010) “Male water striders attract predators to intimidate females 

into copulation”, Nature Communications, 1, a. 52.  
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Sibling rivalry 

Whenever an animal has multiple offspring at once, there is the potential for 

sibling rivalry. Food and parental attention are limited. In situations where the 

resources available aren’t sufficient, either because of poor environmental 

conditions or the large size of the brood, siblings have to compete with each 

other for the resources they require. 

Siblicide is frequently observed in birds. Nazca boobies are large seabirds 

whose chicks almost always engage in siblicide. The mother lays one or two 

eggs in each clutch. The first chick is usually born around five days before the 

second, and almost invariably kills the younger sibling by dragging him from 

the nest.56 

Spotted hyena cubs are born with their eyes open and with developed 

teeth, and they begin fighting each other shortly after birth.57 These fights 

function to establish rank, but in times of intense food competition, they can 

result in death. The strongest cubs may not kill the weakest directly, but they 

can limit their access to their mother’s milk, eventually starving them to death. 

Animals killed by animals of other species 

Animals may be killed by animals of other species in a variety of ways. The 

time it takes for the victim to die also varies. For instance, sometimes animals 

are eaten alive. Some small animals are killed by the digestive enzymes of 

those who eat them. Some spiders paralyze animals with venom before 

injecting them with digestive enzymes which liquify the animal’s body. 

Depending on the kind of venom and the size and species of the captured 

animal, they may still be alive and capable of feeling pain during this process. 

Some others are eaten while still alive instead of being killed first. Among 

them, some are swallowed and digested alive, while others are disemboweled. 

 

56 Anderson, D. J. (1990) “Evolution of obligate siblicide in boobies: A test of the insurance 

egg hypothesis”, The American Naturalist, 135, pp. 334-350. 

57 Frank, L. G.; Glickman, S. E. & Light, P. (1991) “Fatal sibling aggression, precocial development, and androgens in neonatal spotted hyenas”, Science, 252, pp. 702-704. 
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The vast majority of animals are invertebrates, and most conflicts are fought 

among them. 

Animals who avoid being captured also suffer in a variety of ways from 

the presence of threatening animals. When they share an environment with 

such animals, they may suffer from psychological distress, as well as poor 

nutrition because they are too afraid to graze in dangerous open areas. For its 

part, hunting is a dangerous activity too. It is common for predatory animals to 

be injured or killed while hunting. They can suffer accidents by losing their 

footing in high speed chases over difficult terrain or be injured during the 

struggle with the animal they are hunting. If the injury is severe enough to 

prevent them from hunting, they may die of starvation. 



 

 

6 

Injuries due to accidents 

In previous chapters we have seen how animals can be injured by external 

factors like certain weather events or by conflicts with other animals. Another 

way in which animals can be injured is due to accidents. These kinds of 

physical injuries are one of the most common threats to animals living in the 

wild. In some cases, animals incur severe injuries that kill them directly. In 

other cases, their injuries can affect them in ways that are indirectly fatal, for 

example, by reducing their ability to find food or to evade predators. Even 

when animals aren’t killed by their injuries, they can be left with chronic pain, 

especially when their injuries don’t heal properly. 

Broadly speaking, we can categorize causes of injury into three main 

groups: conflict with other animals, injuries caused by severe weather and 

natural disasters, and accidents. Here, we’ll discuss how animals can be 

injured in accidents. 

Animals living in the wild are subject to injuries in their everyday lives. 

Many accidents result from falls, collapsed dens or burrows, collisions, or 

getting stuck. Birds crash into trees, elephants get stuck in swamps, deers 

puncture their eyes on low-hanging branches, and squirrels fall out of trees. 

Invertebrates get appendages stuck and lose body parts in molting mishaps. 

Crushing injuries 

Many animals sustain crushing injuries caused by accidental trauma. For 

example, rocks or tree branches can fall on an animal. Some animals step on 

smaller animals. Male penguins can accidentally crush a chick while they are 

displaying, which can cause internal injuries. The type and degree of crushing 
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injury depends on the amount of force, resulting in a range of injuries from 

minor bruising to severe hemorrhage, fractures, and rupture of internal 

organs.58 

Fractures 

Vertebrates can suffer from a variety of fractures to bones in the spine, head 

and neck, limbs, jaw, wings, shell, or horns. Bone fractures in spine, limbs, and 

wings are common and can be fatal.59 Birds and squirrels sometimes fall from 

trees and break their legs or backs. Animals can also be injured while trying to 

traverse difficult terrain. A deer can break a leg if she slips on wet rocks while 

trying to make her way down to a river to drink. Horns are also made of bone 

and can bleed. If torn away near their base, skin will be torn as well.60 

Walruses have been documented falling from cliffs, often in large 

numbers. It isn’t entirely clear what is responsible for these accidents. 

Walruses often haul out onto land to rest, and sometimes when the beaches 

are too crowded, they will climb up gentle slopes with cliffs on the other side. 

Once there, they can be frightened by polar bears, or they can simply lose their 

footing when returning to the sea.61 

Tortoises and turtles can get fractured shells from falls, object impacts, or 

being trampled on by other animals. Large fractures can be quite serious. A 

turtle’s shell serves as a sort of backbone, and a turtle can be paralyzed or 

their lungs can collapse depending on where the crack is. If the fracture is 

deep, there can be blood loss. There are nerve endings in and around the shell, 

 

58 Seddon, P. J. & Heezik, Y. V. (1991) “Effects of hatching order, sibling asymmetries, and 

nest site on survival analysis of Jackass Penguin chicks”, The Auk, 108, pp. 548-555. 

59 Bulstrode, C.; King, J. & Roper, B. (1986) “What happens to wild animals with broken 
bones?”, The Lancet, 327, pp. 29-31. 

60 Morris, P. J.; Bicknese, B. & Sutherland-Smith, M. (2008) “Repair of horn and frontal 

bone avulsion in a forest buffalo (Syncerus caffer nanus) with a polymethylmethacrylate dressing,” Journal of Zoo and Wildlife Medicine, 39, pp. 99-102. 

61 Letzer, R. (2019) “Is climate change really causing walruses to jump off cliffs?”, 
LiveScience, April 13, https://www.livescience.com/65226-why-netflix-walruses-fall-off-

cliffs.html [accessed on 8 September 2019]. 
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so it can be painful in the way any broken bone can cause pain. Some breaks 

can’t heal, and the ones that do, heal slowly. Because of their slow 

metabolisms, it can take years for a broken shell to heal. Shell rot can set in 

due to a fungal or bacterial infection under the crack. Aquatic animals are 

particularly susceptible to shell rot.  

Birds have legs that are easily broken because they are small and often 

hollow. They may also be fragile due to malnutrition or excessive egg laying. 

Common causes of broken legs are falls, fights, accidental collisions with other 

animals, or being accidentally stepped on by a larger animal. The thinness of 

flying birds’ bones helps them in flight, but makes their bones more prone to 

shatter or fragment.62 

Beaks can break from collisions or fights. A bird can also break her beak if 

she gets it stuck in something. If she panics and rips herself free, she can break 

her beak off. Beaks are made of skin covered in keratin (the same material as 

our fingernails). A beak is attached to bones, and the beak tip has a 

concentration of nerves and blood vessels. Birds use their beaks not only as 

mouths but also in the way we use our hands to pick things up. If a bird’s beak 

is injured, she may be unable to eat, drink, build a nest, or protect herself. 

Certain breaks cause bleeding, and in some cases, a bird can bleed to death 

from a broken beak. Injured beaks can also lead to breathing or sinus 

problems. Beaks don’t repair themselves, but the injured part can grow out. 

The tip continually grows because it is constantly wearing out due to use, but 

injuries far from the tip can be permanently disfiguring. An injured bird might 

only be able to eat soft food, which could make it difficult to survive in the 

wild.63 

 

62 Bennett, R. A. & Kuzma, A. B. (1992) “Fracture management in birds”, Journal of Zoo and 

Wildlife Medicine 23, pp. 5-38. 

63 Harvey, P. (2010) “Avian casualties: Wildlife triage”, Vet Times, September 20, 

https://www.vettimes.co.uk/app/uploads/wp-post-to-pdf-enhanced-cache/1/avian-

casualties-wildlife-triage.pdf [accessed on 7 September 2019] 
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Wing tears 

Bat and insect wings can tear from collisions with objects, plants, thorns, or 

from fungal infections. Tears in bat wings are serious injuries and can lead to 

blood loss.64 Tears can heal on their own, but torn wings affect flight 

capability, sometimes preventing flying altogether. The animals also require 

rest and extra energy to heal, and while they are healing, they are more 

vulnerable to starvation and other threats. 

Eye injuries 

Animals in nature can sustain eye injuries due to foreign objects, punctures, or 

smoke. A common way an animal receives an eye injury is from running into 

branches. Because many animals escape predators and other threats by 

running into the woods, many run into low-hanging branches. While this 

usually only affects one eye, any permanent damage or vision loss can make 

the animal more prone to other harms in the future. Flying animals are at an 

advantage because there are fewer things to run into. However, birds can 

injure their eyes falling out of trees at an early age, or by running into 

branches when taking off. They can also be injured by talons in fights with 

other birds. Eye injuries that don’t heal inhibit a bird’s ability to fly. 

Eyelid injuries, such as rips or punctures, often happen due to falls or 

running into something. The eyelid is a fragile part of an animal’s body. It can 

easily be damaged, and if not healed properly, an injury can lead to vision loss 

or infection. Getting sand, glass, or other foreign objects stuck in the eye can be 

very painful for many animals, who might injure themselves trying to get them 

out.65 

 

64 Khayat, R. O. S.; Shaw, K. J.; Dougill, G.; Melling, L. M.; Ferris, G. R.; Cooper, G. & Grant, R. 

A. (2019) “Characterizing wing tears in common pipistrelles (Pipistrellus pipistrellus): 

Investigating tear distribution, wing strength, and possible causes”, Journal of 

Mammalogy, 100, pp. 1282-1294. 

65 Richter, V. & Freegard, C. (2009) Standard operating procedure: First aid for animals, 

Canberra: Department of Environment and Conservation, https://www.cdu.edu.au/sites 

https://www.cdu.edu.au/sites/default/files/ori/documents/dpaw_sop14.2_first_aid_for_animals.pdf
https://www.cdu.edu.au/sites/default/files/ori/documents/dpaw_sop14.2_first_aid_for_animals.pdf
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Self-amputation 

Appendages like limbs, wings, and antennae can be lost directly in accidents or 

fights, but many animals lose appendages by self-amputation. When in danger, 

octopuses amputate their own arms, lizards their tails, and spiders their legs. 

They can do this when their appendages get trapped or stuck, or in fights with 

other animals. They can also do it to prevent venom from a sting from 

spreading throughout their body, or after molting errors. When it is not to 

escape from a dangerous situation, self-amputation may be a response to pain 

resulting from an injury or an attempt to remove a useless body part.66 

The degree to which a lost appendage affects an animal depends on the 

type of appendage, the function of the appendage, and the environment. Some 

animals, like octopuses and spiders, often manage well when missing an arm 

or a leg.67 An unhealed limb can be particularly harmful to jumping insects like 

crickets.68 

A crayfish who only molts once a year can manage without a leg, but 

losing a claw or an antenna could seriously impair their ability to survive 

fights with other animals or to explore their environment and seek shelter.  

Some vertebrates have some regenerative capacity, such as lizards who 

regenerate tails, different types of fishes who regrow fins, and salamanders 

who can regrow limbs. Bats can regenerate wings and ears and ungulates their 

antlers. However, the regrown parts may be smaller or weaker, and if the 

 
/default/files/ori/documents/dpaw_sop14.2_first_aid_for_animals.pdf [accessed on 29 

August 2019]. 

66 Kachramanoglou, C.; Carlstedt, T.; Koltzenburg, M. & Choi, D. (2011) “Self-mutilation in 

patients after nerve injury may not be due to deafferentation pain: A case report”, Pain 

Medicine, 12, pp. 1644-1648; Emberts, Z.; Miller, C. W.; Kiehl, D.; St. Marya, C. M. (2017) “Cut your losses: Self-amputation of injured limbs increases survival”, Behavioral Ecology, 

28, pp. 1047-1054. 

67 Alupay, J. S. (2013) Characterization of arm autotomy in the octopus, Abdopus aculeatus, 

PhD thesis, Berkeley: University of California. 

68 Parle, E.; Dirks, J.-H. & Taylor, D. (2016) “Bridging the gap: wound healing in insects 

restores mechanical strength by targeted cuticle deposition”, Journal of the Royal Society 
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animal is under too much stress, they might not be able to regenerate the part 

at all.69 

Molting 

Molting is a common cause of injury in arthropods. Even when they don’t need 

to repair a body part, arthropods need to molt — shed their exoskeletons — in 

order to grow, and then their new exoskeletons must be hardened or 

reconstructed, together with other body parts such as the linings of organs. 

Although arthropods are vulnerable to external injuries during molting and 

while their new exoskeletons are still soft, they are more likely to die or be 

injured because of a fault in the complex molting process. They might also fail 

to regenerate an injured body part, leaving them with reduced functioning 

until the following molt, which might be months, or in some cases, years.70 

This is worse for older animals, who tend to molt less frequently as they age. 

Some larvae cannot breathe while their exoskeletons are coming off and 

can asphyxiate if it takes too long or something else goes wrong. For example, 

mayfly larvae must take in extra oxygen before they molt because they leave 

their tracheal lining behind and stop breathing during the molting process. In 

other species, just getting out of their exoskeletons can take months, and if 

they get stuck, they can be crushed to death as they keep growing.71 

 

69 Goss, R. J. (1987) “Why mammals don’t regenerate—or do they?”, Physiology, 2, pp. 112-

115.; Brockes, J. P. (1997) “Amphibian limb regeneration: Rebuilding a complex structure”, Science, 276, pp. 81-87; Darnet, S.; Dragalzew, A. C.; Amaral, D. B.; Sousa, J. F.; 

Thompson, A. W.; Cass, A. N.; Lorena, J.; Pires, E. S.; Costa, C. M.; Sousa, M. P.; Fröbisch, N. 

B.; Oliveira, G.; Schneider, P. N.; Davis, M. C.; Braasch, I. & Schneider, I. (2019) “Deep 

evolutionary origin of limb and fin regeneration”, Proceedings of the National Academy of 

Sciences of the United States of America, 116, pp. 15106-15115. 

70 Mykles, D. L. (2001) “Interactions between limb regeneration and molting in decapod 

crustaceans”, Integrative and Comparative Biology, 41, pp. 399-406; Maginnis,T. L. (2006) “The costs of autotomy and regeneration in animals: A review and framework for future 

research”, Behavioral Ecology, 17, pp. 857-872. 

71 University of California Museum of Paleontology (2005) “The dangers of molting!”, 
Understanding Evolution, https://evolution.berkeley.edu/evolibrary/article/0_0_0/ 

mantisshrimp_05 [accessed on 4 October 2019]. 

https://evolution.berkeley.edu/evolibrary/article/0_0_0/mantisshrimp_05
https://evolution.berkeley.edu/evolibrary/article/0_0_0/mantisshrimp_05


INTRODUCTION TO WILD ANIMAL SUFFERING 

 

53 

Molting arthropods can also tear off a sensitive part as they extract 

themselves, losing or twisting their limbs, crushing their lungs, or injuring an 

eye or other soft tissue. Some injuries cause life-threatening hemorrhages. 

Animals are more susceptible to attacks from animals of their own or other 

species while they are molting. For example, prawns are more likely to be 

injured or killed by other prawns during certain stages of molting. 

Long-term effects of injuries in the wild 

An injured animal can experience intense pain and discomfort. Pain can also 

lead to behaviors that are dangerous to the animal, such as decreasing their 

intake of food and water, leading to weight loss, muscle breakdown, and 

impaired breathing.72 They may also be unable to eat or drink adequately to 

promote healing or even to stay alive. 

An injured animal is also likely to suffer from a range of other problems 

due to infections and related diseases. In the absence of medical treatment, 

infection is a natural correlate of wounding in the wild. Damaged tissues also 

tend to become infested by parasites.73 Parasitic infestation may be extremely 

painful and may cause additional complications, such as diarrhea, vomiting, 

and visual disturbance. 

Finally, the disabling effects of the injury — exacerbated by infection or 

parasite infestation — jeopardize the animal’s wellbeing in many important 

respects. The animal may not be able to escape from threatening situations or 

to keep up with their social group. Injured animals also become preferential 

targets for the attacks of other animals.74 

 

72 Northern Ireland. Executive Information Service (2015) “Welfare of dogs: Potection 

from pain and illness”, Northern Ireland Direct, https://www.nidirect.gov.uk/articles/ 

welfare-dogs-protection-pain-and-illness [accessed on 3 March 2019]. 

73 Francesconi, F. & Lupi, O. (2012) “Myiasis”, Clinical Microbiology Reviews, 25, pp. 79-

105, https://doi.org/10.1128/CMR.00010-11 [accessed on 14 August 2019]. 

74 Curio, E. (1976) The ethology of predation, Berlin: Springer; Martín, J.; de Neve, L.; Polo, 

V. & Fargallo, J. A. (2006) “Health-dependent vulnerability to predation affects escape 

responses of unguarded chinstrap penguin chicks”, Behavioral Ecology and Sociobiology, 

60, pp. 778-784; Penteriani, V.; Delgado, M. M.; Bartolommei, P.; Maggio C.; Alonso-

https://www.nidirect.gov.uk/articles/welfare-dogs-protection-pain-and-illness
https://www.nidirect.gov.uk/articles/welfare-dogs-protection-pain-and-illness
https://doi.org/10.1128/CMR.00010-11
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Animals living in the wild are vulnerable to a vast array of horrific 

physical injuries. We’ve seen that the causes of these injuries are many and 

varied, including the slashes and bites of other animals; fire, ice, and torrential 

rains; falls and collisions; and self-amputation and molting accidents. Many of 

these injuries would be mild if the injured animal had a safe place to heal and 

adequate food and rest, but this is often not possible due to the many 

challenges of living in the wild. 

 
Álvarez, C. & Holloway, J. (2008) “Owls and rabbits: Predation against substandard 

individuals of an easy prey”, Journal of Avian Biology, 39, pp. 215-221. 
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Reproductive strategies and 
wild animal suffering 

Until now, we have been seeing specific ways animals can be harmed. In this 

chapter, we will examine the extent of the suffering of wild animals more 

broadly, by looking at general indicators of how many animals die on average 

relative to how many survive at different life stages. This is a useful indicator 

because the factors that cause animals to die, such as disease, lack of food or 

water, injuries, and cold, often cause suffering to the dying animals. It sounds 

obvious, but it’s an important point. If an animal is born and starves to death 

without ever being able to eat, the main experience in her short life is what it 

feels like to starve to death. For this reason, knowing the proportion of 

animals who typically die at different ages in a certain species — known as 

age-specific mortality — can give us a general indication of the extent to which 

suffering is present in populations of that species. It can also enable us to 

roughly estimate the proportion of animals with very bad lives in comparison 

to those who have relatively good lives. This estimation may be very rough, 

but it’s the best one we can make at this point. 

We can begin by considering some of the reasons why in most species, 

most animals die shortly after birth, while only a few survive to adulthood. 

Ecology and natural history are not shaped by the interests of sentient 

individuals. Instead, they optimize an individual’s biological fitness, that is, the 

ability of individuals to leave descendants, especially their direct descendants 

but also other close or distant relatives (who have similar genetic makeups). 

Because of this, different animals have different traits due to natural selection, 

because particular traits tend to increase their fitness. 
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Among these traits, some shape the life history of animals. A life history is the 

sum of the patterns and events that occur at certain ages, especially those 

related to reproduction and survival. These include, among other factors, the 

age at which the animals first reproduce, the number and size of offspring 

each time they reproduce, how much they invest in parental care, how many 

times they reproduce during their lifetime, and when they die. 

Organisms and populations face trade-offs in reproductive strategies. If an 

animal has many offspring, it won’t be possible for her to invest significantly in 

their survival. And vice versa: if an animal invests a great deal of energy in the 

survival of her children (so, for example, they are more developed at birth or 

receive more parental care), she will not be able to have many of them. 

Animals with these reproductive traits may give birth to just one child or lay 

just one egg each time they reproduce. Because of their low reproduction rate 

and the greater energy they invest in their offspring, populations of these 

animals will have relatively low rates of mortality.75 

But for a large number of species, what maximizes the number of offspring 

that survive is not the maximization of each one’s ability to survive, but the 

maximization of the number of offspring they have. In these cases, a trait that 

provides some survival advantage, such as parental care, may not be selected 

for if it requires an energy investment that makes it impossible to have a 

larger number of offspring. As a result, species that follow this reproductive 

strategy tend to have high infant mortality rates, and the individuals tend to 

have very short lives. 

Through evolution, animals end up having some of these traits instead of 

others, and the traits they end up with shape their life histories. Some 

mammals such as great apes, marine mammals (whales, dolphins, seals, and 

porpoises), bears, elephants and other herbivores, and some birds such as 
 

75 Roff, D. A. (1992) Evolution of life histories: Theory and analysis, Dordrecht: Springer; 

Stearns, S. C. (1992) The evolution of life histories, Oxford: Oxford University Press; Flatt, 

T. & Heyland, A. (eds.) (2011) Mechanisms of life history evolution: The genetics and 

physiology of life history traits and trade-offs, Oxford: Oxford University Press; Sæther, B. 

E.; Coulson, T.; Grøtan, V.; Engen, S.; Altwegg, R.; Armitage, K. B.; Barbraud, C.; Becker, P. 

H.; Blumstein, D. T.; Dobson, F. S. & Festa-Bianchet, M. (2013) “How life history influences 

population dynamics in fluctuating environments”, The American Naturalist, 182, pp. 743-

759. 
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albatrosses follow a reproductive strategy of having a few offspring and giving 

them a lot of care. However, there are very few species of animals who do this. 

The overwhelming majority of animals follow a different strategy, reproducing 

in large, in most cases very large, numbers and with high infant mortality 

rates. 

In a stable population, assuming that the number of members of different 

generations remains similar, only one offspring per parent will survive to 

maturity and reproduce. Most other animals will die, often shortly after 

coming into existence. As we have seen, most animals exhibit this 

reproductive strategy, including most species of invertebrates, fishes, 

amphibians, and reptiles. For example, common cane toads can have clutches 

exceeding 25,000.76 Many marine- and land-based invertebrates can lay 

hundreds, thousands, and in some cases millions of eggs at a time. Other 

animals have mixed reproductive strategies that result in having large 

numbers of offspring.77 

Consequences for animal suffering 

The predominance of reproductive strategies that result in large numbers of 

offspring dying when they are very young has important consequences for the 

suffering of animals. Although some animals might experience little pain due 

to a quick death or lack of sentience, others suffer greatly from a prolonged 

death. The fact that many animals begin their lives very small and 

underdeveloped does not mean they aren’t sentient. For example, it has been 

shown that adult zebrafish respond to harmful stimuli in a way that indicates 

sentience, and that larval zebrafish respond in similar ways to adults. In 

addition, animals who die when they are very young may not have had any 

 

76 Rastogi, R. K.; Izzo-Vitiello, I.; Meglio, M.; Matteo, L.; Franzese, R.; Costanzo, M. G.; 

Minucci, S.; Iela, L. & Chieffi, G. (1983) “Ovarian activity and reproduction in the frog, Rana esculenta”, Journal of Zoology, 200, pp. 233-247. 

77 Vandermeer, J. H. & Goldberg, D. E. (2013 [2003]) Population ecology: First principles, 

2nd ed., Princeton: Princeton University Press; Rockwood, L. L. (2015 [2006]) Introduction 

to population ecology, Hoboken: Wiley-Blackwell; Leopold, B. D. (2018) Theory of wildlife 

population ecology, Long Grove: Waveland. 
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significant positive experiences in their lives prior to the terrible experience of 

dying. This gives us strong reason to think that their short lives likely contain 

much more suffering than pleasure.78 

What about the animals who belong to species with high survival rates in 

infancy? Many of these animals still die before reaching maturity. Even if a 

mother gives birth to only one offspring per reproductive season, the 

frequency of her reproduction means she can have several offspring over the 

course of her lifetime. We can see this in humans, who biologically have the 

potential to have more than 10 children during their lives. Recall that, for a 

population to remain stable, only one offspring per parent tends to survive. 

This means that even for animals with relatively high survival rates, it is 

common for most children to die in their youth.  

As for the few animals who live to adulthood, we can’t automatically 

assume they are happy. They constitute the minority whose lives are long 

enough to include relatively large amounts of positive experiences. However, 

these animals may have lives that consist of prolonged suffering due to factors 

 

78 Ng, Y.-K. (1995) “Towards welfare biology: Evolutionary economics of animal 
consciousness and suffering”, Biology and Philosophy, 10, pp. 255-285; Tomasik, B. (2015a 

[2009]) “The importance of wild-animal suffering”, Relations: Beyond Anthropocentrism, 3, 

pp. 133-152, https://www.ledonline.it/index.php/Relations/article/view/880/717 
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per-female/#_blank [accessed on 12 October 2019]; Faria, C. & Paez, E. (2015) “Animals in 

need: The problem of wild animal suffering and intervention in nature”, Relations: Beyond 

Anthropocentrism, 3, pp. 7-13, https://www.ledonline.it/index.php/Relations/   

article/download/816/660 [accessed on 30 December 2019]; Horta, O. (2017b) “Animal 
suffering in nature: The case for intervention”, Environmental Ethics, 39, pp. 261-279; Vinding, M. (2016) “The speciesism of leaving nature alone, and the theoretical case for 

wildlife anti-natalism”, Apeiron, 8, pp. 169-183; Fischer, Bob (2018) “Individuals in the 

wild”, Animal Sentience: An Interdisciplinary Journal on Animal Feeling, 3/23, a. 8. On the 

relation between age-specific mortality and wild animal suffering see also Alonso, W. J. & 

Schuck-Paim, C. (2017) “Life-fates: Meaningful categories to estimate animal suffering in 

the wild”, Animal Ethics, https://www.animal-ethics.org/life-fates-essay-prize-2017 
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like disease, malnutrition and thirst, weather conditions, parasitism and 

conflicts with other animals, injuries, and psychological stress. Thus, even 

when animals survive past their infancy, their lives might still consist of more 

suffering than enjoyment. 

Even when adults have good lives, the total amount of suffering 

experienced by the young can still outweigh the positive experiences of adults, 

for reasons we have already seen: the disproportionate number of offspring 

who don’t survive and who have lives with more pain than pleasure. 

To conclude, what we have seen so far doesn’t imply that suffering 

necessarily prevails for all animals, all populations, or all species, but it 

suggests that this is the case for the majority of animals. It also shows that by 

looking at the population dynamics of different species — in particular, at how 

many animals on average die in comparison to how many survive at certain 

ages, known as their age-specific mortality — we can get a very rough idea of 

the proportion of suffering compared to wellbeing in that species. It can also 

help us to compare their suffering to the suffering endured by other animals 

with different age-specific mortality rates. The prevalence of suffering in an 

animal population doesn’t depend on contingent circumstances, but is the 

result of how natural selection works. In a nutshell, the underlying 

explanation can be summarized as follows: 

In natural history, sentience is selected for because in many situations, it 

increases an animal’s fitness. Sentience implies that when an animal’s needs 

are satisfied, she will probably feel pleasure, but when she is affected by 

circumstances threatening to kill her, such as lack of food, physical harm, or 

inadequate temperature, the animal will suffer. In addition, certain life history 

traits are selected for that favor certain reproductive strategies. The most 

prevalent traits make it impossible for more than a fraction of sentient beings 

to survive past infancy and to have their needs satisfied. The rest will die due 

to circumstances such as those mentioned above, which can cause great 

suffering. Because of this, suffering is likely to prevail for the majority of 

animals. 

This shows why our efforts to help them when it is feasible are so 

important. We can’t help all the animals who need it. However, there are many 

cases when it is possible to help some or many of them. 
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Rescuing trapped animals 

We will now consider some of the ways to actually help animals in the wild. As 

we have seen, they often suffer accidents and injuries. They may be burned by 

wildfires or frozen by sudden frosts; trapped by difficult terrain such as mud 

ponds or frozen lakes, and face painful, lingering deaths; or they might simply 

be injured in the normal course of living their lives, just as humans are. Unlike 

humans, though, animals in the wild rarely have effective help available to 

them when they endure accidents or injuries. They find themselves almost 

helpless against the threats they face, such as extreme weather conditions and 

natural traps. Nevertheless, humans do sometimes manage to rescue injured 

or trapped animals, even in difficult circumstances. 

Ice and snow 

Large mammals can get trapped in frozen lakes. They may cross the lakes in 

search of food, only to fall into the water when the ice breaks underneath 

them. If the ice isn’t solid, then their efforts to get out of the water simply 

break off more ice, leaving them trapped in the icy water. Unable to free 

themselves, they may die from hypothermia. Symptoms of hypothermia in 

mammals include shivering; confusion; lethargy and weakness; reduced heart 

rate, respiration, and blood pressure; and, eventually, unconsciousness and 

death. Alternatively, they may die from shock, organ failure, exhaustion, 

drowning, starvation, being eaten by other animals, or as a consequence of 

injuries they incur as they struggle to break free. Sometimes even if the ice 

beneath them doesn’t break, they can lose their footing on the frozen surface. 

Unable to regain their footing, they can be trapped on the ice, far from land. 
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Many cases have been documented of rescues of animals from these kinds of 

situations. 

Animals in cold climates may become trapped on ice floes and end up 

floating far from the coast, stranded until the ice melts and they drown or die 

of hypothermia in the freezing waters. Sometimes it is possible to help them. 

Whales can become trapped by sea ice too. As the ice thickens around them, 

whales can be cut off from deeper water. When this happens, they can drown, 

suffocate, or starve to death. Though rarer than strandings, the rate at which 

whales become trapped by ice seems to be increasing.79 Rescuing whales 

trapped by ice is often more difficult than rescuing whales stranded on a 

beach, though there have been successful rescues involving ice breaking ships, 

de-icing machines, helicopter rescues, and using chainsaws to keep breathing 

holes open. 

Mud 

There are documented cases of rescues of animals trapped in mud ponds. This 

happens most frequently to large animals such as elephants. Elephants 

frequently bathe in mud ponds in order to protect their skin from insects or 

the sun, or simply because it feels good. Sometimes, they become stuck in the 

mud. In these situations, they can drown, suffocate, starve to death, or be 

slowly eaten alive by other animals. Birds, even those who can fly, can become 

trapped in mud as well. They, too, can often be saved. 

Strandings 

Cetaceans such as dolphins and whales can sometimes become disorientated 

and end up stranded on beaches. In such situations, it’s almost inevitable that 

they will die. Moreover, traditionally, when they were trapped in this way 

 

79 Matthews, C. J. D.; Raverty, S. A.; Noren, D. P.; Arragutainaq, L. & Ferguson, S. H. (2019) “Ice entrapment mortality may slow expanding presence of Arctic killer whales”, Polar 

Biology, 42, pp. 639-644. Although when many people think of trapped animals they may 

think at first about so-called companion animals, we can see that those living in the wild 

need assistance much more often. 
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without any possible means of defending themselves, humans would often 

hack them to pieces for their flesh and blubber. Recently, however, attitudes 

towards these animals have changed, and in some cases human beings do help 

them.  

Helping animals in fires and natural disasters 

Other animals may need to be rescued when they’re the victims of natural 

disasters, just as humans and domesticated animals would in their situation. 

They may be washed away or drowned by floods; battered by hurricanes; or 

buried by landslides, avalanches, or earthquakes. Many animals die in such 

natural disasters. In many cases, it would be possible to save them, if only 

humans chose to do so. However, the plight of animals in the wild affected by 

natural disasters is generally ignored. Fortunately though, this isn’t always the 

case. There are many cases in which human beings have helped animals in 

such situations. These cases demonstrate that humans are both willing and 

able to help animals threatened by natural disasters. Furthermore, there are 

some signs that the general public is starting to become more concerned about 

the suffering of animals in the wild caught up in natural disasters. 

Animals in fires 

Fires occur regularly in nature. Some are started by human beings, either 

accidentally or deliberately. Others have natural causes. It is sometimes 

possible to help the animals affected by them, and in fact there are many cases 

in which this has already been done. 

There have also been cases in which wild animals have been helped or 

rescued from fires or the effects of fire. Efforts are often carried out with a 

focus on animals that people like or that are more visible, but this does show 

how it is possible to help these animals. For example, there are many stories of 

koalas being rescued from wildfires. Because they are slow moving, they 

cannot effectively flee from fires. They also have weak immune systems, which 

means that if they sustain burn injuries, they are likely to die from infection. 
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Hundreds of koalas die in Australian wildfires every year.80 Rescuing them 

may be easier than rescuing other animals who are smaller or more difficult to 

catch, so people who might not be able to save other animals have saved them. 

It’s also possible to help animals in the wild in simpler ways. For example, 

during the 2019 wildfires in Southern Australia, Wildcare Australia, Inc. (an 

organization that rescues wild animals) encouraged people living in the 

affected areas to leave out bowls of water for wild animals.81 It’s a small effort 

for humans, but to an injured and disoriented animal, it might be the 

difference between life and death. 

Animals in floods 

There have been many cases in which animals have been saved from floods. 

An example of this took place in Kaziranga National Park in India. This park is 

located in the Assam region, which is prone to regular severe flooding. The 

region is surrounded by hills, so when there is heavy rainfall, it rushes down 

the hills, flooding the plains including the national park. It was estimated that 

floods in 2019 killed around 200 large animals, including deers, rhinos, 

buffaloes, boars, porcupines, and an elephant. Rescue workers in boats and all-

terrain vehicles managed to rescue 64 animals from the floods, including 

deers, rhinos, reptiles, and birds.82 

A more systematic intervention was the construction of 33 artificial 

highlands within the park. These areas of high land have allowed animals to 

more easily find refuge from the rising waters. The construction of the 

highlands is credited with reducing the death toll from the annual floods: it is 
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estimated that the floods in 2017 killed over 400 large animals, compared to 

around 200 in 2019.83 

Independent organizations have also often played a role in rescuing 

animals in these situations. One example of this was when torrential rainfall 

caused extensive flooding in Arlington County in Virginia in 2019. Because of 

the time of year, many wild animals were orphaned by the storm as they were 

thrown from their nests or separated from their parents by the floodwaters. 

Rescue workers with the Animal Welfare League of Arlington were able to 

save dozens of animals, including ungulates and dozens of orphaned birds and 

squirrels.84 

In some cases, people acting independently, without the aid of 

organizations or governmental agencies, can take action to help animals. 

Here’s one example. Flash flooding in Mississippi in 2016 put many animals at 

risk of drowning. Two brothers noticed animals escaping from the flooded 

woods into a dry pasture in front of their house. They had a small boat and 

decided to use it to rescue animals trapped by the floods. Driving across 

flooded fields to the woods, they rescued several mice, shrews, and rabbits. 

Once in the woods, they got into the small boat and searched for animals 

trapped by the rising waters. They managed to rescue several opossums and 

armadillos.85 Their story shows that it is entirely possible for just a couple of 

people to rescue animals in difficulty. 

Animals in other natural disasters 

Animals have been saved from natural disasters of many kinds, such as 

hurricanes, earthquakes, tsunamis, landslides, avalanches, and volcanoes. 

Below are just a few examples. 
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Hurricanes are devastating for animals living in the wild. Unlike human 

beings and their companion animals, animals in the wild generally don’t have 

shelter sufficient to cope with the impact of a hurricane. In 2019, in 

Walterboro, South Carolina, an animal sanctuary cared for hundreds of 

animals injured, displaced, orphaned, or otherwise impacted by Hurricane 

Dorian. Injuries include broken legs, head trauma, and pulmonary aspiration 

requiring immediate antibiotic treatment. 

The 2018 tsunami in Indonesia washed sea turtles onto the shore, leaving 

some stranded up to a kilometer from the sea. Rescue workers created 

makeshift stretchers to carry them back to the sea. 

Volcanic eruptions kill animals directly by burying them in lava and ash, 

and can harm animals caught in the vicinity. They can be burned by falling ash, 

or they can become sick from ingesting it (usually by eating ash covered grass) 

or inhaling it. After a 2018 eruption in the Philippines, many domesticated 

animals were at risk of injury, sickness, hunger, or death. World Animal 

Protection evacuated terrestrial animals from dangerous areas, and provided 

food and medical treatment to those who required it.86 

Marine animals are also affected by eruptions, as lava coming into contact 

with water produces glassy shards, which are harmful to aquatic animals with 

gills. Lava flowing into water can also increase acidity levels which may be 

harmful to marine animals in the region.87 Larger marine animals like sea 

turtles can be spotted from the air and rescued, or rescued from nearby shores 

that have not yet been affected by the eruption. 

The examples above demonstrate that humans are able to rescue animals 

in the wild from a range of natural disasters, disasters which they often cannot 

cope with without our help. For the most part, our rescues focus on 

 

86 World Animal Protection (2018) “Rescuing burnt and injured animals in the Philippines 

after Mayon Volcano eruption”, World Animal Protection, January 31, 

https://www.worldanimalprotection.org.uk/news/rescuing-burnt-and-injured-animals-

philippines-after-mayon-volcano-eruption [accessed on 2 October 2019]. 

87 Shen, M. (2018) “Hell on Earth! Hawaii volcano eruptions set the sky on fire as it’s 
revealed the impact of the disaster will affect marine and wildlife for decades”, Daily Mail, 

June 9, https://www.dailymail.co.uk/news/article-5824465/Scientists-say-Hawaii-

volcano-eruptions-affect-marine-wildlife-decades.html [accessed on 2 October 2019]. 

https://www.worldanimalprotection.org.uk/news/rescuing-burnt-and-injured-animals-philippines-after-mayon-volcano-eruption
https://www.worldanimalprotection.org.uk/news/rescuing-burnt-and-injured-animals-philippines-after-mayon-volcano-eruption
https://www.dailymail.co.uk/news/article-5824465/Scientists-say-Hawaii-volcano-eruptions-affect-marine-wildlife-decades.html
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domesticated animals rather than on those living in the wild, but we can 

expand rescue plans to include more animals living in the wild.  



 

 

9 

Providing aid to sick, injured, or 
orphaned animals, building shelters, and 
helping hungry and thirsty animals 

Rescuing animals is only one way we can help animals in the wild. Now, we 

will see some ways they get medical treatment when they are sick or injured. 

Then we’ll see some examples of caring for orphaned animals. Finally, we’ll 
see some cases where hungry or thirsty animals have been helped. 

Treating sick animals 

Treating mange 

Sarcoptic mange is a skin disease caused by burrowing parasitic mites. It 

affects several species of nonhuman mammals, including dogs, cats, coyotes, 

bears, and wombats. Wombats are especially badly affected by mange. It is 

believed that this is due to conditions inside wombat burrows being conducive 

to the survival and transmission of sarcoptic mites. Infested wombats lose 

hair, their skin becomes crusted and infected, and their eyes and ears become 

crusted over. In severe cases, it can lead to death.88 Infested wombats are 

generally treated with a medication called moxidectin. But the stress of 

capture can kill wombats, especially when they are in a weakened state. So the 

 

88 Department of Primary Industries, Parks, Water and Environment (Tasmania) (2017) “Wombat mange FAQs”, Wildlife Management, https://dpipwe.tas.gov.au/wildlife-

management/fauna-of-tasmania/mammals/possums-kangaroos-and-wombats/wombat/ 

wombat-mange/wombat-mange-faqs [accessed on 9 September 2019]. 

https://dpipwe.tas.gov.au/wildlife-management/fauna-of-tasmania/mammals/possums-kangaroos-and-wombats/wombat/wombat-mange/wombat-mange-faqs
https://dpipwe.tas.gov.au/wildlife-management/fauna-of-tasmania/mammals/possums-kangaroos-and-wombats/wombat/wombat-mange/wombat-mange-faqs
https://dpipwe.tas.gov.au/wildlife-management/fauna-of-tasmania/mammals/possums-kangaroos-and-wombats/wombat/wombat-mange/wombat-mange-faqs


WILD ANIMAL SUFFERING AND WAYS OF HELPING WILD ANIMALS 

 

68 

treatment is usually administered using a specially designed flap placed above 

the entrance to the wombats’ burrows. 

Probiotic treatment 

White nose syndrome is a disease caused by the fungus pseudogymnoascus 

destructans. Since 2007, it has killed more than six million bats in North 

America. The mortality rate is higher than 90% in some species. The disease 

disrupts bats’ hibernation, causing them to either starve to death by using up 

all of their fat stores, or to die of exposure while trying to find food in winter. 

In 2019, bats were treated with the probiotic bacterium pseudomonas 

fluorescens, which increased their survival rate from 8% to 46%. Although the 

motivation to find a cure comes from conservationist interests, widespread 

application would nonetheless significantly reduce suffering and premature 

death among bats.89 

Probiotic treatment may also be valuable in treating disease in other 

species. The chytrid fungus batrachochytrium dendrobatidis has had a 

devastating effect on amphibians, killing millions of animals across more than 

500 species. Infected amphibians show symptoms such as low appetite, 

lethargy, and thickening of the skin which leads to death because affected 

animals are unable to take in nutrients and release toxins through their skin. 

Some amphibians breathe through their skin, and once infected, they may be 

unable to breathe. Boreal toads treated with a probiotic had a 40% higher 

survival rate. Probiotics may be used in the future to treat or protect 

amphibians susceptible to the disease.90 

 

89 Hopkins, M. C. & Soileau, S. C. (2018) U.S. Geological Survey response to white-nose 

syndrome in bats: U.S. Geological Survey Fact Sheet 2018–3020, Reston: U.S. Geological 

Survey; Hoyt, J. R.; Langwig, K. E.; White, J. P.; Kaarakka, H. M.; Redell, J. A.; Parise, K. L.; 

Frick, W. F.; Foster, J. T. & Kilpatrick, A. M. (2019) “Field trial of a probiotic bacteria to 

protect bats from white-nose syndrome”, Scientific Reports, 9, 

https://www.nature.com/articles/s41598-019-45453-z.pdf [accessed on 9 September 2019]. 

90 Scheele, B. C.; Pasmans, F.; Skerratt, L. F.; Berger, L.; Martel, A.; Beukema, W.; Acevedo, 

A. A.; Burrowes, P. A.; Carvalho, T.; Catenazzi, A.; De la Riva, I.; Fisher, M. C.; Flechas, S. V.; 

Foster, C. N.; Frías-Álvarez, P.; Garner, T. W. J.; Gratwicke, B.; Guayasamin, J. M.; Hirschfeld, 

M.; Kolby, J. E.; Kosch, T. A.; La Marca, E.; Lindenmayer, D. B.; Lips, K. R.; Longo, A. V.; 

https://pubs.er.usgs.gov/publication/fs20183020
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Research on the possibility of probiotic treatments for a fungal disease in 

snakes and another in honeybees is also underway. Probiotics have also been 

used to inhibit zoosporic infections in different species of fishes.91 Probiotics 

have the potential to significantly improve the welfare of many animals living 

in the wild by protecting them against diseases or by mitigating their effects. 

Treating injured animals 

Animals living in the wild are frequently injured in conflicts or accidents. For 

example, they may be injured during fights with other animals for multiple 

reasons: to defend themselves or their territory, to secure resources, in 

conflicts over mating partners, or to attain a higher social standing within a 

group. In some species, females are often injured by males in forced 

copulation. And, like humans, wild animals can become injured in accidents. 

But it is often possible to treat their injuries. Animals in the wild are 

sometimes territorial. Often they defend their territory with ritualized 

aggression, for example by intimidating displays, vocalizations, and gestures. 

Sometimes, however, they are forced to fight to defend their territory, and this 

can result in serious injuries. 

Broken limbs are a frequent occurrence among animals in the wild, and 

without intervention, they are often a death sentence, because the injured 

animal is less capable of finding food and evading predators. Limbs can be 

 
Maneyro, R.; McDonald, C. A.; Mendelson, J.; III; Palacios-Rodriguez, P.; Parra-Olea, G.; 

Richards-Zawacki, C. L.; Rödel, M.-O.; Rovito, S. M.; Soto-Azat, C.; Toledo, L. F.; Voyles, J.; 

Weldon, C.; Whitfield, S. M.; Wilkinson, M.; Zamudio, K. R. & Canessa, S. (2019) “Amphibian fungal panzootic causes catastrophic and ongoing loss of biodiversity”, 
Science, 363, pp. 1459-1463, https://amphibiaweb.org/chytrid/chytridiomycosis.html 

[accessed on 9 September 2019]. 

91 Hill, A. J.; Leys, J. E.; Bryan, D.; Erdman, F. M.; Malone, K. S. & Russell, G. N. (2018) “Common cutaneous bacteria isolated from snakes inhibit growth of Ophidiomyces 

ophiodiicola”, EcoHealth, 15, pp. 109-120; El Khoury, S.; Rousseau, A.; Lecoeur, A.; Cheaib, 

B.; Bouslama, S.; Mercier, P.; Demey, V.; Castex, M.; Giovenazzo, P. & Derome, N. (2018) “Deleterious interaction between Honeybees (Apis mellifera) and its microsporidian 

intracellular parasite Nosema ceranae was mitigated by administrating either 

endogenous or allochthonous gut microbiota strains”, Frontiers in Ecology and Evolution, 

6, a. 58. 
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broken in accidents or through conflict with other animals. If treated, animals 

can often make a full recovery. A broken wing is usually fatal for wild birds 

and other flying animals. Most are relatively easy to treat, however — birds 

and bats who are brought to wild animal rehabilitation centers usually make a 

full recovery. It’s even possible to fix a broken insect wing at home, like those 

of butterflies, whose wings are frequently damaged. 

Caring for orphaned animals 

Animals in the wild who receive parental care sometimes lose one or both 

parents. In such circumstances, it’s unlikely that they will survive. Most 

orphaned animals will starve to death, die of dehydration, or be eaten by other 

animals. The small number of orphans who do survive often undergo terrible 

hardships. It’s difficult for very young animals to survive. Most newborn 

animals receive no parental care, which increases their risk of dying. But those 

who do receive parental care may be so dependent on it that losing it means 

almost certain death. 

Many nonhuman animals have strong emotional bonds with their families, 

and they miss their parents and feel grief when they die. Social animals who 

are orphaned can also suffer from loneliness because they are deprived of the 

social interaction that is so essential to their wellbeing. Fortunately, humans 

can assist orphaned animals, by rescuing them and providing them with the 

care they need. 

Examples of currently existing wild animal orphanages include Rhino 

Orphanage in South Africa.92 Elephants can be orphaned too, because of 

drought, poaching, or by becoming trapped in mud, for example. The Sheldrick 

Wildlife Trust in Kenya cares for orphaned elephants and rhinos, and at the 

time of writing they have successfully raised 244 orphaned elephants and 17 

rhinos. The Senkwekwe Centre in Virunga National Park in the Democratic 

Republic of the Congo is a sanctuary for the care and protection of orphaned 

mountain gorillas and eastern lowland gorillas. Gorilla infants are extremely 

 

92 Care for Wild Rhino Sanctuary (2016) “How to tell black and white rhinos apart”, Care 

for Wild Rhino Sanctuary, https://www.careforwild.co.za/meet-our-orphans [accessed on 

25 August 2019]. 
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dependent on their mothers and are highly unlikely to survive on their own if 

their mothers are killed.93 

Most animals don’t receive parental care. They are typically born in large 

numbers and die shortly after coming into the world. An example is sea 

turtles. The number of them who reach adulthood is very low. In some cases, 

however, it is possible to provide them with help. People have made efforts to 

help baby turtles survive. One way is to help the hatchling turtles to reach salt 

marshes or the sea, which are safer than the areas surrounding their nest. 

These measures are typically taken because of conservationist concerns, but 

they help the animals involved.94 

Building shelters 

Another way to help wild animals is by building shelters or other structures 

for them to use. These structures allow animals to avoid dangerous weather 

conditions or avoid predators. Many different types of animals build nests for 

these reasons.95 However, it might take a long time and may not be as good as 

a structure that we could build for them. We can help animals by providing 

them with suitable pre-constructed shelters or nests.96 

In addition to protecting them from wind, rain, and other weather 

conditions, shelters give back part of the body heat the animals lose, because it 

contributes to warming the structure, rather than being lost as it would 
 

93 Stewart, K. J. (1988) “Suckling and lactational anoestrus in wild gorillas (Gorilla 

gorilla)”, Reproduction, 83, pp. 627-634. 

94 For a possible exception see Ferrara, C. R.; Vogt, R. C.; Sousa-Lima, R. S.; Tardio, B. M. R. 

& Bernardes, V. C. D. (2014) “Sound communication and social behavior in an Amazonian 

river turtle (Podocnemis expansa)”, Herpetologica, 70, pp. 149-156; Sea Turtle 

Conservancy (2019) “Information about sea turtles: General behavior”, Conserve Turtles, 

https://conserveturtles.org/information-sea-turtles-general-behavior [accessed on 4 

September 2019]. 

95 Hansell, M. & Hansell, M. H. (2005) Animal architecture, New York: Oxford University 

Press on Demand. 

96 Bovenkerk, B.; Stafleu, F.; Tramper, R.; Vorstenbosch, J. & Brom, F. W. A. (2003) “To act 
or not to act? Sheltering animals from the wild: A pluralistic account of a conflict between 

animal and environmental ethics”, Ethics, Place and Environment, 6, pp. 13-26. 
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otherwise be. For these reasons, access to this kind of shelter can easily be the 

difference between life and death for an animal. Structures may allow animals 

to avoid threats from other animals by serving as hiding places that other 

animals may not notice or cannot reach. 

The most common shelters built by humans are “bird boxes.” These are 

commonly used by birds when they start families. If bird boxes aren’t cleaned 

after a family of birds finishes using it, however, diseases and parasites may be 

spread to a new family of birds.97 

Structures can be built for many other animals as well. For example, bats 

need a warm place to roost where they can safely sleep, raise their young, and 

hibernate. They will roost in human buildings when they have good 

opportunities to do so. Bats living in buildings have been found to be doing 

much better on quite a few different metrics than those roosting in natural 

settings.98 We could build more buildings specifically for bats to use or we 

could allow them to use more existing buildings. 

It has also been found that rabbits can benefit when well-designed and 

well-placed artificial warrens are built for them. Invertebrates can also be 

helped in this way. A species of moth, Acrobasis betulella, has been found to 

use leaf rolls that were created by scientists. Animals of other species of 

arthropod in the area were also found to use these structures.99 

 

97 Møller, A. P. (1989) “Parasites, predators and nest boxes: Facts and artefacts in nest box 

studies of birds?”, Oikos, 56, pp. 421-423; Arrington, D. (2011) “What birds want in a 

birdhouse”, The Seattle Times, April 4, https://www.seattletimes.com/life/lifestyle/what-

birds-want-in-a-birdhouse [accessed on 10 November 2019]. 

98 Lausen, C. L. & Barclay, R. M. (2006) “Benefits of living in a building: big brown bats 

(Eptesicus fuscus) in rocks versus buildings”, Journal of Mammalogy, 87, pp. 362-370. 

99 Hansell, M. & Hansell, M. H. (2005) Animal architecture, New York: Oxford University 

Press, pp. 216-217; Fernández-Olalla, M.; Martínez-Jauregui, M.; Guil, F. & San Miguel-Ayanz, A. (2010) “Provision of artificial warrens as a means to enhance native wild rabbit 

populations: What type of warren and where should they be sited?”, European Journal of 

Wildlife Research, 56, pp. 829-837. 
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Helping hungry and thirsty animals 

Lack of access to clean water is another source of suffering and a serious risk 

to the health and lives of animals. Wild animals can also be helped when they 

need water, and it’s often easy to do. Water can be left in small containers that 

are accessible to them. There is a risk to small animals who could fall in and 

drown, however, so small ladders or other ways for them to get out are 

important. Water containers also have to be cleaned regularly so they don’t 

transmit diseases from some animals to others. 

It could be problematic to build very large ponds, which could lead to 

certain animals such as mosquitoes and other insects reproducing in very 

large numbers, only to die painfully shortly afterwards due to lack of 

resources. The insects might also spread diseases and parasites to other 

animals. 

Another way to help animals is by saving some of them from starving 

when they face extreme food shortages. In fact, there are interventions to feed 

animals in the wild in some cases. Circumstances such as severe droughts or 

harsh winters may mean many animals starve to death. Due to this, animals 

are sometimes provided with the food they need to survive. This is sometimes 

done in order to conserve certain populations of animals that are particularly 

appealing to human beings.100 In other cases, the animals who are saved are 

ones that have some touristic value, as when tourists want to watch animals 

that are typical of a place. For these reasons, supplemental feeding measures 

are taken in a number of national parks in different countries. Even if these 

interventions are not carried out with the aim of helping the animals 

themselves, they end up being positive for them. 

However, it is important in these cases to be careful not to provide so 

much food to animals that they reproduce beyond the numbers their 

populations used to have. Otherwise, more of them will die because there will 

 

100 Brittingham, M. C. & Temple, S. A. (1992) “Does winter feeding promote dependency?”, 
Journal of Field Ornithology, 63, pp. 190-194; Marion, J.; Dvorak, R. & Manning, R. E. 

(2008) “Wildlife feeding in parks: Methods for monitoring the effectiveness of educational 

interventions and wildlife food attraction behaviors”, Human Dimensions of Wildlife, 13, 

pp. 429-442. 
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not be resources for all of them to survive. This is why in many cases it is not a 

good idea to provide extra food for animals in the wild, because it can cause 

much more suffering in the future as a result of trying to reduce it in the 

present.101 

 

101 Kallander, H. (1981) “The effects of provision of food in winter on a population of the 

great tit Parus major and the blue tit P. caeruleus”, Ornis Scandinavica, 12, pp. 244-248; 

Lott, D. F. (1996) “Feeding wild animals: The urge, the interaction and the consequences”, 
Anthrozoös, 4, pp. 232-236; Cooper, S. M. & Ginnett, T. F. (2000) “Potential effects of 
supplemental feeding of deer on nest predation”, Wildlife Society Bulletin, 28, pp. 660-666; 

Schoech, S. J.; Bowman, R. & Reynolds, S. J. (2004) “Food supplementation and possible 
mechanisms underlying early breeding in the Florida Scrub-Jay (Aphelocoma 

coerulescens)”, Hormones and Behavior, 46, pp. 565-573; Robb, G. N.; McDonald, R. A.; 

Chamberlain, D. E.; Reynolds, S. J.; Harrison, T. J. & Bearhop, S. (2008) “Winter feeding of 
birds increases productivity in the subsequent breeding season”, Biology Letters, 4, pp. 

220-223; Jones, D. (2011) “An appetite for connection: Why we need to understand the 

effect and value of feeding wild birds”, Emu: Austral Ornithology, 111, pp.1-7; Orros, M. E. 

& Fellowes, M. D. E. (2012) “Supplementary feeding of wild birds indirectly affects the 

local abundance of arthropod prey”, Basic and Applied Ecology, 13, pp. 286-293. 
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Vaccinating animals in the wild 

Diseases have the potential to kill animals in very large numbers. We have 

already seen the great amount of suffering that disease can cause to animals in 

the wild. Apart from helping animals who are already sick, an important way 

we can protect animals in the wild from disease is through vaccination. There 

are many examples of large-scale vaccinations of animals living in the wild. 

Perhaps the most successful cooperative effort is the vaccination campaign 

against rabies, which has been carried out in several countries on a large scale. 

Vaccinations against many other diseases that wild animals suffer from have 

also been developed. 

Oral rabies vaccination 

Rabies is an appalling disease for those animals affected by it. Spread by bites, 

it causes inflammation of the brain. Symptoms can include fever, pain, 

tingling/burning sensations, hydrophobia, aggression, confusion, and muscle 

paralysis. Once symptoms are apparent, death is generally inevitable. One 

paradigmatic example of wild animal immunization is the vaccination of 

animals against rabies that successfully eradicated the disease in most of 

Europe by 2010 and in large areas of North America. This is done in order to 

prevent the disease from spreading and being passed on to animals living with 

humans, such as dogs, or to humans. The vaccination is done through the 
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aerial dispersal of baits containing the rabies vaccine which are then eaten by 

the animals.102 

In the US, attempts to eliminate the disease started in the 1970s and it has 

been achieved in large areas of the northeastern United States and Canada. 

One such program was the prevention of its spread in raccoons in 

Massachusetts by orally vaccinating 63% of the population, which was 

sufficient for a successful eradication of the disease in the area. Another 

example is the oral rabies vaccination program for coyotes in Texas which led 

to a large reduction of rabies cases as well as stopping its growth in the 

affected area. A coordinated effort between the USA, Mexico, and Canada has 

been proposed in order to eradicate rabies from other areas.103 Similar 

programs have been implemented all over the world.104 The data from these 

 

102 The procedure of oral vaccination of foxes is described in Department for 

Environment, Food and Rural Affairs (2010) Vaccination as a control tool for exotic animal 

disease: Key considerations, London: Department for Environment, Food and Rural Affairs. 
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P. J.; Clark, K. A.; Smith, D. R.; Johnston, D. H.; Hicks, B. N. & Moore, G. M. (1998) “Results of 
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Medical Association, 212, pp. 498-502; Robbins, A. H.; Borden, M. D.; Windmiller, B.S.; 

Niezgoda, M.; Marcus, L. C.; O’Brien, S. M.; Kreindel, S. M.; McGuill, M. W.; DeMaria, A., Jr.; Rupprecht, C. E. & Rowell, S. (1998) “Prevention of the spread of rabies to wildlife by oral 

vaccination of raccoons in Massachusetts”, Journal of the American Veterinary Medical 

Association, 213, pp. 1407-1412; MacInnes, C. D. & LeBer, C. A. (2000) “Wildlife 
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pp. 1156-1167; MacInnes, C. D.; Smith, S. M.; Tinline, R. R.; Ayers, N. R.; Bachmann, P.; Ball, 

D. G. A.; Calder, L. A.; Crosgrey, S. J.; Fielding, C.; Hauschildt, P.; Honig, J. M.; Johnston, D. H.; 

Lawson, K. F.; Nunan, C. P.; Pedde, M. A.; Pond, B.; Stewart, R. B. & Voigt, D.R. (2001) “Elimination of rabies from red foxes in eastern Ontario”, Journal of Wildlife Diseases, 37, 

pp. 119-132; Slate, D.; Rupprecht, C. E.; Rooney, J. A.; Donovan, D.; Lein, D. H. & Chipman, R.B. (2005) “Status of oral rabies vaccination in wild carnivores in the United States”, 
Virus Research, 111, pp. 68-76. 
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programs provide evidence of efficacy and specifics of implementation that 

will make it easier to vaccinate more animals in the future. 

While the animals in the cases above were vaccinated not for their own 

good, but to protect human interests, vaccinating animals in the wild against 

rabies benefits them immensely by protecting them against a terrible disease. 

The lessons we have learned in our ongoing struggle against rabies can be 

used in future vaccination programs aimed at promoting the wellbeing of 

individual animals in the wild. Furthermore, our successes in this fight should 

inspire optimism about future vaccination efforts.  

Brucellosis vaccinations in the Greater Yellowstone Area 

Brucellosis is a contagious disease caused by various bacteria of the Brucella 

family. It affects cows and other ruminants as well as some marine mammals 

and humans. Its main effects in nonhuman animals are on the reproductive 

system, causing infertility, abortions, stillbirth or birth of offspring unable to 

survive. It can also cause swelling of the testicles in males, and the bacteria can 

get into the joints and cause arthritis.105 

Brucellosis is prevalent among the wild elk and bison populations living in 

the Greater Yellowstone Area. It has been estimated that more than 14,000 of 

those animals in the area are infected.106 Since Brucellosis can be transmitted 

 dogs in West Bengal, India”, Acta Theriologica, 46, pp. 69-78; Kitala, P. M.; McDermott, J. J.; 
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Cleaveland, S.; Kaare, M.; Tiringa, P.; Mlengeya, T. & Barrat, J. (2003) “A dog rabies 
vaccination campaign in rural Africa: impact on the incidence of dog rabies and human 

dog-bite injuries”, Vaccine, 21, pp. 1965-1973. 

105 World Organisation for Animal Health (2019) “Brucellosis”, World Organisation for Animal 
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between species, these animals in Yellowstone act as “reservoir” species for 

the disease. To combat this, a vaccine (RB51) has been developed for the bison 

population in Yellowstone. 

Sylvatic plague, prairie dogs, and ferrets 

Sylvatic plague is an infectious bacterial disease that affects rodents such as 

prairie dogs. It is caused by the same bacteria responsible for bubonic plague 

in humans. The devastating effects of “Black Death” pandemics on human 

populations are familiar to almost everybody. Not so familiar are the mortality 

rates of wild rodents who still succumb to sylvatic plague. Outbreaks among 

prairie dogs can reach mortality rates of close to 100%. Symptoms include 

fever, dehydration, low energy, lack of appetite, difficulty breathing, enlarged 

spleen, and swollen lymph nodes. 95% of prairie dogs die within 78 hours of 

infection.107 

In 2019 in South Dakota, the plague decimated a population of prairie 

dogs and, since then, has affected black-footed ferrets who eat prairie dogs. A 

mass immunization of prairie dogs was undertaken, primarily because 

humans value the ferrets who are at risk of infection. Prairie dogs have shown 

a survival rate of more than 95 per cent of those infected after they are 

vaccinated.108 Even though the aim of the vaccination is the protection of 

ferrets, prairie dogs also benefit from it. At least, that is, until they are preyed 

upon by healthy ferrets. 

In 2017, biologists in Montana started distributing the oral vaccine baits 

using drones. This allows them to cover much more ground than they could by 

hand delivering the baits. With the drones, it’s possible to vaccinate 4,000 

prairie dogs in a single day. 

 

107 Abbott, R. C. & Rocke, T. E. (2012) Plague: U.S. Geological Survey circular 1372, 

Madison: National Wildlife Health Center; Prairie Dog Coalition (2018) Prairie dogs, 

people and plague, Boulder: The Humane Society of the United States. 

108 Leggett, H. (2009) “Plague vaccine for prairie dogs could save endangered ferret”, 
Wired, August 4, http://www.wired.com/wiredscience/2009/08/prairiedogvax [accessed 

on 25 July 2013]. 

http://www.wired.com/wiredscience/2009/08/prairiedogvax
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Ebola and great apes 

Ebola is a horrible disease causing a range of symptoms including fever, 

internal bleeding, muscle weakness, difficulty breathing and swallowing, 

vomiting, and diarrhea. In humans, it is fatal in about 50% of cases. In gorillas, 

the mortality rate may be as high as 90%. Since the 1990s, the Zaire strain of 

Ebola has killed many thousands of gorillas and chimpanzees. One study 

suggests that an outbreak in 2002-2003 killed over 5,000 gorillas. It seems 

that vaccination would be an obvious solution to fight this disease. In fact, this 

has been proposed to save the lives of African great apes. The vaccination 

procedure consists of either vaccines in bait, as used for rabies vaccines, or 

hypodermic darts. 

There is more interest in treating great apes because their species is 

generally highly valued, and also because of recent threats to human health 

that have spread through contact with or consumption of infected apes. Other 

animals may not receive the same attention, but they could be treated 

similarly. 

Anthrax 

Pilot vaccination programs have been also developed against anthrax in 

animals. Vaccination has been shown to be effective in black rhinos, zebras, 

and cheetahs.109 So far they have only been vaccinated for conservationist 

reasons, but such vaccination programs could be extended to all animals who 

suffer from anthrax, regardless of their perceived use or value to human 

beings. 

Tuberculosis, wild boars and badgers 

Tuberculosis is still an active disease infecting both human and nonhuman 

individuals. In 2011, an oral vaccine was delivered in bait to free-living wild 

 

109 Turnbull, P. C. B.; Tindall, B. W.; Coetzee, J. D.; Conradie, C. M.; Bull, R. L.; Lindeque, P. M. 

& Huebschle, O. J. B. (2004) “Vaccine-induced protection against anthrax in cheetah 

(Acinonyx jubatus) and black rhinoceros (Diceros bicornis)”, Vaccine, 22, pp. 3340-3347. 
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boars under natural conditions of transmission.110 Badgers have also been 

vaccinated against this disease. 

Vaccinating insects 

Like other animals, insects suffer from disease. Until recently, it was believed 

that insect vaccination wasn’t possible, because insect immune systems, 

though similar in some ways to mammalian systems, don’t use antibodies. 

Recent research at the University of Helsinki has shown that it is possible to 

vaccinate honeybees. When a queen bee eats something containing pathogens, 

the pathogen’s signature molecules are bound by a protein called vitellogenin. 

Vitellogenin carries these molecules into the queen’s eggs, where they act as 

inducers for immune responses. This means that we can vaccinate thousands 

of bees simply by vaccinating the queen. Research is being done to develop a 

vaccine for American foulbrood, a bacterial disease that can devastate 

honeybee colonies.111 The sheer number of insects in the world means that the 

welfare potential of vaccination is huge. 

An example: vaccination to control animal diseases in the UK 

The United Kingdom provides a good example of how to begin implementing a 

vaccination program. It is probably the place where the immunization of 

animals against disease is most normalized. Vaccination is widely 

implemented to protect animals from diseases such as Avian Influenza and 

Newcastle Disease in birds. In the UK, there is a Vaccine and Antigen Bank 

 

110 Garrido, J. M.; Sevilla; I. A.; Beltrán-Beck, B.; Minguijón, E.; Ballesteros, C.; Galindo, R. C.; 

Boadella, M.; Lyashchenko, K. P.; Romero, B.; Geijo, M. V.; Ruiz-Fons, F.; Aranaz, A.; Juste, R. 

A.; Vicente, J.; de la Fuente, J. & Gortázar, C. (2011) “Protection against tuberculosis in 

Eurasian wild boar vaccinated with heat-inactivated Mycobacterium bovis”, PLOS ONE, 6, 

e24905. 

111 Raukko, E. (2018) “The first ever insect vaccine PrimeBEE helps bees stay healthy”, 
University of Helsinki, October 31, https://www.helsinki.fi/en/news/sustainability-

news/the-first-ever-insect-vaccine-primebee-helps-bees-stay-healthy [accessed on 8 

September 2019]. 

https://www.helsinki.fi/en/news/sustainability-news/the-first-ever-insect-vaccine-primebee-helps-bees-stay-healthy
https://www.helsinki.fi/en/news/sustainability-news/the-first-ever-insect-vaccine-primebee-helps-bees-stay-healthy
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where the government keeps supplies to be used in potential outbreaks, or to 

be deployed for conservation such as for penguins and parrots. The UK also 

contributes to the EU Vaccine Bank for Classical Swine Fever as well as to the 

high priority Foot and Mouth antigens bank, where antigens and vaccines are 

kept ready to be used when needed.112 

The examples above show that vaccination is a feasible way to 

dramatically improve the welfare of animals in the wild. We can vaccinate 

animals against horrific diseases such as rabies, tuberculosis, and even the 

plague. We even have the ability to totally eradicate certain diseases from the 

entire surface of the earth. And these abilities will only increase as we learn 

more. In the future, much more progress can be made towards larger scale 

prevention of harms suffered by animals in the wild. 

 

112 Department for Environment, Food and Rural Affairs (2010) Vaccination as a control 

tool for exotic animal disease: Key considerations, London: Department for Environment, 

Food and Rural Affairs. 
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What you can do 

Raising awareness about helping animals 

For animals to be helped in the ways we have seen above, and in other, new 

ones, there are two main conditions that must be met. First, it is necessary that 

there is a will to actually help them. Second, we need the knowledge and 

means to do so. We will start here with the first condition. 

Many people are not very familiar with the situation of animals living in 

the wild, or with whether they need help. Describing what the lives of animals 

in the wild are actually like can help to raise people’s concern for them and 

increase interest in learning more about ways of helping wild animals. 

Showing people examples of how helping animals is possible or where it is 

already being done can also play an important role. It is also important to 

promote the moral consideration of all sentient individuals in general, because 

in our society animals are still disregarded. Sentient beings, regardless of the 

ecosystem they are in or whether they belong to a numerous or scarce species, 

can experience what happens to them as positive or negative. We will see all 

this in much more detail in the second part of this guide, which will present 

the main arguments and debates in the field of animal ethics.  

This work of raising awareness has to take place in different spheres. 

Different approaches and communication styles in these different spheres will 

be required so that as many people as possible get the message. It is especially 

important to raise concern among people who are involved in animal 

advocacy and in altruistic causes, especially those who are interested in how 

to achieve the best results in helping others in need. It is also crucial that 
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students and scientists working in life sciences be able to learn more about 

this issue.  

Beyond that, we can also reach the general public, especially younger 

generations. This will lead to more and more people supporting and joining 

efforts to help animals. Moreover, the general public has the potential to 

influence policy and law makers, whose decisions can greatly affect animals. 

Making progress towards a future with fewer harms to wild 

animals 

In addition, gaining more knowledge is crucial so we’ll be better able to help. It 

is sometimes believed that because ecologists study entities like populations, 

species, and ecosystems, they might only be concerned about those entities, 

and not about individual animals. However, there is no reason it has to be this 

way. There are different goals that can be advanced by acquiring more 

knowledge in these disciplines. We need to distinguish between these goals 

and the science itself. Not long ago, this science was applied only to promote 

human interests. Currently, environmentalist goals are more common. 

However, this knowledge can also be applied to help all sentient individuals. 

Moreover, there is a growing number of cases in which it actually is applied for 

this purpose, and we should encourage the growth of this trend. 

The third part of this guide will assess how progress can be made in the 

scientific arena to spread interest about the wellbeing of animals in the wild. 

To achieve this, it has been proposed that work at the intersection of several 

natural sciences, in particular the sciences of ecology and animal welfare, 

should be carried out. This would allow us to examine the wellbeing of 

animals and the factors affecting it.  

What can I do to help animals? 

We have seen things that can be done for animals in the wild. We will now see 

something much more specific and practically relevant. We will see what you 

can do to make a difference too, depending on your situation. 
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There are some simple ways in which everyone can help, even if you have 

only a little time. Some of us might be in a position to help animals in the wild 

directly. In such cases, not only can we help those animals, but also let other 

people know about it. In this way, we can set an example to help reinforce and 

illustrate an ethic of concern for animals. You might never have such an 

opportunity, but there are many other ways you can help, as you could with 

any other cause. You can let others know about the situation of animals in the 

wild and the ways to help them. One way is by sharing information about this 

online, especially on social media. You can follow Animal Ethics or other 

organizations working in this field, share posts, and encourage others to do 

the same. You can also help by doing volunteer work or donating.  

Some people can help more specifically due to their professional 

backgrounds which make it possible for them to help organizations to work 

more effectively. You might also have some specific skills that will make it 

possible to give advice or to offer pro-bono work. Or if you work in certain 

fields, like law, politics, or as a public official, there are ways to include more 

consideration for the interests of animals in important decisions affecting 

them. Educators can help to spread concern about wild animals among 

students. Public figures can help to give more visibility to the issue. These are 

just some possible ways to help. You might think of others based on your 

experience, location, and people you know. 

If you’re a student or work in academia, you can also help to promote 

interest about this issue in your university and among your peers. This can be 

done by organizing events such as talks or seminars. In addition, students and 

researchers at early stages of their careers can consider specializing in areas 

of research directly relevant to the wellbeing of animals in the wild. More 

generally, if you’re a researcher or a scholar, at any stage of your career, there 

are many valuable topics of research you can pursue that will directly or 

indirectly affect the situation of animals in the wild and the ways to improve it. 

Your research can be very important not just in shedding new light on these 

questions, but also in fostering further research. Depending on your specific 

area of research, it could also inform potential programs or policies that can 

help wild animals. 
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Finally, if you are involved in working for animals or in altruistic advocacy 

work in general, you can consider adding helping wild animals to your list of 

supported concerns. You can include this issue in your informational materials 

about the reasons and ways to help animals. This doesn’t require a completely 

different form of messaging. On the contrary, you can simply incorporate 

concern for animals in the wild as what it is: one of the ways of taking animals 

into account. Animals in the wild can feel and suffer just as those in captivity 

can, so there’s no reason not to care about them too. 

You can consider how much information about wild animals and on what 

particular topics to add to your materials. You can do this by using the 

information in this guide or on our website in your online texts and other 

outreach materials. You don’t have to worry about giving us credit for using 

our materials about wild animals. What really matters to us is that you too can 

help animals in the wild. So feel free to take as much information as you want 

from our materials and use it in yours. 

You can also engage in other kinds of campaigns. If your organization 

focuses on specific campaigns aimed at near-term goals, or if you do lobbying 

work, you can consider campaigning for the implementation of policies that 

make a difference for animals in the wild. It is sometimes possible to expand 

certain initiatives that have already been put into practice. 

If you are interested in learning what kind of work you could do, or would 

like any kind of advice concerning wild animal suffering, just get in touch with 

us and we will be happy to provide you with ideas and suggestions fitted to 

the kind of work you already do. You can also speak to other people who are 

involved in working for animals and encourage them to do the same. There is 

a lot that can be done to have a positive impact on wild animals, both in the 

short term and, especially, in the long term. 
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Speciesism, moral consideration 
and anthropocentrism 

In addition to being the name of our organization, “animal ethics” is a term for 

a field in ethics. It’s about how we reflect on the way we should act towards 

nonhuman animals. The key issue in animal ethics is “speciesism.” In this 

section, we’ll see what speciesism is, as well as some of the different forms of 

speciesism. In particular, we’ll look at anthropocentrism, which is a form of 

speciesism that favors humans, and we’ll examine some of the arguments 

people have used to defend it. 

Speciesism: a form of discrimination 

The word “speciesism” was coined almost fifty years ago, and is analogous to “racism” and “sexism.” Like racism and sexism, speciesism is a form of 

discrimination – in this case, discrimination against those who are not 

members of a certain species. Discrimination occurs when someone is treated 

worse than others for an unjustified reason. Just like skin color and sex, 

species membership is a biological characteristic that is independent of how 

we should morally consider someone. Speciesism can be defined as treating 

those who don’t belong to a certain species worse for no justified reason, or 

giving them less moral consideration.113 

 

113 Ryder, R. D. (2010 [1970]) “Speciesism again: The original leaflet”, Critical Society, 2, 

pp. 1-2; Horta, O. (2010) “What is speciesism?”, Journal of Agricultural and Environmental 

Ethics, 23, pp. 243-266.  
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What do we mean by giving them less consideration? It means that we act 

as if the harms they can suffer, and the benefits that could be given to them, 

count for less. Another way of saying this is that we don’t treat their interests 

according to a common standard. What “interest” means in this context is a 

potential benefit or harm. You have an interest in something — for example, in 

being provided with medical care — if it is something that will benefit you. 

You have an interest against something – for example, against being beaten — 

if it will harm you.  

We consider the interests of two individuals equally when we give the 

same priority to interests of equal importance, regardless of whose interest it 

is. For example, imagine two people, Alice and Betty, are suffering from 

malaria and are in need of medicine. They both have the same disease, and 

both are suffering equally badly. Each of them has an interest in receiving 

medical treatment, and the interest is equally strong for both of them. We can 

cure both of them. If we decide that it’s very important to treat Alice, so we 

treat her, but not very important to treat Betty, and we don’t, then we have 

failed to consider their interests equally. We consider Alice’s interest 

important, but not Betty’s. 

In the case of Alice and Betty, the interests were the same. But equal 

consideration of interests doesn’t mean that the interests of the individuals 

have to be exactly the same. They can be very different. Nor does it mean that 

we must treat different individuals in exactly the same way. But if we are to 

give their interests equal consideration, then we must take them equally 

seriously if they are equally important interests. For example, a fish has an 

interest in living in water, and a squirrel has in interest in living on land. These 

interests are very different. They are equally important, however, because a 

fish would suffocate on land and a squirrel would drown underwater. What is 

important here is that we recognize that both interests are equally important, 

even though the contents and the holders of the interests are very different. 

Equal consideration of interests also means that we give greater priority 

to interests that have more weight. By weight, we mean greater impact on an 

individual. Michael’s interest in having a mild pain relieved is less important 

than Sarah’s interest in having a severe pain relieved. If we gave priority to the 

milder pain over the severe pain, we would be considering the interests of 



INTRODUCTION TO WILD ANIMAL SUFFERING 

 

89 

those two individuals unequally, unjustifiably favoring Michael’s lesser 

interest over Sarah’s greater one.114 

Moral consideration 

We’ve discussed the meaning of discrimination, which is treating others worse 

for unjustified reasons, and the meaning of interests, which are potential 

harms or benefits. Now we’ll see how the term “moral consideration” is 

related to them. 

Moral consideration is a way of saying that we are taking someone’s 

interests into account. When we give someone moral consideration, it means 

we consider how they will be affected by our actions and omissions, along 

with our attitudes and decisions. When we think we should give moral 

consideration to someone, we call them “morally considerable.”115 If we don’t 
give any moral consideration to someone, we might do all kinds of things that 

could harm them. We might treat them as a mere object. We might harm them 

simply for our own amusement, or force them to work until they collapsed. Or 

we might completely disregard them, no matter how bad their situation is or 

how easily we could relieve it. 

However, moral consideration isn’t all or nothing. We can give greater or 

lesser degrees of moral consideration to different beings. For example, in 

modern society most people give nonhuman animals some moral 

consideration, so animal interests generally count for something (we generally 

think it’s wrong to hurt or kill animals for no reason at all, for example). But 
 

114 The unequal status view is presented in Vallentyne, P. (2005) “Of mice and men: 

Equality and animals”, Journal of Ethics, 9, pp. 403-433 as well as in DeGrazia, D. (2008) “Moral status as a matter of degree?”, Southern Journal of Philosophy, 46, 181-198, and it is criticized in Rachels, J. (2004) “Drawing lines”, in C. Sunstein and M. Nussbaum (eds.) 

Animal rights: current debates and new directions, Oxford: Oxford University Press, pp. 

162-174; Singer, P. (2009) “Speciesism and moral status”, Metaphilosophy, 40, 567-581; 

Horta, O. (2017a) “Why the concept of moral status should be abandoned”, Ethical Theory 

and Moral Practice, 20, pp. 899-910. 

115 Pluhar, E. B. (1995) Beyond prejudice: The moral significance of human and nonhuman 

animals. Durham: Duke University Press; Bernstein, M. H. (1998) On moral considerability: 

An essay on who morally matters, Oxford: Oxford University Press. 
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they are typically given far less consideration than humans. Note that we can 

give some moral consideration to someone, but be willing to frustrate greater 

interests of hers in favor of lesser interests of others. This is discrimination. 

It’s also possible to discriminate against someone without harming them, 

by treating them less well than we treat others for unjust reasons.116 We 

discriminate against nonhuman animals — even if we don’t do anything to 

harm them — if we are not willing to help them in situations where we would 

be willing to help humans. For example, many people think it’s very important 

to help humans who are in danger of being affected by natural disasters, but 

few think that we should help animals in the wild when they face similar 

dangers (although this has been changing in recent years). 

So we can see that speciesism, like other forms of discrimination, can have 

many different implications for their victims, including both our actions 

against them and our omissions to act in ways that will benefit them. People 

commonly reject discrimination against other humans, and think all humans 

should be equally considered. Rejecting speciesism means that we should have 

a similar attitude towards other sentient beings. This doesn’t mean denying 

that individuals from different species often have different interests (just like 

individuals of the same species have different interests). What it means is that 

when their interests have the same weight, that is, when the harms or benefits 

are similarly bad or good for the one experiencing them, then the interests 

should count the same. 

The species membership of the individuals who have those 
interests shouldn’t make a difference 

The alternative to speciesist discrimination is a position that does not give 

different moral consideration to individuals of different species. We can call 

this a nonspeciesist view. Nonspeciesism can be defined as the absence of 

speciesism. In addition to the term nonspeciesism, you might have heard the 

term antispeciesism. While nonspeciesism means trying to avoid acting or 

 

116 A detailed account of discrimination can be found in Lippert-Rasmussen, K. (2014) 

Born Free and Equal? A Philosophical Inquiry Into the Nature of Discrimination, Oxford: 

Oxford University Press. 
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thinking in a speciesist way, antispeciesism means actively working against 

speciesism. 

Anthropocentrism and other forms of speciesism 

The most common form of speciesism is discrimination against nonhuman 

animals in comparison to humans. We see it in how we routinely behave 

towards nonhuman animals in ways that we would never behave towards 

other humans. The view that the interests of humans count more than equally 

strong interests of other animals is called anthropocentrism. If we agree that 

anthropocentrism is unjustified, and is therefore a form of speciesism, we can 

also call it anthropocentric speciesism.117 

However, this is only one type of speciesism. There are many ways in 

which some nonhuman animals are discriminated against in comparison to 

other animals. For example, animals who are more closely related to humans, 

or who share certain capacities that many humans have, are usually given 

greater consideration than all other animals. This includes great apes like 

chimpanzees and gorillas, along with other animals such as dolphins and 

elephants. In many countries, animals such as pigs, cows, chickens or different 

species of fishes are treated comparatively worse than dogs and cats. Pigs, 

cows, and chickens are used for some human purposes in ways that dogs and 

cats are not. In some countries, it’s different and all these animals are used for 

similar purposes. Another reason that certain animals are treated better than 

others is because humans have an aesthetic preference for them. Animals such 

as panda bears or butterflies are often favored over black bears or beetles. In 

other cases, the differences have to do with different scientific interest in the 

animals. Also, mere size makes a difference: smaller animals are typically 

given less consideration than larger ones. This is one reason why 

invertebrates, despite being the majority of animals, are often disregarded, 

even though there is evidence of their sentience, as in the complex behaviors 

of bees and their centralized nervous systems. Some people even think of 

small invertebrates like insects as “not really animals.” Finally, some animals 

 

117 Dunayer, J. (2004) Speciesism, Derwood: Ryce; Horta, O. (2010) “What is speciesism?”, 
Journal of Agricultural and Environmental Ethics, 23, pp. 243-266.  
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are treated worse than others just because people have a dislike for them. This 

happens when animals are considered aesthetically “ugly.” 

Most people don’t hold just one type of speciesist attitude. Usually, people 

hold several, if not all, of these different speciesist attitudes. As a result, the 

moral consideration that people give to different animals often ends up being 

influenced by a combination of morally irrelevant factors. The factors that 

these diverse forms of discrimination are based on are irrelevant because they 

are unrelated to the interests of those who are favored and harmed by the 

discrimination. 

Out of all these views, the one with potentially the most harmful 

consequences for nonhuman animals is anthropocentrism. In light of this, it is 

crucial to examine whether this is a justified position or not. We will now 

examine some of the arguments used to try to justify anthropocentrism. 

Defenses of anthropocentrism 

There are different ways in which anthropocentrism — the view that human 

interests count for more than other animals’ interests — can be defended 

(note that we are now talking about the way the anthropocentric views 

themselves are defended, not the arguments to counter those claims, which 

we’ll talk about later). Anthropocentric views can be classified into several 

groups. 

First, it is sometimes claimed that the interests of human beings should 

count more than those of other sentient beings, and no further argument is 

given. It is simply taken for granted. This view is so commonplace that most 

people don’t think to question it except in cases where the type or degree of 

discrimination is unusual.118 

A second type of claim is that human interests should count more because 

there is some special condition that only human beings satisfy, but this special 

condition cannot be verified (or else is recognized to be false). Examples of 

 

118 Posner, R. A. (2004), “Animal Rights: Legal, Philosophical and Pragmatic Perspectives”, 
in Sunstein, C. & Nussbaum, M. C. Animal rights: Current debates and new directions, 

Oxford University Press, Oxford, 51-77; Williams, B. (2006) Philosophy as a humanistic 

discipline, Princeton: Princeton University Press, part. 13. 
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this include having an immortal soul or some kind of privileged position in the 

universe.119 

Third, there are claims that human interests count more because only 

human beings have certain special capacities or traits. These are usually 

complex cognitive capacities, or abilities related to them, such as language or 

the ability to accept responsibilities towards others. According to these 

positions, anyone with those features deserves special respect and greater 

moral consideration than beings who lack them.120 

Fourth, it’s argued that human beings have certain special relationships 

with other humans, such as love, sympathy, and solidarity.121 According to this 

argument, we have these special relationships only with other humans, so we 

should grant full moral consideration to other humans, but since we don’t 
have similar relationships with nonhuman animals, we are justified in not 

giving them the same consideration. Another argument regards power 

relations. It is argued that humans can disregard other animals because we are 

stronger or more powerful than they are, but that we should respect other 

humans because humans have a similar level of strength or power. 

Finally, there are views that combine one or more of these arguments. For 

example, it is sometimes claimed that in order to be given full moral 

consideration, a being must either have certain complex cognitive capacities 

or have certain special relationships with us. Or that we should respect all 

beings who belong to the same species that we do or who have complex 

intellectual capacities.  

 

119 Harrison, P. (1989) “Theodicy and animal pain”, Philosophy, 64, pp. 79-92; Reichmann, 

J. B. (2000) Evolution, animal ‘rights’ and the environment, Washington: The Catholic 

University of America Press. 

120 Frey, R. G. (1980) Interests and rights: The case against animals, Oxford: Oxford 

University Press; Leahy, M. (1991) Against liberation: Putting in animals in perspective, 

London: Routledge; Carruthers, P. (1992) The animal issue: Moral theory in practice, 

Cambridge: Cambridge University Press. 

121 Becker, L. C. (1983) “The priority of human interests”, in Miller, H. B. & Williams, W. H. 

(eds.) Ethics and animals, Clifton: Humana Press, pp. 225-242; Midgley, M. (1993) Animals 

and why they matter, Athens: The University of Georgia Press; Petrinovich, L. (1999) 

Darwinian dominion: Animal welfare and human interests, Massachusetts: MIT Press. 



ETHICS AND ANIMALS 

 

94 

If these claims, or at least some of them, are right — in fact even if only 

one of them is right, then anthropocentrism would be a justified view. 

However, there are strong arguments against reaching this conclusion, as we’ll 
see next. 
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Arguments against speciesism I 

In this chapter, we will see the main arguments against anthropocentrism. 

Some of them are general arguments that question all the ways 

anthropocentrism can be defended, while others focus on particular ways of 

defending this position. We’ll start by considering the latter. 

Begging the question 

Begging the question means assuming from the start what you want to prove. 

It’s a form of circular reasoning, where the truth of the premises relies on the 

truth of the conclusion. In other words, it’s starting with the conclusion we 

want to reach, and working backwards to try to justify it. Begging the question 

applies to two types of arguments defending anthropocentrism, one that is 

definitional and one that is based on criteria that cannot be verified in any 

way. An example of a definitional claim in support of anthropocentrism is that 

it is simply intuitive that humans count more than nonhuman animals, and 

that this intuition doesn’t have to be backed up by further reasoning.122 

But many people don’t share that intuition. Moreover, our intuitions 

shouldn’t be trusted when we have arguments pointing in the opposite 

 

122 Diamond, C. (1991) “The importance of being human”, in Cockburn, D. (ed.) Human 

beings, Cambridge: Royal Institute of Philosophy, pp. 35-62; Lynch, T. & Wells, D. (1998) “Non-Anthropocentrism? A Killing Objection”, Environmental Values, 7, pp. 151-63; Gaita, 

R. (2003) The philosopher’s dog: Friendships with animals, London: Routledge. 
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direction, that is, leading us to think that they are unreliable intuitions.123 The 

argument from begging the question points out that definitional defenses 

don’t give any actual reasons why we should accept them. 

Something similar can be said about views based on criteria that can’t be 

verified. Giving reasons that no possible amount of evidence can show to be 

right or wrong cannot prove something. When, as in this case, we have no 

basis to believe them, unverifiable claims can be considered mere 

rationalizations — that is, inventions that we come up with in order to support 

a view we want to defend.  

The argument from species overlap 

Other arguments in defense of anthropocentrism claim that human interests 

are worth more because humans have certain special capacities or 

relationships that can actually be verified. The argument from species overlap 

shows that such claims fail to draw a dividing line between humans and other 

animals. In addition, it suggests that such claims must be rejected because 

they lead to unacceptable conclusions. 

The key point of the argument from species overlap is that there is no 

feature that we can verify that all humans have and that no other animal has. 

Consider, for example, complex cognitive capacities. There are human beings 

who don’t have them, such as those who have suffered certain kinds of brain 

damage. Some human beings are born with congenital conditions preventing 

them from ever developing complex cognitive abilities. Babies also lack these 

capacities. The same can be said about related capacities, such as the 

command of a language or being able to recognize and accept responsibilities 

towards others.124 

 

123 Singer, P. (2004) “Ethics beyond species and beyond instincts: A response to Richard Posner”, in Sunstein, C. & Nussbaum, M. (eds.) Animal rights: Current debates and new 

directions, New York: Oxford University Press, pp. 78-92. 

124 Regan, T. (1979) “An examination and defense of one argument concerning animal 

rights”, Inquiry, 22, pp. 189-219; Pluhar, E. (1996) Beyond prejudice: The moral 

significance of human and nonhuman animals, Durham: Duke University Press; Ehnert, J. 

(2002) The argument from species overlap, master’s thesis, Blacksburg: Virginia 
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We might think that babies are different because they have the potential 

to develop those capacities, but this doesn’t happen for babies who don’t make 

it to adulthood. And it seems unacceptable to think that these children 

shouldn’t be respected as much as other children. In fact, none of us should be 

treated according to what we merely have the potential to do. You might have 

the potential to become the president or prime minister of your country, but 

that doesn’t mean that you should to be treated as if you actually are 

president. The same applies in all other cases when someone has the potential 

to develop a certain capacity but doesn’t have it yet. So this response to the 

argument from species overlap doesn’t work. 

The case is similar if we consider not capacities, but relationships, such as 

relations of sympathy or power. There are many humans who don’t have 

anyone who takes care of them or loves them, and people who are powerless, 

like many orphans and elderly people. The argument from species overlap 

shows that anthropocentric arguments based on these criteria fail. They can’t 

establish any good reasons why humans and nonhuman animals should be 

considered differently. If we accept the claim that having such capacities or 

relationships matters for whether and how someone should be considered 

and treated, we will have to accept that all those who don’t have such 

capacities and relationships should be disregarded or deserve less 

consideration. This means that many humans will not be granted full moral 

consideration, because they lack the capacities or relationships that are 

supposedly essential to full moral consideration. But this is a conclusion most 

of us will find unacceptable. Instead, we can acknowledge that in order to be 

granted full moral consideration, one doesn’t have to have those special 

capacities or relationships. This allows us to fully respect all human beings. 

But then, if we accept this, we will have to acknowledge that those capacities 

and relationships are not relevant to giving someone full moral consideration. 

Otherwise, we would have to accept the conclusion based on the following 

premises: 

 
Polytechnic Institute and State University; Horta, O. (2014) “The scope of the argument 

from species overlap”, Journal of Applied Philosophy, 31, pp. 142-154. 
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(1) It is justified to deny full moral consideration to those who lack certain 

intellectual capacities or special relationships with others. 

(2) Not all humans have certain intellectual capacities or special 

relationships with others. 

If we accept the two premises of the argument, then the following conclusion 

(3), must be accepted. 

(3) It is justified to deny full moral consideration to humans who lack 

certain intellectual capacities or special relationships with others. 

The second premise is irrefutable since it is a fact that there are humans who 

don’t have certain intellectual capacities or special relationships with others. 

The only way the conclusion can be avoided is to reject premise 1, that it’s 

justified to give less consideration to the interests of those without certain 

capacities or special relationships. This means that this argument cannot 

support the case against respecting nonhuman animals without also 

supporting the case against respecting humans.125 

Those defending anthropocentric positions have argued against this in 

several different ways. Some have claimed that, when some members of a 

species have certain cognitive capacities, then we should give equal moral 

consideration to all individuals of the same species. So, for example, since 

 

125 The argument from species overlap has often been called “the argument from marginal cases.” This name is inaccurate. To start with, it is not clear what “marginality” refers to. If 
it refers to membership to humanity, it is a wrong denomination, as humans who fail to 

satisfy the criteria are not marginal humans; they are as human as any other human 

beings. Being human is not determined by having those features; individuals with fully 

human DNA, born to human beings, who don’t have those capacities or relationships are 

not marginal humans. If, instead the term “marginal” is used to mean not humanity, but 
the possession of certain features, it is an inaccurate term, because some humans do not 

possess those features at all (not just in “marginal” ways), and because it implies that 

humans who have higher capacities than average would also be marginal. It makes more sense to instead refer to it as the “argument from species overlap” because the central 

point is that there is an overlap among different species regarding how they satisfy 

certain requirements. The “argument from species overlap” shows that those 
requirements can’t be satisfied by all the members of only a certain species. 
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there are humans with complex cognitive abilities, we should give the same 

moral consideration to all humans, whether they have those abilities or not. 

Others have argued that, while humans who lack certain capacities should not 

be recognized as fully morally considerable, they should nevertheless be 

respected as if they were, in an “honorary” way, so to speak. Both of these 

positions combine two ideas. They first argue that having certain capacities is 

what matters. But then they claim that belonging to a certain species –– our 

species –– is what matters. We have seen that the latter claim can be rejected 

by showing that it begs the question, so it cannot be a sound response to the 

argument from species overlap. 

Suppose someone tried to argue that humans deserve special treatment 

not because of any particular attribute, but because of a combination of 

attributes that make humans special. Now suppose that they come up with a 

group of attributes that is unique to humans. That still wouldn’t support their 

claim, because they would actually be arguing that humans are special because 

they are the most like humans. That is a circular argument. They would be 

begging the question by concluding that humans deserve special treatment 

because they are human.  

The argument from impartiality 

We see that the different ways to defend anthropocentrism fail because they 

either beg the question or because they fail when challenged by the argument 

from species overlap. So, combining the two arguments we have seen so far, 

we have a full refutation of the defenses of anthropocentrism. 

There are other arguments that challenge all kinds of defenses of 

anthropocentrism. Each of these arguments is sufficient by itself without 

needing to be combined with any other claim. One of these arguments, called “the argument from impartiality,” argues that anthropocentrism is 

incompatible with fairness. The argument starts with the premise that in 

order to be fair, we should only accept a position that we would accept if we 

thought impartially about it. 

What do we mean by impartial? There’s a thought experiment used in 

philosophy that can help us to see more clearly what we would decide if we 
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were being impartial. In this thought experiment, we think about how we 

would want individuals to be treated in the society where we will live. But 

there is one condition. We have to think about how we would respond to this 

question if we didn’t know what our place in the society would be. That is, we 

could be born rich or poor, with high status or low status, healthy or sick, with 

cognitive abilities greater or less than average. 

In contemporary philosophy, this uncertainty about what our position 

would be is known as the veil of ignorance. Behind this veil of ignorance, we 

would not know the class, gender, skin color, economic status, or anything else 

about who we would be. This thought experiment is intended to help us come 

up with a just system for a society. The idea is that if we were thinking only of 

ourselves and we didn’t know what position we would be born into, we would 

want the society to be as fair as possible. 

This thought experiment also helps us to consider what would be a fair 

way to treat nonhuman animals. We can expand the veil of ignorance to 

include all sentient beings. So, in the hypothetical situation we have just seen, 

you wouldn’t know if you were going to be born as a human being or as an 

animal of a different species. And the total number of sentient animals may be 

up to or more than a quintillion, which is 1018, or a billion billion, which is 

more than 160 million times the number of humans. So in this scenario, 

chances are you would find you were a nonhuman animal. If we reflected on 

this, we would not prefer a situation where the odds are that we would be 

deprived of consideration and potentially harmed as a result. We would not 

want to be in a society where nonhuman animals are disregarded if we might 

be — probably would be — a nonhuman animal.126 So if we consider the 

matter in a truly impartial manner, we would have to reject anthropocentrism. 

A different thought experiment also helps us to consider the consequences 

of our decisions in an impartial manner. We consider what decisions we would 

 

126 VanDeVeer, D. (1979) “Of beasts, persons and the original position”, The Monist, 62, pp. 

368-377; Rowlands, M. (2009 [1998]) Animal rights: Moral, theory and practice, 2nd ed., 

New York: Palgrave Macmillan. See also Harsanyi, J. C. (1977) Rational behavior and 

bargaining equilibrium in games and social situations, Cambridge: Cambridge University 

Press; Rawls, J. (1999 [1971]) A theory of justice, rev. ed., Cambridge: Harvard University 

Press. 
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make if we had to consecutively live the lives of all the different individuals 

affected by our decisions. Again, thinking about this scenario would lead us to 

take the interests of nonhuman animals into account too, whenever the 

consequences of human actions could potentially harm them. Otherwise, the 

consequences for us would almost certainly be terrible. This thought 

experiment is like the previous one in that it shows us that impartiality 

requires us to oppose discrimination against nonhuman animals. 
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Arguments against speciesism II 

So far, we have seen three arguments against anthropocentrism: begging the 

question, or assuming from the start what you are trying to prove; the 

argument from species overlap, which shows that there are no special 

capacities or relationships that all humans and only humans have; and the 

argument from impartiality, which questions all defenses of anthropocentrism 

on the basis of fairness. There is another argument that challenges the priority 

of human interests. This argument is about the reasons we should grant moral 

consideration to a being. The argument is called “the argument from 

relevance.” It can be divided into two parts. The first one concludes that what 

matters to be morally considerable is being able to be harmed and benefited. 

The second one concludes that those who are able to be harmed and benefited 

are sentient beings. 

The argument starts with a couple of ideas that are very intuitive, and 

from which the argument gets its name. The first is that our decisions should 

be based on relevant factors. The second is that the relevant factors are about 

what is at stake in our decisions. For example, if we need to decide who will 

get a job as a medical doctor at a hospital, what is relevant is the candidates’ 
knowledge and their ability to make good judgements about patients’ health, 

because that is what the job is about. Suppose that we are deciding whether an 

orphan child should be seen by a doctor in that same hospital. What is relevant 

in this case is whether the child is unhealthy, because this is the reason for 

being seen by a doctor. Imagine if the doctor said to the child, “I can’t treat you 

because you don’t have a medical degree.” That would be absurd, because 

that’s not a relevant factor in this case. 
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So what about when it comes to granting moral consideration to 

someone? What’s at stake is whether they could be harmed or benefited as a 

result of what we do. So we can say that what’s relevant to granting moral 

consideration is simply this: being able to be harmed or benefited. To put it 

more simply, the argument is based on the following premises: 

(1) We should make our decisions according to relevant factors 

(2) The relevant factors in our decisions are about what is at stake in those 

decisions 

From this, it follows that: 

(3) We should make our decisions according to what is at stake in them 

We now see what moral consideration is about: 

(4) In our decisions about whether to give someone moral consideration, 

what is at stake is whether that individual can be benefited or harmed 

So we can conclude: 

(5) We should give moral consideration to those individuals who can be 

benefited or harmed 

Of course, there are people who reject some or all of these premises. But the 

consequences of doing so are ones that most of us probably wouldn’t want to 

accept, because it would mean accepting that our decisions could be made 

based on factors we would recognize as irrelevant. This is why many people 

do agree with these premises. And the conclusion that follows from them is 

that sentience is what is relevant for moral consideration.127 

 

127 Sapontzis, S. F. (1987) Morals, reason, and animals, Philadelphia: Temple University 

Press; Singer, P. (1990) “The significance of animal suffering”, Behavioral and Brain 

Sciences, 13, pp. 9-12; Robinson, W. S. (1997) “Some nonhuman animals can have pains in a morally relevant sense”, Biology and Philosophy, 12, pp. 51-71; Bernstein, M. H. (2015) 

The moral equality of humans and animals, Basingstoke: Palgrave MacMillan; Horta, O. 

(2018a) “Moral considerability and the argument from relevance”, Journal of Agricultural 

and Environmental Ethics, 31, pp. 369-388. 
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Many defenders of speciesism claim that we should grant full moral 

consideration to those who have certain complex intellectual capacities, or 

those who have special relationships of solidarity with others. But neither of 

these conditions determines that one can be harmed or benefited by what we 

could do or refrain from doing to them. Our particular circumstances or 

cognitive abilities may affect some of the particular ways in which we can be 

harmed and benefited, but they don’t determine whether we can be negatively 

or positively affected in the first place. Therefore, cognitive capacities or 

relationships are irrelevant when it comes to what moral consideration is 

about. Instead, sentience — the capacity to have positive and negative 

experiences — is what determines that we can be harmed or benefited by 

what happens to us. Accordingly, sentience should be what matters for moral 

consideration. 

In some cases, it is argued that only those who can give moral 

consideration to others should receive moral consideration. But this is like 

claiming that only those who can practice medicine should be treated by 

doctors. As we saw in the example above, this is wrong because what is 

relevant for being a doctor is different from what is relevant to needing to see 

a doctor. Equally, whether or not one is able to give moral consideration to 

others is not what is relevant to being harmed or benefited. 

Having seen this, the second part of the argument can be presented in a very 

simple way, starting with the last point made above: 

(5) We should give moral consideration to those individuals who can be 

benefited or harmed 

(6) What makes someone capable of being benefited or harmed is being 

sentient 

(7) We should give moral consideration to those individuals who are 

sentient 

Rejecting all forms of speciesism 

The arguments we have just seen are used to challenge anthropocentrism. 

However, they can be used against any form of speciesist discrimination. 
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Recall that speciesism is discriminating against members of a certain species 

for any reason. That includes discriminating against nonhuman animals 

compared to humans, and discriminating against some animals compared to 

other animals. 

Suppose we held a view that, among nonhuman animals, only great apes 

were morally considerable. Or only mammals. Such views have a lot in 

common with anthropocentric views that favor humans over all other animals. 

This is just a case of redrawing the dividing line — where humans plus a few 

other species are favored, for reasons different from their being sentient. So 

we can reject these views on similar grounds.128 Sentience, not species 

membership, determines whether one can be harmed or benefited. 

The importance of sentience 

Given what we have just seen, we might wonder if it would be speciesist to 

make a distinction between animals of species that are sentient and animals of 

species that are not. There are two ways to respond to this. The first is that the 

distinction between sentient and nonsentient beings is not between species, 

but between the individuals. Species are not sentient; their individual 

members are. The second point is that, as the argument from relevance shows, 

there is a difference between sentience and the criteria that defenders of 

anthropocentrism use, such as species membership, complex cognitive 

capacities, and relationships. None of these criteria are relevant to whether or 

not someone can be harmed. Sentience, unlike the other criteria, is what 

makes it possible for an individual to be harmed, so it is a relevant distinction. 

There is a response to the argument from relevance that claims that 

human suffering is the only significant kind, or at least that it’s more 

significant than the suffering of other animals, because it involves 

psychological suffering. This argument doesn’t question the idea that physical 

pain can be as bad in nonhuman animals as it is in human beings, but it claims 

that human psychological suffering is more important than the physical pain 

that nonhuman animals suffer. 

 

128 Dunayer, J. (2004) Speciesism, Derwood: Ryce. 
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So the question here is, does the psychological element of pain and 

suffering really make it more significant for humans than for other animals? 

Against such a claim, it can be argued that we don’t value our psychological 

experiences more than our physical experiences. Terrible physical torture isn’t 

necessarily more bearable than grief, distress, or fear.129 If our psychological 

suffering is not necessarily more significant than our physical suffering, and if 

our physical suffering is not more significant than nonhuman animals’ physical 

suffering, then we have to conclude that our psychological suffering is not 

necessarily worse than the physical suffering of nonhuman animals. This 

would lead us to reject the argument for the priority of human sufferings. 

Therefore, nonhuman animal suffering must be taken into account the same 

way we would like our own suffering to be taken into account. 

There’s another claim based on complex psychology used to disregard the 

interests of animals. It is argued in some cases that although sentient 

nonhuman animals have an interest in not suffering, they do not have an 

interest in living. That is, the argument claims that nonhuman animals are not 

harmed by death, or only suffer a tiny harm by dying. This means that the 

death of nonhuman animals is objectionable only in a limited way, if at all. One 

way to argue for this claim is to say that only humans can understand the fact 

that they are alive and, therefore, have a desire to live. This view is based on 

the idea that what is positive or negative for us is that our desires are satisfied 

or thwarted. 

One argument against this is that there are nonhuman animals who fight 

hard to stay alive, and that many of them appear to understand the fact that 

they are alive. But there is another response, one that doesn’t require animals 

to have this kind of understanding. Suppose that animals did not have minds 

complex enough to have a desire to live. They would still be harmed by death 

according to this view, because death would make it impossible for them to 

satisfy any more of the desires that they do have. 

Another argument used to disregard the interests of nonhuman animals 

claims that only those who can see themselves as beings who persist through 

 

129 Rollin, B. (1989) The unheeded cry: Animal consciousness, animal pain and science, Oxford: Oxford University Press; Horta, O. (2017) “Why the concept of moral status should be abandoned”, Ethical Theory and Moral Practice, 20, pp. 899-910. 
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time, and thus can make plans for the future, can have an interest in living. 

Again, we could point out that at least some animals seem to have a sense of 

time. Also, if this argument were right, then death would not be a harm for 

human beings who don’t have complex cognitive capacities. This is very 

difficult for most people to accept. 

There is another way this argument can be questioned. It can be argued 

that even if one isn’t able to see oneself in the future and have future wishes 

and desires, one would be harmed by death because depriving someone of life 

deprives them of any future positive things. One would miss out on these 

future experiences even if they were not planned or anticipated. That is, if 

nonhuman animals die, they can no longer enjoy all the good things that they 

could experience if they were to remain alive. Thus, all sentient animals can be 

harmed by death. Sentient animals not only have an interest in not suffering, 

but also have an interest in positive experiences, and this means they have an 

interest in remaining alive. 

Of course, it can be argued that in some cases death can be beneficial to us. 

This happens in cases where there is more suffering than happiness in our 

lives. But the reason death can be a relief in these cases is the same: because if 

we die, we will no longer suffer all the negative things in the future.130 It often 

happens, especially with animals in the wild, that the same things that lead to 

an animal’s death lead to great suffering. An example is when an animal 

undergoes an agonizing, long death due to disease. In such cases, death is 

better than continuing to live in misery. 

 

130 The view that nonhuman animals are not harmed by death is defended for instance in 

Cigman, R. (1981) “Death, misfortune and species inequality”, Philosophy & Public Affairs, 

10, pp. 47-54; Harman, E. (2011) “The moral significance of animal pain and animal death”, in Beauchamp, T. L. & Frey, R. G. (eds.) Handbook on ethics and animals, Oxford: 

Oxford University Press, pp. 726-737. The view that animals are harmed by death is defended in McMahan, J. (2008) “Eating animals the nice way”, Daedalus, 137, pp. 66-76; 

(2002) The ethics of killing: Problems at the margins of life, Oxford: Oxford University 

Press; Bradley, B. (2009) Well-being and death, New York: Oxford University Press. For 

general explanations of the view that death is a harm by deprivation, see for instance 

Nagel, T. (1970) “Death”, Noûs, 4, pp. 73-80; Scarre, G. (2007) Death, Stocksfield: Acumen. 
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Ethical theories and nonhuman animals 

Once we have seen the main arguments for and against speciesist views, we 

can consider what the main views in ethics today may have to say about this 

issue. Ethics is about our ultimate reasons for acting in certain ways. Among 

other things, ethical thinking has the job of detecting contradictions among 

different moral views we might have. For example, if we claim that we should 

respect all those who can suffer and that we can exploit nonhuman animals, 

then that is a contradiction. In addition, we may prefer some ways of acting to 

others for other reasons, such as how they match other moral views we see as 

acceptable. Ethical theories result from this reflection on how we should act. 

There are many different ethical theories, which differ according to the way 

they require us to act and in the arguments that support them. We will see the 

main ones and the way the moral consideration of animals can be assessed 

according to them. 

For many situations, different ethical theories disagree about how we 

should act. For example, according to some views, it is always wrong to tell a 

lie, regardless of the consequences. According to others, whether or not we 

should lie depends on the situation and what the outcome would be for those 

affected by the lie. Despite their differences, the most widely accepted ethical 

theories can all support a defense of the moral consideration of nonhuman 

animals and the rejection of speciesism. Arguments questioning speciesism 

are about how we decide who we should give moral consideration to and are 

not specific to a single theory. However, each theory also has its own 

arguments, different from the others, since each theory has its own framework 

of reasons for why we should act in some ways and not in others. 
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Main distinctions in ethics 

Most theories in ethics fall within one of the following three main paradigms: 

consequentialist theories, deontological theories, and character-based 

theories.131 

(1) Consequentialist views claim that what we should do is determined by 

what actions make the situation better, or less bad. They claim, for 

example, that we should minimize suffering, maximize happiness, or 

minimize inequality. Robin Hood exemplifies a type of consequentialist 

view — he steals from the rich to give to the poor. His actions can be 

guided by the principle that we should act in a way that reduces 

inequality, or that promotes the general happiness, or that reduces 

suffering, and he disregards the conventional moral norm that it is 

always wrong to steal. 

(2) Deontological views claim, instead, that there are certain actions that we 

are obligated to take because we should follow a rule or norm, even if by 

doing so we make the situation worse. Other actions are prohibited, even 

when by taking those actions we make the situation better. Someone 

with a deontological view might think they should never tell a lie, even to 

protect someone from harm, or that it’s wrong to worsen the situation 

for someone who is innocent even if by doing so we could make the 

situation less bad for other people. 

(3) Character-based views are a third type of approach, based on the claim 

that we should have a certain morally sound character, and act 

accordingly. They will typically stress the importance of developing 

certain moral qualities, such as kindness and fair-mindedness, and they 

will act in a way that expresses those qualities. 

There are different particular theories that fall within each of these paradigms. 

We will now see what they defend and how they are compatible with opposing 

speciesism. 
 

131 Pettit, P. (ed.) (1993) Consequentialism, Aldershot: Dartmouth; Hursthouse, R. (1999) 

On virtue ethics, Oxford: Clarendon; Darwall, S. (ed.) (2008) Deontology, Oxford: 

Blackwell. 
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Ethical theories and animals 

We have seen that one family of theories is consequentialism. An example of a 

consequentialist theory is utilitarianism. In a nutshell, utilitarianism claims 

that we should minimize the total amount of suffering and maximize the total 

amount of happiness. This theory necessarily has to count all the pleasures 

and all the suffering equally regardless of who is experiencing them, because 

valuing some instances of suffering more than others would not achieve the 

best result.132 It is impossible to achieve this without all sentient beings being 

considered equally. 

There are some ethical theories that are compatible with multiple 

paradigms. One of them is egalitarianism, of which there are both 

consequentialist and deontological versions. Egalitarianism doesn’t defend 

homogeneity. Rather, egalitarianism is a family of ethical theories according to 

which a situation is improved if the positive and negative things are 

distributed the least unequally. Egalitarians might claim that equality is good 

because inequality is bad in itself, or because it’s unfair. 

According to egalitarianism, it’s better if everyone lives at a satisfying 

level of happiness, rather than if some enjoy paradise-like conditions while 

others are suffering in a very bad situation. This would be the case even if in 

the second situation the total sum of happiness minus suffering was higher. 

What matters in egalitarianism is not only that the amount of happiness be as 

high as possible, but also that, for those who are worse off, the bad situation is 

improved as much as possible. 

Because egalitarianism is concerned with equality, it’s opposed to views 

that defend the unequal consideration of interests. Like other ethical views, 

egalitarianism entails that the interests of nonhuman animals must be taken 

into account just as the interests of human beings are. Moreover, a consistent 

 

132 Mill, J. S. (1969 [1852]) Whewell on moral philosophy, in Collected works, vol. X, 

London: Routledge, pp. 165-201; Singer, P. (2011 [1979]) Practical ethics, 3rd ed., Cambridge: Cambridge University Press; Matheny, G. (2006) “Utilitarianism and animals”, 
in Singer, P. (ed.) In defense of animals: The second wave, Malden: Blackwell, pp. 13-25; de 

Lazari-Radek, K. & Singer, P. (2014) The point of view of the universe: Sidgwick and 

contemporary ethics, Oxford: Oxford University Press.  
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egalitarian has an additional reason to care about the interests of nonhuman 

animals. Nonhuman animals are typically in much worse situations than 

human beings. In order to best promote equality, then, an egalitarian should 

give extra importance to helping them.133 

A view that is similar to egalitarianism is prioritarianism. This view is not 

really concerned with inequality itself. It gives priority to improving the 

situation of those who are the worst off. Therefore, the practical consequences 

concerning nonhuman animals coincide with those of egalitarianism.134 

Another family of ethical theories that covers many different views, 

including both consequentialist and deontological positions, are suffering-

focused ethics. These positions maintain that reducing suffering has priority 

over other things, such as promoting happiness. According to suffering-

focused views, there is no possible amount of happiness in the world that can 

compensate for the existence of suffering, or at least of extreme suffering. 

There are several forms of suffering-focused ethics. Some of them are 

types of what is known as negative consequentialism. This name comes from 

the fact that these views give reducing what is negative (such as suffering) 

priority over promoting what is positive (such as pleasure). One negative 

consequentialist theory is negative utilitarianism. Negative utilitarianism 

commonly advocates reducing suffering as much as possible, regardless of 

whose it is. Other possible forms of negative consequentialism include 

negative prioritarianism, and egalitarian views focused on reducing negative 

things and helping those who are suffering the most. The name for this last 

 

133 Gompertz, L. (1997 [1824]) Moral inquiries on the situation of man and of brutes, 

London: Open Gate; Crisp, R. (2003) “Equality, priority, and compassion”, Ethics, 113, pp. 

745-763; Faria, C. (2014) “Equality, priority and nonhuman animals”, Dilemata, 14, pp. 

225-236; Horta, O. (2016) “Egalitarianism and animals”, Between the Species, 19, 

https://digitalcommons.calpoly.edu/bts/vol19/iss1/5, pp. 109-145 [accessed on 20 

August 2016]. For more general presentations of egalitarianism, see Temkin, L. (1993) 

Inequality, Oxford: Oxford University Press; Holtug, N. & Lippert-Rasmussen, K. (eds.) 

(2007) Egalitarianism: New essays on the nature and value of equality, Oxford: Oxford 

University Press. 

134 Holtug, N. (2007) “Equality for animals,” in Ryberg, J.; Petersen, T. S. & Wolf, C. (eds.) 

New waves in applied ethics, Basingstoke: Palgrave Macmillan, pp. 1-24. Prioritarianism is 

defended in Parfit, D. (1995) Equality or priority, Kansas: University of Kansas.  
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kind of view is negative consequentialist egalitarianism — negative because it 

prioritizes reducing suffering, consequentialist because actions are considered 

according to their consequences, and egalitarian because it’s concerned with 

equality. Finally, there are other suffering-focused views that are not 

consequentialist. One could be that we should follow a deontological rule to 

reduce suffering. Or that reducing suffering is what someone with a virtuous 

or a caring moral character would do. 

These positions are not compatible with disregarding the interests of any 

being who can suffer. Disregarding someone’s suffering would amount to not 

considering some of the suffering in the world. This would make it impossible 

to achieve the aims of these theories. To put it simply: it’s impossible to hold a 

view that places importance on reducing suffering and not include animal 

suffering.135 

Rights theories are compatible with both consequentialist and 

deontological approaches, but are most often deontological. Rights views 

maintain that there are things we cannot do to individuals because they are 

holders of moral rights. Legal rights also protect the interests of individuals, 

but legal rights and moral rights are different things. Here we are dealing with 

ethical approaches, so everything that is said here has to do with moral, not 

legal, rights. According to a standard defense of rights, we should act in a way 

that we would want everyone else to act as well. It has been traditionally 

believed that this entails respecting all humans. A common expression of this 

is that all humans should be treated as ends in themselves, rather than as 

mere means to an end. This is because if we want others to respect us this 

way, then we should act the same. 

We have to consider that nonhuman animals are sentient too. If we were 

in their place, we would not find it acceptable to have our interests 
 

135 Contestabile, B. (2020 [2005]) “Negative utilitarianism and justice”, Practical 

philosophy: A Socratic examination of the Buddhist truths, 

http://www.socrethics.com/Folder2/Justice.htm [accessed on 28 March 2020]; Leighton, 

J. (2011) The battle for compassion: Ethics in an apathetic universe, New York: Algora. See 

also Mayerfeld, J. (2002) Suffering and moral responsibility, Oxford: Oxford University Press; Gloor, L. (2019 [2016]) “The case for suffering-focused ethics”, Center on Long-

Term Risk, https://longtermrisk.org/the-case-for-suffering-focused-ethics [accessed on 

16 November 2019]. 
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disregarded as theirs are. “Treat others as you would like to be treated,” then 

applies in their case as well. Although nonhuman animals can’t always treat us 

the same way we treat them, we can think of this as, “treat others as you 

would want to be treated if you were in their situation.” This is, after all, how 

we treat human babies and other humans who are unable to reciprocate the 

respect we give them. Due to this, many contemporary rights theorists have 

pointed out that not only humans — but all sentient animals — should be 

considered as ends in themselves.136 

Finally, two examples of character ethics are virtue ethics and care ethics. 

The virtue ethics approach in moral philosophy defends the view that when 

deciding how to live, we should consider not what would make the world a 

better place or what norms we should obey, but rather whether our actions 

would be virtuous ones. 

Some virtue ethicists have claimed that to be virtuous is to fulfill our 

potential to become full moral agents, and we can only fulfill such potential by 

letting others satisfy their own interests as well. Since sentient beings are 

harmed when they cannot satisfy their own best interests, the virtue ethics 

approach implies respecting the interests of others. Moreover, because 

insensitivity is not considered virtuous, we could also claim that the most 

virtuous action would be not to just do no harm, but to actually do good, and 

to try to help animals whenever possible.137 

 

136 Regan, T. (2004 [1983]) The case for animal rights, 2nd ed., Berkeley: University of 

California Press; Francione, G. L. (2000) Introduction to animal rights: Your child or the 

dog?, Philadelphia: Temple University Press; Franklin, J. H. (2005) Animal rights and 

moral philosophy, New York: Columbia University Press; Korsgaard, C. M. (2018) Fellow 

creatures: Our obligations to the other animals, Oxford: Oxford University Press. See also 

Kant, I. (2020 [1785]) Groundwork for the metaphysics of morals, Oxford: Oxford 

University Press. For contractarian defenses of animal rights see Rowlands, M. (2009 

[1998]) Animal rights: Moral, theory and practice, 2nd ed., New York: Palgrave Macmillan; 

see also Rawls, J. (1999 [1971]) A theory of justice, rev. ed., Cambridge: Harvard 

University Press; VanDeVeer, D. (1979) “On beasts, persons and the original position”, 

The Monist, 62, pp. 368-377. 

137 Hursthouse, R. (2000) Ethics, humans, and other animals: An introduction with 

readings, New York: Routledge; Nobis, N. (2002) “Vegetarianism and virtue: Does consequentialism demand too little?”, Social Theory and Practice, 28, pp. 135-156; see also 
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Care ethics prescribes that we should have a caring attitude towards the 

needs of others, helping them when they need it and refraining from harming 

them. Traditionally, this view also values the relationships that caring agents 

have with other beings. Because of this, we might think that since we usually 

have stronger relationships with humans, we should give priority to their 

interests and pay less attention to the interests of nonhuman animals. 

However, this is rejected by those who argue that we cannot be considered 

caring agents if we fail to care for the interests of beings we know are 

suffering. Being a caring agent would require having a caring response to that 

suffering. This is setting aside the fact that many people have closer 

relationships with some nonhuman animals than with other humans.138 

We should also keep in mind that, as we saw previously, the situation of 

most nonhuman animals today is in general much worse than the situation of 

most human beings. Due to this, care ethicists should prescribe paying special 

attention to them. How bad their situation is can outweigh our lack of personal 

relationship with them. 

So, to conclude, the main ethical theories today all seem to imply, or are 

compatible with, full moral consideration for nonhuman animals. This means 

that in order to oppose speciesism and promote helping animals, we don’t 
have to accept any particular ethical view. Challenging speciesism is 

compatible with all of them. 

 
Hursthouse, R. (2001) On virtue ethics, Oxford: Oxford University Press; Annas, J. (2011) 

Intelligent virtue, New York: Oxford University Press. 

138 Donovan, J. (2006) “Feminism and the treatment of animals: From care to dialogue”, 
Signs, 31, pp. 305-329; Adams, C. J. & Donovan, J. (eds.) (2007) The feminist care tradition 

in animal ethics: A reader, New York: Columbia University Press. See also Held, V. (2006) 

The ethics of care: Personal, political, and global, Oxford: Oxford University Press. 
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Animal ethics and environmental ethics 

We have already seen the reasons to give all sentient beings moral 

consideration, which is the key idea defended by different views in animal 

ethics. We’ll now see what some of the main positions in environmental ethics 

have to say on this matter. There are many different views in this field. The 

ones we will examine here are those related to the key point that concerns us, 

which is: what entities are morally considerable? That is, which entities should 

we respect so they are not harmed, but rather benefited, by our actions? 

Ecocentrism 

Certain views in environmental ethics don’t value individuals, but rather 

population groups or wholes such as ecosystems or species. These views are 

given the name “holism.”139 Individuals can be a part of a whole; however, they 

are not valued in and of themselves according to these views, but only as parts 

of a whole. 

There are different types of holism. One of them is ecocentrism. According 

to ecocentrism, ecosystems themselves are morally considerable entities, 

independently of any instrumental value they might have for the lives of the 

sentient individuals living in them.140 We might think that protecting an 

 

139 Shrader-Frechette, K. (1996) “Individualism, holism, and environmental ethics”, Ethics 

and the Environment, 1, pp. 55-69; Marietta, D. E. (1988) “Ethical holism and individuals”, 
Environmental Ethics, 10, pp. 251-258; see also Varner, G. E. (1991) “No holism without pluralism”, Environmental Ethics, 13, pp. 175-179. 

140 Callicott, J. B. (1989) In defense of the land ethic: Essays in environmental philosophy, 

Albany: SUNY Press; (2013) Thinking like a planet: The land ethic and the earth ethic, 



ETHICS AND ANIMALS 

 

116 

ecosystem amounts to protecting the interests of its inhabitants, but that is not 

the case. Ecocentrism values ecosystems themselves, not their inhabitants. In 

fact, the animals living in them may be considered relevant only as 

components of the ecosystems, and their lives may be considered important 

only to the extent that they contribute to a particular ecosystemic 

configuration. 

In some cases, ecocentrism can have consequences that are positive for 

these animals. In other cases, the consequences can be very bad, because 

according to this view, it is right to disregard the interests of the animals if 

that promotes ecosystem preservation. This happens when animals in 

populations that grow very large are killed for the sake of maintaining a 

certain ecosystem’s balance. Critics can argue that those who hold this view 

are not being consistent or are subordinating this position to an 

anthropocentric one. This is because human beings change ecosystems more 

than nonhuman animals do, even in comparison to non-native animals who 

are are killed with the intention of preserving ecosystems. However, 

supporters of ecocentrism almost never think that way when it comes to 

human beings — they would not kill humans for posing a threat to the 

integrity of an ecosystem. 

Another argument against ecocentrism is that ecosystems themselves 

cannot experience anything good or bad; only the animals living in them can. 

As we’ve discussed in the part about sentience, when determining whether 

someone or something is worthy of respect and protection, what matters is 

whether they can be affected positively or negatively by our actions from a 

subjective point of view, which can only happen if there is the capacity for 

positive or negative experiences — the capacity for sentience. 

 
Oxford: Oxford University Press. This view was inspired by Leopold, A. (2013 [1949]) A 

Sand County Almanac & other writings ond ecology and conservation, New York, Library of 

America. 
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Views concerned about species rather than about their 
members 

Another kind of holism views species as morally considerable, instead of their 

members. It is often believed that species should be preserved because they 

have some sort of value in themselves, a value unrelated to what’s in the best 

interests of the individuals who are members of the species.141 A problem 

arises when valuing a species entails giving less moral consideration to 

sentient individuals. 

An example of this is the killing of ruddy ducks in Europe. They are not 

native to Europe, but were introduced there by humans. Some of them 

interbreed with white-headed ducks, which are native to Southern Europe and 

Western Asia. This results in hybrid ducks, and the white-headed trait has 

become less prevalent. The prevalence of ruddy ducks poses no threat to 

ecosystems because the ecological interactions of both ruddy and white-

headed ducks are identical. However, ruddy ducks are being killed with the 

only aim promoting biodiversity, regardless of the negative impact on the 

sentient individuals who are affected by it.142 

Some defenses of species preservation are that if species disappear, then 

empirical knowledge will be lost, future generations will not be able to have 

contact with these species, and we will no longer be able to experience the 

beauty of diversity. There’s a difference between these views and the view that 

biodiversity is intrinsically valuable. Instead, these views support species 

conservation because humans value it — humans value the knowledge it 

would bring or they appreciate it aesthetically.143 Whatever the reasons for 

valuing biodiversity, for the affected animals the results are very similar. 
 

141 Rolston, H., III (1985) “Duties to endangered species”, BioScience, 35, pp. 718-726; 

Johnson, L. (1991) A morally deep world: An essay on moral significance and environmental 

ethics, New York: Cambridge University Press. 

142 Henderson, I. & Robertson, P. (2007) “Control and eradication of the North American 

ruddy duck in Europe”, Managing Vertebrate Invasive Species, USDA National Wildlife 

Research Center Symposia, paper 16. 

143 See regarding this Hargrove, E. C. (ed.) (1992) The animal rights/environmental ethics 

debate: The environmental perspective, Albany: SUNY Press; Rolston, H., III (1999) “Respect for life: Counting what Singer finds of no account”, in Jamieson, D. (ed.) Singer 
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The arguments against these views are similar to the ones we have seen 

against ecocentrism. First, species as such are not sentient entities with 

interests; their members are. Second, we do not agree with this holist view 

when it comes to humans. We don’t think that increasing the genetic fitness of 

humanity is the same as helping individual humans or that it’s something we 

should sacrifice the welfare of individual humans for. Thinking this way is 

strongly rejected in modern societies, and shouldn’t be done when it comes to 

animals either. 

Views concerned with the wilderness 

There are other positions in environmental ethics that focus on leaving the 

wilderness untouched. According to these views, it is not that there are certain 

entities that we should consider, such as human beings, sentient beings, or 

ecosystems. Rather, what is important according to these views is conserving 

what is natural. Natural ecosystems are considered valuable because they are 

the result of natural processes and not of human action.144 There is no term 

that is widely used to name this view, though a term that fits is that they are “naturocentric” views. 

People who support this view argue that, while suffering and death are 

generally bad, they are not bad when they occur for natural reasons. So, they 

are not bad when they happen to nonhuman animals in nature. We can object 

to these views by saying that there are many things that are natural that we 

consider negative, such as cancer and malaria, while there are other things 

that are unnatural and very good, such as hospitals and libraries. We can also 

 
and his critics, Oxford: Blackwell, pp. 247-268; Gunnthorsdottir, A. (2001) “Physical 
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nature: The ethics of environmental restoration, New York: Routledge. Some views 
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argue that even if being natural gives some value to entities, other factors 

would have to be considered relevant too. This includes the harms to animals 

from their suffering and premature deaths. The negative value, or disvalue, of 

these harms can outweigh the value given to them as parts of natural 

processes. 

Biocentrism 

Biocentrism is the position that the morally considerable entities are all living 

things and only living things. Unlike the positions we have just seen, 

biocentrism is focused not on wholes, but on individual living things. The 

difference between biocentrism and positions that focus on the interests of 

sentient animals is that, according to biocentrism, what matters is not being 

sentient, but simply being alive.145 

Focusing on all living things is very different from focusing on the 

wellbeing of others, since not all living things are conscious and therefore not 

all living things have feelings of wellbeing. Consider plants. Their bodies can 

be damaged or they can be killed, but they aren’t capable of experiencing these 

things as good or bad. They aren’t capable of experiencing anything at all. They 

respond to their environment, but they have no way of subjectively 

experiencing the stimuli or their responses to those stimuli. 

Biocentrism doesn’t oppose giving moral consideration to sentient 

animals. But it has some implications that are hard to accept. One is that we 

should consider the lives of bacteria and other non-sentient organisms and try 

to minimize their deaths. Most of us, however, don’t think that nonsentient 

beings like bacteria have interests that we should take into account even 

though they are alive. 

Biocentrism and holism are views exclusively about what kind of entities 

should be morally considerable. There are other views that are often identified 

with environmentalist philosophies that are not restricted to this and are 

 

145 Taylor, P. (1986) Respect for nature, Princeton, Princeton University Press; Agar, N. (1997) “Biocentrism and the concept of life”, Ethics, 108, pp. 147-168; Varner, G. E. (2002) “Biocentric individualism”, in Schmidtz, D. & Willot, E. (eds.) Environmental ethics: What 
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defined by other ideas as well. For example, the term “deep ecology” is often 

used for various positions that there is some value in the existence of natural 

entities,146 and the term “social ecology” is used for the view that supports 

environmental conservation as a key factor needed for human social justice.147 

In this book, however, we do not cover them, because our purpose is about 

what the criteria are for moral consideration. 

To summarize, it’s commonly thought that the way we should express 

concern for animals living in the wild is through environmentalism, but we’ve 

just discussed several problems with that view. Helping individual sentient 

animals is different from the conservation of ecosystems, populations, or 

landscapes. Animals are individuals with interests, like an interest in not being 

in pain and an interest in having enough food to eat. If we want to help 

animals, it’s important to understand their specific interests, which are 

different from simply the continued existence of the groups the animals 

belong to or the ecosystems they live in. If it were not for this confusion, it’s 

likely that more people would be helping animals living in the wild. 

That being said, research done for conservationist purposes can be useful 

to research about helping animals in the wild, and vice versa, so there is much 

ground for learning here. What we have seen so far concerns the debate 

between ethical approaches to what our ultimate aims should be. 

 

146 Næss, A. (2005) The selected works of Arne Næss. Deep ecology of wisdom, vol. X, 
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What is sentience? 

We have seen that there are strong reasons to conclude that being sentient is 

what matters for someone being morally considerable. Sentience is the 

capacity to have experiences. Another word for this is “consciousness.” A 

conscious being is a subject of experience, meaning an entity that can 

experience what happens to itself. Another way of describing this is to say that 

there is “something it is like to be” a conscious animal.148 Animals can be 

subjects of experience if they have physiological structures that can give rise 

to consciousness.149 

Conscious beings can experience something external in the environment, 

internal to the body, or a thought or memory. When a being is no longer 

conscious, it can no longer have experiences, so it ceases to be an individual. In 
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other words, it is no longer a subject of experience. If someone has an accident 

that irreversibly destroys the capacity for consciousness, the subject ceases to 

exist, even if the body is still alive. 

A synonym that is sometimes used for “conscious” or “sentient” is “having 

mental states.” As the term implies, a mental state can only be experienced by 

a mind. A state of mind is any kind of experience, even a very simple one such 

as feeling a physical pain or pleasure. This should not be confused with the 

complex cognitive functions associated with thinking and learning. Having 

certain complex intellectual abilities is not necessary in order to have a mental 

state; all that is required is being sentient. In other words, whether a being 

experiences the world is different from whether they can mentally solve 

certain problems. Note that some of the criteria we use for assessing whether 

a being is sentient — that is, conscious — may involve some degree of 

cognition. If an animal is able to perform complex cognitive tasks, that’s an 

indirect indication that their mind is powerful enough to support sentience. 

But cognition is not a primary reason for thinking that a being is conscious. 

Consciousness shouldn’t be confused with self-consciousness either — 

that is, being conscious of ourselves. An animal may not be conscious of 

herself and could still have other kinds of experiences. People sometimes 

make the argument that sentience requires self-consciousness, but this is a 

minority position. 

The capacity to feel suffering and pleasure 

The experiences beings can have differ greatly. Some of them are sensations, 

such as tastes, sounds, or smells that we like or dislike, and feelings of pain. 

There are also experiences that are not related to the senses, but rather to 

thoughts, like when we remember or imagine something, or when we think of 

a problem. Others are related to emotions, such as joy, fear, distress, and 

satisfaction. Some experiences can be felt as pleasant or enjoyable in some 

way, while others can be experienced as unpleasant. Broadly speaking, 

positive experiences can be referred to as “pleasures,” and negative 

experiences as “suffering.” This terminology makes it simpler to talk about, 
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but it’s important to keep in mind that it refers not only to good and bad 

physical sensations, but to all kinds of positive and negative experiences. 

The positive or negative aspect of an experience — what makes us feel 

good or bad — is called a “valence.” The fact that our experiences are valenced 

is what makes us consider them morally relevant. We can be helped or 

harmed, and so can others. It also makes the question of which beings are 

sentient an important and urgent one.150 

When we say that suffering is bad by definition, we mean that it is 

experienced as bad. Of course, one can have a negative experience, such as a 

pain, that might be good in an instrumental way. The pain of a burn from a 

stove is useful because it causes us to be careful not to get burned again. 

Although the pain itself is negative, the outcome is positive. In fact, it is the 

negative experience of pain that makes it instrumentally good, because that is 

what motivates us to get out of a situation that is bad for us, or to avoid 

repeating it. It’s similar when something we enjoy harms us, such as when we 

eat too much rich food. In this case, something that in itself is enjoyable is 

instrumentally negative. 

The problem of consciousness 

Now, we’ll turn to the problem of consciousness. This problem can be 

formulated as follows: how is it that, from a purely material basis (a brain or a 

centralized nervous system), consciousness emerges? Answering this this 

question requires knowing what structures must be present in an organism 

and how they would need to function for consciousness to be possible.151 

 

150 Strictly speaking, it might be possible for an animal to be conscious but to not have any 

valenced experiences—that is, no pains or pleasures. However, because valenced 

experiences are such an important part of the function of consciousness, this doesn’t 
seem very likely. For convenience, we’ll assume that if a being is conscious, then that 

being is able to feel suffering and pleasure. 

151 Allen, C. & Bekoff, M. (1997) Species of mind, Cambridge: MIT Press; Tye, M. (2017) 

Tense bees and shell-shocked crabs: Are animals conscious?, New York: Oxford University 

Press. 



ETHICS AND ANIMALS 

 

124 

There is no reason to suppose that only a human-like central nervous 

system will give rise to consciousness, and there’s a great deal of evidence that 

very different types of animals are conscious. An example is bird brains, which 

have many structural similarities to mammals’ brains, but different 

arrangements of neurons. Yet the brain circuits of birds seem to be wired in a 

different way that creates a similar effect in terms of consciousness. 

Due to the difficulty of solving the problem of consciousness, it is unlikely 

to be solved in the near future. Given the current information, it is impossible 

to know with certainty which beings with centralized nervous systems are 

conscious. We know that without a centralized nervous system, animals 

cannot be conscious, but we don’t know what degree of complexity is 

necessary. 

We know that sentience doesn’t require a brain configuration like ours, 

like that of mammals, or even like that of vertebrates. Even though 

invertebrates do not have all the same brain regions that we have, they often 

have functionally similar regions, which should also be able to support 

consciousness.152 There is nothing about the particular way our nervous 

systems are organized that is necessary for consciousness to be present. 

Rather, there may be vastly different types of nervous systems with 

centralization. There is strong evidence that some animals, such as octopuses 

and honeybees, are conscious despite having very different kinds of brains. 

Another reason to think that having a brain like ours is not necessary for 

consciousness is that humans have not only complex thoughts, but also simple 

experiences like feeling pain. The ability to have complex thoughts is not a 

necessary part of consciousness, which suggests that the type of nervous 

system necessary for consciousness could be much simpler than ours. So 

sentient animals may be very numerous. 

Criteria for evaluating the presence of sentience 

Another problem is that the only consciousness we are directly aware of is our 

own — we are not directly aware of the experiences others have. But we can 
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infer that they are conscious in light of all the evidence we have. This inference 

happens with humans, and with nonhuman animals as well, because they 

share many relevant features that indicate the presence of consciousness. If 

the most straightforward interpretation of someone’s behavior and 

neurobiology is that they are conscious, we should think that they are 

conscious. For example, we associate certain behaviors with pain, such as 

crying and grimacing. Many nonhuman animals exhibit similar indications of 

pain. Additionally, when an animal’s behaviors are very complex, it can 

indicate conscious thinking. 

The key issue here, however, is physiology — that is, whether the animals’ 
bodies are wired in ways that make the presence of consciousness possible. As 

mentioned above, we do not understand the underlying neural basis of 

consciousness. We can’t directly test for consciousness yet. Instead, we have to 

use whatever indirect evidence is available to make an educated guess. The 

key factor seems to be the presence of a nervous system that can process 

information in a way that makes experiences possible. 

Which beings are conscious? 

We will now apply the criteria we have to different groups of animals in order 

to gain a better understanding of which of them could be conscious. The 

clearer cases are those of animals who have a centralized nervous system with 

a central organ (basically a brain) that is quite complex. The centralization 

allows these nervous systems to process information in complex ways. As a 

result, it’s no surprise that animals with such nervous systems can have a wide 

range of behaviors. This group of animals includes vertebrates and 

invertebrates (such as mollusks like octopuses and arthropods like bees). As 

we’ll see, all available sources of evidence point towards these animals being 

conscious.153 

Many animals have centralized nervous systems with a brain that is not 

large and complex. This includes arthropods, among which there are insects, 

 

153 Kaas, J. H. (ed.) (2007) Evolution of nervous systems: A comprehensive reference, 

Amsterdam: Academic Press. 



ETHICS AND ANIMALS 

 

126 

arachnids (like spiders), and crustaceans (like lobsters and crabs).154 There is 

important evidence to conclude they are conscious as well. Not only does the 

organization of their nervous systems seem to be sufficient for giving rise to 

consciousness, but their behavior also seems to support this. In their everyday 

lives, they behave in varied and changeable ways to do things such as getting 

food or avoiding harms. This suggests the kind of flexible behaviors that can 

only occur in conscious beings. 

There are other animals who have minimally centralized nervous systems 

without a brain. They include, for example, gastropods like snails, bivalves 

such as mussels, and other animals with a small number of neurons like 

certain nematodes. In these cases, there can be doubts about whether they are 

sentient or not. Given the problems involved in determining the basis of 

consciousness, we cannot rule out the possibility that they are sentient. We’ll 
discuss invertebrate sentience in more detail in the next chapter. 

Some people have a hard time understanding that certain kinds of animals 

could be sentient, especially when they look much different from us or are 

much smaller than we are. But we should keep in mind that thinking less of 

someone based on mere looks is a bias that we should try to avoid. If these 

animals meet the criteria that indicate they could feel pain or pleasure, we 

should conclude that they probably are sentient. It does not matter what they 

look like. 

We know that sentient animals, human and nonhuman, have experiences 

that are positive or negative. Since the problem of consciousness will likely 

remain unsolved for many decades or longer, we should act on the assumption 

that any animal with a centralized nervous system could be sentient. We 

should consider the likelihood that they are sentient, and that we can affect 

them through our actions, so we should give them moral consideration. 

Finally, there are living organisms that do not behave the way animals 

with centralized nervous systems do, and that lack the physiology to carry out 

the functions that nervous systems perform. Examples are plants, fungi, and 

protists, as well as some animals such as sponges that don’t have nervous 

systems. These beings don’t meet the criteria for the possibility of sentience. 

However, although when we look at animals, we consider particular structures 
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that can give rise to consciousness, that does not mean that animal-like 

nervous systems are necessary for sentience. Future beings such as artificial 

intelligences could have central processing systems that are also able to carry 

out the functions that give rise to consciousness. 
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Invertebrate sentience 

We saw in the last section that being sentient means having felt experiences of 

the world — that is, there is something it is like to be a sentient animal. 

Experience is the important thing here. “Having experiences” has the same 

meaning as “being sentient.” We have also seen that, because we don’t know 

exactly what structures are necessary to give rise to consciousness, we can’t 

know for sure exactly which beings are sentient. However, there are some 

indicators for the presence of sentience that we can look for. Note that 

indicators of sentience are not proofs of sentience, and lack of them are not 

proof that sentience is not present. Indicators are simply different types of 

evidence that increase our confidence that sentience is present. An example is 

complex and diverse behaviors that seem to show learning and thinking. A 

weaker indicator would be the presence of complex features like eyes, which 

may suggest the capacity to have the experience of sight. 

The question of sentience is more difficult when it comes to animals that 

are more numerous — that is, invertebrates. Invertebrates are animals that 

don’t have backbones and they are typically small. Invertebrates include 

arthropods (such as crustaceans and insects), mollusks (including 

cephalopods, snails, and bivalves), nematode worms, and many other types of 

animals. This is an especially important problem, not only because there’s a 

growing number of invertebrates being used for different human purposes, 

but also because their numbers in the wild are staggering.155 Getting a better 

 

155 Knutsson, S. (2015) The moral importance of small animals, master’s thesis, 
Gothenburg: University of Gothenburg. 
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idea of which of them might be sentient will help us to improve our estimates 

of how to best make a difference for them.156 

To examine this question, we will now look at how different criteria for 

sentience are satisfied by different types of invertebrate animals. 

Cephalopods 

Cephalopods are a unique class of mollusks with very complex nervous 

systems. Octopuses have up to 500 million neurons. Electroencephalography 

recordings of octopuses and cuttlefish showed that electrical activity varied 

with brain states in similar ways to mammals; this is considered an indicator 

of consciousness.157 They also display very complex behaviors. The evidence is 

therefore quite powerful that they are sentient. They were explicitly 

mentioned as an example of conscious beings in the Cambridge Declaration of 

Consciousness in 2012 by a prominent group of scientists.158 Due to this, we 

do not need to discuss the case of these animals in detail, and can instead 

consider other cases where sentience is less clear. An example is arthropods. 

Arthropods 

Arthropods are invertebrates with hard external skeletons, and many limbs 

that have multiple joints. Examples include insects (such as bees and flies), 

 

156 Carere, C. & Mather, J. (eds.) (2019) The welfare of invertebrate animals, Dordrecht: 

Springer. See also Mather, J. A. (2001) “Animal suffering: An invertebrate perspective”, Journal of Applied Animal Welfare Science, 4, pp. 151-156; Horvath, K.; 

Angeletti, D.; Nascetti, G. & Carere, C. (2013) “Invertebrate welfare: An overlooked 

issue”, Annali dell´Istituto superiore di sanità, 49, pp. 9-17. 

157 Hochner, B.; Shomrat, T. & Fiorito, G. (2006) “The octopus: A model for a comparative 

analysis of the evolution of learning and memory mechanisms”, The Biological Bulletin, 

210, pp. 308-317. See also Godfrey-Smith, P. (2016) Other minds: The octopus, the sea, and 

the deep origins of consciousness, New York: Farrar, Straus and Giroux. 

158 Low, P.; Panksepp, J.; Reiss, D.; Edelman, D.; Van Swinderen, B. & Koch, C. (2012) The 

Cambridge Declaration on Consciousness,  http://fcmconference.org/img/ 

CambridgeDeclarationOnConsciousness.pdf [accessed on 14 August 2019]. 

http://fcmconference.org/img/CambridgeDeclarationOnConsciousness.pdf
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crustaceans (such as crabs and lobsters), and spiders. Arthropods generally 

live in complex, demanding worlds, where it seems like consciousness would 

have adaptive value. A key function of consciousness might be to create a 

picture of the world where potential options can be traded off against each 

other and actions can be selected. 

The scientific evidence on whether insects and other arthropods meet the 

criteria for consciousness isn’t complete. However, the evidence that does 

exist tends to show that they do satisfy these criteria.159 Many people think 

insects aren’t conscious, maybe because they are so small and people know 

little about them. But, in fact, some insects are capable of some pretty complex 

behaviors and traits, many of which most people are unaware of. We’ll see 

some examples of behaviors that, if we saw them in larger animals, most of us 

would think provided good evidence of consciousness. 

There is more evidence that fruit flies are conscious than there is for many 

other invertebrates. Fruit flies have smaller brains than honeybees, and their 

minds may be closer to that of the average insect, so evidence of sentience in 

them would make the case stronger for other insects. There is evidence that 

fruit flies respond in a non-reflexive way that is reminiscent of anxiety. When 

there is a shadow overhead (a possible predator), they will often stop eating 

and fly away, but when they are very hungry, they sometimes decide to stay 

and eat.160 This suggests that they take various positive and negative factors 

into consideration and come to an overall decision, which seems like a key 

function that consciousness plays. It also suggests fear in them. 

For insects with simpler behaviors and nervous systems, we might not 

know if their behavior and physiology is sufficient for sentience. But we can 

consider an argument by analogy: other insects have quite complex behaviors. 

 

159 Gherardi, F. (2009) “Behavioural indicators of pain in crustacean decapods”, Annali 

dell’Istituto Superiore di Sanità, 45, pp. 432-438; Barron, A. B. & Klein, C. (2016) “What 

insects can tell us about the origins of consciousness”, Proceedings of the National 

Academy of Sciences, 113, pp. 4900-4908. 

160 Gibson, W. T.; Gonzalez, C. R.; Fernandez, C.; Ramasamy, L.; Tabachnik, T.; Du, R. R.; 

Felsen P. D.; Maire, M. R.; Perona, P. & Anderson, D. J. (2015) “Behavioral responses to a 

repetitive visual threat stimulus express a persistent state of defensive arousal in 

Drosophila”, Current Biology, 25, pp. 1401-1415. 
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A clear example of this is bees. Their behavior, including their famous waggle 

dance, which is used to communicate with other bees, leads us to think that 

they are conscious. Because of the similarity of their nervous systems, if bees 

are conscious, then it could follow that other insects are conscious, too. There 

is also evidence of various types of complex behavior in ants, including some 

level of flexible tool use.161 

Less is known about arachnids than insects. However, the evidence that 

does exist indicates that their nervous systems are of similar size, complexity, 

and centralization to those of insects. Therefore, it might make sense to infer 

that if insects are sentient, then arachnids are sentient too. 

In the case of crustaceans, the available evidence suggests that they are 

conscious. Some of these animals show a deliberate and non-reflexive 

response to noxious stimuli, which is suggestive of consciousness.162 For 

example, crabs show evidence of nursing, rubbing, and guarding wounds. This 

appears to be a long term, non-reflexive response to injury that is plausibly a 

key reason why suffering evolved. Another example is hermit crabs. Hermit 

crabs must find new shells to live in as they grow. When they choose a shell 

that injures them, they don’t automatically give up that shell, but they will 

change shells as soon as they have another option.163 In crayfish, there is 

evidence for a behavioral state that looks like anxiety as it is expressed in 

conscious animals. 

One common argument against arthropods being sentient is that their 

brains might be too small to be able to support sentience, which seems like a 

 

161 Maák, I.; Lőrinczi, G.; Le Quinquis, P.; Módra, G.; Bovet, D.; Call, J. & d’Ettorre, P. (2017) “Tool selection during foraging in two species of funnel ants”, Animal Behaviour, 123, pp. 

207-216. 

162 McCambridge, C.; Dick, J. T. & Elwood, R. W. (2016) “Effects of autotomy compared to 

manual declawing on contests between males for females in the edible crab cancer pagurus: implications for fishery practice and animal welfare”, Journal of Shellfish 

Research, 35, pp. 1037-1044. 

163 Elwood, R. W. & Appel, M. (2009) “Pain experience in hermit crabs?”, Animal 

Behaviour, 77, pp. 1243-1246. 
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complex thing.164 However, we don’t have a good understanding of how 

complex the physiological basis of consciousness is. The basic experiences of 

pain and pleasure might be quite simple, as they don’t require complex 

thoughts. Also, insects can perform some complex behaviors with such small 

brains, so it’s not clear why they couldn’t also be conscious. 

Some people believe that arthropods — insects, for example — have very 

inflexible behavior. They believe that insects only have preset and rigid 

responses to stimuli. If this were true, arthropods would probably have little 

need for consciousness. However, while their behavior is less flexible than 

vertebrate behavior, it is still flexible.165 An example of this is bees’ waggle 

dance that was mentioned above. Bees communicate to other bees in their 

colony about the location of food by moving in ways that vary depending on 

different factors. They agitate their bodies according to how much food they 

found, they move in a certain direction to signal the direction of the food, and 

they move for a certain length of time to indicate how far away the food is.166 

On the other hand, as of yet, little evidence of some behaviors of sentience 

such as wound guarding or limping has been observed in insects. There also 

isn’t much evidence that insects will selectively prioritize noxious stimuli (for 

example, by stopping all other activities to respond to a threat). But this is 

more a lack of available evidence, rather than positive evidence that insects do 

not do these things. Also, recall that these things are indicators of sentience, 

not requirements for it. When we say “indicators of consciousness,” we don’t 

mean things that are necessary for consciousness. They just indicate a certain 

likelihood of sentience, and some indicators are stronger evidence than others. 

 

164 Adamo, S. A. (2016) “Do insects feel pain? A question at the intersection of animal behaviour, philosophy and robotics”, Animal Behaviour, 118, pp. 75-79. 

165 See regarding this Keijzer, F. (2013) “The Sphex story: How the cognitive sciences kept 

repeating an old and questionable anecdote”, Philosophical Psychology, 26, pp. 502-519. 

166 Griffin, D. R. & Speck, G. B. (2004) “New evidence of animal consciousness”, Animal 

cognition, 7, pp. 5-18. 
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Animals with centralized nervous systems with ganglia 

The problem becomes more complex if we consider other animals with a 

simpler structure — without a brain, but only some central nervous ganglia. 

This is the structure of many invertebrates, for example, bivalve mollusks 

(such as mussels and oysters) and gastropods (such as snails). The behavior 

that many of these animals display is very simple. It could be performed 

without requiring that the animals that display it be conscious. This may be 

the case with animals that stay attached to rocks or other surfaces without 

moving, such as bivalves or animals such as barnacles. 

Bivalves can perform some movements, such as opening and closing their 

shells. But that doesn’t necessarily indicate sentience — these movements 

could be triggered in a more economical way in terms of energy by a stimulus-

response mechanism. In fact, their behavior is not more complex than that of 

other beings without a centralized nervous system, such as carnivorous plants. 

However, many bivalves are mobile when they are young, and some, such as 

European fingernail clams, are more active, climbing on weeds to find a 

feeding spot. Some can swim and have image-forming eyes. An animal that has 

eyes might also have the experience of sight. And being able to experience 

something is what it means to be sentient. Some fingernail clams react with 

increased heart rates when under attack. Behind these movements, there may 

be more than simply stimulus-response, though their physiology leaves the 

question open. But we should keep in mind that these animals are much more 

closely related to sentient animals than, for example, plants are. 

Snails have a slightly larger number of neurons and they are more active 

than bivalves. There is also more available evidence about whether snails are 

conscious, but this is mostly because bivalves have been less studied, and not 

because we have conclusive evidence that bivalves are not conscious. The 

differences between their nervous systems are small. 

Overall, it seems clear that the evidence for arthropod consciousness is 

stronger, but snail and bivalve consciousness are possibilities that should not 

be dismissed. 
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Animals with centralized nervous systems 
with small numbers of neurons 

Nematode worms are a possible edge case of consciousness. It is unclear 

whether they could be conscious. They have a small number of neurons — 

only around 300−400. Yet, they have what is known as a circumoral brain, 

which is a nerve ring, though it is not known whether this is enough for 

sentience. In addition, there are some indications that they are conscious, 

including evidence that they go into a fear-like state when they smell the odor 

of a predator.167 

It is sometimes claimed that invertebrates could not experience conscious 

pain because they do not have nociception, which is the ability to detect 

damaging stimuli. Yet, specialized nociceptors have been found in a number of 

invertebrates. Though nociception alone does not determine whether an 

animal can feel pain, it plays a key role in the experience of pain in many 

animals. There are also invertebrates where nociceptors have not been found, 

but they still show the ability to detect noxious stimuli by other mechanisms. If 

they can detect it, it could potentially be translated into an experience of 

pain.168 

There are strong reasons to give animals of uncertain sentience the 

benefit of the doubt. If we treat them as though they are sentient when they 

are not, we might waste some resources, but nothing too great. On the other 

hand, if they are sentient but we treat them as though they are not, then we 

might cause or permit great harm.169 

All this is relevant because human beings often harm not only large 

animals, but especially small ones, such as many invertebrates, in very high 

 

167 Liu, Z.; Kariya, M. J.; Chute, C. D.; Pribadi, A. K.; Leinwand, S. G.; Tong, A.; Curran, K. P.; 

Bose, N.; Schroeder, F. C.; Srinivasan, J. & Chalasani, S. H. (2018) “Predator-secreted 

sulfolipids induce defensive responses in C. elegans”, Nature Communications, 9, a. 1128. 

168 Eisemann, C. H.; Jorgensen, W. K.; Merritt, D. J.; Rice, M. J.; Cribb, B. W.; Webb, P. D. & Zalucki, M. P. (1984) “Do insects feel pain?—A biological view”, Experientia, 40, pp. 164-
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169 Birch, J. (2017) “Animal sentience and the precautionary principle”, Animal Sentience: 
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numbers. When it comes to caring about wild animals, it is not only large, 

emblematic animals that we should be concerned about, but also small 

animals like invertebrates, which make up the majority of animals, and tend to 

have shorter and more precarious lives. 
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The concepts of welfare, animal 
welfare, and wild animal welfare 

In the first part of this book, we saw the problem of wild animal suffering, the 

different ways wild animals are harmed, and some ways in which it can be 

addressed. In the second part, we saw the reason why wild animal suffering 

matters, as well as the reasons we have to conclude that many animals, 

including a very large number of invertebrates, are sentient and thus can be 

harmed by the different factors affecting wild animals. In the third part of the 

book, we are going to see how further work on this topic can be carried out in 

the scientific arena. We will examine the key concepts involved, see why and 

how such work can develop, and take a look at perspectives for future work in 

this field. 

We have seen that “wild animal suffering” is a general term for the harms 

that animals living outside of direct human control suffer due to causes that 

are partly or entirely natural. To refer to the wellbeing of animals living in the 

wild, we can use the term “wild animal welfare.” There are, however, several 

different ways the term wild animal welfare is used. We will say more about 

this and related terms, below. 

Concepts of welfare 

More often than not, the terms wellbeing and welfare are used to describe how 

someone feels, i.e., well or bad. We should note that these terms are 

optimistically biased. The term “well” has a positive meaning. The “well” in “wellbeing” (and in “welfare”) might make us think that the default situation is 
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positive, that is, that individuals tend to have positive wellbeing, when in fact, 

wellbeing can be positive or negative. 

The most common way this concept is understood is that you have good 

welfare when you have mainly positive experiences, that is, when your life is 

predominantly enjoyable. And you have negative welfare when you’re feeling 

bad. In other words, wellbeing can be positive or negative, depending on the 

circumstances. After all, sentient beings do not always feel good. This is 

especially the case for nonhuman animals, both those who are used by 

humans (mostly in factory farms) and those who live in the wild. 

Natural sciences, especially veterinary science, primarily use the term “welfare.” When pleasure, satisfaction, or other positive experiences prevail, it 

is commonly called “good welfare.” When pain, distress, or other negative 

experiences prevail, it is commonly called “poor welfare.” In philosophy, and 

sometimes in social sciences, the terms “positive wellbeing” and “negative 

wellbeing” are more common.170 The term “wellbeing” is used by philosophers 

to refer to how well or how badly your life is going. There are several views 

about what wellbeing is. According to mental states theories, it is only 

experiences that affect your wellbeing. Some of these theories claim only that 

having negative experiences such as feeling pain is bad for you; others add to 

this that having positive experiences, such as feeling pleasure, is good for you. 

According to the objective list theory, positive and negative wellbeing includes 

other things, such as meaningful relationships or achievements on the one 

hand, and failure on the other hand. Desire theory claims that it is good for you 

to have your desires satisfied, and bad for you to have them thwarted, 

regardless of whether you have positive or negative experiences as a result. 

Some of these views, called antifrustrationist, claim that while having your 

 

170 Broom, D.M. (1991) “Animal welfare: Concepts and measurement”, Journal of Animal 

Science, 69, pp. 4167-4175; Crisp. R. (2017 [2001]) “Well-being”, in Zalta, E. N. (ed.) The 

Stanford Encyclopedia of Philosophy, Stanford: Stanford University, 

https://plato.stanford.edu/entries/well-being [accessed on 15 October 2019]; 

Nordenfelt, L. (2006) Animal and human health and welfare: A comparative philosophical 

analysis, Wallingford: CABI. 
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desires satisfied need not be good, not being able to achieve them is always 

bad.171 

The term “welfare” is used in three main ways in the natural sciences 

when discussing animal welfare.172 

(1) The way someone feels 

(2) The way someone feels, plus other factors affecting how someone feels, 

such as one’s health 

(3) The capacity to behave in a way that is considered natural 

The second two concepts are more complex than the original and intuitive 

meaning of the term. We could say they divert the issue from the key problem 

at stake, which is how good or bad one feels. 

The second conception of welfare can be challenged by arguing that 

external factors that are different from actual experiences are not important in 

themselves. They can, however, be relevant indirectly, as indicators of how 

good or bad those experiences are. 

The third conception of welfare can be challenged on similar grounds. At 

this point, we know that what is natural is sometimes good, but is often not. In 

many cases, animals behaving “naturally” are feeling good, but in other cases, 

they are not. An animal in a relaxed situation, in which she has food, shelter, 

and good health, will behave very differently than if she had to face the 

challenges animals typically face in the wild. 

If these criticisms are correct, we might wonder why these alternative 

conceptions are held. One of the factors explaining this is that the science that 

 

171 Parfit, D. (1984) Reasons and persons, Oxford: Oxford University Press; Crisp, R. (2006) 

Reasons and the good, Oxford: Oxford University Press; Fletcher, G. (2016a) The 

Philosophy of well-being: An introduction, Oxford: Routledge; (ed.) (2016b) The Routledge 

handbook of the philosophy of well-being, Oxford: Routledge. 

172 Hewson, C. J. (2003) “What is animal welfare? Common definitions and their practical 

consequences”, Canadian Veterinary Journal, 44, pp. 496-499; Duncan, I. J. (2006) “The 
changing concept of animal sentience”, Applied Animal Behaviour Science, 100, pp. 11-19; 

Nordenfelt, L. (2006) Animal and human health and welfare: A comparative philosophical 

analysis, Wallingford: CABI; Fraser, D. (2008) Understanding animal welfare: The science 
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studies animal welfare is a cross-disciplinary field that uses various methods. 

These include the assessment of different physiological and behavioral 

indicators of animal welfare as well as external conditions. These indicators 

should not be confused with wellbeing itself. A big challenge we face is that the 

aspiration to present animal welfare science as providing objective results 

reinforces this, since we can obtain objective data of factors such as an 

animal’s health or behavior, but less so of the animal’s experiences. 

Meanings of “animal welfare” and “wild animal welfare” 

Having seen the classifications above, we can now consider the different ways 

the term “animal welfare” has been used.173 

(1) The main and more straightforward meaning is the one we saw above: 

how good or bad an animal is feeling. 

(2) It is also used as the name of a science (or group of sciences). The 

science of animal welfare is the scientific study of how good or bad 

animals are feeling, that is, how good or bad their lives are in terms of 

their wellbeing. It uses different methods that consider behavioral and 

physiological indicators to assess how animals are feeling. 

(3) Another use is to refer to legal measures or regulations whose purpose 

is to limit the extent to which animals suffer some harms. 

(4) Finally, it is sometimes used for the view that the harms animals suffer 

because of their use in animal products or services should be reduced, 

though not necessarily eliminated. 

The term “animal welfare” as used in “wild animal welfare” concerns the first 

and second uses of the term.174 It doesn’t necessarily concern the third one, as 

 

173 Haynes, R. P. (2008) Animal welfare: Competing conceptions and their ethical 

implications, Dordrecht: Springer. 
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there are currently very few laws about how the welfare of wild animals can 

be affected by human actions. Almost all of the laws affecting animals in the 

wild are based on environmental or conservation law that considers animal 

populations or species, but not individuals. So, “wild animal welfare” can be 

understood to mean: 

First, the situation of undomesticated animals (including feral ones) with 

regard to how good or bad their wellbeing is. 

Second, the scientific study of how good or bad such wellbeing is. There has 

been very little research about this in comparison to research on the 

wellbeing of domesticated animals. 

“Wild animal welfare” and “wild animal suffering” 

There are three main differences between the meanings of “wild animal 

welfare” and “wild animal suffering.” The term “wild animal suffering” has 

been used to name partially or completely natural harms suffered by animals 

living outside of direct human control. In some cases, “wild animal welfare” is 

used as a synonym of “wild animal suffering.” This can make sense depending 

on the context, though we should bear in mind the possible confusions derived 

from the different meanings of “wild animal welfare.” 

The first difference is that the term “wild animal welfare” appears to 

consider the wellbeing of animals in the wild in general, while “wild animal 

suffering” refers in particular to their negative wellbeing, that is, to the bad 

part of it. However, factors positively affecting the wellbeing of individuals 

typically also reduce their suffering. Also, it could be argued that the most 

crucial component of the wellbeing of animals in the wild (and of others as 

well) is their suffering. 

Another difference between the terms is that, unlike “wild animal 

suffering,” the term “wild animal welfare” is also commonly used for the 
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welfare of wild animals directly affected by human beings (and the study of 

this). This includes both animals in captivity and animals in the wild being 

directly harmed by humans (for instance, by eradication methods or by 

fishing). Not only this, but because of a tendency to disregard the wellbeing of 

animals living outside of human control, the term “wild animal welfare” is 

most often used to refer to captive animals of species that have not been 

domesticated, such as wild animals in circuses or zoos. There is no reason to 

limit the meaning of the term this way. It could also refer to animals living 

outside of human control. The term “wild animal suffering,” on the other hand, 

does not refer to wild animals in captivity, but only to those living outside of 

human control. 

The third difference is that the term “wild animal welfare” is also used for 

the science that studies the welfare of the animals mentioned above. Again, 

this typically includes animals in captivity, and it’s sometimes assumed to 

include only them. But here again, it is perfectly valid for the term to include 

the scientific study of the wellbeing of animals in the wild as well, and to use 

the same indicators of wellbeing that are used for animals in captivity. In fact, 

the term “captive wild animal welfare science” could be a more appropriate 

name for the study of animals in captivity. 

In some cases, “wild animal welfare” is used as a synonym of “wild animal 

suffering.” This can make sense depending on the context, though we should 

bear in mind the possible confusions derived from the different meanings of “wild animal welfare.” 

Wild animal welfare science can help us to assess the wellbeing of animals 

living in the wild. But in order to understand why the conditions of an animal’s 

life are the way they are in a particular environment, we need ecology and 

other scientific fields. An understanding of how ecosystems work will help us 

to understand what kinds of conditions could result from different ecosystem 

changes, whether natural or human-caused. This is one of the things we’ll look 

at next. 
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What is welfare biology? 

The term “welfare biology” has been used to name the study of the factors 

affecting the wellbeing of animals, especially those living outside of human 

control. Research in this area is still very recent and limited.175 More 

technically, it can be defined as follows: 

Welfare biology: the study of sentient living beings with respect to their 

positive and negative wellbeing 

In principle, welfare biology concerns the wellbeing of all animals, whether 

they live in captivity or outside of human control. However, the main task of 

welfare biology would be to assess what the lives of animals in the wild are 

like and to find ways of reducing the harms they suffer. This is because, given 

the complexity of ecosystems, it’s much more difficult to discover the best 

courses of action to help animals in the wild. For this reason, it’s an area where 

studies in biology and, more specifically in ecology, are crucial. We don’t need 

to know how ecosystems work in order to know that a dog is suffering in a 

cage and will be better off if we free her, but we do need to understand how 

they work to know if a certain change in an ecosystem will likely result in less 

overall suffering for the animals there. So we can say that welfare biology 

would primarily, though not necessarily only, study wild animal suffering, and 

that one of its main goals would be to inform policies to prevent the harms the 

animals suffer. 
 

175 See Ng, Y.-K. (1995) “Towards welfare biology: Evolutionary economics of animal 

consciousness and suffering”, Biology and Philosophy, 10, pp. 255-285; Faria, C. & Horta, 

O. (2019) “Welfare biology”, in Fischer, B. (ed.) Routledge handbook of animal ethics, New 

York: Routledge, 455-466. 
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The term “welfare biology” has sometimes been used in a different sense, 

meaning using the science of ecology to improve human wellbeing. However, a 

better term for that field would be “human welfare biology.”176 Literally, the 

term “welfare biology” means research in biology about welfare, so there is 

nothing in the term to limit the relevant welfare to humans alone. Also, 

because the point of welfare biology is to study the welfare of sentient living 

beings, it is not primarily concerned with other questions that are not directly 

related. Accordingly, it doesn’t consider animals as mere representatives of 

their species or population group, or as units of an ecosystem. Rather, it would 

focus on animals as sentient individuals, and on what could be good or bad for 

them as individuals. 

The wild animal welfare science approach 

We now know that the term “wild animal welfare science” can be used for the 

study of the wellbeing of undomesticated animals. This can be seen as part of 

the work of animal welfare science. However, work in this field has mostly 

focused on animals in captivity, seldom considering animals living outside of 

human control. Despite this, much of the work that has been done in this field 

can be applied to animals in the wild. To start with, existing knowledge about 

what kinds of things can positively or negatively affect animals in captivity can 

be extrapolated to other animals in similar situations. This is pretty clear 

when the animals are of the same species or closely related ones. Even when 

this is not the case, some of the findings can help us to make informed guesses 

when it comes to other animals. 

Now, let’s consider ways of assessing the wellbeing of animals who live 

outside of human control. As mentioned before, animal welfare science 

integrates methods from very different approaches. This is because it 

considers several different criteria or indicators related to animals’ wellbeing. 

 

176 Eckersley, R. (1992) Environmentalism and political theory: Toward an ecocentric 

approach, New York: SUNY Press; Wells, D. (1993) “Green politics and environmental 

ethics: A defence of human welfare ecology,” Australian Journal of Political Science, 28, pp. 

515-527; Ghosh, D. (1999) Selected essays on welfare ecology, Calcutta: Centre for 

Sustainable Living. 
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The most important ones include physiological and behavioral assessments of 

how animals may be feeling. 

Physiological assessments consider factors related to the state of the 

animals’ bodies. They include parameters concerning the health of the animals 

and indicators showing the animals’ physiological states when they are in 

certain situations. They include, for example, heart rate variations, 

temperature, and corticosteroid levels. The idea here is twofold. First, when an 

animal’s health is bad, the animal could be in pain. Second, when animals are 

distressed or in pain, it also affects their physiology. 

Behavioral assessments consider what animals’ behavior can tell us about 

the way they feel. We’re all familiar with making such assessments of the 

individuals who surround us; animal welfare science does this in more 

rigorous ways, using knowledge of how animals of different species behave 

when they are feeling well or ill. 

Another consideration is how external factors affect the animals. These 

include the availability of the resources animals need to live, such as food and 

water, shelter to mitigate the impact of weather conditions, and others related 

to their particular environments. By examining the conditions animals live in, 

it is possible to make estimations of how they feel. One way is by studying 

animals’ preferences for certain situations or places over others. This 

combines an assessment of external factors with an assessment of the animals’ 
behavior. It serves as an indicator of what kind of environments are more 

likely to make them suffer or feel well.177 

 

177 Kirkwood, J. K.; Sainsbury, A. W. & Bennett, P. M. (1994) “The welfare of free-living wild animals: Methods of assessment”, Animal Welfare, 3, pp. 257-273; Jordan, B. (2005) “Science-based assessment of animal welfare: Wild and captive animals”, Revue 

Scientifique et Technique-Office International des Epizooties, 24, pp. 515-528; Botreau, R.; 

Veissier, I.; Butterworth, A.; Bracke, M. B. & Keeling, L. J (2007) “Definition of criteria for 

overall assessment of animal welfare”, Animal Welfare, 16, pp. 225-228; Brennan, O. 

(2018) “‘Fit and happy’: How do we measure wild-animal suffering?”, Wild Animal 

Suffering Research, https://was-research.org/paper/fit-happy-measure-wild-animal-

suffering [accessed on 30 October 2019]. 
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The ecology of wild animal suffering 

We’ve talked about the need to expand wild animal welfare work so it covers 

animals living outside of human control. However, this is only a part of the 

work that could be incorporated within the field of welfare biology. The 

methods of animal welfare science are focused primarily on the state the 

animals are in and on how the circumstances they face affect their wellbeing. 

But it doesn’t explain how such circumstances end up the way they are. In 

order to know this, we need to understand how animals living in the wild are 

affected by their physical environment and by other living organisms in ways 

that are good or bad for them. Also, the study of other factors, including their 

population dynamics and life histories, can help us in making estimations of 

the average wellbeing of different animal populations or species. This is where 

ecology is crucially needed. 

The study of ecosystems and how they evolve has been approached from 

many different perspectives by ecologists, giving rise to different fields within 

ecology, such as population ecology, community ecology, systems ecology, 

landscape ecology, and many more. The factors that are relevant for each of 

them are diverse, and together they cover a large portion of the possible ways 

we could approach the study of ecosystems. However, the wellbeing of 

animals has not been one of those factors. We still lack an understanding of 

how ecosystems work in relation to the wellbeing of their members. Welfare 

biology would fill this gap. 

As with animal welfare science, we already have a substantial amount of 

knowledge from ecology that could be applied to estimate the suffering of 

animals in different situations. To start with, as indicated above, there are 

some fields, such as population dynamics and life history theory, that are 

highly relevant to making estimations about what the proportion of suffering 

compared to positive welfare in the wild might be. In addition, we’ve seen that 

there is a great deal of information concerning different ways these animals 

can suffer. This information was just a short summary of a few things from a 

huge amount of scientific literature in biology that can inform us about the 

lives of animals in the wild. In light of this, we might wonder in what sense the 

kind of work proposed here would be original. The answer is simple: so far, all 

the available information that is relevant for wild animal suffering has been 
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gathered not out of an interest in the animals’ wellbeing, but out of other 

concerns. As a result, while such research already contains information from 

which it is possible to draw sound inferences about the suffering of animals, 

such inferences were not previously made. For example, there are scientific 

articles examining how many animals in a certain population starve to death 

or die due to the cold in a particular location, but they do not consider the 

suffering this meant for the animals involved. Nevertheless, given what we 

know about the suffering caused by dying in those ways, we can infer that the 

animals involved probably suffered a great deal. 

Unfortunately, in many studies, much more information could have been 

gathered that would have been relevant for estimating the wellbeing of the 

animals, if there had been an interest in this question. But this viewpoint has 

been increasingly incorporated in research. In fact, even just literature 

reviews of the research already done can provide important information. 

A cross-disciplinary field 

In light of what we have just been considering, we can see that welfare biology 

can be described as a cross-disciplinary field involving various other 

disciplines, including especially the sciences of ecology and animal welfare. In 

fact, these two sciences are already cross-disciplinary. Some other fields 

would also be involved, such as zoology and ethology, as well as two applied 

fields, environmental management and what is called “wildlife management.” 

The purpose of these two fields is to guide decisions about how to best act in 

different ecosystems. To date, the ends of such actions have been to further 

human interests or conservationist aims. But there is nothing essential to the 

kind of knowledge associated with these disciplines that restricts its 

application to the pursuit of these aims alone. Instead, we can apply such 

knowledge to find the most effective ways to help animals living in the wild. It 

can also help us to compare different ways ecosystems might evolve with or 

without our help and how different scenarios would affect the wellbeing of 

animals. In addition, just like conservation biology, welfare biology could be 

informed by social sciences. 
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How could welfare biology evolve? 

The current academic system tends to classify knowledge into specialized 

domains. However, for decades there has been increasing enthusiasm for 

interdisciplinary research.178 The point at which a certain field is no longer 

considered to be just an intersection of other disciplines and is considered a 

discipline on its own is not clearly defined, although there are some factors 

that can indicate when it reaches that point. They include the organization of 

international conferences, the creation of specific academic journals to publish 

studies on them, the inclusion with their own names as areas of study in 

academic curricula, and the publication of student handbooks focused on 

them. After this happens, the cycle continues, and subdisciplines of new fields 

can start, as well as the creation of new areas of study at the intersection with 

other fields. 

As welfare biology develops, subfields could include, for example, welfare 

ecology, focused on the part of welfare biology more concerned with how 

animals’ relationships with their environments affect their wellbeing; urban 

welfare ecology, focused on animals living outside of human control in urban 

or suburban ecosystems; and applied welfare biology, focused not so much on 

diagnoses of the wellbeing of animals but on ways to improve it that can guide 

actual policies and interventions. Wild animal welfare science could be 

another of these subfields. 

 

178 Lélé, S. & Norgaard, R. B. (2005) “Practicing interdisciplinarity”, BioScience, 55, pp. 

967-975; Campbell, L. M. (2005) “Overcoming obstacles to interdisciplinary research”, 
Conservation Biology, 19, pp. 575-577; Frodeman, R. (ed.) (2017 [2010]) The Oxford 

handbook of interdisciplinarity, Oxford: Oxford University Press. 
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Reasons for promoting academic 
work in welfare biology 

Now that we have seen in some detail what welfare biology is, we can consider 

reasons why this kind of work could be interesting and useful. There are 

several, as we will see now. 

Concern for animals’ wellbeing in contemporary societies 

Many people in modern societies agree that the wellbeing of animals is 

morally important. This is why the discipline of animal welfare science was 

created a few decades ago. It was not merely the result of academic interest. 

The development of this field was possible because it received the public 

funding it needed. This was motivated by the pressure of public opinion in 

favor of taking the wellbeing of animals seriously. 

In the decades that have passed since then, public interest has only 

increased. Why, then, hasn’t there been research about the wellbeing of 

animals in the wild as there has been about animals living in captivity? One 

answer may be that there are misconceptions and confusion about the lives of 

animals in the wild that have led many people to believe there’s no reason to 

worry about what happens to them. Most people don’t know about the harms 

these animals suffer, and are not aware that the majority of animals in the wild 

die prematurely, in many cases due to painful causes. And people are not 

always aware that there are many ways of helping them.  

However, public concern for the wellbeing of animals could be an 

important force towards welfare biology work being carried out in academia, 
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as the example of animal welfare science shows. In fact, given the public 

concern about domesticated animals, and now that we’ve seen what the lives 

of animals in the wild are actually like, there is good reason for the public to 

support a field that aims to understand and reduce wild animal suffering. 

Why research on animals’ wellbeing 
can be of interest to scientists  

Scientists working in the science of ecology and related areas are much more 

familiar than the general public with the situation of animals in the wild. These 

scientists could be another driving force in promoting research on this topic. 

There’s an explanation for why this has not happened yet. Scientists work 

within certain paradigms that determine what lines of inquiry are appropriate 

for science. These paradigms concern, among other things, the key 

assumptions, methods, and questions that are asked in each field. They are 

partly theoretical and conceptual, but they also have another component, the 

final aims of research. Humans are not interested in just any knowledge: while 

knowing the total number of stars in the universe may be interesting, counting 

the total number of grains of sand on a beach may not be. While most societies 

are interested in some questions out of pure intellectual curiosity, in many 

cases research is undertaken to help to achieve certain goals. This is the 

ethical component of the scientific paradigm, because ethics has to do with the 

ultimate goals we try to achieve with our actions. 

According to the paradigm that prevailed in ecology for most of the 20th 

century and that is still strongly influential, the primary goal of research was 

the promotion of human interests. For the past few decades, conservation has 

been another important aim for the science of ecology. This might explain, at 

least in part, why nonhuman animals are not usually treated as individuals 

with interests. In fact, they are typically seen as important only as functional 

parts of ecosystems or as representatives of abstract entities, such as species 

or populations. Within this framework, ecologists in particular, and biologists 

more generally might see little practical interest in research into the wellbeing 

of individual animals. They might have trouble thinking of them as individuals 

with interests, so these questions might not occur to them. Due to this, we 
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might think that such questions would not be interesting in biology. But there 

is nothing about this subject that would make it an inappropriate area of study 

in biology. The fact that animals have lives that can go better or worse from 

the point of view of their own wellbeing is one of the things that happens in 

the natural world, and part of a proper description of it. Life scientists, like 

other scientists, seek to improve our understanding of the world. If we ignore 

something significant happening within it, such as the fact that animals have 

wellbeing, we are missing a part of that. This is a good reason for scientists to 

be interested in studying factors related to the wellbeing of animals living in 

the wild. It would advance our knowledge, and researchers who are not 

interested in promoting the wellbeing of animals could find this knowledge 

useful for other purposes. This could happen in animal ecology, and in 

particular the study of animal behavior, because animals’ wellbeing affects 

how animals behave. It is also relevant for the design of field studies, because 

the studies can affect the animals’ wellbeing. For example, when animals are 

made to carry relatively large GPS tracking devices, this would cause them to 

behave differently, so the results of such studies would be compromised.179 

Having said this, there is no reason why scientists couldn’t also share the 

values that many people in contemporary society have towards nonhuman 

animals. Given that in our society, many people do care about animals as 

sentient beings, and given that some of these people are scientists, there is no 

reason why this cannot motivate research in biology to improve the situation 

of animals. 

 

179 Linklater, W. L. & Gedir, J. V. (2011) “Distress unites animal conservation and welfare towards synthesis and collaboration“, Animal Conservation, 14, pp. 25-27¸Cattet, M. R. 

(2013) “Falling through the cracks: Shortcomings in the collaboration between biologists 

and veterinarians and their consequences for wildlife“, ILAR Journal, 54, pp. 33-40; see 

also Bekoff, M. (ed.) (2013) Ignoring nature no more: The case for compassionate 

conservation, Chicago: University of Chicago Press; Beausoleil, N. J.; Mellor, D. J.; Baker, L.; 

Baker, S. E.; Bellio, M.; Clarke, A. S.; Dale, A.; Garlick, S.; Jones, B.; Harvey, A.; Pitcher, B. J.; 

Sherwen, S.; Stockin, K. A. & Zito, S. (2018) “‘Feelings and fitness’ not ‘feelings or fitness’–
the raison d’être of conservation welfare, which aligns conservation and animal welfare 

objectives”, Frontiers in Veterinary Science, 5, a. 296. 
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Reasons to support welfare biology in academia 

Independent individuals and organizations like Animal Ethics can do 

important work by spreading the idea that wild animal suffering is a serious 

issue and that it would be good to gain more knowledge about it. This can be 

done among academics and students, as well as among the general public. 

Independent researchers can also play a part in the development of 

welfare biology by doing research that complements what is done by 

academics. This research could be just as useful and rigorous as that done by 

academics. In addition, organizations can do some research that scholars are 

not carrying out yet, in addition to explaining the practical importance and 

ethical implications of it. This could be useful for exploring further questions 

beyond what scholars might be ready to research at a given time. 

A way that people and groups concerned about wild animal suffering can 

have a huge impact today is by focusing on promoting welfare biology 

research in academia. In fact, there are several reasons why doing this might 

be necessary in order to be able to meaningfully help wild animals. These 

reasons include (1) the quantity and quality of the research required, (2) how 

that research is applied in practice and policy making, and (3) the potential to 

fundamentally change how people think about the issue. 

Regarding the quality and quantity of the research, academics have access 

to a variety of resources that can help them with their research in welfare 

biology. Academics are also typically highly specialized and can spend long 

periods of time working on specific problems. In addition, they can influence 

other academics to do similar work. 

Their work can also affect public policy. When policy makers need to 

know about the feasibility and implications a certain policy could have, they 

typically ask scientists and academics. This means that it will be very difficult 

to implement policies helping wild animals if they aren’t backed by scientists. 

For this to happen, it won’t be sufficient for only a few isolated scholars to be 

working in the field; rather, we need a recognized field of research involving 

scholars from different institutions around the world. 

Finally, the role of academics is especially important when it comes to 

changing how people think about issues. This is not only due to their general 

influence in society, but also because scientific paradigms are taught at 
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universities to new generations of people. If work on the biology of animals’ 
wellbeing is established within academia, it will eventually be taught to new 

generations of scientists. This will contribute to people’s perception of what 

the lives of animals living in the wild are actually like. It is also likely to 

increase their moral consideration of these animals. 

This doesn’t mean that the only work we need to do to promote work in 

welfare biology is to get involved in or fund academic research. As we have 

seen above, there are many things that independent organizations working on 

the subject can do, such as raising awareness or doing their own research 

about the situation of animals in the wild. Independent researchers can also 

play a role by doing work on this topic and by helping organizations with their 

work. These actions will play a vital role; however, what we have seen so far 

indicates that increasing research about welfare biology in academia is crucial, 

and that our efforts to improve the lives of wild animals are not likely to be 

successful without it. 
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Promising areas for welfare 
biology research 

We have seen different types of intervention to help animals in the wild, and 

we’ve seen the kind of welfare biology research that can be done. We will now 

consider several criteria for judging how promising a certain line of research 

in welfare biology is. 

(1) It has the potential to raise interest among scholars 

(2) It has the potential to inform policies that can be carried out now or in 

the near future 

(3) It is likely to be supported by the general public 

(4) It has the potential to help a large number of animals 

(5) It has been (or is being) put into practice already 

In the long term, it seems that the fourth criterion will be the most important 

and the fifth will no longer be relevant. Currently, however, it seems that the 

first three are more important for the purposes of developing welfare biology, 

especially the potential to raise interest among scientists. 

We will now see several topics in welfare biology that fulfill all or most of 

these criteria. These aren’t the only promising topics; they are just some very 

clear examples.180 We have already seen two of them: wild animal vaccination 

and rescuing animals affected by weather events. We will also consider two 

 

180 An example that does not fulfill the fourth criterion but scores very well on the rest of 

them is helping stranded marine mammals. 
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others: helping wild animals in urban environments and helping large 

herbivores. These are all fields of research that both the general public and 

scientists usually support. 

Vaccination 

Let’s start with the advantages of doing research on vaccination. We already 

know this is one way of helping a large number of animals. We also know that 

it can be considered quite reliable, because it has been implemented for 

several decades with excellent results. Vaccination efforts have been primarily 

for anthropocentric reasons — to prevent wild animal diseases from being 

passed on to humans or to domesticated animals. But they also have a very 

positive impact on the vaccinated animals. What’s more important: their 

current use and effectiveness provide incentives to promote this research and 

to consider it a respected field of inquiry in academia. This is a serious 

advantage.181 

There’s a lot more that can be done in this area of research. More work 

can be done to prevent animals from suffering from diseases against which 

they aren’t currently being vaccinated. We can also learn more about the ways 

vaccination can indirectly affect other animals. In addition, we can move 

beyond researching only diseases that affect human interests. We can try to 

influence new research motivated by a concern for animals’ suffering. 

Saving animals from harmful weather events 

Another promising area of research is about rescuing animals who are victims 

of weather events, and taking precautionary measures to protect them. We 

have already seen that animals can be and, in many cases, are rescued from 

 

181 Vitasek, J. (2004) “A review of rabies elimination in Europe”, Veterinární Medicína, 49, 

pp. 171-185; Turnbull, P. C. B.; Tindall, B. W.; Coetzee, J. D.; Conradie, C. M.; Bull, R. L.; 

Lindeque, P. M. & Huebschle, O. J. B. (2004) “Vaccine-induced protection against anthrax 

in cheetah (Acinonyx jubatus) and black rhinoceros (Diceros bicornis)”, Vaccine, 22, pp. 

3340-3347; Fausther-Bovendo, H.; Mulangu, S. & Sullivan, N. J. (2012) “Ebolavirus 

vaccines for humans and apes”, Current Opinion in Virology, 2, pp. 324-329. 
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fires, floods, and other natural disasters such as hurricanes. In some cases, it is 

possible to build shelters, where some animals can take refuge during rain or 

snow, or from extremely cold or hot weather.182 

Some people object to helping animals when they are suffering due to 

natural causes, claiming that we should only help when the cause is 

anthropogenic. This claim is problematic because, for the animals involved, 

what matters is the harm they are suffering, and not what triggered it. Besides 

that, the objection no longer applies now that weather events are changing 

due to human action. That makes related harms no longer purely natural, but 

partly anthropogenic. Because of this, and also due to the world’s increasing 

attention on climate-related issues, helping animals affected by weather 

events has great potential to get more support. 

The wellbeing of urban animals 

Some people are concerned that our efforts might change previously 

untouched areas in unforeseen negative ways. This expresses a valid concern, 

which is that we should study the ways that our interventions could affect the 

animals living in those areas. However, this is something we should consider 

whenever we try to help animals in any environment, not only in untouched 

ones. In addition, we may note that there are also many ways to help wild 

animals that would not change untouched areas. This includes efforts to 

reduce the harms to animals living in urban, suburban, and industrial areas 

that are partly natural and partly human-caused. Animals living in these areas 

typically include birds, small mammals and reptiles, and many kinds of 

invertebrates. In some regions, they can include larger animals too. These are 

certainly not untouched areas, and while the ecosystems that exist in them are 

still complex, it can be easier to study the effects of our efforts there than in 

 

182 Flueck, W. T. (2011) “Continuing impacts on red deer from a volcanic eruption in 2011”, European Journal of Wildlife Research, 60, pp. 699-702; White, S. (2012) “Companion animals, natural disasters and the law: An Australian perspective”, Animals, 

2, pp. 380-394, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494289 [accessed on 

14 September 2019]; Palmer, C. (forthcoming) “Assisting wild animals vulnerable to 

climate change: Why ethical strategies diverge”, Journal of Applied Philosophy. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494289
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wilder areas.183 Pilot programs can be monitored better, and their indirect 

effects can be more easily studied. This means that we can more effectively 

implement policies that reduce the suffering of animals in these areas, and 

what we learn can then be applied in wild areas. 

This particular area within welfare biology can be based on contributions 

from both the sciences of animal welfare science and urban ecology, and could 

be called urban welfare biology or urban welfare ecology. This research can be 

started by studying the ecological interactions that urban animals have with 

each other as well as with their environments. This will increase our 

understanding of what the lives of urban animals are like, the harms they face, 

and ways their suffering can be prevented. Although this topic has not been 

studied yet, there is already an important body of research that is relevant. 

Urban ecology is a well-established field. The population dynamics and life 

histories of many urban animals have been studied, as well as other factors 

that affect their wellbeing, such as their interactions with other animals, the 

conditions limiting the growth of their populations, and the ways they are 

benefited or harmed by urban spaces and elements in urban design. 

Some of these animals have been studied because their presence (at least 

above certain numbers) is unwanted by human beings. Knowledge about this 

can be used in ways that benefit animals because the existence of large 

populations of these animals may be negative, not only for humans, but also 

for the animals of those populations themselves, if most of them have short 

lives where suffering prevails. A good outcome would be relatively small 

populations, where the presence of animals who tend to have better lives in 

these environments is favored over the presence of animals who have more 

difficult lives. 

 

183 Hadidian, J. & M. Baird (2001) “Animal welfare concerns and the restoration of urban lands”, Ecological Restoration, 19, pp. 271-272; Martinson, T. J. & Flaspohler, D. J. (2003) “Winter bird feeding and localized predation on simulated bark-dwelling arthropods”, 
Wildlife Society Bulletin, 31, pp. 510-516; Krimowa, S. (2012) Pigeons and people: Resource 

ecology and human dimensions of urban wildlife, master’s thesis, Wellington: Victoria 
University of Wellington; McCleery, R. A.; Moorman, C. E. & Peterson, M. N. (eds.) (2014) 

Urban wildlife conservation: Theory and practice, Dordrecht: Springer; Adams, C. E. (2016) 

Urban wildlife management, Boca Raton: CRC press. 
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Improving the overall situation by helping large herbivores 

One concern about intervention in the wild is that by helping some animals, 

we might harm others. Our goal shouldn’t be just to help certain animals 

regardless of any indirect effects on others, but to look for ways of helping that 

can be net-positive, considering all animals. To achieve this, we have to study 

ecosystems as a whole. In fact, eventually, the best ways of helping animals 

will be at the ecosystem level. What we would look for isn’t an improvement 

for a certain group of animals, but a scenario in which the overall proportion 

of suffering to happiness has shifted in a positive direction. 

We currently have what looks like a good example of this. There is much 

interest in the protection of large herbivores such as elephants. There are also 

important reasons to support this if we are focused on the wellbeing of 

animals. Elephants invest a lot in caring for their children and they have high 

survival rates. This means they tend to live relatively good lives, containing 

significantly less suffering than most other animals. They also consume large 

quantities of plants. This plant biomass would otherwise have supported the 

reproduction of very large numbers of smaller animals. As we have seen, 

smaller animals typically reproduce by having large numbers of offspring, 

most of which die, often painfully, shortly after coming into existence. 

Therefore, protecting large herbivores like elephants tends to improve the 

overall wellbeing of animals living in that ecosystem. 

Whether this is similar for other large herbivores remains to be seen. 

Studies would have to be carried out on a case-by-case basis for large animals 

such as hippos and rhinos. The presence of other, smaller herbivores like 

antelopes or goats who don’t consume as much biomass might also make a 

positive difference. This is a feasible way that we can act to benefit animals. 

And we are already intervening this way, although with different aims, focused 

on the conservation of these animals.184 

 

184 Van Aarde, R. J. & Jackson, T. P. & Ferreira, S. M. (2006) “Conservation science and 
elephant management in southern Africa: Elephant conservation”, South African Journal of 

Science, 102, pp. 385-388; Kerley, G. I. H. & Landman, M. (2006) “The impacts of elephants 

on biodiversity in the Eastern Cape Subtropical Thickets: Elephant conservation”, South 

African Journal of Science, 102, pp. 395-402; Guldemond, R. A. R., and van Aarde, R. J. (2008) 
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So we can see that there is much promising work ahead. In the short run, 

academically respected work will increase interest in this issue, which, in the 

long run, will maximize the expected positive result for animals in the wild. All 

this gives us reasons to be optimistic concerning the progress that the field of 

welfare biology can make from now on. 

There is another type of research that is very promising for the 

development of welfare biology: the study of methods to assess the wellbeing 

of animals in the wild. This can facilitate further scientific work that considers 

animal welfare when examining wild animals. So, it is focused not on a 

particular way to help wild animals, but on a way to improve the probabilities 

of success of other ways. We will see this next, when we examine the 

relationship welfare biology could have with other cross-disciplinary fields. 

 “A meta-analysis of the impact of African elephants on savanna vegetation,” Journal of 

Wildlife Management, 72, pp. 892-899; Pearce, D. (2015) “A welfare state for elephants? A 

case study of compassionate stewardship”, Relations: Beyond Anthropocentrism, pp. 133-

152, 3, https://www.ledonline.it/index.php/Relations/article/view/881 [accessed on 11 

December 2019]. 

https://www.ledonline.it/index.php/Relations/article/view/881
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Welfare biology and other 
cross-disciplinary fields 

Exploring methods to assess the welfare 

of animals living in the wild 

During the last few decades, scientists have increasingly shown interest in 

evaluating the wellbeing of animals through the development of welfare 

assessment methods. Most of these methods have focused on animals used by 

humans, particularly domesticated animals. Assessments of animal welfare 

vary, but they often include the evaluation of several parameters of health, 

physiology, and behavior. They are also often supported by an examination of 

how environmental conditions can affect animals in different ways. This 

plurality of methods makes animal welfare science a very interdisciplinary 

field.185 

In principle, welfare biology could examine all the aspects related to the 

wellbeing of all animals. It would not necessarily be focused only on animals 

who live outside of direct human control. However, for animals in captivity, 

the knowledge from ecology and from other fields like wildlife management 

 

185 Broom, D. M. (1988) “The scientific assessment of animal welfare”, Applied Animal 

Behaviour Science, 20, pp. 5-19; Mellor, D.; Patterson-Kane, E. & Stafford, K. J. (2009) The 

sciences of animal welfare, Hoboken: Wiley-Blackwell; Walker, M.; Díez-León, M. & Mason, G. (2014) “Animal welfare science: Recent publication trends and future research 

priorities”, International Journal of Comparative Psychology, 27, pp. 80-100; Hemsworth, 

P. H.; Mellor, D. J.; Cronin, G. M. & Tilbrook, A. J. (2015) “Scientific assessment of animal 
welfare”, New Zealand Veterinary Journal, 63, pp. 24-30. 



INTRODUCTION TO WILD ANIMAL SUFFERING 

 

161 

wouldn’t be needed, because the lives of these animals are not determined by 

their ecosystemic relations with other animals or with other elements of a 

certain ecosystem. Rather, their lives and the conditions affecting their lives 

are largely determined by the human beings in control of them. So to assess 

the situation of animals in captivity, the contributions from standard animal 

welfare science may be sufficient, but not for animals living in the wild. In 

order to effectively help them, we need to adequately understand how welfare 

is affected at the level of an ecosystem. 

Although welfare assessment methods have usually been designed for 

captive animals, some have been proposed to evaluate the welfare of animals 

living in the wild.186 Their emphasis has typically been on evaluating the 

harms caused by human activities, neglecting non-anthropogenic welfare 

issues. But these efforts can be the starting point whether the harms are 

anthropogenic or not. An analysis of the frameworks, approaches, models, 

criteria, and indicators already proposed by animal welfare scientists can help 

provide a foundation for new welfare assessment methods for wild animals. 

This will help other studies in welfare biology to be carried out more 

efficiently, by providing them with better tools to appraise whether certain 

animals are suffering or are in a good situation. 

Alternatively, work on the welfare of certain animals not only has the 

potential to improve the situation of those animals, but also to advance the 

study of the welfare of wild animals more generally. In particular, it could help 

to develop or to establish certain methods of welfare assessment. As we have 

seen, this work needs advancement. 

 

186 We have seen this above already, see for example Kirkwood, J. K.; Sainsbury, A. W. & Bennett, P. M. (1994) “The welfare of free-living wild animals: Methods of assessment”, 
Animal Welfare, 3, pp. 257-273; Jordan, B. (2005) “Science-based assessment of animal 

welfare: Wild and captive animals”, Revue Scientifique et Technique-Office International 

des Epizooties, 24, pp. 515-528; Kirkwood, J. K. (2013) “Wild animal welfare”, Animal 

Welfare, 22, pp. 147-148; JWD Wildlife Welfare Supplement Editorial Board (2016) “Advances in animal welfare for free-living animals”, Journal of Wildlife Diseases, 52, pp. 

S4-S13. 
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Conservation and welfare biology 

There are other cross-disciplinary fields from which welfare biology could 

gain useful knowledge. One that comes to mind is conservation biology. We 

have already seen the difference between the motivations of the two fields. 

Conservation biology is concerned with the continued existence of natural 

entities like ecosystems, populations, or species, rather than with animals 

themselves as individuals with wellbeing. Technically speaking, a distinction is 

made between conservationism and preservationism, the first referring to the 

conservation of biological entities for the benefits this will have for future 

generations of human beings, and the latter for their own sake. However, it is 

customary today to use the term “conservationism” to include both. 

We have seen already that the different ethical approaches of 

conservationism and concern for sentient beings can lead to conflicts, such as 

when the killing of animals in certain areas is proposed, for example, because 

they are not native to those areas or because they are considered to have a 

negative impact on a certain ecosystem for other reasons. Despite this, there 

are also common grounds for joint academic work. We considered one of these 

earlier. We saw that, among the different ways we can help animals in the 

wild, some consist of assisting those who are suffering some harm, while 

others can actually prevent those harms from occurring in the first place, as in 

the case of vaccination. Another example is the protection of big herbivores 

like elephants. This is something that conservationists often work to achieve. 

Those who want to promote the best situation for animals will be interested in 

attaining this too, because an ecosystem where these animals are present 

might be better, when we consider the total amount of suffering and wellbeing 

in the ecosystem. This is related to something we have already seen. We know 

that the life history traits of different animal species, especially the ones 

relevant to the animals’ reproductive strategies, can also be relevant to their 

welfare and their suffering. Animals with high mortality rates in infancy tend 

to have, on average, harder lives containing more suffering than those with 

higher survival rates. 

There are many cases where animals with better life expectancies are 

specialists who are very well adapted to living in a specific niche in some area, 

and have a hard time surviving in new and changing environments. Such 
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animals are frequently endemic to the areas they live in, and in many cases 

conservation biology is concerned with the conservation of these animals. In 

contrast, generalists are able to survive in a variety of environments and tend 

to colonize new areas when the previously existing ecosystems are disrupted, 

but they tend to have worse lives. They are often animals who reproduce in 

large numbers and have lower survival rates, which, as we have seen, means 

they tend have much more suffering in their lives. Conserving specialists may 

result in ecosystems with less suffering overall. These are cases of 

convergence of the aims of welfare and conservation biology that the general 

public will also tend to approve of. 

Also, there are some conservation efforts where much attention is paid to 

some specific individuals (as when a certain species with only a few members 

is chosen to be preserved). The goal in this case is to prevent them from dying. 

Because the same circumstances that typically cause animals to die also cause 

them to suffer, conservationist research in these cases can provide useful 

insights about factors that are negative for the animals’ wellbeing. This 

knowledge could, in some cases, be extrapolated to other animals as well. 

Compassionate conservation 

There are conservation scientists who are concerned about the methods of 

their discipline when those methods harm animals. They have proposed 

alternative methods that do not cause such harms. This approach has been 

called “compassionate conservation.”187 Its goals are different from those of 

welfare biology. They are more focused on preventing direct anthropogenic 

harms while achieving conservationist goals, rather than on actively 

improving the lives of animals. Nevertheless, scientists with this perspective 

are likely to be interested in methods to assess the welfare of animals in the 

wild, and possibly also in the conditions affecting it. This means that their 

work can also help advance research on welfare biology. 

In addition to this, those working in compassionate conservation have 

pointed out that there are cases where factors negatively affecting the 

 

187 Bekoff, M. (ed.) (2013) Ignoring nature no more: The case for compassionate 

conservation, Chicago: University of Chicago Press. 
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wellbeing of animals can impede the achievement of conservationist aims. 

These can be caused by conservationists’ actions. One example is harming 

animals by keeping and breeding them in stressful conditions in captivity. 

Other harmful interventions include causing discomfort or stress to animals 

by marking or tracking them in invasive ways, and killing animals that 

threaten the existence of a preferred species. In order to prevent these kinds 

of issues, other conservationists would need to consider the welfare of 

animals. Research on this subject would be similar to welfare biology and 

would also advance that field. 

Conservation welfare 

Another cross-disciplinary field could combine the knowledge and aims of 

conservation biology and animal welfare science, under the label “conservation welfare.”188 This approach would differ from that of 

compassionate conservation in not focusing on the harms caused to animals in 

conservationist efforts. 

Conservation welfare could address other issues unrelated to how 

conservationist interventions affect the wellbeing of animals. This could 

include the assessment of the wellbeing of animals as a result of indirectly 

anthropogenic or natural harms when conservation can benefit from it. This 

knowledge could be very useful for the aims of welfare biology, despite the 

difference in their ultimate goals (conservation welfare would focus more on 

conservation, and welfare biology on reducing harm to animals). What’s more, 

in some cases it would match the kind of work that would be done in welfare 

biology. 

 

188 Beausoleil, N. J.; Mellor, D. J.; Baker, L.; Baker, S. E.; Bellio, M.; Clarke, A. S.; Dale, A.; 

Garlick, S.; Jones, B.; Harvey, A.; Pitcher, B. J.; Sherwen, S.; Stockin, K. A. & Zito, S. (2018) “‘Feelings and fitness’ not ‘feelings or fitness’–the raison d’être of conservation welfare, 

which aligns conservation and animal welfare objectives”, Frontiers in Veterinary Science, 

5, a. 296. 



 

 

24 

Responses to criticisms to the 
ethics of helping animals 

We have already seen the case for promoting work in welfare biology, and 

some examples of promising lines of research and courses of action that could 

make a difference in reducing wild animal suffering. We will now cover 

objections to helping animals in the wild and to research that could inform 

efforts to help them.189 

Objections of this kind can be classified into two groups. Some of them 

focus on moral concerns, and discussing them is a matter of ethics. We will 

look at those now. Others focus on practical concerns about the feasibility of 

helping animals. We will examine those in the next section. 

Lack of concern for what happens to animals 

The main opposition is probably the speciesist view that human interests 

should be our primary or only concern. Regarding this, you can take a look at 

 

189 For general responses to arguments against helping wild animals, see Torres, M. (2015) “The case for intervention in nature on behalf of animals: A critical review of the 

main arguments against intervention”, Relations: Beyond Anthropocentrism, 3, pp. 33-49, 

https://www.ledonline.it/index.php/Relations/article/view/824 [accessed on 16 

December 2019] and Faria, C. (2016) Animal ethics goes wild: The problem of wild animal 

suffering and intervention in nature, PhD thesis, Barcelona: Pompeu Fabra University; Ryf, 

P. (2016) Environmental ethics: The case of wild animals, Basel: University of Basel; Horta, 

O. (2017b) “Animal suffering in nature: The case for intervention”, Environmental Ethics, 

39, pp. 261-279; 

https://www.ledonline.it/index.php/Relations/article/view/824


ACADEMIC WORK TO HELP WILD ANIMALS 

 

166 

the section about ethics and animals, where we saw how this view can be 

questioned. 

Lack of responsibility 

People sometimes argue that we are not personally responsible for the 

suffering of wild animals, so we shouldn’t be very concerned about it.190 

However, the reason to help them is that they need our help, not because we 

caused their situation. We can see that this argument would also apply to 

humans in distant places suffering from natural causes, such as earthquakes or 

hurricanes. If we think we should help humans in those cases and care about 

their wellbeing as sentient beings, then it follows that we should help animals 

living in the wild as well. 

Demandingness 

Another objection is that helping animals in the wild is too demanding of a 

requirement. Often, those who raise this objection are simply unaware of the 

many ways it is currently possible to help animals in the wild, and unaware 

that animals in the wild are already being helped. Large-scale vaccination 

programs, wild animal hospitals, and rescues of animals in the wild during 

fires and natural disasters are just a few examples. We saw these and other 

ways of helping wild animals earlier. Few people object to the effort or cost of 

these measures, and in fact many people would support increasing and 

expanding them. 

 

190 A moderate version of this view can be found in Palmer, C. A. (2010) Animal ethics in 

context, New York: Columbia University Press. 
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Commitment to a certain ethical view 

In some cases, people think that helping animals in the wild is tied to a 

particular ethical framework.191 However, many ethical views would agree 

with helping them, because the idea of helping those in need is widespread 

among different ethical positions. 

Do animals prefer not to be helped? 

Another objection is that by helping animals living in the wild, we would 

interfere with their capacity to live according to their preferences. According 

to this objection, animals have a certain way of life in the wild, and if we act to 

help them, we will change that way of life. 

This objection only applies to cases where helping animals involves 

changing certain aspects of ecosystems. It doesn’t apply to providing 

assistance to a small number of animals. The objection assumes that we 

should either maintain the way animals live even when it is very negative for 

them, or that it is not good for animals to be helped generally. Both 

alternatives seem implausible. Just like other sentient individuals, usually 

when animals are being harmed, they would prefer to be helped, not left alone. 

The objection would seem to make more sense if animals were not in 

situations in which they needed help. But this is far from true. They face great 

harms for many different reasons. Animals can’t just deal with these harms 

and thrive in the face of natural challenges. 

Animal freedom 

Another objection is that by helping animals, we would infringe upon their 

freedom. This objection assumes that animals in the wild are free to do 

 

191 This and the previous claim are made in Hills, A. (2010) “Utilitarianism, contractualism 

and demandingness”, The Philosophical Quarterly, 60, pp. 225-242, for an opposite view 

see Paez, E. (2020) “A Kantian ethics of paradise engineering”, Analysis, 80, 283-293.  
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whatever they want unless we intervene.192 But this is not the case. Because 

most animals who come into existence die when they are very young, they are 

often unable to live as they would like. They can’t, simply because they aren’t 

able to live at all. Therefore, if we could help them in ways that remove these 

natural challenges, they would actually be more free to live as they prefer. If 

animals living in the wild were able to make an informed decision about this, it 

is quite likely that they would prefer to be helped to achieve the best possible 

life. 

Should we only help animals who are harmed by humans? 

Those of us who are concerned about animals might think that there are more 

urgent ways to help, considering the harms that humans inflict on them. This 

objection is correct about how bad the harm by humans is. We should 

certainly do something about that. But this isn’t a reason to not help animals in 

the wild. The number of animals living in the wild is extremely large, many 

orders of magnitude higher than that of the animals humans harm directly. 

That makes this cause very important. 

 

192 See Donaldson, S. & Kymlicka, W. (2011) Zoopolis: A political theory of animal rights, 

Oxford: Oxford University Press. For responses, see Horta, O. (2013) “Zoopolis, 

intervention, and the state or nature”, Law, Ethics and Philosophy, 1, pp. 113-125, 

https://www.raco.cat/index.php/LEAP/article/download/294784/383317 [accessed 

on 30 August 2019]; Cochrane, A. (2013) “Cosmozoopolis: The case against group-

differentiated animal rights”, Law, Ethics and Philosophy, 1, pp. 127-141, 

https://www.raco.cat/index.php/LEAP/article/view/294785/383318 [accessed on 

30 August 2019]; Ladwig, B. (2015) “Against wild animal sovereignty: An 

interest‐based critique of Zoopolis”, Journal of Political Philosophy, 23, pp. 282-301; Mannino, A. (2015) “Humanitarian intervention in nature: Crucial questions and 

probable answers”, Relations: Beyond Anthropocentrism, 3, pp. 109-120, 

https://www.ledonline.it/index.php/Relations/article/view/821 [accessed on 15 

October 2019]. 

https://www.raco.cat/index.php/LEAP/article/download/294784/383317
https://www.raco.cat/index.php/LEAP/article/view/294785/383318
https://www.ledonline.it/index.php/Relations/article/view/821


INTRODUCTION TO WILD ANIMAL SUFFERING 

 

169 

Objections appealing to environmentalist views 

Finally, there is an objection that we should not help animals living in the wild 

because we should not touch nature. Some people might assume that this 

follows if we accept an environmentalist viewpoint. We will now see if and to 

what extent it does. 

A point that we have seen before is that humans frequently do intervene 

in nature, so additional action in the wild is not corrupting an otherwise 

untouched place. Humans usually intervene in order to promote human 

interests. We can say it is discriminatory not to act similarly to help animals. 

Sometimes humans intervene to conserve certain ecosystems, species, or 

populations for their own sake; or to restore a previously existing ecosystem. 

These examples show us that environmentalist or conservationist positions do 

not always oppose intervening in nature. 

Still, while these views support intervention in nature for ecosystem or 

species conservation, they would not support it to help animals as individuals. 

Consider ecocentrism.193 If what really matters is just that some ecosystems 

exist, then transforming existing ecosystems so that they contain less animal 

suffering shouldn’t really be a problem. After all, ecosystems will still exist. 

However, ecocentrists don’t think this way. They typically don’t mind that old 

ecosystems were replaced by current ecosystems, and they don’t like the 

prospect of current ecosystems being replaced by new ecosystems. Instead, 

they typically value present ecosystems or sometimes ecosystems of the recent 

 

193 Sagoff, M. (1984) “Animal liberation and environmental ethics: Bad marriage, quick 

divorce”, Osgoode Hall Law Journal, 22, pp. 297-307; Mikkelson, G. (2018) “Convergence 

and divergence between ecocentrism and sentientism concerning net value”, Les ateliers 

de l'éthique/The Ethics Forum, 13, pp. 101-114, https://www.erudit.org/en/journals/ 

ateliers/2018-v13-n1-ateliers04192/1055120ar.pdf [accessed on 2 September 2019]. 

The claim that these positions would not necessarily imply opposition to helping wild 

animals is defended in Cunha, L. C. (2015) “If natural entities have intrinsic value, should 

we then abstain from helping animals who are victims of natural processes?”, Relations: 

Beyond Anthropocentrism, 3, pp. 51-63, https://www.ledonline.it/index.php/Relations/  

article/view/823 [accessed on 13 August 2019]. The points in this paper would apply to 

other environmentalist objections as well. 

https://www.erudit.org/en/journals/ateliers/2018-v13-n1-ateliers04192/1055120ar.pdf
https://www.erudit.org/en/journals/ateliers/2018-v13-n1-ateliers04192/1055120ar.pdf
https://www.ledonline.it/index.php/Relations/article/view/823
https://www.ledonline.it/index.php/Relations/article/view/823
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past. At any rate, even from this perspective, intervention in the wild to help 

animals would only be problematic if it significantly transforms ecosystems. 

Another thing to note is that supporters of ecocentrism are not concerned 

about ecosystems where there is already a large human presence, such as 

urban, industrial, suburban, and agricultural settings. These ecosystems have 

already been radically changed. This is important because these ecosystems 

cover a very large total area, and an immense number of animals live in these 

areas. 

The objection that we should not help animals living in the wild on the 

grounds that we should not touch nature is also held by environmentalists 

who have a naturocentric focus on the maintenance of wilderness.194 These 

views value not ecosystems as such, but the existence of what has resulted 

from natural processes. According to this view, it might be immoral to help 

animals in the wild, because doing so is not “natural,” in the sense that it 

would mean not letting the natural course of things continue. However, this 

does not apply to urban, industrial, and agricultural ecosystems. There are 

also ecosystems like forests, grazing areas, and other areas that have been 

created by human action rather than being the result of untouched nature 

evolving there. Restored ecosystems are similar in this regard. Compared to 

the ecocentric view, a naturocentric position could consider it permissible to 

intervene in an even larger number of ecosystems. As for views supporting the 

preservation of species or biodiversity, they would oppose only interventions 

that lead to species extinctions, but not necessarily any other kind. 

Finally, let’s consider the views from biocentrism. Biocentrism claims we 

should give moral consideration to all living things. This view implies 

supporting helping individual animals, because it regards them as deserving of 

moral consideration.195 So biocentrism would support intervening for some 

 

194 Rolston, H., III (1992) “Disvalues in nature”, The Monist, 75, pp. 250-278; Hettinger, N. (2018) “Naturalness, wild-animal suffering, and Palmer on laissez-faire”, Les ateliers de 

l'éthique/The Ethics Forum, 13, pp. 65-84, 

https://www.erudit.org/en/journals/ateliers/2018-v13-n1-

ateliers04192/1055118ar.pdf [accessed on 23 September 2019]. 

195 This point has been made previously in Horta, O, (2018b) “Concern for wild animal 

suffering and environmental ethics: What are the limits of the disagreement?”, Les 

https://www.erudit.org/en/journals/ateliers/2018-v13-n1-ateliers04192/1055118ar.pdf
https://www.erudit.org/en/journals/ateliers/2018-v13-n1-ateliers04192/1055118ar.pdf
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broadly similar reasons to the sentience-focused position. The difference is 

that this view would defend intervention to protect individual non-sentient 

biological organisms such as plants or fungi. It could have negative 

consequences for animals if non-sentient living things are protected at the 

expense of sentient animals. 

Given all this, we can see that at least some of the most representative 

objections are much more permissive towards helping wild animals than it 

may seem at first. We don’t have conclusive reasons to not help them. There 

are, however, strong reasons to do it, given how important the harms suffered 

by wild animals are. 

 
Ateliers de l ’É thique/The Ethical Forum, pp. 85-100, 13, 

https://www.erudit.org/en/journals/ateliers/2018-v13-n1-ateliers04192/1055119ar 

[accessed on 12 November 2019]. See also Palmer, C. (2016) “Living individuals: 
Biocentrism in environmental ethics”, In Gardiner, S. M. & Thompson, A. (eds.) The Oxford 

handbook of environmental ethics, Oxford: Oxford University Press, pp. 101-112. 
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Practical objections against 
helping wild animals 

Having seen some ethical objections to helping wild animals, we will now see 

some practical objections. They are claims of intractability, uncertainty, 

difficulty in researching issues not related to human interests, and fears of 

meeting disapproval. 

Claims of intractability 

One objection is that improving the wellbeing of animals living in the wild is 

ultimately futile because the huge amount of suffering and death they face 

would ultimately render our efforts unsuccessful.196 A response to this 

objection is that it is missing the point. We might not be able to stop all the 

harms animals suffer, but that doesn’t mean we should not try to stop some of 

them. We should try our best to reach the best possible outcome, all things 

considered. From the perspective of the animals we can help, we will be 

making a crucial difference. 

Another, more radical, version of this objection would be that it is 

impossible to make any difference at all, that is, impossible to reduce the 

 

196 For responses to this and other objections see Faria, C. (2016) Animal ethics goes wild: 

The problem of wild animal suffering and intervention in nature. PhD thesis, Barcelona: 

Pompeu Fabra University; Horta, O. (2017b) “Animal suffering in nature: The case for intervention”, Environmental Ethics, 39, pp. 261-279; Johannsen, K. (2020) “To assist or not to assist? Assessing the potential moral costs of humanitarian intervention in nature”, 
Environmental Values, 29, pp. 29-45.  
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harms animals suffer in any way. But we can see that this claim is just wrong, 

as we have seen how it is possible to help animals in the wild, and that this has 

been done for a long time already.197 

Another claim is that by helping some animals, we could be harming 

others, so we’ll never know if we are actually having a positive impact. This is 

a different claim: that the issue is too uncertain for us to know how to act. 

We’ll look at this objection next. 

Epistemic problems 

There are two different objections claiming that it is not possible for us to 

attain the necessary knowledge to achieve the aims of welfare biology. 

One objection argues that because suffering and other experiences are 

subjective, they cannot be the proper object of scientific study, so we will 

never be able to learn about them. This objection conflicts with what most of 

us believe: that other beings have their own experiences, and we make 

intuitive guesses about whether they feel well or bad that often turn out to be 

right. This isn’t just with our close friends or other human beings. A lot has 

been learned about what nonhuman animals experience without having direct 

access to their thoughts. For decades, the science of animal welfare has been 

examining the wellbeing of animals, using established indicators that are 

applied rigorously. Moreover, not having direct access to what you are 

studying does not invalidate the possibility of carrying out a scientific 

assessment of it. One example of this is research in natural history; we can’t 

have direct access to how life was millions of years ago.  

Another objection is that the complexity of ecosystems means that 

research into the factors that affect wild animal wellbeing would inevitably be 

incomplete. As a result, welfare biology would not succeed in making sound 

 

197 This objection is presented in Delon, N. & Purves, D. (2018) “Wild animal suffering is intractable”, Journal of Agricultural and Environmental Ethics, 31, 239-260. Throughout 

this book, we have seen many possible ways in which it is possible to make a positive 

difference for animals at different scales. See footnotes in the sections about different 

ways to help animals, and in section about the promising fields of research for welfare 

biology.  
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assessments of the ways to alleviate wild animal suffering. One response to 

this is that it’s correct that complexity does entail that our actions will have 

many ramifications, some of which we won’t be able to foresee. So, it’s a 

reasonable concern that we could make the situation worse by trying to help 

some animals without sound knowledge. However, this should not stop us 

from trying to improve the situation for animals. Most scientific disciplines 

deal with complex phenomena, but we are still able to use their findings to 

inform our actions. Their incompleteness is not a significant barrier to this. 

Also, we already know of many interventions that clearly improve the welfare 

of some animals living in the wild. We need more research to see if these 

interventions also indirectly negatively affect other animals. In some cases, it 

seems more likely that the indirect effects will be positive, such as in the case 

of protecting large herbivores. 

In addition, this objection is being very pessimistic about the results our 

actions could have, probably displaying a bias towards the status quo, while it 

seems to be quite optimistic about the current situation for animals living in 

the wild. It gives the impression that things are only slightly wrong with the 

current situation for animals, and that attempts to correct those things are 

likely to only make other things worse. But this assumption is wrong, because 

the current situation is actually very bad for animals living in the wild. When 

humans are seriously in need of help in complicated situations, efforts are 

often made to study how to best help them, and uncertainty due to complexity 

is not considered a reason to do nothing. There is no reason not to also apply it 

when animals living in the wild are in need. Note that this book is not just 

about helping animals in need, but also about doing the necessary research in 

a well-informed way. 

The claim that only human interests 

can be promoted in research 

According to another objection, there is no point in trying to work in welfare 

biology, which focuses on the interests of nonhuman animals, because only 

research that serves human interests is likely to be funded and researched. 

However, this claim is rendered false by the fact that work in conservation 
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biology is respectable today in academia, even when motivated only by 

preservationist concerns about the continued existence of certain species or 

populations, regardless of their impact on humans. If this is the case with 

conservationist purposes, it could also happen for the study of animals’ 
wellbeing. Note, also, that in the case of animals there is the precedent of 

animal welfare science. There is no reason why it should apply to some 

animals (those used by humans) but not others (those outside of direct human 

control). 

It could be argued that research on the conservation of species or 

ecosystems, about the welfare of animals used by humans, or about the ways 

to help animals in the wild, like vaccination, all have anthropocentric 

motivations. It is true that these different types of research are all carried out 

partly for anthropocentric reasons. But there is also a concern among the 

general public about the wellbeing of animals. There is a relative lack of 

concern for wild animals, but this is due partly to a lack of familiarity with wild 

animal suffering. 

Concerns of animal advocates 

We have seen that some animal advocates think that human concern for 

nonhuman animals should be restricted to animals whose suffering is directly 

caused by us.198 But there is another possible concern. Some animal advocates 

might think that the idea of helping animals in the wild is too new and too 

hard to accept for the general public, and that as a result our efforts will be 

unsuccessful. They might also think that if people find this idea too strange, it 

could hurt the defense of animals in general. 

These concerns are, however, based mostly on intuitions, not on actual 

experience in communicating with the public about this issue. As far as we 

know, there is no data backing these fears, and our experience at Animal 

Ethics is that the general public is quite receptive to the idea of helping wild 

animals in need of aid. Among the people who are concerned about animal 

 

198 See Morris, M. C. & Thornhill, R. H. (2006) “Animal liberationist responses to non-

anthropogenic animal suffering”, Worldviews: Global Religions, Culture, and Ecology, 10, 

pp. 355-379. 
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suffering, most have never heard about the harms animals suffer in nature or 

the reasons to help them. When this is explained, many of them become 

concerned. As a result, there are now many more people who agree with 

helping wild animals than there were just a few years ago. This shows it’s 

possible to change people’s minds about this. Of course, for this to happen, we 

have to communicate effectively with the general public about this issue. 

The lines of research we consider likely to be successful are ones that 

most people will probably find quite acceptable. In fact, as more people 

become aware of what we can do for wild animals, public attitudes may 

become an important driver of political and legal action that can help to 

further promote welfare biology. Actually, most people are much more open to 

helping wild animals than to other mainstream ideas in animal advocacy, such 

as giving up the use of animals as resources. This could be because it doesn’t 
require much compared to behavioral changes, such as not using animal 

products or services. Similarly, raising concern about the moral consideration 

of animals and speciesism tends to be well received and not met with 

reluctance or opposition the way advocacy for behavioral change often is. We 

encourage animal advocates who might still be a bit wary about how the 

public might receive the message to get in touch with Animal Ethics, and we 

will be happy to provide ideas and materials to run a small event or campaign 

to gauge how positive the reception by the public is. 

Concerns about negative reactions by scientists 

Some people are concerned about the attitudes of scientists towards wild 

animal suffering. They fear that scientists might view this work as misguided. 

However, even if the prevailing paradigm doesn’t consider animals as 

individuals, this doesn’t mean that scientists won’t be interested in learning 

more about the wellbeing of nonhuman animals. Scientists are in principle in 

favor of gaining new knowledge and, accordingly, of more resources being 

employed in research.199 The discussion that can take place afterwards, about 

 

199 Two studies carried out by Animal Ethics indicate that many life scientists find this 

kind of research useful and interesting. See Animal Ethics (2019c) Scientists’ attitudes 
toward improving the welfare of animals in the wild: A qualitative study, Oakland: Animal 
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how to apply the knowledge, is a different question. But scientists don’t have 

to agree with a certain course of action to think it’s a good idea to learn more 

about issues related to it. Also, we have to bear in mind that not all scientists 

think the same way, and there are researchers with an interest in helping 

animals. 

So we have good reasons to support gaining more knowledge about the 

wellbeing of wild animals and how to best help them. We’ve also seen that the 

objections against doing this are not conclusive. In the final chapter, we will 

consider the importance this research has, especially for the future. 

 
Ethics, https://www.animal-ethics.org/scientists-attitudes-animals-wild-qualitative [accessed 

on 22 March 2019]; (2020) Surveying attitudes toward helping wild animals among 

scientists and students, Oakland: Animal Ethics, https://www.animal-ethics.org/survey-

helping-wild-animals-scientists-students [accessed on 22 March 2019]. 

https://www.animal-ethics.org/scientists-attitudes-animals-wild-qualitative
https://www.animal-ethics.org/survey-helping-wild-animals-scientists-students
https://www.animal-ethics.org/survey-helping-wild-animals-scientists-students
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Wild animal suffering and the 
importance of the future 

In previous chapters of this book, we have seen how serious the scale of wild 

animal suffering is. Moreover, we’ve seen that the majority of animals who 

come into existence die very young, often suffering a lot in the process. This is 

of particular importance given that the number of animals living in the wild is 

estimated to be many orders of magnitude larger than the number of humans 

and domesticated animals combined. Preliminary investigation on the 

population range of various animal groupings places wild mammals over 1011, 

amphibians and reptiles each between 1011 to 1014, different groups of fishes 

over 1013, and insects over 1018.200 

The level of neglectedness of wild animal suffering is also very high. It has 

not been considered a serious issue until recently. Most members of the 

general public are unaware of the situation of these animals and that they 

might need our help. In academia, this issue has also received very little 

attention. 

However, despite the neglectedness of wild animal suffering, we’ve seen 

great potential for a substantial increase in the tractability of this problem. 

We’ve seen numerous examples of how we can help wild animals, and the 

apparent lack of tractability in other cases is often due simply to the fact that 

there have been no serious attempts to make progress on them. Getting 

academic research on this issue started and boosted can therefore 

 

200 Tomasik, B. (2015c [2009]) “How many wild animals are there?”, Essays on Reducing 

Suffering, http://reducing-suffering.org/how-many-wild-animals-are-there [accessed on 

12 October 2019]. 

http://reducing-suffering.org/how-many-wild-animals-are-there/


INTRODUCTION TO WILD ANIMAL SUFFERING 

 

179 

exponentially increase our progress. We shouldn’t be driven by pessimism to 

think this can’t happen because of the present record of neglectedness. A 

number of new fields of research have appeared in the 20th century, some in 

the past few decades, that were not considered relevant areas of study before 

they emerged, and they are now respected disciplines in academia (including 

the sciences of animal welfare and a number of subdisciplines in the field of 

ecology). To encourage work on welfare biology, we must approach scientists 

and policy makers in an informed way and with proposals they will find sound 

and fruitful. 

At the same time, we can increase the awareness of the general public 

about this issue so that there will eventually be more public support for 

helping animals. In particular, we can reach influencers, and find opportunities 

to make discussion about this issue possible. People may not completely agree 

with what we say at first, or they might mistakenly think they already know 

about the issue because they confuse it with something else. For example, 

many people think that helping wild animals means conserving species, and 

don’t have in mind their wellbeing and suffering. Other people might think 

that wild animal suffering is just about the harms some animals inflict on 

others. Others might think that helping wild animals consists of keeping them 

in nature and refraining from interacting with them. At this point, we know 

that these are serious and widespread misunderstandings; this is not 

surprising considering how little information there is about wild animal 

suffering. There is therefore a lot of room for improving understanding and 

awareness about wild animal suffering by spreading more information about 

animals’ lives and the arguments for their moral consideration. 

Wild animal suffering and the importance of the future 

If we start to work on this issue now, then in the future it will be possible to 

help animals much more extensively. However, there is no guarantee that this 

will happen. We’ve seen many ways animals in the wild are currently being 

helped, but there are other feasible ways to help them for which there is no 

public support. This problem could become even bigger in the future if there is 

still little support when we have even greater means to help. 
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The prospect for helping on a large scale might seem precarious, in that 

there is still so much to do and so little awareness. However, there has been 

significant progress. Only 10 years before this book was written, there were 

very few people who thought this issue deserved attention. There is already a 

growing and diverse group of people interested in it, including natural science 

students, animal advocates, effective altruists, and people interested in general 

in achieving a better world with less suffering. This means there are reasons 

not just to hope, but to expect, that 10 years from now even greater progress 

will have been made. 

Spreading concern about wild animal suffering is important not only 

because of what happens today, but also because it will allow us to make a 

difference to the situation of animals in the future. People tend to focus on 

what happens in the present, or on what will happen in the relatively near 

future. But many more changes, advancements, and problems will take place 

over the long term.201 This may seem like a trivially true statement, but the 

implications of it are rarely accepted, and they are very important. While there 

is currently a very large number of sentient animals in need of help, there will 

be many, many more in the future. In fact, it’s likely that the vast majority of 

sentient living beings that will ever exist are going to exist in the future. This 

makes concern for the future crucially important.202 Thinking about how our 

 

201 This is especially the case with wild animal suffering as the possibility of expanding it 

beyond its traditional limits is increasing. See Oberhaus, D. (2019) “A crashed Israeli 

lunar lander spilled tardigrades on the Moon”, Wired, 5 August, 

http://www.wired.com/story/a-crashed-israeli-lunar-lander-spilled-tardigrades-on-the-

moon [accessed on 12 October 2019]; Perry, G.; Curzer, H.; Farmer, M.; Gore, M. L. & 

Simberloff, D. (2020) “Historical, ethical, and (extra) legal perspectives on culpability in 

accidental species introductions”, BioScience, 70, pp. 60-70. 

202 See Eckerström Liedholm S. (2019) “Persistence and reversibility: long-term design 

considerations for wild animal welfare interventions”, Wild Animal Initiative, 

https://www.wildanimalinitiative.org/blog/persistenceandreversibility [accessed on 11 

January 2020]. This work presents the case for the importance of considering the future, although it doesn’t consider the situation of nonhuman beings as relevant: Beckstead, N. 

(2013) On the overwhelming importance of shaping the far future, PhD thesis, New 

Brunswick: Rutgers University. On longtermism, see Greaves, H. & MacAskill, W. (2019) “The 

case for strong longtermism”, Global Priorities Institute, https://globalprioritiesinstitute.org/wp-

http://www.wired.com/story/a-crashed-israeli-lunar-lander-spilled-tardigrades-on-the-moon
http://www.wired.com/story/a-crashed-israeli-lunar-lander-spilled-tardigrades-on-the-moon
https://www.wildanimalinitiative.org/blog/persistenceandreversibility
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actions impact the future is then essential for people who are concerned about 

sentient beings. 

Although the future is uncertain, we can make some informed guesses 

about the way some current courses of action could affect it. For example, it is 

reasonable to expect that spreading concern for nonhuman sentient beings in 

general, and for wild animals in particular, will make it more likely that the 

future will be better than it would otherwise be. In fact, if we’re considering 

how we can improve the future, actions like expanding society’s concern 

towards those who are currently disregarded — like wild animals — seems a 

promising course of action, because it does not depend on any specific 

predictions of what might happen. However the future is, it seems that having 

more concern for all sentient beings, and especially for those who are 

currently the most neglected, is likely to make it much better. 

In other words, uncertainty about the future means that we don’t know 

what new problems and causes of suffering there may be in the future. 

Increasing concern in general for all beings who can feel and suffer would help 

prevent bad scenarios in the future that could result in immense suffering. 

Take action 

We have seen that there are various things that can be done to help to make a 

difference for animals. You can help animals directly if you have the 

opportunity. You can also help Animal Ethics and other organizations that are 

concerned about wild animal suffering. If you think this cause is important, 

you can let others know about it, and encourage them to get more information. 

If you are involved in the defense of animals, you can include concern for wild 

animal suffering in your work. And if you are a researcher in natural sciences, 

 
content/uploads/2020/Greaves_MacAskill_strong_longtermism.pdf [accessed 7 Oct 2019]. On 

different strategies to influence the future see Reese, J. (2018) “Comparing the cause 

areas of moral circle expansion and artificial intelligence alignment”, Sentience Institute, 

https://www.sentienceinstitute.org/blog/mce-v-aia [accessed on 16 November 2019]. 

On the risks of future bad scenario see Baumann, T. (2017) “S-risks: An introduction”, 
Reducing Risks of Future Suffering, https://s-risks.org/intro/ [accessed on 30 December 

2019].  

https://www.sentienceinstitute.org/blog/mce-v-aia
https://s-risks.org/intro/
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you’re in an excellent position to promote work on this issue. Students and 

scientists can play a crucial role in carrying out research on welfare biology in 

academia. If you want to know how to do this, or if you have an idea for a 

promising research project, let us know and we may be able to help you. 

Anyone else who is interested in getting involved can also let us know and 

we’ll help you get started. 

There’s much more to learn and to do about the situation of wild animals. 

This book is just an introduction to the issue. We encourage you to join us in 

bringing about a better outcome for animals in the wild. They need us all to 

give them a hand. There is a lot that can be done, not only to affect what 

happens now, but also what will happen in the future, and you can make a 

difference. 
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Abstract

Utilitarian animal welfarists generally assume that animal lives in the
wild are worth living and that we ought to preserve the environment in
order to make such lives possible. In this paper, I argue that the lives of
most animals in the wild are not worth living and that habitat reduction
may sometimes increase net wild-animal utility.

I first develop a model for the change in wild-animal expected ag-
gregated utility that results from a given environmental impact. I then
apply it to three scenarios and demonstrate that in most cases, environ-
mental destruction has net benefits—even when the animals are mildly
happy during most of their lives. (Specifically, in several of the examples,
ecological demolition is good as long as the positive aggregated utility of
living for a week is less than, roughly, 1

3
to 1

10
the magnitude of the pain

of experiencing death.)

1 About this piece

I wrote this paper in summer 2006 at age 19, during the evenings and weekends
while I was interning with my Congressman’s o�ce in Washington, DC. While
I had been thinking about the problem of wild-animal su↵ering since learning
that animals were sentient in summer 2005, this paper represented my first main
attempt at calculating how anthropogenic environmental changes a↵ect wild-
animal su↵ering. Because this paper’s formulas are hopelessly over-complicated
and unrealistic, I later trimmed the excessive math and converted the piece into
something more readable: [67].

Even when I wrote this piece, I knew that my mathematical modeling was
probably more a fun exercise than a practical endpoint. I do appreciate the
way in which my model highlights relevant variables to look out for. But its
ecological assumptions are so simplified that my conclusions are unlikely to be
terribly realistic. Often practical data invalidates what you thought would be
the case using your model. Of course, data can be noisy too, so some balance
between theory and data is best.

But if you’re going to develop a model, you should make it simple. Probably
the signal of what my formulas in this piece express could be mostly captured
with a vastly more compact expression. Simplicity improves transparency and
computational e�ciency. Several simplified models making di↵erent assump-
tions would be much more informative than an ugly expression that no one can
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interpret, and using many models would help in analyzing sensitivity to specific
assumptions.

I hope ecologists attempt more serious calculations of wild-animal su↵ering using
standard ecological models. Consider this piece a baby shower for the field of
welfare biology [53]. I feel that I’ve since developed more refined views on
some of the issues discussed in this piece, as explained elsewhere on http:

//utilitarian-essays.com/ .

The remainder of this article is my original text from 2006 with some modifi-
cations made on 3 Aug. 2014. I don’t now agree with all the assumptions in
this essay, but I’ve left most of them alone so that this piece can serve as a time
capsule into history.

—Brian Tomasik, 3 Aug. 2014
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2 Preface

I write this paper in the spirit of exploration. I do not pretend to be an expert
on any of the topics that I discuss, nor do I claim that my analysis is definitive.
Rather, I hope to provoke discussion on what seem to me some highly important
but largely overlooked issues.

If you would be a real seeker after truth, it is necessary that at least
once in your life you doubt, as far as possible, all things.

—Rene Descartes [60]
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3 Introduction

Most animal welfarists consider themselves environmentalists [50]. Many writ-
ers have pointed out the natural alliance that should exist between environmen-
talists and animal welfarists [38, 23]. Environmentalists should welcome the
substantial ecological benefits of vegetarianism [49, 70, 21, 42], while animal
welfarists should (it is assumed) support preservation of habitat for wild ani-
mals. And larger animal-welfare groups—despite some recurrent conflicts with
environmentalists [48]—have helped to support environmental policies, includ-
ing the California Desert Protection Act, the Endangered Species Act [50], and
preservation of the Arctic National Wildlife Refuge [62].

Yet, many authors have noted a fundamental divide between the two camps.
In a 1980 essay, J. Baird Callicott asserted that “the value commitments of
the humane movement seem at bottom to betray a world-denying or rather a
life-loathing philosophy” [12, p. 31]. If animal welfarists regret the violence and
brutality of the natural world—so the argument goes—then they reject nature
itself. Indeed, Ned Hettinger argues that “Respecting nature means respecting
the ways in which nature trades values, and such respect includes painful killings
for the purpose of life support” [28, pp. 13-14].

Usually, animal welfarists have responded that intervention in nature does not
follow from moral concern for animals.1 The Animal Ethics Encyclopedia has
this to say:

The only way predation could stop is if humans killed o↵ all preda-
tors. It may seem silly to want to kill o↵ all predators, or even try.
But up to the 1970’s people were doing just this. Many popula-
tions of predators were trapped, poisoned or shot all over the world.
Wolves, for instance were destroyed in the hundreds of thousands
from almost all the US. [. . . ]

So what happens when people kill o↵ all predators. The numbers of
prey animals increase dramatically in their absence. Huge numbers
of prey animals eat all their food and then starve to death in the
resulting famine. A few animals survive, however, and their popu-
lation and vegetation recover. But then the cycle keeps repeating
itself. So killing o↵ predators increases su↵ering. [. . . ]

[P]redation is actually necessary for life because nature can only
work when one thing eats another. Nature is a cycle of life and
death and we have no alternative but to accept that. [56]

Of course, we do have an alternative: reduce nature itself. None of these authors
mentioned that possibility because they maintained the implicit assumption

1There are some notable exceptions to this, such as [61, 52, 24, 14].
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that, on balance, it’s good for animals to live in the wild. In this paper, I
question that assumption.

4 A Utilitarian Framework for Analysis

Definition: An organism !(t) is any unified collection of matter that exists
at time t. The set of all disjoint organisms at t is ⌦(t).

Examples of organisms: Rocks, trees, camels, stars, computers, people, and
bacteria.

Definition: ⇧!(t) is the probability that a given !(t) 2 ⌦(t) is sentient.

Examples:

• ⇧!(t) ⇡ 1 for the following types of !(t)s: people, monkeys, cows, chickens,
blue jays, and (potentially) computers of the future [39].

• ⇧!(t) ⇡ 0 for the following types of !(t)s: amoebas, bacteria, trees, flowers,
rocks, water molecules, air molecules, and computers of the present.

Definition: Aggregated utility, U, is the expected-value sum total of the utility
in the universe over all time, where utility is counted equally regardless of which
organism happens to experience it or when it happens to be experienced. The
unit is the util.

U :=

1
Z

�1

0

@

X

!(t)2⌦(t)

⇧!(t)u
�

!(t)
�

1

A dt, (1)

where u
�

!(t)
�

is the utility that !(t) would experience if it were sentient.

Assumption: U is finite. This assumption requires the following conditions,
C:

• C1: ⇧!(t)u
�

!(t)
�

is never infinite,

• C2: ⇧!(t)u
�

!(t)
�

is never nonzero for an infinite number of !(t)s, and

• C3:
P

!(t)2⌦(t) ⇧!(t)u
�

!(t)
�

is never nonzero for an infinite time.

C1 is true so long as there’s no such thing as an infinitely strong preference. C2

and C3 present more serious di�culties that will not be addressed here [8].
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Definition: Utilitarianism is an ethical doctrine whose goal is to maximize
U.

Definition: I refers to the state of the universe given a certain environmental
impact I.

¬I refers to the counterfactual universe in which I didn’t occur.

Examples: I might be, for instance,

• an asteroid impact

• slashing and burning of the rainforest

• farming on grassland.

Definition: The change in U that is due to I is simply

�U(I) := UI � U
¬I . (2)

Definition: (1) treated time as a continuous variable. Henceforth, however,
I divide up time into discrete periods of equal length. I call these intervals
“weeks,” but really any intervals would do, and I’ll change the units according
to specific circumstances.

Definition: t = 0, also denoted by 0, represents the time when I begins.
Thus, t = 1 or 1 represents something that happens one week after I.

Definition: t = T represents the time at which I ceases to impact U . By
Assumption 3.1, T must be finite (for if it weren’t, UI and/or U

¬I would be
infinite).

Definition: Let N be the component of U that is not a↵ected by whether I
or ¬I is the case. N includes all utility that existed before I took place, as
well as all utility that will exist after T . In fact, N includes at least all utility
outside of I’s future light cone up to T .

Definition: Let E be the component of U on which I does have an ef-
fect.

UI ⌘ NI + EI ;

U
¬I ⌘ N

¬I + E
¬I .

(3)
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Identity: Since NI ⌘ N
¬I , (2) becomes

�U(I) ⌘ EI � E
¬I . (4)

Definition: A species � is any arbitrary set of organisms.2 ⌃ is the set of
all species that have ever and will ever exist. ⌃ includes all species that would
exist under I and under ¬I, so it’s possible that not all of the members of ⌃
will actually have existed.

Example: Perhaps �1 = {field mice}, �2 = {humans}, and �3 = {Tyrannosaurus
rex}. ⌃ = {�1,�2,�3, . . .}.

Definition: Only a subset of ⌃ will be a↵ected by a given I.3 Moreover, I
will not necessarily a↵ect all of the members of every � that is impacted. For
each � 2 ⌃, let a ✓ � represent the set of only those members of � that are
a↵ected by I. Similarly, let A ✓ ⌃ represent the set of only those species that
are a↵ected by I.

Definition: Ea is the component of E due to organisms in a. Thus,

E ⌘
X

a2A

Ea. (5)

Definition: Ea(t) is the component of Ea that the members of a experience
at t.

Ea ⌘

T
X

t=0

Ea(t). (6)

Definition: Divide Ea(t) into three exhaustive components:

Ea(t) ⌘ La(t) +Da(t) +Ka(t). (7)

• La(t) represents the aggregated utility that the members of a experience
due to regular living at t.

2For convenience, we might say that, e.g., elephants constitute one species while gira↵es
constitute another, but this classification is actually immaterial. Indeed, for some organisms
(such as, potentially, sentient computers of the future), the standard biological definitions will
no longer apply.

3The dinosaurs, for instance, will not be a↵ected by drilling in the Arctic National Wildlife
Refuge.
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• Da(t) is the (presumably negative) aggregated utility experienced by those
members of a that die at t for any reason other than the direct impact of
I.

• Ka(t) is the (presumably negative) aggregated utility experienced by those
members of a that are killed directly by I at t. (Ka(t))¬I := 0.

Example: Suppose that a = {squirrels}. I is a falling boulder that lands on
top of several squirrels at t = 0, causing -500 utils. Another group of squirrels
simultaneously dies of natural causes with pain of -700 utils. Here, (Ka(0))I =
�500 and (Da(0))I = �700.

If the boulder had not fallen, all of the squirrels that it crushed would have been
eaten by a gnome at t = 0, with the same painfulness of death. Now,

(Da(0))¬I =� 500 [from the gnome] +

� 700 [from the other squirrels that died]

=� 1, 200.

(Ka(0))¬I = 0 because (Ka(t))¬I := 0 8t.

Definition: pa(t) represents the population of a at t.

Definition: ba(t) is the number of births of members of a at t. da(t) is the
number of deaths of members of a at t from any cause other than the direct
impact of I. ka(t) is the number of members of a killed by the direct impact of
I.

Definition:

La(t) :=

(

La(t)
pa(t)

if pa(t) 6= 0,

0 if pa(t) = 0.

Da(t) :=

(

Da(t)
da(t)

if da(t) 6= 0,

0 if da(t) = 0.

Ka(t) :=

(

Ka(t)
ka(t)

if ka(t) 6= 0,

0 if ka(t) = 0.

(8)

By definition of (Ka(t))¬I , (Ka(t))¬I ⌘ 0.

Assumption 3.2: La(t), Da(t), and Ka(t) are constant functions of t. That
is, 8t, La(t) = La, Da(t) = Da, and Ka(t) = Ka.
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Identity: Combining (6), (7), and (8),

Ea ⌘

T
X

t=0

⇣

Lapa(t) +Dada(t) +Kaka(t)
⌘

. (9)

Identity: Combining (4), (5), and (9),

�U(I) ⌘

 

X

a2A

 

T
X

t=0

⇣

Lapa(t) +Dada(t) +Kaka(t)
⌘

!!

I

�

 

X

a2A

 

T
X

t=0

⇣

Lapa(t) +Dada(t)
⌘

!!

¬I

.

(10)

5 A Discrete Model for the Impact of Environ-

mental Changes on Animal Utilities

(10) is true merely by definition. It is general enough that it can describe the
change in U that results from any event a↵ecting any population whatsoever.
In this section, I introduce assumptions to make the model more specific for
wild animals.

Identity: By the definitions of ba(t), da(t), and ka(t),

pa(t+ 1) ⌘ pa(t) + ba(t)� da(t)� ka(t). (11)

Assumption 4.1: The rate of births is proportional to population size, ex-
cluding those members of the population that are being killed at t:

ba(t) = fa
�

pa(t)� ka(t)
�

(12)

for some constant fa.

Assumption 4.2: The rate of natural deaths is partially proportional to pop-
ulation size, excluding those members of the population that are already being
killed by I. It is also partially proportional to the di↵erence between the current
population size and the carrying capacity c(t) of the habitat at t. Thus,

da(t) = ga
�

pa(t)� ka(t)
�

+ ha

�

pa(t)� ca(t)
�

(13)

for some constants ga and ha. When the population is below its carrying capac-
ity, resources are more plentiful and fewer young animals die from scarcity.
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Presumably 0 < ga < 1 and 0 < ha < 1.

Assumption 4.3: When a is at its carrying capacity, and when no members
of a are being directly killed by I, the population is in equilibrium. That is,
when pa(t) = ca(t) 6= 0 and ka(t) = 0, pa(t+ 1) = pa(t).

Equation: By (11), (12), and (13), fa = ga under the conditions of the As-
sumption 4.3. But since fa and ga are constants, fa always equals ga, and (11)
reduces to

pa(t+ 1) = pa(t) + ha

�

ca(t)� pa(t)
�

� ka(t). (14)

Definition: The average lifespan of the members of a is denoted `a.

Rule: If a population is in equilibrium at t and the rate of deaths at t is

constant, then the rate of deaths at t equals pa(t)
`a

. To see this, imagine that
every member of the population had the exact lifespan `a. Suppose that a new
member of a is born at t, when the population is pa(t). That member will die in
`a years, at which time exactly all of the pa(t) members of a that existed before
will have died. So pa(t) members of a die in `a time units, and since the death

rate is constant, it equals pa(t)
`a

.

When the conditions of Assumption 4.3 hold, the population is in equilibrium
and, by (13), the rate of deaths is constant. Thus,

da(t) = gapa(t) [by (13) under the conditions of Assumption 4.3]

=
pa(t)

`a
[by the Rule],

so that ga =
1

`a
. ⌅

Equation: Returning to (9), we can substitute in (13):

Ea =
T
X

t=0

⇣

Lapa(t) +Da

⇣ 1

`a

�

pa(t)� ka(t)
�

+ ha

�

pa(t)� ca(t)
�

⌘

+Kaka(t)
⌘

⌘

T
X

t=0

⇣

pa(t)
⇣

La + (
1

`a
+ ha)Da

⌘

� ca(t)haDa + ka(t)
⇣

Ka �
1

`a
Da

⌘⌘

⌘
⇣

La + (
1

`a
+ ha)Da

⌘

T
X

t=0

pa(t)� haDa

T
X

t=0

ca(t) + (Ka �
1

`a
Da)

T
X

t=0

ka(t).

(15)
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Formula:

8t 2 N, pa(t) = (1� ha)
tpa(0) + haCa(t)�Ka(t),

where Ca(t) :=

(

Pt�1
i=0

⇣

ca(i)(1� ha)
(t�1)�i

⌘

when t > 0,

0 when t = 0,

and Ka(t) :=

(

Pt�1
j=0

⇣

ka(j)(1� ha)
(t�1)�j

⌘

when t > 0,

0 when t = 0.

(16)

Proof: Proceed by induction.

• Basis steps. When t = 0, the left and right sides of (16) both reduce to
pa(0). Similarly, when t = 1, (16) gives the same result as does (14) for
p(t+ 1) = p(1).

• Induction hypothesis. Suppose (16) is true for all t � 1 up to some fixed
n.

• Induction step.
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pa(n+ 1) = pa(n) + ha

�

ca(n)� pa(n)
�

� ka(n) [by (14)]

⌘
�

1� ha

�

pa(n) + haca(n)� ka(n)

=
�

1� ha

��

(1� ha)
npa(0) + haCa(n)�Ka(n)

�

+ haca(n)� ka(n)

[by the induction hypothesis]

⌘ (1� ha)
n+1pa(0) + ha

�

1� ha

�

Ca(n)�
�

1� ha

�

Ka(n) + haca(n)� ka(n)

⌘ (1� ha)
n+1pa(0) + ha

�

1� ha

�

n�1
X

i=0

⇣

ca(i)(1� ha)
(n�1)�i

⌘

�
�

1� ha

�

n�1
X

j=0

⇣

ka(j)(1� ha)
(n�1)�j

⌘

+ haca(n)� ka(n)

[these substitutions for Ca(n) and Ka(n) are legitimate because n � 1]

⌘ (1� ha)
n+1pa(0) + ha

n�1
X

i=0

⇣

ca(i)(1� ha)
n�i
⌘

�

n�1
X

j=0

⇣

ka(j)(1� ha)
n�j
⌘

+ haca(n)� ka(n)

⌘ (1� ha)
n+1pa(0) + ha

n�1
X

i=0

⇣

ca(i)(1� ha)
n�i
⌘

�

n�1
X

j=0

⇣

ka(j)(1� ha)
n�j
⌘

+ haca(n)(1� ha)
n�n � ka(n)(1� ha)

n�n

[(1� ha)
n�n = 1; since ha 6= 1 by Assumption 4.2, this will not yield 00,

which is undefined]

⌘ (1� ha)
n+1pa(0) + ha

n
X

i=0

⇣

ca(i)(1� ha)
n�i
⌘

�

n
X

j=0

⇣

ka(j)(1� ha)
n�j
⌘

⌘ (1� ha)
n+1pa(0) + haCa(n+ 1)�Ka(n+ 1). ⌅

Formula: For any geometric series S :=
Py

u=x r
u with x, y, r 2 R and y =

k + x for some k 2 N,

S =

8

>

>

>

<

>

>

>

:

rx�ry+1

1�r
when r 6= 1 and also r 6= 0 with x  0,

y � x+ 1 when r = 1,

complex when r < 0, and x and/or y /2 Z,

undefined when r = 0, and x  0.

(17)
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Proof: I prove only the first case.

S := rx+ rx+1 + rx+2 + . . .+ ry.

rS ⌘ rx+1 + rx+2 + . . .+ ry + ry+1.

S � rS ⌘ rx � ry+1.

S ⌘
rx � ry+1

1� r
. ⌅

Equation:

T
X

t=0

pa(t) = pa(0)

T
X

t=0

(1� ha)
t + ha

T
X

t=0

Ca(t)�

T
X

t=0

Ka(t) [by (16)]

⌘ pa(0)
1� (1� ha)

T+1

ha

+ ha

T
X

t=0

Ca(t)�

T
X

t=0

Ka(t)

[using (17) with r = 1� ha, x = 0, and y = T ;

Assumption 4.2 assures that r is well behaved (i.e., not 0 or 1)]

⌘ pa(0)
1� (1� ha)

T+1

ha

+ ha

T
X

t=1

Ca(t)�

T
X

t=1

Ka(t)

[since Ca(0) := 0 and Ka(0) := 0]

⌘ pa(0)
1� (1� ha)

T+1

ha

+ ha

T
X

t=1

t�1
X

i=0

⇣

ca(i)(1� ha)
(t�1)�i

⌘

�

T
X

t=1

t�1
X

j=0

⇣

ka(j)(1� ha)
(t�1)�j

⌘

[by definition of Ca(t) and Ka(t) for t > 0].

(18)

Definition: ca(t) changes v times between t = 1 and t = T . (Thus, there are
v + 1 di↵erent values of ca(t) in that period.) The value of t at which the ✓th
change of ca(t) occurs is denoted ⌧✓. ⌧0 is the time when t = 1. ⌧v+1 := T .

Example: a = {tortoises that live on a single island}. I represents the arrival
of a vast number of tourists who set up tents all over the island, thereby covering
up valuable food and space. The island’s carrying capacity is reduced to 200.
After 6 weeks, the tourists all leave, taking their tents with them. Now the
island can hold 600 tortises. The tortoises take 78 weeks days to recover, after
which they’re back to business as usual. In this example, v = 1, ⌧0 = 1, ⌧1 =
6, ⌧2 := T = 78, ca(⌧0) = 200, and ca(⌧1) = 600.
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Definition: ka(t) changes w times between t = 1 and t = T . The value of t at
which the �th change of ka(t) occurs is denoted ⌧�. ⌧0 is the time when t = 1.
⌧w+1 := T .

Identities:

ha

T
X

t=1

t�1
X

i=0

⇣

ca(i)(1� ha)
(t�1)�i

⌘

⌘ ha

v
X

✓=0

⌧✓+1�1
X

t=⌧✓

t�1
X

i=0

⇣

ca(i)(1� ha)
(t�1)�i

⌘

⌘ ha

v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

t�1
X

i=0

(1� ha)
(t�1)�i

!

[ca(t) is constant from t = ⌧✓ to t = ⌧✓+1 � 1]

⌘ ha

v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

 

(1� ha)
t�1

t�1
X

i=0

 

1

1� ha

!i!!

⌘ ha

v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

 

(1� ha)
t�1

 

1�
�

1
1�ha

�t

1�
�

1
1�ha

�

!!!

[using (17) with r =
1

1� ha

, x = 0, and y = t� 1;

Assumption 4.2 assures that r is not 0 or 1]

⌘ ha

v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

 

(1� ha)
t�1

 
�

1
1�ha

�t�1
+ ha � 1

ha

!!!

⌘ ha

v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

 

1

ha

�

1� (1� ha)
t
�

!!

⌘
ha

ha

v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

�

1� (1� ha)
t
�

!

⌘

v
X

✓=0

 

ca(⌧✓)

 

⌧✓+1�1
X

t=⌧✓

1�

⌧✓+1�1
X

t=⌧✓

(1� ha)
t

!!

⌘

v
X

✓=0

 

ca(⌧✓)

 

(⌧✓+1 � ⌧✓)�
⇣ (1� ha)

⌧✓ � (1� ha)
⌧✓+1

ha

⌘

!!

[using (17) with r = 1� ha, x = ⌧✓, and y = ⌧✓+1 � 1;

Assumption 4.2 assures that r is not 0 or 1].

(19)
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By analogous reasoning,

�

T
X

t=1

t�1
X

j=0

⇣

ka(j)(1� ha)
(t�1)�j

⌘

⌘ �
1

ha

w
X

�=0

 

ka(⌧�)

 

(⌧�+1 � ⌧�)�
⇣ (1� ha)

⌧� � (1� ha)
⌧�+1

ha

⌘

!!

.

(20)

Equations: Combining (18), (19), and (20),

T
X

t=0

pa(t) =
1

ha

pa(0)�
1

ha

pa(0)(1� ha)
T+1

+

v
X

✓=0

 

ca(⌧✓)

 

(⌧✓+1 � ⌧✓)�
⇣ (1� ha)

⌧✓ � (1� ha)
⌧✓+1

ha

⌘

!!

�
1

ha

w
X

�=0

 

ka(⌧�)

 

(⌧�+1 � ⌧�)�
⇣ (1� ha)

⌧� � (1� ha)
⌧�+1

ha

⌘

!!

.

(21)
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I enter (21) into (15):

Ea =
⇣

La + (
1

`a
+ ha)Da

⌘

"

1

ha

pa(0)�
1

ha

pa(0)(1� ha)
T+1

+

v
X

✓=0

 

ca(⌧✓)

 

(⌧✓+1 � ⌧✓)�
⇣ (1� ha)

⌧✓ � (1� ha)
⌧✓+1

ha

⌘

!!

�
1

ha

w
X

�=0

 

ka(⌧�)

 

(⌧�+1 � ⌧�)�
⇣ (1� ha)

⌧� � (1� ha)
⌧�+1

ha

⌘

!!#

� haDa

T
X

t=0

ca(t) + (Ka �
1

`a
Da)

T
X

t=0

ka(t)

⌘
⇣

La + (
1

`a
+ ha)Da

⌘

"

1

ha

pa(0)�
1

ha

pa(0)(1� ha)
T+1

+

v
X

✓=0

 

ca(⌧✓)

 

(⌧✓+1 � ⌧✓)�
⇣ (1� ha)

⌧✓ � (1� ha)
⌧✓+1

ha

⌘

!!

�
1

ha

w
X

�=0

 

ka(⌧�)

 

(⌧�+1 � ⌧�)�
⇣ (1� ha)

⌧� � (1� ha)
⌧�+1

ha

⌘

!!#

� haDa

"

ca(0) +
v
X

✓=0

 

ca(⌧✓)

⌧✓+1�1
X

t=⌧✓

1

!#

+ (Ka �
1

`a
Da)

"

ka(0) +
w
X

�=0

 

ka(⌧�)

⌧�+1�1
X

t=⌧�

1

!#

[the extra ca(0) and ka(0) terms come from the fact that ⌧0 := 1, not 0]

⌘
⇣

La + (
1

`a
+ ha)Da

⌘

"

1

ha

pa(0)�
1

ha

pa(0)(1� ha)
T+1

+

v
X

✓=0

 

ca(⌧✓)

 

(⌧✓+1 � ⌧✓)�
⇣ (1� ha)

⌧✓ � (1� ha)
⌧✓+1

ha

⌘

!!

�
1

ha

w
X

�=0

 

ka(⌧�)

 

(⌧�+1 � ⌧�)�
⇣ (1� ha)

⌧� � (1� ha)
⌧�+1

ha

⌘

!!#

� haDaca(0)� haDa

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

+ (Ka �
1

`a
Da)ka(0) + (Ka �

1

`a
Da)

w
X

�=0

⇣

ka(⌧�)
�

⌧�+1 � ⌧�
�

⌘

(22)
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⌘
⇣La + ( 1

`a
+ ha)Da

ha

⌘

"

pa(0)� pa(0)(1� ha)
T+1 �

v
X

✓=0

 

ca(⌧✓)
⇣

(1� ha)
⌧✓ � (1� ha)

⌧✓+1

⌘

!

+
1

ha

w
X

�=0

 

ka(⌧�)
⇣

(1� ha)
⌧� � (1� ha)

⌧�+1

⌘

!#

� haDaca(0) + (La +
1

`a
Da)

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

+ (Ka �
1

`a
Da)ka(0) +

⇣

Ka �
1

`a
Da �

La

ha

�

1
`a
Da

ha

�Da

⌘

w
X

�=0

⇣

ka(⌧�)
�

⌧�+1 � ⌧�
�

⌘

Substituting (22) into (5),

E =
X

a2A

"

⇣La + ( 1
`a

+ ha)Da

ha

⌘

"

pa(0)� pa(0)(1� ha)
T+1

�

v
X

✓=0

 

ca(⌧✓)
⇣

(1� ha)
⌧✓ � (1� ha)

⌧✓+1

⌘

!

+
1

ha

w
X

�=0

 

ka(⌧�)
⇣

(1� ha)
⌧� � (1� ha)

⌧�+1

⌘

!#

� haDaca(0) + (La +
1

`a
Da)

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

+ (Ka �
1

`a
Da)ka(0) +

⇣

Ka �
1

`a
Da �

La

ha

�

1
`a
Da

ha

�Da

⌘

w
X

�=0

⇣

ka(⌧�)
�

⌧�+1 � ⌧�
�

⌘

#

.

(23)
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Finally, I add (23) to (4), noting that under ¬I, ka(t) := 0 8t 2 N:

�U(I) =

"

X

a2A

"

⇣La + ( 1
`a

+ ha)Da

ha

⌘

"

pa(0)� pa(0)(1� ha)
T+1

�

v
X

✓=0

 

ca(⌧✓)
⇣

(1� ha)
⌧✓ � (1� ha)

⌧✓+1

⌘

!

+
1

ha

w
X

�=0

 

ka(⌧�)
⇣

(1� ha)
⌧� � (1� ha)

⌧�+1

⌘

!#

� haDaca(0) + (La +
1

`a
Da)

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

+ (Ka �
1

`a
Da)ka(0) +

⇣

Ka �
1

`a
Da �

La

ha

�

1
`a
Da

ha

�Da

⌘

w
X

�=0

⇣

ka(⌧�)
�

⌧�+1 � ⌧�
�

⌘

##

I

�

"

X

a2A

"

⇣La + ( 1
`a

+ ha)Da

ha

⌘

"

pa(0)� pa(0)(1� ha)
T+1

�

v
X

✓=0

 

ca(⌧✓)
⇣

(1� ha)
⌧✓ � (1� ha)

⌧✓+1

⌘

!#

� haDaca(0) + (La +
1

`a
Da)

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

##

¬I

.

(24)

Regardless of what happens after I, it’s clear that the initial (t = 0) populations
of the members of A have to be the same. Since ha and T are also identical under

I or ¬I, the two appearances of the term

"

⇣

La+( 1
`a

+ha)Da

ha

⌘

"

pa(0)� pa(0)(1�
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ha)
T+1

##

drop out of (24), leaving:

�U(I) =

"

X

a2A

"

⇣La + ( 1
`a

+ ha)Da

ha

⌘

"

�

v
X

✓=0

 

ca(⌧✓)
⇣

(1� ha)
⌧✓ � (1� ha)

⌧✓+1

⌘

!

+
1

ha

w
X

�=0

 

ka(⌧�)
⇣

(1� ha)
⌧� � (1� ha)

⌧�+1

⌘

!#

� haDaca(0) + (La +
1

`a
Da)

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

+ (Ka �
1

`a
Da)ka(0) +

⇣

Ka �
1

`a
Da �

La

ha

�

1
`a
Da

ha

�Da

⌘

w
X

�=0

⇣

ka(⌧�)
�

⌧�+1 � ⌧�
�

⌘

##

I

+

"

X

a2A

"

⇣La + ( 1
`a

+ ha)Da

ha

⌘

v
X

✓=0

 

ca(⌧✓)
⇣

(1� ha)
⌧✓ � (1� ha)

⌧✓+1

⌘

!

+ haDaca(0)� (La +
1

`a
Da)

v
X

✓=0

⇣

ca(⌧✓)
�

⌧✓+1 � ⌧✓
�

⌘

##

¬I

.

(25)

6 Applications: A Preface

In the following 3 sections, I apply (25) to situations that reflect di↵erent types
of environmental damage. First, however, I discuss some assumptions and defi-
nitions.

Assumption 4.4:
�

La

�

I
=
�

La

�

¬I
,
�

Da

�

I
=
�

Da

�

¬I
, and

�

Ka

�

I
=
�

Ka

�

¬I
.

This assumption is not necessary in order to use (25), but I maintain it in all of
the applications that follow.

Assumption 4.5: Da < 0 and Ka < 0 for any a. Again, (25) does not
depend on assuming this; it is merely more convenient (and no less accurate) to
do so.

Definition: The following is what I refer to as the “harmonization procedure.”
Suppose we enter into (25) all parameters except La, Da, and Ka, and we end
up with this equation:

�U(I) = �9L1 � 30L2 � 6D1 � 3D2 + 5K2. (26)
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To simplify further, it’s easiest just to reexpress some of the parameters in terms
of the others. For instance, perhaps we can say that, in general, living for a
unit time as species 2 is only half as intense as living for a unit time as species
1: L2 = 1

2L1. Maybe we could also say that the pain of dying is the same for 1

and 2 [D1 = D2], while the pain of being killed directly by I is only 3
5 as bad

as dying naturally [K2 = 3
5D2 = 3

5D1]. Now,

�U(I) = �9L1 � 15L1 � 6D1 � 3D1 + 3D1

= �24L1 � 6D1.
(27)

Definition:

�a :=
La

| Da |
= �

La

Da

[since Da < 0 by Assumption 4.5], (28)

or, if only La and Ka remain in the equation,

�a :=
La

| Ka |
= �

La

Ka

[since Ka < 0 by Assumption 4.5]. (29)

Now (27) becomes
�U(I) = (24�1 � 6)D1. (30)

Suppose we want to answer the question, When does I make a net positive
impact? That is, when is �U(I) > 0? Since D1 < 0, �U(I) > 0 , 24�1 � 6 <
0 , �1 < 1

4 .

Note: In what follows, I have not adhered to the rules of significant figures.
Inasmuch as many of my numbers are made up entirely (so that not even the
first digit is necessarily accurate), I did not find it necessary to do so.

7 Application 1: Asteroid Impact

7.1 Introduction

Suppose the planet Ybux is inhabited solely by the Wibbles—creatures that are
“three foot tall, [and have] long brown shaggy fur, three eyes (one in back of
head, two in front), three dear little legs, a beak, and a ten-foot long retractable
green tentacle coming out the top ot the head” [29]. [a = {Wibbles on Ybux};
A = {{Wibbles on Ybux}}.] The scarce resources of Ybux allow for a carrying
capacity of only 500 [

�

ca(t)
�

¬I
= 500 8t 2 {1, 2, . . . , T}]. Wibbles have an

average lifespan between 2 and 12 years [assume it’s 5, so that 1
`a

= 0.2].
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At t = 0, an asteroid [event I] smashes into Ybux, landing on top of 50 Wibbles
[ka(0) = 50]. The asteroid impact sends up a cloud of debris so massive that all
star light to Ybux is blocked, and the planet’s carrying capacity immediately
drops to 0 [

�

ca(0)
�

I
= 0]. The debris is so thick that the carrying capacity of

Ybux will remain 0 indefinitely [
�

ca(t)
�

I
= 0 8t 2 {1, 2, . . . , T}]. This loss of

carrying capacity causes 1
2 of the remaining Wibbles to die each year, in addition

to those that would have died naturally [ha = 0.5].

What would have happened to the Wibbles had the asteroid not struck? They
would have continued living for another 10,000 years [T = 10, 000], after which
Ybux would have been blown up by the brutal Fnords [29]. The carrying ca-
pacity of the planet would have remained at 500 until that time [

�

ca(t)
�

¬I
=

500 8t 2 {1, 2, . . . , T}].

7.2 Plug and Chug

�U(I) =

"

⇣La + (0.2 + 0.5)Da

0.5

⌘

"

�

0
X

✓=0

 

(0)
⇣

(1� 0.5)1 � (1� 0.5)10,000
⌘

!

+
1

0.5

0
X

�=0

 

(0)
⇣

(1� 0.5)1 � (1� 0.5)10,000
⌘

!#

� 0.5Da(0) + (La + 0.2Da)

0
X

✓=0

⇣

(0)
�

10, 000� 1
�

⌘

+ (Ka � 0.2Da)(50) +
⇣

Ka � 0.2Da �
La

0.5
�

0.2Da

0.5
�Da

⌘

0
X

�=0

⇣

(0)
�

10, 000� 1
�

⌘

#

I

+

"

⇣La + (0.2 + 0.5)Da

0.5

⌘

0
X

✓=0

 

500
⇣

(1� 0.5)1 � (1� 0.5)10,000
⌘

!

+ 0.5Da(500)� (La + 0.2Da)

0
X

✓=0

⇣

500
�

10, 000� 1
�

⌘

#

¬I

⌘ (Ka � 0.2Da)(50) +
⇣La + (0.2 + 0.5)Da

0.5

⌘

0
X

✓=0

 

500
⇣

(1� 0.5)1 � (1� 0.5)10,000
⌘

!

+ 0.5Da(500)� (La + 0.2Da)

0
X

✓=0

⇣

500
�

10, 000� 1
�

⌘

= �4, 999, 000La � 999, 310Da + 50Ka.

(31)
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7.3 Results

Assume that the 50 Wibbles killed by the asteroid were crushed instantaneously,
so that Ka = 0. Then, �U(I) = �4, 999, 000La � 999, 310Da, and I made a
positive impact i↵ �a < 0.1999. That is, if the average utility of life per year for
the Wibbles was anything less than 1

5 th as good as the pain of death was bad,
then the asteroid made a positive impact on Ybux. Clearly, if life itself was not
worth living, then the asteroid was only beneficial.

8 Application 2: Road Kill

8.1 Overview

Let I denote the collective slaughter of animals for one year by direct road kill
only.4 Divide time into weeks. Assuming road kill has no significant long-term
impact, T = 52. I focus just on mammals, birds, reptiles, and amphibians hit by
cars, the collection of which I denote by underscore 1: 1. I exclude consideration
of insects despite their massive numbers of roadkill deaths.

8.2 Constant Carrying Capacity

Unlike the previous situations, I in this case does not seem to lower carrying
capacity. The environment around roads can support pretty much the same
number of animals whether cars drive by or not; thus, I assume that

�

c1(⌧✓)
�

I
=

�

c1(⌧✓)
�

¬I
8✓ 2 {0, 1, . . . , v}. This, in fact, causes most of the terms of (25) to

drop out, leaving:

�U1(I) =

"

⇣L1 + ( 1
`1

+ h1)D1

h1

⌘

"

1

h1

w
X

�=0

 

k1(⌧�)
⇣

(1� h1)
⌧� � (1� h1)

⌧�+1

⌘

!#

+ (K1 �
1

`1
D1)k1(0) +

⇣

K1 �
1

`1
D1 �

L1

h1
�

1
`1
D1

h1
�D1

⌘

w
X

�=0

⇣

k1(⌧�)
�

⌧�+1 � ⌧�
�

⌘

#

I

.

(32)

8.3 Estimating k1:

The roadkill data for 1993 reported 82% mammals, 15% birds, and
3% reptiles and amphibians.

4Thus, I does not include, for instance, deaths of bats due to scarcity of insects, nor does
it count air pollution or global-climate change.
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Merritt Clifton, Editor [of] Animal People Newspaper, used the 1993
roadkill statistics and estimated that the following animals are being
killed by motor vehicles:

41 million squirrels

26 million cats

22 million rats

19 million opossums

15 million raccoons

6 million dogs

350,000 deer. [4]

Adding up the death counts from [4] gives 129.35(106) mammals. Assume that
these are all of the animals counted in the “82% mammals” category. Then,
there were also .15

.82

�

129.35(106)
�

= 23.66(106) birds and 4.73(106) reptiles and
amphibians killed.

The total number killed in a year is 157.74(106), which translates into 3.02(106)
per week = k1(0) = k1(⌧0).

8.4 Estimating h1:

I have no specific data, but it seems as though animals larger than insects
would take considerably longer to fill in empty carrying capacity. Each week,
these animals might fill in—just as a wild guess— 1

20 of their remaining capacity,
making h1 = 0.05.

8.5 Estimating `1:

Type of Animal Fraction of the Total Number Killed Lifespan (weeks)
Squirrels 0.26 [4] 313 [9]
Cats 0.16 [4] 209 [13]
Rats 0.14 [4] 52 [37]
Opossums 0.12 [4] 78 [54]
Raccoons 0.10 [4] 183 [46]
Dogs 0.04 [4] 78 [51]
Deer 0.0022 [4] 522 [16]
Birds 0.15 [4] 72 [30]
Reptiles and amphibians 0.03 [4] ⇠ 150 [10, 25]
Total 1.00 `1 ⇡ 169
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8.6 Plug and Chug

�U1(I) =

"

⇣L1 + ( 1
`1

+ h1)D1

h1

⌘

"

1

h1

w
X

�=0

 

k1(⌧�)
⇣

(1� h1)
⌧� � (1� h1)

⌧�+1

⌘

!#

+ (K1 �
1

`1
D1)k1(0) +

⇣

K1 �
1

`1
D1 �

L1

h1
�

1
`1
D1

h1
�D1

⌘

w
X

�=0

⇣

k1(⌧�)
�

⌧�+1 � ⌧�
�

⌘

#

I

=
⇣L1 + ( 1

169 + 0.05)D1

0.05

⌘

"

1

0.05

0
X

�=0

 

3.02(106)
⇣

(1� 0.05)1 � (1� 0.05)52
⌘

!#

+ (K1 �
1

169
D1)

�

3.02(106)
�

+
⇣

K1 �
1

169
D1 �

L1

0.05
�

1
169D1

0.05
�D1

⌘

0
X

�=0

⇣

3.02(106)
�

52� 1
�

⌘

=
⇣

20L1 + (
20

169
+ 1)D1

⌘⇣

57.4(106)
⌘

+ (K1 �
1

169
D1)

�

3.02(106)
�

+
⇣

K1 �
1

169
D1 � 20L1 �

20

169
D1 �D1

⌘⇣

154.0(106)
⌘

= �1, 932(106)L1 � 109(106)D1 + 157(106)K1.

(33)

Dying under the wheels of a car is probably slightly less painful than dying in
the jaws of a predator or by starvation. I’ll assume K1 = 3

4D1, so that (33)
becomes:

�U1(I) = �1, 932(106)L1 + 9(106)D1. (34)

8.7 Results

�U1(I) > 0 , �1 < �0.005. Thus, I can be said to have had an overall adverse
impact even if L1 is (slightly) negative—specifically, if living for a week is at
most 5

1000 as bad as dying.

9 Application 3: Eating Meat

I represents a single person’s decision to eat a standard meat-containing Amer-
ican diet instead of a vegan diet. Let 1, 2, and 3 respectively denote the e↵ects
of I on animals in factory farms, mammals and birds in the wild, and insects in
the wild.
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9.1 Factory-Farmed Animals: �U1(I)

Instead of applying (25), it’s easier to calculate �U1(I) directly. The average
American consumes 32 animals per year, each of which had a weighted-average
lifespan of 49 days [31, pp. 6-7]. Divide time into units of weeks. Then we have
�U1(I) =

49
7 (32)L1 + 32K1 = 224L1 + 32K1.

In addition, however, Americans eat 304 eggs per year, each of which took 1.04
days to produce [31, p. 7], which translates into 316 days = 45 weeks of laying
time.

It is usually arranged—by manipulating body weight and day length—
for laying hens to start laying eggs at approximately 20 weeks of age.
They lay eggs for about 1 year, at which point decreasing egg num-
bers and eggshell quality mean that it is no longer profitable to
continue. When the hens are about 74 weeks old, they either are
sent for slaughter as spent laying hens or force-molted and kept for
a 2nd laying year. The majority of hens are disposed of after this
2nd laying year; a small number of flocks may be force-molted again
and kept for a 3rd laying year. No matter how many years they
have been in lay, all laying hens are eventually slaughtered as spent
laying hens. [19]

From [19], I’ll estimate the length for which a hen lays as 2 years = 104 weeks.
Then, the 45 weeks of laying to which I contributes imply creation of 45

104 th of
a hen. In total, hens live for 104 weeks of laying + 20 weeks before laying =
124 weeks, so I contributes to 45

104 (124) = 53 weeks of life and 45
104 th of a death.

Adding this in to �U1(I):

�U1(I) = (224L1 + 32K1) + (53L1 +
45

104
K1)

= 277L1 + 32.4K1,
(35)

where I’m assuming (perhaps inaccurately) that L1 and K1 are the same for
laying hens as for a weighted average of all other farm animals.

�U1(I) > 0 , �1 > 0.12. Presumably, �1 is actually highly negative, so there’s
practically no chance that �U1(I) > 0. This confirms the vegan stance with
respect to farm animals.

9.2 Wild Mammals and Birds: �U2(I)

Again, I use a shortcut to (25). [42, p. 586] and sources therein give the data
for the following table. For want of space, I write the titles of the columns
below.
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Animal product Column 2 Column 3 Column 4
Chicken 4 0.65 6.4
Eggs 12 1.9 1.5
Pork 80 12.5 4.4
Beef 235 36.8 5.9
Milk 14 2.1 7.7

• Column 2 is the additional number of square meters of crop land that
would be required to produce a kilogram of protein from the type of animal
product in the corresponding row of Column 1 instead of a kilogram of
protein from soybeans.

• Column 3 is the additional number of mammal and bird life-weeks that
would be prevented by producing a kilogram of protein from the type of
animal product in the corresponding row of Column 1 instead of a kilogram
of soybeans.

• Column 4 is the annual number of kilograms of protein that the average
American consumes from the type of animal product given in the corre-
sponding row of Column 1.

The total of Column 4 is 25.9 kilograms. Assume the vegan would have otherwise
eaten this amount of protein in soybeans if she had not switched to a standard-
American diet.

Multiply each entry of Column 3 by its corresponding entry of Column 4 and
take the sum. The result is 295.3, which represents the total number of mammal
and bird life-weeks prevented by I. For simplicity, I’ll just assume that these
life-weeks would have been lived by 295.3

`2
mammals and birds that would have

had an average lifespan of `2 weeks.

Squirrels, rats, and deer seem like some representative mammals from the table
in section 8.5 that might be supplanted by crop land. If we average the lifespans
of these three mammals—weighting in proportion to their representation in road
kill—we get 223 weeks. The table’s average lifespan for birds was 72 weeks. [42,
p. 585] assumes that mammals are 2.25 times as numerous as birds, which gives
the following weighted-average value for `2:

`2 =
2.25

3.25
(223) +

1

3.25
(72) = 177. (36)

Thus, we assume that I prevented 295.3
177 = 1.67 mammal and bird lives (and,

therefore, deaths):
�U2(I) = �295.3L2 � 1.67D2. (37)

�U2(I) > 0 , �2 < 0.006.
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9.3 Insects: �U3(I)

I causes some amount of land to be devoted to crops for a year. As I did above,
assume that I converts otherwise forest land into crop land for a period of 52
weeks [T = 52].

9.3.1 Estimating h3:

I have no specific data, so I’ll just assume h2 = 0.33.

9.3.2 Estimating `3:

I give lifespans for a number of di↵erent types of insects and then estimate a
rough middle value.5

Type of Insect Lifespan (weeks)
Horn fly 2 [55]
Trichogramma Wasps 2 [6]
Stable fly 3 [55]
Black fly ⇠ 3 to ⇠ 20 [7]
Mosquito 3 to ⇠ 150 [7]
Damselflies 3 to 4 [36]
Drosophila 6 [64]
Dragonflies 6 to 8 [36]
Green lacewings 12 [6]
Ladybird beetles 48 [6]

Perhaps a (very rough) compromise age is to choose `3 = 5 weeks.

5The sources that I used for this table were not specific about whether the “average lifes-
pans” that they reported included the large number of insects that die shortly after birth.
I imagine that most of these figures only give the average lifespan of those individuals that
make it past the first few days or weeks of age. Thus, these figures may severely understate

the case for environmental destruction, perhaps by many orders of magnitude.

Insects are capable of high rates of reproduction. Curtis Sabrosky provided an
example in 1952 of the reproductive potential in house flies. Beginning with one
pair of house flies in April, there would be a total of 191,000,000,000,000,000,000
flies by August if all the descendants of this pair lived and reproduced normally.

Glenn Herrick found that the cabbage aphid had an average of 41 o↵-
spring per female and that the aphid had 16 generations from April to Oc-
tober. If all the descendants of one female aphid lived, there would be
1,560,000,000,000,000,000,000,000 aphids by the end of the summer. [5]
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9.3.3 Estimating k3:

Suppose pesticides are applied four times: once in late April [t = 17], once in
late May [t = 22], once in late June [t = 26], and once in late July [t = 30]. For
each t when pesticides are applied, k3(t) = 0.5

�

c3(t)
�

I
; i.e., each time pesticides

are applied, they kill half of the total number of insects that could live on the
crop land.

w = 8 with ⌧0 = 1, ⌧1 = 17, ⌧2 = 18, ⌧3 = 22, ⌧4 = 23, ⌧5 = 26, ⌧6 = 27,
⌧7 = 30, ⌧8 = 31, and ⌧9 := T = 52. k3(⌧�) = 0 when � = 0, 2, 4, 6, 8, or 9,
and k3(⌧�) = 0.5c3(⌧�) when � = 1, 3, 5, or 7.

9.3.4 Estimating c3:

Return to the table in 9.2. Multiply each entry of Column 2 by its corresponding
entry in Column 4 and take the sum. The result, 1,890, is the number of square
meters of land that are cultivated due to I.

When there isn’t snow on the ground, forest land has an insect6 density of
105,000 per square meter [5]. During the winter, this number might be—just
as a guess—half as much. Suppose there’s snow on the ground for 4 months
out of the year. Then, a weighted-average value for the number of insects per
square meter of forest is 4

12 (0.5)(105, 000)+
8
12 (105, 000) = 87, 500. Multiplying

by 1,890—the total number of square meters being considered—gives 1.65(108)
= cforest3 , the carrying capacity of the given land area when the land is forest
land. Similarly let ccrop3 represent the number of insects that the given area of
land could hold as crop land.7

� :=
ccrop3

cforest3

. (38)

I’ll try two di↵erent values of �. The first, � = 1, is a default assumption, while
the second, � = 0.5 is probably more accurate. I say this because, intuitively, the
ground of a forest is littered with decaying organic material for decomposition,
while farm land—even when no pesticides are applied (the relevant condition
for considering carrying capacity)—is more dry and barren.

6Actually, the density I cite here refers to “arthropods.” The density of actual insects is
only a fraction of this amount. I use the label “insects” as a more familiar term by which to
refer to arthropods as a whole.

7Note that c
forest
3 := (c3)¬I and c

crop
3 := (c3)I .
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9.3.5 When � = 1

The carrying capacities under I and ¬I are the same, so that (25) reduces to
the familiar (32):

�U3(I) =

"

⇣L3
S
+ ( 1

`3
+ 0.33)D3

S

0.33

⌘

"

1

0.33

w
X

�=0

 

k3(⌧�)
⇣

(1� 0.33)⌧� � (1� 0.33)⌧�+1

⌘

!#

+ (K3
S
�

1

`3
D3

S
)k3(0) +

⇣

K3
S
�

1

`3
D3

S
�

L3
S

0.33
�

1
`3
D3

S

0.33
�D3

S
⌘

w
X

�=0

⇣
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�

⌧�+1 � ⌧�
�

⌘
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I
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S
+ ( 15 + 0.33)D3

S

0.33

⌘

"

1

0.33

8
X

�=0

 

k3(⌧�)
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(1� 0.33)⌧� � (1� 0.33)⌧�+1

⌘
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+ (K3
S
�

1

5
D3
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⇣

K3
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�

1

5
D3

S
�

L3
S

0.33
�

1
5D3

S

0.33
�D3

S
⌘

8
X

�=0

⇣

k3(⌧�)
�

⌧�+1 � ⌧�
�

⌘

=
⇣

3L3
S
+ 1.6D3

S
⌘⇣

6.39(10�4)ccrop3

⌘

+
⇣

K3
S
�

1

5
D3

S
� 3L3

S
� 0.6D3

S
�D3

S
⌘

�

51ccrop3

�

.

(39)

In this case, ccrop3 = cforest3 = 1.65(108), so that (39) becomes

�U3(I) = �252(108)L3
S
� 151(108)D3

S
+ 84(108)K3

S
. (40)

Finally, discounting by ⇧3 = 0.001,

�U3(I) = �252(105)L3 � 151(105)D3 + 84(105)K3. (41)

9.3.6 When � = 0.5

This time, we have to use (25) because (c3)I 6= (c3)¬I . But part of the work
we’ve already done, in the form of (39); the only di↵erence this time is that
ccrop3 = 0.5cforest3 . All we need to do for this portion of the equation is to
multiply the right-hand side of (41) by 0.5:

First part of �U3(I) = �126(105)L3 � 76(105)D3 + 42(105)K3. (42)
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The remaining portion takes the form

Remaining �U3(I) =

"

⇣L3
S
+ ( 1

`3
+ h3)D3

S

h3

⌘

"

�

v
X

✓=0
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(1� h3)
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S
c3(0) + (L3

S
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S
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�

⌧✓+1 � ⌧✓
�

⌘

#

I
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84.2(108)
�

= �40.5(108)L3
S
� 7.27(108)D3

S

= �40.5(105)L3 � 7.27(105)D3.

(43)

Adding this result to (42),

�U3(I) = �167(105)L3 � 83(105)D3 + 42(105)K3. (44)

9.4 Adding Them Up: �U(I) ⌘ �U1(I)+�U2(I)+�U3(I)

9.4.1 Harmonization Assumptions

• Usually, the sign of L is somewhat ambiguous and fairly close to zero.
But L1 is strongly negative. Thus, it might be best compared against D.
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Suppose that a week spent in a factory farm is as bad as experiencing the
pain of slaughter: L1 = K1.

• The US Humane Methods of Slaughter Act (HMSA) requires that, except
in cases of religious slaughter, animals must be “rendered insensible to
pain by a single blow or gunshot or an electrical, chemical or other means
that is rapid and e↵ective, before being shackled, hoisted, thrown, cast,
or cut” [33]. Stunning is not always e↵ectual, and slaughterhouses reg-
ularly violate the HMSA—sometimes even dismembering animals while
conscious [22, 69]. Moreover, poultry—which constitute over 95% of all
terrestrial farm animals killed [31, p. 7]—and aquatic animals—10 mil-
lion of which are caught each year [32]—are not covered by HMSA [3, p.
3]. Still, the average factory-farmed animal probably has a slightly better
death than one in the wild, so I’ll assume K1 = 1

2D2.

• Suppose that D3 = K3 = 1
2D2.

• I define the average aggregated utility of living a bug’s life to be ↵ times
as good or bad as living the life of wild mammals and birds: L3 := ↵L2.
Insects are presumably less active than mammals and birds, so I’ll assume
↵ = 0.5. Since I consider it likely that insects have no net balance of
happiness over pain during the course of their lives, I’ll also try ↵ = 0.

9.4.2 Results for � = 1

Adding together (35), (37), and (41),

�U(I) = 277L1 + 32.4K1

� 295.3L2 � 1.67D2

� 252(105)L3 � 151(105)D3 + 84(105)K3

= 139D2 + 16.2D2

� 295.3L2 � 1.67D2

� 252(105)↵L2 � 76(105)D2 + 42(105)D2.

(45)

The insect terms swamp everything else. We end up with

�U(I) =
�

�295.3� 252(105)↵
�

L2 � 24(105)D2. (46)

• When ↵ = 0.5, �U(I) > 0 , �2 < 0.09.

• When ↵ = 0, �U(I) > 0 , �2 < 8, 127.
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9.4.3 Results for � = 0.5

Adding together (35), (37), and (44),

�U(I) = 277L1 + 32.4K1

� 295.3L2 � 1.67D2

� 167(105)L3 � 83(105)D3 + 42(105)K3

= 139D2 + 16.2D2

� 295.3L2 � 1.67D2

� 167(105)↵L2 � 42(105)D2 + 21(105)D2

=
�

�295.3� 167(105)↵
�

L2 � 21(105)D2.

(47)

• When ↵ = 0.5, �U(I) > 0 , �2 < 0.25.

• When ↵ = 0, �U(I) > 0 , �2 < 7, 111.

10 Summary of Applications

In the following table, A denotes the set of all species a↵ected by I. a specifies
the specific species to which �a refers. For example, when incorporating changes
in expected aggregated utility due to both insects and larger animals, yet we
can arrive at an equation written just in terms of La and Da for a = {larger
animals}. The �a in the table, then, should thus only be compared against
the actual value of � for larger animals—even though it incorporates e↵ects on
insects, as well.

Using weeks

Section I A a for La,
�U(I) > 0 i↵

9.1 Eating meat Factory-farmed animals Factory-farmed animals �a > 0.12
8.7 Road kill Larger animals Larger animals �a < �0.005
7.3 Asteroid Wibbles Wibbles �a < 0.004
9.2 Eating meat Wild mammals and birds Wild mammals and birds �a < 0.006
9.4.2 Eating meat All animals, � = 1, ↵ = 0.5 Wild mammals and birds �a < 0.09
9.3.6 Eating meat Insects, � = 0.5 Insects �a < 0.25
9.4.3 Eating meat All animals, � = 0.5, ↵ = 0.5 Wild mammals and birds �a < 0.25
9.3.5 Eating meat Insects, � = 1 Insects �a < 0.27
9.4.3 Eating meat All animals, � = 0.5, ↵ = 0 Wild mammals and birds �a < 7, 111
9.4.2 Eating meat All animals, � = 1, ↵ = 0 Wild mammals and birds �a < 8, 127

It would be misleading to take a mean of the values in the fifth column for two
reasons:

• they don’t represent any sort of random sample, and
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• they represent di↵erent species in di↵erent situations; there isn’t even a
single actual value for � against which I could compare this mean if I were
to compute it.

I will note, however, that in all rows except the first two, I had a net good
e↵ect even if �a was vanishingly positive (i.e., even if daily life was barely
enjoyable). If su↵ering perfectly balances happiness during life before death,
�a = 0. For a negative utilitarian, according to whom both life and dying are
bad, �a < 0.

11 Is Life in the Wild Miserable?

11.1 A Neglected Topic

Many people go through life with conceptions of nature taken from children’s
books or Disney films [58, Ch. 4.32]. Even wildlife programs tend not to convey
a full sense of the brutality of nature. Like action movies, they often focus
on the excitement of a predator’s chase of prey, rather than the gruesomeness
of death. Rarely do these shows display scenes of sick, injured, or moribund
animals.

The antihunter has no less responsibility [than the hunter] for the
pain of the animals, he has merely chosen to remain far away from
it so that he does not have to see it or face up to his responsi-
bility. Through his e↵orts to prevent controlled hunting he un-
wittingly dooms animals to a certain death by some other cause.
[. . . Antihunters] have made the choice for the slower natural death
which they can avoid seeing, but cannot avoid being responsible for.
[35]

11.2 Life and Death in the Wild

During the reader’s contemplation of this topic, she should consider the following
question: “If I were given the choice between never having existed, or living for
five weeks as a wild mammal or bird and then su↵ering a natural death, which
would I choose?” If the reader’s answer is that she would prefer nonexistence,
then she thinks that her � would be < 0.20. If this estimate applies to most
wild mammals and birds, many of the environmental impacts in the table of
section 10 would appear to be beneficial.
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12 Objections

12.1 “But I find life enjoyable!”

If you were in a state of severe agony, you wouldn’t be reading this paper right
now. And if you were currently enduring significant pain, you might have a
di↵erent opinion.

Most of the time, we go through life in a euthymic state—one in which we have
our basic needs satisfied and feel mildly content [58, Ch. 5.0]. We also make
most of our moral decisions in this state, as probably we should, since severe
pain makes us irrational. But it is important that we do not become complacent
to su↵ering. We live comfortable lives in which we have food, shelter, warmth,
and general health. We will never be killed by the jaws of a predator. We will
never die outside the cold. We musn’t blindly assume that other organisms
share our emotional state, and we must remind ourselves of what it’s like to
su↵er.

Several studies have demonstrated the psychological phenomenon of “depres-
sive realism”—the finding that depressed people have more accurate percep-
tions than happy people, especially as regards their own abilities [15]. It seems
plausible that humans would have a similar mechanism with respect to their
assessments of how enjoyable life is. Such a mechanism would presumably have
evolutionary benefits, inasmuch as people who don’t dwell on negative thoughts
are usually more motivated and productive. Of course, this analysis is slightly
complicated by the fact that positive delusions themselves actually make people
happier, so that those who think that their lives are better actually do have
better lives, ceteris paribus. Indeed, self-delusion can often be salutary for one’s
health, productivity, and happiness. But when we are considering the question
of whether life is worth living for wild animals, we should aim for accuracy,
rather than the conclusion that will just make us feel good about the world.
The sick moose that lies helpless on the ground, waiting to be torn apart by
predators, is not helped by our desire to paint rosy Potemkin villages of the
world.

12.2 Nature as sacred

There are at least two sources from which this sentiment emerges: creationism
and general intuition.

12.2.1 Creationism

Some maintain that nature is sacred because it was created by God. I shall not
endeavor to refute this claim here.
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I will, however, note that creationism, combined with belief in a benevolent
creator, leads to the “problem of evil.” John Stuart Mill was one of many to
note this:

For however o↵ensive the proposition may appear to many religious
persons, they should be willing to look in the face the undeniable
fact, that the order of nature, in so far as unmodified by man, is such
as no being, whose attributes are justice and benevolence, would
have made, with the intention that his rational creatures should
follow it as an example. [47]

Some religious thinkers have responded by denying that life in the wild is ac-
tually brutal, asserting instead that nature contains only that small amount
of pain needed to ensure organisms’ survival [68, 27, 2]. Others acknowledge
“the ubiquity of pain, predation, su↵ering, and death in the creative evolution-
ary process,” but argue that the situation might be made “morally acceptable
and coherent” by the suggestion that God su↵ers along with his creation, in
much the same way that mothers su↵er during the birthing of their children
[57]. [43, p. 102] echoes this view: the wholeness of the universe “submits to
such su↵ering presumably because there are simply no other ways of creating
the required abundance and diversity of selves than those ways that have pain
as their corollary [. . . ].”

12.2.2 General Intuition

People feel a wonderful sense of awe when they spend time in nature. When we
walk through a forest, we remark about the song of birds, the croaking of frogs,
and the chirping of katydids. We fail to notice the thousands of arthropods
upon which we are stepping.

13 Spreading Su↵ering to the Stars

There is a possibility that humans or post-humans will populate other planets
with life—perhaps, in some cases, sentient life.

13.1 Terraforming

NASA is one of several organizations contemplating the logistics of “terraform-
ing” mars—that is, making the planet more like Earth to facilitate colonization
[65]. Part of the process would involve introduction of microbial life forms
[20]. Presumably, humans would introduce other sentient life as conditions pro-
gressed. The utilitarian might hope that such life would have been engineered to
experience only varying degrees of pleasure [58] or that it might take the form
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of sentient (and extremely happy) machines capable of performing ecological
functions. Unfortunately, humans may not be especially motivated to ensure
that this happens;8 even if they were, these utilitarian approaches to ecopoiesis
would probably not be in place by the time humans terraform mars.

13.2 Directed Panspermia

Probably an even greater increase in the amount of sentient life on other planets
would come from “directed panspermia”—deliberate seeding of the galaxy with
packages of life. The process appears feasible (see, e.g., [44, 45]); moreover, the
idea would probably enjoy a fair amount of popular support (perhaps more than
dispersal of engineered happy animals). Some might view the seeding of space
with life as the human race’s manifest destiny, while others might consider it
a natural extension of God’s command to Noah and his sons: “And you, be
ye fruitful, and multiply; bring forth abundantly in the earth, and multiply
therein” [26, Genesis 9:7]. The Society for Life in Space maintains that directed
panspermia is a paramount ethical goal [59].

14 How Many Extraterrestrial Life-Years?

What’s the expected number of sentient extraterrestrial life-years in our galaxy?
I use a modified Drake equation [17]:

N ⇡ R⇤feflfsn⇧LB, (48)

where

this symbol stands for the
N expected number of sentient extraterrestrial life-years that will ever exist in the future

of our galaxy (excluding Earth and colonization of other planets by post-humans)
R⇤ rate of star formation in our galaxy
fe fraction of stars with habitable planets
fl fraction of those planets on which life does emerge
fs fraction of those planets on which life reaches a level at which it’s conceivably

sentient (e.g., insects are conceivably sentient, but plants are not)
n average population of conceivably sentient organisms per planet with life
⇧ weighted-average probability that those organisms are actually sentient
L average duration for which the population n continues to exist
B length of time for which R⇤ continues before the stars burn out

8Perhaps this is a partial argument in favor of promoting awareness of animal welfare.
Distributing literature on vegetarianism would be one way to accomplish this [31, p. 3].
Maybe it would be best to emphasize (as this paper is doing) the su↵ering of animals in
the wild, since this issue often fails to enter into the minds of even dedicated animal-welfare
activists.
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Estimating parameters:

• R⇤ = 6 stars/year.

[18] puts R⇤ between 4 and 19. Drake’s original 1961 paper put the figure
at 10, while NASA and the European Space Agency recently estimated
R⇤ at 6 [17]. I chose the last value.

• fe = 0.1 [41, p. 60].

• fl = 0.9.

We can’t simply say that, “since life evolved on Earth, the process must
be likely” because of an observer-selection e↵ect. [40] took this e↵ect
into account and found an expected fl close to 1, which happened to be
Drake’s original estimate [17]. In addition, fl > 0.13 with 95% confidence
[40]; hence, I (somewhat arbitrarily) chose 0.9.

• fs = 0.01.

fs might be fairly small. For instance, life on Earth began 4(109) years
ago, but it was not until

– 2.1(109) years ago that eukaryotes evolved

– 109 years ago that multicellular life evolved

– 0.6(109) years ago that animals evolved (e.g., sponges, jellyfish, and
flatworms)

– 0.505(109) years ago that vertebrates developed

– and 0.45(109) years ago that arthropods emerged [66].

Indeed, there’s no reason why conceivably sentient creatures should nec-
essarily evolve at all. (To say that “sentience is likely because it happened
on Earth” is once again to neglect observational-selection bias, since self-
aware organisms are presumably more likely to be sentient.)

Because of these di�culties—and because I can’t find any concrete data—I
suppose that fs = 0.01.

• n = 5(1017).

I’ll use Earth as a basis for my estimate. On Earth, insects outweigh
all other possible sentient organisms by orders of magnitude, so I’ll just
count them: 1018 [63]. Perhaps Earth is slightly better situated for life
than some other planets are, so perhaps I’ll cut this number in half for my
average: n = 5(1017).

I am assuming here that there will be no post-human-like extraterrestrial
civilizations with massive populations.

• ⇧ = 0.001, as before.
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• L = 1.65(109) years.

Drake’s original estimate was 10,000 years, but he was calculating the
survival time of civilizations that are willing and able to communicate
with Earth [17]. The length of time for which insects can survive is much
longer. Indeed, even few catastrophic risks are capable of wiping them
out.

I use the expected lifespan of arthropods on Earth for L. Arthropods
evolved 0.45(109) years ago and will probably last until the demise of
Earth’s biosphere in 0.9(109) to 1.5(109) [average = 1.2(109)] years [11].

• B = 1014 years.

Normal stars will stop forming in 1014 years [1, p. 367].

N comes out to be 4.455(1035) life-years.

15 Closing Quotations:

The whole earth, believe me, Philo, is cursed and polluted. A per-
petual war is kindled amongst all living creatures. Necessity, hunger,
want, stimulate the strong and courageous: fear, anxiety, terror, ag-
itate the weak and infirm. The first entrance into life gives anguish
to the new-born infant and to its wretched parent: weakness, impo-
tence, distress, attend each stage of that life: and it is at last finished
in agony and horror.

—Demea, in David Hume’s Dialogues Concerning Natural Religion,
1751 [34]

We might reject nature policing simply by regarding it as intrinsi-
cally bad. If this view is selected as an axiom, so be it. This paper
could then be read as arguing that such an axiom is not compatible
with other plausible axioms that we hold about animals, such as the
view that their welfare matters, they deserve moral consideration,
or that the painful death of an animal is a bad thing. [. . . ]

In casual discussion, I find that virtually all individuals find the
conclusion of nature policing as one to be avoided. Indeed I set out
to write this paper with that intuition in mind. I expected to find
some clever twist that would resolve the issue and eliminate nature
policing as a philosophically viable alternative. It is impossible to
prove that such a clever twist does not exist, but at some point we
need to consider modifying our original intuition, if the would-be
twist proves su�ciently hard to find. Philosophy is in part about
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subjecting our intuitions to the scrutiny of reason and hoping to
improve on them.

—Tyler Cowen, “Policing Nature,” 19 May 2001 [14]
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"""
By Brian Tomasik
First written: 2018 May 23; last update: 2018 May 23

This program checks whether any files or folders are too long within the directory from which you run the program, and recursively in subdirectories. By default, "too long" refers to the limits on file and folder length that I think are imposed in Google 
Takeout exports: 50 characters for folders, and 54 characters for filenames with an extension. (I haven't checked in detail that this program finds exactly the same set of folder/file names that Google Takeout would truncate, but I'm guessing what I have is 
close enough most of the time.) Running this program directly will use the default character limits:

python find_too_long_file_and_folder_names.py

You can optionally set the character limit with an input parameter, like this:

python find_too_long_file_and_folder_names.py 45

Doing that would find folders longer than 45 characters and files, if they have extensions, that are longer than 49 characters.
"""

import sys
import os

DEFAULT_MAX_CHARS = 50
EXTRA_CHARS_ALLOWED_FOR_EXTENSION = 4

def run():
    max_chars_if_no_extension = DEFAULT_MAX_CHARS
    if len(sys.argv) > 1:
        max_chars_if_no_extension = int(sys.argv[1])
        assert max_chars_if_no_extension >= 1, "Names need to have at least 1 character."
    max_chars_with_extension = max_chars_if_no_extension + EXTRA_CHARS_ALLOWED_FOR_EXTENSION

    for (path, dirs, files) in os.walk('.'):
        for dir_name in dirs:
            if len(dir_name) > max_chars_if_no_extension:
                print os.path.join(path, dir_name)
        for filename in files:
            main_filename, extension = os.path.splitext(filename)
            max_chars_limit_for_this_file = max_chars_with_extension if len(extension) > 0 else max_chars_if_no_extension
            if len(filename) > max_chars_limit_for_this_file:
                print os.path.join(path, filename)

if __name__ == "__main__":
    run()



Draft Fact Sheet NDSA Infrastructure &Standards Working Groups 1 

Checking Your Digital Content: How, What and When to Check Fixity? 

How do I know what I have and the file/object is not corrupted, changed or altered? 

Further how can I prove that I know what I have? How can I be confident that the 

content I am providing is in good condition, complete, or reasonably complete?  How do I 

verify that a file/object has not changed over time or during transfer processes?  In 

digital preservation, a key part of answering these questions comes through establishing 

and checking the “fixity” or stability of digital content. At this point, many in the 
preservation community know they should be checking the fixity of their content, but 

how, when and how often? This document aims to help stewards answer these questions 

in a way that makes sense for their organization based on their needs and resources.  

Defining Fixity and Fixity Information 

Fixity in this context is the property of a digital file or object being fixed or 

unchanged. In this sense, it is synonymous with bit-level integrity. Fixity information 

is information that offers evidence that one set of bits is identical to another.  The 

PREMIS data dictionary (named after the Preservation Metadata: Implementation 

Strategies Working Group) defines fixity information as "information used to verify 

whether an object has been altered in an undocumented or unauthorized way." 

Collecting and maintaining fixity information over time can help to support any of the 

following activities. The most widely used tools for creating fixity information are 

checksums (like CRCs) and cryptographic hashes (like MD5, and various SHA 

algorithms) but there are other methods such as expected file size and file count that 

provide basic fixity information. The instruments for creating fixity information are 

explained later in this document, but before getting to those, it is worth pausing to 

explain the diverse range of reasons to collect, check, maintain, and verify fixity 

information. 

 

Reasons to Collect, Check, Maintain, and Verify Fixity Information 

Fixity information helps answer three primary questions: 

 Do you have the data/files you expected? When fixity information is provided 

with objects upfront it can be used to validate you have received what was 

intended for the collection 

 Is the data corrupted or altered from what you expected? Once you have 

generated fixity information for files or objects comparing that information with 

future fixity check information will tell you if a file has changed or been 

corrupted. 

 Can you prove you have the data/files you expected and it is not corrupt or 

altered? By providing fixity information alongside content, you enable your users 

to verify that what they have is identical to what you say it should be.  This 

supports assertions about the authenticity and trustworthiness of digital objects 

Fixity information has other uses and benefits as well.  
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 Support the repair of corrupt or otherwise altered digital files or objects: If you 

have multiple copies of digital objects and you have stored fixity information to 

refer to you can refer to that information to verify which copy is correct and then 

replace the corrupted digital files or objects.  

 Monitor hardware degradation: If checks against fixity information for a set of 

objects begin to rapidly degrade, it can offer advanced warning of failures of the 

media you are storing the objects on.  

 To be confident when providing someone with a copy of an item, or a segment or 

portion of an item that the file or object is correct: By comparing fixity 

information on a file or object against recorded fixity information for it you can 

be sure that what you are giving them is exactly what you assert it should be.  

 Permit an update to a portion of a content file or object while being able to 

determine that the "other" portion is unchanged: If you maintain very granular 

fixity information you can use comparisons and revisions of that information to 

be sure that other parts of it are not affected.  

 Meet requirements or best practice guidelines like ISO 16363/TRAC and the NDSA 

Levels of Digital Preservation 

 Support the monitoring of production or digitization processes: Generating 

and checking fixity information across these processes provides a means to 

monitor content integrity across the process.  

 Document provenance and chain of custody: By maintaining fixity information 

provided with the content and logs documenting fixity over time along with any 

necessary file repairs, you can provide evidence of the integrity of content across 

the time it has been under stewardship. 

 Help diagnose possible systemic or human error in the lifecycle management 

of preserved content: Regularly computing fixity information and comparing it 

with initial fixity information provides a continual documentation of changes or 

damage to files. As such, the process of checking fixity works to help surface 

issues relate to operator error or problems in system glitches. 

General Approaches to Fixity Check Frequency 

The following list describes different approaches to checking the fixity of digital content. 

These include a wide range of approaches, including those that are built into storage 

systems, that can be automated through scripts and applications and that might involve 

manual workflows.   

 

 Generating/Checking Fixity Information on Ingest: When you bring content 

under stewardship, it is important to check the fixity of content transferred to 

you. Whenever possible, it’s ideal to encourage content providers or 
producers to submit fixity information along with content objects. And what 

that might look like in cases where fixity information isn’t provided as part of the 
transfer, you should create fixity information once you have received the 

materials because any future checking of your content is going to require that 

you have these initial values.  
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 Checking Fixity Information on Transfer: Transferring data from one storage 

system to another is a potential point at which your digital content could be 

damaged. As such, it is critical to check the fixity of your content whenever it is 

being moved. Assuming you have additional copies of your data, you can use any 

failures as an opportunity to recover/repair by checking any files or objects that 

show up as not matching their fixity values against those other copies.  
 Checking Fixity at Regular Intervals: In addition to fixity checking before and 

after transfer, collections of digital files and objects should be checked on a 

regular basis. There are a range of systems and approaches focused on checking 

the fixity values of all objects at regular intervals. This could be monthly, 

quarterly, or yearly for example. By checking more frequently it is far more likely 

that you can detect errors, and (assuming you have additional copies) you can 

repair errors from those additional copies.  
 Building Fixity checking into Object Systems: Most object systems using REST  

(Representational State Transfer) interfaces have fixity built into the system so 

that data is regularly checked. Systems with this kind of architecture may require 

less checking as the checks are built into the architecture. 
 Using Fixity Checking in Archive Systems (Hierarchical Storage Management): 

Most archive systems such as HSMs support per-file checksums on tape and, with 

new tape technologies, per-block checksums can be validated on tape systems 

without reading the data back to the host.  
 Building Fixity Checking into File Systems: File systems like ZFS compute block 

level checksums (using SHA256) on a regular basis with the goal of protecting 

against bit rot, but ZFS only validates data when a block is read, so it is impossible 

to know if the media or channel are having issues until the data is read.  

 Checking Fixity for Process Monitoring: For certain classes of content--there are 

notable examples in the realm of digital audio and video--checksums (or the 

equivalent) support process or production monitoring. For example, some 

organizations have used checksums to help determine that the underlying picture 

and sound data from a DV videotape had been successfully extracted when 

migrating that content to a file. 

 Checking Fixity on a Segment or Portion of a File when that segment is to be 

provided to an end user, or when other portions of the file are to be changed. 

Examples of this implementation include checksuming the encoded audio data 

within an audio file or individual frame-level checksums for video files. 
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Considerations for Fixity Check Frequency  

You might now ask yourself, why doesn’t everybody just run fixity checks and compare 
fixity information for all their content at fixed intervals? The answers to that question are 

tied up in resource constraints and, in some cases, the lack of fixity support.  

 Storage Media: Doing fixity checks typically increases the usage of the media and 

of the mechanical devices that read and handle the media, which are factors 

contributing to the overall reliability of the media.  
 Throughput: Your rate of fixity checking is going to be dependent on how quickly 

you can run the checks, the complexity of your chosen fixity instrument, and how 

much of your resources (e.g., CPU, memory, bandwidth) can be used for this 

workflow. This becomes a choke point as the amount of digital content increases 

but the infrastructure to perform the checks stays the same. In a situation like 

this, the fixity checking activities can adversely affect other important functions 

like delivery of the content to users. 
 Number of Files or Objects and Sizes of Files or Objects: Different resource 

requirements emerge as the scale of digital files and objects increases both in 

number and size.  
 Redundancy Level in Content and Process: Depending on your system design, 

you may want to have different practices for checking fixity on redundant 

copies.  For example, if the fixity is already being checked for the primary and 

secondary copies on a regular basis, you might decide that you don’t need to 
check the tertiary copies as often. Similarly, you may have files that serve as 

preservation masters and files that serve as derivatives or access copies in which 

case it likely makes sense to have different practices for the files that serve 

different roles.  
 Assurance from Third Party, like a Cloud Storage Provider: Instead of running 

your own checks, you may be in a situation to trust the claims of a third party 

about their persistent checking of the copies they maintain in their system. 

Though understanding what the cloud provider is supporting and how often and 

detailed fixity checks are done is important to understand. 
 Covered at the File System or Object System Level: If the file or object system 

itself performs frequent checks at the block level you may not need to be 

particularly concerned with bit rot as a threat to fixity, in which case frequent 

checks of files may be unnecessary.  For example, file systems like ZFS maintain 

and check block level fixity information which is automatically used to support 

the repair of data that is damaged through silent data corruption.  
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How Do Common Fixity Instruments Compare Against One Another? 

The table below presents some basic information on a range of instruments for 

creating and checking fixity information. Each instrument takes different levels of 

effort/resources to use and results in varying degrees of detail and quality of the 

fixity information they generate.  

Fixity 

Instrument 
Definition Level of Effort and Return on Investment 

Expected File 

Size 
File size that differ from 

the expected can be an 

indicator of problems, 

for example highlighting  

zero byte files 

Low level of effort and low level detail. File size is 

auto-generated technical metadata and can be 

viewed in Windows Explorer or other common tools.   

Expected File 

Count 

File count that differ 

from the expected can 

be an indicator that files 

are either added or 

dropped from the 

package. 

Low level of effort and low level detail. File count is 

often auto-generated technical metadata and can be 

viewed in Windows Explorer or other common tools.   

CRC Typically checking 

network error  

Low level of effort and moderate level of detail.  

CRC function values, which are variable but typically 

32 or 64 bit, are relatively easy to implement and 

analyze. 

MD5 Cryptographic hash 

function 

Moderate level of effort and high level of detail.  

CPU and processing requirements to compute the 

hash values are low to moderate depending on the 

size of the file. The output size of the hash value is 

the lowest of the cryptographic hash values at 128 

bits.  

SHA1 Cryptographic hash 

function 

Moderate level of effort, high level of detail and 

added security assurance. Due to its higher 160-bit 

output hash value, SHA-1 requires more relative 

time to compute for a given number of processing 

cycles CPU and processing time than MD5.  

SHA256 More secure 

cryptographic hash 

function 

High level of effort and very high level of detail, 

and added security assurance. With an output hash 

value of 256 bits, SHA-256 requires more relative 

time to compute for a given number of processing 

cycles CPU and processing time than SHA-1. 

Verifying auto-generated metadata such as expected file counts and file size can provide 

a simple and easy to access first line of inquiry into the health and well-being of the 

digital objects, both as individual units and as an aggregate group or package. CRCs are 

typically used for verifying network transfers and have somewhat limited effectiveness 
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for the high-speed data transfers available on today’s or future networks, though 

networks protocols such as ethernet, SAS, fiber channel and others have low level CRCs 

built into the hardware protocol. The ANSI T10 PI standard is used in addition the 

standard channel CRCs for an added level of protection and detection.  

CRCs are useful for quickly generating fixity information and are used often on the intra-

file level. However, because MD5, SHA1, and SHA256 are so significantly superior, 

whenever resources permit it may be better to rely on any of these cryptographic hash 

functions for whole file and object level fixity documentation. As noted above, MD5, 

SHA1 and SHA256 are cryptographic hash functions with different sizes of checksums and 

with increasing levels of security. In many cases, for data fixity purposes, either MD5 or 

SHA1 are often more useful than SHA256 due to the higher compute time and CPU 

requirements for the latter. With increased levels of security comes increased time and 

resources to compute, so depending on the amount of data in a collection and resources 

at hand each has a place in different fixity checking workflows.  

Where to Store and Reference Fixity Information 

In different situations, it makes sense to store fixity information in different places. Here 

are some examples of places you might store fixity data toward different objectives.  

 In Object Metadata Records: In many cases, you will want to record some file or 

object fixity information wherever you store and manage the metadata records. 

These might be actually stored in discrete files or databases. This is particularly 

useful for maintaining originally submitted or generated fixity information as part 

of the long-term object metadata.  

 In databases and logs: For checks you run at given intervals you likely do not 

want to be touching your object metadata records all the time. In this case, it 

makes sense to keep running fixity information in databases and logs that you 

use and can return to when needed.  

 Alongside content: It’s often ideal to have fixity information right alongside the 

content itself. For example, the BagIt specification includes a hash value for the 

bagged content right alongside the content itself.  Similarly, some workflows 

involve creating .md5 files , which are simply text files with the md5 hash, 

named identical to the file it refers to, but with an additional .md5 extension. 

 In the files themselves: When a checksum is for a portion of a file, it may make 

sense to store the information directly in the file. Note, this only makes sense 

when storing sub-file fixity information within a file. Adding this information into 

a file will result in that file as a whole generating different fixity information.   

 

  

http://en.wikipedia.org/wiki/BagIt#Specification
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Further Reading 

 Hashing Out Digital Trust, Kate Zward: 

http://blogs.loc.gov/digitalpreservation/2011/11/hashing-out-digital-trust/ 

 Fixity Checks: Checksums, Message Digests and Digital Signatures, Audrey 

Novak http://www.library.yale.edu/iac/DPC/AN_DPC_FixityChecksFinal11.pdf 

 The NDSA Levels of Digital Preservation: An Explanation and Uses, Megan 

Phillips, Jefferson Bailey, Andrea Goethals, Trevor Owens 

http://www.digitalpreservation.gov/ndsa/working_groups/documents/NDSA

_Levels_Archiving_2013.pdf  

 Authenticity of Electronic Federal Government Publications, Kate Zwaard and 

Lisa LaPlant : 

http://www.gpo.gov/pdfs/authentication/authenticationwhitepaper2011.pdf 

 Reconsidering the Checksum for Audiovisual Preservation, Dave Rice: 

http://dericed.com/papers/reconsidering-the-checksum-for-audiovisual-

preservation/ 

 

Relevant Standards and Specifications 
 PREMIS data dictionary http://www.loc.gov/standards/premis/v2/premis-dd-

2-2.pdf 

 PREMIS Conformance 

http://www.loc.gov/standards/premis/premisConformance_v4.pdf  

 BagIt Specification 

http://www.digitalpreservation.gov/documents/bagitspec.pdf 

 MD5: http://en.wikipedia.org/wiki/MD5; https://tools.ietf.org/html/rfc1321 

 SHA-1: http://en.wikipedia.org/wiki/SHA-1; 

http://csrc.nist.gov/publications/fips/fips180-4/fips-180-4.pdf 

 SHA-256: http://en.wikipedia.org/wiki/SHA-2; 

http://csrc.nist.gov/groups/STM/cavp/documents/shs/sha256-384-512.pdf 

 Cyclic redundancy check (CRC):  

http://en.wikipedia.org/wiki/Cyclic_redundancy_check;   

 

 

http://blogs.loc.gov/digitalpreservation/2011/11/hashing-out-digital-trust/
http://www.library.yale.edu/iac/DPC/AN_DPC_FixityChecksFinal11.pdf
http://www.gpo.gov/pdfs/authentication/authenticationwhitepaper2011.pdf
http://dericed.com/papers/reconsidering-the-checksum-for-audiovisual-preservation/
http://dericed.com/papers/reconsidering-the-checksum-for-audiovisual-preservation/
http://www.loc.gov/standards/premis/premisConformance_v4.pdf
http://en.wikipedia.org/wiki/MD5
http://en.wikipedia.org/wiki/SHA-1
http://en.wikipedia.org/wiki/SHA-2
http://en.wikipedia.org/wiki/Cyclic_redundancy_check
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If you have explored our checksum tool, Fixity, you may have noticed that it tracks a third 

value alongside the expected filepath and checksum value of files. This value is the file’s index 
location, which is crucial to the operation of the filesystem. On OSX and Linux, the index value is 
called the inode of a file; on Windows, it is the file identifier.

Put abstractly, a filesystem typically stores file metadata (name, permissions, filepath, etc.) in a 
filesystem index. These index entries also document the physical location on the disk where the 
data is located, and thus link the file metadata to its content data. For purposes of efficiency, 
the filesystem prefers to change the file metadata to altering its on-disk data - if you have ever 
wondered why moving files within a filesystem is almost instantaneous, whereas copying is 
slow, it is because files are ‘moved’ by changing the filepath metadata in the index, not the 
physical location on the disk. When a file’s data is changed, such as when a document is edited 
and saved, the metadata remains in place while the new data is written to disk. This method 
of handling data allows for quick discovery of directories and files, as well as maintaining 
separation between data and metadata.

Simplified example of the relationship between the filesystem index and data

Fixity takes advantage of this (meta)data structure by tracking both the index location of a file 
and the checksum of its on-disk data. One of the inspirations for developing Fixity was the 
lack of powerful and easy-to-use file monitoring tools in both the open-source and commercial 
marketplaces. Consider the following common scenario: an archive decides to implement a 

new directory standard for its digital repository, and changes the locations of its digital assets 

accordingly. Most checksum tools, which use filepaths as the unique identifier of a file, will cease 
to recognize the digital objects post-move - they will report that one object was deleted and one 
object was created. For a repository environment, where tracking assets is more important than 

tracking filenames, this is unacceptable. Thus, a more sophisticated system was implemented in 
Fixity.

Fixity offers the unique capability of tracking file attendance as well as file integrity. Since a file’s 
index location only changes when a file is deleted or moved to a new storage device, it can 
be used as a unique identifier for a file, no matter its location or name on a given filesystem. 
Therefore, if a file is moved from one directory to another, it will keep the same index location 
and data content, but its filepath will be updated in the metadata. In this instance Fixity will 
triangulate the three pieces of information that it maintains about an object - filepath, checksum, 
and index number - and report that the object was moved from the old location to the new 
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one. The file is not considered missing and will continue to be tracked as the same file in a new 
directory location. Similarly, if one object’s filepath is assigned to another existing file, Fixity will 
recognize them as different objects and not confuse the two.

The additional tracking of index locations raises the question of index collisions cropping up in 
between Fixity scans. If, for example, a file is deleted and a new file is created between scans, 
will the new file have the same index location as the old one? This is a reasonable concern, and 
was tested by AVPreserve on an OSX system (using the HFS+ file system) and on Windows 
7 (using the NTFS filesystem). Our testing methodology involved the creation of ten thousand 
10KiB files, followed by their deletion, and the creation of ten thousand more 10KiB files 
immediately afterwards. Through this process, we found that HFS+ assigns new index locations 
for files sequentially - no index locations used by the first set of files were used again by the 
second. NTFS produced the same results - after creation, deletion, and creation again, there 
were no index collisions between the two sets of ten thousand 10KiB files. Given that most 
filesystems assign index values sequentially, only repeating after exhausting all possible values, a 
collision within a repository monitored by Fixity is functionally impossible between two scans.

There are some notable exceptions to the handling of index values within file systems. The 
behavior of certain programs will change the index location of a file. Many programs, such as 
text editors, do not edit files in place on the filesystem. Instead, they create temporary copies 
of the file, which then store the changes to the file being made within the program. When the 
changes are committed to disk, the temporary file (containing the changes) is copied over the 
original. This process is used by programs in certain cases because it allows for greater crash 
resilience. However, the temporary copy is a completely new file and it is given a new file index 
location. As such, after using a program such as TextEdit, you may find that Fixity gives an 
unexpected result for the file. This is due to the editing program’s behavior, and not an issue with 
Fixity or your file.

Finally, as stated above, index values change when the storage device changes. This raises 
the question of how Fixity handles the scenario of a movement of directories to a new storage 

device, such as the movement of a collection of files to a new server. When a user changes the 
path of a directory to scan within Fixity, the user is prompted with the question of whether or not 

the user intends to change the filepath (as opposed to deleting and adding a different one). If the 
user answers “yes”, Fixity will expect that the index value will change and will use the filepath 
and checksum for verification on the first scan performed after the change. During this scan, the 
new index values are captured and used moving forward.

Taking advantage of index values allows for Fixity to better monitor the digital assets under its 
watch. We hope that its combination of powerful monitoring and ease of use will improve the 
level of data integrity in digital collections. Fixity is available for free download at 

avpreserve.com/tools
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AVPreserve is a full service media archiving and data management consulting firm. We partner with Archives, Museums, Government Agencies, 
Corporations, Media & Entertainment, and other organizations that create or collect media to help them manage, access, and preserve their 
valuable assets and data. Our services address the full lifecycle of collections, from assessment and preservation planning for analog materials, 
through project management of digitization efforts, to the various aspects of digital preservation and file management, including DAM selection, 
taxonomy development, policy and workflows, and development of software solutions supporting preservation and access.
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"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2019-12-13. Last update of any kind: 2020-04-08T04-19.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also. I assume a Unix-like operating system where files have inodes.

# Description

This script monitors file fixity and attendance for all your files under a given directory, except for filepath substrings you exclude from monitoring. To use the script, just run

python3 run.py

Run the script twice, choosing the 'os' ("often small") option the first time and the 'ol' ("often large") option the second time (or do it in the opposite order -- it doesn't matter). Then rerun the script any time you want to check on your data and refresh 
the latest list of checksums.

For more explanation of this script, see https://briantomasik.com/organizing-computer-files/#fixity_checking
"""

#import pdb
import json
from sys import exit
import hashlib
import os
from datetime import datetime
from collections import defaultdict

IGNORE_FILE_PATH = "ignore.txt"
DATETIME_FORMAT = '%Y-%m-%dT%H-%M-%S'
BUFFER_SIZE_FOR_SHA_CALCULATION = 10**6 # The value doesn't matter too much. I tested empirically that a number too low (e.g., 10**2) slows things down by a factor of ~2. A higher number (e.g., 10**9) will of course use more RAM. It seems that using a number 
higher than ~10**6 doesn't really speed things up.
HORIZONTAL_LINE = "-" * 10
SEPARATOR_TO_DELINEATE_OLD_FROM_NEW_OUTPUT = "*" * 40
KEEP_TEMPORARY_PROGRESS_OUTPUT_AT_MOST_THIS_MANY_CHARS = 70
NAME_OF_HISTORY_FOLDER_EXCEPT_FOR_CLASS_PREFIX = "-history_snapshots-when-everything-looked-ok"
home_dir = os.path.expanduser("~")

# Tweakable parameters
FILE_TYPES_THAT_ARE_OFTEN_LARGE = ['.mp4', '.mov', '.qt', '.flv', '.mpeg', '.mpv', '.avi', '.wmv', '.m4v', '.m4p', '.m4a', '.webm', '.wav', '.mp3', '.aac', '.flac', '.au', '.ogg', '.mka', '.mkv', '.zip', '.gz', '.bz2', '.rar', '.7z', '.gpg', '.tar', '.tar.gz', 
'.tgz', '.tar.bz2', '.pdf', '.bin', '.jpg', '.jpeg', '.png', '.gif', '.tiff', '.itc'] # You can find more extensions here: https://en.wikipedia.org/wiki/List_of_file_formats
EXTENSIONS_OF_FILES_THAT_TEND_TO_CHANGE_A_LOT = [".txt", ".md"]
ALWAYS_IGNORE_THESE_FILEPATH_SUBSTRINGS_IN_ADDITION_TO_WHATS_IN_THE_IGNORE_FILE = [NAME_OF_HISTORY_FOLDER_EXCEPT_FOR_CLASS_PREFIX, "/files/temp/"]

MONITOR_THE_DATA_UNDER_THIS_DIR = os.path.join(home_dir, "files")
IGNORE_ABSOLUTE_VALUE_PERCENT_CHANGES_LESS_THAN_THIS_PERCENT_FOR_COUNTS_BY_FILE_TYPE = 1
assert IGNORE_ABSOLUTE_VALUE_PERCENT_CHANGES_LESS_THAN_THIS_PERCENT_FOR_COUNTS_BY_FILE_TYPE >= 0
WARN_ABOUT_CHANGED_INODE_VALUE_FOR_SAME_FILEPATH_AND_CHECKSUM = False

def ask_to_clear_Terminal():
answer = input("Do you want to clear the Terminal so far? Enter 'y' if yes or anything else if no. ")
if answer == 'y':

os.system('clear') # More reading: https://stackoverflow.com/questions/2084508/clear-terminal-in-python

def datetime_to_string(datetime_input):
return datetime_input.strftime(DATETIME_FORMAT)

def string_to_datetime(string_input):
return datetime.strptime(string_input, DATETIME_FORMAT)

def abort_with_explanation(most_recent_history_file):
print("\nI see you've indicated that something doesn't look right with the changes I've shown. Therefore, I'm aborting the script here without saving any results to disk. You should investigate what's wrong, possibly restoring files from backups if 

need be. You can look in the history file '{}' for the old SHA-512 hash of a file if you need to check that. Once you think your files are fixed, rerun this script and review the output again. You can keep doing this as many times as needed to make sure 
everything looks good. Once things finally do look good, at that point you can save the new history file to disk as the new baseline.".format(most_recent_history_file))

exit()

def divide_items_based_on_whether_tend_to_change_a_lot_and_apply_filters(items, filters_list):
tend_to_change_a_lot = []
other = []
for orig_file_path, additional_info in items:

if not string_contains_any_substring(orig_file_path, filters_list):
if string_ends_with_any_substring(orig_file_path.lower(), EXTENSIONS_OF_FILES_THAT_TEND_TO_CHANGE_A_LOT):

tend_to_change_a_lot.append((orig_file_path, additional_info))
else:

other.append((orig_file_path, additional_info))
return tend_to_change_a_lot, other

def print_particular_items_list(particular_items):
for orig_file_path, additional_info in particular_items:

print("\n" + orig_file_path)
if additional_info != "":

print("   `-->  {}".format(additional_info))

def print_items(items, filters_list):
print(HORIZONTAL_LINE)
tend_to_change_a_lot, other = divide_items_based_on_whether_tend_to_change_a_lot_and_apply_filters(items, filters_list)
if len(tend_to_change_a_lot) > 0:

print("# HERE ARE THE ITEMS WITH FILE TYPES SUGGESTING THAT THESE FILES MAY TEND TO CHANGE A LOT (meaning that changes in file content may be unsurprising):")
print_particular_items_list(tend_to_change_a_lot)

if len(other) > 0:
if len(tend_to_change_a_lot) > 0:

print("\n") # Add two newlines to more clearly separate the two sections.
print("# HERE ARE THE ITEMS WITH FILE TYPES SUGGESTING THAT THESE FILES MAY BE RELATIVELY STATIC (meaning that changes in file content may be more unexpected):")
print_particular_items_list(other)

print(HORIZONTAL_LINE)

def get_feedback_on_items(items, description, most_recent_history_file):
if len(items) == 0:

return
filters_list = []
while True:

ask_to_clear_Terminal()
print()
print(description)
print_items(items, filters_list)
message = "Enter 'y' if everything here looks fine, 'f' if you'd like to filter out items from this list that contain a given substring (to make reviewing the list easier)"
show_the_c_option = len(filters_list) > 0
if show_the_c_option:

message = message.replace('to filter out', 'to further filter out')
message = message.replace('a given substring', 'another given substring')
message += ", 'c' if you want to clear all current filters applied to this list"

message += ", or anything else to abort the script. "
user_answer = input(message)
options_offered_to_user = ['y', 'f']
if show_the_c_option:

options_offered_to_user.append('c')
if user_answer not in options_offered_to_user:

abort_with_explanation(most_recent_history_file)
elif user_answer == 'c':

filters_list = []
elif user_answer == 'f':

substring_to_filter = input("What substring would you like to filter? (This substring will be applied only to the original file path, not to the additional data about the file.) ")
if len(substring_to_filter) == 0:

print("WARNING: Your empty substring will filter out all results.")
filters_list.append(substring_to_filter)

else:
assert user_answer == 'y'
print_section_separator()
return

# The following function is mostly copied from the answer by "Randall Hunt" and "Community" in "[Hashing a file in Python](https://stackoverflow.com/questions/22058048/hashing-a-file-in-python)".
def sha512(filename):

sha512_hash = hashlib.sha512()
with open(filename, 'rb') as cur_file:

while True:
data = cur_file.read(BUFFER_SIZE_FOR_SHA_CALCULATION)
if not data:

break
sha512_hash.update(data)

return sha512_hash.hexdigest()

def create_inode_to_filepath_mapping(monitored_files_dict):
inode_to_filepath_mapping = dict()
for filepath in monitored_files_dict:

inode = monitored_files_dict[filepath]['inode']
if inode in inode_to_filepath_mapping:

print("WARNING: There's apparently more than one file path with the inode {}. Previously I saw that the file '{}' had that inode, and now I see that the file '{}' does. I think there should theoretically be a bijection between inodes 
and file paths at any given time, which implies that each inode should only have one file path associated with it. That's not true here. Did you edit/delete files while this script was running? That could have caused inode recycling, resulting in more than one 
file path with this inode.".format(inode, inode_to_filepath_mapping[inode], filepath))

inode_to_filepath_mapping[inode] = filepath
return inode_to_filepath_mapping

def file_extension_counts(list_of_file_extensions):
counts = defaultdict(int)
for extension in list_of_file_extensions:

counts[extension] += 1
return counts

def print_comparison_of_file_extension_counts(previous_list_of_file_extensions, new_list_of_file_extensions, threshold_for_absolute_value_of_percent_change):
previous_file_extension_counts_dict = file_extension_counts(previous_list_of_file_extensions)
new_file_extension_counts_dict = file_extension_counts(new_list_of_file_extensions)
previous_keys = set(previous_file_extension_counts_dict.keys())
new_keys = set(new_file_extension_counts_dict.keys())
sorted_all_keys = sorted(previous_keys.union(new_keys))
for key in sorted_all_keys:

# Since these are defaultdict, we can look up keys even if they don't exist:
print_a_change_in_a_number(key, previous_file_extension_counts_dict[key], new_file_extension_counts_dict[key], threshold=threshold_for_absolute_value_of_percent_change)

def file_size_counts(list_of_file_sizes):
counts = dict()
keys = ['less than a kilobyte', 'at least a kilobyte but less than a megabyte', 'at least a megabyte but less than a gigabyte', 'at least a gigabyte']
for key in keys:

counts[key] = 0
for size in list_of_file_sizes:

assert size >= 0
if size < 10**3:

counts['less than a kilobyte'] += 1
elif size < 10**6:

counts['at least a kilobyte but less than a megabyte'] += 1
elif size < 10**9:

counts['at least a megabyte but less than a gigabyte'] += 1
else:

counts['at least a gigabyte'] += 1
return counts

def print_comparison_of_file_size_counts(previous_list_of_file_sizes, new_list_of_file_sizes):
previous_file_size_counts_dict = file_size_counts(previous_list_of_file_sizes)
new_file_size_counts_dict = file_size_counts(new_list_of_file_sizes)
for key in previous_file_size_counts_dict:

print_a_change_in_a_number(key, previous_file_size_counts_dict[key], new_file_size_counts_dict[key])

def print_section_separator():
print("\n" + SEPARATOR_TO_DELINEATE_OLD_FROM_NEW_OUTPUT + "\n")

def ask_if_that_looks_ok(most_recent_history_file):
answer = input("Does that look ok? Enter 'y' if yes or anything else to abort the script. ")
if answer != 'y':

abort_with_explanation(most_recent_history_file)
else:

print_section_separator()

def print_a_change_in_a_number(brief_description, old_value, new_value, threshold=0):
assert old_value >= 0, "Counts or sizes can't be negative."
assert new_value >= 0, "Counts or sizes can't be negative."
if old_value == 0 and new_value > 0:

percent_change_string = "infinity"
else:

if old_value == 0 and new_value == 0:
percent_change = 0

else:
percent_change = 100 * (new_value - old_value)/old_value

if abs(percent_change) < threshold:
return

percent_change_string = "{:.2f}".format(percent_change)
print("\t{}:  {}%  ({:,} -> {:,}).".format(brief_description, percent_change_string, old_value, new_value))

def review_sanity_checks(previous_stats, new_stats, most_recent_history_file, file_type_class):
print("First, let's review some basic info and sanity checks on your data before looking at particular files.")

if previous_stats['dir monitored'] != new_stats['dir monitored']:
print("WARNING: Previously you were monitoring the directory '{}', but now you're monitoring '{}'.".format(previous_stats['dir monitored'], new_stats['dir monitored']))
ask_if_that_looks_ok(most_recent_history_file)

if previous_stats['ignored substrings'] != new_stats['ignored substrings']:
print("WARNING: The list of substrings you're ignoring changed. It used to be:")
print(previous_stats['ignored substrings'])
print("Now it's:")
print(new_stats['ignored substrings'])
ask_if_that_looks_ok(most_recent_history_file)

if previous_stats['list of often large file types'] != new_stats['list of often large file types']:
print("WARNING: The list of often large file types changed. It used to be:")
print(previous_stats['list of often large file types'])
print("Now it's:")
print(new_stats['list of often large file types'])
print("This might cause some files to appear missing even though what actually happened is that they're now in the opposite file-type class.")
ask_if_that_looks_ok(most_recent_history_file)

print("Here are counts of all files and of all dirs, including those that you normally filter out:")
print_a_change_in_a_number("number of all files", previous_stats['number of all files'], new_stats['number of all files'])
print_a_change_in_a_number("number of all dirs", previous_stats['number of all dirs'], new_stats['number of all dirs'])
print("And here are counts of all files and of all dirs after filtering out the ignorable ones:")
print_a_change_in_a_number("number of files", previous_stats['number of files after filtering out ignorable ones'], new_stats['number of files after filtering out ignorable ones'])
print_a_change_in_a_number("number of dirs", previous_stats['number of dirs after filtering out ignorable ones'], new_stats['number of dirs after filtering out ignorable ones'])
print("Now looking at just those files after filtering ignorable ones that also fall within the '{}' file-type class:".format(file_type_class))
print_a_change_in_a_number("number of files", previous_stats['number of monitored files (i.e., filtered files that are also in the relevant file-type class)'], new_stats['number of monitored files (i.e., filtered files that are also in the relevant 

file-type class)'])
print_a_change_in_a_number("sum total size of all monitored files", previous_stats['total size of all monitored files'], new_stats['total size of all monitored files'])
ask_if_that_looks_ok(most_recent_history_file)

print("Now for some distributional statistics about non-ignorable files within the '{}' file-type class.".format(file_type_class))
print("Here are changes in how many files fall within each file-size bucket:")
print_comparison_of_file_size_counts(previous_stats['list of file sizes of monitored files'], new_stats['list of file sizes of monitored files'])
ask_if_that_looks_ok(most_recent_history_file)

print("Here are changes in how many files have a given file extension (ignoring cases where the absolute-value percent change was less than {}%):".format(IGNORE_ABSOLUTE_VALUE_PERCENT_CHANGES_LESS_THAN_THIS_PERCENT_FOR_COUNTS_BY_FILE_TYPE))
print_comparison_of_file_extension_counts(previous_stats['list of file extensions in monitored files'], new_stats['list of file extensions in monitored files'], IGNORE_ABSOLUTE_VALUE_PERCENT_CHANGES_LESS_THAN_THIS_PERCENT_FOR_COUNTS_BY_FILE_TYPE)
ask_if_that_looks_ok(most_recent_history_file)

def review_changes(previous_stats, new_stats, most_recent_history_file, file_type_class):
review_sanity_checks(previous_stats, new_stats, most_recent_history_file, file_type_class)

previous_monitored_files_dict = previous_stats['monitored files']
new_monitored_files_dict = new_stats['monitored files']
inode_to_filepath_mapping_for_new_monitored_files = create_inode_to_filepath_mapping(new_monitored_files_dict)

same_filepath_different_checksums_same_mtime = []
same_filepath_different_checksums_newer_mtime = []
file_moved_same_checksums = []
cant_find_the_file = []

for filepath in previous_monitored_files_dict:
previous_properties = previous_monitored_files_dict[filepath]
if filepath in new_monitored_files_dict: # File still exists in the same location.

new_properties = new_monitored_files_dict[filepath]
if previous_properties['sha512'] == new_properties['sha512']:

# Things look good. No need to report on this case.
if previous_properties['inode'] != new_properties['inode']:

if WARN_ABOUT_CHANGED_INODE_VALUE_FOR_SAME_FILEPATH_AND_CHECKSUM:
print("WARNING: File '{}' stayed in the same location and has the same checksum value, but for some reason the inode value changed from {} to {}. Maybe you moved to a new hard drive?".format(filepath, 

previous_properties['inode'], new_properties['inode']))
else:

previous_mtime = string_to_datetime(previous_properties['mtime'])
new_mtime = string_to_datetime(new_properties['mtime'])
if new_mtime == previous_mtime:

same_filepath_different_checksums_same_mtime.append((filepath, "The mtime value of '{}' is the same now as it was in the most recent history file.".format(new_properties['mtime'])))
else:

explanation_if_get_warning_template = "This shouldn't have happened if you just edited the file; in that case the new mtime should have been more recent. But this could have happened if you renamed an already existing 
file that had an older mtime value to the current file name. Think about whether that's what happened here. Example: Suppose your file was named 'A.txt' and had REPLACE_ME of midnight on 2019-01-01. Suppose you also had a file 'B.txt' with mtime of midnight on 
2018-12-01. Suppose you deleted 'A.txt' and then renamed 'B.txt' to 'A.txt'. Then it would appear that the mtime for 'A.txt' was older, generating this warning.\n"

if new_mtime < previous_mtime:
print("WARNING: For file '{}', 'new_mtime' of '{}' is earlier than 'previous_mtime' of '{}'. {}".format(filepath, datetime_to_string(new_mtime), datetime_to_string(previous_mtime), 

explanation_if_get_warning_template.replace("REPLACE_ME", "mtime")))
if new_mtime < string_to_datetime(previous_properties['datetime sha512 was computed']):

print("WARNING: For file '{}', 'new_mtime' of '{}' does not equal the 'previous_mtime' of '{}', but for some reason, 'new_mtime' is earlier than previous 'datetime sha512 was computed' of '{}'. 
{}".format(filepath, datetime_to_string(new_mtime), datetime_to_string(previous_mtime), previous_properties['datetime sha512 was computed'], explanation_if_get_warning_template.replace("REPLACE_ME", "'datetime sha512 was computed'")))

same_filepath_different_checksums_newer_mtime.append((filepath, "File was last modified on '{}'.".format(new_properties['mtime'])))
else:

previous_inode = previous_properties['inode']
if previous_inode in inode_to_filepath_mapping_for_new_monitored_files:

new_filepath_with_that_inode = inode_to_filepath_mapping_for_new_monitored_files[previous_inode]
new_properties = new_monitored_files_dict[new_filepath_with_that_inode]
if previous_properties['sha512'] == new_properties['sha512']:

file_moved_same_checksums.append((filepath, "New file path is '{}'.".format(new_filepath_with_that_inode)))
else:

cant_find_the_file.append((filepath, ""))
else:

cant_find_the_file.append((filepath, ""))

get_feedback_on_items(same_filepath_different_checksums_same_mtime, "These items kept the same file path, but the checksums differ, and the mtime stayed the same! That means THESE ARE PLAUSIBLE CANDIDATES FOR BIT ROT, since it doesn't look like you 
explicitly modified these files since last time (did you?).", most_recent_history_file)

get_feedback_on_items(same_filepath_different_checksums_newer_mtime, "These items kept the same file path, but the checksums differ. The new mtime is more recent than the old mtime and more recent than when the previous checksum was computed (except in 
the rare event that this script just now printed warnings to the contrary). Probably you just edited these files (did you?).", most_recent_history_file)

get_feedback_on_items(file_moved_same_checksums, "Each of these items changed file path but kept the same inode and the same checksum, so probably it was moved.", most_recent_history_file)
get_feedback_on_items(cant_find_the_file, "Following are files that I knew about last time you ran this script but that I can't reliably find this time around. Here are possible reasons why:  1. The file may have been deleted.  2. The file may have 

been both moved (so the file path isn't the same) and edited (so the checksum isn't the same). Without at least one of those values staying constant, I can't be sure I've found the file.  3. Maybe you edited parameters to this script like which file extensions 
are 'os' versus 'ol', which file-path substrings to ignore, etc.", most_recent_history_file)

final_confirmation = input("Those were all the things to review, and you said they all looked ok. Here's one final confirmation that everything looks good. Enter 'y' if yes or anything else to abort. Once you confirm, the new data statistics will be 
written to your history folder for this file-type class as the new baseline to use in the future.\nFINAL CONFIRMATION: ")

if final_confirmation != 'y':
abort_with_explanation(most_recent_history_file)

def read_history_file(filepath):
with open(filepath) as history_file:

return json.load(history_file)

def write_to_a_new_history_file(new_stats, history_dir):
output_filename = datetime_to_string(datetime.now()) + ".json"
output_filename_with_path = os.path.join(history_dir, output_filename)
with open(output_filename_with_path, "w") as output_file:

json.dump(new_stats, output_file, indent=2)
print("Wrote a new history file: '{}'".format(output_filename_with_path))

def find_most_recent_history_file(history_dir):
json_files = [f for f in os.listdir(history_dir) if f.endswith(".json")]
most_recent_datetime_value = None
most_recent_file_so_far = None
for json_file in json_files:

name, extension = os.path.splitext(json_file)
datetime_value = string_to_datetime(name)
if (most_recent_datetime_value == None) or (datetime_value > most_recent_datetime_value):

most_recent_datetime_value = datetime_value
most_recent_file_so_far = json_file

if most_recent_file_so_far == None:
return None

else:
most_recent_file_with_path = os.path.join(history_dir, most_recent_file_so_far)
assert os.path.isfile(most_recent_file_with_path), "'{}' is not a file!".format(most_recent_file_with_path)
print("Most recent history file is '{}'".format(most_recent_file_with_path))
return most_recent_file_with_path

def create_history_dir_if_need_be(file_type_class):
history_dir = file_type_class + NAME_OF_HISTORY_FOLDER_EXCEPT_FOR_CLASS_PREFIX
if not os.path.isdir(history_dir):

os.mkdir(history_dir)
return history_dir

def list_all_files_and_dirs(dir_to_walk):
print("Getting a list of all files and a list of all folders under '{}'...".format(dir_to_walk))
all_files = []
all_dirs = []
for root, dirs, files in os.walk(dir_to_walk):

for cur_file in files:
all_files.append(os.path.join(root, cur_file))

for cur_dir in dirs:
all_dirs.append(os.path.join(root, cur_dir))

return all_files, all_dirs

def string_contains_any_substring(input_string, list_of_substrings):
for substring in list_of_substrings:

if substring in input_string:
return True

return False

def string_ends_with_any_substring(input_string, list_of_substrings):
for substring in list_of_substrings:

if input_string.endswith(substring):
return True

return False

def file_is_in_current_file_type_class(filename, file_type_class):
cur_file_type_is_ol = string_ends_with_any_substring(filename.lower(), FILE_TYPES_THAT_ARE_OFTEN_LARGE)
if file_type_class == "os":

return not cur_file_type_is_ol
else:

assert file_type_class == "ol"
return cur_file_type_is_ol

def print_progress_without_going_to_new_line(one_line_string_to_print):
assert '\n' not in one_line_string_to_print
if len(one_line_string_to_print) > KEEP_TEMPORARY_PROGRESS_OUTPUT_AT_MOST_THIS_MANY_CHARS:

dot_dot_dot = '...'
length_before_dot_dot_dot = KEEP_TEMPORARY_PROGRESS_OUTPUT_AT_MOST_THIS_MANY_CHARS - len(dot_dot_dot)
one_line_string_to_print = one_line_string_to_print[:length_before_dot_dot_dot] + dot_dot_dot

# First, cover up with white spaces output from the previous line, in case it was longer than the output of the new line.
print(' ' * KEEP_TEMPORARY_PROGRESS_OUTPUT_AT_MOST_THIS_MANY_CHARS + '\r', end="")
# Now print the new line.
print(one_line_string_to_print + '\r', end="")

def convert_home_directory_to_tilde(absolute_path):
return absolute_path.replace(home_dir, '~')

def calculate_new_stats(dir_to_monitor, file_type_class, substrings_to_ignore):
new_stats = dict()
all_files, all_dirs = list_all_files_and_dirs(dir_to_monitor)
new_stats['dir monitored'] = convert_home_directory_to_tilde(dir_to_monitor)
new_stats['ignored substrings'] = substrings_to_ignore
new_stats['list of often large file types'] = FILE_TYPES_THAT_ARE_OFTEN_LARGE
new_stats['number of all files'] = len(all_files)
new_stats['number of all dirs'] = len(all_dirs)
filtered_files = [f for f in all_files if not string_contains_any_substring(f, substrings_to_ignore)]
filtered_dirs = [d for d in all_dirs if not string_contains_any_substring(d, substrings_to_ignore)]
new_stats['number of files after filtering out ignorable ones'] = len(filtered_files)
new_stats['number of dirs after filtering out ignorable ones'] = len(filtered_dirs)
files_to_monitor = [f for f in filtered_files if file_is_in_current_file_type_class(f, file_type_class)]
new_stats['number of monitored files (i.e., filtered files that are also in the relevant file-type class)'] = len(files_to_monitor)
monitored_files = dict()
list_of_file_extensions_in_monitored_files = []
list_of_file_sizes_of_monitored_files = []
total_size_of_all_monitored_files = 0
number_file_being_worked_on = 0
print("Below you can see the number of the file being worked on relative to the total, and what its file name is.")
for cur_file in files_to_monitor:

cur_file_path, cur_file_name = os.path.split(cur_file)
number_file_being_worked_on += 1
print_progress_without_going_to_new_line("{} / {}    {}".format(number_file_being_worked_on, new_stats['number of monitored files (i.e., filtered files that are also in the relevant file-type class)'], cur_file_name))
base, extension = os.path.splitext(cur_file)
list_of_file_extensions_in_monitored_files.append(extension)
cur_file_properties = os.stat(cur_file)
list_of_file_sizes_of_monitored_files.append(cur_file_properties.st_size)
total_size_of_all_monitored_files += cur_file_properties.st_size
properties_to_store = dict()
properties_to_store['inode'] = cur_file_properties.st_ino
properties_to_store['sha512'] = sha512(cur_file)
properties_to_store['datetime sha512 was computed'] = datetime_to_string(datetime.now())
mtime_as_datetime = datetime.fromtimestamp(cur_file_properties.st_mtime)
right_now = datetime.now()
assert right_now >= mtime_as_datetime, "The mtime value for file '{}' of '{}' is later than the time now ({})?!".format(cur_file, mtime_as_datetime, right_now)
properties_to_store['mtime'] = datetime_to_string(mtime_as_datetime)
monitored_files[convert_home_directory_to_tilde(cur_file)] = properties_to_store

new_stats['monitored files'] = monitored_files
new_stats['list of file extensions in monitored files'] = list_of_file_extensions_in_monitored_files
new_stats['list of file sizes of monitored files'] = list_of_file_sizes_of_monitored_files
new_stats['total size of all monitored files'] = total_size_of_all_monitored_files
return new_stats

def ignore_list():
substrings_to_ignore = ALWAYS_IGNORE_THESE_FILEPATH_SUBSTRINGS_IN_ADDITION_TO_WHATS_IN_THE_IGNORE_FILE
if os.path.isfile(IGNORE_FILE_PATH):

with open(IGNORE_FILE_PATH) as cur_file:
for line in cur_file:

substrings_to_ignore.append(line.strip())
else:

print("WARNING: You don't have an '{}' file. Only the default ignorable substrings will be ignored.".format(IGNORE_FILE_PATH))
return substrings_to_ignore

def get_file_type_class():
answer = input("Enter 'os' to run this script for file types that are often small or 'ol' to run it for file types that are often large. Or enter 'h' to read more explanation about what this means. ")
assert answer in ['os', 'ol', 'h'], "Your input '{}' wasn't one of the options.".format(answer)
if answer == 'h':

print("It's useful to divide the files monitored into those that are generally small and those that are generally large, allowing you to check just one or the other kind. The generally small files (like `.txt` files) tend to be more numerous 
and updated more often, but they're also faster to check. You may want to check them regularly without being slowed down by also checking larger, more static files all the time. This program creates two different history folders, one for each class (the 
generally small file types and the generally large file types).")

answer = input("Now, with that explanation, enter one of 'os' or 'ol'. ")
assert answer in ['os', 'ol'], "Your input '{}' wasn't one of the options.".format(answer)

return answer

def main():
assert os.path.isdir(MONITOR_THE_DATA_UNDER_THIS_DIR), "'{}' isn't a directory.".format(MONITOR_THE_DATA_UNDER_THIS_DIR)
file_type_class = get_file_type_class()
new_stats = calculate_new_stats(MONITOR_THE_DATA_UNDER_THIS_DIR, file_type_class, ignore_list())
history_dir = create_history_dir_if_need_be(file_type_class)
most_recent_history_file = find_most_recent_history_file(history_dir)
if most_recent_history_file != None:

previous_stats = read_history_file(most_recent_history_file)
review_changes(previous_stats, new_stats, most_recent_history_file, file_type_class)

write_to_a_new_history_file(new_stats, history_dir)

if __name__ == "__main__":
main()



"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2019-11-10. Last update of any kind: 2019-11-10T02-30.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also.
"""

import argparse
import os
import shutil
from datetime import datetime

NAME_OF_VERSION_HISTORY_FOLDER = "vxhx"

def parse_input():
parser = argparse.ArgumentParser(description="Make a version snapshot of a file to the local {}/ folder.".format(NAME_OF_VERSION_HISTORY_FOLDER))
parser.add_argument("filename", help="The name of the file to make a snapshot of.")
return parser.parse_args()

def check_that_the_file_is_in_the_current_dir(filename):
head, tail = os.path.split(filename)
assert head == "", "The file provided isn't in the current directory."
assert tail == filename

def get_versioned_filename_with_path(original_filename):
root, extension = os.path.splitext(original_filename)
versioned_filename = root + "_vao" + datetime.now().strftime("%Y-%m-%dT%H-%M") + extension
return os.path.join(NAME_OF_VERSION_HISTORY_FOLDER, versioned_filename)

def main():
args = parse_input()
assert os.path.isfile(args.filename), "Your file '{}' doesn't exist.".format(args.filename)
check_that_the_file_is_in_the_current_dir(args.filename)
if not os.path.isdir(NAME_OF_VERSION_HISTORY_FOLDER):

os.mkdir(NAME_OF_VERSION_HISTORY_FOLDER)
versioned_filename_with_path = get_versioned_filename_with_path(args.filename)
assert not os.path.isfile(versioned_filename_with_path), "Versioned file already exists for some reason."
shutil.copy(args.filename, versioned_filename_with_path)
assert os.path.isfile(versioned_filename_with_path), "Versioned file doesn't exist for some reason."

if __name__ == "__main__":
main()



"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2019-11-17. Last update of any kind: 2020-11-14T19-45.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also.

For explanation of this script, see https://briantomasik.com/organizing-computer-files/#backup_script

When first testing this script, I ran it as follows:
<pre>
cd ~/test_files/ && python3 ~/files/yebs/processed/scripts_ytmc/backup.py -t -l
</pre>
This allowed for testing the script out on dummy data and saving to a dummy "external" drive that was actually just a folder on my computer. Almost all the testing could be done with this configuration. For the last bits of testing, I first dropped the `-l` 
parameter and tested it on dummy folders on a real external drive. Finally, to run the script for real on my actual data, I ran:
<pre>
cd ~/files/ && python3 ~/files/yebs/processed/scripts_ytmc/backup.py
</pre>
"""

#import pdb
from sys import exit
import argparse
import os
from pathlib import Path
from random import choice
from datetime import datetime
from time import sleep
import subprocess

# Don't change these:
FORMAT_OPTIONS = [".7z", ".tar.7z", ".tar.gz.gpg", ".tar.bz2.gpg", ".zip.gpg"]
YEBS_DIR = "yebs"
DEBS_DIR = "debs"
TEMP_DIR = "temp"
CHECKSUMS_FILENAME = "sha512-of-everything_made-just-before-backup.txt"
YES = ""

# You can change these:
VERBOSE = False
HOME_DIRS_THAT_CHANGE_FREQUENTLY = [".cache", ".local", ".mozilla"] # You can expand this list over time as needed.

def print_if_verbose(text_string):
if VERBOSE:

print(text_string)

def parse_input():
parser = argparse.ArgumentParser(description="Script to back up personal files on your computer to an external hard drive or flash drive.")
parser.add_argument("-l", "--local_dest", action="store_true", help="Run with a dummy local destination folder rather than an actual external drive. Choosing this option requires that you've set up the right local folder structure yourself.")
parser.add_argument("-t", "--use_test_folders", action="store_true", help="Run the script in a dummy folder called `test_files/` rather than the real `files/` folder. And when sending files to the external drive, send them to `test_files/` rather than 

the usual `files/`.")
parser.add_argument("-f", "--format", choices=FORMAT_OPTIONS, help="Rather than choosing randomly, use the specified backup format.")
return parser.parse_args()

def test_that_required_programs_exist():
programs_to_test = []
programs_to_test.append(['rsync', '--version'])
programs_to_test.append(['shasum', '--version'])
programs_to_test.append(['zip', '--help'])
programs_to_test.append(['tar', '--version'])
programs_to_test.append(['7z', 'i'])
programs_to_test.append(['gpg', '--version'])
for command in programs_to_test:

subprocess.run(command, stdout=subprocess.PIPE, check=True) # Capture stdout to avoid printing it out to the screen.

def recursively_list_all_files_and_all_dirs(path_object):
all_files = []
all_dirs = []
for root, dirs, files in os.walk(path_object):

for cur_file in files:
all_files.append(os.path.join(root, cur_file))

for cur_dir in dirs:
all_dirs.append(os.path.join(root, cur_dir))

return all_files, all_dirs

def this_file_or_dir_changes_frequently(path_string, username):
home_slash_username = "/home/" + username + "/"
for folder in HOME_DIRS_THAT_CHANGE_FREQUENTLY:

if path_string.startswith(home_slash_username + folder + "/"):
return True

return False

def recursively_list_all_files_and_all_dirs_except_some_that_change_frequently(path_object, username):
all_files, all_dirs = recursively_list_all_files_and_all_dirs(path_object)
filtered_files = [f for f in all_files if not this_file_or_dir_changes_frequently(f, username)]
filtered_dirs = [d for d in all_dirs if not this_file_or_dir_changes_frequently(d, username)]
return filtered_files, filtered_dirs

def count_files_and_dirs(path_object):
all_files, all_dirs = recursively_list_all_files_and_all_dirs(path_object)
return len(all_files), len(all_dirs)

def get_username():
username = Path.home().parts[-1]
get_user_confirmation("Is '{}' your username?".format(username))
return username

def doing_debs_backup():
answer = input("This script always backs up '{}/'. Do you also want to back up '{}/'? ".format(YEBS_DIR, DEBS_DIR))
return answer == YES

def get_user_confirmation(question):
answer = input(question + " ")
if answer != YES:

exit("Aborting script...")

def check_that_your_computer_has_the_right_folder_structure(username, files_or_test_files):
current_working_dir = Path.cwd()
what_your_working_dir_should_be = "/home/{}/{}".format(username, files_or_test_files)
assert str(current_working_dir) == what_your_working_dir_should_be, "Your working directory is wrong."
assert os.path.isdir(YEBS_DIR), "There's no '{}' directory.".format(YEBS_DIR)
assert os.path.isdir(DEBS_DIR), "There's no '{}' directory.".format(DEBS_DIR)
assert os.path.isdir(TEMP_DIR), "There's no '{}' directory.".format(TEMP_DIR)
checksums_filename_with_path = os.path.join(YEBS_DIR, CHECKSUMS_FILENAME)
assert_file_doesnt_exist_yet(checksums_filename_with_path)

def list_of_files_and_folders_in_dir(path_object):
return [str(item) for item in path_object.iterdir()]

def assert_file_doesnt_exist_yet(file_path):
assert not os.path.exists(file_path), "The file we want to create ({}) already exists.".format(file_path)

def assert_exists_and_is_dir(path_object):
assert path_object.exists(), "'{}' doesn't exist.".format(str(path_object))
assert path_object.is_dir(), "'{}' isn't a directory.".format(str(path_object))

def get_paths_to_target_dirs(local_dest, username, files_or_test_files):
if local_dest:

temp_dir = Path("temp")
assert_exists_and_is_dir(temp_dir)
media_dir = temp_dir / "local-media"

else:
media_dir = Path("/media")

assert_exists_and_is_dir(media_dir)
media_slash_username = media_dir / username
assert_exists_and_is_dir(media_slash_username)
assert len(list_of_files_and_folders_in_dir(media_slash_username)) == 1, "There should be exactly 1 item in '{}'.".format(str(media_slash_username))
external_drive_path_object = [item for item in media_slash_username.iterdir()][0]
assert_exists_and_is_dir(external_drive_path_object)
external_drive_name = external_drive_path_object.parts[-1]
get_user_confirmation("Is '{}' your external drive's name?".format(external_drive_name))
external_drive_folder = files_or_test_files
external_main_files_dir = external_drive_path_object / external_drive_folder
assert_exists_and_is_dir(external_main_files_dir)
assert len(list_of_files_and_folders_in_dir(external_main_files_dir)) == 2, "There should be exactly 2 subdirectories: '{}' and '{}'. And no non-directory files.".format(YEBS_DIR, DEBS_DIR)
external_yebs_dir = external_main_files_dir / YEBS_DIR
assert_exists_and_is_dir(external_yebs_dir)
external_debs_dir = external_main_files_dir / DEBS_DIR
assert_exists_and_is_dir(external_debs_dir)
return external_yebs_dir, external_debs_dir

def create_checksums_file():
print_if_verbose("Creating the '{}/' backup's checksum file...".format(YEBS_DIR))
os.chdir(YEBS_DIR)
lines_of_checksum_file = []
for root, dirs, files in os.walk('.'):

for cur_file in files:
cur_file_path = os.path.join(root, cur_file)
proc = subprocess.run(['shasum', '-a', '512', cur_file_path], stdout=subprocess.PIPE, check=True, universal_newlines=True)
lines_of_checksum_file.append(proc.stdout.strip())

with open(CHECKSUMS_FILENAME, 'w') as output_file:
output_file.write('\n'.join(lines_of_checksum_file) + '\n')

print_if_verbose("Checksum file created. Now running `shasum -c` on it...")
checking_proc = subprocess.run(['shasum', '-c', CHECKSUMS_FILENAME], stdout=subprocess.PIPE, check=True, universal_newlines=True)
stdout_lines = checking_proc.stdout.strip().split('\n')
for line in stdout_lines:

assert line.startswith('./'), "`shasum -c` output line doesn't start with './'"
assert line.endswith(': OK'), "`shasum -c` output line doesn't end with ': OK'"

print_if_verbose("The `shasum -c` check worked. :)")
os.chdir('..')
return os.path.join(YEBS_DIR, CHECKSUMS_FILENAME)

def create_backup_on_external_drive(format_to_use, external_yebs_dir, datestamp):
parts = format_to_use.split('.')
intermediate_extension = ".".join(parts[:-1])
if intermediate_extension != "":

intermediate_path = create_intermediate_file(intermediate_extension, YEBS_DIR)
else:

intermediate_path = YEBS_DIR
this_variable_is_not_used = input("Now for encryption. Waiting for you to press ENTER to begin. ")
create_final_file(format_to_use, intermediate_path, external_yebs_dir, datestamp)

def create_intermediate_file(intermediate_extension, dir_to_zip_up):
print("Creating", intermediate_extension, "file...")
where_to_save_output = "tmp_" + YEBS_DIR + intermediate_extension
assert_file_doesnt_exist_yet(where_to_save_output)
if "zip" in intermediate_extension:

program = "zip"
flags = "-rq"

else:
assert "tar" in intermediate_extension, "Neither 'zip' nor 'tar' is in the `intermediate_extension`, which is '{}'.".format(intermediate_extension)
program = "tar"
if "gz" in intermediate_extension:

flags = "-czf"
elif "bz2" in intermediate_extension:

flags = "-cjf"
else:

flags = "-cf"
subprocess.run([program, flags, where_to_save_output, dir_to_zip_up], check=True)
return where_to_save_output

def create_final_file(format_to_use, intermediate_path, external_yebs_dir, datestamp):
where_to_save_output = os.path.join(str(external_yebs_dir), datestamp + "_ee" + format_to_use)
assert_file_doesnt_exist_yet(where_to_save_output)
if "7z" in format_to_use:

subprocess.run(["7z", "a", "-p", "-mhe=on", "-ms=off", where_to_save_output, intermediate_path], check=True)
else:

assert "gpg" in format_to_use, "The final extension is neither '.7z' nor '.gpg'. The format is '{}'.".format(format_to_use)
subprocess.run(["gpg", "-v", "-o", where_to_save_output, "-c", intermediate_path], check=True)

if os.path.isfile(intermediate_path): # Only delete it if it's a file, not if it's a dir. BTW, even if we didn't do this check, there wouldn't be risk of accidentally deleting our data directory because `os.remove()` fails if the path is a directory.
os.remove(intermediate_path)

def do_yebs_backup(specific_output_format, external_yebs_dir):
print("Starting '{}/' backup.".format(YEBS_DIR))
format_to_use = specific_output_format if specific_output_format else choice(FORMAT_OPTIONS)
datestamp = datetime.now().strftime("%Y-%m-%dT%H-%M-%S")
checksums_file_path = create_checksums_file()
create_backup_on_external_drive(format_to_use, external_yebs_dir, datestamp)
os.remove(checksums_file_path)
print("Done with '{}/' backup.\n".format(YEBS_DIR))

def do_debs_backup(external_debs_dir):
print("In 5 seconds, you'll see a dry run of what rsync would do:")
print("------------------------------")
sleep(5) # The delay is so the user can read the above message even if the output of the rsync command is so long that it fills the whole Terminal history.
ending_slash_needed_to_make_rsync_work_correctly = "/"
subprocess.run(['rsync', '-avn', '--delete', DEBS_DIR + ending_slash_needed_to_make_rsync_work_correctly, str(external_debs_dir) + ending_slash_needed_to_make_rsync_work_correctly], check=True)
print("------------------------------")
get_user_confirmation("Does this look ok?")
print("Now running rsync for real in 5 seconds...")
print("------------------------------")
sleep(5)
subprocess.run(['rsync', '-av', '--delete', DEBS_DIR + ending_slash_needed_to_make_rsync_work_correctly, str(external_debs_dir) + ending_slash_needed_to_make_rsync_work_correctly], check=True)
print("------------------------------")
print("Done with rsync.")
print("")

def check_if_differences_between_two_lists(initial_list, final_list, files_or_dirs):
if initial_list == final_list:

print_if_verbose("\nThe list of {} under ~ on your computer between starting and finishing this script is the same. :)".format(files_or_dirs))
else:

print("\nERROR: The list of {} under ~ on your computer between starting and finishing this script is NOT the same.".format(files_or_dirs))
lost_items = list(set(initial_list) - set(final_list))
new_items = list(set(final_list) - set(initial_list))
if len(lost_items) > 0:

print("The following {} were present initially but were lost by running the script. If they're important, restore them from a backup!!! And figure out what went wrong.".format(files_or_dirs))
for item in lost_items:

print('\t' + item)
if len(new_items) > 0:

print("The following {} weren't present initially but were added by running the script. After figuring out what went wrong, you should clean them up by hand.".format(files_or_dirs))
for item in new_items:

print('\t' + item)

def main():
args = parse_input()
test_that_required_programs_exist()
files_or_test_files = "test_files" if args.use_test_folders else "files"
print("FYI: This script asks you a few questions. To say yes, just press ENTER. To say no, type any letter and then press ENTER.")
username = get_username()
check_that_your_computer_has_the_right_folder_structure(username, files_or_test_files)
external_yebs_dir, external_debs_dir = get_paths_to_target_dirs(args.local_dest, username, files_or_test_files)
initial_all_computer_home_files, initial_all_computer_home_dirs = recursively_list_all_files_and_all_dirs_except_some_that_change_frequently(Path.home(), username)
try:

initial_external_yebs_file_count, initial_external_yebs_dir_count = count_files_and_dirs(external_yebs_dir)
initial_external_debs_file_count, initial_external_debs_dir_count = count_files_and_dirs(external_debs_dir)
if doing_debs_backup():

do_debs_backup(external_debs_dir)
do_yebs_backup(args.format, external_yebs_dir)
final_external_yebs_file_count, final_external_yebs_dir_count = count_files_and_dirs(external_yebs_dir)
final_external_debs_file_count, final_external_debs_dir_count = count_files_and_dirs(external_debs_dir)
assert initial_external_yebs_file_count + 1 == final_external_yebs_file_count, "This script should have added exactly one file to the external 'yebs/' directory. Instead, here are the numbers:\ninitial_external_yebs_file_count = 

{}\nfinal_external_yebs_file_count = {}".format(initial_external_yebs_file_count, final_external_yebs_file_count)
assert initial_external_yebs_dir_count == final_external_yebs_dir_count, "This script shoudln't have changed the number of subdirectories within the external 'yebs/' directory, but in fact, here are the numbers:\ninitial_external_yebs_dir_count 

= {}\nfinal_external_yebs_dir_count = {}".format(initial_external_yebs_dir_count, final_external_yebs_dir_count)
print("While running this script, in '{}':".format(str(external_debs_dir)))
print("  the number of files changed from {} to {}".format(initial_external_debs_file_count, final_external_debs_file_count))
print("  the number of directories changed from {} to {}".format(initial_external_debs_dir_count, final_external_debs_dir_count))

finally:
final_all_computer_home_files, final_all_computer_home_dirs = recursively_list_all_files_and_all_dirs_except_some_that_change_frequently(Path.home(), username)
print("")
if len(initial_all_computer_home_files) != len(final_all_computer_home_files):

print("NOTE: The number of all computer home files changed while running this script, from {} to {}.".format(len(initial_all_computer_home_files), len(final_all_computer_home_files)))
if len(initial_all_computer_home_dirs) != len(final_all_computer_home_dirs):

print("NOTE: The number of all computer home dirs changed while running this script, from {} to {}.".format(len(initial_all_computer_home_dirs), len(final_all_computer_home_dirs)))
check_if_differences_between_two_lists(initial_all_computer_home_files, final_all_computer_home_files, "files")
check_if_differences_between_two_lists(initial_all_computer_home_dirs, final_all_computer_home_dirs, "directories")
print("")
print("Done.")

if __name__ == "__main__":
main()



"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2020-11-27. Last update of any kind: 2020-11-27T05-31.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also.

For explanation of this script, see https://briantomasik.com/organizing-computer-files/#optical .
"""

#import pdb
import os
from datetime import datetime

home_dir = os.path.expanduser("~")
DATE_FORMAT = '%Y-%m-%d'

SIZE_OF_TARGET_DISC_IN_BILLION_BYTES = 50
MULTIPLIER_ON_TARGET_SIZE_TO_GIVE_SOME_SPACE = 0.9 # Give some extra wiggle room to account for the fact that these space calculations aren't perfectly accurate.
SPLIT_THE_FILES_FROM_THIS_DIR = os.path.join(home_dir, "files", "debs")
PUT_DESTINATION_FOLDER_UNDER_HERE = os.path.join(home_dir, "files", "temp")
OMIT_PATHS_WITH_THESE_SUBSTRINGS = ["/done-bug-videos/", "/old-iTunes-and-iPod-files/"] # You can add your own substrings.

def create_parts_dir(date_today):
put_scripts_here = os.path.join(PUT_DESTINATION_FOLDER_UNDER_HERE, "parts_" + date_today)
assert not os.path.exists(put_scripts_here), "Parts dir already exists."
os.mkdir(put_scripts_here)
return put_scripts_here

def list_all_files_sorted(dir_to_walk):
print("Getting a sorted list of all files under '{}'...".format(dir_to_walk))
all_files = []
for root, dirs, files in os.walk(dir_to_walk):

for cur_file in files:
all_files.append(os.path.join(root, cur_file))

return sorted(all_files)

def omit_files_by_path_substrings(files_list):
files_to_do = []
for cur_file in files_list:

if not any(substring in cur_file for substring in OMIT_PATHS_WITH_THESE_SUBSTRINGS):
files_to_do.append(cur_file)

return files_to_do

def get_file_size_in_bytes(file_path):
# Note that this returns the logical size of the file rather than the actual size on disk. Hopefully the distinction won't matter too much, and the MULTIPLIER_ON_TARGET_SIZE_TO_GIVE_SOME_SPACE should help avoid any problems that would result from 

slightly underestimating file sizes.
return os.stat(file_path).st_size

def split_files_into_parts(files_to_do):
print("Splitting the files into parts...")
size_limit_in_bytes = SIZE_OF_TARGET_DISC_IN_BILLION_BYTES * 10**9 * MULTIPLIER_ON_TARGET_SIZE_TO_GIVE_SOME_SPACE
parts = []
cur_part = []
total_size_of_cur_part = 0
for cur_file in files_to_do:

cur_file_size = get_file_size_in_bytes(cur_file)
assert cur_file_size < size_limit_in_bytes, "File '{}' is too big for the size limit.".format(cur_file)
if total_size_of_cur_part + cur_file_size > size_limit_in_bytes:

assert len(cur_part) > 0, "cur_part is empty."
parts.append(cur_part)
cur_part = []
total_size_of_cur_part = 0

cur_part.append(cur_file)
total_size_of_cur_part += cur_file_size

assert len(cur_part) > 0, "I think we should always have at least one leftover file by this point."
parts.append(cur_part) # Save out the last files that didn't get saved during the above 'for' loop.
return parts

def write_copying_scripts(parts, put_scripts_here, date_today):
print("Creating the Bash scripts for copying each part...")
num_parts = len(parts)
assert num_parts < 100, "This script assumes less than 100 parts."
for i in range(num_parts):

name_of_cur_part_dir = "part-{:02d}-of-{:02d}_created{}".format(i+1, num_parts, date_today)
output_path = os.path.join(put_scripts_here, name_of_cur_part_dir + ".sh")
assert not os.path.exists(output_path), "Output path already exists."
with open(output_path, "w") as output_file:

print("mkdir -v {}\n".format(name_of_cur_part_dir), file=output_file)
for cur_file in parts[i]:

print('cp -v --parents "{}" {}'.format(cur_file, name_of_cur_part_dir), file=output_file)
print("\necho ''", file=output_file) # Add a newline to the output.
print("cd {}".format(name_of_cur_part_dir), file=output_file)
print("myshaofeverything", file=output_file)
print("myshacheck sha512-of-everything.txt", file=output_file)
print("cd ..", file=output_file)
print("echo 'Here's the size of this directory:'", file=output_file)
print("du -sh {}".format(name_of_cur_part_dir), file=output_file)

def main():
date_today = datetime.now().strftime(DATE_FORMAT)
put_scripts_here = create_parts_dir(date_today)
all_files_sorted = list_all_files_sorted(SPLIT_THE_FILES_FROM_THIS_DIR)
assert len(all_files_sorted) > 0, "There are no files."
files_to_do = omit_files_by_path_substrings(all_files_sorted)
assert len(files_to_do) > 0, "All files were omitted."
parts = split_files_into_parts(files_to_do)
write_copying_scripts(parts, put_scripts_here, date_today)
print("Done.")

if __name__ == "__main__":
main()



"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2019-11-10. Last update of any kind: 2019-11-10T14-59.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also.

# Description

This script archives, extracts, or tests several different archive formats that I care about. It's essentially a shortcut and cheatsheat so that I don't have to look up the specific command for the specific file type. You give it the file or folder, and it 
asks questions to figure out the rest.

This program never deletes the original input file or directory. One reason is that it's easy enough for you to do that yourself after running this if you want to. A second reason is that if this script never deletes things, then any possible bugs this script 
may contain are unlikely to be particularly disastrous.

# Usage examples

To encrypt or create an archive for file 'foo.pdf':
python3 Swiss-archive-knife.py foo.pdf
Possible resulting file: 'foo.pdf.7z'

To encrypt or create an archive for directory 'bar/':
python3 Swiss-archive-knife.py bar
Possible resulting file: 'bar.zip'

To decrypt existing archive 'baz.tar.gz.gpg':
python3 Swiss-archive-knife.py baz.tar.gz.gpg
Resulting file: 'baz.tar.gz'

To extract existing archive 'qux.tar.bz2':
python3 Swiss-archive-knife.py qux.tar.bz2
Resulting directory: 'qux/'

To test archive 'corge.7z':
python3 Swiss-archive-knife.py corge.7z

# Why extract to a newly created subfolder

When extracting anything other than `.gpg` archives, this program creates a new subfolder to extract the archive in. The new subfolder is datestamped with the current time up to a precision of 1 second, so it should be unique and not exist yet. Often you _can_ 
get away with extracting an archive directly in the folder where it lives, but it's overall safest to always move to a brand new subdirectory for extracting.

A main reason is the possibility of so-called tarbombs. [This page](http://www.linfo.org/tarbomb.html) advises: "a tarball exploding into an existing directory can be a major annoyance, or even dangerous. [...] The easiest way to prevent unwanted tarball 
explosions is to get into the habit of first creating a new, protective directory and then moving the tarball into it before untarring."

The other reason is that even if the extracted archive isn't a tarbomb, i.e., even if it just creates a single output folder, there's some chance that a folder with that same name already exists there. For example, suppose you have a directory that contains 
both a folder `foo/` and an archive `my-foo.zip`. Suppose that `my-foo.zip` was originally created from a folder named `foo/`, and the archive was renamed from `foo.zip` to `my-foo.zip`. When `my-foo.zip` extracts, it tries to put the extracted files in a 
folder with the name it had when it was created, namely `foo/`. But you already have a different `foo/` directory. What will happen is that the unzipping process will try to put files into the existing `foo/` directory, which may create a mess by mixing files 
originally in `foo/` with new files that come from `my-foo.zip`. If some of the extracted files have the same names as files already in `foo/`, you'll be asked whether to leave the original file or replace it with the extracted one. (At least, `7z` and `unzip` 
have this behavior. `tar` by default just silently overwrites any existing files that have the same name, though this can be turned off with the `-k` option.)

All of this potential mess can be avoided by expanding archives into a brand new folder that doesn't contain anything else.

In this script, `.gpg` files do expand directly into the folder where they're located. The reason for this is that the output location of a decrypted `.gpg` file is specified explicitly by the user. Since I know the exact name of the destination file, I can 
check ahead of time to make sure that that file doesn't already exist.
"""

#import pdb
import argparse
import os
import shutil
from datetime import datetime
import subprocess

FORMATS_I_CAN_EXTRACT = ['.gpg', '.7z', '.zip', '.tar', '.tar.gz', '.tgz', '.tar.bz2']
FORMATS_I_CAN_TEST = ['.7z', '.zip']

ABORTING_MESSAGE = "This script is aborting without having done anything."

def check_that_output_location_doesnt_already_exist(proposed_output_location):
assert not os.path.exists(proposed_output_location), "The output location '{}' already exists! {}".format(proposed_output_location, ABORTING_MESSAGE)

def do_archiving(input_file_or_folder, is_dir):
menu_text = "Choose an archive format by entering the corresponding abbreviation, or enter anything else to abort.\n\n# Encrypted formats\n'g' for .gpg\n'7ze' for .7z encrypted\n\n# Unencrypted formats\n'7zu' for .7z unencrypted\n'z' for .zip\n't' for 

.tar\n'tg' for .tar.gz\n'tb' for .tar.bz2\n\n"
if is_dir:

menu_text = menu_text.replace("\n'g' for .gpg", "") # GPG only encrypts files, not dirs.
answer = input(menu_text)
if answer == 'g' and not is_dir:

output_location = input_file_or_folder + ".gpg"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["gpg", "-v", "-o", output_location, "-c", input_file_or_folder], check=True)

elif answer == '7ze':
output_location = input_file_or_folder + ".7z"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["7z", "a", "-p", "-mhe=on", "-ms=off", output_location, input_file_or_folder], check=True)

elif answer == '7zu':
output_location = input_file_or_folder + ".7z"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["7z", "a", "-ms=off", output_location, input_file_or_folder], check=True)

elif answer == 'z':
output_location = input_file_or_folder + ".zip"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["zip", "-rq", output_location, input_file_or_folder], check=True)

elif answer == 't':
output_location = input_file_or_folder + ".tar"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["tar", "-cf", output_location, input_file_or_folder], check=True)

elif answer == 'tg':
output_location = input_file_or_folder + ".tar.gz"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["tar", "-czf", output_location, input_file_or_folder], check=True)

elif answer == 'tb':
output_location = input_file_or_folder + ".tar.bz2"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["tar", "-cjf", output_location, input_file_or_folder], check=True)

else:
print(ABORTING_MESSAGE)

def create_and_move_to_local_subfolder(input_file):
new_subfolder_name = "extracted_" + datetime.now().strftime("%Y-%m-%dT%H-%M-%S")
assert not os.path.exists(new_subfolder_name), "The attempted new subfolder '{}' already exists! {}".format(new_subfolder_name, ABORTING_MESSAGE)
os.mkdir(new_subfolder_name)
print("Created a new subdirectory '{}' to extract the archive in.".format(new_subfolder_name))
shutil.move(input_file, new_subfolder_name)
os.chdir(new_subfolder_name)

def is_some_kind_of_tar_archive(input_file):
for possible_extension in [".tar", ".tar.gz", ".tgz", ".tar.bz2"]:

if input_file.endswith(possible_extension):
return True

return False

def do_extracting(input_file):
if input_file.endswith(".gpg"):

output_location, outermost_extension = os.path.splitext(input_file)
assert outermost_extension == ".gpg"
check_that_output_location_doesnt_already_exist(output_location)
subprocess.run(["gpg", "-v", "-o", output_location, "-d", input_file], check=True)

else:
create_and_move_to_local_subfolder(input_file)
if input_file.endswith(".7z"):

subprocess.run(["7z", "x", input_file], check=True)
elif input_file.endswith(".zip"):

subprocess.run(["unzip", "-q", input_file], check=True)
elif is_some_kind_of_tar_archive(input_file):

subprocess.run(["tar", "-kxf", input_file], check=True)
else:

print("ERROR: The script should never get here because the file format is unknown.")
shutil.move(input_file, "..") # Put the original file back where it was.

def do_testing(input_file):
if input_file.endswith(".7z"):

subprocess.run(["7z", "t", input_file], check=True)
elif input_file.endswith(".zip"):

subprocess.run(["unzip", "-tq", input_file], check=True)
else:

print("ERROR: The script should never get here because the file format is unknown.")

def file_is_testable(filename):
for cur_format in FORMATS_I_CAN_TEST:

if filename.endswith(cur_format):
return True

return False

def file_is_extractable(filename):
for cur_format in FORMATS_I_CAN_EXTRACT:

if filename.endswith(cur_format):
return True

return False

def check_that_input_file_or_folder_is_in_current_dir(normpath_input_file_or_folder):
head, tail = os.path.split(normpath_input_file_or_folder)
assert head == "", "Sorry, this script only handles files or folders located in the current directory. For example, `foo/` is ok and `bar.zip` is ok but `foo/bar.zip` isn't. This restriction was imposed just to reduce the number of cases I had to think 

about when writing and testing the script."

def parse_input():
parser = argparse.ArgumentParser()
parser.add_argument("input_file_or_folder", help="The name of the file or folder to operate on.")
return parser.parse_args()

def main():
args = parse_input()
normpath_input_file_or_folder = os.path.normpath(args.input_file_or_folder)
assert os.path.exists(normpath_input_file_or_folder), "'{}' doesn't exist.".format(normpath_input_file_or_folder)
check_that_input_file_or_folder_is_in_current_dir(normpath_input_file_or_folder)
if os.path.isdir(normpath_input_file_or_folder):

do_archiving(normpath_input_file_or_folder, True)
else:

assert os.path.isfile(normpath_input_file_or_folder), "'{}' isn't a directory or file.".format(normpath_input_file_or_folder)
extractable = file_is_extractable(normpath_input_file_or_folder)
testable = file_is_testable(normpath_input_file_or_folder)
menu_text = "Choose an option for your file '{}' by entering the corresponding abbreviation, or enter anything else to abort.\n'a' for archive\n".format(normpath_input_file_or_folder)
if extractable:

menu_text += "'x' for extract\n"
if testable:

menu_text += "'t' for test\n"
answer = input(menu_text)
if answer == "a":

do_archiving(normpath_input_file_or_folder, False)
elif answer == "x" and extractable:

do_extracting(normpath_input_file_or_folder)
elif answer == "t" and testable:

do_testing(normpath_input_file_or_folder)
else:

print(ABORTING_MESSAGE)

if __name__ == "__main__":
main()



"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2019-12-19. Last update of any kind: 2020-02-05T22-46.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also.

# Description

This script removes whitespace and other funky characters from the names of files and folders, keeping only alphanumeric characters, dashes, and underscores. The goal is to make the file and folder names nicer to work with on the command line or in url paths 
and less likely to cause problems. This script also shortens file and folder names that are unnervingly long, also to reduce the risk of technical problems.

If you run this script in directory `foo/`, it affects all files and folders recursively within `foo/`. It works from the bottom up: lowest-level files and folders are renamed before higher-level ones are renamed. (I worry that renaming the higher-level 
folders first could mess up renaming of the lower-level items, since the path to at least some lower-level items would have changed. I don't know if the `os.walk()` method I use could intelligently handle this issue or not, since I haven't bothered to test 
it.)

The transformation that this script applies to a file or folder name is usually idempotent, i.e., once a file or folder has been renamed, this script when run again on that file or folder would end up saying it should keep its new name. (There are a few 
exceptions. For example, if a file was intially named "blah-blah-long-file-name-_trunc.txt", then on rerunning this script, that file would change to "blah-blah-long-file-name_trunc.txt".) Because the transformation is usually idempotent, you can freely run 
this script in a directory where most files and folders have already been renamed without worrying about changing them further. If you Ctrl+c to abort this script part of the way through running it, you can just rerun the script later, and it should 
effectively pick up where you left off because you won't have to consider the files and folders you've already renamed.

# Example

Suppose you have the following folders and file name:

foo bar/Podcast episodes!/Invertebrates? Let's talk about 'em/Episode no. 73: Snails (and slugs). Here's some info all citizens should know.mp3

Running this Python script from the `foo bar/` directory would change the file and folder names to the following:

foo bar/Podcast-episodes/Invertebrates_Lets-talk-about-em/Episode-no-73_Snails_and-slugs_Heres-some-info-all-citizens-shou_trunc.mp3

(In case you're wondering, I made up all these file and folder names. This is not a real podcast.)
"""

#import pdb
import os
import re
import unicodedata

MAX_LENGTH_OF_BASE_NAME = 70
TRUNCATION_INDICATOR = "_trunc"
LENGTH_BEFORE_TRUNCATION_INDICATOR = MAX_LENGTH_OF_BASE_NAME - len(TRUNCATION_INDICATOR)
MIN_NUMBER_OF_NON_TAG_CHARS_WE_SHOULD_KEEP_IN_BASE_NAME = 20
ASK_FOR_BASE_FILENAME_STRING = "please choose a custom, non-empty base filename for this file. Type it and then press ENTER. (What do I mean by 'base filename'? The filename without its extension. For example, in the filename 'foo-bar.txt', the base filename 
is 'foo-bar'.)\n"
ASK_FOR_FOLDER_NAME = "please choose a custom, non-empty folder name. Type it and then press ENTER.\n"

various_extensions = ['.txt', '.md', '.html', '.htm', '.php', '.css', '.rss', '.tsv', '.csv', '.py', '.js', '.log', '.xml', '.tex', '.mp4', '.mov', '.qt', '.flv', '.mpeg', '.mpv', '.avi', '.wmv', '.m4v', '.m4p', '.m4a', '.webm', '.wav', '.mp3', '.aac', 
'.flac', '.au', '.ogg', '.mka', '.mkv', '.zip', '.gz', '.bz2', '.rar', '.tar', '.tgz', '.pdf', '.bin', '.jpg', '.jpeg', '.png', '.gif', '.tiff', '.itc']
various_extensions_plus_gpg = [ext + '.gpg' for ext in various_extensions]
various_extensions_plus_7z = [ext + '.7z' for ext in various_extensions]
various_extensions_plus_gz = [ext + '.gz' for ext in various_extensions]
various_extensions_plus_bz2 = [ext + '.bz2' for ext in various_extensions]
various_extensions_plus_gz_plus_gpg = [ext + '.gpg' for ext in various_extensions_plus_gz]
various_extensions_plus_gz_plus_7z = [ext + '.7z' for ext in various_extensions_plus_gz]
various_extensions_plus_bz2_plus_gpg = [ext + '.gpg' for ext in various_extensions_plus_bz2]
various_extensions_plus_bz2_plus_7z = [ext + '.7z' for ext in various_extensions_plus_bz2]
# In the following line, I concatenate the lists in reverse order of creating them, since I want the longer extensions to match if possible before the shorter, possibly sub-extensions would.
KNOWN_EXTENSIONS_WITH_MULTIPLE_DOTS = various_extensions_plus_bz2_plus_7z + various_extensions_plus_bz2_plus_gpg + various_extensions_plus_gz_plus_7z + various_extensions_plus_gz_plus_gpg + various_extensions_plus_bz2 + various_extensions_plus_gz + 
various_extensions_plus_7z + various_extensions_plus_gpg

LIST_OF_TLDS = ['com', 'org', 'net', 'gov', 'mil', 'edu', 'biz', 'me', 'name', 'info', 'io', 'ly', 'co', 'tv', 'us', 'ca', 'cn', 'fr', 'ch', 'au', 'in', 'de', 'jp', 'nl', 'uk', 'mx', 'no', 'ru', 'br', 'se', 'es'] # Selectively taken from [Mitchell (2007-2019)]
(https://www.lifewire.com/most-common-tlds-internet-domain-extensions-817511)
SOME_WORDS_WITH_DOTS_FOR_WHICH_WE_SHOULD_REMOVE_THE_DOTS = ['anon.', 'ca.', 'cf.', 'def.', 'e.g.', 'i.e.', 'ed.s', 'ed.', 'et al.', 'etc.', 'ibid.', 'illus.', 'ms.', 'mss.', 'n.d.', 'no.', 'pp.', 'pseud.', 'pub.', 'qtd.', 'trans.', 'viz.', 'vol.', 'vols.', 
'vs.', 'a.i.', 'A.M.', 'cca.', 'cap.', 'cp.', 'C.V.', 'ff.', 'f.', 'i.a.', 'J.D.', 'lb.', 'lbs.', 'M.A.', 'M.O.', 'N.B.', 'op. cit.', 'p.a.', 'Ph.D.', 'P.M.', 'P.P.S.', 'P.S.', 'Q.E.D.', 'R.I.P.', 'stat.', 'ssp.', 'sp.', 'ex.', 'c.', 'p.'] # From 
http://scriptor.sprakverkstaden.uu.se/en/tools/conventions/abbreviations/text-abbrev/ and https://en.wikipedia.org/wiki/List_of_Latin_abbreviations . Note that I tried to put words that are substrings of other words later in this list, so that the longer form 
would match if possible rather than the shorter form. For example, I put 'p.' at the end so that it wouldn't match before other things like 'pp.', 'P.M.', 'P.P.S.', and so on have a chance to match, to avoid substituting on just the 'p.' part of those strings.
CHARS_TO_REPLACE_WITH_UNDERSCORE = ['[', ']', '(', ')', '{', '}', '^', '?', '|', '.', '\\', '"', '`', ':', ';', '!', '/']
LIST_OF_POSSIBLE_SUBSTRINGS_OF_MY_PERSONAL_TAGS = ['_trunc', '_ee', '_ntmc', '_ytmc', '_ncsd', '_ycsd', '_scdi', '_scdw', '_tio', '_ntor', '_ytor', '_eom', '_vao', '_i19', '_i20', '_p19', '_p20', '_npy', '_r19', '_r20', '_s19', '_s20'] # The tags are explained 
in https://briantomasik.com/organizing-computer-files/ . Some of these so-called substrings are the entire tag, while some actually are proper substrings of tags. "_i19" could be a substring of, say, "_i1997-08". Similar for the other numerical tags.

def truncate_without_cutting_off_tags(base_name):
STRING_NOT_FOUND = -1
smallest_index_of_a_found_tag = None
for tag in LIST_OF_POSSIBLE_SUBSTRINGS_OF_MY_PERSONAL_TAGS:

index = base_name.find(tag)
if index != STRING_NOT_FOUND:

if smallest_index_of_a_found_tag == None:
smallest_index_of_a_found_tag = index

else:
smallest_index_of_a_found_tag = min(smallest_index_of_a_found_tag, index)

if smallest_index_of_a_found_tag == None: # no tags found; just truncate normally
return base_name[:LENGTH_BEFORE_TRUNCATION_INDICATOR] + TRUNCATION_INDICATOR

else:
if smallest_index_of_a_found_tag <= MIN_NUMBER_OF_NON_TAG_CHARS_WE_SHOULD_KEEP_IN_BASE_NAME + len(TRUNCATION_INDICATOR):

return base_name # The base name is already as short as we can make it. Either it's too short to truncate at all or if we truncated it, the truncation indicator would take up at least as much length as the length we cut off of the name 
itself.

else:
ending_tags_to_keep = base_name[smallest_index_of_a_found_tag:]
num_non_tag_chars_to_keep = max(LENGTH_BEFORE_TRUNCATION_INDICATOR - len(ending_tags_to_keep), MIN_NUMBER_OF_NON_TAG_CHARS_WE_SHOULD_KEEP_IN_BASE_NAME)
truncation_indicator_if_not_already_present = TRUNCATION_INDICATOR if TRUNCATION_INDICATOR not in ending_tags_to_keep else ""
return base_name[:num_non_tag_chars_to_keep] + truncation_indicator_if_not_already_present + ending_tags_to_keep

# A few lines of the following function were inspired by https://stackoverflow.com/questions/295135/turn-a-string-into-a-valid-filename
def normalize_base_name_string(base_name_string):

base_name_string = base_name_string.replace('â€”', '-')
renamed = unicodedata.normalize('NFKD', base_name_string).encode('ascii', 'ignore').decode('ascii') # See https://stackoverflow.com/questions/51710082/what-does-unicodedata-normalize-do-in-python
name_starts_with_period = renamed.startswith('.')
if name_starts_with_period:

renamed = renamed[1:] # Remove the starting '.' for now; we'll add it back at the end.
for tld in LIST_OF_TLDS:

renamed = renamed.replace('.' + tld, '-dot-' + tld)
renamed = renamed.replace('www.', 'www-dot-')
for cur_word in SOME_WORDS_WITH_DOTS_FOR_WHICH_WE_SHOULD_REMOVE_THE_DOTS:

renamed = re.sub('(\W)' + re.escape(cur_word), r'\1' + re.escape(cur_word.replace('.', '')), renamed, flags=re.IGNORECASE) # Inspired by the answer by "Blair Conrad" and "aland" on https://stackoverflow.com/questions/919056/case-insensitive-
replace

renamed = re.sub('\s+-\s*', '_', renamed) # A space plus a '-' suggests a somewhat significant break, worthy of a '_' separator.
renamed = re.sub('\s*-\s+', '_', renamed)
for i in range(2):

renamed = re.sub('(\d)\.(\d)', r'\1-\2', renamed) # Replace a dot separating digits with a '-'. Examples: '1.00' goes to '1-00' and '12.31.2018' goes to '12-31-2018'.
# I run this twice times because, for example, if you run it just once, then '2.4.17' would become '2-4.17' because the '4' was already part of the first match and can't be part of the second. Consider this example input: '1.1.1.1.1.1.1'. 

Running the substitution once gives '1-1.1-1.1-1.1'. Then running the substitution again gives '1-1-1-1-1-1-1'.
for cur_char in CHARS_TO_REPLACE_WITH_UNDERSCORE:

renamed = re.sub('\s*' + re.escape(cur_char) + '\s*', '_', renamed)
renamed = re.sub('\s*\$\s*', ' USD', renamed)
renamed = re.sub('\s*%\s*', ' percent ', renamed)
renamed = re.sub('\s*&\s*', ' and ', renamed)
renamed = re.sub('\s*\*\s*', ' star ', renamed)
renamed = re.sub('\s*\+\s*', ' plus ', renamed)
renamed = re.sub('\s*<\s*', ' lessthan ', renamed)
renamed = re.sub('\s*=\s*', ' equals ', renamed)
renamed = re.sub('\s*>\s*', ' greaterthan ', renamed)
renamed = re.sub('\s*@\s*', ' at ', renamed)
renamed = re.sub('\s*~\s*', ' tilde ', renamed)
renamed = re.sub('[^\w\s-]', '', renamed) # Get rid of all other non-allowed characters.
renamed = re.sub('\s+', '-', renamed)
renamed = re.sub('_-+', '_', renamed)
renamed = re.sub('-+_', '_', renamed)
renamed = re.sub('--+', '_', renamed)
renamed = re.sub('__+', '_', renamed)
renamed = re.sub('^_+', '', renamed) # Get rid of any '_' at the very start of the string.
renamed = re.sub('^-+', '', renamed)
renamed = re.sub('_+$', '', renamed) # Get rid of any '_' at the very end of the string.
renamed = re.sub('-+$', '', renamed)
if name_starts_with_period:

renamed = '.' + renamed # Add the period back now that the removal regex stuff is done.
if len(renamed) > MAX_LENGTH_OF_BASE_NAME:

renamed = truncate_without_cutting_off_tags(renamed)
renamed = renamed.replace('__', '_') # just in case we introduced a double underscore during truncation

return renamed

def handle_exceptional_cases(root, orig_file_or_folder, renamed_base_name, extension, string_asking_for_custom_name):
if renamed_base_name == "":

renamed_base_name = input("For '{}', the current proposed renaming would make the name empty. To avoid that, {}".format(orig_file_or_folder, string_asking_for_custom_name))
renamed_base_name = handle_exceptional_cases(root, orig_file_or_folder, renamed_base_name, extension, string_asking_for_custom_name)

if os.path.exists(os.path.join(root, renamed_base_name + extension)):
renamed_base_name = input("Can't rename to '{}' because something already exists at that location. Instead, {}".format(renamed_base_name + extension, string_asking_for_custom_name))
renamed_base_name = handle_exceptional_cases(root, orig_file_or_folder, renamed_base_name, extension, string_asking_for_custom_name)

return renamed_base_name

def splitext_while_preserving_multiple_extensions(filename):
for multipart_extension in KNOWN_EXTENSIONS_WITH_MULTIPLE_DOTS:

if filename.endswith(multipart_extension):
return filename[:-len(multipart_extension)], multipart_extension

return os.path.splitext(filename)

def rename_file_or_folder(root, orig_file_or_folder, confirm_each_rename):
this_is_a_dir = os.path.isdir(os.path.join(root, orig_file_or_folder))
string_asking_for_custom_name = ASK_FOR_FOLDER_NAME if this_is_a_dir else ASK_FOR_BASE_FILENAME_STRING
if this_is_a_dir:

base_name = orig_file_or_folder
extension = ""

else:
base_name, extension = splitext_while_preserving_multiple_extensions(orig_file_or_folder)

renamed_base_name = normalize_base_name_string(base_name)
if renamed_base_name == base_name:

return # No renaming necessary.
print()
renamed_base_name = handle_exceptional_cases(root, orig_file_or_folder, renamed_base_name, extension, string_asking_for_custom_name)
if len(renamed_base_name) > MAX_LENGTH_OF_BASE_NAME:

print("Warning: Despite truncation, the renamed base name still exceeds {} characters because there were a lot of tags needing to be kept in the base name.".format(MAX_LENGTH_OF_BASE_NAME))
if confirm_each_rename:

option = input("I propose to rename the first line below to the second:\n{}\n{}\nJust press ENTER if that looks ok, enter 's' to skip renaming for this item, or enter 'c' if you'd like to instead give your own custom name that you want to 
rename to. ".format(orig_file_or_folder, renamed_base_name + extension))

if option == 's':
return

elif option == 'c':
renamed_base_name = input("Ok, so {}".format(string_asking_for_custom_name))
renamed_base_name = handle_exceptional_cases(root, orig_file_or_folder, renamed_base_name, extension, string_asking_for_custom_name)

orig_name_with_path = os.path.join(root, orig_file_or_folder)
new_name_with_path = os.path.join(root, renamed_base_name + extension)
assert not os.path.exists(new_name_with_path)
os.rename(orig_name_with_path, new_name_with_path)
print("Renamed '{}' to '{}'".format(orig_name_with_path, new_name_with_path))

def main():
answer = input("Enter 'f' if you want to just run this script without confirming the changes. (Your interaction will still be required in exceptional circumstances.) To instead get the default behavior of this script where you'll have to confirm each 

renaming, just press ENTER now. ")
confirm_each_rename = answer != 'f'
for root, dirs, files in os.walk('.', topdown=False):

for cur_file in files:
rename_file_or_folder(root, cur_file, confirm_each_rename)

for cur_dir in dirs:
rename_file_or_folder(root, cur_dir, confirm_each_rename)

if __name__ == "__main__":
main()



# By Brian Tomasik (https://briantomasik.com/).
# First published: 2019-11-10. Last update of any kind: 2021-02-01T04-06.
# 
# To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

# Note: Below, when I say "run the bare command", this means typing the function name into Terminal without adding any parameters.

alias lh='ls -lhAG'
alias cp='cp -i'
alias mv='mv -i'

# 'lsod' stands for 'list only dirs'. The command is taken from the comment by Gergo in "[Listing only directories using ls in bash: An examination](https://stackoverflow.com/questions/14352290/listing-only-directories-using-ls-in-bash-an-examination)".
alias lsod='ls -d .*/ */'

# "bff" is "Bash functions file". This command shows the current file so that you can look up the names of all the other custom aliases and functions.
# Usage: just run the bare command from anywhere
mybff() { less ~/files/yebs/processed/scripts_ytmc/the-actual-bash-aliases-file.txt; }

# Usage: just run the bare command from anywhere
myd() { cd ~/files/yebs/unprocessed/downloads/; }

# Usage: just run the bare command from anywhere
mytodos() { cd ~/files/yebs/unprocessed/todos/; }

# Usage: just run the bare command from anywhere
# "myt" stands for "my todos for the current year". The name is short so that it's fast to type.
myt() { mytodos && cd `date +'%Y'`; }

# Usage: just run the bare command from anywhere
myoft() { cd ~/files/yebs/processed/misc/check-me-often/; }

# Usage: just run the bare command from anywhere
mycal() { myoft && less calendar.txt; }

# Usage: just run the bare command in the desired directory
mydu() { du -h -d 2 | sort -h; }

# Example usage:
# mygrep amazon
mygrep() { grep -rin --include \*.txt --exclude-dir=vxhx "$1" .; }

# Example usage:
# myhtmlgrep "insect suffering"
# HTML files sometimes don't have enough newlines, causing the `grep` matching lines to be too long. This command only prints out up to 30 characters before and after the match. The second `grep` serves to color the text actually being searched for, rather 
than the entire output including the 30 characters before and after. This command is based on StÃ©phane Chazelas's answer on "[To grep 20 characters after and before match](https://unix.stackexchange.com/questions/121450/to-grep-20-characters-after-and-before-
match)".
myhtmlgrep() { grep -rinoE --include \*.html --include \*.htm --include \*.php --exclude-dir=vxhx ".{0,30}$1.{0,30}" . | grep --color "$1"; }

# Example usage:
# mysak stuff.tar.gz.gpg
mysak() { python3 ~/files/yebs/processed/scripts_ytmc/Swiss-archive-knife.py "$1"; }

# Usage: just run the bare command from anywhere
mybackup() { cd ~/files/ && python3 ~/files/yebs/processed/scripts_ytmc/backup.py; }

# Usage: just run the bare command from anywhere
mytestbackup() { cd ~/test_files/ && python3 ~/files/yebs/processed/scripts_ytmc/backup.py -t; }

# Example usage:
# myvers foo.txt
myvers() { python3 ~/files/yebs/processed/scripts_ytmc/create-a-version-snapshot.py "$1"; }

# Usage: just run the bare command in the directory under which you want all file and folder names to be renamed if need be.
# "nn" stands for "normalize names".
mynn() { python3 ~/files/yebs/processed/scripts_ytmc/normalize-file-and-folder-names.py; }

# Usage: just run the bare command from anywhere
mymonitor() { cd ~/files/yebs/processed/scripts_ytmc/monitor-data-changes/ && python3 run.py; }

# Show the highest-priority todo items.
# Usage: just run the bare command from anywhere.
# The `grep -v` omits this file itself from being included in the results. The final `grep` serves to re-highlight the grepped-for string after `sort` and `grep -v` have removed the original highlighting. At the end we go to the `mytodos` folder because after 
seeing these search results, that's the most likely place we'll want to be, since we can open a lot of todo files from there.
my1t() { cd ~/files/ && mygrep "1t:" | sort | grep -v "/yebs/processed/scripts_ytmc/the-actual-bash-aliases-file" | grep "1t:" && mytodos; }

# Show the highest-priority reminders.
# Usage: just run the bare command from anywhere.
my1r() { cd ~/files/ && mygrep "1r:" | sort | grep -v "/yebs/processed/scripts_ytmc/the-actual-bash-aliases-file" | grep "1r:" && mytodos; }

# Example usage:
# myshacheck sha512-of-file.txt
# or
# myshacheck sha512-of-everything.txt
myshacheck() { shasum -c "$1" | grep -v ": OK"; }

# Example usage:
# myshaforonefile letter.pdf
myshaforonefile() {

if [ -f "sha512-of-file.txt" ]; then
echo "'sha512-of-file.txt' already exists! Aborting."
return

fi
shasum -a 512 "$1" >> sha512-of-file.txt

}

# Usage: Run the bare command in the directory that you want to checksum. The command is taken from [here](https://briantomasik.com/manual-file-fixity/#bulk).
myshaofeverything() {

if [ -f "sha512-of-everything.txt" ]; then
echo "'sha512-of-everything.txt' already exists! Aborting."
return

fi
find . ! -name ".DS_Store" ! -name "sha512-of-everything.txt" -type f -exec shasum -a 512 {} \; >> sha512-of-everything.txt

}

# Also load another Bash-aliases file that I use for myself but don't publish on my website.
source ~/files/yebs/processed/scripts_ytmc/additional-Bash-aliases.txt
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Change log 
 
2018-05-31 Version 1.2 

● Changed the behavior of selecting location reports. This no longer happens upon 
installation, users can change the default location via the “Preferences” menu. 

● Addressed issue with long file paths generating index values of zero in the history 
reports. 

● Addressed issue with disconnected network devices when performing a scheduled 
scan. 

● Addressed issue with changed directories that were not recognized when running 
scheduled scans. 

 
2018-05-17 Version 1.1 

● Addressed issue with reporting of renamed files for both Mac and Windows builds. 
 
2018-03-07 Version 1.0 

● Addressed major compatibility issues with Mac Sierra (OS 10.12) and Java 1.8 which 
caused a variety of issues. 

● Coding language changed from Python to Java. 
● Added unlimited number of directories for scanning. 
● Added email user authentication with Google API. 
● Added “Disable Schedule” functionality. 
● Force-switch algorithm bugs were fixed. 
● Added custom selection of location for history and reports folders. 
● Creation of history and reports folder now takes place upon initial launch. 
● Password encryption bug fixed. 

 
2015-03-05 Version 0.5 

● Create tasks as Administrator (Windows using Run as Admin). 
● Notification window occurs when a non-admin tries to change the schedule of a project 

originally created by an admin. This notifies the user that the schedule cannot be 
changed by a non-admin. (Windows) 

● Improved visual feedback of progress during manual scans (Windows/Mac). 
● Launch Run process as a New thread (Windows/Mac). 
● Fixed Fixity not responding/crashing issue when scanning very large directories 

(Windows). 
● Improved labeling for scheduling section. (Windows/Mac). 
● Disabled closing of console window prior to completion of scanning (Windows). 
● Improved reporting (Windows/Mac) 

○ Added time elapsed 
○ Added algorithm used 

● Greyed out Recipient Email Addresses when email settings are not filled out 
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● Added mouse-over functionality to the directory path; the full file path is now displayed 
as a tooltip. 

● Email settings now allow blank passwords to accommodate internal SMTP gateways. 
 
2014-07-01 Version 0.4 

● Created OSX version (64-bit systems only) 
● Added MD5 checksum algorithm option 
● Added ability to change checksum algorithm for a project 
● Added ability to import projects between versions of Fixity 
● Added checksum and filter information to manifest (.tsv files in history directory) 
● Added ability to change project name 
● Added ability to update the location of a scanned directory 
● Added ignore hidden files option in Filter Files dialog 
● Added ability to log errors and events 
● Implemented SQLite database for storing projects 
● Updated logic for reporting on copied and moved files 
● Added ability to delete a directory from a project 
● Added About Fixity 
● Improved handling of special characters in file paths 
● Added history directory to store snapshots of the manifest 
● Changed project file extension from .csv to .tsv to indicate that the data uses tabs as the 

separator 
● Changed report names and the subject line of emailed reports to include the project 

name 
● Code and interface improvements 

 
2014-01-13 Version 0.3 

● Changed Save Email/Time to Save Settings in File Menu. Selecting this saves all project 
settings. 

● Changed Save and Run to Run Now and altered the way this invokes the scheduler so 
that it doesn’t tie up the Fixity UI. 

● Added Preferences > Configure Sender Email to enable ability to configure Sender Email 
instead of using fixityreport@WeAreAVP.com as the fixed address. This is a global 
preference for the application. The email and password are stored using a cryptographic 
hash to maintain security. 

● Added Preferences > Filter Files to enable users to exclude the scanning and validation 
of files. This is a project level preference. 

● Added Run when on battery power checkbox preference to choose whether the 
scanning and validation tasks should occur when the computer is on battery power/not 
plugged in. This is a Windows Task Scheduler preference that caused a lot of confusion 
previously with scheduled tasks ‘failing’ to run. This was made explicit and placed front 
and center to make it clearer. If unchecked the application will not run if running on a 
laptop that is not plugged in. This is a project level preference. 
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● Added If missed, run upon restart checkbox preference that invokes the scheduled task 
to run when started if it was missed for some reason (e.g., turned off or logged out). If 
unchecked the application missed scheduled tasks will simply be missed. This is a 
project level preference. 

● Added Email only upon warning or failure checkbox preference to leave it up to the user 
when to receive emailed reports. If unchecked emails will be sent to the identified 
recipient email addresses every time a scan is performed regardless of the results. This 
is a project level preference. 

● Compiled as 32-bit application so that it will run on 32-bit and 64-bit systems. 
● Altered behavior so that saving does not wipe the project manifest 
● Updated the reporting terms: 

○ Created was changed to New 
○ Moved was changed to Moved or Renamed 
○ Missing was changed to Removed 
○ Corrupted was changed to Changed 
○ Confirmed is still Confirmed 

● Altered behavior so that changed files are updated with their new information after 
being reported. Therefore a changed file will be reported as changed one time, and if no 
further changes occur it will not continually be reported as changed. 

● Fixed bug that wouldn’t allow adding new directories to an existing project. 
● Fixed bug that maintained directories in slots 5, 6 and 7 when existent and creating a 

new project. 
● A display issue with name of application in Title bar of application window was 

corrected. 
 
2013-11-22 Version 0.2 

● Addressed bug with scheduling issue — task was not generated properly if the file path 
had a directory with spaces in it. 

● Addressed bug with emailing of reports — corrected SMTP configuration 
● Changed the code for images so that they display properly 
● Moved AutoFixity.exe into schedule folder to avoid confusion 
● Other minor code refinements 
● Updated User Guide according to user feedback 

 
Known issues 

● If a scan is scheduled and does not have access to the project directories (i.e., is not 
logged on to a server or a removable drive is unavailable) it will report the files as 
missing. When run again with access to the project directories it will report the files as 
new. 

● When importing projects between operating systems the file-path syntax is different 
and will result in reporting as if files having been removed because the application is 
unable to reach the files with the incorrect syntax. If the file path is corrected after 
import but before running the scan it will work correctly. 
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● When importing an .fxy project file the checksum algorithm is not detected. You must 
set this correctly manually prior to running a scan or the application will report all files as 
changed. This does not apply to .tsv files. 

● Certain CIFS network implementations may experience errors in Fixity’s reporting. 
● Networks utilizing CIFS will generate new inodes upon each connection to the network, 

throwing off Fixity’s logic and causing unreliable reporting. 
● It is currently not possible to skip the initial window to select destination directory for 

history and reports folders. Once these are set they cannot be changed through the user 
interface. As a temporary solution users can reinstall the application. 

● Users running Windows 7 and Windows 10 have experienced problems running Fixity, 
such as installation issues and window displays not functioning correctly. 

● Extremely long file paths can cause delays in the scanning process.   
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Brief overview and background 
 
Fixity is a utility for the documentation and regular review of stored files. Fixity scans a folder or 
directory, creating a manifest of the files, including their file paths and their checksums, against 
which a regular comparative analysis can be run. Fixity monitors file integrity through 
generation and validation of checksums, and file attendance through monitoring and reporting 
on new, missing, moved, and renamed files. 
 
AVP created Fixity after coming to the realization that: 
 

1. Checksum generation and validation are universally recognized as a primary mechanism 
for fulfilling the goal of fixity. 

2. Generating checksums without systematically and routinely validating them is of little or 
no use. 

3. Most organizations that “use checksums” only generate checksums but do not validate 
them routinely, if ever. 

4. The primary reason organizations do not systematically and routinely verify checksums 
is that there is no tool that allows simple scheduling and reporting of validation. 

5. Organizations that do routinely verify checksums do not typically monitor and report on 
information related to file attendance. 

6. Overcoming the lack of resources and/or access to IT expertise is a critical factor in 
enabling organizations to fulfill the goal of fixity. Organizations need a simple, low cost 
tool. 

 
Fixity was created with the sole focus of fulfilling the requirements of those concerned with 
monitoring and managing the fixity of a collection of files over the long term. There are many 
free and open-source checksum utilities out on the market, but they do not offer the feature set 
or simplicity necessary to fulfill the needs of many organizations. It is intended for use in 
monitoring collections of files that are “final state,” or ready for deposit into an archive or 
preservation-oriented repository. 
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Installing Fixity 
 
When you download and unzip Fixity, you will find the executable file and this user guide.  

Windows Users 
To install Fixity on Windows, simply double-click on the Fixity icon as shown below: 
 

 
Figure 1: Executable file for Fixity in Windows.  

 
After running Fixity for the first time in Windows, the application will create the following 
additional elements: 
 

FixityDB:​ contains the database file and configuration settings for checksum and filter 
settings. 
 
debug: ​contains the log reports generated when debugging is turned on. Note: the 
debug file in Mac can be found in the Package Contents (See Turn Debugging On/Off). 
 
derby:​ contains a log of database activity. 
 
conf:​ contains configuration information captured as a result of setting preferences. 
 
schedules:​ Stores the scheduling information necessary to update Windows Task 
Scheduler. This folder will appear after running the first scan. 
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Figure 2: Fixity directory structure for Windows after running it for the first time. 

Mac Users 
To install Fixity on Mac, simply double-click on the .dmg file: 

 
Figure 3: Fixity directory structure for Mac. 

 
Continue by dragging and dropping the Fixity app to the Applications folder. From now on, you 
can access the Fixity app via the Launchpad. 
 

 
Figure 4: Install Fixity by dragging and dropping the icon in the Applications folder. 
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Launching Fixity 
 

Windows Users 
To open Fixity in a Windows environment, you can double click the Fixity application file. 
However, if you want Fixity to be able to run scans when you are logged of (computer is on, but 
no user is logged in), you will need to right click on the Fixity.exe file. Select Run as 
administrator, as shown in the figure below. 
 
 

 
Figure 5: Right-click options in a Windows environment. 
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Mac Users 
You can run the program by either going to the Applications folder and double-clicking on the 
app icon, or by going to the Launchpad. 
 

 
Figure 6: Fixity in the Launchpad, click to open. 

 
There is no option for running while logged off of your user account in your computer. 
Additionally, scheduled scans will run only if you are logged in. 
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Fixity interface 
 
Fixity has a graphical user interface (GUI). The following section details the behaviors of each 
section of the interface from left to right. 
 

 
Figure 7: Screenshot of Fixity version 1.2 interface for Mac OS. Note that all options will appear 

greyed out until you create a project. 

Projects 
As you create and save new projects, they will appear in this box. Click on a project name to 
view its settings in the rest of the interface. 

Scheduling  
You can set the schedule for generating/validating checksums and file attendance in this 
section. Using the radio buttons, you can choose between a monthly, weekly, or daily scan. 
 

● Monthly:​ If you choose this option, you will be presented with two boxes. The box 
containing “00:00” is where you enter the time (in military time and in reference to the 
date and time settings of your computer) that you want the validation to begin. The 
second box scrolls through numbers from 1 to 31, allowing you to choose the day of the 
month on which you wish the scan to run. 

● Weekly: ​If you choose this option, you will be presented with two boxes. The box 
containing “00:00” is where you enter the time (in military time and in reference to the 
date and time settings of your computer) that you want the validation to begin. The 
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second box allows you to choose the day of the week on which you wish the scan to 
run. 

● Daily:​ If you choose this option, you will be presented with one box. This box is where 
you enter the time (in military time and in reference to the date and time settings of your 
computer) that you want the scan to begin each day. 

 

 
Figure 8: Screenshot of Fixity version 1.2 interface for Windows. Note that all options will 

appear greyed out until you create a project. 
 

The Scheduling section also contains settings for the behavior of the scheduled task. 
 

● Run when on battery power:​ (Windows only) If Fixity is being run on a laptop, check 
this option to allow Fixity to run when operating on battery power. Note that this option 
does not affect non-battery powered systems. On a Mac, Fixity will always run 
regardless of whether the computer is operating on battery power or not. 

● If missed, run upon restart:​ (Windows only) If this is selected, Fixity will run upon 
startup if a scheduled scan is missed (e.g., due to the system being powered off). If this 
is not selected, Fixity will run at the next scheduled time. On a Mac, Fixity will not run a 
scheduled scan if it was missed. It will run at the next scheduled time. Note that Fixity 
will not run immediately upon startup — please wait 15-20 minutes to allow for it to 
run. 

● Disable Schedule:​ when this option is checked, Fixity will ignore set schedule for this 
project, no scans will be performed automatically. The user can run a manual check if 
desired. 

● Email only upon warning or failure:​ If selected, Fixity will only send email reports when 
a change is detected during a scan. Otherwise, it will send an email following each and 
every completed scan. See Fixity File Report section below for more details. 
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Lastly in the Scheduling column, Fixity displays the date and time of your project’s most recent 
scan. 

Directories 
 
Click on this button next to the text field to select the specific directory that you wish 
to scan. You can select unlimited directories per project. Mousing over the file path in 
the Fixity 1.2 interface will cause the full file path to display as a tooltip. 

 
If you need to change the location or name of one of the directories that is included in your 
Fixity project (for instance, you move the directory from one drive to another drive of a different 
name, or you need to rename the directory), you can update the Fixity project accordingly 
without negatively impacting your monitoring and reporting. You can do this by selecting the 
file path that you wish to change and selecting the new location for the directory. When 
selecting “Save Settings,” you will be prompted with the window shown in Figure 9. Selecting 
“Change Path” will update the Fixity project with the new path and treat all files within the 
selected parent directory in the same way it would have if nothing had changed. 
 

 
 
 
 

 
 
 

 
Figure 9: Dialog to update the file path for a directory. 
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By clicking on “Add More,” you can add more directories to the project to be scanned.  
 
This  button will remove a directory from a project. Once this is done, Fixity will no 
longer scan it as part of a project, and its file information will be removed from the 
Database. 

 
 

 
 

Recipient Email Addresses 
Every time Fixity scans a directory, a report is generated. In each of your projects, you can input 
the email addresses (unlimited, one per text box) to have this report sent to based on the 
preference “Email only upon warning or failure.” Each email address entered will receive the 
same report for all directories selected as part of the project. These email addresses can be 
changed at any time. By clicking on “Add More,” you can add more email addresses to the 
project. The [-] button will remove an email address from a project. To be able to send emails, 
you first have to configure the Email Settings (See ​Configure Sender Email​) 

Report Folders 
Fixity creates a special folder on your computer called “Fixity_reports” to store the reports 
generated during scans. This folder is created after running the first scan, and it contains the 
following:  
 

history: ​the directory where a snapshot of the project manifest is stored each time a 
project is run. See section on ​History Snapshots​ for more details. 
 
reports: ​the directory where reports are stored. See section on ​Fixity Reports​ for more 
details. 

 
The default path for this folder is your Documents folder, however, these folders can be placed 
anywhere on your computer. To see how to change their location, see ​Reports Location​.   
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Fixity File menu 

 
Figure 10: Detail of Fixity File menu (Mac OS). 

New Project 
Choose this option each time you wish to set up a new project. A project contains the settings 
for the scheduling, directories, and recipient email address boxes. You will be prompted to 
name your project. Project names cannot contain spaces or characters disallowed in filenames 
by the operating system (such as “ and <). 

Save Settings 
When you are satisfied with your project's parameters, click “Save Settings” to save it to the 
project folder. The project file contains the settings for the scheduling, directories, and recipient 
email address boxes. Note that unlike previous versions, saving settings now does not invoke a 
fixity check scan at the time of saving. 

Run Now 
“Run Now” saves the current project settings and invokes a fixity scan. If it is the first time a 
scan is being run for a project it will perform the initial scan. If a scan has already been 
performed it will validate against the existing data. 
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Delete Project 
Choose this option if you wish to completely delete a project. 

Change Project Name 
Select this to rename a project. 

About Fixity 
Opens the “About Fixity” dialog window containing a description of the application, licensing 
information, and contact information.  

Quit Fixity 
Closes the application.  
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Fixity Preferences menu 

 
Figure 11: Detail of Fixity Preferences menu (Mac OS). 

Filter Files 
The Filter File window (Figure 12) allows the user to create pattern-matching filters to prevent 
Fixity from scanning certain files. For example, a repository may not want to include in their 
scans the DS_Store or Thumbs.db files created by default by certain operating systems. These 
can be blocked from scans by adding them to the filter. 
 
 

 
Figure 12: Fixity Filter File detail with “Ignore Hidden Files” selected and sample file format 

pattern to block. 
 
The filter interface contains a drop-down menu of projects, from which the user can select a 
project before setting filters. A project must be saved before it will appear in the dropdown list. 
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In the text box, a comma-separated list of case-sensitive patterns to block can be set. For 
example, the settings in Figure 12 will not scan hidden files or files containing .thm. 
When you are satisfied with the filters, click “Save & Close.” 

Turn Debugging On/Off 
With debugging on, Fixity generates log files in order to assist in troubleshooting issues. 
Turning debugging off disables logging. In Windows, the debug file can be found in the same 
folder as the executable file. In Mac, the debug file can be found by right-clicking on the 
executable file and selecting “Show Package Contents>Java.” 

Import Project 
This option allows for the importing of project information. Import Project will accept .fxy files 
from older versions of Fixity and .tsv files generated by newer versions of Fixity in the history 
directory. Importing a .fxy or .tsv file into Fixity imports the following information: 
 

● Directories 
● Recipient email addresses 
● File paths 
● Checksum values 
● Filesystem index location 
● Scheduling information 
● Checksum algorithm type (.tsv files only) 

○ For .fxy files, this must be manually configured. If the wrong algorithm is used, 
Fixity will not be able to confirm any files. 

● Filter file information (.tsv files only) 
○ For .fxy files, this must be manually configured for each project. 

 

Importing a project will not import: 
 

● Sender Email Configuration: This is a preference that is set at the global level and is not 
part of the project import information. 

 

Importing projects can also be used for reverting back to a previous snapshot by importing an 
older .tsv file from the history folder. 
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Configure Sender Email 
Users can configure email settings either manually (SMTP) or via the Google API (only for 
Google users). Without setting this preference, Fixity will not be able to send report emails. 
However, running scans is possible without setting a sender email. Note that Fixity will encrypt 
the credentials before storing them in order to provide account security. 
 

SMTP Configuration 
Figure 13 demonstrates how Fixity allows you to configure the email settings associated 
with the account used for emailing reports.  

 
By default, Fixity populates the server, port, and 
security fields with Gmail default settings. If these 
values are different for your email account (for 
example, if your email account is provided through 
your organization), you will need to provide the 
appropriate information. This is the same information 
you would find in your email application 
configuration settings, so you may be able to obtain 
the information by looking at your email application 
account settings. If not, the information needed can 
be obtained from your email provider or by 
contacting your IT administrator. 

 
The email account can be tested with “Check 
Credentials,” which will send an email to the account 
provided. If the email is received, then Fixity is able 
to successfully use the email address. Be sure to 
check your spam folder if the email is not received in 
your inbox before performing troubleshooting.  
 
Select “Save & Close” to save changes. 
 
 
 

 
 
 
   
Figure 13: SMTP Email Settings window 
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Google API Configuration 
Figure 14 shows the settings window to connect with your Google account via the 
Google API. To connect Fixity to your Gmail account, simply click on “Connect with 
Google API.” This will open a new browser window where you can authorize the 
operation. The email address of the sender will show up in Fixity. Once authorized, you 
must check the “Send Email Using Google API” checkbox. You can “Send Test Email” to 
check settings. 
 

 
Figure 14: Google API Email Settings window 
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Select Checksum Algorithm 
Fixity defaults to using the SHA256 algorithm to generate its checksums. This setting allows 
you to select either the SHA256 or MD5 algorithm to calculate checksums for a given project. 
If the algorithm is changed after checksums have already been generated for a project, Fixity 
will do the following: 
 

1. Perform a Fixity scan and generate a report using the original algorithm. 
 

2. Confirmation: 
 

a. If all files are confirmed, another scan will be performed immediately generating 
checksums using the new algorithm, and generating a report. Future scans will use the 
new algorithm. 
 
b. If all files are not confirmed, a report will be generated and the process will be halted 
after the initial scan. A prompt will be generated in the application and an email will be 
sent to recipient email addresses with notification of the failure and a full report. The 
checksum algorithm for the project will not be changed if all files are not confirmed.  
However, the user can perform the operation again (i.e. retry to change the algorithm) to 
force Fixity to complete the process, in which case a new report will be generated and 
the algorithm will be changed. 

 

Reports Location 
 
Fixity reports are saved by default in your Documents folder in a directory called Fixity_reports. 
Within this folder you will find the “history” folder and the “reports” folder, both containing 
reports automatically generated by Fixity. However, you can change the location of these 
folders through the “Reports Location” option in the “Preferences” menu. 
 
From the “Set Paths” window, select a new location for the History and Reports folders. These 
folders can be at different locations, just keep in mind that for both cases Fixity will create a 
Ficity_Reports folder to contain them. 
 
Save your settings by clicking OK. The new location will be updated the next time Fixity runs a 
scan. 
 
For more information about reports and reporting logic, see ​Fixity Analysis and Reporting. 
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Figure 15: It is possible to select a different location for the History and Reports folders, 
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Fixity analysis and reporting 
Fixity report 
A Fixity report is saved to the reports folder and emailed to the recipient email addresses 
identified in the project according to the “Email Only Upon Warning or Failure” preference. The 
Fixity report is named fixity_yyyy-mm-dd-hhmmss_projectname.tsv where hhmmss is in 
military time. 
 

 
Figure 16: Detail of a sample Fixity report. 

 
When opening Fixity reports in spreadsheet applications, it is important to open them by 
importing the .tsv file, identifying the delimiter as a Tab, and treating all data as text (see FAQ 
for details). This will ensure maximum functionality and keep spreadsheet applications from 
altering the data in unintended ways. Fixity reports contain the following information: 
 

Fixity report: ​Identifies the report as a Fixity report. 
 
Project name: ​Provides the name of the project for which the report was generated 
 
Algorithm used:​ Identifies the hash algorithm used to compute the checksums for the 
files scanned. 
 
Date: ​The date that the report was generated. 
 
Total Files: ​Total files scanned and/or removed. It is the sum of all of the below 
categories in any single scan. 
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Confirmed Files:​ A file is confirmed if nothing has changed since the last scan. In Figure 
16, the number of files scanned that exist in the manifest where the file path, hash 
value, and filesystem index location are the same as they were in the last scan. 
 
Moved or Renamed Files:​ A file has been renamed and/or moved to another location 
being scanned within the same Fixity project. When files are moved or renamed they 
will usually have a different file path but retain the same hash value and index location. 
If a file is copied and pasted to a new location and the original one is deleted this will 
result in the hash value remaining the same but the filesystem index location and file 
path changing, resulting in a report of one new file and one removed file. 
 
New Files:​ The number of files detected by Fixity that do not currently exist in its 
manifest. If a file is found that does not have a matching hash, filesystem index location, 
or file path, it is listed as a new file. Files are also listed as new if they share a hash value 
with a previously scanned file, but have a new filesystem index location and file path. 
 
Changed Files:​ The number of files that have a different hash value since the last scan. 
 
Removed Files: ​The number of files that existed in the manifest previously, which are no 
longer present. 
 
Invalid path provided: ​Fixity has no access to the path provided. If located on a network 
drive, it is possible that the drive is not connected. 
 

Each row beneath “Removed Files” provides a file path and the associated status of the 
identified file for all files scanned and/or removed in a project. Files that have been filtered out 
using the “Filter File” preference will not appear because they will not have been scanned. 

Analysis and reporting logic 
Figure 17 aims to support users in interpreting reporting by presenting various scenarios and 
results in an easy-to-read table with Y[es] or N[o] indicators and the outcomes. 
 
Figure 17 denotes: 

● If a file that is present in the manifest is present in a target directory, 
● If a file has the same hash value, file path, and filesystem index location upon 

comparison, and 
● How Fixity reports each scenario. 
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File present?  Same hash?  Same file 
path? 

Same index location?  Result 

Y  N  Y  Y  Changed File 

Y  N  N  Y  Changed File 

Y  N  Y  N  Changed File 

Y  Y  Y  Y  Confirmed File 

Y  Y  Y  N  Confirmed File 

Y  Y  N  Y  Moved or Renamed 
File 

Y  None  None  None  New File 

Y  Y  N/None  N/None  New File 

N  Existing  Existing  Existing  Removed File 

 
Figure 17: Fixity reporting chart. 
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Fixity reporting and manifest updating behavior 
When changes are identified, Fixity behaves in the following ways upon finding changes and 
after reporting them: 
 

● New files​ are added to the manifest and checksums are generated for them 
● Removed files​ are removed from the manifest 
● Moved files​ are updated with their new location in the manifest 
● Renamed files​ are updated with their new name in the manifest 
● Changed files​ are updated with new hashes in the manifest 

History snapshots 
Each time a project is run, a snapshot of the manifest data is saved to the history folder. This 
contains the hash value, file path, and index location value for every file scanned. The snapshot 
is created after the project is run. This provides an audit trail over time and the ability to revert 
to a previous snapshot using the Import Project function. A Fixity report represents the 
differences/similarities between two history snapshots. The file is named 
projectname_yyyy-mm-dd-hhmmss.tsv where hhmmss is in military time. 
 
When opening history snapshots in spreadsheet applications, it is important to open them by 
importing the .tsv file and identifying the delimiter as a Tab and treating all data as text (see 
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FAQ for details). This will ensure maximum functionality and keep spreadsheet applications 
from altering the data in unintended ways. 
 

 
Figure 18: Detail of a sample history snapshot 

 
 
History snapshots contain the following information: 
 

Directories scanned: ​The directories selected for scanning for a given project. 
Email addresses:​ The recipient email addresses for a given project. 
Schedule information​: Codes identifying project schedule settings. 
Date and time of run:​ The date that the project was run and the file was created. 
Filter Files Preference:​ Any preferences that have been saved for the project regarding 
filtering of files. 
Checksum Algorithm Preference:​ The checksum algorithm preference last saved for the 
project.  
 

Each line following the checksum algorithm contains the following columns: 
 

Hash Value:​ The checksum value for each file scanned. 
file path:​ The file path for each file scanned. 
Filesystem Index Location:​ The location in the filesystem index for each file scanned. 
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Frequently Asked Questions (FAQs) 
 
Q: Can I request new features to add to Fixity? 
A: Yes, please send requests to fixity@WeAreAVP.com and let us know what you would like to 
do. We will add it to our backlog of issues. The more requests we get for the same feature the 
more likely we are to prioritize it. If you really want us to develop a specific feature you can also 
commision us to do the work.  
 
Q: Will Fixity perform a scheduled scan if the application is not open? 
A: Yes. 
 
Q: Will Fixity perform a scheduled scan if the computer is turned off? 
A: No. On Windows, if the project is set to scan on restart it will attempt to perform the scan 
15-20 minutes after restarting. On a Mac, and if Run Upon Restart is not selected on Windows, 
an automated scan will not occur until the next scheduled time. 
 
Q: What is a .tsv file? 
A: The .tsv file found in the reports and history directories are text files that use tab as a 
delimiter for structured data. 
 
Q: What is the best way to open a .tsv file for manual review? 
A: The .tsv file can be opened with any text editor. However, for simple viewing of the 
data in the .tsv files using a spreadsheet application will be the easiest. The best way 
to open a .tsv (or .csv file for that matter) is by importing, instead of opening. 
Instructions on how to do this can be found here: 
https://www.weareavp.com/wp-content/uploads/2017/08/Spreadsheet_Workshop_Materials.zi
p  
 
Q: How is scheduling performed within Windows? 
A: Fixity uses Windows' SCHTASKS tasks with AutoFixity to set/update/delete scheduled 
tasks. As such, its behavior is best explored via the SCHTASKS documentation. 
 
Q: How is scheduling performed within a Mac OS? 
A: Fixity uses the Mac OS’s launchd to run Fixity at scheduled intervals. As such, its behavior is 
best explored via the launchd documentation. 
 
 
Q: Will Fixity for Mac run on a 32-bit system? 
A: No, only 64-bit systems. Fixity will run on 32-bit Windows. 
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Q: Will Fixity for Windows run on a 32-bit system? 
A: Yes, Fixity will run on 32-bit Windows. 
 
Q: What happened to the .fxy files in previous versions of Fixity? 
A: In version 0.4, Fixity was updated to use a SQLite database instead of the .fxy file in 
combination with other files to serve the role of a database. However, users of Fixity were 
interested in accessing the data in the .fxy files. For this reason we created the history directory, 
where we output .tsv files that contain the same data that was in the .fxy files. In addition to 
making this data accessible, we decided to have this data output each time a project scan is run 
so that a history of snapshots is maintained for auditing and reversion purposes. 
 
Q: Where can I find out more about filesystem index locations? 
A: A free technical white paper on file system index locations, Fixity and File systems: 
Enhanced System Monitoring via inodes, is available at 
https://www.weareavp.com/fixity-and-filesystems-enhanced-system-monitoring-via-inodes-2/  
 
Q: What file types does fixity scan?  
A: All files, including hidden files. 
 
Q: Can Fixity run on networked environments? 
A: Yes, Fixity will run on any files that can be mounted on your desktop. 
 
Q: How deep in a hierarchical directory structure will Fixity work? 
A: Fixity is recursive and can run on hierarchical directory structures as deep as the file system 
and networking protocols allow. 
 
Q: How many files can Fixity scan in one project?  
A: The number of files Fixity can scan in one project is only limited by network capabilities. As a 
point of reference, we scan an 18 TB NAS device - we break that scan into 10-12 projects. 
 
Q: How large can directories and files be?  
A: Fixity has been successfully tested on 10 TB directories and files that �are 100s of GB. Any 
limitation will be based on file system, network, or bandwidth limitations. 
 
Q: Can fixity access LTO tape?  
A: Fixity can access files on LTO tape that utilizes LTFS. 
 
Q: Can scans run simultaneously?  
A: Yes, but multiple processes may impact performance/speed. 
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Editorial 

What is the price of leadership ? 
"Never doubt that a  small group of thoughtful committed citizens can change the world; indeed it 

is the only thing that ever has." 
— Margaret Mead 

Sometime s chang e start s wit h jus t on e per -
son. 

We commen d Bria n Tomasik , a  senio r a t 
Guilderlan d High School , who tried to convince 
the Guilderlan d Schoo l Boar d t o purchas e re -
cycled pape r fo r th e district. . 

Tomasi k ha s environmentalis m i n his blood . 
He an d hi s sister , Michelle , gre w u p o n 

Ketcha m Road . "M y parent s use d t o far m or -
ganicall y an d rais e a  lo t of their ow n food, " he 
told us . 

The famil y no w live s on Old Stag e Road . Hi s 
mothe r work s fo r Th e Natur e Conservancy , in 
its Natural Heritag e Program, developing maps 
of e n d a n g e r ed species , he said. His f a ther work s 
for th e state , reviewin g th e environmenta l im -
pact of low-income housin g projects . 

When Tomasi k go t to hig h school , he joine d 
the Studen t Environmenta l Action Coalition — 
a smal l grou p of committed environmentalist s 
— and discovere d th e hig h schoo l wasn' t recy -
cling can s an d bottles . 

"It wasn' t par t o f th e budge t tha t year, " h e 
said. 

The grou p talke d t o administrator s an d se t 
up collection boxe s in each classroom. Member s 
of th e coalitio n —  ther e ar e onl y a  half-doze n 
thi s year — empty thos e boxes into a Dumpste r 
on school g r o u n d s, which is filled w i th recyclables 
each week . 

"I don' t se e to o man y can s o r bottle s i n gar -
bage can s anymore, " sai d Tomasik , wit h quie t 
satisfactio n i n hi s voice . 

In 10t h grade, while part icipat ing in coalition 
activitie s lik e girdlin g aspe n a t th e Pin e Bus h 
Preserv e or writin g letter s to member s of Con-
gress abou t environmenta l issues , Tomasik be-
came intereste d i n recycle d paper . 

"I just starte d researching, " he said . 
Tomasi k is now president of t he coalition an d 

he is also the top-ranked studen t in his class. He 
doesn' t pigeon-hol e himsel f with one particula r 
interest . 

"I enjoy lot s of d i f f e r e nt subjects, " he said an d 
he has applie d to strong libera l art s college s for 
next year — Swarthmore, Princeton , Bowdoin , 
and Bates — with the goal of studying as widely 
and deepl y a s h e can . Tha t is , unles s he' s ac -
cepted int o the Congress-Bundesta g Yout h Ex-
change Program , in which cas e he'l l stud y for a 
year in German y befor e goin g to college . 

Tomasi k ha s studie d Germa n sinc e the sixt h 
grade . Hi s grandmothe r wa s Germa n an d he r 
father , Loui s DeVries , wa s a  professo r o f Ger-
man wh o wrot e dictionaries , Tomasi k said . 
• Tomasi k i s hesitan t t o nam e a  favorit e 

Guilderlan d teache r sinc e he's learned so much 
from s o man y but , whe n pressed , h e name s 
eighth-grad e scienc e teache r Richar d Lasselle . 

"I liked his novel way of l o o k i ng at the world," 
said Tomasik . "H e encourage d hi s student s t o 
understan d rathe r tha n jus t t o memorize . H e 
encourage d curiosit y an d learnin g fo r th e sak e 
of learning, instea d of learning to do well on a 
test. " 

Tomasi k too k thos e lesson s to heart . 
His researc h on recycled pape r is far-rangin g 

and cogentl y stated . Tomasi k presente d th e 
Guilderlan d Schoo l Boar d wit h a  four-page ar -
gumen t (printe d on both side s of two sheets , of 
course) title d "Te n Reason s t o Purchas e Re -
cycled Paper. " Th e treatis e include s 3 7 foot -
notes . 

"Traditiona l virgi n pape r contribute s sub -
stantiall y t o deforestation, " write s Tomasik , 
with fact s t o back i t up . But th e consequences , 
he continues , go beyond logging . The pul p an d 
pape r industr y i s th e fift h greates t industria l 
energy user world-wide and the second greates t 
in th e Unite d States . 

It take s a t leas t tw o to three-and-a-hal f ton s 
of wood to manufactur e on e ton of virgin pape r 
while on e to n o f recycle d paper , i n contrast , 
require s onl y slightl y mor e tha n on e ton of old 
paper . 

Besides the massive energy consumption, pa-
per productio n create s direc t ai r emission s a s 
well, whic h increase s greenhous e gase s an d 
hasten s ozon e depletio n —  addin g t o globa l 
warming . Som e of th e pollutant s ar e carcino -
genic an d al l ca n caus e toxi c healt h effects . 

The manufactur e o f one to n o f virgin pape r 
require s more water—12,000 to 22,000 gallons 
— t h an th e creation of a ton of a ny other indus -
tria l product; a ton of 3 0 - p e r c e nt recycled paper 

conserves 3,00 0 gallon s of water . 
And wastewate r fro m th e virgi n pul p an d 

paper industr y contain s thousand s o f type s of 
particle s tha t ca n acidify , cloud , and deoxygen -
ate stream s an d lakes , killin g fis h an d othe r 
species. 

Paper comprises 40 percent of m u n i c i p al soli d 
waste . The manufactur e o f just on e to n o f 30-
percent recycle d pape r avert s th e additio n o f 
thre e cubi c yards of materia l t o landfills . 

Buying recycled paper augment s deman d fo r 
the product and increases production, and many 
businesse s an d institutions , includin g th e fed -
eral government, alread y purchase recycled pa-
per. 

Finally , Tomasik concludes , buyin g recycle d 
paper woul d "enhanc e th e district' s leadershi p . 
role i n promotin g innovativ e solutions. " H e 
writes , "Th e purchas e of recycle d pape r woul d 
provide an opportunity to educate students about 
environmenta l issue s an d way s t o addres s 
them. " 

The school district, with a $70 million annua l 
budget , takes bids on 840 cases of p a p er three to 
five times a year, Tomasik tol d us. While price s 
vary, o n average , h e said , a  bi d fo r recycle d 
pape r cos t $1.5 0 mor e pe r cas e tha n recycle d 
paper . The bids received in April of 2 0 04 showed 
recycled pape r woul d hav e cos t a n additiona l 
$1,240 (a n increas e o f 8. 6 percen t ove r th e 
virgin price ) whil e th e bid s i n th e fal l o f 200 4 
showed recycle d pape r woul d hav e cos t $1,00 8 
more (a n increas e of 5.9 percent) . 

Environmentally-sensitiv e purchasin g i s al -
ways more expensive, said board member Rich-
ard Weis z a s th e schoo l boar d discusse d th e 
issue last week. He suggeste d occasionall y buy-
ing recycle d paper . 

Board President William Brinkma n sai d tha t 
might b e a possibilit y "i f economi c time s wer e 
better. " 

"In th e rea l world, " said Brinkman , "th e eco-
nomics of running a  publi c schoo l compe l us t o 
be very fiscally conservative...W e have to watch 
every dolla r we spend...Economic s ten d to con-
trol th e decision s we make. " 

The boar d decide d on th e les s expensiv e vir -
gin paper . 

Such decision s ar e bein g mad e by the consci -
entious guardian s o f publi c fund s everywher e 
in our country. But we would argue the public is 
bette r serve d if efforts ar e made to preserve our 
world fo r futur e generations . 

We receive d thi s wee k ou r winte r issu e o f 
Planning News, publishe d b y th e Ne w Yor k 
Plannin g Federation. An article, "A Clean Wind 
in Dutches s County, " highlighte d th e tow n of 
Pleasan t Valley, popula t ion 10,000, which made 
nationa l new s las t fal l whe n i t decide d t o pur -
chase 10 0 percen t o f it s electricit y fro m win d 
turbines . 

The move is costing the town about 15 percent 
more — at an annua l cos t of about $2 more pe r 
household. 

"I expecte d t o ge t som e complaint s fro m th e 
community, " said the supervisor , "but we didn' t 
get an y complaint s fro m anyone . I n fact , w e 
even got a coupl e of'attaboys!' " 

He sai d th e saving s com e i n th e for m o f 
protectin g th e environment . Pleasan t Valley' s 
decision to use wind powe r create s no pollutio n 
and r e l i e v es the atmosphere annually of 3 5 6 , 0 00 
pounds o f carbo n monoxide , a  mai n global -
warmin g gas . 

"We ma y b e payin g a  littl e extra, " sai d th e 
supervisor , "but we're reducing our dependenc e 
on fossil fuel . We think it' s wel l worth i t for th e 
future." 

We ar e currentl y destroyin g ou r worl d fo r 
future generation s wit h ou r gluttonou s con -
sumption . The pressur e to preserv e ma y not be 
as immediat e a s th e pressur e t o pas s th e nex t 
school budget , but , i n th e lon g run , resident s 
may well appreciat e th e foresigh t of those who 
inspir e us , lik e Tomasik , t o mak e th e worl d a 
bette r place . 

The schoo l boar d migh t eve n hea r som e 
"attaboys! " if it took the bold step of purchasin g 
recycled paper . ^ 

"Perhap s mos t importantly, " wrote Tomasi k 
to the board , "thi s woul d se t a goo d exampl e to 
students , pa ren t s, and citizens, both within an d 
beyond the district , of t he importanc e of taking 
smal l bu t essentia l action s tha t hel p to ensur e 
a mor e sustainabl e worl d fo r posterity. " 

*a 

Meet the candidate s 
at the Altamont library 
To the Editor : 

I a m writin g t o clarif y som e 
misconception s regardin g th e 
Meet th e Candidate s Nigh t tha t 
the Altamon t Fre e Librar y i s 
sponsoring o n Thursday , Marc h 
3. As a library , ou r missio n i s t o 
engende r communicatio n an d 
information i n a variet y of ways. 

In th e past , whe n a n electio n 
has bee n conteste d in ou r village , 
the librar y ha s sponsore d Mee t 
the Candidat e forum s so tha t th e 
citizens o f th e villag e ca n hear , 
from thos e runnin g fo r office , 
thei r view s o n th e issue s tha t 
affect th e residents . 

The Leagu e o f Wome n Voter s 
is a  non-partisa n grou p traine d 
to conduc t suc h forums . I t doe s 
thi s throughou t th e Unite d 
State s a s a servic e in it s missio n 
to "encourag e th e informe d an d 

active participatio n of citizens in 
government ; wor k t o increas e 
understandin g o f majo r publi c 
policy." 

By requesting tha t thi s organ -
ization assis t wit h th e coordina -
tion of thi s forum , a s i t ha s don e 
in th e pas t her e in Altamont , th e 
perception of bias an d prejudic e 
is removed . 

The boar d o f trustee s o f th e 
library invite s al l of the peopl e of 
Altamon t t o join i n hearin g th e 
views of the mayora l candidate s 
and meetin g th e truste e candi -
dates o n Thursday , Marc h 3 , a t 
7:30 p.m. at th e St . Lucy's Paris h 
Center. 

BarbaraJ . Quackenbush , 
Presiden t 
Altamon t Fre e Librar y 
Boar d o f Trustee s 

Less incendiary course would 

tolerate individual expressio n 
To the Editor : 

Jerr y Oliver' s lette r in th e Feb. 
17 editio n o f th e pape r mad e 
unfai r an d misleadin g claim s 
abou t tw o loca l organizations , 
Altamon t Communit y Traditio n 
and th e Leagu e o f Wome n 
Voters. 

ACT, Jerr y claims , "ha s be -
come a  politica l vehicle, " be-. , 
cause som e o f it s board'-mem -
ber s hav e publicl y supporte d 
one mayora l an d on e truste e 
candidat e i n th e upcomin g vil -
lage election . ACT' s bylaw s d o 
not allo w politica l endorsement s 
as a n organization , bu t individ -
ual member s ar e fre e t o expres s 
themselve s a s the y please , a s i t 
should be. 

Jerr y goe s o n t o sa y tha t th e 
League o f Wome n Voter s repre -
sent s som e sor t o f bureaucrati c 
"intrusion " int o Altamon t b y 
conductin g a  mayora l debate . 

This non-partisa n organizatio n 
performs a  vita l servic e t o citi -
zens wh o woul d lik e t o se e an d 
hea r wha t candidate s thin k an d 
hav e t o sa y abou t importan t 
issues. I  fai l t o se e ho w thi s con -
stitute s a n "unnecessary " even t 
for Altamon t a t a  tim e whe n 
resident s hav e man y candidate s 
to conside r fo r mayo r an d 
truste e positions . 

I don' t fee l i t i s helpfu l t o 
derid e entir e organization s i n 
our communit y whe n yo u ma y 
differ i n opinio n wit h som e 
individual s i n thos e groups . An d 
"a les s incendiar y cours e fo r th e 
future, " i t woul d seem , i s on e 
tha t i s mor e toleran t of individ -
uals ' righ t to express themselve s 
politically , regardles s o f thei r 
choice of candidate . 

Gre g Giorgi o 
Altamon t 

ACT is not politica l 
To The Editor : 

I a m writin g i n respons e t o 
Jerr y Oliver' s comment s i n las t 
week's Enterprise regardin g th e 
natur e o f th e Altamon t Com -
munit y Tradition . A s indicate d 
in our missio n statement , ACT is 
a non-profi t organizatio n dedi -
cate d t o communit y servic e 
through education , revitalizatio n 
efforts, resourc e assistance , an d 
commun-it y involvement , wit h 
emphasi s o n th e historic , cul -
tural , economic , architectur e an d 
landscap e environmen t withi n 
the villag e o f Altamon t an d it s 
surroundin g area . 

The wor d "political " is no t in -
cluded in tha t statemen t fo r th e 
simple reaso n tha t AC T i s no t a 
political organization . 

Some of the event s wit h whic h 
our organizatio n ha s bee n in -
volved thi s pas t yea r includ e 
Altamon t Gree n an d Clean , the ' 
Spring Cantee n honorin g home -
town hefoe s Cind y Pollar d an d 
Phylli s Schilling , th e Village -
wide Picni c a t Bozenkil l Park , 
and th e Victoria n Holiday . 
. I n plannin g an d carryin g ou t 
thes e event s w e hav e worke d 
wit h severa l othe r communit y 
group s suc h a s th e Altamon t 
Fre e Library , th e Communit y 
Caregivers , th e Masons , an d 
local troop s o f Gir l Scout s an d 

Boy Scouts , a s wel l a s th e 
village. 

We ar e extremel y fortunat e t o 
have a  boar d o f director s com -
prise d o f 2 0 people , a s wel l a s 
other members , who car e deepl y 
abou t Altamon t an d ar e ver y 
active in th e communit y bot h a s 
member s of ACT an d a s individ -
uals . I n ou r nation' s democrati c 
system o f government , individ -
ual citizen s hav e th e righ t t o 
express thei r ow n opinion s an d 
beliefs. In voicing persona l ideas , 
hopes , o r concern s abou t th e 
upcoming villag e election , non e 
of the boar d member s ha s eve r 
claimed to represen t a  consensu s 
viewpoint on the par t of ACT. 

If anyon e ha s an y question s 
about th e Altamon t Communit y 
Tradition , pleas e fee l fre e t o 
contac t m e a t 861-3660 . Th e 
public i s welcom e t o atten d ou r 
monthl y boar d meetings , whic h 
are typicall y hel d in the Masoni c 
Hall o n Mapl e Avenue , o n th e 
second Tuesda y of the month , a t 
7 in th e evening . Th e nex t meet -
ing wil l be Tuesday , Marc h 8, a t 
7 at the Masoni c Hall. 

If yo u woul d lik e mor e infor -
matio n abou t ou r organization , 
please plan to attend . 
Bet h Shaw , Presiden t 
Altamon t Communit y 
Traditio n 
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Abstract

In this review article, we explore how surface-level ozone affects trees and crops with special emphasis on consequences for
productivity and carbon sequestration. Vegetation exposure to ozone reduces photosynthesis, growth, and other plant functions.
Ozone formation in the atmosphere is a product of NOx, which are also a source of nitrogen deposition. Reduced carbon
sequestration of temperate forests resulting from ozone is likely offset by increased carbon sequestration from nitrogen fertilization.
However, since fertilized croplands are generally not nitrogen-limited, capping ozone-polluting substances in the USA, Europe, and
China can reduce future crop yield loss substantially. To cite this article: B.S. Felzer et al., C. R. Geoscience 339 (2007).

# 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Impacts de l’ozone sur les arbres et les récoltes. Dans cette revue, nous explorons la manière dont l’ozone affecte, au niveau
de la surface, les arbres et les récoltes, en mettant en particulier l’accent sur les conséquences quant à la productivité et à la
séquestration du carbone. L’exposition de la végétation à l’ozone réduit la photosynthèse, la croissance ainsi que d’autres fonctions
de la plante. La formation d’ozone dans l’atmosphère est imputable aux oxydes d’azote NOx, qui constituent aussi une source de
dépôt d’azote. La séquestration du carbone issu de l’ozone, réduite dans les forêts tempérées, est vraisemblablement compensée par
l’augmentation de la séquestration du carbone issu de la fertilisation azotée. Cependant, comme les sols fertilisés ne sont en général
pas limités en ce qui concerne leur teneur en azote, les recouvrements de substances polluant l’ozone peuvent réduire sensiblement
les pertes en termes de rendement des récoltes aux États-Unis, en Europe et en Chine. Pour citer cet article : B.S. Felzer et al., C. R.
Geoscience 339 (2007).

# 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Changes in land use and in the chemical composition
of both the atmosphere (increased CO2 and O3

concentrations) and precipitation (increased nitrogen
concentrations) during the last century have directly
affected biogeochemical cycling of vegetation and soils.
Increased atmospheric CO2 levels and changing land-use
patterns, such as conversion of land to agriculture, have
also indirectly affected the biota through changes in
climate. Besides positive CO2 and nitrogen fertilization
effects and direct consequences of land-use change, air
pollutants have had a significantly negative effect on
vegetation productivity and cropyield since the latter half
of the 20th century. Over 90% of vegetation damagemay
be the result of tropospheric ozone alone [1]. In this
article, we provide reviews of (a) ozone formation and
related air-quality issues, (b) ozone affects on plants, (c)
modeling studies that explore the effects of ozone on
vegetation, (d) regional-scale consequences of ozone and
nitrogen deposition on vegetation and crop responses
using biogeochemical and atmospheric chemistry mod-
els, and (f) future consequences of ozone on crop yield,
carbon storage and the economy.

2. Ozone formation and air-quality issues

Tropospheric ozone production is the result of
photochemical reactions of carbon monoxide (CO),
methane (CH4), and other hydrocarbons in the presence
of NOx (NO + NO2). Net reactions include [91]:

NO2 þ O2 ÐNOþ O3 (1)

COþ 2O2 ÐCO2 þ O3 (2)

CH4 þ 4O2 !HCHOþ H20þ 2O3 (3)

(both (2) and (3) depend upon reactions with OH and

with NOx as they occur in (1)). Ozone destruction is also

the result of photochemical reactions, involving NO,

HO2, or OH. NOx is primarily a product of fossil fuel

combustion (63%), but is secondarily a result of bio-

mass burning (14%), lightning (10%), soils (11%), and

other small sources [35]. Hydrocarbons are also the

result of fossil fuel emissions, as well as direct evapora-

tion of fuel, solvent use, chemical manufacturing, and

natural vegetation [58]. Natural vegetation is a source of

volatile organic compounds (VOCs), which decompose

into peroxy radicals (RO2, where R is an organic

radical), which react with NO to produce NO2 [42].

In urban regions with high concentrations of NOx,

ozone production is generally VOC-limited, whereas

in suburban or rural regions with low NOx levels, ozone

production is NOx-limited. Ozone is also transported

into a region by local winds and downward from the

stratosphere [71]. The different spatial distributions of

NOx and VOC production, as well as NO destruction of

ozone, often result in the largest ozone concentrations

downwind of urban centers, rather than in urban areas

themselves [25,58].

Ozone production occurs during times of high
temperature and solar radiation, such as during stagnant
high pressure systems in summer [58]. Whereas natural
ozone production is expected to reach a maximum in
early spring [94], current maxima often occur during
summer due to increased NOx and VOC emissions [58].
Industrial continental regions tend to have maximum
ozone values in the late afternoon and minimum values
in the early morning hours. In contrast, marine and high
latitude sites have maximum ozone values before
sunrise and lowest values in the afternoon due to low
NOx concentrations and therefore low ozone production
and strong ozone destruction [71]. Background ozone
levels in unpolluted air can be anywhere from 20–
50 ppb [92], though Lefohn et al. [47] argued for
occasional background levels over 60 ppb resulting
from stratospheric input. Polluted regions can have
ozone levels peaking as high as 400 ppb [92].

Nitrogen deposition (NOy + NHx) resulting from
nitrogen oxides emitted during fuel combustion and
ammonia volatized from agricultural processes have
increased the inputs of nitrate (NO3) and ammonium
(NH4) to forest ecosystems [62,68]. NOy is NOx plus the
compounds produced from the oxidation of NOx, such
as nitric acid (HNO3) and peroxyacetyl nitrate (PAN).
The NOx responsible for over half the total N-deposition
[63] is also responsible for the formation of ozone.
There is only a small coupling between ozone and NHx,
due to the gas-phase oxidation of NH3 by OH, which
represents only about 5% of the total loss of NHx

(D. Lucas, personal communication). While a primary
effect of NOx is to increase soil fertility, it also has
negative effects on vegetation due to acid rain and loss
of stomatal control by direct absorption into leaves
[55,100]. In an experiment on crops, Runeckles and
Palmer [86] found that daily treatments of O3 following
NO2 resulted in larger growth inhibitions than ozone
alone for radish and wheat, yet the reverse effect for
bush bean. In all cases, NO2 alone increased growth.

3. Effects of ozone on vegetation

The effects of ozone on vegetation have been studied
in both the laboratory and in field experiments, using
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controlled greenhouses or growth chambers, open-top
chambers (OTCs), or field plots [42]. We focus on trees
and crops because most studies have involved these
growth forms [52]. The majority of experiments have
applied ozone to seedlings in growth chambers (e.g.,
[51,80,108]). The most recent results come from Free
Air CO2 Enrichment (FACE) experiments that show the
interaction of elevated ozone and CO2 [46,49,50]. We
review visible injury to plants exposed to ozone, the
physiological effects of ozone on vegetation, growth
responses of plants, mechanisms of ozone response, and
the interaction of ozone and CO2. To the extent ozone
reduces growth, it affects the amount of carbon in
vegetation and soils, and the harvestable portions of
crops. The review is summarized in Table 1.

4. Visible injury and physiological effects

Visible injury resulting from chronic exposure to low
ozone concentrations includes changes in pigmentation
or bronzing, chlorosis, and premature senescence after
chronic exposure to low ozone concentrations. Flecking
and stippling may occur after acute exposure to high
ozone levels [42]. For some tree species, such as yellow
poplar [96], loblolly pine [59,60], and white pine [4],
there is a correlation between visible injury and
reductions in growth, while in many studies for a wide
range of species, including some of the above, there
does not appear to be a correlation [11,80,83].

Physiological effects of ozone exposure include
reduced photosynthesis, increased turnover of antiox-
idant systems [74], damage to reproductive processes
[10], increased dark respiration [26,101], lowered
carbon transport to roots [16], reduced decomposition

of early successional communities [41], and reduced
forage quality of C4 grasses [66,78]. Response to ozone
appears to vary considerably among species. Results for
red spruce showed no change in photosynthesis with
elevated ozone [11]. Reich and Amundson [83] found a
50% reduction in photosynthesis for crops such as
clover and wheat, but only a 10% reduction for
white pine. Results vary even within the same species:
Some studies of loblolly pine have shown reductions
in photosynthesis while other studies have shown
no effect. Using a linear model to summarize about
20 OTC experiments each for conifers, hardwoods,
and crops, Reich [82] postulated that an ozone dose
of 20 ppm#results in a photosynthesis reduction of
7% for conifers, 36% for hardwoods, and 73% for crops.

5. Growth responses

Reduced photosynthesis results in decreased growth
rates, which are often measured as either volume or
biomass. Reich [82] determined that the reduction in
photosynthesis described above resulted in a growth
reduction of 3% for conifers, 13% for hardwoods, and
30% for crops. In contrast to the Reich and Amundson
[83] linear model, Percy et al. [76] recently have used
the aspen FACE data from Rhinelander, WI to show that
the growth response of aspen trees to ozone more
closely resembles a non-linear cubic regression. Pye
[80] documented a wide range of negative biomass
responses of different species to elevated ozone, with
the largest being a 69% decrease. The Southern Oxidant
Study concluded that ozone had led to a 1–25% growth
reduction in eastern U.S. forests [31], while Chappelka
and Samuelson [11] reported growth reductions of
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Table 1
Summary of ecosystem-level ozone effects. Arrows indicate that ozone exposure increases (up) or decreases (down) the variable. Dark arrows
indicate agreement among a wide range of studies, while clear arrows indicate less certain results

Tableau 1
Récapitulatif des effets de l’ozone au niveau de l’écosystème. Les flèches indiquent que l’exposition à l’ozone augmente (flèche vers le haut) ou
diminue (flèche vers le bas) la variable. Les flèches pleines indiquent la concordance des résultats dans une large gamme d’études ; les flèches claires
indiquent des résultats moins certains

Variable O3 Effect Examples of primary source Frequently cited Synthesis Article

Visible injury [12] [95]

Photosynthesis [83] [82]

Stomatal conductance [101] [82]

Dark respiration [101]

Tree biomass [36] [80]

Crop yield [65] [30]

Root growth [59,60]

Decomposition [34]

Nitrogen uptake [98]



0–10% per year. The Southern Appalachian Mountains
Initiative concluded that black cherry and yellow poplar
were the most sensitive to ozone, while red maple,
loblolly pine, and northern red oak were intermediate,
and red spruce the most tolerant [31]. Synthesizing the
growth reductions of loblolly pine in the Southeast
USA, the Southern Commercial Forest Research
Cooperative concluded that ozone was responsible
for a 2–5% annual growth reduction [100]. The Mid-
Atlantic Integrated Assessment [31] concluded that the
biomass of black cherry decreased by 27%, yellow
poplar by 16%, and loblolly pine by 1%.

Many studies have detailed the reduction of crop
yield and photosynthesis by exposure to ozone [22].
The National Crop Loss Assessment Network
(NCLAN) program set out to study the effects of
ozone on crop yield using open-top chambers
throughout the USA [30,32,33], while a European
OTC program (EOTCP) provided a similar study in
Europe [24]. While EOTCP focused on processes and
critical levels of ozone effects on crops, NCLAN
focused on providing dose-response functions for
economic assessments [97]. NCLAN results indicate
a reduced annual soybean yield of 10% and a reduced
cotton yield of 12% for seasonal mean ozone levels
greater than 50 ppb [29], and a substantial economic
benefit of $0.7 billion for a 10% ozone reduction [1].
Corn and other monocots appeared to be less sensitive,
while results with winter wheat were highly variable
[29]. For a range of studies on spring wheat, Fuhrer
et al. [24] modeled a reduction of yield with increasing
ozone over a 40 ppb threshold, resulting in a 10%
reduction in yield for ozone levels commonly found in
southern Europe. Westenbarger and Frisvold [106]
modeled a 0.3% to 0.9% increase in corn and soybean
yield, respectively, in the eastern USA, with a 20 ppm#

summer ozone exposure standard. Spash [97] synthe-
size a wide range of economic assessments of ozone
damage to crops. In addition, he emphasizes the need to
consider the demand response resulting from reduc-
tions in crop quality as well as the supply response
resulting from reductions in crop yield. In the Reich
[82] study discussed above, the author concluded that
crops were the most sensitive and conifers the least
(with hardwoods intermediate) to ozone, since crops
have the highest conductances and conifers the lowest.
However, the lifetime effects on leaves or needles were
similar or even reversed due to the longer lifespan of
vegetation with lower conductivity [82]. Furthermore,
Pye [80] suggested that the high hardwood sensitivity
in the Reich [82] model may have been due to the
overabundance of poplar in the sample set.

6. Mechanisms of ozone response

Ozone uptake is a function of both ambient ozone
levels and stomatal conductance [58]. Ozone affects
vegetation by direct cellular damage (especially to
palisade mesophyll cells) once it enters the leaf through
the stomates. Gaseous O3 diffuses from the atmosphere,
through the stomata, and dissolves in water surrounding
the cells before entering the cells themselves [58]. The
cellular damage is probably the result of changes in
membrane permeabilities and may or may not result in
visible injury or reduced growth or yield [42]. Stomata
generally open in response to light and warmth and
close in response to aridity, water stress, and high CO2

[58]. A secondary response to ozone is a reduction in
stomatal conductance, as the stomata close in response
to increased internal CO2 that occurs because of the
reduced photosynthetic activity caused by the ozone
[82,83,87]. It has been suggested that the decrease in
stomatal conductance caused by O3 is similar in
magnitude to the 10% decrease caused by CO2

increases since pre-industrial conditions [99]. Tjoelker
et al. [101] found a decoupling between photosynthesis
and stomatal conductance as a result of long-term ozone
exposure. Generally, the stomatal control of ozone
uptake provides a coupling between environmental
conditions and ozone uptake as well as a potential
negative feedback to ozone uptake itself. Not all ozone
enters the leaves through the stomata. A smaller amount
of ozone can enter leaves by direct absorption along leaf
exterior surfaces [77].

Ozone uptake depends strongly on stomatal con-
ductance, which varies with climatic and atmospheric
conditions. While ozone may reduce stomatal con-
ductance somewhat, it generally increases water stress
by reducing root growth [59,60]. Many studies have
noted less ozone damage under drought conditions
because of the dependence on stomatal conductance
[87,93,95]. Beyers et al. [8] and Pell et al. [73] used
OTCs to determine the interacting effects of O3 and soil
moisture on radish and ponderosa pine seedlings,
respectively. For example, Beyers et al. [8] found a
biomass reduction of 19.5% for well-watered seedlings
vs. 11% for drought-stressed seedlings when exposed to
1.5 times ambient ozone levels. Results of these
experiments showed that ozone damage to biomass
was less with reduced soil moisture due to stomatal
controls. However, other studies [4,59,60] showed that
plants exhibited more ozone sensitivity under moisture-
stress conditions. Experiments with three-year-old
beech trees in growth chambers have shown that while
ozone may decrease stomatal conductance under moist
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conditions, it may actually increase stomatal conduc-
tance under drought stress [55]. Jensen and Roberts [37]
also showed higher ozone sensitivity under more humid
atmospheric conditions due to higher stomatal con-
ductance. Under future conditions of higher CO2

fertilization, it is possible that ozone damage will be
reduced due to lower stomatal conductance [22,26].

Besides stomatal controls, plant defense mechanisms
also regulate the effective ozone uptake, which is
defined as the difference between the stomatal ozone
uptake and the defensive response [57,67]. Detoxifica-
tion by chemical reactions occurs from both existing
antioxidants and those stimulated by ozone itself.
Emissions of NO within leaves also help to destroy
ozone. Because antioxidants are produced from photo-
synthates, lower levels of antioxidants at night may lead
to greater sensitivity to ozone at that time [67]. Also, as
ozone levels early in the day deplete antioxidant
supplies, plants may be subject to more effective ozone
uptake later in the day when ozone levels are normally
highest [57,67]. In addition to defense by chemical
reactions, repair of injured tissue and alteration of
metabolic pathways occurs in response to ozone [67].
Teskey [100] notes that while stomatal regulation may
limit ozone uptake, by also limiting photosynthesis, it
also reduces the availability of plant repair mechanisms.

The effects of ozone on seedlings are not generally
representative of the effects on mature trees or forest
ecosystems [11,99]. McLaughlin and Downing [59,60],
studying a mature stand of loblolly pines under natural
climatic and ozone conditions, determined a 27–50%
reduction in stem growth, largely attributed to ozone
exposure. Bartholomay et al. [4] showed strong negative
correlations between ozone and radial growth for white
pines inAcadiaNational Park. Tjoelker et al. [101] found
that shaded leaves weremore sensitive than sun-lit leaves
to ozone exposure in a mature stand of the shade-tolerant
sugar maple. Most comparisons of seedlings vs. mature
trees showed greater ozone sensitivity in seedlings,
including red spruce [81], sequoias [26], and black cherry
[23].Greater ozone sensitivity in seedlingswas attributed
to larger stomatal conductances in all of these cases.
Since leaf area increases more rapidly with age than does
transpiration, leaf-specific transpiration rates, and thus
stomatal conductances, generally decreasewith age [61].
Furthermore, older trees maintain larger hydraulic
resistances due to more complex branching and longer
vertical distances to the leaves, and this leads to lower leaf
water potential and lower stomatal conductances [11].
Studies of red oak, however, showed an enhanced
sensitivity to ozone in 30-year-old mature trees vs. two-
year-old seedlings, due to higher stomatal conductances

in the older trees [19,28,88]. The larger stomatal
conductance in mature red oak might be related to
greater demand for carbohydrates [89] or higher
concentrations of nitrogen in leaves and fine roots in
the mature trees than seedlings [90]. Both of these
differences between mature trees and seedlings would
imply greater photosynthetic rates in the older trees,
leading to higher stomatal conductances. This study
points to the difficulties of generalizing the age
dependency of tree sensitivity to ozone.

There is also a potential adaptive response to ozone
exposure [74,102]. Berrang et al. [5–7] showed that
quaking aspen from more ozone polluted areas in the
USAwere less sensitive to ozone when exposed to high
ozone levels in either greenhouses or different field
environments. Karnosky and Steiner [38] showed a
similar response to green and white ash seedlings. These
experiments implied that adaptation to high ozone
levels occurred. A suggested mechanism was growth
reduction leading to shading by faster-growing tolerant
clones [6]. The more ozone-sensitive species also
tended to have a higher genetic multiplicity and
diversity [74]. Indeed, Barbo et al. [3] showed that in
an early successional plant community, exposure to
ozone led to a less complex community structure by
affecting competitive interactions among plants.

7. Ozone and CO2

Increasing CO2 levels in the future might counteract
some of the negative effects of ozone on vegetation
growth and productivity. Several Aspen FACE experi-
ments were designed to study such interactive effects. In
the Aspen FACE study in northern Wisconsin [39,40]
seedlings of aspen, birch, and maple were studied to
determine the effects of CO2 (ambient vs. 560 ppm) and
O3 (ambient vs. 1.5$ ambient) together and indepen-
dently onphotosynthesis and growth.Karnosky et al. [39]
found that the elevated ozone levels completely offset the
growth enhancements from the elevated CO2 concentra-
tions.An interactive effect betweenCO2 andozonemight
be expected as ozone uptake is reduced by the lower
stomatal conductance at elevated CO2. Karnosky et al.
[40] showed that ozone reduced height and diameter
growth of aspen in both ambient and elevated CO2

environments, but birch growth was reduced only in
elevated CO2 (relative to elevated CO2 alone). Similarly,
ozone exposure reduced maximum photosynthetic rates
in aspen by 20% and 28%, and in birch by 0% and 17%,
under ambient and elevated CO2, respectively. Sugar
maple experienced no ozone effects until the fourth year
of growth in bothCO2 environments. These results do not
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support the hypothesis of reduction in ozone uptake due
to stomatal closure at elevated CO2, and indicate a
negative interactive effect between CO2 and ozone.
Using these data, Kubiske et al. [43] showed that
interannual variability of climate mediated most of the
aspen growth response to both CO2 and O3, with the
environmental drivers of July radiation and October
temperatures enhancing both effects.

The SoyFACE experiment at the University of Illinois
at Urbana-Champaign has been established to look at the
effects of CO2 and ozone on soybean. Slower senescence
from elevated CO2 levels of 550 ppm was offset by
accelerated senescence from elevated ozone levels at
23% above ambient levels [17]. Morgan et al. [65] found
substantial decreases in above-ground net primary
production (NPP) of 11% during 2002 and 23% during
2003 as a result of the increased ozone levels during
2002–2003. However, Christ et al. [13] found no
significant ozone effects on crop yield in 2004, which
they attributed to a lack of drought stress and lower
ambient ozone levels during 2004. This study suggests
the importance of climatic conditions to the overall ozone
effect. Long et al. [49] used SoyFACE results to conclude
that ozone damage to crops may outweigh any gains
resulting from CO2 fertilization. They found yield
increases of 15% for soybean under CO2 elevation to
%560 ppm, comparable to the reduction in yield due to
elevated ozone. Since no factorial analysis includingCO2

and ozone together has yet been performed for a
commercially important crop species under free-air
conditions, much more experimental work remains to be
done, and it must suffice for now to simply compare the
magnitudes of the CO2 and ozone effects. An important
factor in such a comparison is that the magnitude of
ozone damagevaries greatlywith crop species; according
to work by Long et al. [49], maize and rice are much less
susceptible to ozone than wheat and soybean. In terms of
CO2 fertilization, species is less important than photo-
synthetic pathway; C4 crops likely have little to gain
fromelevatedCO2 in the absence ofwater stress [46], and
although estimates of C3 crop gains from CO2

fertilization differ widely and are hotly disputed
[50,103], they are almost certainly non-negligible. The
ozone and CO2 fertilization effects are thus clearly the
same order of magnitude, but their relative magnitudes
and interactive effects are still highly uncertain and
dependent on both species and environmental conditions.

7.1. Modeling ozone effects on plants

Understanding the experimental results and extra-
polating across large regions involves the use of

numerical models. Modeling the effects of ozone on
vegetation can involve simple regression analysis,
plant-physiological models, or ecosystem-scale models.
At the ecosystem scale, empirical relationships deter-
mine the effect of ozone on photosynthesis over the
course of the growing season. The plant physiological
models are able to make use of the diurnal cycle to
determine more directly how ozone impedes the
photosynthetic apparatus. In either case, some assump-
tions about how ozone affects photosynthesis or
stomatal conductance are required. These ozone effects
are often in the form of dose-response relationships
developed from experimental data, and generally
involve accumulated measures of ozone uptake.

Dose-response functions have been developed to
quantify the effects of ozone on photosynthesis. Dose is
the amount of O3 available during the response period
and is defined as the O3 concentration multiplied by the
duration of exposure [42]. While doses measure the
concentration over a period of time, because of
antioxidant defenses, ozone is often observed to affect
vegetation only after surpassing certain threshold levels
[57]. Under low antioxidant conditions, plants may have
a much lower ozone threshold [83,105]. Different ozone
indices that account for threshold effects include the
AOT40, SUM06, and W126 indices. The AOT40 index
is the sum of the amounts by which hourly ozone
concentrations exceed a threshold of 40 ppb over the
growing season and during daylight hours. The SUM06
is the sum of the hourly ozone concentrations over
60 ppb over the growing season and during daylight
hours. The AOT40 index has commonly been used to
define critical levels of ozone in Europe [24], whereas
the SUM06 index has commonly been used in the USA,
based upon crop-yield studies. Although the threshold
for SUM06 is higher, once it is reached, it accumulates
more rapidly than AOT40 [58]. The W126 index
weights each hourly value by a sigmoidal weighting
scheme, so that low ozone values are not completely
ignored [106]. Other non-threshold indices have been
developed to provide a metric for human health in North
America, such as the 3-year average of the annual fourth
highest daily maximum 8-hour ozone concentrations,
which Percy et al. [75,76] have shown is highly
correlated, along with environmental variables like
wind speed and growing degree days, to Aspen growth
at the Aspen FACE site in Rhinelander, WI. Flux-based
dose-responses account for stomatal conductance to
determine the ozone uptake, and may include a
threshold such as the flux-based AOT40 used here or
in the Ollinger et al. [67] study. Pleijel et al. [77]
compared a number of these indices for wheat and
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potatoes and concluded that the threshold-based flux
index best captured ozone damage to crop yield.

Tree physiology models enable us to better under-
stand the processes by which ozone affects plant
photosynthetic apparatus and carbon allocation among
different parts of the plant. These models are based on
single trees and normally operate at the hourly time
step, and therefore directly compute the effects of the
diurnal ozone cycle [15]. These models can also
account for carbon allocation among roots, stems, and
leaves, thereby allowing for differential ozone effects
on each of these plant parts. Such differential effects
may be another explanation for the age-variant
sensitivity to ozone; more mature trees may be able
to offset some carbon loss in leaves by drawing from a
larger pool of labile carbon [15]. The TREGRO model
reduces mesophyll conductance to simulate the effects
of ozone. The model has been used [107] to show that
the effects of ozone on aspen are highly dependent upon
external environmental conditions and can even be
more sensitive with less ozone exposure under certain
meteorological conditions. The effects of ozone on
aspen were also studied using the tree physiological
model ECOPHYS, which includes ozone effects on
photosynthesis and stomatal conductance and explicitly
accounts for the detoxifying effects of antioxidants by
enabling ozone damage only when plant defenses are
overwhelmed. Simulations with ECOPHYS [56] found
that there were substantial differential effects on leaves,
roots, and stems, with stem dry matter and diameter,
leaf biomass and area, and root growth being most
sensitive to ozone exposure. Combining the TREGRO
model with the stand-level ZELIG model for loblolly
pine and yellow-poplar, Laurence et al. [45] showed that
moderate ozone effects on individual trees may result in
large effects at the stand-level, as the more ozone-
sensitive species suffer competitive exclusion.

It is possible to make more accurate estimates of
ozone uptake by using eddy covariance data along with
Soil-Vegetation- Atmosphere-Transfer (SVAT) models
to determine the flux of ozone entering the leaves. The
SVAT models are resistance-flow models that represent
the exchange of fluxes between the atmosphere and
surface by a resistor-network analogue. While eddy
covariance fluxes can provide the total flux into the
canopy, the SVATmodels are used to partition the fluxes
between stomatal absorption, external surfaces, and the
soil [27,67]. Using these methods at a sitka spruce site in
Scotland, Coe et al. [14] found that rates of ozone
uptake by vegetation at midday were up to three times
higher than could be explained by stomatal considera-
tions alone, which suggests the importance of a further

mechanism for ozone removal, such as photochemical
destruction at the leaf cuticles.

Ecosystem-scale models enable us to extrapolate
effects on individual trees to entire ecosystems and
regions to determine, for example, how ozone affects
vegetation productivity on the continental-scale. In one
of the early ecosystem-scale studies, Ollinger et al. [69]
used the PnET-II forest ecosystem model to study the
effects of ozone on hardwoods at 64 sites in the
northeastern USA for the late 1980s through the early
1990s. They found a reduction in net primary
productivity (NPP) of between 3–16%, with less of a
reduction on drier sites due to lower stomatal con-
ductance. Ollinger et al. [70] later applied their ozone
algorithms to a version of PnET (PnET-CN) that included
N cycling to evaluate the interactive effects of CO2, O3,
andNwithin a context of historic land use changes for the
hardwoods at the same sites in the northeastern USA.
They found that ozone reduced forest growth and C
storage, and so partially compensated for the stimulatory
effects of CO2 fertilization andN deposition. Felzer et al.
[20] applied the Reich [82] and Ollinger et al. [69]
models to conifers and crops to extrapolate across the
conterminous USA. In these extrapolations, they found a
3–7% decrease in NPP from 1989–1993 and a reduction
in carbon sequestration from 18–38 Tg C yr&1 since the
1950s, with largest damage in the midwestern croplands.
In a global analysis, Felzer et al. [21] determined that the
most severe ozone damage to vegetation occurred in
three hotspots, the southeastern and midwestern USA,
eastern Europe, and eastern China. From that modeling
study, Felzer et al. [21] estimated that during 1989–1993
ozone decreased the NPP by 7.0% in the USA, 11.2% in
Europe, and 7.2% in China. Chameides et al. [9] used an
atmospheric chemistry model along with a regional
climate model to estimate that the yield of winter wheat
in much of southeastern China may be suppressed by
more that 10% due to high ozone levels. Wang and
Mauzerall [104] explored the effect of ozone on crop
yields in 2020 for China, Japan, and South Korea and
showed an 82% cost increase over 1990 for China. In
another modeling study of crops in China, Aunan et al.
[2] concluded that management could take advantage
of different crop sensitivities to ozone to reduce future
crop loss.

Since nutrient availability plays a strong role in
governing the productivity of many ecosystems,
accurately modeling the effects of ozone on the carbon
cycle requires some assumptions about the effects of
ozone on nutrient cycling. Models that include N-
cycling, for example, may simulate a shift towards less
N-limiting conditions if carbon uptake is lowered

B.S. Felzer et al. / C. R. Geoscience 339 (2007) 784–798790



without also lowering N uptake. In a study involving
trembling aspen and paper birch at aspen FACE,
Lindroth et al. [48] found that C:N was unaffected by
ozone in aspen, but changes in birch, with the direction
of change dependent on atmospheric CO2 concentra-
tion. Holmes et al. [34], also using data from the aspen
FACE, showed that elevated ozone decreased gross N
mineralization and microbial biomass N through both
limits to quantity of plant litter and changes to litter
quality. Swank and Vose [98] inferred reduced N-uptake
in pines exposed to high ozone levels, due to higher NO3

concentrations in runoff. Reducing the C:N ratio may
have the reverse effect by increasing decomposition and
net N mineralization, allowing for more uptake by
vegetation [20].

7.2. Ozone and nitrogen deposition in forests

We have developed new analyses to determine the
interactive effects of ozone and nitrogen deposition at the
regional scale, since any realistic assessment of the
regional ozone damage to natural ecosystems should also
consider the accompanying fertilization effects of
nitrogen deposition. Using atmospheric chemistry
models, we previously developed a global AOT40 map
(Fig. 1a) by combining the current-day Multiscale
Atmospheric Transport and Chemistry (MATCH) model
ozone distribution with zonal hourly data from the
Massachusetts Institute of Technology (MIT) Integrated
Global SystemsModel (IGSM) [21]. Because theAOT40
is a threshold index, levels are zero in the early half of the
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Fig. 1. (a) Global AOT40 concentrations of ozone (ppmhr) from MATCH and MIT IGSM models for 1980s and 1990s. (b) Global NOy deposition
from MOZART2 model (mgN/m2) since pre-industrial times.

Fig. 1. (a) Concentrations globales AOT40 d’ozone (ppmhr), issues des modèles MATCH et MIT IGSM pour les années 1980 et 1990. (b) Dépôt
global de NOy selon le modèle MOZART2 (mgN/m2) depuis l’époque préindustrielle.



20th century. Using the Model for Ozone and Related
Chemical Tracers, version 2 (MOZART2) [44], we have
determined the NOy deposition due to anthropogenic
factors by subtracting the pre-industrial 1890 NOy from
the 2000 levels (Fig. 1b). Fossil fuel combustion is
responsible for the N in NOy, which is the same N that is
responsible formuch of the formation ofO3. Themapped
patterns show an overall similarity in the hotspots
between the two pollutants, including the eastern USA,
Europe, and eastern China. In the USA and in Europe,
ozone levels are generally higher relative to NOy further
south due to the photochemical predominance of ozone
synthesis. Ozone has longer atmospheric residence times
than NOx, on the order of days toweeks rather than hours
to a day [91], so atmospheric transport of ozone also
accounts for some of the differences.

Assuming that most croplands are fertilized so that
ozone damage will occur regardless of natural
N-deposition levels, we asked whether or not the
positive effects of NOy on carbon sequestration
outweigh the negative effects of ozone in forested
regions. Because boreal forests do not utilize NO3 as
efficiently as temperate forests [18], we focused on
temperate forests for this discussion. We used the
Terrestrial Ecosystems Model (TEM version 4.3) to
determine the ozone effects [21] in temperate forested
regions of the USA, Europe, China, and the globe.
Ozone exposure reduces carbon storage between 10–
20 Tg C amongst the USA, Europe, and China, and by
73 Tg C globally in the 1980s and 1990s (Table 2).

We made stoichiometric assumptions to estimate the
carbon sequestration rates due to NOy deposition [62].
For our high estimate, we assumed that 13% of nitrogen
goes into the woody biomass [53], with a C:N of 500
[68], and the remaining 87% is distributed between soils
and non-woody biomass with C:N of 30. These
assumptions imply that one gram of nitrogen sequesters
91 grams of carbon at the ecosystem level. Nadelhoffer

et al. [68] found that N deposition has only a limited
effect on carbon sequestration, because they assumed
that only 5% is taken up by woody biomass, with 70%
of the nitrogen going into the soils, 15% going into non-
woody biomass, and 10% leached from the system. For
our low estimate we used their assumptions, but applied
a lower C:N of 300 for the woody biomass [64]. This
calculation implies that one gram of nitrogen sequesters
40 grams of carbon at the ecosystem level. Under the
high estimate, NOy deposition resulted in an excess gain
of 70–85 Tg C yr&1 in the three regions, while the lower
estimate is in the range of 30–37 Tg C yr&1.

The results of this analysis show that, in all cases, the
benefits of NOy deposition on carbon sequestration
outweigh the negative effects of ozone on carbon
sequestration in temperate forests. Therefore a complete
carbon budget in non-managed ecosystems must
consider the compensating effects of both ozone and
NOy to provide an unbiased view of the net carbon
storage. While the results of N deposition are usually
positive, large levels of N deposition to pines at
experimental sites in Harvard Forest have shown
biomass reductions or even tree mortality, and similar
consequences are likely in Europe as a result of high N
deposition [53,54]. In these cases, nitrogen doubly
damages the ecosystem, by both toxically enriching the
soil, and enhancing the production of ozone.

7.3. Modeling future effects of ozone on crop yields,

carbon storage, and the economy

In managed ecosystems such as croplands, however,
where the sensitivity of specific crops to ozone is
sometimes severe, reducing ozone levels can sign-
ificantly increase crop yield and carbon sequestration.
As these agricultural lands are often heavily fertilized,
reducing ozone levels will have no negative effect of
reduced nitrogen deposition. Pell et al. [72] showed
ozone damage to radish dry weight was negligible under
low nitrogen conditions, but significant under high
nitrogen.

Future effects of ozone depend on projections of
economic activity, emissions of ozone precursors and
other substances, and translationof impacts onvegetation
to effects on yields and carbon storage. The consequent
economic effects can then bevalued in termsof impact on
agricultural markets and GHG mitigation costs. Such an
analysis was carried out by Felzer et al. [21] and Reilly
et al. [85] for different scenarios of greenhouse gas
emission and pollution controls using the MIT IGSM
[79,84]. These scenarios encompass a factorial with
two pollution possibilities, policy or business-as-usual
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Table 2
Carbon sequestration resulting from ozone and nitrogen deposition for
temperate forests (Tg C yr&1)

Tableau 2
Séquestration du carbone résultant de l’ozone et du dépôt d’azote dans
les forêts tempérées (Tg C yr&1)

Globe China USA Europe

Ozone –73.3 –13.0 –18.1 –19.8
NOy dep 3.0 0.8 0.9 0.8
Lo NOy Cseq 119.2 31.7 37.0 30.7
Hi NOy Cseq 271.2 72.1 84.1 69.9
Total (lo) 45.9 18.7 18.9 11.0
Total (hi) 197.9 59.1 66.0 50.1



(BAU) and two greenhouse gas stabilization
possibilities, policy or BAU. They include a pollution
case that allows greenhouse gases (GHG) and pollutant-
gas emissions to continue increasing unabated (pol); a
pollution-capped scenario that assumes no regulation of
GHG emissions, but involves capping the pollutant
gases everywhere at 2005 levels (polcap); a GHG
stabilization scenario that assumes significant reduction
in GHG emissions by 2100 equivalent to a 550 ppm
stabilization (gstab); and a scenario that applies both
pollution caps and GHG stabilization (gstabcap).

Reilly et al. [85] examined the effects of ozone on
global yields, finding the largest effects occurred in
Europe, the USA, and China where ozone levels are
projected to be highest.1 Modeled results for these three
regions (Table 3) show decreases of crop yields from
ozone exposure in 2100 of 74 to 82% for the pol scenario,
46 to 70% with either pollution or GHG limits, and 25 to
31% with both pollution and GHG limits (Fig. 2).
Benefits of lower ozone occurred with GHG limits as
well as with pollution limits, with the largest benefits
occurring when both GHG and pollution caps were in
place. Assuming a GHG stabilization policy is enacted,
pollution caps in China result in 133% more yield than
with no caps, as compared to 76% and 53% in the USA
and in Europe, respectively. The global economic loss
associated with ozone damage to crops, pasture, and
forestry was 0.8% ($8 trillion) of the net present value of
total macroeconomic consumption between 2005 and
2100 discounted at 5%. Net present value (NPV) benefits
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Fig. 2. Expected loss of crop yield due to ozone for four scenarios for
(a) the USA, (b) Europe, (c) China, and (d) the globe, in Tg C/yr.
Scenario 1 assumes business-as-usual (pol), scenario 2 assumes
pollution caps everywhere at 1995 levels (polcap), scenario 3 assumes
greenhouse gas stabilization at 550 ppm by 2100 (gstab), and scenario
4 assumes both pollution caps and greenhouse gas stabilization
(gstabcap).

Fig. 2. Perte de rendement des récoltes due à l’ozone attendue, selon
quatre scenarios pour (a) les États-Unis, (b) l’Europe, (c) la China, et
(d) le globe, in Tg C/an. Le scénario 1 suppose un état habituel de la
situation, le scénario 2 des recouvrements de pollution partout aux
niveaux de 1995, le scénario 3 une stabilisation des gaz à effet de serre
à 550 ppm en 2100, et le scénario 4 prend en compte à la fois les
recouvrements de pollution et la stabilisation des gaz à effet de serre.

1 Scenarios as included in Reilly et al. [85] with additional infor-
mation from the authors. Discounted at 3% the global economic loss
associated with ozone damage to crops, pasture, and forestry was
1.1% ($24 trillion) of the net present value of total macroeconomic
consumption between 2005 and 2100. Net present value (NPV)
benefits of avoided ozone damage associated with GHG limits were
0.4% ($9.5 trillion) and benefits of capping pollution were 0.53% ($12
trillion) with both a pollution cap and GHG limits [85].



of avoided ozone damage associated with GHG limits
were 0.3% ($3.2 trillion) and benefits of capping
pollution were 0.55% ($5.7 trillion) with both a
pollution cap and GHG limits [85].

Felzer et al. [21], using the future scenarios
described above, assessed the effects of reduced carbon
sequestration resulting from ozone exposure on attain-
ing a CO2 emissions target of 550 ppm by 2100, where
the value of carbon storage was estimated as the avoided
cost of mitigation from fossil fuels needed to achieve
the same atmospheric CO2 limit. Globally, ozone
reduced the accumulated carbon uptake by 2100 by
58 Pg C in the scenario without pollution caps, but only
by 16 Pg C with caps. They found that reduced carbon
uptake due to ozone damage would increase the NPV
macroeconomic consumption cost of the GHG policy
by about 0.45% ($4.5 trillion). The potential benefits of
ozone reduction resulting from the climate policy
because of the ancillary benefits on pollution emissions
were about 0.5% ($5.2 trillion) and additional benefits
of a pollution cap another 0.25% ($2.6 trillion).2

8. Conclusions

Exposure to ozone causes both visible and physio-
logical damage to vegetation. Visible injury is often a

metric of ozone damage and may or may not coincide
with physiological injury. Physiological injury includes
reduced photosynthesis and other damage to plant
functions that lead to reduced growth and biomass. A
threshold response to ozone results from initial
detoxification by plant antioxidants. Because most
ozone enters leaves through the stomata, climatic
controls on stomatal conductance regulate ozone
uptake. Ozone responds to water-stress in complex
ways, as lower stomatal conductance can reduce ozone
uptake while ozone itself may impair stomatal function
and decrease root growth. There is also contradictory
evidence on how the ozone effect differs for seedlings
vs. mature vegetation, with stomatal controls again
playing a dominant role. Competitive interaction in
natural environments often leads to a dominance of
ozone-tolerant species, reducing the diversity of the
community.

Although simple regression models of the effects of
ozone on vegetation have been developed, process-
based models may involve ecosystem-level approaches
or physiological approaches that account for diurnal
variability. Various ozone metrics include simple doses,
threshold indices or effective doses that account for
plant detoxification, or flux-based measures that also
account for stomatal conductance. Dose-response
functions rely on experimental data to relate these
measures to ozone response for different species. In this
sense, all models ultimately rely on empirical data to
determine the sensitivity of photosynthesis or other
plant functions to ozone.

Because NOx is a key part of ozone production, the
coincidence of NOy deposition and surface-level ozone
is a key consideration towards understanding the carbon
sequestration effects on natural ecosystems. Our
analysis shows that carbon sequestration resulting from
NOy deposition can offset the negative effects of ozone
exposure on temperate forests. For managed ecosystems
such as croplands, however, where there is significant
nitrogen fertilization, there is no compensating effect.
Reducing atmospheric ozone levels will therefore not
likely decrease carbon sequestration of natural forests
due to compensating reductions in nitrogen deposition,
but will significantly improve future crop yields and
carbon sequestration in croplands or other managed
ecosystems.
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Table 3
Percent differences in crop yield in 2100 for difference scenarios with
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Tableau 3
Différences en pourcentage dans le rendement des récoltes en 2100,
pour différents scénarios avec et sans ozone (Tg C yr&1). Les scéna-
rios comportent: Pol. (pollution), Pol. Caps (recouvrements de pollu-
tion), gstab (stabilisation des gaz à effet de serre), et gstabcap
(recouvrements de pollution + stabilisation des gaz à effet de serre).
Voir le texte pour la description des scénarios
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benefits of ozone reduction resulting from the climate policy because
of the ancillary benefits on pollution emissions was about 0.64%
($12.9 trillion) and additional benefits of a pollution cap another
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COMMENTARY

Is Net Ecosystem Production Equal to
Ecosystem Carbon Accumulation?

Gary M. Lovett,* Jonathan J. Cole, and Michael L. Pace

Institute of Ecosystem Studies, Millbrook, New York 12545, USA

ABSTRACT

Net ecosystem production (NEP), defined as the

difference between gross primary production and

total ecosystem respiration, represents the total

amount of organic carbon in an ecosystem available

for storage, export as organic carbon, or nonbio-

logical oxidation to carbon dioxide through fire or

ultraviolet oxidation. In some of the recent litera-

ture, especially that on terrestrial ecosystems, NEP

has been redefined as the rate of organic carbon

accumulation in the system. Here we argue that

retaining the original definition maintains the

conceptual coherence between NEP and net pri-

mary production and that it is congruous with the

widely accepted definitions of ecosystem autotro-

phy and heterotrophy. Careful evaluation of NEP

highlights the various potential fates of nonrespired

carbon in an ecosystem.

Key words: net ecosystem production; carbon

accumulation; net primary production; gross pri-

mary production; total ecosystem respiration.

INTRODUCTION

Net ecosystem production (NEP) is a fundamental

property of ecosystems. It was originally defined by

Woodwell and Whittaker (1968) as the difference

between the amount of organic carbon (C) fixed by

photosynthesis in an ecosystem (gross primary

production, or GPP) and total ecosystem respiration

Re (the sum of autotrophic and heterotrophic res-

piration). Defined this way, NEP represents organic

C available for storage within the system or loss

from it by export or nonbiological oxidation. The

sign of NEP defines whether an ecosystem is

autotrophic (NEP greater than zero, as in a typical

forest or grassland) or heterotrophic (NEP less than

zero, as in cities and many lakes and rivers). The

original definition of NEP as the difference between

GPP and Re is conceptually parallel to the definition

of net primary production (NPP), which is the dif-

ference between GPP and autotrophic respiration

(Woodwell and Whittaker 1968). The reporting of

NEP for various ecosystems has increased in recent

years as ecosystem scientists investigate more fully

the controls on the C balance of the biosphere.

However, terrestrial ecosystem studies often esti-

mate NEP as the rate of C accumulation, (for

example; Lichter 1998; Caspersen and others 2000;

Wirth and others 2002), and a recent paper and

even a widely read textbook explicitly equate NEP

with C accumulation rate (Randerson and others

2002; Chapin and others 2002). The goal of this

essay is to explain why, in our view, this is incor-

rect.

NEP can best be understood within the context of

a complete organic C balance for an ecosystem,

which can be written as:

DCorg ¼ GPP þ I # Re # E# Oxnb ð1Þ

where GPP and Re are as defined above, DCorg is

the change in organic C storage in the ecosystem, I

is the import of organic C, E is the export of organic

C, and Oxnb is nonbiological oxidation of C, for
Received 18 March 2005; accepted 11 May 2005; published online j.
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instance by fire or ultraviolet (UV) oxidation. This

equation requires one to specify the boundaries of

the ecosystem and a specific time interval over

which the change in C storage is evaluated. The

terms in Eq. 1 are usually expressed as mass of C

per unit area for that specified time interval, or

sometimes as instantaneous rates (i.e., mass area)1

time)1).

If NEP is defined as:

NEP ¼ GPP # Re ð2Þ

then

NEP ¼ DCorg þ E þ Oxnb # I ð3Þ

and

NEP þ I ¼ DCorg þ E þ Oxnb ð4Þ

In aquatic ecosystems, NEP is usually measured

directly from the mass balance of oxygen (O2) or

carbon dioxide (CO2) (for example, Cole and others

2000; Hanson and others 2003). Total respiration is

obtained from the gas balance at night (when GPP

is zero) and then GPP is calculated from Eq. 2. This

gas balance approach is also the basis for estimating

NEP in some terrestrial systems using eddy covari-

ance techniques, or globally using large-scale

atmospheric data with some additional isotopic

measurements (for example, Luz and others 1999).

In terrestrial studies, however, NEP is often calcu-

lated by summing the fates of NEP in the ecosys-

tem, usually just using the DCorg term and ignoring

the other terms on the right-hand side of Eq. 3.

Equation 4 and Figure 1 illustrate the potential

fates of NEP, plus any organic C imported into the

system, as either (a) storage in the ecosystem, for

instance as an increment of the organic C pool in

vegetation, soils, or sediments; or (b) export from

the ecosystem, for instance as dissolved organic C,

particulate C, or as harvest removal of organic

material; or (c) nonbiological oxidation by fire or

UV oxidation. Thus, NEP represents the C poten-

tially available for storage within a system, but not

all of the NEP is necessarily stored. Similarly, some

C that is stored within an ecosystem may have been

imported into the ecosystem rather than fixed

there, and would not contribute to the system’s

NEP.

A few simple examples will help to clarify these

points. First, consider a forest ecosystem, with the

lower bound of the ecosystem set at the bottom of

the rooting zone. If some of the C that is fixed by

photosynthesis in the forest leaches below the

rooting zone as dissolved organic carbon (DOC),

that C is not stored in the ecosystem but represents

part of the NEP because it is fixed by the autotrophs

but not respired within the ecosystem. Likewise, if

this forest grows for 50 years and then is harvested,

with some of the woody material removed from the

ecosystem, the C in the harvested wood should be

included in the calculation of NEP even though it

was exported from the system. This is exactly par-

allel to the fact that herbivory and detrital losses are

included in the calculation of NPP.

A somewhat more problematic issue is the cal-

culation of NEP if the forest were burned rather

than harvested. Some of the C lost during the fire

would be exported from the system as organic C in

Figure 1. Fates of organic carbon (C)

fixed in or imported into an ecosystem.

Total ecosystem respiration (Re) is the

sum of autotrophic respiration (Ra) and

heterotrophic respiration (Rh). The

shaded area contains the components of

the NEP of the system. ‘‘Accumulation in

biomass’’ represents all biomass (plant,

animal, or microbial); the arrow is

drawn from NPP in this diagram because

plant biomass accumulation is generally

the largest biomass term. NPP, net

primary production; NEP, net ecosystem

production; GPP, gross primary

production; CO2, carbon dioxide; UV,

ultraviolet.
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soot and smoke, and some of it would be nonbio-

logically oxidized to CO2. Both of these losses

should be included if NEP is calculated by summing

its potential fates, as in Eq. 3. For example, if a

forest accumulated 100 g C/m2/y over 50 years,

and in year 50 a fire consumed all of the accumu-

lated 5,000 g C/m2, the NEP over the 50-year

period would still be 5,000 g C/m2 even though

there would be no C accumulation in the system.

In this case, the fate of the NEP is in the export and

nonbiological oxidation terms of Eq. 3.

Consider also a lake ecosystem surrounded by a

forest. If leaves from the forest blow into the lake,

then sink to the bottom of the lake and accumulate

in the sediments, does this C storage increase the

NEP of the lake? The answer is no, because the

leaves contribute equally to the import (I) and C

accumulation (DCorg) terms in Eq. 3, so the NEP is

not affected. If the leaves were partially decom-

posed before storage in the sediments, the CO2 loss

would increase ecosystem respiration and thus

cause the lake’s NEP to be more negative. This type

of C subsidy from terrestrial ecosystems is the rea-

son that lakes can simultaneously have positive C

accumulation and negative NEP.

Measuring NEP can be challenging, especially in

terrestrial ecosystems. Estimates of terrestrial eco-

system production and respiration (if NEP is cal-

culated from Eq. 2) and of soil and vegetation C

accumulation (if NEP is calculated from Eq. 3)

typically have high uncertainities. Some studies

compare both methods of calculation (for example,

Hamilton and others 2002). In recent years, eddy

covariance techniques have been used frequently

to estimate NEP. By measuring the vertical net flux

of CO2 above the ecosystem, eddy covariance

measurements estimate the total CO2 exchange,

often called the ‘‘net ecosystem exchange’’ (NEE).

Net ecosystem exchange is equal to the NEP plus

sources and sinks for CO2 that do not involve

conversion to or from organic C (although the NEE

is by convention opposite in sign, so that fluxes into

the ecosystem are negative):

#NEE = NEP + inorganic sinks for CO2

# inorganic sources of CO2

ð5Þ

Examples of inorganic sources and sinks are

weathering reactions, precipitation or dissolution of

carbonates, and atmosphere–water equilibrations.

Although they are likely to be minor terms in the

CO2 exchange of a forest (but see Raymond and

Cole 2003), these inorganic sources and sinks can

be very important in the ocean. The ocean has

become a very large sink for atmospheric CO2 in

the industrial era, storing some 2 Gt C/y at present.

This storage is almost entirely due to the diffusion

of atmospheric CO2 into sea water that in the

preindustrial era, when CO2 levels were lower, had

been in equilibrium with the atmosphere. Biology

is a very minor factor in this flux (for example,

Siegenthaler and Sarmiento 1993; Broecker and

others 1979).

Randerson and others (2002) suggest that the

definition of NEP be changed to equate NEP with

the rate of C accumulation in the ecosystem. They

argue that we need a term for C accumulation, and

that the term ‘‘NEP’’ should be appropriated for

that use. We maintain that NEP has a different

meaning, and that the change in the organic C pool

per unit time should simply be called the organic

carbon accumulation rate. It would be positive for

an increment in C and negative for a decrement.

Net ecosystem production is a useful term for a

concept that is different from C accumulation – it is

the amount of organic C fixed in an ecosystem that

is not respired there and is therefore available for

accumulation, export, or nonbiological oxidation.

Net ecosystem production may be a good approxi-

mation of the organic C accumulation rate within

the system if inputs and outputs of organic C are

negligible, but it is incorrect to assume that NEP

and organic C accumulation are always equivalent.

Many studies in the literature have used NEP and

organic C accumulation interchangeably, with the

implicit assumption that import, export, and non-

biological oxidation of organic C are negligible.

However, in many cases, these terms cannot be

ignored. In fact, at continental to global spatial

scales, the major fate of terrestrial NEP is export as

riverine DOC (Schlesinger 1997).

Schulze and others (2000) proposed the term

‘‘net biome production’’ to integrate the terrestrial

C balance over larger spatial and temporal scales,

but we agree with Randerson and others (2002)

view that net biome production is simply organic

C accumulation at a larger scale and that it would

be an unnecessary addition to an already confus-

ing list of terms.

We recommend retaining the original definition

of NEP as GPP minus Re because (a) it represents a

useful concept, (b) it is congruous with the ac-

cepted definition of autotrophic and heterotrophic

systems, and (c) its similarity to NPP provides a

cohesive set of conceptual constructs for ecosystem

ecology. Net ecosystem production should not be

equated with organic C accumulation in theory or

in practice unless the other terms in Eq. 3 can be

shown to be negligible.
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Alabama,Autauga County,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Baldwin County,1,3,1,0,1,0,0,0,0,0,0,1,0,1,1,0,3

Alabama,Barbour County,1,5,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alabama,Bibb County,1,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Blount County,1,9,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alabama,Bullock County,1,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Butler County,1,13,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alabama,Calhoun County,1,15,0,0,0,0,0,0,0,1,0,0,0,2,1,3,2

Alabama,Chambers County,1,17,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0

Alabama,Cherokee County,1,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Chilton County,1,21,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

Alabama,Choctaw County,1,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Clarke County,1,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Clay County,1,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Cleburne County,1,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Coffee County,1,31,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0

Alabama,Colbert County,1,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Conecuh County,1,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Coosa County,1,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Covington County,1,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Crenshaw County,1,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Cullman County,1,43,0,0,0,0,0,0,0,0,1,0,0,0,0,1,0

Alabama,Dale County,1,45,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Alabama,Dallas County,1,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,DeKalb County,1,49,0,0,0,1,1,0,0,0,0,0,0,0,1,0,0

Alabama,Elmore County,1,51,1,0,0,0,0,0,0,0,0,0,0,0,0,0,5

Alabama,Escambia County,1,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Etowah County,1,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Fayette County,1,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Franklin County,1,59,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Geneva County,1,61,0,0,0,0,0,0,0,0,0,0,0,1,0,0,1

Alabama,Greene County,1,63,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Alabama,Hale County,1,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Henry County,1,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Houston County,1,69,0,0,0,0,0,0,0,0,0,1,0,1,1,0,0

Alabama,Jackson County,1,71,0,0,0,0,0,0,0,1,1,0,0,0,0,0,1

Alabama,Jefferson County,1,73,1,4,2,3,2,0,2,2,0,0,0,0,3,0,4

Alabama,Lamar County,1,75,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1

Alabama,Lauderdale County,1,77,0,0,0,0,0,0,0,0,0,0,1,0,1,1,0

Alabama,Lawrence County,1,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Lee County,1,81,0,0,0,0,0,0,1,1,0,0,0,1,1,0,2

Alabama,Limestone County,1,83,0,0,0,0,0,0,0,0,0,0,0,2,0,0,1

Alabama,Lowndes County,1,85,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Alabama,Macon County,1,87,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Madison County,1,89,0,1,3,3,0,3,4,0,2,1,0,3,5,3,5

Alabama,Marengo County,1,91,0,0,0,0,0,0,0,1,0,0,0,0,0,0,2

Alabama,Marion County,1,93,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0

Alabama,Marshall County,1,95,0,0,0,0,0,0,0,0,0,0,0,1,0,2,3

Alabama,Mobile County,1,97,2,3,2,0,0,0,3,0,3,0,0,0,5,5,1

Alabama,Monroe County,1,99,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2

Alabama,Montgomery County,1,101,0,2,2,0,0,0,1,0,0,0,0,2,0,1,4

Alabama,Morgan County,1,103,0,0,0,0,0,0,0,1,1,0,0,1,1,0,2

Alabama,Perry County,1,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Pickens County,1,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Pike County,1,109,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Randolph County,1,111,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Russell County,1,113,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2

Alabama,St. Clair County,1,115,0,0,0,0,0,0,0,0,0,0,0,2,0,0,2

Alabama,Shelby County,1,117,0,0,0,0,0,0,0,1,0,0,0,1,2,4,6

Alabama,Sumter County,1,119,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0

Alabama,Talladega County,1,121,0,0,0,0,1,0,0,0,0,0,0,0,1,0,0

Alabama,Tallapoosa County,1,123,0,0,0,0,0,0,0,1,0,0,0,1,0,1,3

Alabama,Tuscaloosa County,1,125,1,0,1,0,0,0,0,0,0,0,0,0,0,0,7

Alabama,Walker County,1,127,0,0,0,0,0,0,0,0,0,0,0,2,0,0,1

Alabama,Washington County,1,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Wilcox County,1,131,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Winston County,1,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Alabama,1,999,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Alaska,Aleutians East Borough,2,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Aleutians West Census Area,2,16,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Anchorage Municipality,2,20,1,1,1,2,1,1,1,3,1,4,0,3,1,5,4

Alaska,Bethel Census Area,2,50,0,0,0,0,0,0,0,1,0,0,0,0,0,1,0

Alaska,Bristol Bay Borough,2,60,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Denali Borough,2,68,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Dillingham Census Area,2,70,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Alaska,Fairbanks North Star Borough,2,90,1,1,0,1,1,0,0,0,1,0,0,1,1,2,0

Alaska,Haines Borough,2,100,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Hoonah-Angoon Census Area,2,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Juneau City and Borough,2,110,0,0,1,0,1,0,0,0,1,0,0,0,2,1,0

Alaska,Kenai Peninsula Borough,2,122,0,0,0,0,0,0,1,1,1,0,3,3,1,0,1

Alaska,Ketchikan Gateway Borough,2,130,0,0,1,0,0,0,0,0,1,1,0,1,2,0,0

Alaska,Kodiak Island Borough,2,150,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alaska,Lake and Peninsula Borough,2,164,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Matanuska-Susitna Borough,2,170,0,0,0,0,0,1,0,4,1,1,3,1,1,4,3

Alaska,Nome Census Area,2,180,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,North Slope Borough,2,185,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Northwest Arctic Borough,2,188,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Petersburg Census Area,2,195,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Prince of Wales-Hyder Census Area,2,198,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Sitka City and Borough,2,220,0,0,0,0,0,0,1,0,0,1,0,1,1,0,0

Alaska,Skagway Municipality,2,230,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Southeast Fairbanks Census Area,2,240,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Alaska,Valdez-Cordova Census Area,2,261,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0

Alaska,Wade Hampton Census Area,2,270,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Wrangell City and Borough,2,275,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Yakutat City and Borough,2,282,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Yukon-Koyukuk Census Area,2,290,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Alaska,2,999,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0

Arizona,Apache County,4,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Arizona,Cochise County,4,3,0,0,0,0,0,0,0,0,0,0,1,0,2,0,2

Arizona,Coconino County,4,5,0,0,0,0,0,0,1,2,0,0,0,0,1,1,1

Arizona,Gila County,4,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3

Arizona,Graham County,4,9,0,0,0,1,0,0,0,0,0,0,0,0,0,0,1

Arizona,Greenlee County,4,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arizona,La Paz County,4,12,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Arizona,Maricopa County,4,13,1,2,3,1,10,7,6,0,8,3,0,7,3,16,10

Arizona,Mohave County,4,15,0,1,0,0,0,0,0,0,0,0,0,0,1,1,1

Arizona,Navajo County,4,17,0,0,0,0,0,0,0,0,0,0,1,0,1,2,0

Arizona,Pima County,4,19,0,0,1,1,2,3,2,0,0,4,0,4,3,7,1

Arizona,Pinal County,4,21,1,0,0,0,1,0,1,0,0,0,0,1,0,1,1

Arizona,Santa Cruz County,4,23,0,0,0,0,0,0,0,0,0,0,0,0,0,2,1

Arizona,Yavapai County,4,25,0,0,0,1,0,0,0,0,0,0,0,3,2,0,0

Arizona,Yuma County,4,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arizona,Arizona,4,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Arkansas County,5,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Ashley County,5,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Baxter County,5,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Benton County,5,7,1,0,1,0,0,0,0,1,0,0,0,0,0,0,0

Arkansas,Boone County,5,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Bradley County,5,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Calhoun County,5,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Carroll County,5,15,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Chicot County,5,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Clark County,5,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Clay County,5,21,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Cleburne County,5,23,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Cleveland County,5,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Columbia County,5,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Conway County,5,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Craighead County,5,31,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Crawford County,5,33,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Crittenden County,5,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Cross County,5,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Dallas County,5,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Desha County,5,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Drew County,5,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Faulkner County,5,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Franklin County,5,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Fulton County,5,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Garland County,5,51,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Grant County,5,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Greene County,5,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Hempstead County,5,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Hot Spring County,5,59,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Howard County,5,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Independence County,5,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Izard County,5,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Jackson County,5,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Jefferson County,5,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Johnson County,5,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lafayette County,5,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lawrence County,5,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lee County,5,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lincoln County,5,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Little River County,5,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Logan County,5,83,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lonoke County,5,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Madison County,5,87,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Marion County,5,89,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Miller County,5,91,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Mississippi County,5,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Monroe County,5,95,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Montgomery County,5,97,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Nevada County,5,99,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Newton County,5,101,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Ouachita County,5,103,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Perry County,5,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Phillips County,5,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Pike County,5,109,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Poinsett County,5,111,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Polk County,5,113,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Pope County,5,115,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Prairie County,5,117,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Pulaski County,5,119,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Randolph County,5,121,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,St. Francis County,5,123,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Saline County,5,125,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Scott County,5,127,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Searcy County,5,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Sebastian County,5,131,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Sevier County,5,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Sharp County,5,135,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Stone County,5,137,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Union County,5,139,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Van Buren County,5,141,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Washington County,5,143,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,White County,5,145,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Woodruff County,5,147,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Yell County,5,149,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Arkansas,5,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Alameda County,6,1,4,3,7,2,0,5,3,3,6,3,3,2,4,0,1

California,Alpine County,6,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Amador County,6,5,0,1,0,0,0,0,1,2,0,0,1,0,0,1,0

California,Butte County,6,7,3,1,3,2,2,0,1,0,2,3,2,0,1,0,2

California,Calaveras County,6,9,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Colusa County,6,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Contra Costa County,6,13,1,5,3,4,0,4,1,0,1,3,1,3,1,4,3

California,Del Norte County,6,15,0,0,1,1,0,0,0,0,0,2,0,0,0,0,0

California,El Dorado County,6,17,0,0,0,0,3,3,3,2,0,3,2,0,2,2,1

California,Fresno County,6,19,1,0,1,0,0,0,1,0,2,1,3,0,4,0,0

California,Glenn County,6,21,1,0,0,0,0,0,0,0,0,2,0,0,0,0,1

California,Humboldt County,6,23,10,4,5,5,7,11,4,6,6,4,14,8,2,4,5

California,Imperial County,6,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Inyo County,6,27,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0

California,Kern County,6,29,2,0,2,1,0,2,1,2,5,2,2,0,0,0,0

California,Kings County,6,31,0,0,0,0,0,0,0,0,0,1,1,1,0,1,0

California,Lake County,6,33,0,1,0,1,1,1,0,1,0,0,0,1,0,0,0

California,Lassen County,6,35,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

California,Los Angeles County,6,37,2,9,6,7,2,8,11,9,8,7,11,6,0,20,6

California,Madera County,6,39,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

California,Marin County,6,41,3,1,4,4,0,3,6,3,2,3,4,1,3,6,3

California,Mariposa County,6,43,0,0,1,0,1,0,0,0,0,0,0,0,1,1,2

California,Mendocino County,6,45,7,4,10,6,2,1,0,5,9,7,10,7,4,1,2

California,Merced County,6,47,1,0,1,0,0,0,0,0,0,0,0,1,0,0,0

California,Modoc County,6,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Mono County,6,51,0,0,0,3,1,0,0,0,0,0,1,0,0,1,0

California,Monterey County,6,53,1,1,5,1,1,0,0,0,0,0,1,1,1,1,0

California,Napa County,6,55,2,3,1,0,1,1,0,3,0,2,0,1,2,1,2

California,Nevada County,6,57,9,6,3,4,1,3,2,2,2,1,5,6,2,0,0

California,Orange County,6,59,3,0,3,2,0,1,2,1,1,1,7,6,0,0,0

California,Placer County,6,61,1,4,3,0,2,2,3,0,1,4,0,1,2,1,0

California,Plumas County,6,63,0,1,0,0,0,0,0,0,0,0,0,0,0,0,1

California,Riverside County,6,65,3,2,1,2,1,4,0,0,1,5,1,5,1,2,3

California,Sacramento County,6,67,3,4,2,4,2,6,3,2,0,0,1,1,0,0,0

California,San Benito County,6,69,0,1,1,0,0,0,0,0,0,1,0,0,0,0,0

California,San Bernardino County,6,71,1,0,0,1,0,0,0,0,1,2,0,2,0,1,0

California,San Diego County,6,73,9,3,7,2,4,8,9,5,3,10,10,7,6,6,7

California,San Francisco County,6,75,2,3,3,3,1,8,6,3,5,1,10,1,1,9,0

California,San Joaquin County,6,77,0,0,0,0,0,0,0,0,0,2,1,0,1,0,1

California,San Luis Obispo County,6,79,1,0,0,0,0,1,0,0,1,0,0,1,0,3,3

California,San Mateo County,6,81,2,4,3,5,1,4,2,0,2,11,2,0,1,8,5

California,Santa Barbara County,6,83,0,1,2,3,2,0,0,2,2,9,1,5,0,7,1

California,Santa Clara County,6,85,2,2,6,4,0,2,9,2,0,2,4,10,4,12,5

California,Santa Cruz County,6,87,5,10,1,7,3,0,6,5,2,5,7,8,6,7,6

California,Shasta County,6,89,0,2,1,0,2,2,0,0,0,0,5,1,1,0,0

California,Sierra County,6,91,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0

California,Siskiyou County,6,93,0,1,1,0,0,0,0,0,0,1,0,0,0,1,0

California,Solano County,6,95,1,1,0,0,0,0,0,0,0,0,1,0,0,0,1

California,Sonoma County,6,97,8,6,4,9,2,9,8,9,9,10,9,3,12,7,10

California,Stanislaus County,6,99,1,2,0,0,0,1,0,0,1,1,1,0,1,0,0

California,Sutter County,6,101,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Tehama County,6,103,2,0,1,0,0,0,0,0,0,1,0,0,0,0,0

California,Trinity County,6,105,1,1,1,1,3,3,0,1,0,0,1,1,0,1,1

California,Tulare County,6,107,0,2,0,0,0,0,0,1,0,4,2,0,1,1,0

California,Tuolumne County,6,109,0,2,1,0,0,1,1,0,0,0,0,0,0,0,0

California,Ventura County,6,111,2,2,1,1,2,1,0,4,2,3,4,0,2,2,0

California,Yolo County,6,113,0,0,2,0,1,0,1,1,0,0,0,0,1,1,1

California,Yuba County,6,115,0,0,0,0,0,0,0,0,0,0,1,1,2,0,0

California,California,6,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Adams County,8,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Alamosa County,8,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Arapahoe County,8,5,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Colorado,Archuleta County,8,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Baca County,8,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Bent County,8,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Boulder County,8,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Broomfield County,8,14,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Chaffee County,8,15,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Cheyenne County,8,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Clear Creek County,8,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Conejos County,8,21,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Costilla County,8,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Crowley County,8,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Custer County,8,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Delta County,8,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Denver County,8,31,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0

Colorado,Dolores County,8,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Douglas County,8,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Eagle County,8,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Elbert County,8,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,El Paso County,8,41,0,0,0,0,0,0,0,0,0,1,2,0,0,0,0

Colorado,Fremont County,8,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Garfield County,8,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Gilpin County,8,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Grand County,8,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Gunnison County,8,51,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Hinsdale County,8,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Huerfano County,8,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Jackson County,8,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Jefferson County,8,59,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Kiowa County,8,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Kit Carson County,8,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Lake County,8,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,La Plata County,8,67,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Colorado,Larimer County,8,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Las Animas County,8,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Lincoln County,8,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Logan County,8,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Mesa County,8,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Mineral County,8,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Moffat County,8,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Montezuma County,8,83,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Montrose County,8,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Morgan County,8,87,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Otero County,8,89,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Ouray County,8,91,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Park County,8,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Phillips County,8,95,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Pitkin County,8,97,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Prowers County,8,99,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Pueblo County,8,101,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Rio Blanco County,8,103,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Rio Grande County,8,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Routt County,8,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Saguache County,8,109,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,San Juan County,8,111,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,San Miguel County,8,113,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Sedgwick County,8,115,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Summit County,8,117,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Teller County,8,119,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Washington County,8,121,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Weld County,8,123,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Yuma County,8,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Colorado,8,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Connecticut,Fairfield County,9,1,1342,1146,1313,335,330,426,355,434,530,698,331,305,225,443,437

Connecticut,Hartford County,9,3,231,269,293,59,73,96,132,216,291,312,187,167,143,288,291

Connecticut,Litchfield County,9,5,457,376,677,276,283,299,357,358,172,213,88,118,67,187,168

Connecticut,Middlesex County,9,7,191,163,214,83,47,118,105,157,195,196,125,109,93,181,155

Connecticut,New Haven County,9,9,442,479,538,71,102,175,152,377,393,460,240,249,213,388,459

Connecticut,New London County,9,11,439,448,641,170,181,312,317,407,286,579,340,314,263,402,406

Connecticut,Tolland County,9,13,201,219,332,121,98,138,191,227,273,297,161,217,129,255,233

Connecticut,Windham County,9,15,359,375,488,236,187,189,147,178,121,275,148,128,122,184,162

Connecticut,Connecticut,9,999,111,122,135,52,47,57,32,704,1635,1126,1448,1432,1402,597,49

Delaware,Kent County,10,1,25,22,33,33,148,177,114,155,119,181,127,133,110,78,76

Delaware,New Castle County,10,3,121,102,132,128,105,312,285,441,519,622,396,552,398,299,259

Delaware,Sussex County,10,5,21,28,29,51,20,107,67,92,104,160,96,154,123,103,50

Delaware,Delaware,10,999,0,0,0,0,66,50,16,27,30,21,37,34,38,29,32

District of Columbia,District of Columbia,11,1,11,17,25,14,16,10,62,116,74,61,42,0,0,35,40

Florida,Alachua County,12,1,1,0,0,0,6,0,0,1,3,1,1,2,3,0,0

Florida,Baker County,12,3,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Florida,Bay County,12,5,0,0,1,0,0,0,0,0,0,1,0,1,0,4,2

Florida,Bradford County,12,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Brevard County,12,9,2,1,1,1,2,0,0,0,3,1,3,4,2,7,4

Florida,Broward County,12,11,0,0,0,0,0,1,1,1,1,4,3,3,2,1,1

Florida,Calhoun County,12,13,0,1,0,0,0,0,0,0,0,0,0,1,0,0,0

Florida,Charlotte County,12,15,0,0,2,2,1,3,0,2,0,0,2,1,0,0,4

Florida,Citrus County,12,17,1,1,5,2,0,1,0,0,0,4,2,3,3,1,0

Florida,Clay County,12,19,1,0,0,0,1,0,0,0,0,0,0,0,1,2,3

Florida,Collier County,12,21,1,1,1,1,0,1,0,0,0,0,1,1,5,6,2

Florida,Columbia County,12,23,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Florida,DeSoto County,12,27,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Florida,Dixie County,12,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Florida,Duval County,12,31,1,1,3,0,2,0,1,0,3,1,4,3,2,1,1

Florida,Escambia County,12,33,1,0,3,0,0,1,0,0,3,1,1,0,0,6,2

Florida,Flagler County,12,35,1,0,1,0,0,0,0,0,3,1,1,4,3,1,3

Florida,Franklin County,12,37,0,0,0,0,0,0,0,0,1,0,0,0,0,0,2

Florida,Gadsden County,12,39,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Florida,Gilchrist County,12,41,0,0,1,0,0,0,0,0,0,0,1,0,0,0,0

Florida,Glades County,12,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Gulf County,12,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Hamilton County,12,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Hardee County,12,49,0,1,0,0,0,0,0,1,0,0,0,0,0,0,1

Florida,Hendry County,12,51,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Hernando County,12,53,2,0,0,0,0,0,0,2,2,1,1,0,0,0,0

Florida,Highlands County,12,55,0,0,0,0,0,2,0,0,0,0,2,0,0,0,1

Florida,Hillsborough County,12,57,2,3,2,3,1,7,2,1,2,11,4,7,9,11,11

Florida,Holmes County,12,59,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Florida,Indian River County,12,61,2,1,2,1,4,0,1,0,3,3,1,0,2,3,6

Florida,Jackson County,12,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Jefferson County,12,65,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1

Florida,Lafayette County,12,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Lake County,12,69,1,1,1,2,1,0,0,0,0,0,1,1,3,0,3

Florida,Lee County,12,71,3,1,1,1,2,2,3,3,3,11,8,9,8,13,7

Florida,Leon County,12,73,0,0,3,0,0,0,0,0,0,0,0,3,1,2,0

Florida,Levy County,12,75,0,0,0,0,0,0,0,0,0,0,1,0,0,2,0

Florida,Liberty County,12,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Madison County,12,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Manatee County,12,81,1,0,3,0,0,3,0,2,3,4,0,4,2,6,1

Florida,Marion County,12,83,0,0,1,1,0,2,0,1,5,2,5,7,4,3,3

Florida,Martin County,12,85,1,0,0,0,2,2,2,4,2,4,4,2,1,1,6

Florida,Miami-Dade County,12,86,9,6,3,6,5,1,0,0,7,8,6,5,13,8,16

Florida,Monroe County,12,87,0,1,2,0,0,1,0,0,1,0,1,0,0,2,1

Florida,Nassau County,12,89,0,0,3,3,0,1,0,0,0,1,0,1,0,1,1

Florida,Okaloosa County,12,91,1,1,0,0,1,1,1,0,0,1,1,0,1,1,1

Florida,Okeechobee County,12,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Orange County,12,95,4,3,5,1,3,0,2,2,3,6,4,3,3,4,2

Florida,Osceola County,12,97,0,0,1,0,0,1,3,0,0,0,1,0,1,3,0

Florida,Palm Beach County,12,99,2,6,7,5,3,5,5,4,8,8,1,16,4,6,14

Florida,Pasco County,12,101,0,0,8,0,2,0,0,0,0,5,4,4,3,2,6

Florida,Pinellas County,12,103,10,5,10,6,4,4,3,4,8,6,4,9,6,7,5

Florida,Polk County,12,105,0,0,1,1,0,0,0,0,4,4,1,3,3,1,6

Florida,Putnam County,12,107,0,1,0,0,1,1,0,0,0,0,0,0,4,1,0

Florida,St. Johns County,12,109,0,1,1,0,0,0,0,1,5,2,1,3,4,4,6

Florida,St. Lucie County,12,111,0,0,0,0,0,0,2,0,0,2,2,1,7,4,3

Florida,Santa Rosa County,12,113,0,0,0,0,0,0,0,0,0,2,2,1,0,2,2

Florida,Sarasota County,12,115,4,4,3,6,3,5,3,0,11,8,3,1,6,11,8

Florida,Seminole County,12,117,1,0,0,0,0,0,4,0,0,3,1,0,3,4,5

Florida,Sumter County,12,119,0,0,0,0,0,0,0,0,0,0,1,5,1,3,3

Florida,Suwannee County,12,121,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Taylor County,12,123,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Union County,12,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Volusia County,12,127,1,3,4,0,0,2,1,0,3,2,2,7,6,4,11

Florida,Wakulla County,12,129,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Florida,Walton County,12,131,0,0,0,1,0,0,0,1,0,0,1,0,0,0,0

Florida,Washington County,12,133,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0

Florida,Florida,12,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Appling County,13,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Atkinson County,13,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Bacon County,13,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Baker County,13,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Baldwin County,13,9,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Banks County,13,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Barrow County,13,13,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Bartow County,13,15,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Ben Hill County,13,17,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Berrien County,13,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Bibb County,13,21,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0

Georgia,Bleckley County,13,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Brantley County,13,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Brooks County,13,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Bryan County,13,29,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Bulloch County,13,31,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Burke County,13,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Butts County,13,35,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0

Georgia,Calhoun County,13,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Camden County,13,39,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Candler County,13,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Carroll County,13,45,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Georgia,Catoosa County,13,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Charlton County,13,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Chatham County,13,51,0,0,0,0,1,0,0,0,3,1,0,0,0,0,0

Georgia,Chattahoochee County,13,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Chattooga County,13,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Cherokee County,13,57,0,0,0,1,0,1,0,0,0,0,0,0,0,0,0

Georgia,Clarke County,13,59,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Clay County,13,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Clayton County,13,63,0,0,0,1,0,0,0,0,0,0,0,0,1,0,0

Georgia,Clinch County,13,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Cobb County,13,67,0,0,1,1,2,2,0,2,2,1,1,5,2,0,0

Georgia,Coffee County,13,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Colquitt County,13,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Columbia County,13,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Cook County,13,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Coweta County,13,77,0,0,0,1,0,0,0,0,2,1,0,0,0,0,0

Georgia,Crawford County,13,79,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Georgia,Crisp County,13,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Dade County,13,83,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Georgia,Dawson County,13,85,0,0,0,1,2,0,0,0,0,0,0,0,0,0,0

Georgia,Decatur County,13,87,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,DeKalb County,13,89,0,0,0,1,1,0,1,1,2,3,1,3,0,0,0

Georgia,Dodge County,13,91,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Dooly County,13,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Dougherty County,13,95,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Douglas County,13,97,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Early County,13,99,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Echols County,13,101,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Effingham County,13,103,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Georgia,Elbert County,13,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Emanuel County,13,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Evans County,13,109,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Fannin County,13,111,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,Fayette County,13,113,0,0,0,1,0,0,1,1,2,1,0,0,1,0,0

Georgia,Floyd County,13,115,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Forsyth County,13,117,0,0,1,0,0,0,0,2,0,1,1,1,2,0,1

Georgia,Franklin County,13,119,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0

Georgia,Fulton County,13,121,0,0,0,1,0,0,2,1,1,6,1,2,1,1,0

Georgia,Gilmer County,13,123,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Glascock County,13,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Glynn County,13,127,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Gordon County,13,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Grady County,13,131,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Greene County,13,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Gwinnett County,13,135,0,0,0,0,0,0,0,0,3,3,1,1,2,2,1

Georgia,Habersham County,13,137,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Hall County,13,139,0,0,0,0,0,0,2,0,2,2,0,0,2,0,0

Georgia,Hancock County,13,141,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Haralson County,13,143,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Harris County,13,145,0,0,0,0,0,0,0,0,0,1,0,0,1,0,0

Georgia,Hart County,13,147,0,0,0,0,3,0,0,0,0,0,0,0,0,0,0

Georgia,Heard County,13,149,0,0,0,0,0,0,0,0,1,0,0,1,0,0,0

Georgia,Henry County,13,151,0,0,0,1,0,0,0,0,2,6,2,0,1,1,0

Georgia,Houston County,13,153,0,0,0,0,0,0,0,0,1,2,0,4,1,0,0

Georgia,Irwin County,13,155,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jackson County,13,157,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jasper County,13,159,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Georgia,Jeff Davis County,13,161,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jefferson County,13,163,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jenkins County,13,165,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Johnson County,13,167,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jones County,13,169,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0

Georgia,Lamar County,13,171,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Lanier County,13,173,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Laurens County,13,175,0,0,0,0,0,0,0,0,1,2,0,0,0,0,0

Georgia,Lee County,13,177,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Liberty County,13,179,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Lincoln County,13,181,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Long County,13,183,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Lowndes County,13,185,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0

Georgia,Lumpkin County,13,187,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Georgia,McDuffie County,13,189,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,McIntosh County,13,191,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Macon County,13,193,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Madison County,13,195,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Marion County,13,197,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Meriwether County,13,199,0,0,0,0,0,1,0,0,0,0,0,1,0,0,0

Georgia,Miller County,13,201,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Mitchell County,13,205,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Monroe County,13,207,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Montgomery County,13,209,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Morgan County,13,211,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Murray County,13,213,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Muscogee County,13,215,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Georgia,Newton County,13,217,0,0,0,0,1,0,0,0,2,0,0,2,0,0,0

Georgia,Oconee County,13,219,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Oglethorpe County,13,221,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Paulding County,13,223,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Peach County,13,225,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Pickens County,13,227,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,Pierce County,13,229,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Pike County,13,231,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Polk County,13,233,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Pulaski County,13,235,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Putnam County,13,237,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Quitman County,13,239,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Rabun County,13,241,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Randolph County,13,243,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Richmond County,13,245,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Rockdale County,13,247,0,0,0,1,0,0,1,1,0,0,0,1,1,0,0

Georgia,Schley County,13,249,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Screven County,13,251,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Seminole County,13,253,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Spalding County,13,255,0,0,0,0,0,0,1,0,0,0,0,0,1,0,0

Georgia,Stephens County,13,257,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Georgia,Stewart County,13,259,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Sumter County,13,261,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0

Georgia,Talbot County,13,263,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Taliaferro County,13,265,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Tattnall County,13,267,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Taylor County,13,269,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Telfair County,13,271,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Terrell County,13,273,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Thomas County,13,275,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Tift County,13,277,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Toombs County,13,279,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Towns County,13,281,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Treutlen County,13,283,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Troup County,13,285,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0

Georgia,Turner County,13,287,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Twiggs County,13,289,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Union County,13,291,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Upson County,13,293,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,Walker County,13,295,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0

Georgia,Walton County,13,297,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0

Georgia,Ware County,13,299,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Warren County,13,301,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Washington County,13,303,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Georgia,Wayne County,13,305,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Georgia,Webster County,13,307,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Wheeler County,13,309,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,White County,13,311,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Whitfield County,13,313,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Wilcox County,13,315,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Georgia,Wilkes County,13,317,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Wilkinson County,13,319,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Worth County,13,321,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Georgia,13,999,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Hawaii,Hawaii County,15,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Honolulu County,15,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Kalawao County,15,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Kauai County,15,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Maui County,15,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Hawaii,15,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Ada County,16,1,0,0,2,0,0,0,2,0,3,7,2,1,0,3,1

Idaho,Adams County,16,3,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Bannock County,16,5,0,0,0,0,0,1,0,0,0,1,1,0,1,0,0

Idaho,Bear Lake County,16,7,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Idaho,Benewah County,16,9,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0

Idaho,Bingham County,16,11,0,0,0,0,0,0,0,0,1,0,1,0,0,0,0

Idaho,Blaine County,16,13,0,2,1,0,0,0,1,0,1,0,0,0,0,2,0

Idaho,Boise County,16,15,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Idaho,Bonner County,16,17,0,0,1,1,0,0,1,1,0,1,0,0,0,0,0

Idaho,Bonneville County,16,19,0,0,0,0,0,0,1,0,1,4,1,1,2,2,1

Idaho,Boundary County,16,21,1,0,0,1,0,0,0,0,0,0,0,0,0,1,1

Idaho,Butte County,16,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Camas County,16,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Canyon County,16,27,0,1,0,1,2,1,1,4,0,1,1,0,0,1,0

Idaho,Caribou County,16,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Cassia County,16,31,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Idaho,Clark County,16,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Clearwater County,16,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Custer County,16,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Elmore County,16,39,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Idaho,Franklin County,16,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Fremont County,16,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Gem County,16,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Gooding County,16,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Idaho County,16,49,0,0,0,0,1,0,0,0,1,0,0,0,0,1,0

Idaho,Jefferson County,16,51,0,0,0,0,0,0,0,0,0,0,0,0,0,2,1

Idaho,Jerome County,16,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Kootenai County,16,55,0,0,0,0,2,0,0,2,1,1,0,1,1,2,2

Idaho,Latah County,16,57,0,1,0,0,0,0,0,0,0,0,3,0,0,1,1

Idaho,Lemhi County,16,59,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Lewis County,16,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Lincoln County,16,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Madison County,16,65,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0

Idaho,Minidoka County,16,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Nez Perce County,16,69,1,0,0,0,0,0,0,0,0,1,0,0,0,0,1

Idaho,Oneida County,16,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Owyhee County,16,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Payette County,16,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Power County,16,77,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Idaho,Shoshone County,16,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Teton County,16,81,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Idaho,Twin Falls County,16,83,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Idaho,Valley County,16,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Washington County,16,87,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Idaho,16,999,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Adams County,17,1,1,0,0,0,0,0,0,2,0,0,1,0,0,0,3

Illinois,Alexander County,17,3,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Illinois,Bond County,17,5,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Illinois,Boone County,17,7,0,2,1,1,0,0,0,0,0,0,0,2,0,3,1

Illinois,Brown County,17,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Bureau County,17,11,0,0,2,0,0,0,0,0,0,1,1,2,1,2,0

Illinois,Calhoun County,17,13,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Carroll County,17,15,0,0,0,0,1,1,0,6,3,4,2,0,3,6,3

Illinois,Cass County,17,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Illinois,Champaign County,17,19,0,0,0,0,2,2,0,3,1,1,0,0,2,5,7

Illinois,Christian County,17,21,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Illinois,Clark County,17,23,0,0,0,0,0,0,0,0,1,1,0,0,2,1,0

Illinois,Clay County,17,25,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Clinton County,17,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Coles County,17,29,0,0,0,0,0,0,0,0,1,0,0,0,2,0,0

Illinois,Cook County,17,31,5,7,7,16,23,42,35,30,21,29,43,63,53,78,48

Illinois,Crawford County,17,33,0,0,0,0,0,0,0,0,0,0,1,0,1,0,1

Illinois,Cumberland County,17,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,DeKalb County,17,37,1,1,1,0,1,3,1,4,1,0,1,2,2,1,2

Illinois,De Witt County,17,39,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1

Illinois,Douglas County,17,41,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Illinois,DuPage County,17,43,2,2,5,6,9,12,10,16,17,18,19,32,27,39,22

Illinois,Edgar County,17,45,0,0,0,0,0,0,0,0,0,0,1,0,0,2,0

Illinois,Edwards County,17,47,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Effingham County,17,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Fayette County,17,51,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Ford County,17,53,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0

Illinois,Franklin County,17,55,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Fulton County,17,57,0,0,0,0,0,1,0,1,1,0,0,1,5,4,4

Illinois,Gallatin County,17,59,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Greene County,17,61,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1

Illinois,Grundy County,17,63,2,2,2,2,0,0,0,0,3,2,0,2,1,1,0

Illinois,Hamilton County,17,65,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Hancock County,17,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Hardin County,17,69,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1

Illinois,Henderson County,17,71,0,0,0,0,0,0,0,0,0,0,0,0,2,0,2

Illinois,Henry County,17,73,0,0,1,1,1,0,0,0,2,0,1,0,1,0,0

Illinois,Iroquois County,17,75,0,0,0,0,0,1,0,0,1,0,1,0,1,0,0

Illinois,Jackson County,17,77,1,0,0,0,0,0,0,0,0,0,0,0,0,3,0

Illinois,Jasper County,17,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Jefferson County,17,81,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Illinois,Jersey County,17,83,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0

Illinois,Jo Daviess County,17,85,0,0,1,8,5,15,21,9,7,1,0,0,4,14,8

Illinois,Johnson County,17,87,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0

Illinois,Kane County,17,89,4,0,0,1,7,5,2,6,5,12,7,9,4,18,5

Illinois,Kankakee County,17,91,0,0,1,0,1,0,0,1,0,0,0,0,2,2,2

Illinois,Kendall County,17,93,0,0,0,0,0,0,1,0,0,0,1,0,0,2,3

Illinois,Knox County,17,95,0,1,0,0,0,0,0,0,0,0,0,1,1,5,4

Illinois,Lake County,17,97,1,1,4,5,6,3,4,8,5,8,6,17,10,36,19

Illinois,LaSalle County,17,99,0,0,2,0,0,1,2,5,1,2,3,4,3,6,3

Illinois,Lawrence County,17,101,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Lee County,17,103,0,0,0,2,1,1,1,2,0,0,1,1,0,1,3

Illinois,Livingston County,17,105,0,0,0,0,0,1,0,0,0,0,0,0,1,0,1

Illinois,Logan County,17,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,McDonough County,17,109,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0

Illinois,McHenry County,17,111,1,0,2,5,6,7,8,6,3,6,1,18,26,36,31

Illinois,McLean County,17,113,3,0,0,0,1,0,0,5,1,4,2,1,1,2,2

Illinois,Macon County,17,115,0,0,1,0,0,0,0,0,1,0,0,2,0,0,0

Illinois,Macoupin County,17,117,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Illinois,Madison County,17,119,0,0,0,0,0,1,0,1,0,1,0,0,1,1,0

Illinois,Marion County,17,121,0,0,1,0,0,0,1,1,0,1,0,1,0,2,0

Illinois,Marshall County,17,123,0,0,0,0,0,0,0,1,1,0,0,0,1,1,1

Illinois,Mason County,17,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Massac County,17,127,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Illinois,Menard County,17,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Mercer County,17,131,0,0,0,1,0,0,1,0,0,0,2,1,0,0,0

Illinois,Monroe County,17,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Montgomery County,17,135,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Illinois,Morgan County,17,137,1,1,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Moultrie County,17,139,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Illinois,Ogle County,17,141,0,2,1,3,5,6,3,6,5,4,5,3,7,3,5

Illinois,Peoria County,17,143,0,0,1,1,0,3,3,2,2,3,2,5,5,4,7

Illinois,Perry County,17,145,0,0,0,0,1,0,0,0,0,0,0,0,0,0,2

Illinois,Piatt County,17,147,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Pike County,17,149,2,2,2,1,0,1,0,5,0,2,0,0,1,1,0

Illinois,Pope County,17,151,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0

Illinois,Pulaski County,17,153,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Putnam County,17,155,0,0,0,0,1,0,0,0,0,0,0,1,1,2,1

Illinois,Randolph County,17,157,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Illinois,Richland County,17,159,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Rock Island County,17,161,0,1,2,5,2,1,1,3,2,4,2,1,1,5,3

Illinois,St. Clair County,17,163,0,0,0,1,0,0,0,0,0,1,1,0,2,2,0

Illinois,Saline County,17,165,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0

Illinois,Sangamon County,17,167,1,0,1,0,2,0,0,0,1,3,0,1,1,0,0

Illinois,Schuyler County,17,169,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Scott County,17,171,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Shelby County,17,173,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0

Illinois,Stark County,17,175,0,0,0,0,0,0,0,1,1,0,1,0,0,0,0

Illinois,Stephenson County,17,177,0,2,1,1,0,0,0,0,2,2,1,2,0,0,1

Illinois,Tazewell County,17,179,1,0,0,0,0,1,0,2,1,0,5,3,2,5,3

Illinois,Union County,17,181,2,0,0,0,0,0,0,1,0,0,1,0,0,0,0

Illinois,Vermilion County,17,183,0,0,0,1,0,0,0,0,0,0,1,2,1,7,2

Illinois,Wabash County,17,185,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Warren County,17,187,0,0,0,0,0,0,0,1,1,2,0,0,1,1,0

Illinois,Washington County,17,189,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Wayne County,17,191,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Illinois,White County,17,193,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Whiteside County,17,195,0,1,0,1,0,0,0,0,2,0,1,0,1,8,4

Illinois,Will County,17,197,0,3,2,4,7,5,11,8,7,4,6,6,8,13,14

Illinois,Williamson County,17,199,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1

Illinois,Winnebago County,17,201,2,3,5,5,2,9,2,11,4,14,11,9,8,7,8

Illinois,Woodford County,17,203,0,1,0,0,1,0,0,1,1,2,1,1,1,0,1

Illinois,Illinois,17,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Adams County,18,1,0,0,0,1,0,0,0,0,0,0,1,0,0,1,1

Indiana,Allen County,18,3,2,1,0,2,2,2,0,2,1,3,2,3,0,2,2

Indiana,Bartholomew County,18,5,0,0,0,0,0,1,0,0,0,0,0,0,0,1,0

Indiana,Benton County,18,7,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Indiana,Blackford County,18,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Boone County,18,11,1,1,0,1,0,0,0,0,0,1,1,0,0,0,2

Indiana,Brown County,18,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Indiana,Carroll County,18,15,0,0,0,0,0,0,0,0,0,0,1,1,1,0,0

Indiana,Cass County,18,17,0,0,1,0,0,1,2,0,0,0,2,0,2,1,3

Indiana,Clark County,18,19,0,1,0,0,0,0,1,0,0,0,0,0,1,2,0

Indiana,Clay County,18,21,1,0,0,0,0,1,0,0,0,0,1,0,0,0,0

Indiana,Clinton County,18,23,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Indiana,Crawford County,18,25,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Daviess County,18,27,0,1,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Dearborn County,18,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Decatur County,18,31,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,DeKalb County,18,33,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Delaware County,18,35,0,0,0,0,0,0,1,0,0,1,0,0,1,1,1

Indiana,Dubois County,18,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Elkhart County,18,39,0,0,2,1,1,1,0,1,1,2,2,0,0,0,2

Indiana,Fayette County,18,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Floyd County,18,43,0,0,0,0,0,1,0,0,1,0,0,0,0,0,0

Indiana,Fountain County,18,45,0,0,0,0,1,0,0,0,0,0,2,3,0,0,0

Indiana,Franklin County,18,47,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Indiana,Fulton County,18,49,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1

Indiana,Gibson County,18,51,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Indiana,Grant County,18,53,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Greene County,18,55,0,0,0,0,0,0,0,1,1,1,0,1,0,1,0

Indiana,Hamilton County,18,57,0,2,0,0,1,0,2,7,3,4,3,3,3,0,1

Indiana,Hancock County,18,59,0,0,0,0,0,0,0,0,0,0,2,0,0,0,1

Indiana,Harrison County,18,61,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Hendricks County,18,63,1,0,1,2,0,1,0,0,0,0,1,1,0,1,3

Indiana,Henry County,18,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Howard County,18,67,0,0,1,0,1,0,0,0,0,3,2,0,1,0,1

Indiana,Huntington County,18,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Indiana,Jackson County,18,71,1,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Indiana,Jasper County,18,73,0,0,0,2,0,0,0,3,0,2,0,1,3,0,3

Indiana,Jay County,18,75,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0

Indiana,Jefferson County,18,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Indiana,Jennings County,18,79,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Indiana,Johnson County,18,81,0,1,0,1,1,0,0,0,0,3,1,0,0,0,0

Indiana,Knox County,18,83,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Indiana,Kosciusko County,18,85,0,0,0,1,0,0,0,0,0,0,1,1,0,3,0

Indiana,LaGrange County,18,87,1,0,0,0,0,0,1,0,0,1,0,1,0,0,0

Indiana,Lake County,18,89,1,1,1,1,1,5,2,5,3,5,2,7,5,5,6

Indiana,LaPorte County,18,91,0,0,3,1,2,2,3,4,5,4,5,6,3,9,4

Indiana,Lawrence County,18,93,1,3,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Madison County,18,95,0,0,1,0,1,0,0,1,0,0,0,0,0,2,0

Indiana,Marion County,18,97,5,1,1,0,3,2,4,1,0,0,0,5,4,4,3

Indiana,Marshall County,18,99,0,1,0,1,0,1,0,1,1,1,0,8,1,4,7

Indiana,Martin County,18,101,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Indiana,Miami County,18,103,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Monroe County,18,105,1,2,2,1,4,0,0,1,0,1,3,0,1,0,0

Indiana,Montgomery County,18,107,0,1,0,0,0,0,0,0,2,0,3,4,2,0,1

Indiana,Morgan County,18,109,0,1,0,0,0,0,0,0,0,1,2,0,0,0,0

Indiana,Newton County,18,111,0,0,0,0,0,0,0,0,1,0,0,2,0,0,0

Indiana,Noble County,18,113,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Indiana,Ohio County,18,115,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Orange County,18,117,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Owen County,18,119,0,0,0,0,0,0,0,0,1,0,2,2,0,4,1

Indiana,Parke County,18,121,0,0,0,0,0,0,0,0,1,0,0,2,0,4,0

Indiana,Perry County,18,123,0,1,0,0,0,0,0,2,0,2,0,1,0,0,0

Indiana,Pike County,18,125,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Indiana,Porter County,18,127,0,0,0,3,4,5,1,5,5,10,7,15,15,19,16

Indiana,Posey County,18,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Pulaski County,18,131,0,0,1,1,0,1,0,1,0,1,3,0,0,0,1

Indiana,Putnam County,18,133,0,0,0,0,0,0,0,0,0,0,1,0,1,0,1

Indiana,Randolph County,18,135,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Ripley County,18,137,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Indiana,Rush County,18,139,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,St. Joseph County,18,141,1,2,3,1,3,1,2,4,6,10,5,10,10,16,21

Indiana,Scott County,18,143,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Shelby County,18,145,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Spencer County,18,147,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Starke County,18,149,0,2,0,0,0,0,0,0,3,2,6,2,5,5,4

Indiana,Steuben County,18,151,1,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Indiana,Sullivan County,18,153,0,0,1,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Switzerland County,18,155,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Tippecanoe County,18,157,1,0,0,1,1,2,1,3,1,2,0,2,3,1,4

Indiana,Tipton County,18,159,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Union County,18,161,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Vanderburgh County,18,163,1,2,1,1,2,0,0,2,2,3,2,0,2,0,0

Indiana,Vermillion County,18,165,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Vigo County,18,167,1,0,0,0,0,0,0,3,0,0,0,1,0,0,1

Indiana,Wabash County,18,169,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1

Indiana,Warren County,18,171,0,0,0,0,0,0,3,1,1,1,0,1,0,0,0

Indiana,Warrick County,18,173,0,0,0,1,1,0,0,3,0,1,1,0,0,2,0

Indiana,Washington County,18,175,1,0,1,0,1,0,0,0,0,0,0,0,0,0,0

Indiana,Wayne County,18,177,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Wells County,18,179,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Indiana,White County,18,181,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Whitley County,18,183,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

Indiana,Indiana,18,999,0,0,0,0,0,0,0,0,0,16,12,10,7,19,15

Iowa,Adair County,19,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

Iowa,Adams County,19,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Allamakee County,19,5,1,3,2,1,2,8,4,5,4,2,1,11,11,9,4

Iowa,Appanoose County,19,7,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Iowa,Audubon County,19,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Benton County,19,11,1,0,0,0,0,3,2,0,1,0,0,2,0,4,0

Iowa,Black Hawk County,19,13,2,0,0,1,2,3,3,0,2,1,1,3,5,6,2

Iowa,Boone County,19,15,0,0,0,1,1,0,1,0,0,0,1,0,3,4,0

Iowa,Bremer County,19,17,0,0,0,0,0,1,1,1,1,0,0,0,1,3,0

Iowa,Buchanan County,19,19,0,0,0,0,0,0,2,0,2,0,0,0,1,3,1

Iowa,Buena Vista County,19,21,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Butler County,19,23,0,0,1,0,0,0,0,0,0,0,0,1,0,2,0

Iowa,Calhoun County,19,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Carroll County,19,27,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0

Iowa,Cass County,19,29,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0

Iowa,Cedar County,19,31,0,0,0,1,0,1,1,1,0,2,1,1,0,0,0

Iowa,Cerro Gordo County,19,33,0,0,2,0,0,0,0,0,0,0,1,0,0,1,1

Iowa,Cherokee County,19,35,0,3,0,1,0,0,2,0,0,0,0,0,0,0,0

Iowa,Chickasaw County,19,37,0,0,0,0,0,2,0,0,0,0,1,0,2,1,0

Iowa,Clarke County,19,39,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Iowa,Clay County,19,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Clayton County,19,43,1,2,1,1,3,5,5,6,10,10,10,13,12,17,6

Iowa,Clinton County,19,45,1,1,0,0,1,1,0,2,5,1,0,1,3,2,6

Iowa,Crawford County,19,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Dallas County,19,49,0,0,1,0,0,0,1,1,1,3,0,0,1,1,2

Iowa,Davis County,19,51,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1

Iowa,Decatur County,19,53,0,1,0,0,0,0,1,0,0,1,0,0,0,1,0

Iowa,Delaware County,19,55,0,0,0,1,1,1,2,1,2,1,1,0,2,7,0

Iowa,Des Moines County,19,57,1,1,2,1,0,0,0,1,0,1,0,2,0,5,4

Iowa,Dickinson County,19,59,0,0,0,0,1,0,1,1,0,0,0,0,0,0,0

Iowa,Dubuque County,19,61,0,0,3,4,2,3,7,5,7,8,5,12,9,29,17

Iowa,Emmet County,19,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Fayette County,19,65,1,0,0,1,3,1,3,7,1,2,2,3,4,1,1

Iowa,Floyd County,19,67,0,1,0,0,1,0,0,0,0,0,0,0,1,1,1

Iowa,Franklin County,19,69,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Iowa,Fremont County,19,71,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0

Iowa,Greene County,19,73,0,1,0,0,0,2,0,0,1,0,0,0,0,0,0

Iowa,Grundy County,19,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Guthrie County,19,77,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Iowa,Hamilton County,19,79,0,0,0,0,0,0,2,1,1,0,1,0,1,1,1

Iowa,Hancock County,19,81,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Iowa,Hardin County,19,83,0,0,1,2,0,0,0,0,1,0,0,1,1,3,1

Iowa,Harrison County,19,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Henry County,19,87,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1

Iowa,Howard County,19,89,0,0,0,0,0,0,3,2,1,0,0,0,0,1,0

Iowa,Humboldt County,19,91,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Ida County,19,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Iowa County,19,95,0,5,2,0,3,1,2,8,6,3,2,0,1,5,2

Iowa,Jackson County,19,97,1,0,1,1,0,2,1,3,1,3,4,4,3,12,10

Iowa,Jasper County,19,99,1,1,1,1,0,1,2,2,0,1,1,0,1,1,3

Iowa,Jefferson County,19,101,0,0,0,0,1,0,0,0,0,0,0,0,1,0,3

Iowa,Johnson County,19,103,2,2,3,4,6,13,11,28,16,25,24,13,26,40,42

Iowa,Jones County,19,105,0,1,0,2,0,0,0,0,1,0,0,0,1,0,0

Iowa,Keokuk County,19,107,0,0,0,1,0,1,1,1,0,0,0,0,1,0,0

Iowa,Kossuth County,19,109,0,0,0,1,1,0,0,0,0,1,1,0,0,0,1

Iowa,Lee County,19,111,0,1,0,2,0,0,0,2,2,2,0,0,1,0,2

Iowa,Linn County,19,113,7,2,2,6,1,5,10,10,5,8,8,10,13,15,19

Iowa,Louisa County,19,115,0,0,0,0,0,0,2,2,3,1,0,0,3,0,1

Iowa,Lucas County,19,117,0,0,0,0,0,0,0,0,0,2,0,0,0,1,0

Iowa,Lyon County,19,119,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Iowa,Madison County,19,121,0,0,0,0,0,0,0,0,0,1,0,2,0,1,0

Iowa,Mahaska County,19,123,0,0,0,0,0,0,1,0,1,1,0,0,1,1,0

Iowa,Marion County,19,125,1,0,2,1,0,1,0,2,0,0,0,1,4,4,9

Iowa,Marshall County,19,127,0,0,2,2,0,1,1,1,1,0,0,0,2,1,0

Iowa,Mills County,19,129,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Iowa,Mitchell County,19,131,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Iowa,Monona County,19,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Monroe County,19,135,1,0,0,1,0,0,0,2,0,0,0,0,1,1,1

Iowa,Montgomery County,19,137,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Iowa,Muscatine County,19,139,1,2,3,3,6,9,2,4,5,4,2,1,7,8,11

Iowa,O'Brien County,19,141,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Osceola County,19,143,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Page County,19,145,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Palo Alto County,19,147,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Iowa,Plymouth County,19,149,0,0,0,0,0,0,1,1,0,0,1,0,0,0,0

Iowa,Pocahontas County,19,151,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0

Iowa,Polk County,19,153,1,1,2,0,2,7,8,4,7,6,4,3,10,8,18

Iowa,Pottawattamie County,19,155,1,0,0,0,0,0,2,1,1,0,1,0,0,1,0

Iowa,Poweshiek County,19,157,0,0,0,0,0,1,0,0,0,2,1,0,1,2,2

Iowa,Ringgold County,19,159,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Sac County,19,161,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Scott County,19,163,2,4,5,6,2,5,6,2,7,6,3,3,11,12,13

Iowa,Shelby County,19,165,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Iowa,Sioux County,19,167,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Iowa,Story County,19,169,1,1,3,5,3,4,0,2,1,2,0,1,2,3,2

Iowa,Tama County,19,171,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Taylor County,19,173,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Union County,19,175,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Iowa,Van Buren County,19,177,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Wapello County,19,179,1,1,2,0,1,0,1,1,0,0,0,1,2,2,0

Iowa,Warren County,19,181,1,0,0,0,1,0,1,1,1,2,0,2,0,0,0

Iowa,Washington County,19,183,0,0,0,0,0,0,0,2,0,0,1,0,1,3,2

Iowa,Wayne County,19,185,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0

Iowa,Webster County,19,187,3,0,0,2,0,2,0,2,0,0,0,0,2,3,0

Iowa,Winnebago County,19,189,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0

Iowa,Winneshiek County,19,191,1,0,0,2,1,3,1,3,7,2,5,6,8,13,4

Iowa,Woodbury County,19,193,1,0,0,0,0,0,0,1,0,0,0,0,0,3,0

Iowa,Worth County,19,195,0,0,0,0,0,0,0,1,0,1,1,1,0,0,0

Iowa,Wright County,19,197,0,0,0,0,0,0,0,1,2,0,0,0,0,1,0

Iowa,Iowa,19,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Allen County,20,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Anderson County,20,3,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Kansas,Atchison County,20,5,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Barber County,20,7,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Kansas,Barton County,20,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Bourbon County,20,11,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Kansas,Brown County,20,13,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Kansas,Butler County,20,15,2,0,1,0,0,0,0,1,0,0,0,1,0,0,1

Kansas,Chase County,20,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Chautauqua County,20,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Cherokee County,20,21,2,0,0,0,0,0,0,0,0,0,0,1,0,0,1

Kansas,Cheyenne County,20,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Clark County,20,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Clay County,20,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Cloud County,20,29,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Kansas,Coffey County,20,31,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Kansas,Comanche County,20,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Cowley County,20,35,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Kansas,Crawford County,20,37,1,0,0,0,0,0,0,0,0,1,0,0,2,1,2

Kansas,Decatur County,20,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Dickinson County,20,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Kansas,Doniphan County,20,43,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Douglas County,20,45,2,0,4,1,0,0,0,0,0,4,1,2,3,6,2

Kansas,Edwards County,20,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Elk County,20,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Ellis County,20,51,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Kansas,Ellsworth County,20,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Finney County,20,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Ford County,20,57,0,0,0,1,0,0,0,0,0,0,0,1,1,0,0

Kansas,Franklin County,20,59,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0

Kansas,Geary County,20,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Gove County,20,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Graham County,20,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Grant County,20,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Gray County,20,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Greeley County,20,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Greenwood County,20,73,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Kansas,Hamilton County,20,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Harper County,20,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Harvey County,20,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Haskell County,20,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Hodgeman County,20,83,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Jackson County,20,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Jefferson County,20,87,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0

Kansas,Jewell County,20,89,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Johnson County,20,91,0,0,1,0,0,1,2,3,4,7,5,3,5,7,3

Kansas,Kearny County,20,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Kingman County,20,95,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Kansas,Kiowa County,20,97,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Labette County,20,99,0,0,0,0,0,0,1,0,0,0,0,0,0,2,1

Kansas,Lane County,20,101,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Leavenworth County,20,103,0,1,0,0,1,0,0,0,0,1,0,2,0,0,1

Kansas,Lincoln County,20,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Linn County,20,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Kansas,Logan County,20,109,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Lyon County,20,111,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0
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Alabama,Autauga County,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Baldwin County,1,3,1,0,1,0,0,0,0,0,0,1,0,1,1,0,3

Alabama,Barbour County,1,5,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alabama,Bibb County,1,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Blount County,1,9,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alabama,Bullock County,1,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Butler County,1,13,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alabama,Calhoun County,1,15,0,0,0,0,0,0,0,1,0,0,0,2,1,3,2

Alabama,Chambers County,1,17,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0

Alabama,Cherokee County,1,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Chilton County,1,21,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

Alabama,Choctaw County,1,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Clarke County,1,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Clay County,1,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Cleburne County,1,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Coffee County,1,31,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0

Alabama,Colbert County,1,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Conecuh County,1,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Coosa County,1,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Covington County,1,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Crenshaw County,1,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Cullman County,1,43,0,0,0,0,0,0,0,0,1,0,0,0,0,1,0

Alabama,Dale County,1,45,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Alabama,Dallas County,1,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,DeKalb County,1,49,0,0,0,1,1,0,0,0,0,0,0,0,1,0,0

Alabama,Elmore County,1,51,1,0,0,0,0,0,0,0,0,0,0,0,0,0,5

Alabama,Escambia County,1,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Etowah County,1,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Fayette County,1,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Franklin County,1,59,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Geneva County,1,61,0,0,0,0,0,0,0,0,0,0,0,1,0,0,1

Alabama,Greene County,1,63,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Alabama,Hale County,1,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Alabama,Henry County,1,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Houston County,1,69,0,0,0,0,0,0,0,0,0,1,0,1,1,0,0

Alabama,Jackson County,1,71,0,0,0,0,0,0,0,1,1,0,0,0,0,0,1

Alabama,Jefferson County,1,73,1,4,2,3,2,0,2,2,0,0,0,0,3,0,4

Alabama,Lamar County,1,75,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1

Alabama,Lauderdale County,1,77,0,0,0,0,0,0,0,0,0,0,1,0,1,1,0

Alabama,Lawrence County,1,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Lee County,1,81,0,0,0,0,0,0,1,1,0,0,0,1,1,0,2

Alabama,Limestone County,1,83,0,0,0,0,0,0,0,0,0,0,0,2,0,0,1

Alabama,Lowndes County,1,85,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Alabama,Macon County,1,87,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Madison County,1,89,0,1,3,3,0,3,4,0,2,1,0,3,5,3,5

Alabama,Marengo County,1,91,0,0,0,0,0,0,0,1,0,0,0,0,0,0,2

Alabama,Marion County,1,93,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0

Alabama,Marshall County,1,95,0,0,0,0,0,0,0,0,0,0,0,1,0,2,3

Alabama,Mobile County,1,97,2,3,2,0,0,0,3,0,3,0,0,0,5,5,1

Alabama,Monroe County,1,99,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2

Alabama,Montgomery County,1,101,0,2,2,0,0,0,1,0,0,0,0,2,0,1,4

Alabama,Morgan County,1,103,0,0,0,0,0,0,0,1,1,0,0,1,1,0,2

Alabama,Perry County,1,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Pickens County,1,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Pike County,1,109,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Randolph County,1,111,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Russell County,1,113,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2

Alabama,St. Clair County,1,115,0,0,0,0,0,0,0,0,0,0,0,2,0,0,2

Alabama,Shelby County,1,117,0,0,0,0,0,0,0,1,0,0,0,1,2,4,6

Alabama,Sumter County,1,119,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0

Alabama,Talladega County,1,121,0,0,0,0,1,0,0,0,0,0,0,0,1,0,0

Alabama,Tallapoosa County,1,123,0,0,0,0,0,0,0,1,0,0,0,1,0,1,3

Alabama,Tuscaloosa County,1,125,1,0,1,0,0,0,0,0,0,0,0,0,0,0,7

Alabama,Walker County,1,127,0,0,0,0,0,0,0,0,0,0,0,2,0,0,1

Alabama,Washington County,1,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Wilcox County,1,131,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Winston County,1,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alabama,Alabama,1,999,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Alaska,Aleutians East Borough,2,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Aleutians West Census Area,2,16,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Anchorage Municipality,2,20,1,1,1,2,1,1,1,3,1,4,0,3,1,5,4

Alaska,Bethel Census Area,2,50,0,0,0,0,0,0,0,1,0,0,0,0,0,1,0

Alaska,Bristol Bay Borough,2,60,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Denali Borough,2,68,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Dillingham Census Area,2,70,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Alaska,Fairbanks North Star Borough,2,90,1,1,0,1,1,0,0,0,1,0,0,1,1,2,0

Alaska,Haines Borough,2,100,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Hoonah-Angoon Census Area,2,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Juneau City and Borough,2,110,0,0,1,0,1,0,0,0,1,0,0,0,2,1,0

Alaska,Kenai Peninsula Borough,2,122,0,0,0,0,0,0,1,1,1,0,3,3,1,0,1

Alaska,Ketchikan Gateway Borough,2,130,0,0,1,0,0,0,0,0,1,1,0,1,2,0,0

Alaska,Kodiak Island Borough,2,150,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Alaska,Lake and Peninsula Borough,2,164,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Matanuska-Susitna Borough,2,170,0,0,0,0,0,1,0,4,1,1,3,1,1,4,3

Alaska,Nome Census Area,2,180,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,North Slope Borough,2,185,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Northwest Arctic Borough,2,188,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Petersburg Census Area,2,195,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Prince of Wales-Hyder Census Area,2,198,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Sitka City and Borough,2,220,0,0,0,0,0,0,1,0,0,1,0,1,1,0,0

Alaska,Skagway Municipality,2,230,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Southeast Fairbanks Census Area,2,240,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Alaska,Valdez-Cordova Census Area,2,261,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0

Alaska,Wade Hampton Census Area,2,270,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Wrangell City and Borough,2,275,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Yakutat City and Borough,2,282,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Yukon-Koyukuk Census Area,2,290,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Alaska,Alaska,2,999,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0

Arizona,Apache County,4,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Arizona,Cochise County,4,3,0,0,0,0,0,0,0,0,0,0,1,0,2,0,2

Arizona,Coconino County,4,5,0,0,0,0,0,0,1,2,0,0,0,0,1,1,1

Arizona,Gila County,4,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3

Arizona,Graham County,4,9,0,0,0,1,0,0,0,0,0,0,0,0,0,0,1

Arizona,Greenlee County,4,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arizona,La Paz County,4,12,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Arizona,Maricopa County,4,13,1,2,3,1,10,7,6,0,8,3,0,7,3,16,10

Arizona,Mohave County,4,15,0,1,0,0,0,0,0,0,0,0,0,0,1,1,1

Arizona,Navajo County,4,17,0,0,0,0,0,0,0,0,0,0,1,0,1,2,0

Arizona,Pima County,4,19,0,0,1,1,2,3,2,0,0,4,0,4,3,7,1

Arizona,Pinal County,4,21,1,0,0,0,1,0,1,0,0,0,0,1,0,1,1

Arizona,Santa Cruz County,4,23,0,0,0,0,0,0,0,0,0,0,0,0,0,2,1

Arizona,Yavapai County,4,25,0,0,0,1,0,0,0,0,0,0,0,3,2,0,0

Arizona,Yuma County,4,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arizona,Arizona,4,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Arkansas County,5,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Ashley County,5,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Baxter County,5,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Benton County,5,7,1,0,1,0,0,0,0,1,0,0,0,0,0,0,0

Arkansas,Boone County,5,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Bradley County,5,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Calhoun County,5,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Carroll County,5,15,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Chicot County,5,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Clark County,5,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Clay County,5,21,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Cleburne County,5,23,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Cleveland County,5,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Columbia County,5,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Conway County,5,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Craighead County,5,31,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Crawford County,5,33,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Crittenden County,5,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Cross County,5,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Dallas County,5,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Desha County,5,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Drew County,5,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Faulkner County,5,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Franklin County,5,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Fulton County,5,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Garland County,5,51,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Grant County,5,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Greene County,5,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Hempstead County,5,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Hot Spring County,5,59,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Howard County,5,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Independence County,5,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Izard County,5,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Jackson County,5,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Jefferson County,5,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Johnson County,5,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lafayette County,5,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lawrence County,5,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lee County,5,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lincoln County,5,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Little River County,5,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Logan County,5,83,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Lonoke County,5,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Madison County,5,87,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Marion County,5,89,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Miller County,5,91,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Mississippi County,5,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Monroe County,5,95,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Montgomery County,5,97,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Nevada County,5,99,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Newton County,5,101,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Ouachita County,5,103,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Perry County,5,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Phillips County,5,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Pike County,5,109,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Poinsett County,5,111,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Polk County,5,113,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Pope County,5,115,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Prairie County,5,117,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Pulaski County,5,119,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Randolph County,5,121,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,St. Francis County,5,123,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Saline County,5,125,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Scott County,5,127,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Searcy County,5,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Sebastian County,5,131,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Sevier County,5,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Sharp County,5,135,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Stone County,5,137,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Union County,5,139,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Van Buren County,5,141,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Washington County,5,143,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,White County,5,145,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Woodruff County,5,147,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Yell County,5,149,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Arkansas,Arkansas,5,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Alameda County,6,1,4,3,7,2,0,5,3,3,6,3,3,2,4,0,1

California,Alpine County,6,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Amador County,6,5,0,1,0,0,0,0,1,2,0,0,1,0,0,1,0

California,Butte County,6,7,3,1,3,2,2,0,1,0,2,3,2,0,1,0,2

California,Calaveras County,6,9,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Colusa County,6,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Contra Costa County,6,13,1,5,3,4,0,4,1,0,1,3,1,3,1,4,3

California,Del Norte County,6,15,0,0,1,1,0,0,0,0,0,2,0,0,0,0,0

California,El Dorado County,6,17,0,0,0,0,3,3,3,2,0,3,2,0,2,2,1

California,Fresno County,6,19,1,0,1,0,0,0,1,0,2,1,3,0,4,0,0

California,Glenn County,6,21,1,0,0,0,0,0,0,0,0,2,0,0,0,0,1

California,Humboldt County,6,23,10,4,5,5,7,11,4,6,6,4,14,8,2,4,5

California,Imperial County,6,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Inyo County,6,27,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0

California,Kern County,6,29,2,0,2,1,0,2,1,2,5,2,2,0,0,0,0

California,Kings County,6,31,0,0,0,0,0,0,0,0,0,1,1,1,0,1,0

California,Lake County,6,33,0,1,0,1,1,1,0,1,0,0,0,1,0,0,0

California,Lassen County,6,35,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

California,Los Angeles County,6,37,2,9,6,7,2,8,11,9,8,7,11,6,0,20,6

California,Madera County,6,39,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

California,Marin County,6,41,3,1,4,4,0,3,6,3,2,3,4,1,3,6,3

California,Mariposa County,6,43,0,0,1,0,1,0,0,0,0,0,0,0,1,1,2

California,Mendocino County,6,45,7,4,10,6,2,1,0,5,9,7,10,7,4,1,2

California,Merced County,6,47,1,0,1,0,0,0,0,0,0,0,0,1,0,0,0

California,Modoc County,6,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Mono County,6,51,0,0,0,3,1,0,0,0,0,0,1,0,0,1,0

California,Monterey County,6,53,1,1,5,1,1,0,0,0,0,0,1,1,1,1,0

California,Napa County,6,55,2,3,1,0,1,1,0,3,0,2,0,1,2,1,2

California,Nevada County,6,57,9,6,3,4,1,3,2,2,2,1,5,6,2,0,0

California,Orange County,6,59,3,0,3,2,0,1,2,1,1,1,7,6,0,0,0

California,Placer County,6,61,1,4,3,0,2,2,3,0,1,4,0,1,2,1,0

California,Plumas County,6,63,0,1,0,0,0,0,0,0,0,0,0,0,0,0,1

California,Riverside County,6,65,3,2,1,2,1,4,0,0,1,5,1,5,1,2,3

California,Sacramento County,6,67,3,4,2,4,2,6,3,2,0,0,1,1,0,0,0

California,San Benito County,6,69,0,1,1,0,0,0,0,0,0,1,0,0,0,0,0

California,San Bernardino County,6,71,1,0,0,1,0,0,0,0,1,2,0,2,0,1,0

California,San Diego County,6,73,9,3,7,2,4,8,9,5,3,10,10,7,6,6,7

California,San Francisco County,6,75,2,3,3,3,1,8,6,3,5,1,10,1,1,9,0

California,San Joaquin County,6,77,0,0,0,0,0,0,0,0,0,2,1,0,1,0,1

California,San Luis Obispo County,6,79,1,0,0,0,0,1,0,0,1,0,0,1,0,3,3

California,San Mateo County,6,81,2,4,3,5,1,4,2,0,2,11,2,0,1,8,5

California,Santa Barbara County,6,83,0,1,2,3,2,0,0,2,2,9,1,5,0,7,1

California,Santa Clara County,6,85,2,2,6,4,0,2,9,2,0,2,4,10,4,12,5

California,Santa Cruz County,6,87,5,10,1,7,3,0,6,5,2,5,7,8,6,7,6

California,Shasta County,6,89,0,2,1,0,2,2,0,0,0,0,5,1,1,0,0

California,Sierra County,6,91,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0

California,Siskiyou County,6,93,0,1,1,0,0,0,0,0,0,1,0,0,0,1,0

California,Solano County,6,95,1,1,0,0,0,0,0,0,0,0,1,0,0,0,1

California,Sonoma County,6,97,8,6,4,9,2,9,8,9,9,10,9,3,12,7,10

California,Stanislaus County,6,99,1,2,0,0,0,1,0,0,1,1,1,0,1,0,0

California,Sutter County,6,101,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0

California,Tehama County,6,103,2,0,1,0,0,0,0,0,0,1,0,0,0,0,0

California,Trinity County,6,105,1,1,1,1,3,3,0,1,0,0,1,1,0,1,1

California,Tulare County,6,107,0,2,0,0,0,0,0,1,0,4,2,0,1,1,0

California,Tuolumne County,6,109,0,2,1,0,0,1,1,0,0,0,0,0,0,0,0

California,Ventura County,6,111,2,2,1,1,2,1,0,4,2,3,4,0,2,2,0

California,Yolo County,6,113,0,0,2,0,1,0,1,1,0,0,0,0,1,1,1

California,Yuba County,6,115,0,0,0,0,0,0,0,0,0,0,1,1,2,0,0

California,California,6,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Adams County,8,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Alamosa County,8,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Arapahoe County,8,5,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Colorado,Archuleta County,8,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Baca County,8,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Bent County,8,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Boulder County,8,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Broomfield County,8,14,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Chaffee County,8,15,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Cheyenne County,8,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Clear Creek County,8,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Conejos County,8,21,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Costilla County,8,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Crowley County,8,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Custer County,8,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Delta County,8,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Denver County,8,31,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0

Colorado,Dolores County,8,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Douglas County,8,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Eagle County,8,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Elbert County,8,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,El Paso County,8,41,0,0,0,0,0,0,0,0,0,1,2,0,0,0,0

Colorado,Fremont County,8,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Garfield County,8,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Gilpin County,8,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Grand County,8,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Gunnison County,8,51,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Hinsdale County,8,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Huerfano County,8,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Jackson County,8,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Jefferson County,8,59,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Kiowa County,8,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Kit Carson County,8,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Lake County,8,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,La Plata County,8,67,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Colorado,Larimer County,8,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Las Animas County,8,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Lincoln County,8,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Logan County,8,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Mesa County,8,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Mineral County,8,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Moffat County,8,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Montezuma County,8,83,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Montrose County,8,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Morgan County,8,87,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Otero County,8,89,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Ouray County,8,91,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Park County,8,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Phillips County,8,95,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Pitkin County,8,97,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Prowers County,8,99,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Pueblo County,8,101,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Rio Blanco County,8,103,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Rio Grande County,8,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Routt County,8,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Saguache County,8,109,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,San Juan County,8,111,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,San Miguel County,8,113,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Sedgwick County,8,115,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Summit County,8,117,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Teller County,8,119,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Washington County,8,121,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Weld County,8,123,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Yuma County,8,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Colorado,Colorado,8,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Connecticut,Fairfield County,9,1,1342,1146,1313,335,330,426,355,434,530,698,331,305,225,443,437

Connecticut,Hartford County,9,3,231,269,293,59,73,96,132,216,291,312,187,167,143,288,291

Connecticut,Litchfield County,9,5,457,376,677,276,283,299,357,358,172,213,88,118,67,187,168

Connecticut,Middlesex County,9,7,191,163,214,83,47,118,105,157,195,196,125,109,93,181,155

Connecticut,New Haven County,9,9,442,479,538,71,102,175,152,377,393,460,240,249,213,388,459

Connecticut,New London County,9,11,439,448,641,170,181,312,317,407,286,579,340,314,263,402,406

Connecticut,Tolland County,9,13,201,219,332,121,98,138,191,227,273,297,161,217,129,255,233

Connecticut,Windham County,9,15,359,375,488,236,187,189,147,178,121,275,148,128,122,184,162

Connecticut,Connecticut,9,999,111,122,135,52,47,57,32,704,1635,1126,1448,1432,1402,597,49

Delaware,Kent County,10,1,25,22,33,33,148,177,114,155,119,181,127,133,110,78,76

Delaware,New Castle County,10,3,121,102,132,128,105,312,285,441,519,622,396,552,398,299,259

Delaware,Sussex County,10,5,21,28,29,51,20,107,67,92,104,160,96,154,123,103,50

Delaware,Delaware,10,999,0,0,0,0,66,50,16,27,30,21,37,34,38,29,32

District of Columbia,District of Columbia,11,1,11,17,25,14,16,10,62,116,74,61,42,0,0,35,40

Florida,Alachua County,12,1,1,0,0,0,6,0,0,1,3,1,1,2,3,0,0

Florida,Baker County,12,3,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Florida,Bay County,12,5,0,0,1,0,0,0,0,0,0,1,0,1,0,4,2

Florida,Bradford County,12,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Brevard County,12,9,2,1,1,1,2,0,0,0,3,1,3,4,2,7,4

Florida,Broward County,12,11,0,0,0,0,0,1,1,1,1,4,3,3,2,1,1

Florida,Calhoun County,12,13,0,1,0,0,0,0,0,0,0,0,0,1,0,0,0

Florida,Charlotte County,12,15,0,0,2,2,1,3,0,2,0,0,2,1,0,0,4

Florida,Citrus County,12,17,1,1,5,2,0,1,0,0,0,4,2,3,3,1,0

Florida,Clay County,12,19,1,0,0,0,1,0,0,0,0,0,0,0,1,2,3

Florida,Collier County,12,21,1,1,1,1,0,1,0,0,0,0,1,1,5,6,2

Florida,Columbia County,12,23,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Florida,DeSoto County,12,27,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Florida,Dixie County,12,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Florida,Duval County,12,31,1,1,3,0,2,0,1,0,3,1,4,3,2,1,1

Florida,Escambia County,12,33,1,0,3,0,0,1,0,0,3,1,1,0,0,6,2

Florida,Flagler County,12,35,1,0,1,0,0,0,0,0,3,1,1,4,3,1,3

Florida,Franklin County,12,37,0,0,0,0,0,0,0,0,1,0,0,0,0,0,2

Florida,Gadsden County,12,39,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Florida,Gilchrist County,12,41,0,0,1,0,0,0,0,0,0,0,1,0,0,0,0

Florida,Glades County,12,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Gulf County,12,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Hamilton County,12,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Hardee County,12,49,0,1,0,0,0,0,0,1,0,0,0,0,0,0,1

Florida,Hendry County,12,51,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Hernando County,12,53,2,0,0,0,0,0,0,2,2,1,1,0,0,0,0

Florida,Highlands County,12,55,0,0,0,0,0,2,0,0,0,0,2,0,0,0,1

Florida,Hillsborough County,12,57,2,3,2,3,1,7,2,1,2,11,4,7,9,11,11

Florida,Holmes County,12,59,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Florida,Indian River County,12,61,2,1,2,1,4,0,1,0,3,3,1,0,2,3,6

Florida,Jackson County,12,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Jefferson County,12,65,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1

Florida,Lafayette County,12,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Lake County,12,69,1,1,1,2,1,0,0,0,0,0,1,1,3,0,3

Florida,Lee County,12,71,3,1,1,1,2,2,3,3,3,11,8,9,8,13,7

Florida,Leon County,12,73,0,0,3,0,0,0,0,0,0,0,0,3,1,2,0

Florida,Levy County,12,75,0,0,0,0,0,0,0,0,0,0,1,0,0,2,0

Florida,Liberty County,12,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Madison County,12,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Manatee County,12,81,1,0,3,0,0,3,0,2,3,4,0,4,2,6,1

Florida,Marion County,12,83,0,0,1,1,0,2,0,1,5,2,5,7,4,3,3

Florida,Martin County,12,85,1,0,0,0,2,2,2,4,2,4,4,2,1,1,6

Florida,Miami-Dade County,12,86,9,6,3,6,5,1,0,0,7,8,6,5,13,8,16

Florida,Monroe County,12,87,0,1,2,0,0,1,0,0,1,0,1,0,0,2,1

Florida,Nassau County,12,89,0,0,3,3,0,1,0,0,0,1,0,1,0,1,1

Florida,Okaloosa County,12,91,1,1,0,0,1,1,1,0,0,1,1,0,1,1,1

Florida,Okeechobee County,12,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Orange County,12,95,4,3,5,1,3,0,2,2,3,6,4,3,3,4,2

Florida,Osceola County,12,97,0,0,1,0,0,1,3,0,0,0,1,0,1,3,0

Florida,Palm Beach County,12,99,2,6,7,5,3,5,5,4,8,8,1,16,4,6,14

Florida,Pasco County,12,101,0,0,8,0,2,0,0,0,0,5,4,4,3,2,6

Florida,Pinellas County,12,103,10,5,10,6,4,4,3,4,8,6,4,9,6,7,5

Florida,Polk County,12,105,0,0,1,1,0,0,0,0,4,4,1,3,3,1,6

Florida,Putnam County,12,107,0,1,0,0,1,1,0,0,0,0,0,0,4,1,0

Florida,St. Johns County,12,109,0,1,1,0,0,0,0,1,5,2,1,3,4,4,6

Florida,St. Lucie County,12,111,0,0,0,0,0,0,2,0,0,2,2,1,7,4,3

Florida,Santa Rosa County,12,113,0,0,0,0,0,0,0,0,0,2,2,1,0,2,2

Florida,Sarasota County,12,115,4,4,3,6,3,5,3,0,11,8,3,1,6,11,8

Florida,Seminole County,12,117,1,0,0,0,0,0,4,0,0,3,1,0,3,4,5

Florida,Sumter County,12,119,0,0,0,0,0,0,0,0,0,0,1,5,1,3,3

Florida,Suwannee County,12,121,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Taylor County,12,123,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Union County,12,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Florida,Volusia County,12,127,1,3,4,0,0,2,1,0,3,2,2,7,6,4,11

Florida,Wakulla County,12,129,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Florida,Walton County,12,131,0,0,0,1,0,0,0,1,0,0,1,0,0,0,0

Florida,Washington County,12,133,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0

Florida,Florida,12,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Appling County,13,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Atkinson County,13,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Bacon County,13,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Baker County,13,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Baldwin County,13,9,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Banks County,13,11,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Barrow County,13,13,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Bartow County,13,15,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Ben Hill County,13,17,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Berrien County,13,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Bibb County,13,21,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0

Georgia,Bleckley County,13,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Brantley County,13,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Brooks County,13,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Bryan County,13,29,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Bulloch County,13,31,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Burke County,13,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Butts County,13,35,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0

Georgia,Calhoun County,13,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Camden County,13,39,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Candler County,13,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Carroll County,13,45,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Georgia,Catoosa County,13,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Charlton County,13,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Chatham County,13,51,0,0,0,0,1,0,0,0,3,1,0,0,0,0,0

Georgia,Chattahoochee County,13,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Chattooga County,13,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Cherokee County,13,57,0,0,0,1,0,1,0,0,0,0,0,0,0,0,0

Georgia,Clarke County,13,59,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Clay County,13,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Clayton County,13,63,0,0,0,1,0,0,0,0,0,0,0,0,1,0,0

Georgia,Clinch County,13,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Cobb County,13,67,0,0,1,1,2,2,0,2,2,1,1,5,2,0,0

Georgia,Coffee County,13,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Colquitt County,13,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Columbia County,13,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Cook County,13,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Coweta County,13,77,0,0,0,1,0,0,0,0,2,1,0,0,0,0,0

Georgia,Crawford County,13,79,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Georgia,Crisp County,13,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Dade County,13,83,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Georgia,Dawson County,13,85,0,0,0,1,2,0,0,0,0,0,0,0,0,0,0

Georgia,Decatur County,13,87,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,DeKalb County,13,89,0,0,0,1,1,0,1,1,2,3,1,3,0,0,0

Georgia,Dodge County,13,91,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Dooly County,13,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Dougherty County,13,95,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Douglas County,13,97,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Early County,13,99,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Echols County,13,101,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Effingham County,13,103,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Georgia,Elbert County,13,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Emanuel County,13,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Evans County,13,109,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Fannin County,13,111,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,Fayette County,13,113,0,0,0,1,0,0,1,1,2,1,0,0,1,0,0

Georgia,Floyd County,13,115,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Forsyth County,13,117,0,0,1,0,0,0,0,2,0,1,1,1,2,0,1

Georgia,Franklin County,13,119,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0

Georgia,Fulton County,13,121,0,0,0,1,0,0,2,1,1,6,1,2,1,1,0

Georgia,Gilmer County,13,123,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Glascock County,13,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Glynn County,13,127,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Gordon County,13,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Grady County,13,131,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Greene County,13,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Gwinnett County,13,135,0,0,0,0,0,0,0,0,3,3,1,1,2,2,1

Georgia,Habersham County,13,137,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Hall County,13,139,0,0,0,0,0,0,2,0,2,2,0,0,2,0,0

Georgia,Hancock County,13,141,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Haralson County,13,143,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Harris County,13,145,0,0,0,0,0,0,0,0,0,1,0,0,1,0,0

Georgia,Hart County,13,147,0,0,0,0,3,0,0,0,0,0,0,0,0,0,0

Georgia,Heard County,13,149,0,0,0,0,0,0,0,0,1,0,0,1,0,0,0

Georgia,Henry County,13,151,0,0,0,1,0,0,0,0,2,6,2,0,1,1,0

Georgia,Houston County,13,153,0,0,0,0,0,0,0,0,1,2,0,4,1,0,0

Georgia,Irwin County,13,155,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jackson County,13,157,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jasper County,13,159,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Georgia,Jeff Davis County,13,161,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jefferson County,13,163,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jenkins County,13,165,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Johnson County,13,167,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Jones County,13,169,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0

Georgia,Lamar County,13,171,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Lanier County,13,173,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Laurens County,13,175,0,0,0,0,0,0,0,0,1,2,0,0,0,0,0

Georgia,Lee County,13,177,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Liberty County,13,179,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Lincoln County,13,181,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Long County,13,183,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Lowndes County,13,185,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0

Georgia,Lumpkin County,13,187,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Georgia,McDuffie County,13,189,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,McIntosh County,13,191,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Macon County,13,193,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Madison County,13,195,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Georgia,Marion County,13,197,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Meriwether County,13,199,0,0,0,0,0,1,0,0,0,0,0,1,0,0,0

Georgia,Miller County,13,201,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Mitchell County,13,205,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Monroe County,13,207,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Montgomery County,13,209,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Morgan County,13,211,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Murray County,13,213,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Muscogee County,13,215,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Georgia,Newton County,13,217,0,0,0,0,1,0,0,0,2,0,0,2,0,0,0

Georgia,Oconee County,13,219,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Oglethorpe County,13,221,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Paulding County,13,223,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Peach County,13,225,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Pickens County,13,227,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,Pierce County,13,229,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Pike County,13,231,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Georgia,Polk County,13,233,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Pulaski County,13,235,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Putnam County,13,237,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Quitman County,13,239,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Rabun County,13,241,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Randolph County,13,243,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Richmond County,13,245,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Rockdale County,13,247,0,0,0,1,0,0,1,1,0,0,0,1,1,0,0

Georgia,Schley County,13,249,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Screven County,13,251,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Seminole County,13,253,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Spalding County,13,255,0,0,0,0,0,0,1,0,0,0,0,0,1,0,0

Georgia,Stephens County,13,257,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Georgia,Stewart County,13,259,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Sumter County,13,261,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0

Georgia,Talbot County,13,263,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Taliaferro County,13,265,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Tattnall County,13,267,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Taylor County,13,269,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Telfair County,13,271,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Terrell County,13,273,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Thomas County,13,275,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Georgia,Tift County,13,277,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Toombs County,13,279,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Georgia,Towns County,13,281,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Treutlen County,13,283,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Troup County,13,285,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0

Georgia,Turner County,13,287,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Twiggs County,13,289,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Union County,13,291,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Upson County,13,293,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Georgia,Walker County,13,295,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0

Georgia,Walton County,13,297,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0

Georgia,Ware County,13,299,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Warren County,13,301,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Washington County,13,303,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Georgia,Wayne County,13,305,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Georgia,Webster County,13,307,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Wheeler County,13,309,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,White County,13,311,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Whitfield County,13,313,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Wilcox County,13,315,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Georgia,Wilkes County,13,317,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Wilkinson County,13,319,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Worth County,13,321,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Georgia,Georgia,13,999,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Hawaii,Hawaii County,15,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Honolulu County,15,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Kalawao County,15,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Kauai County,15,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Maui County,15,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Hawaii,Hawaii,15,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Ada County,16,1,0,0,2,0,0,0,2,0,3,7,2,1,0,3,1

Idaho,Adams County,16,3,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Bannock County,16,5,0,0,0,0,0,1,0,0,0,1,1,0,1,0,0

Idaho,Bear Lake County,16,7,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Idaho,Benewah County,16,9,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0

Idaho,Bingham County,16,11,0,0,0,0,0,0,0,0,1,0,1,0,0,0,0

Idaho,Blaine County,16,13,0,2,1,0,0,0,1,0,1,0,0,0,0,2,0

Idaho,Boise County,16,15,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Idaho,Bonner County,16,17,0,0,1,1,0,0,1,1,0,1,0,0,0,0,0

Idaho,Bonneville County,16,19,0,0,0,0,0,0,1,0,1,4,1,1,2,2,1

Idaho,Boundary County,16,21,1,0,0,1,0,0,0,0,0,0,0,0,0,1,1

Idaho,Butte County,16,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Camas County,16,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Canyon County,16,27,0,1,0,1,2,1,1,4,0,1,1,0,0,1,0

Idaho,Caribou County,16,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Cassia County,16,31,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Idaho,Clark County,16,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Clearwater County,16,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Custer County,16,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Elmore County,16,39,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Idaho,Franklin County,16,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Fremont County,16,43,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Gem County,16,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Gooding County,16,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Idaho County,16,49,0,0,0,0,1,0,0,0,1,0,0,0,0,1,0

Idaho,Jefferson County,16,51,0,0,0,0,0,0,0,0,0,0,0,0,0,2,1

Idaho,Jerome County,16,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Kootenai County,16,55,0,0,0,0,2,0,0,2,1,1,0,1,1,2,2

Idaho,Latah County,16,57,0,1,0,0,0,0,0,0,0,0,3,0,0,1,1

Idaho,Lemhi County,16,59,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Lewis County,16,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Lincoln County,16,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Madison County,16,65,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0

Idaho,Minidoka County,16,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Nez Perce County,16,69,1,0,0,0,0,0,0,0,0,1,0,0,0,0,1

Idaho,Oneida County,16,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Owyhee County,16,73,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Payette County,16,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Power County,16,77,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Idaho,Shoshone County,16,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Teton County,16,81,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Idaho,Twin Falls County,16,83,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Idaho,Valley County,16,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Washington County,16,87,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Idaho,Idaho,16,999,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Adams County,17,1,1,0,0,0,0,0,0,2,0,0,1,0,0,0,3

Illinois,Alexander County,17,3,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Illinois,Bond County,17,5,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Illinois,Boone County,17,7,0,2,1,1,0,0,0,0,0,0,0,2,0,3,1

Illinois,Brown County,17,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Bureau County,17,11,0,0,2,0,0,0,0,0,0,1,1,2,1,2,0

Illinois,Calhoun County,17,13,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Carroll County,17,15,0,0,0,0,1,1,0,6,3,4,2,0,3,6,3

Illinois,Cass County,17,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Illinois,Champaign County,17,19,0,0,0,0,2,2,0,3,1,1,0,0,2,5,7

Illinois,Christian County,17,21,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Illinois,Clark County,17,23,0,0,0,0,0,0,0,0,1,1,0,0,2,1,0

Illinois,Clay County,17,25,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Clinton County,17,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Coles County,17,29,0,0,0,0,0,0,0,0,1,0,0,0,2,0,0

Illinois,Cook County,17,31,5,7,7,16,23,42,35,30,21,29,43,63,53,78,48

Illinois,Crawford County,17,33,0,0,0,0,0,0,0,0,0,0,1,0,1,0,1

Illinois,Cumberland County,17,35,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,DeKalb County,17,37,1,1,1,0,1,3,1,4,1,0,1,2,2,1,2

Illinois,De Witt County,17,39,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1

Illinois,Douglas County,17,41,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Illinois,DuPage County,17,43,2,2,5,6,9,12,10,16,17,18,19,32,27,39,22

Illinois,Edgar County,17,45,0,0,0,0,0,0,0,0,0,0,1,0,0,2,0

Illinois,Edwards County,17,47,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Effingham County,17,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Fayette County,17,51,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Ford County,17,53,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0

Illinois,Franklin County,17,55,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Fulton County,17,57,0,0,0,0,0,1,0,1,1,0,0,1,5,4,4

Illinois,Gallatin County,17,59,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Greene County,17,61,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1

Illinois,Grundy County,17,63,2,2,2,2,0,0,0,0,3,2,0,2,1,1,0

Illinois,Hamilton County,17,65,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Hancock County,17,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Hardin County,17,69,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1

Illinois,Henderson County,17,71,0,0,0,0,0,0,0,0,0,0,0,0,2,0,2

Illinois,Henry County,17,73,0,0,1,1,1,0,0,0,2,0,1,0,1,0,0

Illinois,Iroquois County,17,75,0,0,0,0,0,1,0,0,1,0,1,0,1,0,0

Illinois,Jackson County,17,77,1,0,0,0,0,0,0,0,0,0,0,0,0,3,0

Illinois,Jasper County,17,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Jefferson County,17,81,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Illinois,Jersey County,17,83,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0

Illinois,Jo Daviess County,17,85,0,0,1,8,5,15,21,9,7,1,0,0,4,14,8

Illinois,Johnson County,17,87,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0

Illinois,Kane County,17,89,4,0,0,1,7,5,2,6,5,12,7,9,4,18,5

Illinois,Kankakee County,17,91,0,0,1,0,1,0,0,1,0,0,0,0,2,2,2

Illinois,Kendall County,17,93,0,0,0,0,0,0,1,0,0,0,1,0,0,2,3

Illinois,Knox County,17,95,0,1,0,0,0,0,0,0,0,0,0,1,1,5,4

Illinois,Lake County,17,97,1,1,4,5,6,3,4,8,5,8,6,17,10,36,19

Illinois,LaSalle County,17,99,0,0,2,0,0,1,2,5,1,2,3,4,3,6,3

Illinois,Lawrence County,17,101,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Lee County,17,103,0,0,0,2,1,1,1,2,0,0,1,1,0,1,3

Illinois,Livingston County,17,105,0,0,0,0,0,1,0,0,0,0,0,0,1,0,1

Illinois,Logan County,17,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,McDonough County,17,109,0,0,0,0,0,0,0,0,0,0,0,0,3,0,0

Illinois,McHenry County,17,111,1,0,2,5,6,7,8,6,3,6,1,18,26,36,31

Illinois,McLean County,17,113,3,0,0,0,1,0,0,5,1,4,2,1,1,2,2

Illinois,Macon County,17,115,0,0,1,0,0,0,0,0,1,0,0,2,0,0,0

Illinois,Macoupin County,17,117,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Illinois,Madison County,17,119,0,0,0,0,0,1,0,1,0,1,0,0,1,1,0

Illinois,Marion County,17,121,0,0,1,0,0,0,1,1,0,1,0,1,0,2,0

Illinois,Marshall County,17,123,0,0,0,0,0,0,0,1,1,0,0,0,1,1,1

Illinois,Mason County,17,125,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Massac County,17,127,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Illinois,Menard County,17,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Mercer County,17,131,0,0,0,1,0,0,1,0,0,0,2,1,0,0,0

Illinois,Monroe County,17,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Montgomery County,17,135,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Illinois,Morgan County,17,137,1,1,0,0,0,0,1,0,0,0,0,0,0,0,0

Illinois,Moultrie County,17,139,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Illinois,Ogle County,17,141,0,2,1,3,5,6,3,6,5,4,5,3,7,3,5

Illinois,Peoria County,17,143,0,0,1,1,0,3,3,2,2,3,2,5,5,4,7

Illinois,Perry County,17,145,0,0,0,0,1,0,0,0,0,0,0,0,0,0,2

Illinois,Piatt County,17,147,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Pike County,17,149,2,2,2,1,0,1,0,5,0,2,0,0,1,1,0

Illinois,Pope County,17,151,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0

Illinois,Pulaski County,17,153,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Putnam County,17,155,0,0,0,0,1,0,0,0,0,0,0,1,1,2,1

Illinois,Randolph County,17,157,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Illinois,Richland County,17,159,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Rock Island County,17,161,0,1,2,5,2,1,1,3,2,4,2,1,1,5,3

Illinois,St. Clair County,17,163,0,0,0,1,0,0,0,0,0,1,1,0,2,2,0

Illinois,Saline County,17,165,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0

Illinois,Sangamon County,17,167,1,0,1,0,2,0,0,0,1,3,0,1,1,0,0

Illinois,Schuyler County,17,169,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Scott County,17,171,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Shelby County,17,173,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0

Illinois,Stark County,17,175,0,0,0,0,0,0,0,1,1,0,1,0,0,0,0

Illinois,Stephenson County,17,177,0,2,1,1,0,0,0,0,2,2,1,2,0,0,1

Illinois,Tazewell County,17,179,1,0,0,0,0,1,0,2,1,0,5,3,2,5,3

Illinois,Union County,17,181,2,0,0,0,0,0,0,1,0,0,1,0,0,0,0

Illinois,Vermilion County,17,183,0,0,0,1,0,0,0,0,0,0,1,2,1,7,2

Illinois,Wabash County,17,185,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Illinois,Warren County,17,187,0,0,0,0,0,0,0,1,1,2,0,0,1,1,0

Illinois,Washington County,17,189,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Wayne County,17,191,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Illinois,White County,17,193,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Illinois,Whiteside County,17,195,0,1,0,1,0,0,0,0,2,0,1,0,1,8,4

Illinois,Will County,17,197,0,3,2,4,7,5,11,8,7,4,6,6,8,13,14

Illinois,Williamson County,17,199,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1

Illinois,Winnebago County,17,201,2,3,5,5,2,9,2,11,4,14,11,9,8,7,8

Illinois,Woodford County,17,203,0,1,0,0,1,0,0,1,1,2,1,1,1,0,1

Illinois,Illinois,17,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Adams County,18,1,0,0,0,1,0,0,0,0,0,0,1,0,0,1,1

Indiana,Allen County,18,3,2,1,0,2,2,2,0,2,1,3,2,3,0,2,2

Indiana,Bartholomew County,18,5,0,0,0,0,0,1,0,0,0,0,0,0,0,1,0

Indiana,Benton County,18,7,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Indiana,Blackford County,18,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Boone County,18,11,1,1,0,1,0,0,0,0,0,1,1,0,0,0,2

Indiana,Brown County,18,13,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Indiana,Carroll County,18,15,0,0,0,0,0,0,0,0,0,0,1,1,1,0,0

Indiana,Cass County,18,17,0,0,1,0,0,1,2,0,0,0,2,0,2,1,3

Indiana,Clark County,18,19,0,1,0,0,0,0,1,0,0,0,0,0,1,2,0

Indiana,Clay County,18,21,1,0,0,0,0,1,0,0,0,0,1,0,0,0,0

Indiana,Clinton County,18,23,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Indiana,Crawford County,18,25,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Daviess County,18,27,0,1,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Dearborn County,18,29,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Decatur County,18,31,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,DeKalb County,18,33,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Delaware County,18,35,0,0,0,0,0,0,1,0,0,1,0,0,1,1,1

Indiana,Dubois County,18,37,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Elkhart County,18,39,0,0,2,1,1,1,0,1,1,2,2,0,0,0,2

Indiana,Fayette County,18,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Floyd County,18,43,0,0,0,0,0,1,0,0,1,0,0,0,0,0,0

Indiana,Fountain County,18,45,0,0,0,0,1,0,0,0,0,0,2,3,0,0,0

Indiana,Franklin County,18,47,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Indiana,Fulton County,18,49,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1

Indiana,Gibson County,18,51,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Indiana,Grant County,18,53,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Greene County,18,55,0,0,0,0,0,0,0,1,1,1,0,1,0,1,0

Indiana,Hamilton County,18,57,0,2,0,0,1,0,2,7,3,4,3,3,3,0,1

Indiana,Hancock County,18,59,0,0,0,0,0,0,0,0,0,0,2,0,0,0,1

Indiana,Harrison County,18,61,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Hendricks County,18,63,1,0,1,2,0,1,0,0,0,0,1,1,0,1,3

Indiana,Henry County,18,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Howard County,18,67,0,0,1,0,1,0,0,0,0,3,2,0,1,0,1

Indiana,Huntington County,18,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Indiana,Jackson County,18,71,1,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Indiana,Jasper County,18,73,0,0,0,2,0,0,0,3,0,2,0,1,3,0,3

Indiana,Jay County,18,75,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0

Indiana,Jefferson County,18,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Indiana,Jennings County,18,79,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Indiana,Johnson County,18,81,0,1,0,1,1,0,0,0,0,3,1,0,0,0,0

Indiana,Knox County,18,83,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Indiana,Kosciusko County,18,85,0,0,0,1,0,0,0,0,0,0,1,1,0,3,0

Indiana,LaGrange County,18,87,1,0,0,0,0,0,1,0,0,1,0,1,0,0,0

Indiana,Lake County,18,89,1,1,1,1,1,5,2,5,3,5,2,7,5,5,6

Indiana,LaPorte County,18,91,0,0,3,1,2,2,3,4,5,4,5,6,3,9,4

Indiana,Lawrence County,18,93,1,3,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Madison County,18,95,0,0,1,0,1,0,0,1,0,0,0,0,0,2,0

Indiana,Marion County,18,97,5,1,1,0,3,2,4,1,0,0,0,5,4,4,3

Indiana,Marshall County,18,99,0,1,0,1,0,1,0,1,1,1,0,8,1,4,7

Indiana,Martin County,18,101,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Indiana,Miami County,18,103,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Monroe County,18,105,1,2,2,1,4,0,0,1,0,1,3,0,1,0,0

Indiana,Montgomery County,18,107,0,1,0,0,0,0,0,0,2,0,3,4,2,0,1

Indiana,Morgan County,18,109,0,1,0,0,0,0,0,0,0,1,2,0,0,0,0

Indiana,Newton County,18,111,0,0,0,0,0,0,0,0,1,0,0,2,0,0,0

Indiana,Noble County,18,113,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Indiana,Ohio County,18,115,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Orange County,18,117,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Owen County,18,119,0,0,0,0,0,0,0,0,1,0,2,2,0,4,1

Indiana,Parke County,18,121,0,0,0,0,0,0,0,0,1,0,0,2,0,4,0

Indiana,Perry County,18,123,0,1,0,0,0,0,0,2,0,2,0,1,0,0,0

Indiana,Pike County,18,125,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Indiana,Porter County,18,127,0,0,0,3,4,5,1,5,5,10,7,15,15,19,16

Indiana,Posey County,18,129,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Pulaski County,18,131,0,0,1,1,0,1,0,1,0,1,3,0,0,0,1

Indiana,Putnam County,18,133,0,0,0,0,0,0,0,0,0,0,1,0,1,0,1

Indiana,Randolph County,18,135,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Ripley County,18,137,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Indiana,Rush County,18,139,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,St. Joseph County,18,141,1,2,3,1,3,1,2,4,6,10,5,10,10,16,21

Indiana,Scott County,18,143,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Shelby County,18,145,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Spencer County,18,147,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Starke County,18,149,0,2,0,0,0,0,0,0,3,2,6,2,5,5,4

Indiana,Steuben County,18,151,1,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Indiana,Sullivan County,18,153,0,0,1,0,0,1,0,0,0,0,0,0,0,0,0

Indiana,Switzerland County,18,155,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Tippecanoe County,18,157,1,0,0,1,1,2,1,3,1,2,0,2,3,1,4

Indiana,Tipton County,18,159,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Indiana,Union County,18,161,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Vanderburgh County,18,163,1,2,1,1,2,0,0,2,2,3,2,0,2,0,0

Indiana,Vermillion County,18,165,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Vigo County,18,167,1,0,0,0,0,0,0,3,0,0,0,1,0,0,1

Indiana,Wabash County,18,169,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1

Indiana,Warren County,18,171,0,0,0,0,0,0,3,1,1,1,0,1,0,0,0

Indiana,Warrick County,18,173,0,0,0,1,1,0,0,3,0,1,1,0,0,2,0

Indiana,Washington County,18,175,1,0,1,0,1,0,0,0,0,0,0,0,0,0,0

Indiana,Wayne County,18,177,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Wells County,18,179,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0

Indiana,White County,18,181,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Indiana,Whitley County,18,183,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

Indiana,Indiana,18,999,0,0,0,0,0,0,0,0,0,16,12,10,7,19,15

Iowa,Adair County,19,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0

Iowa,Adams County,19,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Allamakee County,19,5,1,3,2,1,2,8,4,5,4,2,1,11,11,9,4

Iowa,Appanoose County,19,7,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Iowa,Audubon County,19,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Benton County,19,11,1,0,0,0,0,3,2,0,1,0,0,2,0,4,0

Iowa,Black Hawk County,19,13,2,0,0,1,2,3,3,0,2,1,1,3,5,6,2

Iowa,Boone County,19,15,0,0,0,1,1,0,1,0,0,0,1,0,3,4,0

Iowa,Bremer County,19,17,0,0,0,0,0,1,1,1,1,0,0,0,1,3,0

Iowa,Buchanan County,19,19,0,0,0,0,0,0,2,0,2,0,0,0,1,3,1

Iowa,Buena Vista County,19,21,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Butler County,19,23,0,0,1,0,0,0,0,0,0,0,0,1,0,2,0

Iowa,Calhoun County,19,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Carroll County,19,27,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0

Iowa,Cass County,19,29,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0

Iowa,Cedar County,19,31,0,0,0,1,0,1,1,1,0,2,1,1,0,0,0

Iowa,Cerro Gordo County,19,33,0,0,2,0,0,0,0,0,0,0,1,0,0,1,1

Iowa,Cherokee County,19,35,0,3,0,1,0,0,2,0,0,0,0,0,0,0,0

Iowa,Chickasaw County,19,37,0,0,0,0,0,2,0,0,0,0,1,0,2,1,0

Iowa,Clarke County,19,39,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0

Iowa,Clay County,19,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Clayton County,19,43,1,2,1,1,3,5,5,6,10,10,10,13,12,17,6

Iowa,Clinton County,19,45,1,1,0,0,1,1,0,2,5,1,0,1,3,2,6

Iowa,Crawford County,19,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Dallas County,19,49,0,0,1,0,0,0,1,1,1,3,0,0,1,1,2

Iowa,Davis County,19,51,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1

Iowa,Decatur County,19,53,0,1,0,0,0,0,1,0,0,1,0,0,0,1,0

Iowa,Delaware County,19,55,0,0,0,1,1,1,2,1,2,1,1,0,2,7,0

Iowa,Des Moines County,19,57,1,1,2,1,0,0,0,1,0,1,0,2,0,5,4

Iowa,Dickinson County,19,59,0,0,0,0,1,0,1,1,0,0,0,0,0,0,0

Iowa,Dubuque County,19,61,0,0,3,4,2,3,7,5,7,8,5,12,9,29,17

Iowa,Emmet County,19,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Fayette County,19,65,1,0,0,1,3,1,3,7,1,2,2,3,4,1,1

Iowa,Floyd County,19,67,0,1,0,0,1,0,0,0,0,0,0,0,1,1,1

Iowa,Franklin County,19,69,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0

Iowa,Fremont County,19,71,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0

Iowa,Greene County,19,73,0,1,0,0,0,2,0,0,1,0,0,0,0,0,0

Iowa,Grundy County,19,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Guthrie County,19,77,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Iowa,Hamilton County,19,79,0,0,0,0,0,0,2,1,1,0,1,0,1,1,1

Iowa,Hancock County,19,81,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Iowa,Hardin County,19,83,0,0,1,2,0,0,0,0,1,0,0,1,1,3,1

Iowa,Harrison County,19,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Henry County,19,87,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1

Iowa,Howard County,19,89,0,0,0,0,0,0,3,2,1,0,0,0,0,1,0

Iowa,Humboldt County,19,91,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Ida County,19,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Iowa County,19,95,0,5,2,0,3,1,2,8,6,3,2,0,1,5,2

Iowa,Jackson County,19,97,1,0,1,1,0,2,1,3,1,3,4,4,3,12,10

Iowa,Jasper County,19,99,1,1,1,1,0,1,2,2,0,1,1,0,1,1,3

Iowa,Jefferson County,19,101,0,0,0,0,1,0,0,0,0,0,0,0,1,0,3

Iowa,Johnson County,19,103,2,2,3,4,6,13,11,28,16,25,24,13,26,40,42

Iowa,Jones County,19,105,0,1,0,2,0,0,0,0,1,0,0,0,1,0,0

Iowa,Keokuk County,19,107,0,0,0,1,0,1,1,1,0,0,0,0,1,0,0

Iowa,Kossuth County,19,109,0,0,0,1,1,0,0,0,0,1,1,0,0,0,1

Iowa,Lee County,19,111,0,1,0,2,0,0,0,2,2,2,0,0,1,0,2

Iowa,Linn County,19,113,7,2,2,6,1,5,10,10,5,8,8,10,13,15,19

Iowa,Louisa County,19,115,0,0,0,0,0,0,2,2,3,1,0,0,3,0,1

Iowa,Lucas County,19,117,0,0,0,0,0,0,0,0,0,2,0,0,0,1,0

Iowa,Lyon County,19,119,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Iowa,Madison County,19,121,0,0,0,0,0,0,0,0,0,1,0,2,0,1,0

Iowa,Mahaska County,19,123,0,0,0,0,0,0,1,0,1,1,0,0,1,1,0

Iowa,Marion County,19,125,1,0,2,1,0,1,0,2,0,0,0,1,4,4,9

Iowa,Marshall County,19,127,0,0,2,2,0,1,1,1,1,0,0,0,2,1,0

Iowa,Mills County,19,129,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0

Iowa,Mitchell County,19,131,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Iowa,Monona County,19,133,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Monroe County,19,135,1,0,0,1,0,0,0,2,0,0,0,0,1,1,1

Iowa,Montgomery County,19,137,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Iowa,Muscatine County,19,139,1,2,3,3,6,9,2,4,5,4,2,1,7,8,11

Iowa,O'Brien County,19,141,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Osceola County,19,143,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Page County,19,145,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Palo Alto County,19,147,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Iowa,Plymouth County,19,149,0,0,0,0,0,0,1,1,0,0,1,0,0,0,0

Iowa,Pocahontas County,19,151,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0

Iowa,Polk County,19,153,1,1,2,0,2,7,8,4,7,6,4,3,10,8,18

Iowa,Pottawattamie County,19,155,1,0,0,0,0,0,2,1,1,0,1,0,0,1,0

Iowa,Poweshiek County,19,157,0,0,0,0,0,1,0,0,0,2,1,0,1,2,2

Iowa,Ringgold County,19,159,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Sac County,19,161,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Scott County,19,163,2,4,5,6,2,5,6,2,7,6,3,3,11,12,13

Iowa,Shelby County,19,165,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Iowa,Sioux County,19,167,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0

Iowa,Story County,19,169,1,1,3,5,3,4,0,2,1,2,0,1,2,3,2

Iowa,Tama County,19,171,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Taylor County,19,173,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Union County,19,175,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Iowa,Van Buren County,19,177,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Iowa,Wapello County,19,179,1,1,2,0,1,0,1,1,0,0,0,1,2,2,0

Iowa,Warren County,19,181,1,0,0,0,1,0,1,1,1,2,0,2,0,0,0

Iowa,Washington County,19,183,0,0,0,0,0,0,0,2,0,0,1,0,1,3,2

Iowa,Wayne County,19,185,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0

Iowa,Webster County,19,187,3,0,0,2,0,2,0,2,0,0,0,0,2,3,0

Iowa,Winnebago County,19,189,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0

Iowa,Winneshiek County,19,191,1,0,0,2,1,3,1,3,7,2,5,6,8,13,4

Iowa,Woodbury County,19,193,1,0,0,0,0,0,0,1,0,0,0,0,0,3,0

Iowa,Worth County,19,195,0,0,0,0,0,0,0,1,0,1,1,1,0,0,0

Iowa,Wright County,19,197,0,0,0,0,0,0,0,1,2,0,0,0,0,1,0

Iowa,Iowa,19,999,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Allen County,20,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Anderson County,20,3,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Kansas,Atchison County,20,5,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Barber County,20,7,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0

Kansas,Barton County,20,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Bourbon County,20,11,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Kansas,Brown County,20,13,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0

Kansas,Butler County,20,15,2,0,1,0,0,0,0,1,0,0,0,1,0,0,1

Kansas,Chase County,20,17,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Chautauqua County,20,19,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Cherokee County,20,21,2,0,0,0,0,0,0,0,0,0,0,1,0,0,1

Kansas,Cheyenne County,20,23,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Clark County,20,25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Clay County,20,27,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Cloud County,20,29,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Kansas,Coffey County,20,31,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

Kansas,Comanche County,20,33,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Cowley County,20,35,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0

Kansas,Crawford County,20,37,1,0,0,0,0,0,0,0,0,1,0,0,2,1,2

Kansas,Decatur County,20,39,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Dickinson County,20,41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Kansas,Doniphan County,20,43,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Douglas County,20,45,2,0,4,1,0,0,0,0,0,4,1,2,3,6,2

Kansas,Edwards County,20,47,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Elk County,20,49,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Ellis County,20,51,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0

Kansas,Ellsworth County,20,53,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Finney County,20,55,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Ford County,20,57,0,0,0,1,0,0,0,0,0,0,0,1,1,0,0

Kansas,Franklin County,20,59,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0

Kansas,Geary County,20,61,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Gove County,20,63,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Graham County,20,65,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Grant County,20,67,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Gray County,20,69,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Greeley County,20,71,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Greenwood County,20,73,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Kansas,Hamilton County,20,75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Harper County,20,77,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Harvey County,20,79,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Haskell County,20,81,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Hodgeman County,20,83,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Jackson County,20,85,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Jefferson County,20,87,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0

Kansas,Jewell County,20,89,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Johnson County,20,91,0,0,1,0,0,1,2,3,4,7,5,3,5,7,3

Kansas,Kearny County,20,93,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Kingman County,20,95,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0

Kansas,Kiowa County,20,97,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Labette County,20,99,0,0,0,0,0,0,1,0,0,0,0,0,0,2,1

Kansas,Lane County,20,101,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Leavenworth County,20,103,0,1,0,0,1,0,0,0,0,1,0,2,0,0,1

Kansas,Lincoln County,20,105,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Linn County,20,107,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1

Kansas,Logan County,20,109,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Kansas,Lyon County,20,111,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0



INCITS County or equivalent State or district 2013 Pop Core Based Statistical Area Combined Statistical Area
01001 Autauga County Alabama 55,246 Montgomery, AL Metropolitan Statistical Area
01003 Baldwin County Alabama 195,540 Daphne-Fairhope-Foley, AL Micropolitan Statistical Area Mobile-Daphne-Fairhope, AL Combined Statistical Area
01005 Barbour County Alabama 27,076
01007 Bibb County Alabama 22,512 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01009 Blount County Alabama 57,872 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01011 Bullock County Alabama 10,639
01013 Butler County Alabama 20,265
01015 Calhoun County Alabama 116,736 Anniston-Oxford-Jacksonville, AL Metropolitan Statistical Area
01017 Chambers County Alabama 34,162 Valley, AL Micropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
01019 Cherokee County Alabama 26,203
01021 Chilton County Alabama 43,951 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01023 Choctaw County Alabama 13,426
01025 Clarke County Alabama 25,207
01027 Clay County Alabama 13,486
01029 Cleburne County Alabama 14,994
01031 Coffee County Alabama 50,938 Enterprise, AL Micropolitan Statistical Area Dothan-Enterprise-Ozark, AL Combined Statistical Area
01033 Colbert County Alabama 54,520 Florence-Muscle Shoals, AL Metropolitan Statistical Area
01035 Conecuh County Alabama 12,887
01037 Coosa County Alabama 10,898 Talladega-Sylacauga, AL Micropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01039 Covington County Alabama 37,886
01041 Crenshaw County Alabama 13,986
01043 Cullman County Alabama 80,811 Cullman, AL Micropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01045 Dale County Alabama 49,884 Ozark, AL Micropolitan Statistical Area Dothan-Enterprise-Ozark, AL Combined Statistical Area
01047 Dallas County Alabama 41,996 Selma, AL Micropolitan Statistical Area
01049 DeKalb County Alabama 71,013
01051 Elmore County Alabama 80,902 Montgomery, AL Metropolitan Statistical Area
01053 Escambia County Alabama 37,983
01055 Etowah County Alabama 103,931 Gadsden, AL Metropolitan Statistical Area
01057 Fayette County Alabama 16,909
01059 Franklin County Alabama 31,532
01061 Geneva County Alabama 26,727 Dothan, AL Metropolitan Statistical Area Dothan-Enterprise-Ozark, AL Combined Statistical Area
01063 Greene County Alabama 8,744
01065 Hale County Alabama 15,406 Tuscaloosa, AL Metropolitan Statistical Area
01067 Henry County Alabama 17,296 Dothan, AL Metropolitan Statistical Area Dothan-Enterprise-Ozark, AL Combined Statistical Area
01069 Houston County Alabama 103,668 Dothan, AL Metropolitan Statistical Area Dothan-Enterprise-Ozark, AL Combined Statistical Area
01071 Jackson County Alabama 52,951 Scottsboro, AL Micropolitan Statistical Area Chattanooga-Cleveland-Dalton, TN-GA-AL Combined Statistical Area
01073 Jefferson County Alabama 659,479 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01075 Lamar County Alabama 14,236
01077 Lauderdale County Alabama 92,797 Florence-Muscle Shoals, AL Metropolitan Statistical Area
01079 Lawrence County Alabama 33,587 Decatur, AL Metropolitan Statistical Area Huntsville-Decatur-Albertville, AL Combined Statistical Area
01081 Lee County Alabama 150,933 Auburn-Opelika, AL Metropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
01083 Limestone County Alabama 88,845 Huntsville, AL Metropolitan Statistical Area Huntsville-Decatur-Albertville, AL Combined Statistical Area
01085 Lowndes County Alabama 10,703 Montgomery, AL Metropolitan Statistical Area
01087 Macon County Alabama 19,688
01089 Madison County Alabama 346,892 Huntsville, AL Metropolitan Statistical Area Huntsville-Decatur-Albertville, AL Combined Statistical Area
01091 Marengo County Alabama 20,155
01093 Marion County Alabama 30,334
01095 Marshall County Alabama 94,760 Albertville, AL Micropolitan Statistical Area Huntsville-Decatur-Albertville, AL Combined Statistical Area
01097 Mobile County Alabama 414,079 Mobile, AL Metropolitan Statistical Area Mobile-Daphne-Fairhope, AL Combined Statistical Area
01099 Monroe County Alabama 22,236
01101 Montgomery County Alabama 226,659 Montgomery, AL Metropolitan Statistical Area
01103 Morgan County Alabama 119,787 Decatur, AL Metropolitan Statistical Area Huntsville-Decatur-Albertville, AL Combined Statistical Area
01105 Perry County Alabama 10,020
01107 Pickens County Alabama 19,401 Tuscaloosa, AL Metropolitan Statistical Area
01109 Pike County Alabama 33,339 Troy, AL Micropolitan Statistical Area
01111 Randolph County Alabama 22,727
01113 Russell County Alabama 59,585 Columbus, GA-AL Metropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
01115 St. Clair County Alabama 86,308 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01117 Shelby County Alabama 204,180 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01119 Sumter County Alabama 13,361
01121 Talladega County Alabama 81,096 Talladega-Sylacauga, AL Micropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01123 Tallapoosa County Alabama 41,203
01125 Tuscaloosa County Alabama 200,821 Tuscaloosa, AL Metropolitan Statistical Area
01127 Walker County Alabama 65,998 Birmingham-Hoover, AL Metropolitan Statistical Area Birmingham-Hoover-Talladega, AL Combined Statistical Area
01129 Washington County Alabama 16,877
01131 Wilcox County Alabama 11,307
01133 Winston County Alabama 24,146
02013 Aleutians East Borough[4] Alaska 3,092
02016 Aleutians West Census Area[5] Alaska 5,511
02020 Anchorage, Municipality of[6] Alaska 300,950 Anchorage, AK Metropolitan Statistical Area
02050 Bethel Census Area[5] Alaska 17,758
02060 Bristol Bay Borough[4] Alaska 960
02068 Denali Borough[4] Alaska 1,867
02070 Dillingham Census Area[5] Alaska 5,010
02090 Fairbanks North Star Borough[4] Alaska 100,436 Fairbanks, AK Metropolitan Statistical Area
02100 Haines Borough[4] Alaska 2,592
02105 Hoonahâ€“Angoon Census Area[5] Alaska 2,145
02110 Juneau, City and Borough of[7] Alaska 32,660 Juneau, AK Micropolitan Statistical Area
02122 Kenai Peninsula Borough[4] Alaska 57,147
02130 Ketchikan Gateway Borough[4] Alaska 13,729 Ketchikan, AK Micropolitan Statistical Area
02150 Kodiak Island Borough[4] Alaska 14,135
02164 Lake and Peninsula Borough[4] Alaska 1,648
02170 Matanuska-Susitna Borough[4] Alaska 95,192 Anchorage, AK Metropolitan Statistical Area
02180 Nome Census Area[5] Alaska 9,892
02185 North Slope Borough[4] Alaska 9,686
02188 Northwest Arctic Borough[4] Alaska 7,685
02195 Petersburg Borough[4] Alaska 3,774
02198 Prince of Wales â€“ Hyder Census Area[5] Alaska 5,786
02220 Sitka, City and Borough of[8] Alaska 9,020
02230 Skagway, Municipality of[4] Alaska 995
02240 Southeast Fairbanks Census Area[5] Alaska 6,985
02261 Valdezâ€“Cordova Census Area[5] Alaska 9,763
02270 Kusilvak Census Area[5] Alaska 7,977
02275 Wrangell, City and Borough of[4] Alaska 2,400
02282 Yakutat, City and Borough of[9] Alaska 642
02290 Yukonâ€“Koyukuk Census Area[5] Alaska 5,695
04001 Apache County Arizona 71,934
04003 Cochise County Arizona 129,473 Sierra Vista-Douglas, AZ Metropolitan Statistical Area
04005 Coconino County Arizona 136,539 Flagstaff, AZ Metropolitan Statistical Area
04007 Gila County Arizona 53,053 Payson, AZ Micropolitan Statistical Area
04009 Graham County Arizona 37,482 Safford, AZ Micropolitan Statistical Area
04011 Greenlee County Arizona 9,049
04012 La Paz County Arizona 20,324
04013 Maricopa County Arizona 4,009,412 Phoenix-Mesa-Scottsdale, AZ Metropolitan Statistical Area
04015 Mohave County Arizona 203,030 Lake Havasu City-Kingman, AZ Metropolitan Statistical Area Las Vegas-Henderson, NV-AZ Combined Statistical Area
04017 Navajo County Arizona 107,322 Show Low, AZ Micropolitan Statistical Area
04019 Pima County Arizona 996,554 Tucson, AZ Metropolitan Statistical Area Tucson-Nogales, AZ Combined Statistical Area
04021 Pinal County Arizona 389,350 Phoenix-Mesa-Scottsdale, AZ Metropolitan Statistical Area
04023 Santa Cruz County Arizona 46,768 Nogales, AZ Micropolitan Statistical Area Tucson-Nogales, AZ Combined Statistical Area
04025 Yavapai County Arizona 215,133 Prescott, AZ Metropolitan Statistical Area
04027 Yuma County Arizona 201,201 Yuma, AZ Metropolitan Statistical Area
05001 Arkansas County Arkansas 18,777
05003 Ashley County Arkansas 21,283
05005 Baxter County Arkansas 40,957 Mountain Home, AR Micropolitan Statistical Area
05007 Benton County Arkansas 237,297 Fayetteville-Springdale-Rogers, AR-MO Metropolitan Statistical Area
05009 Boone County Arkansas 37,396 Harrison, AR Micropolitan Statistical Area
05011 Bradley County Arkansas 11,249
05013 Calhoun County Arkansas 5,241 Camden, AR Micropolitan Statistical Area
05015 Carroll County Arkansas 27,808
05017 Chicot County Arkansas 11,335
05019 Clark County Arkansas 22,743 Arkadelphia, AR Micropolitan Statistical Area
05021 Clay County Arkansas 15,402
05023 Cleburne County Arkansas 25,686
05025 Cleveland County Arkansas 8,593 Pine Bluff, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05027 Columbia County Arkansas 24,164 Magnolia, AR Micropolitan Statistical Area
05029 Conway County Arkansas 21,245
05031 Craighead County Arkansas 101,488 Jonesboro, AR Metropolitan Statistical Area Jonesboro-Paragould, AR Combined Statistical Area
05033 Crawford County Arkansas 61,640 Fort Smith, AR-OK Metropolitan Statistical Area
05035 Crittenden County Arkansas 49,746 Memphis, TN-MS-AR Metropolitan Statistical Area Memphis-Forrest City, TN-MS-AR Combined Statistical Area
05037 Cross County Arkansas 17,548
05039 Dallas County Arkansas 7,933
05041 Desha County Arkansas 12,505
05043 Drew County Arkansas 18,785
05045 Faulkner County Arkansas 119,580 Little Rock-North Little Rock-Conway, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05047 Franklin County Arkansas 18,034
05049 Fulton County Arkansas 12,304
05051 Garland County Arkansas 97,173 Hot Springs, AR Metropolitan Statistical Area Hot Springs-Malvern, AR Combined Statistical Area
05053 Grant County Arkansas 18,019 Little Rock-North Little Rock-Conway, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05055 Greene County Arkansas 43,097 Paragould, AR Micropolitan Statistical Area Jonesboro-Paragould, AR Combined Statistical Area
05057 Hempstead County Arkansas 22,474
05059 Hot Spring County Arkansas 33,500 Malvern, AR Micropolitan Statistical Area Hot Springs-Malvern, AR Combined Statistical Area
05061 Howard County Arkansas 13,581
05063 Independence County Arkansas 36,997 Batesville, AR Micropolitan Statistical Area
05065 Izard County Arkansas 13,368
05067 Jackson County Arkansas 17,615
05069 Jefferson County Arkansas 73,191 Pine Bluff, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05071 Johnson County Arkansas 25,846
05073 Lafayette County Arkansas 7,252
05075 Lawrence County Arkansas 17,011
05077 Lee County Arkansas 10,015
05079 Lincoln County Arkansas 14,031 Pine Bluff, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05081 Little River County Arkansas 12,730 Texarkana, TX-AR Metropolitan Statistical Area
05083 Logan County Arkansas 22,082
05085 Lonoke County Arkansas 70,753 Little Rock-North Little Rock-Conway, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05087 Madison County Arkansas 15,701 Fayetteville-Springdale-Rogers, AR-MO Metropolitan Statistical Area
05089 Marion County Arkansas 16,430
05091 Miller County Arkansas 43,402 Texarkana, TX-AR Metropolitan Statistical Area
05093 Mississippi County Arkansas 44,765 Blytheville, AR Micropolitan Statistical Area
05095 Monroe County Arkansas 7,682
05097 Montgomery County Arkansas 9,226
05099 Nevada County Arkansas 8,799
05101 Newton County Arkansas 8,064 Harrison, AR Micropolitan Statistical Area
05103 Ouachita County Arkansas 25,002 Camden, AR Micropolitan Statistical Area
05105 Perry County Arkansas 10,345 Little Rock-North Little Rock-Conway, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05107 Phillips County Arkansas 20,399 Helena-West Helena, AR Micropolitan Statistical Area
05109 Pike County Arkansas 11,177
05111 Poinsett County Arkansas 24,145 Jonesboro, AR Metropolitan Statistical Area Jonesboro-Paragould, AR Combined Statistical Area
05113 Polk County Arkansas 20,406
05115 Pope County Arkansas 62,547 Russellville, AR Micropolitan Statistical Area
05117 Prairie County Arkansas 8,374
05119 Pulaski County Arkansas 391,284 Little Rock-North Little Rock-Conway, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05121 Randolph County Arkansas 17,692
05123 St. Francis County Arkansas 27,260 Forrest City, AR Micropolitan Statistical Area Memphis-Forrest City, TN-MS-AR Combined Statistical Area
05125 Saline County Arkansas 114,404 Little Rock-North Little Rock-Conway, AR Metropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05127 Scott County Arkansas 10,950
05129 Searcy County Arkansas 8,023
05131 Sebastian County Arkansas 127,342 Fort Smith, AR-OK Metropolitan Statistical Area
05133 Sevier County Arkansas 17,366
05135 Sharp County Arkansas 17,049
05137 Stone County Arkansas 12,581
05139 Union County Arkansas 40,694 El Dorado, AR Micropolitan Statistical Area
05141 Van Buren County Arkansas 16,932
05143 Washington County Arkansas 216,410 Fayetteville-Springdale-Rogers, AR-MO Metropolitan Statistical Area
05145 White County Arkansas 78,483 Searcy, AR Micropolitan Statistical Area Little Rock-North Little Rock, AR Combined Statistical Area
05147 Woodruff County Arkansas 7,072
05149 Yell County Arkansas 21,893 Russellville, AR Micropolitan Statistical Area
06001 Alameda County California 1,578,891 San Francisco-Oakland-Hayward, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06003 Alpine County California 1,159
06005 Amador County California 36,519
06007 Butte County California 222,090 Chico, CA Metropolitan Statistical Area
06009 Calaveras County California 44,515
06011 Colusa County California 21,358
06013 Contra Costa County California 1,094,205 San Francisco-Oakland-Hayward, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06015 Del Norte County California 27,873 Crescent City, CA Micropolitan Statistical Area
06017 El Dorado County California 181,737 Sacramentoâ€“Rosevilleâ€“Arden-Arcade, CA Metropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
06019 Fresno County California 955,272 Fresno, CA Metropolitan Statistical Area Fresno-Madera, CA Combined Statistical Area
06021 Glenn County California 27,940
06023 Humboldt County California 134,493 Eureka-Arcata-Fortuna, CA Micropolitan Statistical Area
06025 Imperial County California 176,584 El Centro, CA Metropolitan Statistical Area
06027 Inyo County California 18,467
06029 Kern County California 864,124 Bakersfield, CA Metropolitan Statistical Area
06031 Kings County California 150,960 Hanford-Corcoran, CA Metropolitan Statistical Area Visalia-Porterville-Hanford, CA Combined Statistical Area
06033 Lake County California 63,860 Clearlake, CA Micropolitan Statistical Area
06035 Lassen County California 32,163 Susanville, CA Micropolitan Statistical Area
06037 Los Angeles County California 10,017,068 Los Angeles-Long Beach-Anaheim, CA Metropolitan Statistical Area Los Angeles-Long Beach, CA Combined Statistical Area
06039 Madera County California 152,389 Madera, CA Metropolitan Statistical Area Fresno-Madera, CA Combined Statistical Area
06041 Marin County California 258,365 San Francisco-Oakland-Hayward, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06043 Mariposa County California 17,755
06045 Mendocino County California 87,192 Ukiah, CA Micropolitan Statistical Area
06047 Merced County California 263,228 Merced, CA Metropolitan Statistical Area Modesto-Merced, CA Combined Statistical Area
06049 Modoc County California 9,147
06051 Mono County California 14,074
06053 Monterey County California 428,826 Salinas, CA Metropolitan Statistical Area
06055 Napa County California 140,326 Napa, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06057 Nevada County California 98,200 Truckee-Grass Valley, CA Micropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
06059 Orange County California 3,114,363 Los Angeles-Long Beach-Anaheim, CA Metropolitan Statistical Area Los Angeles-Long Beach, CA Combined Statistical Area
06061 Placer County California 367,309 Sacramentoâ€“Rosevilleâ€“Arden-Arcade, CA Metropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
06063 Plumas County California 18,859
06065 Riverside County California 2,292,507 Riverside-San Bernardino-Ontario, CA Metropolitan Statistical Area Los Angeles-Long Beach, CA Combined Statistical Area
06067 Sacramento County California 1,462,131 Sacramentoâ€“Rosevilleâ€“Arden-Arcade, CA Metropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
06069 San Benito County California 57,600 San Jose-Sunnyvale-Santa Clara, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06071 San Bernardino County California 2,088,371 Riverside-San Bernardino-Ontario, CA Metropolitan Statistical Area Los Angeles-Long Beach, CA Combined Statistical Area
06073 San Diego County California 3,211,252 San Diego-Carlsbad, CA Metropolitan Statistical Area
06075 San Francisco, City and County of[10] California 837,442 San Francisco-Oakland-Hayward, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06077 San Joaquin County California 704,379 Stockton-Lodi, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06079 San Luis Obispo County California 276,443 San Luis Obispo-Paso Robles-Arroyo Grande, CA Metropolitan Statistical Area
06081 San Mateo County California 747,373 San Francisco-Oakland-Hayward, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06083 Santa Barbara County California 435,697 Santa Maria-Santa Barbara, CA Metropolitan Statistical Area
06085 Santa Clara County California 1,862,041 San Jose-Sunnyvale-Santa Clara, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06087 Santa Cruz County California 269,419 Santa Cruz-Watsonville, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06089 Shasta County California 178,980 Redding, CA Metropolitan Statistical Area Redding-Red Bluff, CA Combined Statistical Area
06091 Sierra County California 3,047
06093 Siskiyou County California 43,799
06095 Solano County California 424,788 Vallejo-Fairfield, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06097 Sonoma County California 495,025 Santa Rosa, CA Metropolitan Statistical Area San Jose-San Francisco-Oakland, CA Combined Statistical Area
06099 Stanislaus County California 525,491 Modesto, CA Metropolitan Statistical Area Modesto-Merced, CA Combined Statistical Area
06101 Sutter County California 95,350 Yuba City, CA Metropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
06103 Tehama County California 63,057 Red Bluff, CA Micropolitan Statistical Area Redding-Red Bluff, CA Combined Statistical Area
06105 Trinity County California 13,448
06107 Tulare County California 454,143 Visalia-Porterville, CA Metropolitan Statistical Area Visalia-Porterville-Hanford, CA Combined Statistical Area
06109 Tuolumne County California 53,874 Sonora, CA Micropolitan Statistical Area
06111 Ventura County California 839,620 Oxnard-Thousand Oaks-Ventura, CA Metropolitan Statistical Area Los Angeles-Long Beach, CA Combined Statistical Area
06113 Yolo County California 204,593 Sacramentoâ€“Rosevilleâ€“Arden-Arcade, CA Metropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
06115 Yuba County California 73,340 Yuba City, CA Metropolitan Statistical Area Sacramento-Roseville, CA Combined Statistical Area
08001 Adams County Colorado 469,193 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08003 Alamosa County Colorado 16,253
08005 Arapahoe County Colorado 607,070 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08007 Archuleta County Colorado 12,194
08009 Baca County Colorado 3,682
08011 Bent County Colorado 5,688
08013 Boulder County Colorado 310,048 Boulder, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08014 Broomfield, City and County of[11] Colorado 59,471 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08015 Chaffee County Colorado 18,510
08017 Cheyenne County Colorado 1,890
08019 Clear Creek County Colorado 9,031 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08021 Conejos County Colorado 8,277
08023 Costilla County Colorado 3,518
08025 Crowley County Colorado 5,322
08027 Custer County Colorado 4,285
08029 Delta County Colorado 30,483
08031 Denver, City and County of[12] Colorado 649,495 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08033 Dolores County Colorado 2,029
08035 Douglas County Colorado 305,963 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08037 Eagle County Colorado 52,460 Edwards, CO Micropolitan Statistical Area Edwards-Glenwood Springs, CO Combined Statistical Area
08039 Elbert County Colorado 23,733 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08041 El Paso County Colorado 655,044 Colorado Springs, CO Metropolitan Statistical Area
08043 Fremont County Colorado 46,451 CaÃ±on City, CO Micropolitan Statistical Area Pueblo-CaÃ±on City, CO Combined Statistical Area
08045 Garfield County Colorado 57,302 Glenwood Springs, CO Micropolitan Statistical Area Edwards-Glenwood Springs, CO Combined Statistical Area
08047 Gilpin County Colorado 5,601 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08049 Grand County Colorado 14,289
08051 Gunnison County Colorado 15,507
08053 Hinsdale County Colorado 813
08055 Huerfano County Colorado 6,519
08057 Jackson County Colorado 1,365
08059 Jefferson County Colorado 551,798 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08061 Kiowa County Colorado 1,423
08063 Kit Carson County Colorado 8,037
08065 Lake County Colorado 7,306
08067 La Plata County Colorado 53,284 Durango, CO Micropolitan Statistical Area
08069 Larimer County Colorado 315,988 Fort Collins, CO Metropolitan Statistical Area
08071 Las Animas County Colorado 14,446
08073 Lincoln County Colorado 5,430
08075 Logan County Colorado 22,450 Sterling, CO Micropolitan Statistical Area
08077 Mesa County Colorado 147,554 Grand Junction, CO Metropolitan Statistical Area
08079 Mineral County Colorado 721
08081 Moffat County Colorado 13,103 Craig, CO Micropolitan Statistical Area Steamboat Springs-Craig, CO Combined Statistical Area
08083 Montezuma County Colorado 25,642
08085 Montrose County Colorado 40,713 Montrose, CO Micropolitan Statistical Area
08087 Morgan County Colorado 28,404 Fort Morgan, CO Micropolitan Statistical Area
08089 Otero County Colorado 18,703
08091 Ouray County Colorado 4,557
08093 Park County Colorado 16,121 Denver-Aurora-Lakewood, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08095 Phillips County Colorado 4,356
08097 Pitkin County Colorado 17,379 Glenwood Springs, CO Micropolitan Statistical Area Edwards-Glenwood Springs, CO Combined Statistical Area
08099 Prowers County Colorado 12,291
08101 Pueblo County Colorado 161,451 Pueblo, CO Metropolitan Statistical Area Pueblo-CaÃ±on City, CO Combined Statistical Area
08103 Rio Blanco County Colorado 6,807
08105 Rio Grande County Colorado 11,803
08107 Routt County Colorado 23,513 Steamboat Springs, CO Micropolitan Statistical Area Steamboat Springs-Craig, CO Combined Statistical Area
08109 Saguache County Colorado 6,208
08111 San Juan County Colorado 692
08113 San Miguel County Colorado 7,678
08115 Sedgwick County Colorado 2,360
08117 Summit County Colorado 28,649 Breckenridge, CO Micropolitan Statistical Area
08119 Teller County Colorado 23,275 Colorado Springs, CO Metropolitan Statistical Area
08121 Washington County Colorado 4,803
08123 Weld County Colorado 269,785 Greeley, CO Metropolitan Statistical Area Denver-Aurora, CO Combined Statistical Area
08125 Yuma County Colorado 10,151
09001 Fairfield County[13] Connecticut 939,904 Bridgeport-Stamford-Norwalk, CT Metropolitan Statistical Area New York-Newark, NY-NJ-CT-PA Combined Statistical Area
09003 Hartford County[13] Connecticut 898,272 Hartford-West Hartford-East Hartford, CT Metropolitan Statistical Area Hartford-West Hartford, CT Combined Statistical Area
09005 Litchfield County[13] Connecticut 186,924 Torrington, CT Micropolitan Statistical Area New York-Newark, NY-NJ-CT-PA Combined Statistical Area
09007 Middlesex County[13] Connecticut 165,562 Hartford-West Hartford-East Hartford, CT Metropolitan Statistical Area Hartford-West Hartford, CT Combined Statistical Area
09009 New Haven County[13] Connecticut 862,287 New Haven-Milford, CT Metropolitan Statistical Area New York-Newark, NY-NJ-CT-PA Combined Statistical Area
09011 New London County[13] Connecticut 274,150 Norwich-New London, CT Metropolitan Statistical Area Hartford-West Hartford, CT Combined Statistical Area
09013 Tolland County[13] Connecticut 151,377 Hartford-West Hartford-East Hartford, CT Metropolitan Statistical Area Hartford-West Hartford, CT Combined Statistical Area
09015 Windham County[13] Connecticut 117,604 Worcester, MA-CT Metropolitan Statistical Area Boston-Worcester-Providence, MA-RI-NH-CT Combined Statistical Area
10001 Kent County Delaware 169,416 Dover, DE Metropolitan Statistical Area Philadelphia-Reading-Camden, PA-NJ-DE-MD Combined Statistical Area
10003 New Castle County Delaware 549,684 Philadelphia-Camden-Wilmington, PA-NJ-DE-MD Metropolitan Statistical Area Philadelphia-Reading-Camden, PA-NJ-DE-MD Combined Statistical Area
10005 Sussex County Delaware 206,649 Salisbury, MD-DE Metropolitan Statistical Area
11001 District of Columbia[14] District of Columbia 646,449 Washington-Arlington-Alexandria, DC-VA-MD-WV Metropolitan Statistical Area Washington-Baltimore-Arlington, DC-MD-VA-WV-PA Combined Statistical Area
12001 Alachua County Florida 253,451 Gainesville, FL Metropolitan Statistical Area Gainesville-Lake City, FL Combined Statistical Area
12003 Baker County Florida 27,013 Jacksonville, FL Metropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
12005 Bay County Florida 174,987 Panama City, FL Metropolitan Statistical Area
12007 Bradford County Florida 26,850
12009 Brevard County Florida 550,823 Palm Bay-Melbourne-Titusville, FL Metropolitan Statistical Area
12011 Broward County Florida 1,838,844 Miami-Fort Lauderdale-West Palm Beach, FL Metropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12013 Calhoun County Florida 14,682
12015 Charlotte County Florida 164,736 Punta Gorda, FL Metropolitan Statistical Area North Port-Sarasota, FL Combined Statistical Area
12017 Citrus County Florida 139,271 Homosassa Springs, FL Metropolitan Statistical Area
12019 Clay County Florida 196,399 Jacksonville, FL Metropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
12021 Collier County Florida 339,642 Naples-Immokalee-Marco Island, FL Metropolitan Statistical Area Cape Coral-Fort Myers-Naples, FL Combined Statistical Area
12023 Columbia County Florida 67,543 Lake City, FL Micropolitan Statistical Area Gainesville-Lake City, FL Combined Statistical Area
12027 DeSoto County Florida 34,517 Arcadia, FL Micropolitan Statistical Area North Port-Sarasota, FL Combined Statistical Area
12029 Dixie County Florida 15,940
12031 Duval County Florida 885,855 Jacksonville, FL Metropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
12033 Escambia County Florida 305,817 Pensacola-Ferry Pass-Brent, FL Metropolitan Statistical Area
12035 Flagler County Florida 99,956 Deltona-Daytona Beach-Ormond Beach, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12037 Franklin County Florida 11,598
12039 Gadsden County Florida 46,194 Tallahassee, FL Metropolitan Statistical Area Tallahassee-Bainbridge, FL-GA Combined Statistical Area
12041 Gilchrist County Florida 16,931 Gainesville, FL Metropolitan Statistical Area Gainesville-Lake City, FL Combined Statistical Area
12043 Glades County Florida 13,345
12045 Gulf County Florida 15,829 Panama City, FL Metropolitan Statistical Area
12047 Hamilton County Florida 14,354
12049 Hardee County Florida 27,519 Wauchula, FL Micropolitan Statistical Area
12051 Hendry County Florida 37,471 Clewiston, FL Micropolitan Statistical Area
12053 Hernando County Florida 174,441 Tampa-St. Petersburg-Clearwater, FL Metropolitan Statistical Area
12055 Highlands County Florida 97,616 Sebring, FL Metropolitan Statistical Area
12057 Hillsborough County Florida 1,291,578 Tampa-St. Petersburg-Clearwater, FL Metropolitan Statistical Area
12059 Holmes County Florida 19,717
12061 Indian River County Florida 141,994 Sebastian-Vero Beach, FL Metropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12063 Jackson County Florida 48,922
12065 Jefferson County Florida 14,194 Tallahassee, FL Metropolitan Statistical Area Tallahassee-Bainbridge, FL-GA Combined Statistical Area
12067 Lafayette County Florida 8,848
12069 Lake County Florida 308,034 Orlando-Kissimmee-Sanford, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12071 Lee County Florida 661,115 Cape Coral-Fort Myers, FL Metropolitan Statistical Area Cape Coral-Fort Myers-Naples, FL Combined Statistical Area
12073 Leon County Florida 281,845 Tallahassee, FL Metropolitan Statistical Area Tallahassee-Bainbridge, FL-GA Combined Statistical Area
12075 Levy County Florida 39,644
12077 Liberty County Florida 8,349
12079 Madison County Florida 18,728
12081 Manatee County Florida 342,106 North Port-Sarasota-Bradenton, FL Metropolitan Statistical Area North Port-Sarasota, FL Combined Statistical Area
12083 Marion County Florida 337,362 Ocala, FL Metropolitan Statistical Area
12085 Martin County Florida 151,263 Port St. Lucie, FL Metropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12086 Miami-Dade County Florida 2,617,176 Miami-Fort Lauderdale-West Palm Beach, FL Metropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12087 Monroe County Florida 76,351 Key West, FL Micropolitan Statistical Area
12089 Nassau County Florida 75,710 Jacksonville, FL Metropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
12091 Okaloosa County Florida 193,811 Crestview-Fort Walton Beach-Destin, FL Metropolitan Statistical Area
12093 Okeechobee County Florida 39,330 Okeechobee, FL Micropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12095 Orange County Florida 1,225,267 Orlando-Kissimmee-Sanford, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12097 Osceola County Florida 298,504 Orlando-Kissimmee-Sanford, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12099 Palm Beach County Florida 1,372,171 Miami-Fort Lauderdale-West Palm Beach, FL Metropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12101 Pasco County Florida 475,502 Tampa-St. Petersburg-Clearwater, FL Metropolitan Statistical Area
12103 Pinellas County Florida 929,048 Tampa-St. Petersburg-Clearwater, FL Metropolitan Statistical Area
12105 Polk County Florida 623,009 Lakeland-Winter Haven, FL Metropolitan Statistical Area
12107 Putnam County Florida 72,577 Palatka, FL Micropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
12109 St. Johns County Florida 209,647 Jacksonville, FL Metropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
12111 St. Lucie County Florida 286,832 Port St. Lucie, FL Metropolitan Statistical Area Miami-Fort Lauderdale-Port St. Lucie, FL Combined Statistical Area
12113 Santa Rosa County Florida 161,096 Pensacola-Ferry Pass-Brent, FL Metropolitan Statistical Area
12115 Sarasota County Florida 390,429 North Port-Sarasota-Bradenton, FL Metropolitan Statistical Area North Port-Sarasota, FL Combined Statistical Area
12117 Seminole County Florida 436,041 Orlando-Kissimmee-Sanford, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12119 Sumter County Florida 107,056 The Villages, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12121 Suwannee County Florida 43,734
12123 Taylor County Florida 22,857
12125 Union County Florida 15,136
12127 Volusia County Florida 500,800 Deltona-Daytona Beach-Ormond Beach, FL Metropolitan Statistical Area Orlando-Deltona-Daytona Beach, FL Combined Statistical Area
12129 Wakulla County Florida 31,022 Tallahassee, FL Metropolitan Statistical Area Tallahassee-Bainbridge, FL-GA Combined Statistical Area
12131 Walton County Florida 59,807 Crestview-Fort Walton Beach-Destin, FL Metropolitan Statistical Area
12133 Washington County Florida 24,624
13001 Appling County Georgia 18,440
13003 Atkinson County Georgia 8,290
13005 Bacon County Georgia 11,216
13007 Baker County Georgia 3,341 Albany, GA Metropolitan Statistical Area
13009 Baldwin County Georgia 46,039 Milledgeville, GA Micropolitan Statistical Area
13011 Banks County Georgia 18,415
13013 Barrow County Georgia 71,453 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13015 Bartow County Georgia 101,273 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13017 Ben Hill County Georgia 17,515 Fitzgerald, GA Micropolitan Statistical Area
13019 Berrien County Georgia 19,048
13021 Bibb County Georgia 154,721 Macon, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13023 Bleckley County Georgia 12,771
13025 Brantley County Georgia 18,292 Brunswick, GA Metropolitan Statistical Area
13027 Brooks County Georgia 15,516 Valdosta, GA Metropolitan Statistical Area
13029 Bryan County Georgia 33,157 Savannah, GA Metropolitan Statistical Area Savannah-Hinesville-Statesboro, GA Combined Statistical Area
13031 Bulloch County Georgia 71,214 Statesboro, GA Micropolitan Statistical Area Savannah-Hinesville-Statesboro, GA Combined Statistical Area
13033 Burke County Georgia 22,923 Augusta-Richmond County, GA-SC Metropolitan Statistical Area
13035 Butts County Georgia 23,361 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13037 Calhoun County Georgia 6,523
13039 Camden County Georgia 51,476 St. Marys, GA Micropolitan Statistical Area Jacksonville-St. Marys-Palatka, FL-GA Combined Statistical Area
13043 Candler County Georgia 10,937
13045 Carroll County Georgia 112,355 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13047 Catoosa County Georgia 65,311 Chattanooga, TN-GA Metropolitan Statistical Area Chattanooga-Cleveland-Dalton, TN-GA-AL Combined Statistical Area
13049 Charlton County Georgia 13,255
13051 Chatham County Georgia 278,434 Savannah, GA Metropolitan Statistical Area Savannah-Hinesville-Statesboro, GA Combined Statistical Area
13053 Chattahoochee County Georgia 12,842 Columbus, GA-AL Metropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
13055 Chattooga County Georgia 25,138 Summerville, GA Micropolitan Statistical Area Rome-Summerville, GA Combined Statistical Area
13057 Cherokee County Georgia 225,106 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13059 Clarke County Georgia 121,265 Athens-Clarke County, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13061 Clay County Georgia 3,045
13063 Clayton County Georgia 264,220 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13065 Clinch County Georgia 6,795
13067 Cobb County Georgia 717,190 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13069 Coffee County Georgia 43,220 Douglas, GA Micropolitan Statistical Area
13071 Colquitt County Georgia 46,275 Moultrie, GA Micropolitan Statistical Area
13073 Columbia County Georgia 135,416 Augusta-Richmond County, GA-SC Metropolitan Statistical Area
13075 Cook County Georgia 17,066
13077 Coweta County Georgia 133,180 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13079 Crawford County Georgia 12,504 Macon, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13081 Crisp County Georgia 23,336 Cordele, GA Micropolitan Statistical Area
13083 Dade County Georgia 16,507 Chattanooga, TN-GA Metropolitan Statistical Area Chattanooga-Cleveland-Dalton, TN-GA-AL Combined Statistical Area
13085 Dawson County Georgia 22,686 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13087 Decatur County Georgia 27,359 Bainbridge, GA Micropolitan Statistical Area Tallahassee-Bainbridge, FL-GA Combined Statistical Area
13089 DeKalb County Georgia 713,340 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13091 Dodge County Georgia 21,221
13093 Dooly County Georgia 14,304
13095 Dougherty County Georgia 92,969 Albany, GA Metropolitan Statistical Area
13097 Douglas County Georgia 136,379 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13099 Early County Georgia 10,542
13101 Echols County Georgia 4,057 Valdosta, GA Metropolitan Statistical Area
13103 Effingham County Georgia 54,456 Savannah, GA Metropolitan Statistical Area Savannah-Hinesville-Statesboro, GA Combined Statistical Area
13105 Elbert County Georgia 19,599
13107 Emanuel County Georgia 22,867
13109 Evans County Georgia 10,833
13111 Fannin County Georgia 23,760
13113 Fayette County Georgia 108,365 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13115 Floyd County Georgia 95,821 Rome, GA Metropolitan Statistical Area Rome-Summerville, GA Combined Statistical Area
13117 Forsyth County Georgia 195,405 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13119 Franklin County Georgia 22,009
13121 Fulton County Georgia 1,010,562 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13123 Gilmer County Georgia 28,579
13125 Glascock County Georgia 3,102
13127 Glynn County Georgia 81,508 Brunswick, GA Metropolitan Statistical Area
13129 Gordon County Georgia 55,757 Calhoun, GA Micropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13131 Grady County Georgia 25,278
13133 Greene County Georgia 16,321
13135 Gwinnett County Georgia 859,304 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13137 Habersham County Georgia 43,300 Cornelia, GA Micropolitan Statistical Area
13139 Hall County Georgia 187,745 Gainesville, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13141 Hancock County Georgia 8,879 Milledgeville, GA Micropolitan Statistical Area
13143 Haralson County Georgia 28,495 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13145 Harris County Georgia 32,663 Columbus, GA-AL Metropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
13147 Hart County Georgia 25,446
13149 Heard County Georgia 11,558 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13151 Henry County Georgia 211,128 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13153 Houston County Georgia 147,658 Warner Robins, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13155 Irwin County Georgia 9,427
13157 Jackson County Georgia 61,044 Jefferson, GA Micropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13159 Jasper County Georgia 13,601 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13161 Jeff Davis County Georgia 15,004
13163 Jefferson County Georgia 16,320
13165 Jenkins County Georgia 9,269
13167 Johnson County Georgia 9,767 Dublin, GA Micropolitan Statistical Area
13169 Jones County Georgia 28,569 Macon, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13171 Lamar County Georgia 17,959 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13173 Lanier County Georgia 10,408 Valdosta, GA Metropolitan Statistical Area
13175 Laurens County Georgia 47,999 Dublin, GA Micropolitan Statistical Area
13177 Lee County Georgia 29,071 Albany, GA Metropolitan Statistical Area
13179 Liberty County Georgia 64,135 Hinesville, GA Metropolitan Statistical Area Savannah-Hinesville-Statesboro, GA Combined Statistical Area
13181 Lincoln County Georgia 7,751 Augusta-Richmond County, GA-SC Metropolitan Statistical Area
13183 Long County Georgia 16,624 Hinesville, GA Metropolitan Statistical Area Savannah-Hinesville-Statesboro, GA Combined Statistical Area
13185 Lowndes County Georgia 112,916 Valdosta, GA Metropolitan Statistical Area
13187 Lumpkin County Georgia 30,918
13189 McDuffie County Georgia 21,565 Augusta-Richmond County, GA-SC Metropolitan Statistical Area
13191 McIntosh County Georgia 14,007 Brunswick, GA Metropolitan Statistical Area
13193 Macon County Georgia 14,009
13195 Madison County Georgia 28,057 Athens-Clarke County, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13197 Marion County Georgia 8,640 Columbus, GA-AL Metropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
13199 Meriwether County Georgia 21,232 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13201 Miller County Georgia 5,932
13205 Mitchell County Georgia 23,045
13207 Monroe County Georgia 26,984 Macon, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13209 Montgomery County Georgia 9,021 Vidalia, GA Micropolitan Statistical Area
13211 Morgan County Georgia 17,781 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13213 Murray County Georgia 39,267 Dalton, GA Metropolitan Statistical Area Chattanooga-Cleveland-Dalton, TN-GA-AL Combined Statistical Area
13215 Muscogee County Georgia 202,824 Columbus, GA-AL Metropolitan Statistical Area Columbus-Auburn-Opelika, GA-AL Combined Statistical Area
13217 Newton County Georgia 102,446 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13219 Oconee County Georgia 34,035 Athens-Clarke County, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13221 Oglethorpe County Georgia 14,548 Athens-Clarke County, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13223 Paulding County Georgia 146,950 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13225 Peach County Georgia 27,014 Warner Robins, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13227 Pickens County Georgia 29,584 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13229 Pierce County Georgia 18,938 Waycross, GA Micropolitan Statistical Area
13231 Pike County Georgia 17,796 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13233 Polk County Georgia 41,183 Cedartown, GA Micropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13235 Pulaski County Georgia 11,542 Warner Robins, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13237 Putnam County Georgia 21,371
13239 Quitman County Georgia 2,367
13241 Rabun County Georgia 16,235
13243 Randolph County Georgia 7,197
13245 Richmond County Georgia 202,003 Augusta-Richmond County, GA-SC Metropolitan Statistical Area
13247 Rockdale County Georgia 86,919 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13249 Schley County Georgia 5,089 Americus, GA Micropolitan Statistical Area
13251 Screven County Georgia 14,240
13253 Seminole County Georgia 8,945
13255 Spalding County Georgia 63,829 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13257 Stephens County Georgia 25,683 Toccoa, GA Micropolitan Statistical Area
13259 Stewart County Georgia 5,868
13261 Sumter County Georgia 31,364 Americus, GA Micropolitan Statistical Area
13263 Talbot County Georgia 6,456
13265 Taliaferro County Georgia 1,703
13267 Tattnall County Georgia 25,526
13269 Taylor County Georgia 8,464
13271 Telfair County Georgia 16,591
13273 Terrell County Georgia 9,022 Albany, GA Metropolitan Statistical Area
13275 Thomas County Georgia 44,869 Thomasville, GA Micropolitan Statistical Area
13277 Tift County Georgia 40,286 Tifton, GA Micropolitan Statistical Area
13279 Toombs County Georgia 27,273 Vidalia, GA Micropolitan Statistical Area
13281 Towns County Georgia 10,771
13283 Treutlen County Georgia 6,712
13285 Troup County Georgia 69,053 LaGrange, GA Micropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13287 Turner County Georgia 8,134
13289 Twiggs County Georgia 8,481 Macon, GA Metropolitan Statistical Area Macon-Warner Robins, GA Combined Statistical Area
13291 Union County Georgia 21,566
13293 Upson County Georgia 26,566 Thomaston, GA Micropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13295 Walker County Georgia 68,198 Chattanooga, TN-GA Metropolitan Statistical Area Chattanooga-Cleveland-Dalton, TN-GA-AL Combined Statistical Area
13297 Walton County Georgia 85,754 Atlanta-Sandy Springs-Roswell, GA Metropolitan Statistical Area Atlantaâ€“Athens-Clarke Countyâ€“Sandy Springs, GA Combined Statistical Area
13299 Ware County Georgia 35,709 Waycross, GA Micropolitan Statistical Area
13301 Warren County Georgia 5,558
13303 Washington County Georgia 20,676
13305 Wayne County Georgia 30,077 Jesup, GA Micropolitan Statistical Area
13307 Webster County Georgia 2,719
13309 Wheeler County Georgia 7,909
13311 White County Georgia 27,797
13313 Whitfield County Georgia 102,945 Dalton, GA Metropolitan Statistical Area Chattanooga-Cleveland-Dalton, TN-GA-AL Combined Statistical Area
13315 Wilcox County Georgia 8,960
13317 Wilkes County Georgia 10,010
13319 Wilkinson County Georgia 9,432
13321 Worth County Georgia 21,291 Albany, GA Metropolitan Statistical Area
15001 Hawaii County HawaiÊ»i 190,821 Hilo, HI Micropolitan Statistical Area
15003 Honolulu, City and County of[15] HawaiÊ»i 983,429 Urban Honolulu, HI Metropolitan Statistical Area
15005 Kalawao County HawaiÊ»i 90 Kahului-Wailuku-Lahaina, HI Metropolitan Statistical Area
15007 Kauai County HawaiÊ»i 69,512 Kapaa, HI Micropolitan Statistical Area
15009 Maui County HawaiÊ»i 160,202 Kahului-Wailuku-Lahaina, HI Metropolitan Statistical Area
16001 Ada County Idaho 416,464 Boise City, ID Metropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16003 Adams County Idaho 3,828
16005 Bannock County Idaho 83,249 Pocatello, ID Metropolitan Statistical Area
16007 Bear Lake County Idaho 5,943
16009 Benewah County Idaho 9,044
16011 Bingham County Idaho 45,290 Blackfoot, ID Micropolitan Statistical Area Idaho Falls-Rexburg-Blackfoot, ID Combined Statistical Area
16013 Blaine County Idaho 21,329 Hailey, ID Micropolitan Statistical Area
16015 Boise County Idaho 6,795 Boise City, ID Metropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16017 Bonner County Idaho 40,699 Sandpoint, ID Micropolitan Statistical Area
16019 Bonneville County Idaho 107,517 Idaho Falls, ID Metropolitan Statistical Area Idaho Falls-Rexburg-Blackfoot, ID Combined Statistical Area
16021 Boundary County Idaho 10,853
16023 Butte County Idaho 2,642 Idaho Falls, ID Metropolitan Statistical Area Idaho Falls-Rexburg-Blackfoot, ID Combined Statistical Area
16025 Camas County Idaho 1,042 Hailey, ID Micropolitan Statistical Area
16027 Canyon County Idaho 198,871 Boise City, ID Metropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16029 Caribou County Idaho 6,808
16031 Cassia County Idaho 23,331 Burley, ID Micropolitan Statistical Area
16033 Clark County Idaho 867
16035 Clearwater County Idaho 8,577
16037 Custer County Idaho 4,249
16039 Elmore County Idaho 26,170 Mountain Home, ID Micropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16041 Franklin County Idaho 12,854 Logan, UT-ID Metropolitan Statistical Area
16043 Fremont County Idaho 12,927 Rexburg, ID Micropolitan Statistical Area Idaho Falls-Rexburg-Blackfoot, ID Combined Statistical Area
16045 Gem County Idaho 16,686 Boise City, ID Metropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16047 Gooding County Idaho 15,080
16049 Idaho County Idaho 16,116
16051 Jefferson County Idaho 26,914 Idaho Falls, ID Metropolitan Statistical Area Idaho Falls-Rexburg-Blackfoot, ID Combined Statistical Area
16053 Jerome County Idaho 22,514 Twin Falls, ID Micropolitan Statistical Area
16055 Kootenai County Idaho 144,265 Coeur d'Alene, ID Metropolitan Statistical Area Spokane-Spokane Valley-Coeur d'Alene, WA-ID Combined Statistical Area
16057 Latah County Idaho 38,078 Moscow, ID Micropolitan Statistical Area Pullman-Moscow, WA-ID Combined Statistical Area
16059 Lemhi County Idaho 7,712
16061 Lewis County Idaho 3,902
16063 Lincoln County Idaho 5,315 Hailey, ID Micropolitan Statistical Area
16065 Madison County Idaho 37,450 Rexburg, ID Micropolitan Statistical Area Idaho Falls-Rexburg-Blackfoot, ID Combined Statistical Area
16067 Minidoka County Idaho 20,292 Burley, ID Micropolitan Statistical Area
16069 Nez Perce County Idaho 39,915 Lewiston, ID-WA Metropolitan Statistical Area
16071 Oneida County Idaho 4,275
16073 Owyhee County Idaho 11,472 Boise City, ID Metropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16075 Payette County Idaho 22,610 Ontario, OR-ID Micropolitan Statistical Area Boise City-Mountain Home-Ontario, ID-OR Combined Statistical Area
16077 Power County Idaho 7,719
16079 Shoshone County Idaho 12,690
16081 Teton County Idaho 10,275 Jackson, WY-ID Micropolitan Statistical Area
16083 Twin Falls County Idaho 79,957 Twin Falls, ID Micropolitan Statistical Area
16085 Valley County Idaho 9,606
16087 Washington County Idaho 9,944
17001 Adams County Illinois 67,130 Quincy, IL-MO Micropolitan Statistical Area Quincy-Hannibal, IL-MO Combined Statistical Area
17003 Alexander County Illinois 7,629 Cape Girardeau, MO-IL Metropolitan Statistical Area Cape Girardeau-Sikeston, MO-IL Combined Statistical Area
17005 Bond County Illinois 17,470 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17007 Boone County Illinois 53,957 Rockford, IL Metropolitan Statistical Area Rockford-Freeport-Rochelle, IL Combined Statistical Area
17009 Brown County Illinois 6,860
17011 Bureau County Illinois 34,056 Ottawa-Peru, IL Micropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17013 Calhoun County Illinois 5,059 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17015 Carroll County Illinois 14,910
17017 Cass County Illinois 13,324
17019 Champaign County Illinois 204,897 Champaign-Urbana, IL Metropolitan Statistical Area
17021 Christian County Illinois 34,298 Taylorville, IL Micropolitan Statistical Area Springfield-Jacksonville-Lincoln, IL Combined Statistical Area
17023 Clark County Illinois 16,182
17025 Clay County Illinois 13,566
17027 Clinton County Illinois 37,907 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17029 Coles County Illinois 53,697 Charleston-Mattoon, IL Micropolitan Statistical Area
17031 Cook County Illinois 5,240,700 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17033 Crawford County Illinois 19,505
17035 Cumberland County Illinois 10,939 Charleston-Mattoon, IL Micropolitan Statistical Area
17037 DeKalb County Illinois 104,741 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17039 De Witt County Illinois 16,420 Bloomington, IL Metropolitan Statistical Area Bloomington-Pontiac, IL Combined Statistical Area
17041 Douglas County Illinois 19,887
17043 DuPage County Illinois 932,126 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17045 Edgar County Illinois 17,960
17047 Edwards County Illinois 6,672
17049 Effingham County Illinois 34,307 Effingham, IL Micropolitan Statistical Area
17051 Fayette County Illinois 22,060
17053 Ford County Illinois 13,832 Champaign-Urbana, IL Metropolitan Statistical Area
17055 Franklin County Illinois 39,202
17057 Fulton County Illinois 36,346 Canton, IL Micropolitan Statistical Area Peoria-Canton, IL Combined Statistical Area
17059 Gallatin County Illinois 5,415
17061 Greene County Illinois 13,629
17063 Grundy County Illinois 50,228 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17065 Hamilton County Illinois 8,368
17067 Hancock County Illinois 18,618 Fort Madison-Keokuk, IA-IL-MO Micropolitan Statistical Area
17069 Hardin County Illinois 4,181
17071 Henderson County Illinois 6,990 Burlington, IA-IL Micropolitan Statistical Area
17073 Henry County Illinois 49,860 Davenport-Moline-Rock Island, IA-IL Metropolitan Statistical Area Davenport-Moline, IA-IL Combined Statistical Area
17075 Iroquois County Illinois 28,982
17077 Jackson County Illinois 59,814 Carbondale-Marion, IL Metropolitan Statistical Area
17079 Jasper County Illinois 9,592
17081 Jefferson County Illinois 38,644 Mount Vernon, IL Micropolitan Statistical Area
17083 Jersey County Illinois 22,641 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17085 Jo Daviess County Illinois 22,407
17087 Johnson County Illinois 12,677
17089 Kane County Illinois 523,643 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17091 Kankakee County Illinois 112,120 Kankakee, IL Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17093 Kendall County Illinois 119,348 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17095 Knox County Illinois 52,078 Galesburg, IL Micropolitan Statistical Area
17097 Lake County Illinois 703,019 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17099 LaSalle County Illinois 112,183 Ottawa-Peru, IL Micropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17101 Lawrence County Illinois 16,558
17103 Lee County Illinois 34,858 Dixon, IL Micropolitan Statistical Area Dixon-Sterling, IL Combined Statistical Area
17105 Livingston County Illinois 38,186 Pontiac, IL Micropolitan Statistical Area Bloomington-Pontiac, IL Combined Statistical Area
17107 Logan County Illinois 29,964 Lincoln, IL Micropolitan Statistical Area Springfield-Jacksonville-Lincoln, IL Combined Statistical Area
17109 McDonough County Illinois 32,464 Macomb, IL Micropolitan Statistical Area
17111 McHenry County Illinois 307,409 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17113 McLean County Illinois 174,647 Bloomington, IL Metropolitan Statistical Area Bloomington-Pontiac, IL Combined Statistical Area
17115 Macon County Illinois 109,278 Decatur, IL Metropolitan Statistical Area
17117 Macoupin County Illinois 46,880 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17119 Madison County Illinois 267,225 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17121 Marion County Illinois 38,622 Centralia, IL Micropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17123 Marshall County Illinois 12,153 Peoria, IL Metropolitan Statistical Area Peoria-Canton, IL Combined Statistical Area
17125 Mason County Illinois 14,248
17127 Massac County Illinois 15,073 Paducah, KY-IL Micropolitan Statistical Area Paducah-Mayfield, KY-IL Combined Statistical Area
17129 Menard County Illinois 12,607 Springfield, IL Metropolitan Statistical Area Springfield-Jacksonville-Lincoln, IL Combined Statistical Area
17131 Mercer County Illinois 16,178 Davenport-Moline-Rock Island, IA-IL Metropolitan Statistical Area Davenport-Moline, IA-IL Combined Statistical Area
17133 Monroe County Illinois 33,493 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17135 Montgomery County Illinois 29,654
17137 Morgan County Illinois 35,067 Jacksonville, IL Micropolitan Statistical Area Springfield-Jacksonville-Lincoln, IL Combined Statistical Area
17139 Moultrie County Illinois 14,876
17141 Ogle County Illinois 52,385 Rochelle, IL Micropolitan Statistical Area Rockford-Freeport-Rochelle, IL Combined Statistical Area
17143 Peoria County Illinois 188,429 Peoria, IL Metropolitan Statistical Area Peoria-Canton, IL Combined Statistical Area
17145 Perry County Illinois 21,887
17147 Piatt County Illinois 16,433 Champaign-Urbana, IL Metropolitan Statistical Area
17149 Pike County Illinois 16,150
17151 Pope County Illinois 4,312
17153 Pulaski County Illinois 5,908
17155 Putnam County Illinois 5,801 Ottawa-Peru, IL Micropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17157 Randolph County Illinois 32,890
17159 Richland County Illinois 16,182
17161 Rock Island County Illinois 147,258 Davenport-Moline-Rock Island, IA-IL Metropolitan Statistical Area Davenport-Moline, IA-IL Combined Statistical Area
17163 St. Clair County Illinois 266,955 St. Louis, MO-IL Metropolitan Statistical Area St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area
17165 Saline County Illinois 24,939
17167 Sangamon County Illinois 199,145 Springfield, IL Metropolitan Statistical Area Springfield-Jacksonville-Lincoln, IL Combined Statistical Area
17169 Schuyler County Illinois 7,444
17171 Scott County Illinois 5,222 Jacksonville, IL Micropolitan Statistical Area Springfield-Jacksonville-Lincoln, IL Combined Statistical Area
17173 Shelby County Illinois 22,119
17175 Stark County Illinois 5,907 Peoria, IL Metropolitan Statistical Area Peoria-Canton, IL Combined Statistical Area
17177 Stephenson County Illinois 46,740 Freeport, IL Micropolitan Statistical Area Rockford-Freeport-Rochelle, IL Combined Statistical Area
17179 Tazewell County Illinois 136,352 Peoria, IL Metropolitan Statistical Area Peoria-Canton, IL Combined Statistical Area
17181 Union County Illinois 17,583
17183 Vermilion County Illinois 80,329 Danville, IL Metropolitan Statistical Area
17185 Wabash County Illinois 11,665
17187 Warren County Illinois 17,726
17189 Washington County Illinois 14,448
17191 Wayne County Illinois 16,612
17193 White County Illinois 14,549
17195 Whiteside County Illinois 57,557 Sterling, IL Micropolitan Statistical Area Dixon-Sterling, IL Combined Statistical Area
17197 Will County Illinois 682,829 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
17199 Williamson County Illinois 66,924 Carbondale-Marion, IL Metropolitan Statistical Area
17201 Winnebago County Illinois 290,666 Rockford, IL Metropolitan Statistical Area Rockford-Freeport-Rochelle, IL Combined Statistical Area
17203 Woodford County Illinois 39,273 Peoria, IL Metropolitan Statistical Area Peoria-Canton, IL Combined Statistical Area
18001 Adams County Indiana 34,614 Decatur, IN Micropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18003 Allen County Indiana 363,014 Fort Wayne, IN Metropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18005 Bartholomew County Indiana 79,587 Columbus, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18007 Benton County Indiana 8,767 Lafayette-West Lafayette, IN Metropolitan Statistical Area Lafayette-West Lafayette-Frankfort, IN Combined Statistical Area
18009 Blackford County Indiana 12,481
18011 Boone County Indiana 60,477 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18013 Brown County Indiana 15,023 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18015 Carroll County Indiana 20,086 Lafayette-West Lafayette, IN Metropolitan Statistical Area Lafayette-West Lafayette-Frankfort, IN Combined Statistical Area
18017 Cass County Indiana 38,463 Logansport, IN Micropolitan Statistical Area
18019 Clark County Indiana 112,938 Louisville/Jefferson County, KY-IN Metropolitan Statistical Area Louisville/Jefferson Countyâ€“Elizabethtownâ€“Madison, KY-IN Combined Statistical Area
18021 Clay County Indiana 26,803 Terre Haute, IN Metropolitan Statistical Area
18023 Clinton County Indiana 32,916 Frankfort, IN Micropolitan Statistical Area Lafayette-West Lafayette-Frankfort, IN Combined Statistical Area
18025 Crawford County Indiana 10,621
18027 Daviess County Indiana 32,407 Washington, IN Micropolitan Statistical Area
18029 Dearborn County Indiana 49,904 Cincinnati, OH-KY-IN Metropolitan Statistical Area Cincinnati-Wilmington-Maysville, OH-KY-IN Combined Statistical Area
18031 Decatur County Indiana 26,277 Greensburg, IN Micropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18033 DeKalb County Indiana 42,307 Auburn, IN Micropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18035 Delaware County Indiana 117,484 Muncie, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18037 Dubois County Indiana 42,361 Jasper, IN Micropolitan Statistical Area
18039 Elkhart County Indiana 200,563 Elkhart-Goshen, IN Metropolitan Statistical Area South Bend-Elkhart-Mishawaka, IN-MI Combined Statistical Area
18041 Fayette County Indiana 23,861 Connersville, IN Micropolitan Statistical Area Richmond-Connersville, IN Combined Statistical Area
18043 Floyd County Indiana 76,244 Louisville/Jefferson County, KY-IN Metropolitan Statistical Area Louisville/Jefferson Countyâ€“Elizabethtownâ€“Madison, KY-IN Combined Statistical Area
18045 Fountain County Indiana 16,880
18047 Franklin County Indiana 22,951
18049 Fulton County Indiana 20,449
18051 Gibson County Indiana 33,612
18053 Grant County Indiana 69,126 Marion, IN Micropolitan Statistical Area
18055 Greene County Indiana 32,781
18057 Hamilton County Indiana 296,693 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18059 Hancock County Indiana 71,575 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18061 Harrison County Indiana 39,163 Louisville/Jefferson County, KY-IN Metropolitan Statistical Area Louisville/Jefferson Countyâ€“Elizabethtownâ€“Madison, KY-IN Combined Statistical Area
18063 Hendricks County Indiana 153,879 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18065 Henry County Indiana 49,044 New Castle, IN Micropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18067 Howard County Indiana 82,760 Kokomo, IN Metropolitan Statistical Area Kokomo-Peru, IN Combined Statistical Area
18069 Huntington County Indiana 36,791 Huntington, IN Micropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18071 Jackson County Indiana 43,466 Seymour, IN Micropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18073 Jasper County Indiana 33,389 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
18075 Jay County Indiana 21,330
18077 Jefferson County Indiana 32,458 Madison, IN Micropolitan Statistical Area Louisville/Jefferson Countyâ€“Elizabethtownâ€“Madison, KY-IN Combined Statistical Area
18079 Jennings County Indiana 28,241 North Vernon, IN Micropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18081 Johnson County Indiana 145,535 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18083 Knox County Indiana 37,954 Vincennes, IN Micropolitan Statistical Area
18085 Kosciusko County Indiana 77,963 Warsaw, IN Micropolitan Statistical Area
18087 LaGrange County Indiana 37,996
18089 Lake County Indiana 491,456 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
18091 LaPorte County Indiana 111,281 Michigan City-La Porte, IN Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
18093 Lawrence County Indiana 45,844 Bedford, IN Micropolitan Statistical Area Bloomington-Bedford, IN Combined Statistical Area
18095 Madison County Indiana 130,482 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18097 Marion County Indiana 928,281 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18099 Marshall County Indiana 47,109 Plymouth, IN Micropolitan Statistical Area South Bend-Elkhart-Mishawaka, IN-MI Combined Statistical Area
18101 Martin County Indiana 10,160
18103 Miami County Indiana 36,140 Peru, IN Micropolitan Statistical Area Kokomo-Peru, IN Combined Statistical Area
18105 Monroe County Indiana 141,888 Bloomington, IN Metropolitan Statistical Area Bloomington-Bedford, IN Combined Statistical Area
18107 Montgomery County Indiana 38,177 Crawfordsville, IN Micropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18109 Morgan County Indiana 69,782 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18111 Newton County Indiana 14,087 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
18113 Noble County Indiana 47,570 Kendallville, IN Micropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18115 Ohio County Indiana 5,994 Cincinnati, OH-KY-IN Metropolitan Statistical Area Cincinnati-Wilmington-Maysville, OH-KY-IN Combined Statistical Area
18117 Orange County Indiana 19,773
18119 Owen County Indiana 21,201 Bloomington, IN Metropolitan Statistical Area Bloomington-Bedford, IN Combined Statistical Area
18121 Parke County Indiana 17,202
18123 Perry County Indiana 19,558
18125 Pike County Indiana 12,683 Jasper, IN Micropolitan Statistical Area
18127 Porter County Indiana 166,557 Chicago-Naperville-Elgin, IL-IN-WI Metropolitan Statistical Area Chicago-Naperville, IL-IN-WI Combined Statistical Area
18129 Posey County Indiana 25,486 Evansville, IN-KY Metropolitan Statistical Area
18131 Pulaski County Indiana 13,007
18133 Putnam County Indiana 37,505 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18135 Randolph County Indiana 25,627
18137 Ripley County Indiana 28,419
18139 Rush County Indiana 17,004
18141 St. Joseph County Indiana 266,709 South Bend-Mishawaka, IN-MI Metropolitan Statistical Area South Bend-Elkhart-Mishawaka, IN-MI Combined Statistical Area
18143 Scott County Indiana 23,972 Louisville/Jefferson County, KY-IN Metropolitan Statistical Area Louisville/Jefferson Countyâ€“Elizabethtownâ€“Madison, KY-IN Combined Statistical Area
18145 Shelby County Indiana 44,729 Indianapolis-Carmel-Anderson, IN Metropolitan Statistical Area Indianapolis-Carmel-Muncie, IN Combined Statistical Area
18147 Spencer County Indiana 20,944
18149 Starke County Indiana 23,197
18151 Steuben County Indiana 34,358 Angola, IN Micropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18153 Sullivan County Indiana 21,223 Terre Haute, IN Metropolitan Statistical Area
18155 Switzerland County Indiana 10,526
18157 Tippecanoe County Indiana 180,174 Lafayette-West Lafayette, IN Metropolitan Statistical Area Lafayette-West Lafayette-Frankfort, IN Combined Statistical Area
18159 Tipton County Indiana 15,650
18161 Union County Indiana 7,277 Cincinnati, OH-KY-IN Metropolitan Statistical Area Cincinnati-Wilmington-Maysville, OH-KY-IN Combined Statistical Area
18163 Vanderburgh County Indiana 181,398 Evansville, IN-KY Metropolitan Statistical Area
18165 Vermillion County Indiana 15,878 Terre Haute, IN Metropolitan Statistical Area
18167 Vigo County Indiana 108,291 Terre Haute, IN Metropolitan Statistical Area
18169 Wabash County Indiana 32,358 Wabash, IN Micropolitan Statistical Area
18171 Warren County Indiana 8,415
18173 Warrick County Indiana 61,049 Evansville, IN-KY Metropolitan Statistical Area
18175 Washington County Indiana 27,780 Louisville/Jefferson County, KY-IN Metropolitan Statistical Area Louisville/Jefferson Countyâ€“Elizabethtownâ€“Madison, KY-IN Combined Statistical Area
18177 Wayne County Indiana 67,893 Richmond, IN Micropolitan Statistical Area Richmond-Connersville, IN Combined Statistical Area
18179 Wells County Indiana 27,814 Fort Wayne, IN Metropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
18181 White County Indiana 24,466
18183 Whitley County Indiana 33,294 Fort Wayne, IN Metropolitan Statistical Area Fort Wayne-Huntington-Auburn, IN Combined Statistical Area
19001 Adair County Iowa 7,472
19003 Adams County Iowa 3,894
19005 Allamakee County Iowa 14,169
19007 Appanoose County Iowa 12,692
19009 Audubon County Iowa 5,873
19011 Benton County Iowa 25,699 Cedar Rapids, IA Metropolitan Statistical Area Cedar Rapids-Iowa City, IA Combined Statistical Area
19013 Black Hawk County Iowa 132,546 Waterloo-Cedar Falls, IA Metropolitan Statistical Area
19015 Boone County Iowa 26,364 Boone, IA Micropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19017 Bremer County Iowa 24,624 Waterloo-Cedar Falls, IA Metropolitan Statistical Area
19019 Buchanan County Iowa 20,976
19021 Buena Vista County Iowa 20,567 Storm Lake, IA Micropolitan Statistical Area
19023 Butler County Iowa 15,021
19025 Calhoun County Iowa 9,926
19027 Carroll County Iowa 20,598
19029 Cass County Iowa 13,598
19031 Cedar County Iowa 18,393
19033 Cerro Gordo County Iowa 43,575 Mason City, IA Micropolitan Statistical Area
19035 Cherokee County Iowa 11,945
19037 Chickasaw County Iowa 12,321
19039 Clarke County Iowa 9,325
19041 Clay County Iowa 16,491 Spencer, IA Micropolitan Statistical Area
19043 Clayton County Iowa 17,773
19045 Clinton County Iowa 48,420 Clinton, IA Micropolitan Statistical Area Davenport-Moline, IA-IL Combined Statistical Area
19047 Crawford County Iowa 17,434
19049 Dallas County Iowa 74,641 Des Moines-West Des Moines, IA Metropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19051 Davis County Iowa 8,791 Ottumwa, IA Micropolitan Statistical Area
19053 Decatur County Iowa 8,136
19055 Delaware County Iowa 17,534
19057 Des Moines County Iowa 40,480 Burlington, IA-IL Micropolitan Statistical Area
19059 Dickinson County Iowa 16,955 Spirit Lake, IA Micropolitan Statistical Area
19061 Dubuque County Iowa 95,697 Dubuque, IA Metropolitan Statistical Area
19063 Emmet County Iowa 9,996
19065 Fayette County Iowa 20,502
19067 Floyd County Iowa 16,092
19069 Franklin County Iowa 10,548
19071 Fremont County Iowa 7,080
19073 Greene County Iowa 9,139
19075 Grundy County Iowa 12,314 Waterloo-Cedar Falls, IA Metropolitan Statistical Area
19077 Guthrie County Iowa 10,687 Des Moines-West Des Moines, IA Metropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19079 Hamilton County Iowa 15,312
19081 Hancock County Iowa 11,094
19083 Hardin County Iowa 17,441
19085 Harrison County Iowa 14,431 Omaha-Council Bluffs, NE-IA Metropolitan Statistical Area Omaha-Council Bluffs-Fremont, NE-IA Combined Statistical Area
19087 Henry County Iowa 20,222
19089 Howard County Iowa 9,526
19091 Humboldt County Iowa 9,688
19093 Ida County Iowa 7,141
19095 Iowa County Iowa 16,330
19097 Jackson County Iowa 19,587
19099 Jasper County Iowa 36,641 Newton, IA Micropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19101 Jefferson County Iowa 16,810 Fairfield, IA Micropolitan Statistical Area
19103 Johnson County Iowa 139,155 Iowa City, IA Metropolitan Statistical Area Cedar Rapids-Iowa City, IA Combined Statistical Area
19105 Jones County Iowa 20,611 Cedar Rapids, IA Metropolitan Statistical Area Cedar Rapids-Iowa City, IA Combined Statistical Area
19107 Keokuk County Iowa 10,329
19109 Kossuth County Iowa 15,321
19111 Lee County Iowa 35,682 Fort Madison-Keokuk, IA-IL-MO Micropolitan Statistical Area
19113 Linn County Iowa 216,111 Cedar Rapids, IA Metropolitan Statistical Area Cedar Rapids-Iowa City, IA Combined Statistical Area
19115 Louisa County Iowa 11,282
19117 Lucas County Iowa 8,746
19119 Lyon County Iowa 11,712
19121 Madison County Iowa 15,448 Des Moines-West Des Moines, IA Metropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19123 Mahaska County Iowa 22,417 Oskaloosa, IA Micropolitan Statistical Area
19125 Marion County Iowa 33,252
19127 Marshall County Iowa 40,994 Marshalltown, IA Micropolitan Statistical Area
19129 Mills County Iowa 14,896 Omaha-Council Bluffs, NE-IA Metropolitan Statistical Area Omaha-Council Bluffs-Fremont, NE-IA Combined Statistical Area
19131 Mitchell County Iowa 10,709
19133 Monona County Iowa 9,121
19135 Monroe County Iowa 8,012
19137 Montgomery County Iowa 10,424
19139 Muscatine County Iowa 42,836 Muscatine, IA Micropolitan Statistical Area Davenport-Moline, IA-IL Combined Statistical Area
19141 O'Brien County Iowa 14,044
19143 Osceola County Iowa 6,211
19145 Page County Iowa 15,713
19147 Palo Alto County Iowa 9,185
19149 Plymouth County Iowa 24,957 Sioux City, IA-NE-SD Metropolitan Statistical Area Sioux City-Vermillion, IA-SD-NE Combined Statistical Area
19151 Pocahontas County Iowa 7,154
19153 Polk County Iowa 451,677 Des Moines-West Des Moines, IA Metropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19155 Pottawattamie County Iowa 92,728 Omaha-Council Bluffs, NE-IA Metropolitan Statistical Area Omaha-Council Bluffs-Fremont, NE-IA Combined Statistical Area
19157 Poweshiek County Iowa 18,601
19159 Ringgold County Iowa 5,072
19161 Sac County Iowa 10,071
19163 Scott County Iowa 170,385 Davenport-Moline-Rock Island, IA-IL Metropolitan Statistical Area Davenport-Moline, IA-IL Combined Statistical Area
19165 Shelby County Iowa 11,961
19167 Sioux County Iowa 34,547
19169 Story County Iowa 92,406 Ames, IA Metropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19171 Tama County Iowa 17,576
19173 Taylor County Iowa 6,161
19175 Union County Iowa 12,583
19177 Van Buren County Iowa 7,436
19179 Wapello County Iowa 35,391 Ottumwa, IA Micropolitan Statistical Area
19181 Warren County Iowa 47,336 Des Moines-West Des Moines, IA Metropolitan Statistical Area Des Moines-Ames-West Des Moines, IA Combined Statistical Area
19183 Washington County Iowa 22,015 Iowa City, IA Metropolitan Statistical Area Cedar Rapids-Iowa City, IA Combined Statistical Area
19185 Wayne County Iowa 6,402
19187 Webster County Iowa 37,044 Fort Dodge, IA Micropolitan Statistical Area
19189 Winnebago County Iowa 10,554
19191 Winneshiek County Iowa 20,994
19193 Woodbury County Iowa 102,130 Sioux City, IA-NE-SD Metropolitan Statistical Area Sioux City-Vermillion, IA-SD-NE Combined Statistical Area
19195 Worth County Iowa 7,541 Mason City, IA Micropolitan Statistical Area
19197 Wright County Iowa 12,972
20001 Allen County Kansas 13,124
20003 Anderson County Kansas 7,897
20005 Atchison County Kansas 16,749 Atchison, KS Micropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20007 Barber County Kansas 4,947
20009 Barton County Kansas 27,509 Great Bend, KS Micropolitan Statistical Area
20011 Bourbon County Kansas 14,852
20013 Brown County Kansas 9,997
20015 Butler County Kansas 65,803 Wichita, KS Metropolitan Statistical Area Wichita-Arkansas City-Winfield, KS Combined Statistical Area
20017 Chase County Kansas 2,700
20019 Chautauqua County Kansas 3,552
20021 Cherokee County Kansas 20,978
20023 Cheyenne County Kansas 2,694
20025 Clark County Kansas 2,193
20027 Clay County Kansas 8,406
20029 Cloud County Kansas 9,292
20031 Coffey County Kansas 8,412
20033 Comanche County Kansas 1,955
20035 Cowley County Kansas 36,204 Arkansas City-Winfield, KS Micropolitan Statistical Area Wichita-Arkansas City-Winfield, KS Combined Statistical Area
20037 Crawford County Kansas 39,278 Pittsburg, KS Micropolitan Statistical Area
20039 Decatur County Kansas 2,930
20041 Dickinson County Kansas 19,609
20043 Doniphan County Kansas 7,851 St. Joseph, MO-KS Metropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20045 Douglas County Kansas 114,322 Lawrence, KS Metropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20047 Edwards County Kansas 2,945
20049 Elk County Kansas 2,655
20051 Ellis County Kansas 29,061 Hays, KS Micropolitan Statistical Area
20053 Ellsworth County Kansas 6,398
20055 Finney County Kansas 37,098 Garden City, KS Micropolitan Statistical Area
20057 Ford County Kansas 34,819 Dodge City, KS Micropolitan Statistical Area
20059 Franklin County Kansas 25,740 Ottawa, KS Micropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20061 Geary County Kansas 37,384 Junction City, KS Micropolitan Statistical Area Manhattan-Junction City, KS Combined Statistical Area
20063 Gove County Kansas 2,769
20065 Graham County Kansas 2,593
20067 Grant County Kansas 7,950
20069 Gray County Kansas 6,009
20071 Greeley County Kansas 1,290
20073 Greenwood County Kansas 6,424
20075 Hamilton County Kansas 2,609
20077 Harper County Kansas 5,860
20079 Harvey County Kansas 34,741 Wichita, KS Metropolitan Statistical Area Wichita-Arkansas City-Winfield, KS Combined Statistical Area
20081 Haskell County Kansas 4,141
20083 Hodgeman County Kansas 1,950
20085 Jackson County Kansas 13,366 Topeka, KS Metropolitan Statistical Area
20087 Jefferson County Kansas 18,813 Topeka, KS Metropolitan Statistical Area
20089 Jewell County Kansas 3,046
20091 Johnson County Kansas 566,933 Kansas City, MO-KS Metropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20093 Kearny County Kansas 3,923 Garden City, KS Micropolitan Statistical Area
20095 Kingman County Kansas 7,844 Wichita, KS Metropolitan Statistical Area Wichita-Arkansas City-Winfield, KS Combined Statistical Area
20097 Kiowa County Kansas 2,523
20099 Labette County Kansas 20,916 Parsons, KS Micropolitan Statistical Area
20101 Lane County Kansas 1,720
20103 Leavenworth County Kansas 78,185 Kansas City, MO-KS Metropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20105 Lincoln County Kansas 3,147
20107 Linn County Kansas 9,516 Kansas City, MO-KS Metropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20109 Logan County Kansas 2,798
20111 Lyon County Kansas 33,510 Emporia, KS Micropolitan Statistical Area
20113 McPherson County Kansas 29,569 McPherson, KS Micropolitan Statistical Area
20115 Marion County Kansas 12,219
20117 Marshall County Kansas 10,002
20119 Meade County Kansas 4,343
20121 Miami County Kansas 32,835 Kansas City, MO-KS Metropolitan Statistical Area Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area
20123 Mitchell County Kansas 6,378
20125 Montgomery County Kansas 34,292 Coffeyville, KS Micropolitan Statistical Area
20127 Morris County Kansas 5,741
20129 Morton County Kansas 3,143
20131 Nemaha County Kansas 10,161
20133 Neosho County Kansas 16,430
20135 Ness County Kansas 3,073
20137 Norton County Kansas 5,622
20139 Osage County Kansas 16,142 Topeka, KS Metropolitan Statistical Area
20141 Osborne County Kansas 3,818
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Abstract

While closed timelike curves (CTCs) are not known to exist, studying their consequences
has led to nontrivial insights in general relativity, quantum information, and other areas. In
this paper we show that if CTCs existed, then quantum computers would be no more powerful
than classical computers: both would have the (extremely large) power of the complexity class
PSPACE, consisting of all problems solvable by a conventional computer using a polynomial
amount of memory. This solves an open problem proposed by one of us in 2005, and gives
an essentially complete understanding of computational complexity in the presence of CTCs.
Following the work of Deutsch, we treat a CTC as simply a region of spacetime where a “causal
consistency” condition is imposed, meaning that Nature has to produce a (probabilistic or
quantum) fixed-point of some evolution operator. Our conclusion is then a consequence of
the following theorem: given any quantum circuit (not necessarily unitary), a fixed-point of the
circuit can be (implicitly) computed in polynomial space. This theorem might have independent
applications in quantum information.

1 Introduction

The possibility of closed timelike curves (CTCs) within general relativity and quantum gravity
theories has been studied for almost a century [11, 15, 13]. A different line of research has
sought to understand the implications of CTCs, supposing they existed, for quantum mechanics,
computation, and information [9, 8, 5].

In this paper we contribute to the latter topic, by giving the first complete characterization of the
computational power of CTCs. We argue that if CTCs containing polynomially many bits could be
created and maintained, then both classical and quantum computers would have exactly the power
of the complexity class PSPACE, which consists of all problems solvable on a classical computer
with a polynomial amount of memory. To put it differently, CTCs would make polynomial time
equivalent to polynomial space as computational resources, and would also make quantum and
classical computers equivalent to each other in their computational power. Our results treat CTCs
using the “causal consistency” framework of Deutsch [9], together with the assumption that a CTC
involving polynomially many bits can be maintained using polynomial resources.

It will not be hard to show that classical computers with CTCs can simulate PSPACE and be
simulated in it (though as far as we know, this result is new). The main difficulty will be to show
that quantum computers with CTCs can be simulated in PSPACE. To prove this, we need to give

∗Email: aaronson@csail.mit.edu. Supported by MIT CSAIL and the Keck Foundation.
†Email: watrous@cs.uwaterloo.ca. Supported by Canada’s NSERC and the Canadian Institute for Advanced

Research (CIFAR).
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an algorithm for (implicitly) computing fixed points of superoperators in polynomial space. Our
algorithm relies on fast parallel algorithms for linear algebra due to Borodin, Cook, and Pippenger
[7], and might be of independent interest.

The paper is organized as follows. In Section 2, we explain needed background about Deutsch’s
causal consistency framework and computational complexity, and review previous work by Bacon
[5], Brun [8], and Aaronson [1]. In Section 3, we show that classical computers with CTCs have
exactly the power of PSPACE. Section 4 extends the analysis of Section 3 to show that quantum
computers with CTCs have exactly the power of PSPACE. In that section, we make the simplifying
assumption that all quantum gates can be applied perfectly and that amplitudes are rational. In
Section 5, we consider what happens when gates are subject to finite error, and extend previous
work of Bacon [5] to show that quantum computers with CTCs can solve PSPACE problems in a
“fault-tolerant” way. We conclude in Section 6 with some general remarks and open problems.

2 Background

2.1 Causal Consistency

It was once believed that CTCs would lead inevitably to logical inconsistencies such as the Grand-
father Paradox. But in a groundbreaking 1991 paper, Deutsch [9] argued that this intuition fails,
provided the physics of the CTC is quantum-mechanical. While Deutsch’s resolution of the Grand-
father Paradox is not universally accepted, we will adopt it throughout in this paper, since it leads
in a particularly clear and elegant way to a model of computation. Deutsch’s insight was that a
CTC should simply be regarded as a region of spacetime where Nature enforces a requirement of
causal consistency : in other words, that the evolution operator within that region should map the
state of the initial hypersurface to itself. Given the evolution operator f , Nature’s “task” is thus to
find a fixed point of f : that is, an input x such that f (x) = x. Of course, not every deterministic
evolution operator f has a fixed point: that is just one way of stating the Grandfather Paradox.
On the other hand, it is a basic linear-algebra fact that every quantum operation Φ has a fixed
point: that is, a density matrix ρ such that Φ (ρ) = ρ. For any Φ, such a ρ can then be used
to produce a CTC evolution that satisfies the causal consistency requirement. So for example, a
consistent resolution of the Grandfather Paradox is that you are born with 1/2 probability, and
if you are born you go back in time to kill your grandfather, therefore you are born with 1/2
probability, etc.

Notice that Deutsch’s resolution works just as well in classical probabilistic theories as in
quantum-mechanical ones. For just as every quantum operation has a fixed point, so every Markov
chain has a stationary distribution. What matters is simply that the state space and the set of
transformations are such that fixed points exist.

It might be thought mysterious that Nature “finds” a fixed point ρ of Φ: how, one might ask,
does Nature do this? Does Nature not have to find ρ before the CTC computation starts, so that
in some sense, running the computation is not even necessary? While these issues are admittedly
mysterious, to us they are not more mysterious than the starting assumption that CTCs exist! One
should keep in mind that any account of a universe with CTCs is going to be strange, so perhaps
the most one can hope for is that the account should be mathematically clear and consistent. And
at a purely mathematical level, Deutsch’s causal consistency account of CTCs is the clearest we
have seen.

Although CTCs need not lead to inconsistencies, Deutsch pointed out that they would have
striking consequences for the theory of computing. As an example, CTCs could be exploited to solve

2



NP-complete and other “intractable” computational problems using only polynomial resources. To
see this, suppose some integers x ∈

{

0, 1, . . . , 2n−1
}

are “solutions” and others are not, and that our
goal is to find a solution in time polynomial in n, assuming solutions exist and can be recognized
efficiently. Then we could build a machine M that applied the following transformation to its
input x: if x is a solution then M (x) = x, while if x is not a solution then M (x) = (x + 1) mod2n.
Now suppose we use a CTC to feed M its own output as input. Then it is not hard to see that the
only way for the evolution to satisfy causal consistency is for M to input, and output, a solution.

In this way, an exponentially-hard computational problem could get solved without exponential
effort ever being invested to solve it, merely because that is the only way to satisfy causal consis-
tency. A rough analogy would be Shakespeare’s plays being written by someone from the present
going back in time and dictating the plays to him.

It is sometimes said that if CTCs existed, then one could obviously do computations of unlimited
length in an instant, by simply computing the answer, then sending it back in time to before one
started. However, this proposal does not work for two reasons. First, it ignores the Grandfather
Paradox: what happens if, on receiving the output, one goes back in time and changes the input?
Second, it is perhaps unclear why a computation lasting 101000 years should be considered “feasible,”
merely because we are able to obtain the solution before performing the computation. It seems
that an honest accounting should require the computations performed inside the CTC to be efficient
(say, polynomial-time), with any computational speedup coming from the requirement of causal
consistency.

2.2 Complexity Theory

For background on classical computational complexity theory, see for example Arora and Barak
[4]; for a recent survey of quantum complexity theory, see Watrous [18]. Here, we briefly describe
the main complexity classes we will consider. PSPACE (Polynomial Space) is the class of decision
problems that are solvable by a classical computer, using an amount of memory that is bounded
by a polynomial function of the size of the input n (but possibly an exponential amount of time).
An example of such a problem is, given a configuration of an n × n Go board, to decide whether
White has a winning strategy using n2 or fewer moves. NP (Nondeterministic Polynomial-Time)
is the class of decision problems for which every “yes” answer has a polynomial-time-checkable,
polynomial-size proof or witness. NP-complete problems are, loosely speaking, the “hardest”
problems in NP: that is, those NP problems to which all other NP problems can be efficiently
reduced. An example is, given a graph, to decide whether it has a Hamiltonian cycle (that is,
a cycle that visits each vertex exactly once). PSPACE contains NP (thus, in particular, the NP-
complete problems)—since in polynomial space, one can simply loop over all possible witnesses
and see if any of them are correct. However, PSPACE is believed to be considerably larger than
NP. So in saying that computers with CTCs can efficiently solve PSPACE problems, we are saying
something stronger than just that they can solve NP-complete problems.

Our main result is that computers with polynomial-size CTCs have precisely the power of
PSPACE, and that this is true whether the computers are classical or quantum. Previously,
Watrous [17] showed that BQPSPACE (Bounded-Error Quantum Polynomial Space) is equal to
PSPACE: that is, any problem solvable by a quantum computer with polynomial memory is also
solvable by a classical computer with polynomial memory. (By contrast, quantum computers are
conjectured to offer an exponential improvement over classical computers in time.) Here, we show
that quantum computers are polynomially equivalent to classical computers in the CTC setting as
well.
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Our results will allow CTCs that contain a polynomial number of bits or qubits, as well as a
polynomial number of gate operations. Given our ignorance of the physics of CTCs, it might be
wondered whether these choices are justified. Our response is that the choices arise from treating
CTCs the same way one would treat any other resource in computational complexity theory: for a
“polynomial price,” one gets a polynomial amount of the resource (e.g., bits or qubits). Still, it is
interesting to consider the effects of other choices, and we discuss some possibilities in Section 6.

2.3 Related Work

Besides Deutsch’s paper [9], we know of three other works directly relevant to computational
complexity in the presence of CTCs. First, Brun [8] showed that CTCs would allow the efficient
solution of NP-complete problems.1

Second, Bacon [5] showed that NP-complete problems can be solved with polynomial resources,
even using CTCs that are only “one bit wide” (i.e., able to transmit a single qubit or probabilistic
classical bit back in time).2 Bacon also showed that, using his approach, one can solve not only
NP problems but even #P problems, which involve counting solutions rather than just finding
one. (The class #P—or more formally its decision version P#P—is a subclass of PSPACE, with
the containment believed to be strict.) Finally, Bacon showed that techniques from the theory
of quantum fault-tolerance could be used to make certain CTC computations, including the ones
used to solve #P problems, robust to small errors.

Third, as part of a survey on “NP-complete Problems and Physical Reality” [1], Aaronson
sketched the definitions of PCTC and BQPCTC (classical and quantum polynomial time with CTCs)
that we adopt in this paper. He also sketched a proof that PSPACE = PCTC ⊆ BQPCTC ⊆ EXP.
That is, classical computers with polynomial-size CTCs have exactly the power of polynomial space,
while quantum computers with polynomial-size CTCs have at least the power of polynomial space
and at most the power of classical exponential time. The key problem that Aaronson left open
was to pin down the power of quantum computers with CTCs precisely. This is the problem we
solve in this paper.

3 The Classical Case

To state our results, it is crucial to have a formal model of computation in the presence of CTCs.
We define a deterministic CTC algorithm A to be deterministic polynomial-time algorithm

that takes as input a string x ∈ {0, 1}n, and that produces as output a Boolean circuit C = Cx,
consisting of AND, OR, and NOT gates. The circuit C acts on bits in two registers: a CTC
register RCTC , and a causality-respecting register RCR. The registers RCTC and RCR consist
of p (n) and q (n) bits respectively, for some polynomials p and q depending on A. Thus, C can

be seen as a Boolean function C : {0, 1}p(n)+q(n) → {0, 1}p(n)+q(n), which maps an ordered pair
〈y, z〉 ∈ RCTC ×RCR to another ordered pair C (〈y, z〉).

1He also sketched a possible extension to PSPACE problems. However, Brun did not specify the model of
computation underlying his results, and the most natural interpretation of his “CTC algorithms” would appear
to preclude their solving PSPACE problems. For Brun, a fixed-point of a CTC evolution seems to be necessarily
deterministic—in which case, finding such a fixed-point is an NP problem (note that NP is almost universally believed
to be smaller than PSPACE). Thus, to prove that classical or quantum computers with CTCs give the full power of
PSPACE, it seems essential to adopt Deutsch’s causal consistency model.

2On the other hand, Bacon’s approach would require a polynomial number of such CTC’s, rather than a single
CTC as in Deutsch’s approach.
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R CTC R CR

C

0 0 0

Answer

Figure 1: Diagram of a classical CTC computer. A circuit C performs a polynomial-time compu-
tation involving “closed timelike curve bits” (the register RCTC) as well as “causality-respecting
bits” (the register RCR). Nature must then find a probability distribution over RCTC that satisfies
Deutsch’s causal consistency equation. The final answer is read out from RCR.

For convenience, we assume that the causality-respecting register RCR is initialized to 0q(n).
The CTC register, on the other hand, must be initialized to some probability distribution over p (n)-
bit strings that will ensure causal consistency. More formally, let D be a probability distribution
over RCTC × RCR, and let C (D) be the distribution over RCTC × RCR induced by drawing a
sample from D and then applying C to it. Also, let [·]CTC be an operation that discards the
causality-respecting register (i.e., marginalizes it out), leaving only the CTC register. Then we
need the initial probability distribution D over RCTC×RCR to satisfy the following two conditions:

(i) D has support only on pairs of the form
〈

y, 0q(n)
〉

.

(ii) D satisfies the causal consistency equation [D]CTC = [C (D)]CTC .

We claim that such a D always exists. This is easy to prove: let C ′ (y) :=
[

C
(〈

y, 0q(n)
〉)]

CTC

be the induced circuit that acts only on the CTC register. Then it suffices to find a distribution D′

over RCTC such that C ′ (D′) = D′. To find such a D′, we consider the directed graph representing

the function C ′ : {0, 1}p(n) → {0, 1}p(n), find a cycle in that graph (which must exist, since the
graph is finite), and let D′ be the uniform distribution over points in the cycle. Finally we set
D =

〈

D′, 0q(n)
〉

.
We are now ready to define the complexity class PCTC, of problems solvable using classical

computers with CTCs. We say that a CTC algorithm A accepts the input x if, for every distribution
D satisfying conditions (i) and (ii) above, C (D) has support only on pairs of the form 〈y, z1〉—i.e.,
such that the last bit of the causality-respecting register is a 1. (Recall that C = Cx depends on
the input x.) Likewise, we say A rejects x if for every D satisfying (i) and (ii), C (D) has support
only on pairs of the form 〈y, z0〉. (Of course, it is possible that C (D) has support on both kinds of
pairs, in which case A neither accepts nor rejects.) We say A decides the language L ⊆ {0, 1}∗ if A
accepts every input x ∈ L, and rejects every input x /∈ L. Then PCTC is the class of all languages
L that are decided by some deterministic CTC algorithm.

Let us make a few remarks about the definition. First, the requirement that some polynomial-
time algorithm A output the circuit C = Cx is intended to prevent hard-to-compute information
from being hard-wired into the circuit. This requirement is standard in complexity theory; it is
also used, for example, in the definition of BQP. Second, our definition required C to succeed
with certainty, and did not allow C to introduce its own randomness, besides that produced by the
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causal consistency condition. We could relax these requirements to obtain the complexity class
BPPCTC, or bounded-error probabilistic polynomial time with access to a CTC. However, it will
turn out that PCTC = BPPCTC = PSPACE anyway.

3.1 Results

We now prove PCTC = PSPACE.

Lemma 1 PCTC ⊆ PSPACE.

Proof. Let C be a polynomial-size circuit that maps RCTC ×RCR to itself, as in the definition of
PCTC. Then our PSPACE simulation algorithm is as follows. First, let C ′ (y) :=

[

C
(〈

y, 0q(n)
〉)]

CTC

be the induced circuit that acts only on RCTC . Then given a string y ∈ {0, 1}p(n), say y is cyclic
if C ′(k) (y) = y for some positive integer k. In other words, y is cyclic if repeated application of C ′

takes us from y back to itself. Clearly every C ′ has at least one cyclic string. Furthermore, it is
clear from the definition of PCTC that if x ∈ L then every cyclic string must lead to an output of 1
in the last bit of RCR, while if x /∈ L then every cyclic string must lead to an output of 0. Hence
the problem essentially reduces to finding a cyclic string.

But it is easy to find a cyclic string in polynomial space: the string y∗ := C ′(2p(n)) (y) will be
cyclic for any y. The one remaining step is to compute C

(〈

y∗, 0q(n)
〉)

, and then output the last
bit of RCR.

We are indebted to Lance Fortnow for the following lemma.

Lemma 2 PSPACE ⊆ PCTC.

Proof. For some polynomial p, let M be a p (n)-space Turing machine (i.e. every configuration
of M takes p (n) bits to describe). We can assume without loss of generality that M includes a
“clock,” which is incremented at every time step, and which causes M to accept automatically once
it reaches its maximum value. This prevents M from ever going into an infinite loop, regardless
of its starting configuration.

Let m1, . . . ,mT be the successive configurations of M when run on an input x ∈ {0, 1}n.
Then our task is to decide, using a CTC computer, whether mT is an accepting or a rejecting
configuration.

Our CTC algorithm A will produce a circuit C that acts on two registers: a (p (n) + 1)-bit
CTC register RCTC , and a one-bit causality-respecting register RCR. For simplicity, we start by
describing the induced circuit C ′ that acts on RCTC . Given a configuration m of M , let S (m)
be the successor of m: that is, the configuration obtained from m by incrementing the clock and
performing one step of computation. Then the circuit C ′ acts as follows, on ordered pairs 〈m, b〉
consisting of a configuration m and a “control bit” b:

• If m is neither an accepting nor a rejecting configuration, then C ′ (〈m, b〉) = 〈S (m) , b〉.

• If m is an accepting configuration, then C ′ (〈m, b〉) = 〈m1, 1〉.

• If m is a rejecting configuration, then C ′ (〈m, b〉) = 〈m1, 0〉.

In other words, if m produces an output then C ′ sets the control bit to that output and goes
back to the starting configuration; otherwise C ′ increments the computation and leaves the control
bit unchanged (see Figure 2).
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mT-1,0

mT,0

m1,0

m2,0

mT-1,1

mT,1

m1,1

m2,1

Figure 2: To simulate a PSPACE machine with a CTC, we perform a computation for which the
only causally consistent evolution is a loop over all configurations of the machine, with a control
bit b set to its final value (in this example b = 1).

Now consider the graph of the function C ′ : {0, 1}p(n)+1 → {0, 1}p(n)+1. It is not hard to see
that the only cycle in this graph is (〈m1, 1〉 , . . . , 〈mT , 1〉) if mT accepts, or (〈m1, 0〉 , . . . , 〈mT , 0〉)
if mT rejects. Indeed, this is true even if there are configurations that are not reachable from
〈m1, 1〉 or 〈m1, 0〉, since those configurations will ultimately lead back to either 〈m1, 1〉 or 〈m1, 0〉
and therefore not produce new cycles. In other words, the only cycle is a loop over m1, . . . ,mT ,
with the control bit b set to M ’s final output. Therefore, the only probability distribution D′

over {0, 1}p(n)+1 that is stationary, in the sense that C ′ (D′) = D′, is the uniform distribution over
〈m1, b〉 , . . . , 〈mT , b〉 where b is M ’s final output.

Finally, the full circuit C simply applies C ′ to RCTC , and then copies the control bit into the
causality-respecting register.

4 The Quantum Case

Let G be a universal set of quantum gates, with amplitudes having rational real and imaginary
parts. Then a quantum CTC algorithm A is a deterministic polynomial-time algorithm that takes
as input a string x ∈ {0, 1}n, and that produces as output an encoding of a unitary quantum circuit
Q = Qx with gates from G.

The circuit Q acts on two quantum registers: a q (n)-qubit CTC register RCTC and an r (n)-
qubit causality-respecting register RCR. The causality-respecting register RCR is initialized to
|0〉⊗r(n), while the CTC register must be initialized to some q (n)-qubit mixed state ρ that will
ensure causal consistency. More formally, we require that

TrRCR

(

Q
(

ρ ⊗ (|0〉〈0|)⊗r(n)
)

Q†
)

= ρ, (1)

which is equivalent to ρ being a fixed point of the quantum operation defined as

Φ (ρ) := TrRCR

(

Q
(

ρ ⊗ (|0〉〈0|)⊗r(n)
)

Q†
)

.

Deutsch [9] proved that every such quantum operation has a fixed point, and an alternate proof of
this fact follows from our results in Section 4.3 below.

We can now define the complexity class BQPCTC, of problems solvable using quantum computers
with CTCs. Let M be a measurement of the last qubit of RCR in the computational basis.
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Then we say the algorithm A accepts x if for every mixed state ρ satisfying equation (1) above,

M
(

Q
(

ρ ⊗ (|0〉〈0|)⊗r(n)
)

Q†
)

results in output 1 with probability at least 2/3. We say A rejects

x if for every ρ satisfying the equation, M
(

Q
(

ρ ⊗ (|0〉〈0|)⊗r(n)
)

Q†
)

results in output 1 with

probability at most 1/3. We say A decides the language L ⊆ {0, 1}∗ if A accepts every input
x ∈ L, and rejects every input x /∈ L. Then BQPCTC is the class of all languages L that are decided
by some quantum CTC algorithm.

In what follows, we develop some needed background, and then prove the main result that
BQPCTC ⊆ PSPACE.

4.1 Matrix Representation of Superoperators

We will make use of a simple way of representing quantum operations as matrices. This represen-
tation begins with a representation of density matrices as vectors by the linear function defined on
standard basis states as

vec (|x〉 〈y|) = |x〉 |y〉 .

If ρ is an N × N density matrix, then vec(ρ) is the N2-dimensional column vector obtained by
stacking the rows of ρ on top of one another. For example,

vec

(

α β

γ δ

)

=









α

β

γ

δ









.

Now, suppose that Φ is a given quantum operation acting on an N dimensional system, meaning
that Φ : C

N×N → C
N×N is linear, completely positive, and trace-preserving. Given that the effect

of Φ on density matrices is linear, there must exist an N2 × N2 matrix K(Φ) that satisfies

K(Φ) vec(ρ) = vec (Φ(ρ))

for every possible N ×N density matrix ρ. The matrix K(Φ) is called the natural matrix represen-
tation of the quantum operation Φ, and is uniquely determined by Φ.

The natural matrix representation can easily be calculated from other standard forms. For
example, if an operation Φ is represented in the usual Kraus form as

Φ(ρ) =
k

∑

j=1

AjρA†
j ,

then it holds that

vec (Φ (ρ)) =





k
∑

j=1

Aj ⊗ Aj



 vec (ρ) ,

and therefore

K (Φ) :=
k

∑

j=1

Aj ⊗ Aj .

(Here Aj represents the entry-wise complex conjugate of Aj .)
In the section that follows, we will make use of the following simple way to calculate the natural

matrix representation of a quantum operation that is specified by a quantum circuit. Suppose that
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R is an r-qubit system, S is an s-qubit system, and U is a unitary operation on r + s qubits. Then
for the quantum operation Φ defined as

Φ(ρ) = TrS

[

U
(

ρ ⊗ (|0〉〈0|)⊗s
)

U †
]

,

we have
K(Φ) = M1

(

U ⊗ U
)

M0 (2)

for
M1 =

∑

y∈{0,1}s

I ⊗ 〈y|⊗ I ⊗ 〈y| and M0 = I ⊗ |0〉⊗s ⊗ I ⊗ |0〉⊗s .

(In both cases, each identity matrix I acts on R, or equivalently is the 2r × 2r identity matrix.)

4.2 Space-Bounded and Depth-Bounded Computations

When we speak of a family {Cn : n ∈ N} of Boolean circuits, we assume that each Cn is an acyclic
circuit, composed of AND, OR, NOT, and constant-sized fanout gates, with n input bits and an
arbitrary number of output bits. Such a family computes a function f : {0, 1}∗ → {0, 1}∗ if, for
each n ∈ N and string x ∈ {0, 1}n, the circuit Cn outputs f(x) when given input x. The depth of
a Boolean circuit C is the length of the longest path in C from an input bit to an output bit. The
size of C is the sum of the number of input bits, output bits, and gates.

For a given function s : N → N, we say that a Boolean circuit family {Cn : n ∈ N} is space
O(s)-uniform if there exists a deterministic Turing machine M that runs in space O(s (n)), and
that outputs a description of Cn on input 1n for each n ∈ N.3 As is usual when discussing space-
bounded computation, a deterministic Turing machine is assumed to be equipped with a read-only
input tape that does not contribute to the space it uses, so it is meaningful to consider sublinear
space bounds. Given a space O(s)-uniform family {Cn : n ∈ N}, the size of Cn can be at most
2O(s(n)).

We say a function f : {0, 1}∗ → {0, 1}∗ is in the class NC (s) if there exists a space O(s)-
uniform family of Boolean circuits {Cn : n ∈ N} that computes f , and where the depth of Cn is at

most s (n)O(1).4 Also, a language L is in NC(s) if its characteristic function is in NC(s). We write
NC for NC(log n), and NC (poly) for the union of NC(nc) over all constants c. Borodin [6] proved
that if s satisfies s(n) = Ω (log n), then every function in NC(s) is computable by a deterministic
Turing machine in space s(n)O(1). It follows that NC (poly) ⊆ PSPACE. (The reverse containment
also holds, so in fact we have NC (poly) = PSPACE.)

It is clear that if f ∈ NC (poly) and g ∈ NC, then their composition g ◦ f is in NC (poly), since
we can create a circuit for g ◦ f by composing the circuits for f and g in the obvious way.

Many functions of matrices are known to be computable in NC. These include sums and
products of matrices, inverses, and the trace, determinant, and characteristic polynomial, all over a
wide range of fields for which computations can be efficiently performed. (See von zur Gathen [10].)
In particular, we will rely on a fact that follows from a result of Borodin, Cook, and Pippenger [7,
Section 4]:

Theorem 3 ([7]) The determinant of an n× n matrix whose entries are rational functions in an
indeterminate z can be computed in NC.

3Considering inputs of the form 1n is just a standard trick to force n to be encoded in “unary,” i.e., such that it
takes n bits to write down.

4
NC stands for “Nick’s Class”; the term is historical. Also, what we call NC (s) is called NC (2s) by Borodin,

Cook, and Pippenger [7].
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4.3 Projecting Onto Fixed Points

In this subsection, we prove a general theorem about efficient construction of quantum operations
that project onto the fixed points of other quantum operations. This theorem is the technical core
of our BQPCTC ⊆ PSPACE result, but it might be of independent interest as well.

Theorem 4 Suppose that Φ : C
N×N → C

N×N is a given quantum operation acting on an N -
dimensional system, meaning that it is a completely positive and trace-preserving linear map. Then
there exists another quantum operation

Λ : C
N×N → C

N×N

that satisfies three properties:

(1) For every density matrix σ ∈ C
N×N , it holds that ρ = Λ(σ) is a fixed point of Φ.

(2) Every density matrix ρ that is a fixed point of Φ is also a fixed point of Λ.

(3) Λ can be computed from Φ in NC.

In essence, Λ is a (non-orthogonal) projection onto fixed points of Φ, so if we want a fixed point
of Φ it suffices to compute Λ(σ) for any density matrix σ, and moreover every fixed point ρ of Φ

arises in this way from some density matrix σ (which always includes the choice σ = ρ).
Proof. The operation Λ is defined as follows. First, for each real number z ∈ (0, 1), we define a
superoperator Λz : C

N×N → C
N×N as

Λz = z
∞

∑

k=0

(1 − z)kΦ
k.

Here Φ
k represents the k-fold composition of Φ and Φ

0 is the identity operation. Each Φ
k is

obviously completely positive and trace-preserving. Given that z(1− z)k ∈ (0, 1) for each choice of
z ∈ (0, 1) and k ≥ 0, and that

∑∞
k=0 z(1− z)k = 1 for every z ∈ (0, 1), we have that Λz is a convex

combination of completely positive and trace-preserving maps. Thus, Λz is completely positive and
trace-preserving as well. Finally, we take

Λ = lim
z↓0

Λz.

We must of course prove that this limit exists—and in the process, we will prove that Λ can be
produced from Φ by an NC computation, which is an important ingredient of our simulation of
BQPCTC in PSPACE. Once this is done, the required properties of Λ will be easily verified.

We assume that Φ is represented by the N2 × N2 complex matrix M = K(Φ) as discussed in
Section 4.1. Since Φ is a quantum operation, every eigenvalue of M lies within the unit circle.5 It
follows that the matrix I − (1 − z)M is invertible for every real z ∈ (0, 1), and moreover there is a
convergent series for its inverse:

(I − (1 − z)M)−1 = I + (1 − z)M + (1 − z)2M2 + · · · (3)

5This fact is proved in [16]. An alternate proof follows from the fact that ‖Φ‖
"

= 1 and that the diamond norm
is submultiplicative (see Theorem 5.6.9 of [12]).
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Now, for every z ∈ (0, 1) we define an N2 × N2 matrix Rz as follows:

Rz := z (I − (1 − z)M)−1.

We note that Rz = K(Λz) for Λz as defined above—and as each Λz is completely positive and
trace-preserving, each entry of Rz must be bounded in absolute value by 1.

Next, by Cramer’s rule, we have

z (I − (1 − z)M)−1 [i, j] = (−1)i+j
z det((I − (1 − z)M)j,i)

det (I − (1 − z)M)
, (4)

where (I − (1 − z)M)j,i denotes the (N2 − 1)× (N2 − 1) matrix obtained by removing the jth row

and ith column from I − (1− z)M . It follows that each entry of Rz is given by a rational function
in the variable z having degree at most N2. As the entries of Rz are rational functions that are
bounded for all z ∈ (0, 1), we have that the limit limz↓0 Rz exists. Define

R := lim
z↓0

Rz,

and note that R = K(Λ). We have therefore proved that the limit Λ = limz↓0 Λz exists as claimed.
The fact that R can be computed from M in NC follows from the above discussion, together with

Theorem 3. In particular, equation (4) above expresses the entries of Rz as ratios of polynomials
of degree at most N2 in z having coefficients with rational real and imaginary parts. It remains to
compute the limit, which is also done symbolically for the real and imaginary parts of each entry.
To compute

lim
z↓0

f(z)

g(z)

for polynomials f (z) =
∑

i ciz
i and g (z) =

∑

i diz
i, we perform a binary search on the coefficients

of g to find the smallest k for which dk += 0, and then output the ratio ck/dk. Each of the required
computations can be done in NC, and can be applied in parallel for each entry of R to allow R to
be computed from M in NC.

Finally, we verify the required properties of Λ. It is clear that every fixed point ρ of Φ is also a
fixed point of Λ, since

Λz(ρ) = z
∞
∑

k=0

(1 − z)kΦk(ρ) = z
∞
∑

k=0

(1 − z)kρ = ρ,

and therefore Λ(ρ) = limz↓0 Λz(ρ) = ρ. To prove that ρ = Λ(σ) is a fixed point of Φ for every
density matrix σ, it suffices to prove ΦΛ = Λ. For each z ∈ (0, 1) we have

ΦΛz = z

∞
∑

k=0

(1 − z)kΦk+1 =
z

1 − z

∞
∑

k=1

(1 − z)kΦk =
1

1 − z
Λz −

z

1 − z
I,

and therefore

ΦΛ = lim
z↓0

ΦΛz = lim
z↓0

(

1

1 − z
Λz −

z

1 − z
I

)

= Λ

as claimed.
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4.4 Proof of Containment

We can now complete the proof that quantum computers with CTCs are simulable in PSPACE.

Theorem 5 BQPCTC ⊆ PSPACE.

Proof. Let L ∈ BQPCTC be given, and assume that A is a quantum CTC algorithm for L. As
discussed in Section 4.2, it suffices to prove L ∈ NC (poly).

Assume for simplicity that an input x of length n has been fixed. Let Q be the unitary
quantum circuit that is output by A on input x; then as in the definition of BQPCTC, define a
quantum operation

Φ (ρ) := TrRCR

(

Q
(

ρ ⊗ (|0〉〈0|)⊗r(n)
)

Q†
)

.

Our goal will be to compute the probability

Pr
[

M
(

Q
(

ρ ⊗ (|0〉〈0|)⊗r(n)
)

Q†
)

= 1
]

(5)

for some arbitrary fixed point ρ of Φ. This value can then be compared to 1/2 to decide whether to
accept or reject. This computation will be performed in a uniform manner, in NC (poly), therefore
establishing that L ∈ NC (poly).

The first step is to compute the matrix representation M = K(Φ) of the operation Φ. This
can be done by a polynomial-space uniform family of Boolean circuits with exponential size and
polynomial depth, since M is expressible as in equation (2), and Q is expressible as a product of a
polynomial number of exponential-size matrices determined by the gates of Q.

Next we compute the matrix representation R = K(Λ), where Λ is the quantum operation that
projects onto fixed points of Φ discussed in Section 4.3. We have argued that R can be computed
from M in NC, and therefore by composing this computation with the NC (poly) computation of
M , we have that R can be computed in NC (poly).

Finally, we compute a fixed point ρ of Φ using R along with an arbitrary choice of a density

matrix input for Λ. For instance, we may take ρ = Λ

(

(|0〉 〈0|)⊗q(n)
)

, so that vec(ρ) = R |0〉⊗2q(n).

The probability (5) can then be evaluated in NC (poly) by performing matrix-vector multiplication.

5 Dealing With Error

In defining the class BQPCTC, we required the quantum circuits to involve amplitudes with rational
real and imaginary parts. However, while this assumption is mathematically convenient, it is also
“unphysical.” Even in a CTC universe, quantum operations can presumably only be implemented
to finite precision. In this section, we consider how to make our upper and lower bounds robust
to small errors.

The basic difficulty is that, in a CTC universe, two quantum operations that are arbitrarily
close can produce detectably different outcomes. As an example, consider the stochastic matrices

(

1 ε

0 1 − ε

)

,

(

1 − ε 0
ε 1

)

.

As ε → 0, these matrices become arbitrarily close to each other and to the identity matrix. Yet
their fixed points remain disjoint: the first has a unique fixed point of (1, 0)T , while the second has
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a unique fixed point of (0, 1)T . Hence, were an algorithm to apply one of these matrices inside a
CTC, an arbitrarily small error could completely change the outcome of the computation.

However, we will show that, while this “pathological” situation can arise in principle, it does
not arise in our simulation of PSPACE by a CTC computer in Lemma 2.

Given two probability distributions D = (px) and E = (qx), recall that their variation distance
is defined as

‖D − E‖ =
1

2

∑

x

|px − qx| .

Also, given two mixed states ρ and σ, their trace distance is defined as

‖ρ − σ‖tr =
1

2
max

U
Tr

∣

∣UρU−1 − UσU−1
∣

∣

where the maximum is over all unitary matrices U . Finally, given two superoperators Φ and Φ
′,

their diamond distance is defined as
∥

∥Φ − Φ
′
∥

∥

)
= max

ρ

∥

∥(Φ ⊗ I) (ρ) −
(

Φ
′ ⊗ I

)

(ρ)
∥

∥

tr

where the maximum is over all mixed states ρ on some larger Hilbert space.
Given a superoperator Φ, call ρ an ε-fixed-point of Φ if ‖ρ − Φ (ρ)‖tr ≤ ε.

Proposition 6 Suppose ρ is a fixed point of Φ and ‖Φ − Φ
′‖) ≤ ε. Then ρ is an ε-fixed-point of

Φ
′.

Proof. Since ρ = Φ (ρ), we have ‖ρ − Φ
′ (ρ)‖tr = ‖Φ (ρ) − Φ

′ (ρ)‖tr ≤ ε.

Lemma 7 Let Φ be a classical operation mapping a finite set B to itself, and let ρ be an ε-fixed-point
of Φ. Then ‖ρ − σ‖tr ≤ 2 |B| ε for some state σ supported only on the cycles of Φ.

Proof. We prove the contrapositive. Let C be the union of all cycles of Φ, and let C = B \ C.
Also, for each element x ∈ B, let px = 〈x| ρ |x〉. Suppose ρ is not δ-close to any state supported
only on C, where δ = 2 |B| ε. Then

∑

x∈C px > δ. Hence, letting D be the distribution over B
obtained by measuring ρ in the standard basis, we have

‖ρ − Φ (ρ)‖tr ≥ ‖D − Φ (D)‖

=
1

2

∑

x∈B

∣

∣

∣

∣

∣

∣

px −
∑

y:Φ(y)=x

py

∣

∣

∣

∣

∣

∣

≥
1

2

∑

x∈C

∣

∣

∣

∣

∣

∣

px −
∑

y:Φ(y)=x

py

∣

∣

∣

∣

∣

∣

≥
1

2
max
x∈C





∣

∣

∣

∣

∣

∣

px −
∑

y:Φ(y)=x

py

∣

∣

∣

∣

∣

∣

+

∣

∣

∣

∣

∣

∣

∑

y:Φ(y)=x

py −
∑

y:Φ(Φ(y))=x

py

∣

∣

∣

∣

∣

∣

+ · · ·





≥
1

2
max
x∈C

px

>
1

2
·

δ
∣

∣C
∣

∣

≥ ε.
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Here the fourth line follows from the triangle inequality. The fifth line follows from the triangle
inequality, together with the fact that if we fix an x ∈ C maximizing px, and then consider all z’s
“upstream” from x (i.e. such that Φ (z) = x, or Φ (Φ (z)) = x, etc), we must eventually reach
“source” elements: that is, z’s for which there are no y’s such that Φ (y) = z, and hence

∣

∣

∣

∣

∣

∣

pz −
∑

y:Φ(y)=z

py

∣

∣

∣

∣

∣

∣

= pz.

We can now prove the following:

Theorem 8 Every PSPACE language L is decidable in BQPCTC, even if every gate of the BQPCTC

circuit is subject to 2−q(n) error (for some polynomial q depending on L and the circuit).

Proof. Let C ′ be the circuit from Lemma 2 that maps RCTC to itself. As part of the proof of
Lemma 2, we showed that the graph of C ′ : {0, 1}p(n) → {0, 1}p(n) has a unique cycle L, in which
every configuration leads to the desired output. Now let C ′′ be a corrupted version of C ′ that
satisfies ‖C ′ − C ′′‖) ≤ ε, and let ρ be any fixed point of C ′′. Then ρ is an ε-fixed-point of C ′

by Proposition 6. By Lemma 7, this in turn means that ‖ρ − σ‖tr ≤ 2p(n)+1ε for some state σ

supported only on L. So provided ε . 2−p(n)−1, a CTC algorithm that uses C ′′ in place of C ′ will
still produce the correct answer with high probability.

Moreover, as pointed out by Bacon [5], even if every gate in our quantum circuit is subject to
(sufficiently small) constant error, we can still use standard results from the theory of quantum
error-correction [3] to ensure that ‖C ′ − C ′′‖) is exponentially small, where C ′ and C ′′ are the
quantum circuits acting on the logical (encoded) qubits. See [5] for a detailed version of this
argument.

But what about our proof of the BQPCTC ⊆ PSPACE upper bound, in Section 4: is that proof
affected by precision issues? It might be thought that we simply need to represent all amplitudes
and matrix elements to poly (n) bits of precision. As discussed earlier, however, the trouble is that
the set of fixed points of a superoperator Φ can depend sensitively on Φ, so that an arbitrarily small
change to Φ produces a large change in the set of fixed points. Indeed, this is precisely reason
why we assumed the amplitudes to be complex rational numbers. Because of that assumption,
we were able to use the algorithm of Borodin, Cook, and Pippenger [7] to compute a fixed point
symbolically rather than just numerically.

6 Discussion and Open Problems

6.1 CTCs in Other Computational Models

In the proof that PSPACE ⊆ PCTC, we did not actually need the full strength of polynomial-time
computation inside the CTC: rather, all we needed was the ability to update the configuration
of a PSPACE machine and increment a counter. Thus, our proof also shows (for example) that
PSPACE = AC0

CTC, where AC0 denotes the class of problems solvable by constant-depth, polynomial-
size circuits consisting of AND, OR, and NOT gates, and AC0

CTC is defined the same way as PCTC

but with AC0 circuits instead of arbitrary polynomial-size circuits.
In the other direction, we could also define PSPACECTC the same way as PCTC, but with PSPACE

machines in place of polynomial-size circuits. Then it is evident that our proof generalizes to show
PSPACECTC = PSPACE.
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It would be extremely interesting to study the consequences of Deutsch’s causal consistency
assumption in other settings besides polynomial-time computation: for example, communication
complexity, branching programs, and finite automata.

6.2 Narrow CTCs

What is the power of classical CTCs with a single bit, or of quantum CTCs with a single qubit (as
studied by Bacon [5])? Let PCTC1, BPPCTC1, and BQPCTC1 be the corresponding deterministic,
randomized, and quantum complexity classes. Then it is not hard to show that NP ∩ coNP ⊆
BPPCTC1: that is, a single use of a one-bit CTC is enough to solve all problems in the class
NP ∩ coNP. For we can guess a random string w ∈ {0, 1}p(n), then set the CTC bit b to 1 if w is a
yes-witness or to 0 if w is a no-witness, and leave b unchanged if w is neither. If there exists a yes-
witness but not a no-witness, then the only fixed point of the induced stochastic evolution is b = 1,
while if there exists a no-witness but not a yes-witness, then the only fixed point is b = 0. Indeed, a
simple extension of this idea yields NP ⊆ BPPCTC1: we set b = 1 if a yes-witness w ∈ {0, 1}p(n) was
guessed, and set b = 0 with some tiny probability ε . 2−p(n) independent of the witness. Again,
the unique fixed point of the induced stochastic map will fix b = 1 with overwhelming probability
if there exists a yes-witness, or b = 0 with certainty if not. Fully understanding the power of
“bounded-width CTCs” remains a problem for the future.

6.3 CTC Computers With Advice

Let BPPCTC/rpoly be defined the same way as BPPCTC, except that instead of being initialized to
0q(n), the chronology-respecting register RCR is initialized to a probability distribution Dn which
depends only on the input length n, but can otherwise be chosen arbitrarily to help the CTC
algorithm. Then we claim that BPPCTC/rpoly = ALL: in other words, BPPCTC/rpoly contains
every computational problem! To see this, let RCR be initialized to the uniform distribution over
all ordered pairs 〈z, f (z)〉, where z is an n-bit input and f (x) ∈ {0, 1} encodes whether x ∈ L.
Also, let the CTC register RCTC contain a single bit b. Then given an input x, our circuit C acts
on b as follows: if z = x then C sets b = f (x); otherwise C leaves b unchanged. It is easy to see
that the unique fixed point of the induced stochastic map on RCTC fixes b = f (x) with certainty.

While it demonstrates that CTCs combined with randomized advice yield staggering compu-
tational power, this result is not quite as surprising as it seems: for it was previously shown by
Aaronson [2] that PP/rpoly = ALL, and by Raz [14] that IP (2) /rpoly = ALL. In other words, ran-
domized advice has a well-known tendency to yield unlimited computational power when combined
with certain other resources.
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, e human race is governed by its imagination.

Napoleon Bonaparte

Browse the pages of any popular magazine, and you will be invited to imagine yourself experienc-

ing various products. To evoke consumption imagery, advertisers o- en use appeals such as “imag-

ine yourself in a Mercury,” “. nd yourself here,” or “imagine your perfect home.” 3D advertising 

and virtual realities encourage consumers to interact with the product and visualize the consump-

tion experience (Gri/  h & Chen, 2004; Grigirivici, 2003; Li, Daugherty, & Biocca, 2002; Schlosser, 

2003; Sheridan, 1992). Imagery is a central component of narrative stories (Green & Brock, 2000; 

Mandel, Petrova, & Cialdini, 2006), drama ads (Deighton, Romer, & McQueen, 1989; Stern, 1994), 

slice-of-life ads (Mick, 1987), and transformational ads (Puto & Wells, 1984). Consumer research-

ers de. ne imagery as a process by which sensory information is represented in working memory 

(MacInnis & Price, 1987). Imagery has been distinguished from discursive, analytical processing 

of information such as verbal encoding, cognitive responding, counterarguing, and formulation 

of choice rules. Whereas discursive processing involves abstract symbols, words, and numbers 

(MacInnis & Price, 1987), imagery involves encoding in the form of nonverbal concrete sensory 

representations (Childers, Houston, & Heckler, 1985; Epstein, 1994). 

, e existing evidence suggests that imagery can have powerful e0 ects on consumers’ behavior. 

It has been shown to enhance memory (Lord, 1980; Slee, 1978; Swann & Miller, 1982), even to 

create false memories (Garry & Polaschek, 2000; Gonzalves et al., 2004; Schlosser, 2006), and to 

increase the perceived likelihood of an event (Carroll, 1978; Cialdini, 2001; Gregory, Cialdini, & 

Carpenter, 1982; Sherman, Cialdini, Schwartzman, & Reynolds, 1985). For example, imagining a 

political candidate winning the election can increase the perceived likelihood of the candidate’s 

victory (Carroll, 1978), and imagining winning the lottery can increase the perceived chance of 

winning (Gregory et al., 1982). Imagery has also been demonstrated to increase the intentions to 

perform a behavior (Anderson, 1983; Cialdini, 2001; Gregory et al., 1982). Imagining taking a trip, 

starting a new job, or donating blood increased an individual’s intentions to engage in these activi-

ties (Anderson, 1983). 
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Of course, of speci. c interest to consumer researchers are the e0 ects of product imagery. 

Research in this direction reveals that instructing individuals to use their imagination while pro-

cessing the product information (Keller & Block, 1997; Keller & McGill, 1994; Krishnamurthy & 

Sujan, 1999; McGill & Anand, 1989) or incorporating imagery appeals in an ad (Babin & Burns, 

1997; Bone & Ellen, 1992; Escalas, 2004) can enhance product evaluations and the likelihood of 

purchasing the product. For example, in one of the . rst studies on the e0 ects of imagination in a 

consumer context (Gregory et al., 1982), half of the residents in a neighborhood were given infor-

mation about the features of a cable service. , e other half of the residents were asked to imagine 

themselves utilizing the features of the cable service. Several weeks later, representatives from the 

cable company solicited these residents’ orders for cable service. , e results revealed that 19.5% of 

the residents who had only heard the features of the product subscribed to the service. However, 

among those that imagined having the cable TV service, the subscription rate was 47.4%. Simply 

asking consumers to imagine having the product doubled the sales rate.

Given the evidence for the e0 ects of imagery on consumers’ judgments and behavior, it is impor-

tant to understand the mechanisms through which such e0 ects occur. Researchers have suggested 

several mechanisms, yet how imagery changes consumers’ preferences and behavior is not fully 

understood. Hoping to spur more research in this direction, we review the existing evidence for the 

processes underlying the e0 ects of imagery and suggest unexplored possibilities. We also review 

variables moderating these e0 ects and outline conditions under which asking consumers to imag-

ine their experience with the product can be particularly e0 ective or, alternatively, can decrease 

the likelihood of purchasing the product. Our goal is twofold: to provide an integrative view of the 

di0 erent approaches toward the use of imagery as a strategy of in1 uence, and to inspire new ideas 

in this fascinating domain of consumer psychology. 

PROCESSES UNDERLYING THE EFFECTS OF IMAGERY

Visualizing is a way of knowing: it is a mode of generating knowledge. . . . How we see determines 

what we see; and how we see is embodied in our mental images. By virtue of their condensing impulse, 

images have a kind of power that abstract ideas can never have. 

Mervyn Nicholson, 13 Ways of Looking at Images

Traditional Approaches

Traditional approaches in persuasion research have focused on processes such as a0 ect, consid-

eration of arguments, and recall. Such approaches have been applied to the e0 ects of imagery as 

well. For example, studies suggest that because of the a0 ective responses it evokes, imagery can 

enhance product evaluations (Bolls, 2002; Goossens, 1994, 2000; Mani & MacInnis, 2001; Oliver, 

, omas, & Mitchell, 1993; Strack, Schwarz, & Gschneidinger, 1985). Research also reveals that 

information processed using imagery is stored in both a sensory code and a semantic code; thus 

imagery has multiple linkages in memory (Childers & Houston, 1984; Kieras, 1978) and is more 

easily retrieved than information stored in a semantic code only (Houston, Childers, & Heckler, 

1987; Pavio, 1971). Given the role of information accessibility, it has also been suggested that vivid 

information or instructions to imagine the product are likely to in1 uence product preferences by 

increasing the accessibility of favorable product-related information (Kisielius & Sternthal, 1984, 

1986). , is proposition, known as the availability-valence hypothesis, further suggests that because 

imagery can increase cognitive elaboration, it can increase or decrease product preferences accord-

ing to the valence of the product information made accessible. , at is, imagery can increase the 
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accessibility of not only favorable but also unfavorable product information. In such cases, asking 

consumers to imagine the product experience can decrease product preferences. 

Despite the evidence in support of these processes, more recent research suggests that there are 

additional processes taking place when consumers imagine the product experience. For example, 

Mani and MacInnis (2001) and Escalas (2004) reported that imagining the consumption experi-

ence in1 uenced consumers’ a0 ective responses. In both studies, however, imagery had a positive 

e0 ect on product preferences even when controlling for a0 ect, suggesting that a0 ect alone cannot 

account for the positive e0 ects of the imagery on product evaluations. Furthermore, positive a0 ect 

would not account for the e0 ects of imagery on estimates of the likelihood of negative events such 

as being arrested for armed robbery (Gregory et al., 1982) or the e0 ects of imagery on the likelihood 

of performing behaviors evoking negative a0 ect (e.g., blood donation; Anderson, 1983). 

Similarly, imagery appeals may engage processes that are di0 erent from those evoked by simply 

presenting individuals with a pictorial product depiction. A recent set of studies revealed that, 

consistent with the availability-valence hypothesis, increasing the vividness of the product depic-

tion resulted in a greater number of product-relevant thoughts and greater recall of the product 

information (Petrova & Cialdini, 2005). However, these e0 ects were not observed with regard to 

imagery appeals. In fact, instructing participants to process the information using their imagi-

nation decreased product-related thoughts, thoughts about speci. c product attributes, and recall 

of the product attributes. It has also been demonstrated that imagining the process of using the 

product can make consumers less sensitive to the strength of the arguments in the ad (Escalas & 

Luce, 2003, 2004). Furthermore, the e0 ects of imagery were not mediated by cognitive elaboration 

(Schlosser, 2003); neither were they moderated by the individuals’ dispositional tendency to spon-

taneously elaborate on information (measured with the Need for Cognition Scale; Cacioppo, Petty, 

& Kao, 1984; Green & Brock, 2000; Schlosser, 2003). According to these . ndings, imagery may not 

necessarily increase consideration of the positive and negative features of the product and in some 

cases may even decrease elaboration on the message arguments. , us, additional processes may be 

taking place when consumers imagine their future experience with the product. Recent investiga-

tions provide some insight into this possibility. 

New Approaches

Transportation and reduced counterarguing. Contemporary investigations reveal conceptually 

new processes that may be taking place when consumers engage in imagining the product experi-

ence. One such approach stems from . ndings in the area of narrative transportation. As research 

on the persuasiveness of narratives reveals, narratives are e0 ective in changing attitudes and beliefs 

because they transport individuals into a di0 erent reality, thus reducing consideration of the posi-

tive and negative aspects of the message (Green & Brock, 2000). , e process of transportation 

has been described as “immersion into a text,” and being “lost” in a story (Green & Brock, 2000, 

p. 702). “A person engaged in elaboration might be accessing his or her own opinions, previous 

knowledge, or other thoughts and experiences in order to evaluate the message at hand. Under 

high elaboration, connections are established to an individual’s other schemas and experiences. 

In contrast, under high transportation, the individual may be distanced temporarily from cur-

rent and previous schemas and experiences” (p. 702). Imagery may in1 uence product evaluations 

through a similar mechanism, by transporting consumers into a distant reality and reducing their 

attention to the favorability of the product information (Escalas, 2004, 2007). When individuals are 

transported into an imagined world, they may not be motivated to correct for their initial beliefs 

and  expectations, because (a) they may not believe that the imagery had an e0 ect on them, and (b) 
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interrupting the imagery to counterargue the information can make the experience less enjoyable. 

Moreover, because experiencing the imagery is likely to occupy considerable mental resources, 

individuals may not be able to correct for the initial e0 ects of the imagery on their evaluations. 

Indeed, recent research suggests that when consumers imagine their experience with the product 

they are less likely to evaluate the speci. c product attributes and counterargue the message argu-

ments. For example, argument strength had an impact on the evaluation of the brand when indi-

viduals were not asked to imagine their experience with the product, but it did not have an impact 

when participants engaged in imagery (Escalas, 2004, 2007). Furthermore, when the product was 

described in a narrative, the inclusion of undesirable product features in the presentation did not 

a0 ect product evaluations, although this information did undermine evaluations when the product 

features were presented in a list format (Adaval & Wyer, 1998). When presented with the narrative 

description of the product, participants processed the information in a holistic manner and were 

less likely to draw inferences based on the speci. c attributes presented in the ad. Such . ndings 

are consistent with research examining the e0 ects of imagery on comparative advertising, which 

demonstrates that advertisements comparing the product to its competitor are e0 ective under ana-

lytical processing but not under imagery processing (, ompson & Hamilton, 2006). Again, these 

. ndings suggest that when individuals process product information using their imagination, they 

are not likely to consider the positive and negative aspects of the presented information, but rather 

they adopt a more holistic approach, transporting themselves into a . ctitious reality. 

! e imagery accessibility account. Another general area of research that has spurred new inves-

tigations into the processes underlying the e0 ects of imagery focuses on consumers’ subjective 

experiences of 1 uency. A considerable amount of evidence has been accumulated to demonstrate 

that when forming attitudes, opinions, and judgments, individuals are likely to take into account 

not only the content of the information with which they are presented, but also the ease with which 

this information comes to mind (Schwarz, 1998, 2004). For instance, consumers may not necessar-

ily base their product evaluations on the content of the product information with which they are 

presented; they may base their evaluations instead on the 1 uency with which they can process this 

information (Lee & Labroo, 2004). Furthermore, consumers o- en base their product preferences 

not on the number of arguments for purchasing the product that they can generate, but rather 

on the subjective accessibility of these arguments (Menon & Raghubir, 2003; Wänke, Bohner, & 

Jurkowitsch, 1997). 

Based on this approach, in contrast to examining the impact of imagery on consumers’ elabo-

ration on the message arguments, the imagery accessibility account focuses on the metacognitive 

experiences involved in processing product information using imagery. For example, when pur-

chasing a house, consumers may consider how easily they see themselves living in this house. Typi-

cally, individuals can easily imagine having products that are suitable for them, that they intend 

to purchase, or that they desire; therefore, simulating the product experience can be an e2  cient 

decision-making strategy. However, the ease with which consumers can imagine themselves with 

the product can also be in1 uenced by factors irrelevant to their intentions or the merits of the 

product. For example, when a consumer is deciding on a vacation destination, an image of a vaca-

tion in Hawaii might come to mind easily if the individual has previously been provided with 

imagery-evoking information in brochures or movies. Engaging consumers in product imagery 

through use of such commercial images of the consumption experience can create readily acces-

sible mental representations of having the product and can increase the ease with which such rep-

resentations will spring to mind during the decision-making process. 

Indeed, research suggests that we tend to use the ease with which we create a mental representa-

tion of an event to estimate the likelihood of an event (Sherman et al., 1985). Furthermore, the ease of 
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imagery generation has been found to in1 uence not only the perceived likelihood of external events 

but also product evaluations and purchase intentions (Dahl & Hoe3  er, 2004; Petrova & Cialdini, 

2005; Zhao, Hoe3  er, & Dahl, 2007). Further evidence about the role of imagery accessibility comes 

from research on the e0 ect of hypothetical questions. As a number of studies in this area have 

demonstrated, simply asking individuals about the likelihood that they will engage in a behavior 

could make them actually perform the behavior (Fitzsimons & Morwitz, 1996; Greenwald, Carnot, 

Beach, & Young, 1987; Morwitz, Johnson, & Schmittlein, 1993). More recent research, however, 

reveals that this e0 ect is moderated by the ease with which individuals can generate a mental rep-

resentation of the behavior (Levav & Fitzsimons, 2006). , at is, when asked a hypothetical question 

about engaging in an activity, individuals spontaneously engage in generating a mental representa-

tion of the behavior. Subsequently, they base their intentions to actually perform the behavior on 

the ease with which a mental representation of the behavior was generated. 

, ese . ndings suggest that when considering buying a product, individuals may spontaneously 

attempt to create a mental representation of the product experience. By increasing the accessibility 

of such representations, imagery appeals can increase the likelihood of purchasing the product.

Imagination-behavior link. A third source of new insight into the e0 ects of imagination comes 

from research on automatic processes. According to the principle of ideomotor action (James, 1980), 

the mere act of thinking about a behavior may increase the tendency to engage in that behavior. 

“We may lay it down for certain that every representation of a movement awakens in some degree 

the actual movement which is its object” (p. 526). According to James’s proposition, activating a 

representation of the behavior through imagining may increase the likelihood of activating the 

behavior itself. Contemporary investigations provide . ndings consistent with this idea. Research 

on the perception-behavior link suggests that the activation of a perceptual representation may 

lead to the corresponding behavior (Bargh, Chen, & Burrows, 1996; Bargh, Gollwitzer, Lee-Chai, 

Barndollar, & Trörschel, 2001; Chartrand, Maddux, & Lakin, 2005; Dijksterhuis & Van Knippen-

berg, 1998). Research on ironic processes has also demonstrated that under conditions of limited 

attentional resources “the mere act of thinking about a behavior causes the behavior, even when 

the thought involved is meant to help prevent that behavior” (Ans. eld & Wegner, 1996; Wegner, 

1994). Because imagery and perception involve similar mental processes (Segal & Fusella, 1970; 

Unnava, Agarwal, & Haugtvedt, 1996), we may expect that—by activating a mental representation 

of consuming the product—imagery may evoke the actual consumption. 

Neurophysiological research also suggests an automatic link between imagination and behavior 

(Decety, Jeannerod, Germain, & Pastene, 1991; Jeannerod, 1994, 1997; Paus, Petrides, Evans, & 

Myer, 1993; Pulvermuller, Harle, & Hummel, 2001; Rizzolatti & Arbib, 1998). A growing body of 

functional imaging research suggests that imagining an action and the actual production of the 

action rely upon common neural structures. For example, thinking about a word or gesture leads 

to the same activation in the anterior cingulated cortex as actually uttering the word or mak-

ing the gesture (Paus et al., 1993). Similarly, imagining performing actions such as . nger and toe 

1 exion and extension and simultaneous horizontal movements of the tongue activated speci. c 

somatosensory and motor areas activated during actual motor execution that were also activated 

during actual performance of these movements (Ehrsson, Geyer, & Naito, 2003). In another study, 

participants were asked to perform, imagine, or prepare for speci. c hand movements while under-

going functional MRI scanning. , e results revealed that the actual hand movements activated 

components of the motor system, including the primary motor and somatosensory cortex, the 

 supplementary motor area (SMA), the thalamus, and the cerebellum. When participants imag-

ined these movements or prepared to perform them, the primary motor cortex, the SMA, and the 

thalamus were activated (Michelon, 2005). Similar results have been reported with imagining more 
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complex actions such as running, rowing, or weightli- ing. Imagining such behaviors triggered 

neurophysiological activities comparable to those generated by actually engaging in these behav-

iors (Decety et al., 1991; Jeannerod, 1994, 1997). 

, ese . ndings suggest that imagination and behavior may share the same motor representa-

tions, which may be triggered during mental simulation as well as by action preparation, execu-

tion, or observation. By activating a picture in front of the mind’s eye, imagery may simultaneously 

activate the corresponding action. Despite this initial evidence, the automatic link between imagi-

nation and behavior in the context of more complex actions—including purchase behavior—is yet 

to be examined. As the integration of neuroscience and consumer research has proved fruitful in 

other domains (Yoon, Gutchess, Feinberg, & Polk, 2006), the use of neuroimaging to test the auto-

matic link between imagination and purchase behavior is likely to be a worthy endeavor. 

VARIABLES MODERATING THE EFFECTS OF IMAGERY

, e only limit of imagethinking is the unimaginable. 

Mervyn Nicholson, 13 Ways of Looking at Images

Vividness of the Product Information

For imagery processing to occur, it is important that consumers be provided with su2  cient knowl-

edge and concrete cues (Pavio & Csapo, 1973; Richardson, 1983; Wright & Rip, 1980). O- en, how-

ever, consumers are invited to imagine the product experience without being provided with such 

cues. For example, suppose you receive the following e-mail: 

Earn up to 32,500 bonus points with American Express! Take a moment to consider all the rewards 

you can earn with Hilton HHonors points. Now, picture earning more points everyday for even greater 

travel rewards. American Express is providing you with a limited time opportunity to turn the best 

Hilton HHonors rewards you can imagine into a valuable reality!

Without a vivid description of the o0 ered rewards, you would probably . nd it di2  cult to imagine 

yourself earning these rewards as suggested in the message. How would that in1 uence the likeli-

hood that you would enroll in the promoted program?

Research examining the use of vivid information as an imagery-eliciting strategy has employed 

various ways to manipulate vividness; these include presence versus absence of pictures (Keller & 

Block, 1997; Kiseilius & Sternthal, 1984), concrete versus abstract pictures (Babin & Burns, 1997; 

Mitchell & Olson, 1981), concrete versus abstract words (Robertson, 1987; Rook, 1987), narrative 

versus statistical information (Keller & Block, 1997), and detailed product description versus expert 

ratings (Petrova & Cialdini, 2005). Based on the premise that concrete words can stimulate greater 

generation of imagery (MacInnis & Price, 1987; Pavio & Csapo, 1973; Pavio & Foth, 1970; Pavio, 

Yuille, & Madigan, 1968; Richardson, 1980), research demonstrates that messages using concrete 

wording are more persuasive than those using abstract wording (Adaval & Wyer, 1998; Robertson, 

1987; Rook, 1987). Studies manipulating the vividness of the information through the use of pic-

tures further indicate the capacity of pictures to evoke imagery (Bugelski, 1983; Finke, 1980; Pavio, 

1971; Shepard, 1967; Singer, 1978) and in1 uence product evaluations (Childers & Houston, 1984; 

Lutz & Lutz, 1977, 1978; Macinnis & Price, 1987; Mitchell, 1986). 

, e vividness of the product depiction has a special role in the e0 ect of imagery appeals. Vivid 

product attributes have a disproportionate in1 uence on product preferences when consumers pro-
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cess the product information using imagery (Keller & McGill, 1994; McGill & Anand, 1989). More-

over, because consumers are likely to base their purchase intentions on the ease with which they 

can imagine the product experience, asking consumers to imagine the product experience in the 

absence of vivid product information may not only be ine2  cient but may actually decrease the like-

lihood of purchasing the product (Petrova & Cialdini, 2005). For example, when the photograph in 

a vacation ad was modi. ed to resemble an abstract painting, incorporating imagery appeals in the 

ad decreased its persuasiveness in comparison to that of an ad that lacked such appeals. Similarly, 

when a restaurant was described with highly positive numerical expert ratings, asking individuals 

to process the information using their imagination decreased the likelihood of their purchasing the 

product. On the other hand, imagery appeals increased product choice when the abstract informa-

tion was replaced with a vivid, imagery-evoking description (e.g., the dining room, with its old 

wooden 1 oor and peach color walls, basks in a so-  gentle light . . . the meat is so tender that you 

can feel it melt on your tongue).  

Importantly, these e0 ects were observed despite the fact that the vivid and the nonvivid product 

depictions were equally persuasive in the absence of imagery appeals (Petrova & Cialdini, 2005). 

According to these . ndings, the type of processing strategy that consumers engage in determines 

whether vivid information is more persuasive than abstract, nonexperiential information. In fact, 

when individuals are motivated to process the information analytically and to make a logical deci-

sion, describing the product with vivid, imagery-evoking information decreased the likelihood 

of choosing the product (Petrova & Cialdini, 2005). Yet, presenting a vivid product depiction is 

crucial when consumers are asked to imagine their future experience with the product. Without 

a vivid product depiction, imagery appeals may not only be ine0 ective, they can decrease the per-

suasiveness of the message. 

Cognitive Load

In order for consumers to imagine their future experience with the product, they should not only 

be provided with the appropriate information; they should also have the cognitive capacity to do 

so. Because imagery is a resource-demanding process (MacInnis & Price, 1987; McGill & Anand, 

1989; Unnava et al., 1996) allocating resources to another cognitive task may undermine its e0 ects. 

For example, in a study by Shiv and Huber (2000), cognitive load was manipulated by asking par-

ticipants to memorize a nine-digit number that prevented them from engaging in mental imag-

ery. , is diminished the otherwise observed shi-  in preferences between anticipated-satisfaction 

judgments and choice. Increased cognitive load may also result from considering factual infor-

mation simultaneously with constructing the suggested mental image. For example, along with 

imagery-evoking information, product depictions are frequently accompanied by nonexperien-

tial information such as numerical ratings, technical speci. cations, or attribute comparisons. A 

potential drawback of such an approach is that consumers may experience di2  culty in simultane-

ously processing these two types of information. For instance, adding numerical expert ratings to a 

vivid product depiction undermined the e0 ects of imagining instructions despite the fact that the 

numerical ratings enhanced product preferences when participants were processing the informa-

tion analytically (Petrova & Cialdini, 2005). In another study, adding statistical information to 

a story of success diminished the otherwise positive e0 ect of the story on participants’ expecta-

tions for their own success (Mandel, Petrova, & Cialdini, 2006). Comparative information can 

have similar e0 ects. For example, adding attribute comparison between the advertised brand and 

the competitor  undermined brand preferences under imagery processing. , is e0 ect was observed 
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despite the fact that the comparative information had a positive e0 ect on brand attitudes when 

participants engaged in analytical processing (, ompson & Hamilton, 2006). 

According to these . ndings, when consumers engage in imagery, adding nonexperiential infor-

mation will not only fail to increase the persuasiveness of the message but can undermine the 

e0 ects of imagery appeals. , at is, imagery instructions are likely to be e0 ective only when the 

vivid information is the only information that the consumer considers. Further research is needed 

to examine the e0 ects of cognitive load on imagery. , is research would bene. t from examin-

ing the impact of other factors that can undermine consumers’ cognitive capacity to generate the 

suggested imagery (e.g., time pressure, distractions in the environment). Along with its practical 

implications, such research would provide better light into the cognitive processes involved in the 

e0 ects of imagery on product preferences. 

Self-Relevant Versus Other-Relevant Imagery 

Engaging in imagery may have di0 erent e0 ects on subsequent evaluations and behavior, according 

to whether consumers imagine themselves or another person. A number of studies demonstrate 

that visualization has stronger e0 ects on one’s intentions if it involves the self, rather than another 

person (Anderson, 1983; Bone & Ellen, 1992; West, Huber, & Min, 2004). For example, in a set 

of studies by Bone and Ellen (1992), participants heard a popcorn radio ad in which they were 

asked to imagine either themselves or an eccentric chemistry professor consuming the advertised 

product. , ose who imagined themselves reported greater imagery generation, more positive atti-

tudes toward the brand, and greater likelihood of purchasing the product than those who imagined 

another person (in this case, an eccentric chemistry professor). Research examining the e0 ects 

of self- versus other-relevant imagery evoked by reading a narrative story about another person 

revealed consistent results. Reading about someone else’s success increased participants’ luxury 

brand preferences and expectations for their own success, but only when participants could easily 

imagine themselves in the story (Mandel, Petrova, & Cialdini, 2006). 

Neuroimaging research has further revealed that imagining the self and imagining another 

person are related to somewhat di0 erent brain activities. For example, participants in a study by 

Ruby and Decety (2001) were trained to imagine either themselves or another individual perform-

ing a series of actions. Both self-relevant and other-relevant imagery activated common clusters 

in the SMA, the precentral gyrus, and the precuneus. However, some di0 erences in the activated 

areas when imagining oneself or another person were also observed. While imagining the self 

was speci. cally associated with increased activity in the le-  inferior parietal lobule and the le-  

somatosensory cortex, imagining another person activated the right inferior parietal lobule, the 

posterior cingulate, and the fronto-polar cortex (Ruby & Decety, 2001). , e e0 ects of self- versus 

other-relevant imagery have also been studied in the experience of pain. Both imagining oneself 

and imagining another individual in pain have been found to activate the neural network involved 

in pain processing, including the parietal operculum, ACC, and anterior insula (Jackson et al., 

2005). However, imagining the self in pain resulted in higher pain ratings and involved the pain 

matrix more extensively in the secondary somatosensory cortex, the posterior part of the anterior 

cingulate cortex, and the insula proper. 

, ese results suggest that consumers are more likely to purchase a product when they imagine 

themselves using the product rather than another person. However, there is a notable exception to 

this conclusion. Under some circumstances, instead of asking consumers to imagine themselves 

with the product, marketers would be better advised to ask consumers to imagine a broader audi-

ence. , at is, when imagining their experience with a product, consumers usually rely on past 
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experience with similar products. However, when it comes to novel, innovative products that allow 

consumers to do something they have never been able to do before (Robertson, 1971; Ulrich & 

Eppinger, 2000), consumers could no longer rely on their own past experiences. In this case it is 

more e0 ective to encourage more abstract imagery (e.g., imagine how a consumer can use this 

notepad to transfer handwritten notes to a digital . le; Dahl & Hoe3  er, 2004). Although further 

research is needed to examine the processes involved when consumers imagine really new prod-

ucts, these . ndings suggest that under some conditions, other-relevant visualization may result in 

more positive evaluations of the product than self-relevant visualization. 

Process-Oriented Versus Outcome-Oriented Imagery

Recent research distinguishes between process- versus outcome-based mental simulation (Escalas 

& Luce 2003, 2004; Oettingen & Mayer, 2002; Pham & Taylor, 1999; Rivkin & Taylor, 1999; Taylor, 

Rivkin, & Armor, 1998). Process-focused imagery emphasizes the actions necessary to achieve an 

outcome. It encourages plan formation by creating a step-by-step story or narrative. Outcome-fo-

cused imagery, on the other hand, emphasizes the end of the story, such as the positive bene. ts 

of consuming the product. Escalas and Luce (2004) found di0 erent mechanisms involved in the 

two types of imagery. In outcome-focused imagery, individuals’ sensitivity to argument strength 

increased when participants were explicitly asked to pay attention to the information in the ad. 

, is . nding is consistent with the elaboration likelihood model of persuasion (Chaiken & Trope, 

1999; Petty & Cacioppo, 1986) and with the availability-valence paradigm (Kissielius & Sternthal, 

1984). However, Escalas and Luce found that under process-focused imagery, asking participants 

to pay attention to the ad decreased the participants’ sensitivity to argument strength. , is . nd-

ing is consistent with the transportation and reduced counterarguing explanation of the e0 ects 

of imagery (Escalas, 2004; Green & Brock, 2000) as well as with the imagery accessibility account 

(Petrova & Cialdini, 2005). 

One variable that may in1 uence whether individuals will engage in process- or outcome-focused 

imagery is the temporal distance of the imagined event. According to the construal level theory 

(Liberman & Trope, 1998; Trope & Liberman, 2000, 2003), the temporal distance of an event changes 

the way in which that event is mentally represented. When consumers think of near-future events, 

they tend to focus on concrete aspects such as the product feasibility. On the other hand, when 

making a decision about consequences in the distant future, consumers are more likely to think of 

abstract features of the product such as its desirability. It is possible, therefore, that consumers will 

be more likely to engage in process-oriented simulation when imagining a near future event and 

more likely to engage in outcome-oriented simulation when imagining a distant future event. If that 

is the case, marketers should be highlighting di0 erent features of the product depending on the tem-

poral distance of the imagined event. Moreover, messages that are relevant to near future consump-

tion and distant future consumption should be structured in a way that facilitates the type of mental 

simulation in which consumers are likely to engage. Marketers should also be aware that focusing 

on di0 erent features according to the temporal distance of an event can lead to inconsistency of 

preferences over time (Liberman & Trope, 1998). , at is, when considering a purchase in the distant 

future, consumers may choose the option that is more desirable. However, when the time for mak-

ing the purchase approaches, consumers may shi-  their preferences toward the more feasible option. 

One way to prevent such shi-  in preferences is to engage consumers who consider a distant future 

purchase in process-oriented mental simulation and thus increase feasibility-related considerations. 

As a result, consumers will be more consistent in their preferences at the time of making the initial 

decision and the time of purchase (Zhao, Hoe3  er, & Zauberman, 2007). 
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Individual Di! erences

Dispositional imagery vividness. Individuals’ ability to generate vivid mental images has been shown 

to be a stable dispositional characteristic. Several scales exist to measure dispositional imagery 

abilities. For example, Betts’s Questionnaire Upon Mental Imagery (QMI) assesses individual dif-

ferences in imagery vividness in regard to visual, auditory, cutaneous, kinesthetic, gustatory, olfac-

tory, and organic modalities (Betts, 1909; Sheenan, 1967). Another scale, the Vividness of Visual 

Imagery Questionnaire (VVIQ; Marks, 1973), assesses imagery abilities in regard to visual images 

only. Research using measures of imagery abilities has demonstrated the impact of dispositional 

imagery vividness on a variety of psychological processes; these include hypnotizability (Crawford, 

1982), creativity (Shaw & Belmore, 1982), and information processing (Hiscock, 1976; Marks, 1973; 

Pham, Meyvis, & Zhou, 2001; Swann & Miller, 1982). 

, e individual’s ability to generate mental images can also in1 uence the e0 ect of imagining 

instructions. For example, individuals high in dispositional imagery vividness were better able to 

memorize a sentence when they were instructed to create a mental image of the situation in the 

sentence rather than repeat the sentence to themselves. For low imagers, however, both strate-

gies were equally e0 ective in memorizing the target sentences (Slee, 1978). Similarly, in a study by 

Bone and Ellen (1992), participants’ imagery ability had an e0 ect on (1) the reported vividness of 

the image of consuming the advertised brand and (2) the subjectively perceived ease of imagining 

experiencing the product. , ese two variables, in turn, had a signi. cant impact on the attitudes 

toward the advertised brand. Di0 erences in imagery abilities can even reverse the e0 ects of imag-

ery appeals. Consistent with the imagery accessibility account, imagery appeals enhanced attitudes 

and intentions toward purchasing the product for high imagers, whereas among low imagers, dif-

. culties in creating the suggested mental image decreased subsequent product evaluations (Petrova 

& Cialdini, 2005).

Internal focus. Because imagery involves processing information by generating an internal sen-

sory representation of the perceived information, individuals who tend to focus on their internal 

representations and experiences are likely to be in1 uenced by imagery processes to a greater extent. 

, e tendency of individuals to pay attention to their internal experiences has been well documented 

as a stable dispositional variable (Fenigstein, Scheier, & Buss, 1975). To measure the general tendency 

toward self-focused attention, Fenigstein et al. constructed the Self-Consciousness Scale, which has 

two factors: public self-consciousness and private self-consciousness. , e public self-consciousness 

factor measures awareness of oneself as a social object; the private self-consciousness factor mea-

sures awareness of one’s inner thoughts, feelings, and experiences. For example some of the items 

from the private self-consciousness scale include “I re1 ect about myself a lot” and “I’m generally 

attentive to my inner feelings.” 

Research using the private self-consciousness scale as a measure of dispositional internal focus 

has demonstrated stronger e0 ects of imagery for individuals high in internal focus (Petrova & 

Cialdini, 2005). However, more research is needed to examine the relationship between the e0 ects 

of imagery and internal focus and to investigate other variables that can in1 uence self-focused 

attention and consequently the e0 ects of imagery appeals. For example, manipulations of inter-

nal focus through the use of a mirror have demonstrated e0 ects similar to the e0 ects of private 

self-consciousness (Carver & Scheier, 1978). On the other hand, it has also been suggested that 

chronic di0 erences in internal focus and situational manipulations may have di0 erent e0 ects (Hull, 

Slone, Meteyer, & Matthews, 2002). , us, future research needs to examine the possible di0 erential 

e0 ects of dispositional and situationally manipulated internal focus in regard to imagery. Future 
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research may also examine novel variables that may in1 uence internal focus and consequently 

moderate the e0 ects of imagery. 

CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH

Imagination is more important than knowledge. 

Albert Einstein

We reviewed evidence for a strategy of in1 uencing consumers that, rather than providing logical 

arguments, draws consumers into an imagined reality that includes the product. Although imag-

ery has long been recognized and used as a strategy of in1 uence, consumer researchers have only 

recently started to systematically investigate the psychological mechanisms underlying its e0 ects. 

, e research discussed in this chapter provides important insights into the powerful e0 ects of 

visualization on consumers’ preferences and behavior. Moreover, it suggests processes that are con-

ceptually di0 erent from the psychological mechanisms traditionally studied by in1 uence and per-

suasion researchers. Yet, more research is needed to uncover the processes through which imagery 

in1 uences consumers and the conditions under which such e0 ects occur. In the following sections 

we examine some possibilities for research in these directions.

What Are the Mechanisms " rough Which Imagery In# uences Consumers?

We reviewed several processes that are suggested to underlie the e0 ects of imagery. As proposed 

by the availability-valence hypothesis (Kissielius & Sternthal, 1984), when asked to imagine their 

experience with the product, consumers are more likely to elaborate on the product information 

as well as to bring to mind relevant positive or negative product information. Depending on the 

favorability of the information made accessible, imagery can increase or decrease product evalua-

tions. , e availability-valence hypothesis is consistent with many theories of consumer judgment 

according to which consumers make judgments by examining the implications of each piece of 

product information that they have available. 

More recent research, however, proposes an alternative view. For example, the transportation 

account suggests that when consumers imagine their experience with the product, they process 

the information holistically. Consequently, they are less likely to be in1 uenced by the favorability 

of the presented information (Adaval & Wyer, 1998) and the strength of the presented arguments 

(Escalas, 2004). , e imagery accessibility account (Petrova & Cialdini, 2005) further suggests that 

imagery creates a readily available mental image of the consumption experience. Instead of exam-

ining the favorability of the product information, consumers may base their decisions on the ease 

with which a mental image of having the product comes to mind. Imagery also has an e0 ect on 

consumers’ a0 ective responses to the ad and the product. And . nally, there might be more direct 

e0 ects of mental images through an automatic link between perception and behavior. 

Future research should shed more light on the processes through which imagery in1 uences con-

sumers’ judgments and behavior. Future research should also examine how these processes interact 

and what are the direct outcomes that each of the processes is likely to in1 uence. For example, the 

emotional response to the message and the valence of the accessible information may directly in1 u-

ence brand attitudes (Bone & Ellen, 1992). On the other hand, if the e0 ects of imagery are mediated 

by (a) the increased accessibility of the consumption images or (b) a direct automatic link between 

imagination and behavior, then imagery should have a more direct e0 ect on purchase intentions 

(Gregory et al., 1982; Schlosser, 2003). Some evidence for such independent e0 ects of imagery on 
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behavioral intentions comes from research by Schlosser (2003), in which participants viewed a Web 

site that had either passive or interactive information about Kodak cameras. While product inter-

activity increased brand attitudes among participants instructed to have fun and look at whatever 

they considered interesting, participants who were instructed to search the Web site with the goal 

of . nding something speci. c held less favorable brand attitudes when looking at the interactive site 

than a- er looking at the passive site. However, regardless of whether participants were searching 

for speci. c information or browsing the Web site for fun, they had stronger purchase intentions 

a- er viewing the interactive Web site. Imagery, evoked by object interactivity, had a positive e0 ect 

on intentions even when it resulted in more negative attitudes. , ese . ndings suggest that, depend-

ing on the cognitive processes taking place, imagery may in1 uence brand attitudes or have a direct 

e0 ect on intentions. 

Future research should examine the circumstances under which the di0 erent processes are likely 

to take place. A promising direction for such research is the distinction between process- versus 

outcome-based mental simulation (Escalas & Luce, 2003, 2004) which suggests that a di0 erent set 

of psychological processes will be activated according to whether consumers imagine the process 

or the outcome of using the product. 

Another fruitful direction for research is to examine the role of imagery in other processes 

through which consumers form their preferences. Incorporating research on imagery in other 

domains may prove useful in understanding phenomena such as narrative persuasion, media 

e0 ects, and social comparison processes. For instance, research on the e0 ects of social comparison 

(Festinger, 1954) established that individuals tend to evaluate their own opinions and abilities by 

comparing themselves to others (Lockwood, 2002; Mills, Polivy, Herman, & Tiggemann, 2002; 

Mussweiler, 2003; Richins, 1991). , is research has further revealed that social comparison can 

result in contrast e0 ects (in which individuals alter their judgments and expectations in a direction 

opposite of the comparison target) or assimilation e0 ects (in which individuals changed their judg-

ments in a direction toward the comparison target). Little is known, however, about the cognitive 

processes underlying these e0 ects (Mussweiler, 2003). Taking the role of imagery into account can 

bring valuable insights in this regard. When exposed to a comparison target, individuals may spon-

taneously attempt to imagine themselves in the same position. To the extent that they can easily 

imagine themselves in the place of the comparison target, an assimilation e0 ect is likely to occur. 

On the other hand, when individuals experience di2  culty imagining themselves in the place of the 

comparison target, a contrast e0 ect is likely to occur. Evidence for this possibility was provided in 

a series of studies (Mandel, Petrova, & Cialdini, 2006) in which business students increased their 

expectations for success and their luxury brand preferences when they compared themselves to a 

successful business student. However, they found it di2  cult to imagine themselves in the place of a 

successful biology major, and trying to do so reduced their expectations for success in the future. 

When Does Imagery In# uence Consumers’ Judgments? 

Although imagery processing can have powerful e0 ects on product evaluations, our review of the 

existing literature reveals that such e0 ects are likely to occur only under speci. c circumstances. 

We reviewed several factors that can undermine the e0 ects of imagery: (a) individual di0 erences 

that reduce imagery vividness and internal focus, (b) low vividness of the product information, 

(c) high cognitive load, and (d) low relevance of the imagined scenario to the self. Moreover, we 

reviewed evidence suggesting that when individuals experience di2  culty generating the suggested 

mental image as a result of any of these factors, imagery appeals can not only be ine0 ective but 

can decrease the likelihood of purchasing the product. When implementing imagery appeals as 
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a strategy of persuasion, therefore, marketers should be aware of the possibility that under some 

circumstances, encouraging imagining may decrease the persuasiveness of the ad. 

Future research is needed to examine the circumstances under which the experience of ease or 

di2  culty in imagining the product experience is likely to in1 uence consumers’ judgments. One 

variable that has been demonstrated to moderate these e0 ects is the extent to which consumers 

are likely to focus on their internal experiences. For example, although imagery 1 uency had an 

impact on product choice for participants high in private self-consciousness, those low in private 

self-consciousness were equally likely to choose the product regardless of whether it was easy or 

di2  cult for them to imagine the product experience (Petrova & Cialdini, 2005). Future research 

should examine the potential moderating role of other variables related to individuals’ focus on 

their subjective experiences. For example, Pacini and Epstein (1999) identi. ed stable dispositional 

di0 erences in the extent to which individuals process information experientially or analytically. 

Because individuals who tend to process information experientially are sensitive to their intuitions 

and subjective experiences (Danziger, Moran, & Rafaely, 2006; Pacini & Epstein, 1999), it seems 

likely that these would be the consumers who would be most in1 uenced by imagery evoking infor-

mation. , e speci. c e0 ects of individuals’ tendency toward an experiential or analytical style of 

processing, as well as the e0 ects of situational factors that prime one or the other processing style, 

are yet to be examined.

It is also important for future research to examine the conditions under which the experience 

of ease or di2  culty of imagining the product experience is likely to be perceived as diagnostic 

(Tybout, Sternthal, Malaviya, Bakamitsos, & Park, 2005; Zhao, Hoe3  er, & Dahl, 2007). For exam-

ple, consumers may not be in1 uenced by the experience of di2  culty imagining the product experi-

ence for product categories that are generally di2  cult to imagine. , e consumers’ interpretation 

of this experience in1 uences whether the experience of 1 uency will increase or decrease the likeli-

hood of purchasing the product (Brinol, Petty, & Tormala, 2006; Unkelbach, 2006). , us, there may 

be circumstances in which the experience of ease in imagining the product experience will have a 

negative e0 ect on judgments. 

It will also be fruitful for future research to examine the e0 ects of imagery for di0 erent types of 

products. , e existing . ndings converge across a variety of products, such as automobiles (Burns, 

Biswas, & Babin, 1993; McGill & Anand, 1989), beer (Rossiter & Percy, 1978), apartments (Keller & 

McGill, 1994; McGill & Anand, 1989), restaurants (Petrova & Cialdini, 2005), cameras (Schlosser, 

2003), and vacations (Adval & Wyer, 1998; Krisnamurty & Sujan, 1999; Petrova & Cialdini, 2005). 

However, all of these product categories have an experiential component, and the product use has 

been associated with positive a0 ect. Although there is evidence for the e0 ects of imagination on 

products with a greater utilitarian component, such as computers (Zhao, Hoe3  er, & Dahl, 2007), 

further research is needed to examine possible di0 erences in the e0 ects of imagery on di0 erent 

types of products. For example, imagery may have a di0 erent e0 ect with products associated with 

extraordinary experiences—such as skydiving, rock climbing, or river ra- ing—in which consum-

ers are looking for something beyond their imagination and some of the value of the experience 

comes from its unpredictable nature (Abrahams, 1968; Arnould & Price, 1993). Furthermore, 

research suggests that imagery appeals may have di0 erent e0 ects on evaluations of new products, 

especially innovative products that de. ne a novel product category. Because it is typically di2  cult 

for consumers to imagine the use of such products, marketers may need to use di0 erent ways to 

engage the consumers’ imagery when introducing really new products (Dahl & Hoe3  er, 2004; 

Zhao, Hoe3  er, & Dahl, 2007). 

As is the case with most persuasion research, the majority of the studies reviewed in this chapter 

examined the e0 ects of imagery directly a- er the presentation of the message. , ere have been 
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notable exceptions. For example, Gregory et al. (1982) suggested that imagining the product expe-

rience can impact purchase intentions even weeks later. Furthermore, as research by Anderson 

(1983) demonstrates, repeatedly imagining a scenario can increase the likelihood of performing 

the imagined behavior. Nevertheless, future research can examine the temporal e0 ects of imagery, 

especially regarding imagining consumption experiences. Future research should also examine 

how imagery-processed information in1 uences not only consumers’ judgments and purchases but 

also other aspects of the consumption process, such as decision con. dence (, ompson, Hamilton, 

& Petrova, 2007), satisfaction (MacInnis & Price, 1990; Shiv & Huber, 2000), and word-of-mouth 

(Petrova, 2007).
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Fact-related information contained in fictional narratives may

induce substantial changes in readers’ real-world beliefs. Current

models of persuasion through fiction assume that these effects oc-

cur because readers are psychologically transported into the fic-

tional world of the narrative. Contrary to general dual-process

models of persuasion, models of persuasion through fiction also

imply that persuasive effects of fictional narratives are persistent

and even increase over time (absolute sleeper effect). In an experi-

ment designed to test this prediction, 81 participants read either a

fictional story that contained true as well as false assertions about

real-world topics or a control story. There were large short-term

persuasive effects of false information, and these effects were even

larger for a group with a 2-week assessment delay. Belief certainty

was weakened immediately after reading but returned to baseline

level after 2 weeks, indicating that beliefs acquired by reading

fictional narratives are integrated into real-world knowledge.

Ever since Aristotle defined the function of the poet ‘‘to speak not of events
which have occurred, but of the kind of events which could occur, and are
possible by the standards of probability and necessity’’ (Aristotle in Halli-
well, 1987, p. 40), literary theory has drawn a distinction between fictional
and nonfictional texts. In contrast to informational or rhetoric texts, which
belong to the category of nonfiction, fictional texts do not claim to provide
readers with detailed knowledge about the world. It would be a paradox to
oblige authors of novels, for example, to stick to the truth when they are
writing their stories. At the same time, however, fictional products cannot but
contain a lot of information that may be applied to the real world (cf. Eco,
1994). In novels or television dramas we find true facts mixed with invented
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ones. As no one has ever convincingly argued for an automatic cognitive
switch or toggle that prevents fictional information from entering real world
belief systems (Gerrig, 1993), it seems possible that fictional information,
even if blatantly false, alters our view of the world. Up to now, a small
number of studies have established short-term persuasive effects of fiction
(for an overview, see Green, Garst, & Brock, 2004). This research extends
this work by investigating whether a prototypical and widespread type of
fictional texts, the fictional narrative, may also change readers’ beliefs in the
long term. Recent models of persuasion through fiction (e.g., Gerrig, 1993;
Green & Brock, 2002) suggest that belief change caused by the processing
of fictional narratives not only persists, but that the magnitude of this belief
change may even increase over time. In other words, persuasion through fic-
tional narratives could be the source of a sleeper effect (Hovland, Lumsdaine,
& Sheffield, 1949). If such a sleeper effect were demonstrated experimentally,
this would establish the fictional narrative as a powerful means of altering
our view of the world—more powerful indeed than most nonfictional per-
suasive attempts which often produce at most short-lived persuasive effects
that decline rather quickly (e.g., Cook & Flay, 1978; Pratkanis, Greenwald,
Leippe, & Baumgardner, 1988).

In this article, we will first discuss the available evidence concerning
belief change through fiction, which is connected exclusively with short-term
persuasive effects. Nonetheless, specific and contrary predictions about long-
term effects are implied by general dual-process models of persuasion (Petty
& Cacioppo, 1986; Chaiken, Liberman, & Eagly, 1989) on the one hand and
theoretical accounts concerned specifically with persuasion through fictional
narratives (Green & Brock, 2002; Prentice & Gerrig, 1999) on the other hand.
General models of persuasion suggest that the impact of fictional narratives
on readers’ beliefs declines over time because reading narratives usually does
not include elaborative and evaluative processes, which are regarded as an
essential precondition of persistent persuasive effects. In contrast, theoretical
accounts concerned specifically with persuasion through fictional narratives
imply that the impact of fictional narratives on readers’ beliefs increases over
time because readers are supposed to be in a special experiential state called
transportation (Gerrig, 1993) while reading a fictional narrative. We report
results from an experiment that provides a direct test of these competing
predictions and, at the same time, of a central aspect of the transportation
construct.

FICTIONAL NARRATIVES CHANGE BELIEFS

There are numerous anecdotes about pieces of fiction shifting people’s be-
liefs. A famous example is Uncle Tom’s Cabin. This popular novel by Harriet
Beecher Stowe (1853/1981) seems to have changed many readers’ beliefs
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about equal rights. Its publication might even have contributed to the out-
break of the U.S. Civil War (Strange, 2002). Apart from these anecdotal hints,
a small body of experimental research has evolved that reveals profound
persuasive effects shortly after recipients encounter fictional stories. Gerrig
and Prentice (1991) were among the first who systematically investigated the
impact of fictional information on real-world beliefs. Participants in their ex-
periments read a short story labeled The Kidnapping. Brad, a student, finds
himself taken prisoner by a radical political group. In the end of the story,
it turns out to be a mock kidnapping staged by his parents, his friends, and
an actor. In the course of the narrative, protagonists exchange pieces of in-
formation about various real-world topics. Half of these assertions are true,
half of them untrue in the real world (e.g., ‘‘Most forms of mental illness
are/are not contagious,’’ ‘‘Tooth brushing is/is not good for your teeth and
gums’’). After reading the story, the time it took participants to indicate the
real-world truth status of items depended on the formulation of the related
story assertion, with assertions presented in an untrue version yielding longer
verification latencies (Gerrig & Prentice, 1991).

In later experiments, the persuasive impact of fictional narratives man-
ifested itself in altered agreement scores of story-related items (Prentice,
Gerrig, & Bailis, 1997; Wheeler, Green, & Brock, 1999). These studies in-
cluded potential moderators of the persuasion through fiction-effect. Like in
many studies focused on rhetoric texts (ads, political speeches, etc.) setting
familiarity was used as a moderator variable and was manipulated experi-
mentally. Results were mixed: In one study, persuasion was lowered when
the experimental story took place at the participants’ own university, which
was supposed to enhance familiarity and personal relevance (Prentice et al.,
1997). This interaction effect could not be replicated in later experiments.
Instead, persuasive effects emerged across settings (Wheeler et al., 1999),
across participants with a low or a high disposition to process information
thoroughly (Green & Brock, 2000; Wheeler et al., 1999), and across partici-
pants with and without prior experience with the story topic (Green, 2004).
Taken together, the results of the existing research indicate that arguments
presented in a fictional context have a pervasive short-term impact on beliefs
(cf. Green & Brock, 2000; Prentice & Gerrig, 1999; see also Strange & Leung,
1999).

GENERAL MODELS OF PERSUASION AND THE PERSISTENCE
OF BELIEF CHANGE

Despite the accumulating evidence of short-term effects, little is known about
long-term effects of persuasion through fiction. Does the impact of fiction
on recipient’s beliefs persist or even increase over several hours, days, or
weeks, or does it decline with time? The two most widely accepted models
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of persuasion, the Elaboration Likelihood Model (ELM, Petty & Cacioppo,
1986; Petty & Wegener, 1999) and the Heuristic-Systematic Model (HSM,
Chaiken, Liberman, & Eagly, 1989; Chen & Chaiken, 1999) clearly imply that
persuasion through fiction declines over time. This is because both models
incorporate the assumption that the effect of a persuasive message may be
expected to last only if it is processed in an elaborative or systematic way.
Thinking about the message content helps recipients form additional beliefs
they can later use to support the newly acquired beliefs conveyed by the
message. In contrast, belief change due to peripheral or heuristic process-
ing, that is, superficial processing based on easily available cues such as the
credibility of the source, is assumed and has been found to be relatively
instable (e.g., Chaiken, 1980; Mackie, 1987; Priester, Wegener, Petty, & Fab-
rigar, 1999). According to the ELM, elaborative processing occurs only when
ability and motivation to think about a message are high. Ability to engage in
elaborative processing is based on message and recipient factors such as mes-
sage comprehensibility and prior knowledge, whereas motivation is based
on variables such as personal relevance and Need for Cognition (Cacioppo
& Petty, 1982; Petty & Cacioppo, 1986; for relationships to media exposure
see Henning & Vorderer, 2001, and Tsfati & Cappella, 2005). Similar to the
ELM, the HSM assumes that people are cognitive misers who generally prefer
the application of simple heuristics over systematic and effortful processing
of persuasive information. When reading a fictional narrative, recipients are
often eager to follow the narration but seldom would they be motivated
to systematically evaluate the piggyback information that accompanies the
plotline (Prentice & Gerrig, 1999). In addition, when readers perceive a text
as a piece of fiction, they may use this text-genre information heuristically
as a discounting cue, which leads them to reject any belief-incongruent in-
formation. As a consequence, readers may not be expected to devote much
elaborative processing to the information presented in a fictional text that in
itself may serve as a discounting heuristic cue. In sum, ELM and HSM would
agree that, if belief changes are induced by fiction at all, they are the result
of peripheral processing and as such will be relatively short-lived.

MODELS OF PERSUASION THROUGH FICTION AND THE
PERSISTENCE OF BELIEF CHANGE

Doubts have been raised, however, whether general theories of persuasion
such as the ELM and the HSM are adequate for explaining belief change
through fiction. Fictional narratives, in particular, differ in important respects
from rhetoric texts such as editorials, political speeches, or advertisements,
which are the types of texts that have been the typical focus of persuasion
research. Whereas these texts present arguments to persuade or convince
recipients of the truth of factual claims or the appropriateness of ethical and
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political claims, fictional narratives are usually written for purposes other
than persuasion (most notably entertainment, Bryant & Miron, 2002) and
typically do not contain arguments associated with truth claims. They are
stories about fictitious characters in a fictitious narrative world. Instead of
a line of argument, fictional narratives usually follow a plot line with more
or less schematic elements (e.g., setting, event, attempt, reaction, and con-
sequence, Rumelhart, 1975). Against the background of these textual differ-
ences, several authors have proposed that the mechanisms underlying belief
change caused by reading fictional narratives are profoundly different from
those assumed by the ELM and the HSM. The major approaches in this area
are the experiential account by Gerrig (1993) and the Transportation-Imagery
Model by Green and Brock (2002). Both approaches employ the metaphor of
transportation to describe how readers respond to fictional narratives. Trans-

portation means that readers undertake a mental journey into the fictional
world of the narrative. The degree of transportation may vary with the de-
gree to which the narrative induces mental images of the events described in
a text, which itself depends on various factors such as reading goals, readers’
familiarity and involvement with the affairs described in a text, their imagery
skills, and the quality and typicality of the narrative (for investigations of
these factors, see Green, 2004; Green & Brock, 2000). As a rule, readers
of fictional narratives are supposed to experience transportation at least to
some extent. For them, the fictional world of the narrative partly replaces
the real world while they are reading, a phenomenon often described as
‘‘being lost in a book’’ (Nell, 1988). This mental journey from the real to
the imagined world of the narrative critically affects emotional as well as
cognitive processes. Emotionally, readers may develop feelings of empathy
or identification (Oatley, 1994; Zillmann, 1991). They experience emotions
that resemble emotional reactions to real-world events. Cognitively, readers
use the fictional world of the narrative as the frame of reference for eval-
uating assertions encountered in the narrative (Strange, 2002). To a certain
extent, doubts about the real-world appropriateness of the fictional world are
prevented, which in turn facilitates persuasion. Along with Gilbert’s (1991)
proposition that the comprehension of an assertion necessarily entails its ini-
tial acceptance, Gerrig (1993) assumes that the acceptance of beliefs takes
place involuntarily. The rejection of belief-incongruent assertions encoun-
tered in a fictional narrative is supposed to require active construction of
disbelief, which is unlikely under the conditions of transportation. In terms
of the source monitoring approach (Johnson, Hashtroudi, & Lindsay, 1993),
readers being transported form representations that are high on perceptual,
spatial, temporal, and emotional information, akin to representations of per-
ceived events. At the same time, they carry out very little reflective process-
ing to encode source information that might help them later to correctly
attribute remembered information to the story context. As a consequence,
fictional narratives may have a strong impact on readers’ beliefs (Gerrig &
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Prentice, 1991; Prentice et al., 1997), and this impact is based on processes
that seem to be characteristic to this specific text genre (Green, 2004; Green
& Brock, 2000; see also Slater & Rouner, 2002).

Most important, the idea of transportation implies that fictional narra-
tives may exert not only strong, but also persistent persuasive effects that
are completely independent of critical elaboration. If anything, the degree
of persuasion through fiction is likely to increase over time, resulting in an
absolute sleeper effect (Hovland et al., 1949). Absolute sleeper effects are
the strongest type of long-term persuasion, and they are to be distinguished
from relative sleeper effects where the persuasive effect declines more slowly
under certain conditions compared to a control group (Gillig & Greenwald,
1974). Generally, absolute sleeper effects may occur in situations where a
persuasive message is combined with a discounting cue, for example the
information that the message source is unreliable (Kumkale & Albarracin,
2004). The impact of the persuasive message increases over time when the
discounting cue is forgotten or its memory representation is dissociated from
the representation of the message content (Hovland & Weiss, 1951), or when
the memory trace of the discounting cue decays faster than that of the mes-
sage content (Pratkanis et al., 1988). Readers of fictional narratives know
that it contains information that is to some extent untrue in the real world
(Prentice & Gerrig, 1999) and, consequently, may consider the text genre
of the source as a discounting cue. In this situation, a sleeper effect will
occur if two conditions are met: (a) Memory for the source decays relatively
fast or is dissociated from the memory for content of the narrative, and
(b) memory for belief-relevant information encountered in the narrative is
relatively stable.

To date, a sleeper effect in persuasion through fiction has not been in-
vestigated directly, but a number of different approaches provide piecemeal
evidence suggesting that the two preconditions of a sleeper effect are in-
deed met. Shortly after reading a fictional narrative, readers are usually able
to attribute information correctly to the story source, whereas the accuracy of
such attributions declines after a delay, e.g., 1 week (Marsh, Meade, & Roedi-
ger, 2003), a pattern of results indicating either a fast decay or dissociation
of memory for the source. Moreover, the intensive experiential processing
taking place when readers are transported into the narrative world makes it
likely that memory for the content of a fictional narrative is relatively stable
(Green & Brock, 2002). Several lines of research endorse the latter assump-
tion. Exemplification theory, for example, predicts a memory advantage of
vivid, case-based descriptions compared to base-rate information in influenc-
ing people’s judgment about the probability of real-world events (Zillmann,
2002; Zillmann & Brosius, 2000). Such case-based descriptions exert a persist-
ing influence on people’s beliefs, which may even increase over time. A study
by Gibson and Zillmann (1994), who compared the impact of true base-rate
information about consequences of car-jackings with the impact of verbal
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descriptions of example incidents, found stronger misrepresentations due to
verbal examples after a delay of 1 week than immediately after providing the
information. One of the reasons for the persisting impact of exemplars might
be the difficulty to counter personal experiences, which are also a central
element of most fictional narratives. Additional theoretical backing for the
assumption of relatively stable representations for the content of fictional nar-
ratives comes from Schank and Abelson’s (1995) theory of storytelling effects
on memory. According to Schank and Abelson, fictional narrations meet the
human tendency to organize information in form of stories. As a result, sto-
ries are supposed to yield better and longer lasting memory representations
than abstract accounts such as those found in rhetoric or expository texts
(Schank & Berman, 2002). Based on a society-level analysis, the cultivation
hypothesis predicts covariations between the media content and the recip-
ients’ world view (e.g., Gerbner, Gross, Morgan, Signiorelli, & Shanahan,
2002). Though fictional narrations have not been the main focus of cultiva-
tion theory, a large number of studies indicate long-term effects of violence
in television programs on the fear of becoming a victim (see Shanahan &
Morgan, 1999, for an overview and a meta-analysis). A final argument for the
relative stability of memory representations derived from fictional narratives
may be obtained from the success of entertainment-education programs on
radio and television, such as radio- or telenovelas. Entertainment-education
programs follow a story line that is tailored to change recipients’ beliefs and
behaviors according to predefined educational objectives. Entertainment ed-
ucation has been applied mostly in Africa, Asia, and Latin America to promote
literacy and equal rights for women and minorities, and among other goals,
to change HIV-related attitudes and behavior (see Singhal, Cody, Rogers, &
Sabido, 2004). Quasi-experimental data suggest large and enduring effects
of such programs (e.g., Vaughan, Rogers, Singhal, & Swalehe, 2000).

RATIONALE AND PREDICTIONS OF THE PRESENT EXPERIMENT

The aim of this experiment was to provide a direct test of the absolute sleeper
effect based on theories of persuasion through narrative fiction (Gerrig, 1993;
Green & Brock, 2002). Because the major general theories of persuasion
(ELM, Petty & Cacioppo, 1986; HSM, Chaiken et al., 1989) imply a contrary
pattern of results, i.e., a decline of persuasive effects of narrative fiction over
time, this experiment also provides an indirect test of the mechanisms that are
supposed to underlie persuasive effects of narrative fiction. A sleeper effect
would support the assumption of Gerrig (1993) and Green and Brock (2002)
that reading a fictional narrative induces a unique experiential state such
as transportation, which radically alters the way how real-world information
is processed and affects readers’ beliefs. The same assumption would be
seriously drawn into question if the opposite pattern of results, a decline of
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persuasive effects over time, was observed. In this case, persuasion through
fiction would turn out not to be distinct from persuasion by rhetoric texts,
but a phenomenon that could be readily explained by general models of
persuasion.

The set up of this experiment was similar to that of previous experiments
on persuasion through fiction, with two major extensions. First, persuasive
effects of a fictional narrative were measured either immediately or 2 weeks
after reading to allow for estimating the magnitude as well as the persis-
tence of such effects. Second, we measured not only agreement versus dis-
agreement to belief-relevant statements (agreement extremity), but also how
confident participants felt in providing each agreement rating (agreement
certainty; Gross, Holtz, & Miller, 1995). Belief certainty is an aspect of belief
strength, a concept borrowed from the literature on attitude strength (Kros-
nick & Petty, 1995), which has been widely neglected in previous studies on
persuasion through fiction (Green et al., 2004). Beliefs held with a high cer-
tainty are especially powerful in predicting behavior: People tend to behave
consistent with their beliefs only when they are certain about their beliefs
(Franc, 1999; Peterson, 2004). Theories of persuasion through fictional narra-
tives imply different patterns of results for agreement extremity and certainty.
For agreement extremity, we expected a persuasion effect consistent with
previous studies (Prentice et al., 1997; Wheeler et al., 1999) to begin with.
Reading a fictional narrative containing belief-incongruent (false) information
about a particular subject matter was expected to reduce the degree to which
readers endorse (true) beliefs regarding that subject matter, but no effects on
agreement extremity were expected for belief-congruent (true) information
(H1). The magnitude of this effect, however, was expected to be greater after
2 weeks compared with immediately after reading, resulting in an absolute
sleeper effect (H2). For agreement certainty, an increase in persuasive impact
implies a reverse pattern of effects. Here, we expected that immediately after
reading, belief-incongruent (false) information in the narrative would reduce
the certainty of previously held (true) beliefs whereas belief-congruent (true)
information would bolster the certainty of those beliefs. However, certainty
values for both types of beliefs were expected to return back to baseline
level after a delay of 2 weeks. By then, readers would no longer be aware
of the novelty of both belief-congruent and belief-incongruent information
conveyed by the narrative, but would have integrated this information into
their real-world knowledge (H3).

Furthermore, we included individual differences in Need for Cognition,
that is, the disposition to enjoy thoughtful, elaborative activities (Cacioppo
& Petty, 1982), in the study. The ELM posits that persons high in Need for
Cognition have a higher motivation to engage in elaboration of the contents
of a persuasive message. In line with this proposition and the further as-
sumption that elaboration enhances persistence, motivation to think about
the message moderates the persistence of persuasive effects in rhetoric texts
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(cf. the metaanalysis by Kumkale & Albaraccin, 2004). If persuasion through
fictional narratives were based on elaboration, the effect of Need for Cogni-
tion found in experiments with rhetoric texts would replicate in this study.
The transportation model, in contrast, implies no such effects. This ratio-
nale is supported by several experiments where Need for Cognition did not
moderate persuasion through fiction (Green & Brock, 2000; Wheeler et al.,
1999).

Against this background, we expected that, if any such relationships
were found at all, correlations of Need for Cognition with agreement ex-
tremity or belief certainty would be restricted to conditions where no per-
suasion occurred, that is, to ratings corresponding to belief-congruent (true)
information conveyed by the narrative (H4 and H5).

METHOD

Participants

Eighty-one participants (63 female, 18 male) were recruited in introductory
psychology or education classes or otherwise took notice of the experiment
at the Psychology Department of the University of Cologne, Germany. Their
mean age was 27 years (SD D 7.5). Those who did not receive course credit
could participate in a lottery (50DC as first prize). The assessment of reading
experiences was announced to be the research focus.

Text Material

We adapted the text material employed in the studies of Gerrig and Prentice
(1991), Prentice et al. (1997), and Wheeler et al. (1999) for the experimental
texts in this study. The story The Kidnapping was translated and its setting
was changed to Heidelberg, a German city with a well-known university.
In a pilot study, 23 students read the translated story, answered connected
questions in a brief interview, and filled out a short questionnaire. All partici-
pants indicated that they perceived the story as a piece of fiction (as opposed
to an expository text). However, the story was seen as moderately atypical
of literary texts (M D !1.3, SD D 2.1, on a 9-point bipolar scale ranging
from !4 to 4). To improve the text’s typicality as a literary text, a love story
was integrated as a subplot and the characterization of persons and places
was intensified. In addition, 3 out of the 16 factual topics discussed in the
text were exchanged so they would suit the altered plot better. Two differ-
ent versions of the modified story The Kidnapping were constructed. Each
version contained 16 assertions, eight of them true and eight of them untrue
in the real world (see Appendix). When an assertion was presented in its
true variant in version 1, it was presented in its false variant in version 2 and
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vice versa. Both experimental story versions were 19 pages in length (ver-
sion 1: 612 lines, 6366 words; version 2: 607 lines, 6300 words). As a control
story, an excerpt of the novel Thousand Deaths (Tausend Tode, Spindler,
2003) was used. This story contained no information relevant to the depen-
dent measures, but was comparable to the experimental texts in writing style
and length (19 pages, 575 lines, 6424 words).

Dependent Variables

Dependent variables were agreement extremity and agreement certainty
(Krosnick & Petty, 1995) to the fact-related assertions that participants en-
countered in the experimental story The Kidnapping. Agreement extremity

was assessed by a questionnaire with 16 items (9-point scale) that referred
to the assertions in the experimental story. In addition, the questionnaire
included 16 filler items. Two versions of the agreement questionnaire were
constructed. In both versions, eight experimental items were formulated as
statements that are true in the real world (e.g., ‘‘exercise strengthens your
heart and lungs’’) and eight experimental items were formulated as state-
ments that are false in the real world (e.g., ‘‘exercise weakens your heart and
lungs’’). The truth versus falsity of each item statement was changed from
one version to the other. The combination of story versions and item ver-
sions was counterbalanced across participants. For data analysis, agreement
responses to false item statements were recoded so that lower agreement re-
ceived higher scores. The second dependent variable, agreement certainty,
was assessed with a questionnaire with statements identical to those used for
the assessment of agreement extremity. Participants were asked to indicate
their certainty in their (dis)agreement rating to the 16 experimental and 16
filler statements (9-point scales).

Need for Cognition

Need for Cognition was assessed by the German short version of the Need
for Cognition scale (Bless, Wänke, Bohner, Fellhauer, & Schwarz, 1994). In
our sample, the reliability of this 16-item scale was satisfactory (Cronbach’s
˛ D .80).

Procedure

Each participant took part in two experimental sessions with two weeks in
between. The sessions were conducted in groups of 1 to 12 participants.

In Session 1, each participant received a booklet containing an intro-
duction, the text materials (the experimental text The Kidnapping in one of
the two versions or the control story), and several questionnaires.
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Half of the participants were administered questionnaires for the as-
sessment of the two dependent variables agreement and certainty in Session
1 (immediate belief assessment), whereas the other half was administered
these questionnaires in Session 2 (delayed belief assessment). After reading
one of the randomly assigned texts (The Kidnapping in version A or version
B or the control story) all participants completed two filler questionnaires
(experiential states during reading, Appel, Koch, Schreier, & Groeben, 2002;
belief in a just world, Dalbert, 1999) and the German short version of the
Need for Cognition scale.

Afterward, participants in the immediate assessment condition worked
on the belief agreement and belief certainty questions; in the delayed assess-
ment condition they worked on another filler questionnaire (media literacy,
Schreier & Appel, 2002) instead of the agreement and certainty measures. At
the end of Session 1, all participants provided demographic information and
were asked not to discuss the experiment with other (potential) participants.

In Session 2, participants in the immediate belief assessment condi-
tion received a booklet containing the media literacy questionnaire, whereas
those in the delayed belief assessment condition completed the agreement
and certainty measures. Participants were thanked and fully debriefed.

Design

The 81 participants were assigned randomly to one out of two versions of
the experimental story The Kidnapping (29 read Text A, 29 read Text B)
or a control group (23 participants) who received an excerpt of the control
story Thousand Deaths. The data of the control group were used solely for
calculating difference scores for the participants in the experimental condi-
tions. Thus, the experiment followed a 2 (truth of assertions: true vs. false) "

2 (delay of belief assessment: short vs. long) design with truth of assertions
varied within and delay of belief assessment varied between subjects.1

RESULTS

All 81 participants who were involved in session 1 returned to Session 2
with an average delay of 14.6 days (SD D 1.7). The actual length of delay
did not influence any of the results reported in the following sections. For

1Originally, the design included an additional between-subjects factor directed at inducing one of two

different reading goals. However, extensive treatment checks revealed no effects of this manipulation. In

addition, the reading goal manipulation had no effects on the dependent variables and did not interact

with any of the other independent variables. For these reasons, the reading goal manipulation was omitted

from all analyses reported here. Six participants were excluded because they obviously did not follow

instructions.
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all significance tests reported here, type-I-error probability was set to .05
(two-tailed, unless indicated otherwise). Partial !

2 is reported as a measure
of effect size (Cohen, 1988).

Data Preparation

Agreement ratings to item statements that were false in the real world were
recoded so that higher scores indicated lower agreement to false assertions.
Further data preparation on the agreement ratings was carried out in line
with the procedure used by Prentice et al. (1997) and Wheeler et al. (1999).
The mean agreement rating of the control group (agreement extremity) was
subtracted from each of the agreement ratings of those participants that had
read the experimental story. Then, difference scores for the eight items that
corresponded to true assertions in the text and difference scores for the
remaining eight items that corresponded to false assertions were averaged.
Analyses of effects on agreement ratings (belief shift) were conducted on
the averaged agreement difference scores.

For the second dependent variable, agreement certainty, higher ratings
always indicated a higher certainty. Therefore, no recoding was carried out
on this dependent variable. As for the agreement ratings, averaged differ-
ence scores for true and for false text assertions were computed. Analyses
of effects on belief certainty were conducted on these certainty difference
scores.

Agreement Extremity

H1, H2, and H4 concerning agreement extremity were tested by means of a
mixed factors analysis of covariance (ANCOVA) with interaction terms (Judd,
Kenny, & McClelland, 2001), which permits simultaneous estimates of the
effects of truth of assertions, delay of assessment, and Need for Cognition in
one single design.

Overall persuasive effects. H1 predicted that participants’ agreement ex-
tremity depends on the truth versus falsity of assertions that they encountered
while reading the experimental story. Encountering false assertions should
lower the endorsement of previously held (true) beliefs relative to the control
group, whereas encountering true assertions should neither raise nor lower
endorsement of these beliefs. In line with this hypothesis, truth of assertions
had a large overall effect on the agreement difference scores. True asser-
tions received higher agreement difference scores (M D 0.08, SE D 0.10)
than false assertions (M D !0.49, SE D 0.09), F (1, 54) D 14.7, p < .001,
!

2 D .21. We further tested whether the agreement difference scores after
reading true or false assertions in the experimental conditions were different
from zero. If the encounter of these assertions had no impact on agree-
ment extremity, agreement ratings of the experimental conditions and the
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control group would not differ, yielding agreement difference scores which
approach zero. Consistent with H1, only agreement difference scores after
reading false assertions were significantly different from zero, t (57) D !5.3,
p < .001 (one-tailed), whereas agreement difference scores after reading true
assertions were not, t (57) < 0.8.

Sleeper effects (agreement extremity). H2 predicted that the influence of
false assertions in the experimental story on the endorsement of previously
held beliefs would increase over a time period of 2 weeks. Consistent with
this prediction, there was a large ordinal interaction between effect of truth
of assertions and delay of assessment, F (1, 54) D 4.8, p < .05, !

2 D .08 (Fig-
ure 1a). In immediate belief assessment, agreement difference scores after
reading true assertions were higher (M D 0.00, SE D 0.14) than those after
reading false assertions (M D !0.34, SE D 0.13), with F (1, 54) D 4.1, p < .05,
!

2 D .07 for the simple main effect. In delayed belief assessment, agreement
difference scores for true assertions were also higher (M D 0.15, SD D 0.14)
than those for false assertions (M D !0.61, SD D 0.13), but the difference was
much larger and associated with a very large simple main effect, F (1, 54) D

21.1, p < .001, !
2 D .28. In immediate as well as delayed assessment, only

agreement difference scores after reading false assertions were significantly
different from zero (immediate assessment: t (28) D !2.9, p < .01, one-tailed;
delayed assessment: t (28) D !4.6, p < .001), whereas agreement difference
scores after reading true assertions were not—immediate assessment t (28) D

0.2; delayed assessment: t (28) D 0.9. Thus, there was a considerable short-
term persuasive influence of false information in the fictional narrative, but
the influence of false information was even higher at a delay of two weeks,
resulting in a marked absolute sleeper effect.

Effects of Need for Cognition. H4 predicted that if Need for Cognition
had any effects on agreement extremity at all, these effects would be re-
stricted to statements corresponding to true assertions in the text. No rela-
tionship was expected between Need for Cognition and agreement extremity
to statements corresponding to false assertions. In support of this prediction,
there was a large interaction effect between truth of assertions and Need for
Cognition, F (1, 54) D 9.8, p < .01, !

2 D .15. Need for cognition was posi-
tively related to agreement extremity when participants had read true asser-
tions (standardized simple slope: ˇ D 0.40, t (55) D 3.2, p < .01, two-tailed),
but there was no relationship when participants had read false assertions
(ˇ D !0.08, t (55) D !0.6, p D .53, two-tailed). Thus, Need for Cognition
had no effect on agreement extremity for statements for which persuasion
was expected.

Agreement Certainty

H3 and H5 concerning agreement certainty were again tested by means
of a mixed factor ANCOVA with interaction terms, with truth of assertions
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(a)

(b)

FIGURE 1 Agreement difference scores (a) and certainty difference scores (b) (deviances
from the baseline group) for true versus false assertions in the text and immediate versus
delayed assessment. Positive agreement difference scores mean stronger endorsement and
negative agreement difference scores mean weaker endorsement of true everyday beliefs
relative to the baseline group. (Error bars represent the standard error of the mean.)

and delay of assessment as experimental factors and Need for Cognition as
covariate.

Sleeper effects (agreement certainty). According to H3, reading false as-
sertions in the fictional narrative would lower and reading true assertions
would increase the certainty of previously held beliefs in immediate assess-
ment, but these effects were expected to diminish in delayed assessment.
Although the data seem to follow this pattern (Figure 1b), the correspond-
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ing ordinal interaction of truth of assertion and delay of assessment was not
significant, F (1, 54) D 1.0, p D .32. In partial support of H3, however, there
was a main effect of truth of assertions, F (1, 54) D 7.3, p < .01, !

2 D .12.
Certainty difference scores for the agreement ratings after reading true asser-
tions were higher overall (M D 0.25, SE D 0.12) than those for the agreement
ratings after reading false assertions (M D !0.13, SD D 0.13). However, sep-
arate analyses for immediate and delayed assessment revealed that certainty
difference scores after reading true and false assertions differed only in im-
mediate assessment (true assertions: M D 0.38, SE D 0.17; false assertions:
M D !0.21, SE D 0.18), with F (1, 54) D 13.0, p < .001, !

2 D .19 for the
simple main effect, whereas there was no difference in delayed assessment
(true assertions: M D 0.12, SE D 0.17; false assertions: M D !0.05, SE D

0.18), F (1, 54) D 1.0, p D .32. In sum, certainty difference scores after read-
ing true versus false assertions differed markedly immediately after reading,
but showed a tendency to converge after a delay of 2 weeks.

H5 predicted that if there were any effects of Need for Cognition on
agreement certainty at all, these effects would be restricted to agreement
certainty scores for statements corresponding to true assertions in the text.
No relationship with agreement certainty to statements corresponding to false
assertions was expected. In line with this prediction, there was an interaction
of truth of assertions and Need for Cognition, F (1, 54) D 4.0, p < .05, !

2 D

.07. This interaction, however, was qualified by a large three-way interaction
of truth of assertions, delay of assessment, and Need for Cognition, F (1, 54) D

11.6, p < .001, !
2 D .18. Analysis of simple slopes revealed that Need for

Cognition was positively related to agreement certainty only in immediate
assessment and after reading true assertions (ˇ D 0.59, t (55) D 3.4, p < .001,
two-tailed), whereas there were no relationships of Need for Cognition with
agreement certainty in any of the other three conditions (jˇj < 0.15, t (55) <

0.90, p > .38, two-tailed).

DISCUSSION

The aim of this study was to investigate the persistence of belief change in-
duced by reading a fictional narrative. In line with expectations, agreement to
statements expressing everyday beliefs was shifted into the direction of false
information conveyed by the fictional narrative. These belief shifts occurred
when beliefs were assessed immediately after and 2 weeks after reading the
narrative. However, their magnitude increased over time, indicating an ab-
solute sleeper effect. Belief certainty was weakened by false information in
the narrative immediately after reading but returned to baseline level after
2 weeks. In sum, long-term persuasive effects of fictional narratives turned
out to be stronger than short-term effects in two different ways: The belief
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change induced by false information was more pronounced and the changed
beliefs were held with a higher certainty after a 2-week delay.

The results of this study are well in line with models of narrative persua-
sion, which assume that readers are mentally transported into the fictional
world of a narrative that temporarily alters the frame of reference for their
emotional and cognitive processes (Gerrig, 1993; Green & Brock, 2002). As
a consequence, mechanisms that allow for a critical evaluation of text infor-
mation are partly neutralized, opening the door for persuasive effects. These
effects may be expected to increase over time because two conditions for
an absolute sleeper effect are likely to be met. First, due to its experiential
nature, narrative comprehension yields especially strong and stable repre-
sentation of information encountered in a narrative. Second, memory for the
source, which might serve as a discounting cue, tends to be forgotten over
time.

Although our results cohere well with the assumptions of experiential
accounts of narrative persuasion, they can hardly be reconciled with general
dual-process models of persuasion such as the ELM and the HSM (Chaiken
et al., 1989; Petty & Cacioppo, 1986). According to the latter models, sleeper
effects occur when arguments are thoroughly evaluated and information is
processed in an elaborative manner, which is highly unlikely when people
are reading belief-incongruent assertions in fictional narratives. Furthermore,
our results show (in line with those of Wheeler et al., 1999, and Green &
Brock, 2000) that the magnitude of persuasive effects does not depend on an
individual’s disposition to engage in systematic, elaborative processing (i.e.,
Need for Cognition). Thus, fictional stories provide effective means for long-
term shifts in people’s real-world beliefs although the information contained
in these stories are not processed in an elaborative fashion. Quite to the
contrary, the assumption that the particular experiential states experienced
during reading partially prevent disbelief seems to provide a much better ex-
planation of these effects. Generally speaking, this study contributes a novel
aspect to already existing research, which has proven that narrative persua-
sion relies on processes quite different from those involved in persuasion
through rhetoric texts.

A limitation of this study is that it does not provide any results that could
shed light on these processes themselves. For this reason, a good starting
point for future research would be a replication of the present experiment
that includes additional data on the amount and the exact nature of experi-
ential processing during reading a fictional narrative. Although the available
retrospective questionnaire measures on experiential states during reading
(e.g., Green & Brock, 2000) might be of some value for this purpose, they
should be augmented with on-line indicators such as reading times, eye-
movement measures, or think-aloud data, as they are routinely used in text-
comprehension research (e.g., Haberlandt, 1994). A fully fledged analysis
in terms of the transportation model would have to establish that experi-
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ential processes mediate short-term as well as long-term persuasive effects
of belief-incongruent fact-related information in fictional narratives. Another
limitation is that we cannot be absolutely sure whether participants’ knowl-
edge that they read a fictional narrative indeed served as a discounting cue,
which later gets dissociated from the factual information presented in the
narrative. In further studies, this assumption should be tested experimen-
tally. When participants are reminded of the source of the information at the
time of belief assessment, for example, a sleeper effect may no longer be
expected.

The explanation offered for the absolute sleeper effect found in this
study has some further implications, which could be addressed by future
studies. For example, both the assumed stability of the memory represen-
tations formed during narrative comprehension and the suggested dissocia-
tion or decay of cue information over time, as well as the relationships of
these variables with long-term persuasive effects deserve to be investigated
directly. It might also be worthwhile to conduct belief assessments at sev-
eral time points to study the gradient of belief shifts over time. Presumably,
sleeper effects in narrative persuasion will increase as soon as the source
information is forgotten and until an asymptote is reached.

Given the fact that fictional narratives are omnipresent in many different
cultures all over the world, the results reported here also have certain practi-
cal implications. First of all, fictional narratives conveyed by books, movies,
and—perhaps most importantly—television programs play an important part
in everyday life and, therefore, in the socialization of children, adolescents,
and adults. This study suggests that fictional narratives can have a persistent
implicit influence on the way we view the world, and that these effects may
last longer than the effects of typical explicit attempts to change beliefs by
presenting claims and arguments. Apart from the unintended consequences
this instance might have, fictional narratives are a powerful educational tool
that on the one hand may be used in a planned and reasonable way to
change beliefs and behavior concerning existential topics such as HIV or
school education (Singhal et al., 2004). On the other hand, applied fictional
persuasion also includes the marketing of political ideas and products in
television soap operas without viewers’ awareness (e.g., Lilienthal, 2005) and
similar phenomena. For this reason, further research is needed on strategies
that people can use to actively prevent information in fictional narratives
changing their real-world beliefs.
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APPENDIX

True/False Assertions in the Experimental Texts (adapted from
Prentice et al., 1997):

1. Sleep has a positive impact/has no impact on knowledge acquisition.
2. Tooth brushing is good/bad for your teeth and gums.
3. Yearly health check-ups help/do not help to diagnose diseases early.
4. Unprotected sunbathing is bad/good for your skin.
5. Exercising is good/bad for your heart and lungs.
6. Psychological disorders are not/are contagious.
7. Reading in darkened rooms is bad/good for your eyes.
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8. Seat belts are/are not beneficial in case of car accidents.
9. Wet clothing can/cannot lead to influenza.

10. Eating chocolate makes you gain/lose weight.
11. A low cholesterol diet decreases/increases the risk of a heart disease.
12. The invention of penicillin had dominantly positive/negative consequences

for mankind.
13. A university degree increases/decreases the chance to get a job.
14. Tears do/do not contain more toxic substances than water.!

15. Students and professors have/do not have the same rights in university
councils.!

16. The number of kidnappings has/has not increased recently.!

!Newly developed items.
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Pornography is a potent teacher of both beliefs and behaviors, and in fact provides 

the ideal conditions for learning. It can teach not only specific sexual behaviors, but general 

attitudes toward women and children, what relationships are like, and the nature of 

sexuality. Certainly some important reactions are inborn and instinctual, but the great 

majority of our beliefs and behaviors have been learned. Once we learn them, we also learn 

if it is acceptable to engage in the behaviors and are sometimes stimulated to do just that. 

For many reasons, as we shall see, pornography is a very effective teacher of beliefs and 

behaviors, and one that also teaches its users that the behaviors are acceptable and 

stimulates them to do so. 

 

Factors Affecting Learning 

We learn better using images than words, because images carry more information in 

a more compact form. A split-second look at an image can convey more information than a 

split-second look at words. Words are often perceived as opinions while images are often 

perceived as events or facts. We argue in our head against words or opinions, but much less 

often against events or facts, particularly images. 

We also learn better when aroused. If something activates our sympathetic nervous 

system, we are more prepared to remember the information received at that point. The 

arousal may come from excitement, joy, fear, disgust, or sexual tension. We tend to 

remember any experience we have in those aroused states. 

And learning is better if it is reinforced. Behavior that is rewarded is likely to be 

repeated while behavior that is punished is less likely to be repeated. Sexual arousal and 

orgasm are extremely rewarding experiences. We may be innately predisposed to enjoy the 



rewards of sexual arousal and orgasm, but we learn how and when and with whom we can 

experience those pleasures. If a novel sexual behavior produces an orgasm, we are more 

likely to repeat it and add it to our sexual template and repertoire.  

Learning is also better if we see role models perform a behavior. Seeing them 

rewarded or punished will have some of the same effects on us as if we were rewarded or 

punished. We don’t have to directly experience those rewards and consequences. We learn 

to repeat or avoid those behaviors by seeing their effect on others. 

Finally, we learn better when the learning is rewarded. Imagery which contains role 

models who are demonstrating sexual behavior, who are rewarded for it, which produces 

sexual arousal in the viewer, and is followed by an orgasm can be extremely effective in 

producing deeply learned beliefs and behaviors. 

Pornography can offer all these elements—images, arousal, reinforcement, the 

example of others, and reward—so it is a potent teacher of both beliefs and behaviors. It 

provides the ideal conditions for learning.  

One category of beliefs we learn is called “permission-giving beliefs.”
1

This “may be pornography’s most insidious influence; namely, the acceptance of the 

attitudes (some obvious, some more subtle) expressed in pornography. Pornographic 

depictions of the sexuality of women and children distort the truth about desires of women 

and children, and legitimize men’s sense of entitlement, and use of force, violence, and 

degrading acts by the male actors.”

 They give us 

permission to engage in a behavior we would like to engage in or are engaging in and tell us 

there is no need to stop, change, or reduce it—they tell us, for example, that what we are 

doing is normal, that it doesn’t hurt anyone, and that everybody is doing it. 

2

Pornography is an ideal teacher of these releaser beliefs. It can teach specific sexual 

behaviors and general attitudes toward women and children, teach what relationships are 

like, and teach the nature of sexuality, and thus give permission for a wide range of actions. 

For example, a male masturbating to the images of smiling children having sex with adults, 

or of sexually aroused women being beaten, raped, or degraded, is learning that the 

 In other words, pornography has the ability not only to 

teach social attitudes and behaviors, but also to give permission to engage in them. 

Permission-giving beliefs become releasers of behavior. 

                                                 
1
 Beck, 1999. 

2
 (Marshall (2000) p 67). 



subjects enjoy and desire this treatment and is thereby being taught that he has permission 

to act this way himself. 

So pornography can be a teacher, a releaser, and a trigger of behaviors. 

Pornography is not only potent but multifaceted in its effect. Pornography can teach what 

to do, with whom to do it, when and how often to do it, it’s okay to do it, and then 

stimulate the urge to do it now. 

 It is not surprising that many psychologists call internet pornography the new “crack 

cocaine” when you note the combination of the power of pornography with the ready, 24/7 

availability of pornography on any computer, much of it free, accessible in the privacy and 

anonymity of the home.  

 Some of the messages of pornography teach beliefs and behaviors. Some of these 

behaviors are pathological, illegal, or both. The illegal behaviors are rape, child molestation, 

pedophilia, prostitution, domestic violence, sexual harassment, and some paraphilias (e.g., 

sexual deviances such as exhibitionism, voyeurism, and bestiality). Some of pornography’s 

messages about relationships, sexuality, and women may be damaging, even if the 

pornography is not illegal or pathological. 

 This learning produces effects in attitudes toward sexual violence, relationships, the 

attractiveness of a partner, and women’s liberation, and in sexual violence behaviors, 

pedophilia, sexual harassment, domestic violence, prostitution, sexual deviance, drinking, 

and physically risky behavior. 

 

Pornography and Attitudes to Sexual Violence  

 The rape myth is a set of beliefs that women are responsible for rape, like to be 

raped, want to be raped, and suffer few negative outcomes because of it. A number of 

studies have looked at the acceptance of the rape myth after exposing the subjects to 

sexual imagery, both violent and non-violent, and after one also asked subjects about their 

typical pornography use. 

 Males shown imagery of a woman aroused by sexual violence and then shown 

pornography that involved rape were more likely than those who hadn’t, to say that the 

rape victim suffered less and that she enjoyed it, and that women in general enjoy rape.
3

                                                 
3
 Check and Malamuth, 1985 

 



Japanese males exposed to a depiction of rape in which the woman enjoyed the rape were 

more likely to believe that women in general enjoy rape, and that they make false 

accusations of rape when compared to males exposed to a depiction in which the women 

showed pain.
4

 Males who viewed sexual violence obtained higher scores both on scales measuring 

acceptance of interpersonal violence and the rape myth, when compared to males who 

viewed either a physically violent or a neutral film.

 

5
 The increase in attitudes supporting 

sexual violence following exposure to pornography is greater if the pornography is violent 

than if it is non-violent.
6

 A similar effect is seen even when the pornography is not violent. Males who are 

shown non-violent scenes that sexually objectified and degraded women and were then 

exposed to material that depicted rape indicated that the rape victim experienced pleasure 

and “got what she wanted.”

 

7
 Even women who were exposed to pornography as a child 

have a greater acceptance of the rape myth than those who were not.
8
 Those exposed to 

pornography recommend a sentence for a rapist that was half of that recommended by 

those who had been shown non-pornographic imagery. These subjects appear to have 

trivialized the crime of rape.
9

One study not only exposed subjects to pornographic imagery but also asked them 

about their typical pornography use.

  

10

These studies indicate that the use of pornography, even that which does not 

include sexual violence, changes beliefs about rape and sexual violence. If women like to be 

 High pornography users were higher than low 

pornography users in acceptance of the rape myth, acceptance of violence against women, 

adversarial sex beliefs, reported likelihood of committing rape and forced sex acts, and sex 

callousness. High pornography users who were shown non-violent dehumanizing 

pornography show higher scores in reported likelihood of rape, sex callousness, and 

sexually aggressive behaviors than high pornography users who weren’t shown 

pornography. 

                                                 
4
  (Ohbuchi, K. Ikeda, T. & Takeuchi, G, 1994) 

5
 Weisz & Earls (1995) 

6
 Allen, et al (1995) 

7
  (Millburm, Mather and Conrad, 2000) 

8
  (Corne, Briere & Esses, 1992) 

9
 Zillmann and Bryant (1984) 

10
 Check & Guloien (1989) 



raped and deserve to be raped, there is no need for sexual restraint or frustration of sexual 

desire. Rape pornography teaches men that when a woman says no, the man does not need 

to stop. So a man may learn that there is no need to pay attention to a woman who is 

resisting, crying, screaming, struggling, or saying no, because ultimately she wants it and will 

enjoy it. He can conclude that her resistance is a sham and is part of a sex dance that leads 

to orgasm. He may assume that even her resistance is sexy and sexually arousing because it 

is part of the sexual template. 

 In other words, pornography makes violence sexy.
11

 

 

Pornography and Sexual Violence Behaviors 

Sexual violence attitudes lead to an increased likelihood of violent sexual behavior. 

Some studies have looked at likelihood measures while other studies have looked at actual 

(self-reported) behaviors. 

Pornography can start to cross the line between thought and behavior in the kinds 

of fantasies that can produce an erection. One study exposed males to an arousing rape or 

non-rape presentation and then asked them to try to reach as high a level of sexual arousal 

as they could without any direct stimulation of the penis. In doing so, those who had been 

exposed to the rape presentation created more sexually violent fantasies than those 

exposed to the non-rape presentation. For these males, rape fantasies were now part of 

their sexual template.
12

Another study examined measures of the likelihood of future sexually violent 

behavior as well as past actual sexually violent behaviors. It found that all types of 

pornography (soft core, hard core, violent, and rape) are correlated with using verbal 

coercion, drugs, and alcohol to sexually coerce women. The likelihood of forcing a woman 

sexually was correlated with the use of hard core, violent, and rape pornography. The 

likelihood of raping a woman was correlated with the use of all types of pornography, 

including soft-core pornography.  All types of pornography other than soft core were 

correlated with actual rape. Those reporting higher exposure to violent pornography are six 

times more likely to report having raped than those reporting low exposure.

 

13

                                                 
11

 Russell (1993) 

 

12
 Malamuth (1981) 

13
 Boeringer (1994) 



Similarly,  men who engaged in date rape reported that they “very frequently” read 

Playboy, Penthouse, Chic, Club, Forum, Gallery, Genesis, Oui, or Hustler.
14

 The correlation 

between rape rates and circulation rates for eight pornographic magazines (the same 

magazines minus Hustler) indicated that states with higher circulation rates had higher rape 

rates.
15

Adolescent boys who read pornographic material were more likely to be involved in 

active sexual violence.

  

16
 Juvenile sex offenders (juvenile rapists and child molesters) were 

more likely to have been exposed to pornography (42% had been exposed) than juveniles 

who were not sex offenders (29%) and also to have been exposed at an early age (five to 

eight years old), while juvenile child molesters had been more frequently exposed to 

pornography than those who did not molest children.
17

 Another study reported that 29 of 

the 30 juveniles studied had been exposed to X-rated magazines or videos, and the average 

age of first exposure was about 7.5 years.
18

 Only 11% of juvenile sex offenders said they did 

not use sexually explicit material.
19

 Ironically, given these figures, exposing adults to 

pornography decreases the number who believe that pornography needs to be restricted 

from children.
20

Similarly, adult sex offenders showed a high rate of using hard-core pornography: 

child molesters (67%), incest offenders (53%), rapists (83%) were significantly higher in use 

than non-offenders (29%). Child molesters (37%) and rapists (35%) were more likely to use 

pornography as an instigator to offending than were incest offenders (13%).

 

21

Pornography’s effect depends not just what you are exposed to but also how often. 

The more frequently men used pornography and the more violent the pornography they 

 It is an 

interesting finding that while these offenders used rape and child pornography to instigate 

their offenses, they did not exclusively do so, they often used adult and consensual 

pornography. Even adult consensual pornography can be used to instigate these offenses. 

                                                 
14

 Warshaw (1988) 
15

 Baron & Straus (1984) 
16

 Bonino, Ciairano, Rabaglietti & Cattelino (2006) 
17

 Ford & Linney (1995) 
18

 Wieckowski, Hartsoe, Mayer & Shortz (1998) 
19

 Becker & Stein (1991) 
20

 Zillmann & Bryant, 1984) 
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used, the more likely they were to coercive others into sex, including to use of physical 

coercion (i.e., rape).
22

Pornography’s effect also depends upon individuals’ characteristics as well as their 

use of pornography. Males who were high in hostile masculinity and sexual promiscuity and 

who used pornography frequently were significantly more likely to have physically and 

sexually aggressed than males who were low in these factors.

 

23

 Much of the research has focused on the males who perpetrate the behaviors. 

However, there are studies that have focused on the female victims. One questioned 100 

women who presented to a rape crisis center. Twenty–eight percent said that their abuser 

used pornography; 58% did not know if he used pornography or not. Of those whose abuser 

used pornography, 40% said the pornography was part of the abuse, being used either 

during the abuse or just prior to it, and 43% said that it affected the nature of the abuse. 

None of them thought it decreased the frequency of the abuse, but 21% thought it 

increased the frequency, and 14% believed it increased the level of violence. In fact, 18% 

thought their abuser became more sadistic with the use of pornography. Of the total, 12% 

said the abuser imitated the pornography and 14% said someone had tried to force them to 

do something he had seen in pornography.

 (This study was unable to 

determine if those individual characteristics, hostile masculinity and promiscuity, might 

have been produced by pornography use at an earlier point in life.) 

24

 Another study found that 24% of women surveyed indicated that they had been 

upset by someone trying to get them to do something they had seen in pornography. Those 

who said this were more likely to have been victims of threatened or actual sexual assault.

 

25

 A meta-analysis of thirty-three studies (meta-analyses examine findings across a 

large number of studies) revealed that exposure to either violent or nonviolent 

pornography increase behavioral aggression.

 

26

                                                 
22

 Koss & Oros (1982) 

 These studies taken as a whole indicate that 

many types of pornography and frequent use of pornography are connected to negative 

behaviors—both violent fantasies or actual violent assaults—with violent pornography 

23
 Malamuth, Addison & Koss (2000) 

24
 Bergen & Bogle (2000) 

25
 Senn (1993) 

26
 Allen, D'Alessio & Brezgel, 1995) 



having the strongest negative effect. These patterns are seen in adults and in minors, and 

are found in studies focused on perpetrators and victims. 

 

Pedophilia, Sexual Harassment, and Domestic Violence 

 The use of child pornography is a good predictor of who might get the diagnosis of 

pedophilia. It appears to be a better predictor than having raped a child. Individuals who 

use child pornography, whether or not they have offended against children, are more likely 

to be pedophiles than individuals who have offended against children but do not use child 

pornography. Fantasy can be a more accurate predictor than behavior, possibly because 

individuals have more options and more control of their options in fantasies than in 

behaviors that depend upon the availability of others.
27

 Rape is not the only form of sexual violence perpetrated against women affected by 

the use of pornography. Many women will be sexually harassed on their jobs and 

elsewhere. The likelihood of sexually harassing another is significantly correlated with the 

volume of past exposure to sexually explicit materials.

 

28

 Domestic violence is another form of violence against women, and like the others it 

is increased by the use of pornography. The violence may typically be physical and 

emotional, but these are often combined with sexual violence. Battered women 

experienced significantly more sexual violence than women who were not battered.

 

29
 For 

example, 39% of the battered women said that their partners had tried to get them to act 

out pornographic scenes they’d been shown, as compared to 3% of other women.
30

 The batterer’s use of pornography and alcohol significantly increases a battered 

woman’s odds of being sexually abused. Pornography alone increases the odds by a factor 

of almost two, and the combination of pornography and alcohol increases the odds by a 

factor of three.

 

31

 Forty percent of abused women indicated that their partner used violent 

pornography. Of those whose partners used pornography, 53% said that they had been 

asked or forced to enact scenes that they had been shown and 26 percent had been 
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reminded of pornography by abuser during the abuse. Of the forty percent of the abused 

women had been raped, 73 percent stated that their partners had used pornography.  

 These studies may not indicate that pornography causes battering but they do 

suggest that battering may be expanded to include sexual violence when pornography is 

involved. 

 

Prostitution, partners, and deviance 

Men who go to prostitutes are twice as likely to have watched a pornographic movie 

over the last year (66%) than a national sample (33%). Men who go to prostitutes frequently 

are more likely to have seen a pornographic movie (74%) than those who have gone to a 

prostitute only once (53%). The same pattern is seen with the use of pornographic 

magazines; men who go to prostitutes frequently are more likely to have seen a 

pornographic magazine in the last year (75%) than men who have gone to a prostitute only 

once (56%).
32

Exposure to pornography leads men to rate their female partners as less attractive 

than they would have had they not been exposed

 

33
 and to be less satisfied with their 

partners’ attractiveness, sexual performance, and level of affection, and expressed a greater 

desire for sex without emotional involvement.
34

 Undergraduate men who regularly viewed 

pornography spontaneously generated more sexual terms to describe the construct 

“women” than did those who viewed pornography less regularly.
35

Paraphilias are psychiatric disorders of sexuality as defined by the Diagnostic and 

Statistical Manual of the American Psychiatric Association. Paraphilia used to be called 

sexual perversion or sexual deviance. These are behaviors in which the object of the sexual 

desire is abnormal (e.g., an animal), or the behavior itself is sexually abnormal (e.g., 

sadomasochism). Some paraphilias can be engaged in alone (e.g., fetishism), and some 

involve people who do not consent (e.g., exhibitionism).  

 

Sexual deviance can be learned. Some men may initially look at deviant pornography 

out of curiosity. Some may move up to harder kinds because softer material no longer 
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arouses them. Either way they may learn deviant beliefs and behavior from it. Things that 

used to lead to disgust now seem less unusual and more common and even normal, and 

over time, come to seem sexy. Through pornography males who would never have 

considered sex that involves feces (coprophilia), urine (urophilia), and animals (bestiality) 

may now learn about, get aroused by, and engage in these very things.  

Individuals who already suffer from these deviances significantly prefer pornography 

that portrays their own deviance, but they also like other deviant pornography, especially 

sadomasochistic pornography, though to a lesser extent.
36

 Those who were exposed to 

pornography were more likely to believe that unusual and pathological sexual behaviors 

were more common and more normal. These beliefs are permission-giving beliefs and 

become releasers of behavior. The frequency of sex with animals, sex in groups, and sex 

with violence was double in those exposed to deviant pornography when compared to 

those who were not.
37

 

  

Relationships, Women’s Liberation, and Risky Behavior 

 The use of pornography has several other negative effects. One is a changed 

understanding of relationships. For males, more pornography use was associated with 

greater acceptance of sex outside of marriage for married individuals, greater acceptance of 

sex before marriage, and less child-centeredness during marriage.
38

 The reduced desire for 

children is especially pronounced in a reduced desire for female children.
39

 Those who were shown pornography reduced their support for the women’s 

liberation movement. This is true for both men and women.

 

40

 For males, more pornography use is correlated with more alcohol use and more 

binge drinking.

  

41

 Pornography also encourages physically risky behavior. In pornography no one is 

shown contracting and dying from AIDS, and no negative consequences are ever shown for 

having deviant kinds of sex. 
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Yet deviant kinds of sexual behavior carry a number of physical risks. The most 

obvious one is acquiring sexually transmitted diseases, including HIV. These can lead to 

other diseases and disorders (e.g. cervical cancer and infertility). Sexual behavior involving 

feces and urine  can lead to influenza, pneumonia, hepatitis A, hepatitis C, and intestinal 

parasites. Anal sex can cause ripping of the anal tissue, anal fissures, and puncturing of 

internal organs. The tearing of anal tissue makes it easier for the HIV virus to enter the 

body.  

For example, pornography portrays sex with as many strangers as possible as 

normal, desirable, and without consequences, and those who use pornography do have 

more sex partners than other people. The factor most associated with HIV transmission is 

increased number of partners. 

 

Summary 

 The large body of research on pornography reveals that it functions as a teacher of, 

a permission-giver for, and a trigger of many negative behaviors and attitudes that can 

severely damage not only the users but many others, including strangers. The damage is 

seen in men, women, and children, and in both married and single adults. It involves 

pathological behaviors, illegal behaviors, and some behaviors that are both illegal and 

pathological. Pornography is an equal opportunity and very lethal toxin. 
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"""
By Brian Tomasik (https://briantomasik.com/).
First published: 2018-06-29. Last update of any kind: 2019-11-16T23-41.

To the extent possible under law, the author(s) have dedicated all copyright and related and neighboring rights to this software to the public domain worldwide. This software is distributed without any warranty.

This script was built with Python 3.6. Hopefully it should work for later versions of Python 3 also.

# Description

Given a starting date, this program computes successive dates that are N, 2*N, 3*N, etc days after the starting date. For example, if the starting date is 2018 Mar 27, and if N = 10, the program would print out the date 10 days from then (2018 Apr 06), 20 days 
from then (2018 Apr 16), and so on. This is useful if you have a recurring reminder and need to know what the dates are for it. While I've only written this program to work when N is measured in days, you could easily modify it for N measured in weeks, months, 
etc.
"""

from datetime import datetime, timedelta

def main():
    date = input("Enter a starting date in the format yyyy-mm-dd, such as 2018-02-01: ")
    parsed_date = datetime.strptime(date, "%Y-%m-%d")
    every_N_days = int(input("Now enter the number of days between dates. For example, if you want to print out dates every 10 days, enter 10. "))
    assert every_N_days > 0, "every_N_days has to be > 0."
    num_to_print = int(input("Finally, enter how many successive dates you want printed out. For example, 50. "))
    assert num_to_print > 0, "num_to_print has to be > 0."
    next_datetime = parsed_date
    for i in range(num_to_print):
        next_datetime = next_datetime + timedelta(days=every_N_days)
        print(next_datetime.strftime('%Y %b %d'))

if __name__ == "__main__":
main()
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BRINGING YOU SAFE , 

HIGH- QUALIT Y 

DRINKING WATER 
Supplying our region with clean, safe water has been a City of Seattle priority 

for almost 125 years. Seattle Public Utilities has built safeguards into every step of 

our water system—from our pristine, protected watersheds to our state-of-the-art 

treatment plants to the pipes that deliver water to your home, we ensure that the 

water you use every day is some of the best water in the nation. 

If you’ve been listening to the news about Flint, Michigan, and some other water 

systems, you may be wondering how your water measures up. In this report, we 

explain how we keep your Cascade-fresh water clean and safe, 24 hours a day, 

seven days a week. 
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Here are some of the ways we safeguard your water:

Protected Watersheds
We operate two mountain watersheds supplied by rainfall and melting snowpack. 

The City of Seattle owns or controls more than 100,000 acres of watershed that 

are closed to general public access. We protect these watersheds from fi re, toxic 

spills, invasive species, and human disturbance.

Testing and Treating
Your tap water is more heavily regulated than bottled water. We test and treat 

it every day. SPU’s expert testing and system engineering staff is committed to 

keeping your water clean. We test samples from the region between 10 and 100 

times per day. Key points within the distribution system, including our Tolt and 

Cedar River drinking water treatment facilities, are monitored 24/7.

Corrosion Control
In the early 1980s we began managing the chemical balance of your water to 

lessen pipe corrosion and have been optimizing our corrosion control program 

ever since. Corrosion control reduces the potential for contaminants to leach into 

the water, which is possible in homes with lead solder.

Managing Supply
Our water sources include three deep wells to meet peak summer demand or for 

emergencies.

Infrastructure
We build infrastructure that stands up to extreme weather. The new Chester Morse 

Lake pumping plant helps us meet supply needs during droughts and the Tolt 

Water Treatment Facility fi lters sediment after extensive fl ooding.

Predicting and Preventing Leaks
Our water system’s leakage rate is 25–50% lower than the national average, 

thanks to our proven method for predicting pipe and valve failure in our system’s 

nearly 1,900 miles of pipe and 60,000 valves.

Celebrating Conservation
You play a key part in the water supply, conserving when necessary and installing 

low-fl ow toilets, effi cient washers, and smart irrigation systems. Thanks to you, 

Seattle is currently using the same amount of water, on average, as it did in the 

late 1950s—despite having more than double the population. 

“Some cities, such as Seattle and New York, are 

famous for the regulations and programs they 

put in place to protect their watersheds.” 

National Public Radio, Thursday, April 14, 2016



CONSERVING EVERY 

STEP OF THE WAY

Your ongoing water conservation efforts benefi t our important fi sh species. That’s 

because the reservoirs that supply your drinking water also provide vital water 

to the Cedar and Tolt rivers. Healthy habitat for salmon, trout, and many other 

species depends on the quantity and quality of water in the rivers and streams that 

support them. Using water wisely helps ensure we’ll have enough water to support 

freshwater habitat for generations to come. It’s especially important to use water 

wisely in the summer and fall months, when stream fl ows are lowest.

Conservation starts long before the water reaches your tap. SPU produced 

45.8 billion gallons of treated drinking water in 2015, 2.3 billion gallons of 

which were lost to leakage. While that seems like a lot of water, it amounts 

to only 4.9% of the total, which is considered relatively low.

To encourage more effi cient water use, the Saving Water Partnership (SWP), 

composed of SPU and its 18 water utility partners, set a six-year conservation goal: 

reduce per capita use from current levels so that the SWP’s total average annual 

retail water use is less than 105 mgd (million gallons per day) from 2013 through 

2018, despite forecasted population growth. In 2015, even with a record hot 

summer, our customers met this goal, using 96.9 mgd.

Is conservation important to you? Take our water conservation survey at www.

savingwater.org and enter to win a free home energy and water conservation kit!

“At SPU, we’re focused 
on researching how 
climate change will 
a! ect our water 
supply and preparing 
accordingly.  Our goal is 
to ensure a clean and safe 
water supply now and 
for the future.” 

–Paul Fleming, Lead, Climate Resiliency Group



By conserving water, you can play a vital role in keeping our environment healthy. 

Visit www.savingwater.org for information on rebates, conservation 

tips, videos on fi xing leaks and effi cient landscaping practices, 

and other conservation resources.

Planning for Tomorrow, Today
Preparation is essential for maintaining water quality and quantity. How are we 

getting ready for tomorrow?

Continuing to make water quality our fi rst priority. We focus on the key elements of water 

quality: water source protection, treatment, fi ltration, testing, and system maintenance. 

Planning for future impacts. We make careful, cost-effective investments to ensure 

a clean and safe water supply for decades to come. We use detailed climate 

and natural disaster scenarios to see where our system could be disrupted by 

earthquakes, drought, and climate change. 

Sharing expertise and best practices. We formed the Water Utility Climate Alliance 

(WUCA), a national network of similar water systems, including Portland, San 

Francisco, Denver, Tampa Bay, and New York City. We’re preparing for the 

future by sharing knowledge, forging strong connections with academic research 

communities and contributing to national climate policy discussions.

Saving water benefi ts people, salmon, and local wildlife.



WHERE YOUR  

WATER COMES FROM

Two surface water sources provide the majority of water for our system. In 

2015, about 61% was provided by the Cedar River. Approximately 37% came 

from the South Fork Tolt River. In addition to these two protected Cascade 

Mountain watersheds, the system has access to wells located in Burien that are 

only used to meet peak summer demand. In 2015, the wells were used from 

July to November and provided approximately 1.6% of annual flow.

Washington’s Source Water Assessment Program is conducted by the 

Department of Health (DOH) Office of Drinking Water. According to DOH, 

all surface waters in Washington are given a susceptibility rating of “high,” 

regardless of whether contaminants have been detected or whether there are 

any sources of contaminants in the watershed. The Seattle wells have been 

given a susceptibility rating of “low” because of the type of aquifer, depth 

of well, and lack of contaminant detection. Information on the source water 

assessments is available from the DOH website at www.fortress.wa.gov/doh/

eh/dw/swap/maps/ .

The sources of drinking water (both tap water and bottled water) include rivers, 

lakes, streams, ponds, reservoirs, springs, and wells. As water travels over 

the surface of the land or through the ground, it dissolves naturally occurring 

minerals and, in some cases, radioactive material, and can pick up substances 

resulting from the presence of animals or from human activity. Because Seattle’s 

surface water sources are so well protected, there is little opportunity for 

contaminants to enter the water. Even so, we constantly test to ensure the water 

you drink is safe. Find more information on the following pages.



Simple Ways to Protect 
Your Drinking Water
Thanks to high-quality water sources and SPU’s ongoing corrosion 

optimization program, the potential for contaminants to leach into your 

water is very low. Nevertheless we understand that you might still be 

concerned about lead. Here are a few simple things you can do to 

protect your water if you have plumbing with lead components. 

1. If you haven’t used your water for more than six hours, run the tap for 

two minutes before drinking or cooking with it. (Don’t forget to save! 

The water you run to fl ush your pipes can be used for watering plants 

or doing the dishes.) 

2. Always use the COLD water tap for drinking and cooking—lead 

dissolves more quickly in hot water. Never make baby formula or 

other drinks or food for children from the HOT water tap.

3. Be sure to select low-lead or no-lead plumbing fi xtures. 

SPU has worked to reduce lead and copper levels in 

home plumbing materials. Since January 2014 

manufacturers can have only 0.25% lead in a 

fi xture, reduced from 8% previously. 

Find more information on things you can do here: 

www.seattle.gov/util/lead 



CONTAMINANTS  

WE LOOK FOR

In order to ensure that tap water is safe to drink, the Environmental Protection 

Agency and/or the Washington State Board of Health prescribes regulations 

that limit the amount of certain contaminants in water provided by public water 

systems. Food and Drug Administration and/or the Washington State Department 

of Agriculture regulations establish limits for contaminants in bottled water that must 

provide the same protection for public health.

Drinking water, including bottled water, may reasonably be expected to contain 

at least small amounts of some contaminants. The presence of contaminants 

does not necessarily indicate that water poses a health risk. More information 

about contaminants and potential health effects can be obtained by calling the 

Environmental Protection Agency’s Safe Drinking Water Hotline (800-426-4791).

SPU vigorously safeguards its publicly owned watersheds through a comprehensive 

protection program. This program prohibits agricultural, industrial, and recreational 

activities in the watersheds, and no one is allowed to live there. This means there is 



little opportunity for contaminants to enter the water. Even so, there is always some 

potential for natural sources of contamination. In Seattle’s surface water supplies, 

the potential sources of contamination include: 

• Microbial contaminants, such as viruses, bacteria, and protozoa from wildlife;

• Inorganic contaminants, such as salts and metals, which are naturally 

occurring; and

• Organic contaminants, which result from chlorine combining with the naturally 

occurring organic matter.

Some people may be more vulnerable to contaminants in drinking water than the 

general population. Immuno-compromised persons such as persons with cancer 

undergoing chemotherapy, persons who have undergone organ transplants, 

people with HIV/AIDS or other immune system disorders, some elderly, and infants 

can be particularly at risk from infections. These people should seek advice about 

drinking water from their health care providers. Environmental Protection Agency/

Centers for Disease Control guidelines on appropriate means to lessen the risk of 

infection by cryptosporidium and other microbial contaminants are available from 

the Safe Drinking Water Hotline (800-426-4791).

At SPU’s Water Quality 
Laboratory, we help protect 
your health by testing the 
water system daily for things 
like bacteria, chemicals, and 
taste and odor. That’s over 
25,000 samples and 150,000 
results each year!”

– Lynn Kirby, Water Quality Engineer



OUR 2015 RESULTS

The results of monitoring in 2015 are shown in the table below. These results are 

for parameters regulated by federal and state agencies. For other water quality 

information, please visit www.seattle.gov/util/waterquality or call 206-615-0827. 

We can also send you a list of the more than 200 compounds for which we tested 

but did not fi nd in our surface water supplies, including unregulated contaminants. 

Water quality monitoring data can be diffi cult to interpret. To make all the 

information fi t, we used many acronyms that are defi ned below the table. 

EPA’S ALLOWABLE LIMITS LEVELS IN CEDAR WATER

DETECTED COMPOUNDS UNITS MCLG MCL AVERAGE RANGE

RAW WATER (untreated water from the source)

Total Organic Carbon ppm NA TT 0.7 0.5–1.5 1.5

CryptosporidiumA #/100L NA NA 1 ND–8 ND

FINISHED WATER (treated water that is ready to drink)

Turbidity NTU NA TT 0.4 0.1–1.2 0.07

Arsenic ppb 0 10 0.5 0.4–0.7 0.6

Barium ppb 2000 2000 1.6 (1 sample) 1.3

Bromate ppb 0 10 ND ND 0.4

Chromium ppb 100 100 0.27 0.25–0.33 0.2

Fluoride ppm 4 4 0.8 0.7–0.9 0.8

Nitrate ppm 10 10 0.01 (1 sample) 0.10

Selenium ppb 50 50 ND ND ND

Uranium ppb 0 30 ND ND ND

Coliform, Total % 0 5%           Highest Month = 0.4%  Annual Average = 0.035%          Highest Month = 0.4%  Annual Average = 0.035%

Total Trihalomethanes ppb NA 80 38 26–43 62

Haloacetic Acids(5) ppb NA 60 41 18–41 48

Chlorine ppm MRDLG =4 MRDL = 4        Average = 0.88 Range = 0–1.7       Average = 0.88 Range = 0–1.7

A Cryptosporidium was not detected in any samples from the Tolt supply (10 samples). It was detected in 2 of 9 samples from the Cedar supply. This monitoring is not required for the wells. was not detected in any samples from the Tolt supply (10 samples). It was detected in 2 of 9 samples from the Cedar supply. This monitoring is not required for the wells.
B Values presented represent 100% well water. All well water was blended with Cedar supply water before delivery to customers. The wells operated from July to November 2015. Values presented represent 100% well water. All well water was blended with Cedar supply water before delivery to customers. The wells operated from July to November 2015.B Values presented represent 100% well water. All well water was blended with Cedar supply water before delivery to customers. The wells operated from July to November 2015.B

C On December 29, 2015, turbidity for the Tolt supply exceeded 1.0 NTU for about 17 minutes. This water was not delivered to customers in the Seattle Public Utilities direct service area. Your water was and continues to be safe to drink. On December 29, 2015, turbidity for the Tolt supply exceeded 1.0 NTU for about 17 minutes. This water was not delivered to customers in the Seattle Public Utilities direct service area. Your water was and continues to be safe to drink.C On December 29, 2015, turbidity for the Tolt supply exceeded 1.0 NTU for about 17 minutes. This water was not delivered to customers in the Seattle Public Utilities direct service area. Your water was and continues to be safe to drink.C

Defi nitions

MCLG: Maximum Contaminant Level Goal—The 
level of a contaminant in drinking water below 
which there is no known or expected risk to 
health. MCLGs allow for a margin of safety.

MCL: Maximum Contaminant Level—The highest 
level of a contaminant that is allowed in 
drinking water. MCLs are set as close to the 
MCLGs as feasible using the best available 
treatment technology.

MRDL: Maximum Residual Disinfectant Level—
The highest level of a disinfectant allowed in 
drinking water. There is convincing evidence 
that addition of a disinfectant is necessary for 
control of microbial contaminants.

MRDLG: Maximum Residual Disinfectant 
Level Goal—The level of a drinking water 
disinfectant below which there is no known or 
expected risk to health. MRDLGs do not refl ect 
the benefi ts of the use of disinfectants to 
control microbial contaminants.

TT: Treatment Technique—A required process 
intended to reduce the level of a contaminant in 
drinking water.

NTU: Nephelometric Turbidity Unit—Turbidity is 
a measure of how clear the water looks. The 
turbidity MCL that applied to the Cedar supply 
in 2015 was 5 NTU, and for the Tolt it was 0.3 
NTU for at least 95% of the samples in a month. 



When reading the chart, two important measures to look at are the MCLG (no 

known or expected risk) and MCL (highest level allowed in drinking water) and 

compare them to the averages and the sample ranges from our three water 

sources for each contaminant. 

In Seattle, if you live south of Green Lake, your water probably comes from the 

Cedar River. Areas north of Green Lake usually receive Tolt River water. Each 

source can provide water to other areas in Seattle if needed.

LEVELS IN TOLT WATER LEVELS IN WELL WATERB

AVERAGE RANGE AVERAGE RANGE TYPICAL SOURCES

HOW DID 

WE DO?

1.5 1.2–1.8 NA NA Naturally present in the environment

ND ND NA NA Naturally present in the environment

0.07 0.04–1.4C 0.2 0.1–0.3 Soil runoff

0.6 0.4–0.7 3.9 1.7–7.9 Erosion of natural deposits

1.3 (1 sample) 3.0 2.2–4.6 Erosion of natural deposits

0.4 ND–2 NA NA Byproduct of drinking water disinfection

0.25–0.33 0.2 ND–0.24 0.7 0.3–1.3 Erosion of natural deposits

0.8 0.7–0.9 0.7 0.5–1.0 Water additive, which promotes strong teeth

0.10 (1 sample) ND ND Erosion of natural deposits

ND ND 0.7 0.1–1.1 Erosion of natural deposits

ND ND 0.4 ND–0.7 Erosion of natural deposits

          Highest Month = 0.4%  Annual Average = 0.035%          Highest Month = 0.4%  Annual Average = 0.035% Naturally present in the environment

62 26–91 NA NA
Byproducts of drinking water chlorination

*

48 26–68 NA NA *

       Average = 0.88 Range = 0–1.7       Average = 0.88 Range = 0–1.7 Water additive used to control microbes

 was not detected in any samples from the Tolt supply (10 samples). It was detected in 2 of 9 samples from the Cedar supply. This monitoring is not required for the wells. was not detected in any samples from the Tolt supply (10 samples). It was detected in 2 of 9 samples from the Cedar supply. This monitoring is not required for the wells.
 Values presented represent 100% well water. All well water was blended with Cedar supply water before delivery to customers. The wells operated from July to November 2015. Values presented represent 100% well water. All well water was blended with Cedar supply water before delivery to customers. The wells operated from July to November 2015.
 On December 29, 2015, turbidity for the Tolt supply exceeded 1.0 NTU for about 17 minutes. This water was not delivered to customers in the Seattle Public Utilities direct service area. Your water was and continues to be safe to drink. On December 29, 2015, turbidity for the Tolt supply exceeded 1.0 NTU for about 17 minutes. This water was not delivered to customers in the Seattle Public Utilities direct service area. Your water was and continues to be safe to drink.

99.96% of the samples from the Tolt in December 2015 were 
below 0.3 NTU. 100% of the samples for the remainder of 
the year were below 0.3 NTU.

NA: Not applicable

ND: Not detected

ppm: 1 part per million = 1 mg/L = 1 milligram per liter

ppb: 1 part per billion = 1 ug/L = 1 microgram per liter

1 ppm =1,000 ppb

P
P
P
P
P
P
P
P
P
P
P 
P
P
P
P

All compounds 

tested in 2015 were 

passing. *Passing is 

based on the average 

MCL results.

P 



WORKING TO KEEP 

YOU SAFE FROM LEAD

We take any potential lead exposure very seriously. 

Your water starts its journey as rainfall or snowpack with no detectable 

lead. Eventually the water reaches your home or business through 

a pipe called a service line. Seattle does not have any lead service 

lines. Some homes—less than two percent—have very short lead 

connections between their service line and the water main. Even in 

these cases, lead levels in Seattle are well within regulatory limits.

It is possible to fi nd detectable levels of lead in some home 

tap samples. This usually comes from corrosion of lead alloys 

(such as brass solder) in a home’s plumbing. However, SPU 

successfully treats our water to reduce corrosion. Every three 

years, SPU tests 50 homes that have copper plumbing with 

lead-based solder, and results show levels of lead signifi cantly 

below the federally designated Action Level (see table at right).

SPU works hard to make the water in our system 

less corrosive to lead plumbing:

• We optimized our corrosion control program in 2003.

• We continuously monitor water chemistry at our 

treatment facilities and collect routine samples 

throughout the distribution system to ensure it 

maintains water pH at a less-corrosive level.

• We monitor water quality indicators at 10 distribution 

system locations and report results monthly to the 

Washington State Department of Health.



LEAD AND COPPER MONITORING RESULTS 

PARAMETER  

AND UNITS MCLG

ACTION 

LEVEL1

2013  

RESULTS2,3

HOMES EXCEEDING 

ACTION LEVEL SOURCE

Lead, ppb 0 15 3 0 of 50 Corrosion of household 
plumbing systems

Copper, ppm 1.3 1.3 0.10 0 of 50

1 The concentration of a contaminant which, if exceeded, triggers treatment or other requirements, 
which a water system must follow. 

2 90th Percentile: i.e., 90% of the samples were less than the values shown.
3 We test every three years due to continued good results. 

If present, elevated levels of lead can cause serious health problems, 

especially for pregnant women and young children. Lead in drinking water 

is primarily from materials and components associated with service lines 

and home plumbing. SPU is responsible for providing high-quality drinking 

water, but cannot control the variety of materials used in plumbing 

components. When your water has been sitting for several hours, you 

can minimize the potential for lead exposure by running your tap for two 

minutes before using water for drinking or cooking. If you are concerned 

about lead in your water, you may wish to have your water tested. 

Information on lead in drinking water, testing methods, and steps you 

can take to minimize exposure is available from the Safe Drinking Water 

Hotline (800-426-4791) or at www.epa.gov/safewater/lead.

Lastly, remember that drinking water is typically only  

a minor contributor to overall exposure to lead.  

Other sources include paint, soil, and food.

“SPU has great protected water sources and 
continuous treatment which includes corrosion 
control. Lead does not typically come from the 
water source. However, it can come from some 
fixtures and plumbing materials. Corrosion control 
helps protect water from these potential sources of 
lead. If you have questions, please visit SPU’s website.” 

– Wylie Harper, Drinking Water Quality Director

To learn more about water quality and lead, visit www.seattle.gov/util/lead



Results for Seattle’s Unregulated Contaminants Monitoring Rule 3 (UCMR3) 

sampling are shown in the table below. We’ve included this section to keep 

you fully informed about new contaminants that may be regulated in the future. 

This monitoring is required by EPA regulation for contaminants that do not have 

defined health-based standards. The contaminants were selected through a 

data-driven process that considered adverse health effects (potency and severity) 

and occurrence (prevalence and magnitude) but additional health information 

is needed to know whether these contaminants pose a health risk. The UCMR3 

program is used by EPA to determine the occurrence of contaminants in drinking 

water systems. For more information about the program, visit EPA’s website at 

www.epa.gov/dwucmr/third-unregulated-contaminant-monitoring-rule. 

SEATTLE’S 2015 UCMR3 MONITORING RESULTS

Contaminant Range Average

Strontium, ppb 12–36 29

Vanadium, ppb ND–0.76 0.5

Total Chromium, ppb ND–0.33 0.24

Hexavalent Chromium, ppb 0.063–0.17 0.12

Chlorate, ppb ND–61 17

ND = not detected; ppb: 1 part per billion = 1 ug/L = 1 microgram per liter

There were also 23 contaminants that were monitored for but not detected for 

UCMR3, shown in the following table.

CONTAMINANTS NOT DETECTED

1,2,3-Trichloropropane 17-β-Estradiol

Chlorodifluoromethane (HCFC-22) 17-α-Ethynylestradiol

Bromomethane (methyl bromide) Estriol

Chloromethane (methyl chloride) Equilin

Bromochloromethane (Halon 1011) Estrone

1,3-Butadiene Testosterone 

Perfluorooctanoic Acid (PFOA) 4-Androstene-3,17-Dione

Perfluorononanoic Acid (PFNA) Molybdenum

Perfluorobutanesulfonic Acid (PFBS) Cobalt

Perfluorohexanesulfonic Acid (PFHxS) 1,4-Dioxane

Perfluoroheptanoic Acid (PFHpA) 1,1-Dichloroethane

Perfluorooctanesulfonic Acid (PFOS)

Monitoring conducted in January, April, July, and October 2015.

For more information about your water, contact Seattle Public Utilities at 206-

684-3000 or visit our website at www.seattle.gov/util/waterqualityreport. For 

conservation information, visit www.savingwater.org.



“For decades, Seattle has had 
in place a comprehensive 
strategy designed to maintain 
the safety and quality of our 
water supply. Our water comes 
from protected watersheds in 
the Cascade Mountains. It is 
routinely tested and regularly 
surpasses all state and federal 
quality standards. Seattle Public Utilities 
works hard every day to ensure that the water 
you and I drink is among the best in the nation, 
in purity, safety, and taste. ”

- Edward B. Murray, Mayor of Seattle

Cedar Falls
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You have a mind. Now let us suppose that you also have a book that you want to read. 
The book consists of language written by someone for the sake of communicating. Your 
success in reading it is determined by the extent to which you receive everything the writer 
intended to communicate. 

Mortimer J. Adler was an American author, educator, and philosopher who championed the 

repopularization of the Great Books and Great Ideas curriculum of study. A prolific scholar, he was 

the author or editor of more than fifty books, including editions of the Encyclopedia Britannica. It’s 

very fitting then, that one of his best-known works is How to Read a Book.

The goal a reader seeks – be it entertainment, information, or understanding – determines the way 

he reads. The effectiveness with which he reads is determined by the amount of effort and skill he 

puts into his reading.

The Levels of Reading

There are four levels of reading – so called because they are cumulative in that each level includes all 

the others, and you can’t progress to a higher level without mastering the levels that come before. 

The four levels are:

            • Elementary        • Inspectional             • Analytical             • Syntopical

Elementary Reading – What does the book say?
In mastering this level, one learns the rudiments of the art of reading, receives basic training in 

reading, and acquires reading skills. Our first encounter at reading is at this level; sadly, many people 

never progress beyond this level. 

At this level of reading, the question asked of the reader is “What does the sentence say?” While that 

could be conceived as a complex question, in this setting take it at its simplest sense.

The attainment of the skills of elementary reading occurred some time ago for almost everyone 

reading this summary. Nevertheless, we continue to experience the problems of this level of reading, 

no matter how capable we may be as readers.

How to Read a Book   |   Mortimer J. Adler & Charles Van Doren 

The art of reading is the process whereby a mind, 

with nothing to operate on but the symbols of the 

readable matter, and with no help from the outside, 

elevates itself by the power of its own operations.



3

2

Sums and the Vision Room are resources powered by Auxano. 2

How to Read a Book   |   Mortimer J. Adler & Charles Van Doren  (cont’d)

Many readers continue to have various kinds of difficulties reading at this level. Most of the difficulties 

are mechanical, and can be traced back to early instruction in reading. Overcoming these difficulties 

usually allows us to read faster.

Inspectional Reading – What is the book about?
The focus of reading at this level is to get the most out of a book with in a given amount of time. 

When reading at this level, your aim is to examine the surface of the book, to learn everything that 

the surface alone can teach you – which is often a good deal.

Techniques for Inspectional Reading of a book include:

1. Systematic skimming or pre-reading         

2. Look at the title page and preface: try to pigeonhole type of book         

3. Study table of contents: look for structure/road map for trip         

4. Check index: estimate range of terms and topics; look up some passages that seem crucial         

5. Check the dust jacket: read the publisher’s blurb         

6.  Look for chapters which seem most pivotal: read opening and/or  closing passages/pages 

carefully         

7.  Thumb through entire book, reading a few paragraphs and/or pages  here and there, esp. at 

the end, looking for the main argument(s)  

Analytical Reading – What does the book mean?
The third level of reading, analytical reading, is both a more complex and a more systematic 

activity than either of the previous two levels of reading. Analytical reading is thorough reading, 

complete reading, or good reading – the best you can do. The analytical reader must ask many 

organized questions of what he is reading.

There are four basic stages of Elementary Reading:

1. Reading readiness’  (early physical development)         

2. Simple reading  (small vocabulary; simple skills)         

3. Expanded reading  (large vocabulary; diverse subjects; enjoyment)         

4. Refined reading  (understand concepts; compare different views)     
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How to Read a Book   |   Mortimer J. Adler & Charles Van Doren  (cont’d)

Analytical reading is hardly ever necessary if your goal in reading is simply information or 

entertainment. Analytical reading is preeminently for the sake of understanding. Moving your 

mind from a condition of understanding less to a condition of understanding more with the aid of 

a book is almost impossible unless you have at least some skill in analytical reading.

Techniques for Analytical Reading include:

1. Underlining key sentences         

2. Vertical lines to mark key sections         

3. Marginal doodads like asterisks and stars         

4. Numbers of other pages in the margin         

5. Circling key words or phrases         

6. Writing in margins, or top and bottom      

7. Structural notes - about the content of the subject         

8. Conceptual notes - about the truth and significance         

9.  Dialectical notes - about the shape of the argument 

in the larger discussion of other people’s ideas

Syntopical Reading – How does this book compare with other books?
The fourth and highest level of reading is the most complex and systematic type of reading. It 

makes very heavy demands on the reader, even if the materials themselves are relatively easy and 

unsophisticated.

Another name for this level of reading may be called comparative reading. The reader is reading 

many books, not just one, and places them in relation to one another and to a subject about which 

they all revolve. Mere comparison of texts is not enough: syntopical reading involves more. With 

the help of the books being read, the syntopical reader is able to construct an analysis of the 

subject that may not be in any of the books. Syntopical reading is the most active and effortful kind 

of reading.

Techniques in Syntopical Reading include:

1. Find the relevant passages         

2. Establish a common terminology         

3. Clarify the questions         

4. Define the issues         

5. Analyze the discussion and look for the truth

Moving your mind 

from a condition of 

understanding less 

to a condition of 

understanding more with 

the aid of a book is almost 

impossible unless you 

have at least some skill in 

analytical reading.

Syntopical reading 

is the most active 

and effortful kind 

of reading.
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How to Read a Book   |   Mortimer J. Adler & Charles Van Doren  (cont’d)

Reading and the Growth of the Mind
Active reading is the asking of questions and looking for answers.  Good books stretch our minds, 

improve our reading  skills, and teach us about the world and ourselves. Good books make 

demands on us.

But there is a world beyond good books – that of great books. Good books need have no more 

than one meaning and one reading . Great books, on the other hand, have many meanings and 

need to be read over and over again.

The test of a great book:        

1. If you were marooned on a desert island, which ten books would you select?        

2. Does the book seem to grow with you?

3. Do you see new things every time  you re-read it?

4. Is the book is able to lift you over and over again?

Seek out the few books that have these values for you.

Reading well, which means reading actively, is 

not only good in itself, nor is it merely a means to 

advancement in our work or career. Reading keeps 

our minds alive and growing.

Recommended Resources

1. Take a look at “Reading 101” by Auxano Vision Room Curator Bob Adams here.

2.  Do you know how to get the most out of reading? Read some helpful hints by Auxano Vision 

Room Curator Bob Adams here.

3.  Clarity Evangelist Will Mancini challenges you to answer a simple question before you read 

any book here.

 

http://27gen.blogspot.com/2010/11/reading-101.html
http://27gen.blogspot.com/2010/11/getting-most-out-of-reading.html
http://www.willmancini.com/2010/03/are-you-reading-a-book-dont-continue-until-you.html


Go Ahead Actions for Vision Clarity
by Will Mancini

Vision Clarity Connection
One of my life mentors is Prof. Howard Hendricks whom I met at Dallas Theological Seminary. The 

day he passed out his “Top Ten Reading List” I salivated like a starving dog, ready to digest my 

mentor’s key influences. I’ll never forget the let down when I saw the first title on the list: How to 

Read a Book by Mortimer Adler. With the reluctance of an eight-year old boy taking cough syrup, I 

trusted my mentor and purchased the book. 

No exaggeration: the book changed my life. This book taught me more about how to think than any 

other book, class, or experience since. It is foundational to my reading and my mental ability and 

agility. It has even made me a better leader.  

Think about it. If reading one book could change the value you get from every other book you read, 

what would keep you from an urgent reordering of your reading priority today?

How to Go Ahead
One: Take an inventory of how you mark books for the purpose of analytical reading. How do you 

underline and why? What other kinds of marks do you make? 

Develop a larger and more intentional list marking system. I use a dozen key markings today. For 

example, use a wavy-line underline to highlight the basic argument of the book while using straight 

underline for interesting quotes. Large numbers in the margins can outline the structure of an 

argument while key terms and phrases can be circles for later ideation, reuse, or reflection.

Two: Practice inspectional reading with your next book. Take the time to read the flap, the introduction, 

and study the table of contents.  Do you know the single question the book is trying to answer? If you 

don’t, skip it. Get a sense of which chapters are going to provide the biggest bang for your buck. A 

good inspectional reading confirms that you should read the book and enhances your active reading 

throughout. 

Three: Consider the impact of syntopical reading on your life legacy. What topic, at the end of your 

life, will have defined your primary life contribution? Create a syntopic reading list for you favorite 

topics. What books have you already read? What books do you hope to read? Create a strategy 

to read the list and write short summaries of how each book contributes to the topic you want to 

master.
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Will Mancini
Founder & Clarity Evangelist 

Will Mancini wants you and your ministry to experience the benefits of stunning, God-

given clarity. As a pastor-turned-vision-coach, Will has worked with an unprecedented 

variety of churches from growing megachurches and missional communities to mainline 

revitalization and church plants. He is the founder of Auxano, creator of VisionRoom.

com and the author of Church Unique: How Missional Leaders Cast Vision and Create 

Movement.

Email: will@auxano.com

Blog: willmancini.com

Twitter: @willmancini

Facebook: willmancini

Bio: Read More

mailto:will%40auxano.com?subject=Sums%E2%80%93The%20Advantage
http://www.willmancini.com/
https://twitter.com/willmancini
http://www.facebook.com/will.mancini
http://auxano.com/we/team/57/will-mancini/
http://www.willmancini.com/
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Auxano is the only vision clarity consulting group that will guide 
your team through a God-ward and collaborative process called the 

Vision Pathway. To learn more, visit auxano.com

auxano.com

http://visionroom.com/
http://auxano.com/
http://auxano.com/
http://auxano.com/




Timeless Decision Theory

Eliezer Yudkowsky
Machine Intelligence Research Institute

Abstract
Disputes between evidential decision theory and causal decision theory have continued
for decades, and many theorists state dissatisfaction with both alternatives. Timeless de-
cision theory (TDT) is an extension of causal decision networks that compactly repre-
sents uncertainty about correlated computational processes and represents the decision-
maker as such a process. This simple extension enables TDT to return the one-box
answer for Newcomb’s Problem, the causal answer in Solomon’s Problem, and mutual
cooperation in the one-shot Prisoner’s Dilemma, for reasons similar to human intuition.
Furthermore, an evidential or causal decision-maker will choose to imitate a timeless
decision-maker on a large class of problems if given the option to do so.
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Long Abstract
Disputes between evidential decision theory and causal decision theory have continued
for decades, with many theorists stating that neither alternative seems satisfactory. I
present an extension of decision theory over causal networks, timeless decision theory
(TDT).TDT compactly represents uncertainty about the abstract outputs of correlated
computational processes, and represents the decision-maker’s decision as the output of
such a process. I argue that TDT has superior intuitive appeal when presented as ax-
ioms, and that the corresponding causal decision networks (which I call timeless deci-
sion networks) are more true in the sense of better representing physical reality. I review
Newcomb’s Problem and Solomon’s Problem, two paradoxes which are widely argued as
showing the inadequacy of causal decision theory and evidential decision theory respec-
tively. I walk through both paradoxes to show that TDT achieves the appealing con-
sequence in both cases. I argue that TDT implements correct human intuitions about
the paradoxes, and that other decision systems act oddly because they lack representative
power. I review the Prisoner’s Dilemma and show thatTDT formalizes Hofstadter’s “su-
perrationality”: under certain circumstances, TDT can permit agents to achieve “both
C” rather than “both D” in the one-shot, non-iterated Prisoner’s Dilemma. Finally, I
show that an evidential or causal decision-maker capable of self-modifying actions, given
a choice between remaining an evidential or causal decision-maker and modifying itself
to imitate a timeless decision-maker, will choose to imitate a timeless decision-maker
on a large class of problems.
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1. Some Newcomblike Problems
1.1. Newcomb’s Problem
Imagine that a superintelligence from another galaxy, whom we shall call the Predictor,
comes to Earth and at once sets about playing a strange and incomprehensible game. In
this game, the superintelligent Predictor selects a human being, then offers this human
being two boxes. The first box, box A, is transparent and contains a thousand dollars. The
second box, box B, is opaque and contains either a million dollars or nothing. You may
take only box B,or you may take boxes A and B.But there’s a twist: If the superintelligent
Predictor thinks that you’ll take both boxes, the Predictor has left box B empty; and you
will receive only a thousand dollars. If the Predictor thinks that you’ll take only box B,
then It has placed a million dollars in box B.Before you make your choice, the Predictor
has already moved on to Its next game; there is no possible way for the contents of box
B to change after you make your decision. If you like, imagine that box B has no back,
so that your friend can look inside box B, though she can’t signal you in any way. Either
your friend sees that box B already contains a million dollars, or she sees that it already
contains nothing. Imagine that you have watched the Predictor play a thousand such
games, against people like you, some of whom two-boxed and some of whom one-boxed,
and on each and every occasion the Predictor has predicted accurately. Do you take both
boxes, or only box B?

This puzzle is known as Newcomb’s Problem or Newcomb’s Paradox. It was devised
by the physicist William Newcomb, and introduced to the philosophical community by
Nozick (1969).

The resulting dispute over Newcomb’s Problem split the field of decision theory into
two branches, causal decision theory (CDT) and evidential decision theory (EDT).

The evidential theorists would take only box B in Newcomb’s Problem, and their
stance is easy to understand. Everyone who has previously taken both boxes has received
a mere thousand dollars, and everyone who has previously taken only box B has received
a million dollars. This is a simple dilemma and anyone who comes up with an elaborate
reason why it is “rational” to take both boxes is just outwitting themselves. The “rational”
chooser is the one with a million dollars.

The causal theorists analyze Newcomb’s Problem as follows: Because the Predictor
has already made its prediction and moved on to its next game, it is impossible for your
choice to affect the contents of box B in any way. Suppose you knew for a fact that box B
contained a million dollars; you would then prefer the situation where you receive both
boxes ($1,001,000) to the situation where you receive only box B ($1,000,000). Suppose
you knew for a fact that box B were empty; you would then prefer to receive both boxes
($1,000) to only box B ($0). Given that your choice is physically incapable of affecting
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the content of box B, the rational choice must be to take both boxes—following the
dominance principle, which is that if we prefer A to B given X , and also prefer A to B
given ¬X (not-X), and our choice cannot causally affect X , then we should prefer A to
B. How then to explain the uncomfortable fact that evidential decision theorists end up
holding all the money and taking Caribbean vacations, while causal decision theorists
grit their teeth and go on struggling for tenure? According to causal decision theorists,
the Predictor has chosen to reward people for being irrational; Newcomb’s Problem is
no different from a scenario in which a superintelligence decides to arbitrarily reward
people who believe that the sky is green. Suppose you could make yourself believe the sky
was green; would you do so in exchange for a million dollars? In essence, the Predictor
offers you a large monetary bribe to relinquish your rationality.

What would you do?
The split between evidential decision theory and causal decision theory goes deeper than

a verbal disagreement over which boxes to take in Newcomb’s Problem. Decision the-
orists in both camps have formalized their arguments and their decision algorithms,
demonstrating that their different actions in Newcomb’s Problem reflect different com-
putational algorithms for choosing between actions.1 The evidential theorists espouse an
algorithm which, translated to English,might read as “Take actions such that you would
be glad to receive the news that you had taken them.” The causal decision theorists es-
pouse an algorithm which, translated to English, might cash out as “Take actions which
you expect to have a positive physical effect on the world.”

The decision theorists’dispute is not just about trading arguments within an informal,
but shared, common framework—as is the case when, for example, physicists argue over
which hypothesis best explains a surprising experiment. The causal decision theorists and
evidential decision theorists have offered different mathematical frameworks for defining
rational decision. Just as the evidential decision theorists walk off with the money in
Newcomb’s Problem, the causal decision theorists offer their own paradox-arguments
in which the causal decision theorist “wins”—in which the causal decision algorithm
produces the action that would seemingly have the better real-world consequence. And
the evidential decision theorists have their own counterarguments in turn.

1.2. Solomon’s Problem
Variants of Newcomb’s problem are known as Newcomblike problems. Here is an exam-
ple of a Newcomblike problem which is considered a paradox-argument favoring causal
decision theory. Suppose that a recently published medical study shows that chewing

1. I review the algorithms and their formal difference in Section 3.
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gum seems to cause throat abscesses—an outcome-tracking study showed that of peo-
ple who chew gum, 90% died of throat abscesses before the age of 50. Meanwhile, of
people who do not chew gum, only 10% die of throat abscesses before the age of 50.
The researchers, to explain their results, wonder if saliva sliding down the throat wears
away cellular defenses against bacteria. Having read this study, would you choose to
chew gum? But now a second study comes out, which shows that most gum-chewers
have a certain gene, CGTA, and the researchers produce a table showing the following
mortality rates:

Chew gum Don’t chew gum
CGTA present: 89% die 99% die
CGTA absent: 8% die 11% die

This table shows that whether you have the gene CGTA or not, your chance of dying
of a throat abscess goes down if you chew gum. Why are fatalities so much higher for
gum-chewers, then? Because people with the gene CGTA tend to chew gum and die
of throat abscesses. The authors of the second study also present a test-tube experiment
which shows that the saliva from chewing gum can kill the bacteria that form throat
abscesses. The researchers hypothesize that because people with the gene CGTA are
highly susceptible to throat abscesses, natural selection has produced in them a tendency
to chew gum, which protects against throat abscesses.2 The strong correlation between
chewing gum and throat abscesses is not because chewing gum causes throat abscesses,
but because a third factor, CGTA, leads to chewing gum and throat abscesses.

Having learned of this new study, would you choose to chew gum? Chewing gum
helps protect against throat abscesses whether or not you have the gene CGTA. Yet
a friend who heard that you had decided to chew gum (as people with the gene CGTA
often do) would be quite alarmed to hear the news—just as she would be saddened by
the news that you had chosen to take both boxes in Newcomb’s Problem. This is a case
where evidential decision theory seems to return the wrong answer, calling into question
the validity of the evidential rule “Take actions such that you would be glad to receive the
news that you had taken them.” Although the news that someone has decided to chew

2. One way in which natural selection could produce this effect is if the gene CGTA persisted in
the population—perhaps because it is a very common mutation, or because the gene CGTA offers other
benefits to its bearers which renders CGTA a slight net evolutionary advantage. In this case, the gene
CGTA would be a feature of the genetic environment which would give an advantage to other genes
which mitigated the deleterious effect of CGTA.For example, in a population pool where CGTA is often
present as a gene, a mutation such that CGTA (in addition to causing throat cancer) also switches on other
genes which cause the CGTA-bearer to chew gum, will be advantageous. The end result would be that
a single gene, CGTA, could confer upon its bearer both a vulnerability to throat cancer and a tendency to
chew gum.
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gum is alarming, medical studies nonetheless show that chewing gum protects against
throat abscesses. Causal decision theory’s rule of “Take actions which you expect to have
a positive physical effect on the world” seems to serve us better.3

The CGTA dilemma is an essentially identical variant of a problem first introduced by
Nozick in his original paper,but not then named. Presently this class of problem seems to
be most commonly known as Solomon’s Problem after Gibbard and Harper (1978),who
presented a variant involving King Solomon. In this variant, Solomon wishes to send for
another man’s wife.4 Solomon knows that there are two types of rulers, charismatic and
uncharismatic. Uncharismatic rulers are frequently overthrown; charismatic rulers are
not. Solomon knows that charismatic rulers rarely send for other people’s spouses and
uncharismatic rulers often send for other people’s spouses, but Solomon also knows that
this does not cause the revolts—the reason uncharismatic rulers are overthrown is that
they have a sneaky and ignoble bearing. I have substituted the chewing-gum throat-
abscess variant of Solomon’s Problem because, in real life, we do not say that such deeds
are causally independent of overthrow. Similarly there is another common variant of
Solomon’s Problem in which smoking does not cause lung cancer, but rather there is
a gene that both causes people to smoke and causes them to get lung cancer (as the
tobacco industry is reputed to have once argued could be the case). I have avoided this
variant because in real life, smoking does cause lung cancer. Research in psychology
shows that people confronted with logical syllogisms possessing common-sense inter-
pretations often go by the common-sense conclusion instead of the syllogistic conclu-
sions. Therefore I have chosen an example, chewing gum and throat abscesses, which
does not conflict with a pre-existing picture of the world.

Nonetheless I will refer to this class of problem as Solomon’s Problem, in accordance
with previous literature.

1.3. Weiner’s Robot Problem
A third Newcomblike problem from (Weiner 2004): Suppose that your friend falls down
a mineshaft. It happens that in the world there exist robots, conscious robots, who
are in most ways indistinguishable from humans. Robots are so indistinguishable from
humans that most people do not know whether they are robots or humans. There are
only two differences between robots and humans. First, robots are programmed to rescue

3. There is a formal counter-argument known as the “tickle defense” which proposes that evidential
decision agents will also decide to chew gum; but the same tickle defense is believed (by its proponents)
to choose two boxes in Newcomb’s Problem. See Section 9.

4. Gibbard and Harper gave this example invoking King Solomon after first describing another
dilemma involving King David and Bathsheba.
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people whenever possible. Second, robots have special rockets in their heels that go off
only when necessary to perform a rescue. So if you are a robot, you can jump into the
mineshaft to rescue your friend, and your heel rockets will let you lift him out. But if
you are not a robot, you must find some other way to rescue your friend—perhaps go
looking for a rope, though your friend is in a bad way, with a bleeding wound that needs
a tourniquet now. . . . Statistics collected for similar incidents show that while all robots
decide to jump into mineshafts, nearly all humans decide not to jump into mineshafts.
Would you decide to jump down the mineshaft?

1.4. Nick Bostrom’s Meta-Newcomb Problem
A fourth Newcomblike problem comes from (Bostrom 2001), who labels it the Meta-
Newcomb problem. In Nick Bostrom’s Meta-Newcomb problem you are faced with a
Predictor who may take one of two possible actions: Either the Predictor has already
made Its move—placed a million dollars or nothing in box B, depending on how It
predicts your choice—or else the Predictor is watching to see your choice, and will af-
terward, once you have irrevocably chosen your boxes, but before you open them, place
a million dollars into box B if and only if you have not taken box A. If you know that the
Predictor observes your choice before filling box B, there is no controversy—any decision
theorist would say to take only box B. Unfortunately, there is no way of knowing; the
Predictor makes Its move before or after your decision around half the time in both cases.
Now suppose there is a Meta-Predictor, who has a perfect track record of predicting the
Predictor’s choices and also your own. The Meta-Predictor informs you of the following
truth-functional prediction: Either you will choose A and B, and Predictor will make
its move after you make your choice; or else you will choose only B, and Predictor has
already made Its move.

An evidential decision theorist is unfazed by Nick Bostrom’s Meta-Newcomb Prob-
lem; he takes box B and walks away, pockets bulging with a million dollars. But a causal
decision theorist is faced with a puzzling dilemma: If she takes boxes A and B, then the
Predictor’s action depends physically on her decision, so the “rational” action is to take
only box B. But if she takes only box B, then the Predictor’s action temporally precedes
and is physically independent of her decision, so the “rational” action is to take boxes A
and B.

1.5. DecisionTheory
It would be unfair to accuse the field of decision theory of being polarized between evi-
dential and causal branches, even though the computational algorithms seem incompat-
ible. Nozick, who originally introduced the Newcomb problem to philosophy, proposes
that a prudent decision-maker should compute both evidential and causal utilities and
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then combine them according to some weighting (Nozick 1969). Egan (2007) lists what
he feels to be fatal problems for both theories, and concludes by hoping that some al-
ternative formal theory will succeed where both causal and evidential decision theory
fail.5

In this paper I present a novel formal foundational treatment of Newcomblike prob-
lems, using an augmentation of Bayesian causal diagrams. I call this new representation
“timeless decision diagrams.”

From timeless decision diagrams there follows naturally a timeless decision algo-
rithm, in whose favor I will argue; however, using timeless decision diagrams to analyze
Newcomblike problems does not commit one to espousing the timeless decision algo-
rithm.

2. Precommitment and Dynamic Consistency
Nozick, in his original treatment of Newcomb’s Problem, suggested an agenda for fur-
ther analysis—in my opinion a very insightful agenda,which has been often (though not
always) overlooked in further discussion. This is to analyze the difference between New-
comb’s Problem and Solomon’s Problem that leads to people advocating that one should
use the dominance principle in Solomon’s Problem but not in Newcomb’s Problem.

In the chewing-gum throat-abscess variant of Solomon’s Problem, the dominant ac-
tion is chewing gum, which leaves you better off whether or not you have the CGTA
gene; but choosing to chew gum is evidence for possessing the CGTA gene, although
it cannot affect the presence or absence of CGTA in any way. In Newcomb’s Problem,
causal decision theorists argue that the dominant action is taking both boxes, which
leaves you better off whether box B is empty or full; and your physical press of the but-
ton to choose only box B or both boxes cannot change the predetermined contents of
box B in any way. Nozick says:

I believe that one should take what is in both boxes. I fear that the consider-
ations I have adduced thus far will not convince those proponents of taking
only what is in the second box. Furthermore, I suspect that an adequate so-
lution to this problem will go much deeper than I have yet gone or shall go
in this paper. So I want to pose one question. . . . The question I should
like to put to proponents of taking only what is in the second box in New-
comb’s example (and hence not performing the dominant action) is: what is

5. There have been other decision theories introduced in the literature as well (Arntzenius 2002; Au-
mann, Hart, and Perry 1997; Drescher 2006).

6



Eliezer Yudkowsky

the difference between Newcomb’s example and the other two examples [of
Solomon’s Problem] which make the difference between not following the
dominance principle and following it?

If no such difference is produced, one should not rush to conclude that
one should perform the dominant action in Newcomb’s example. For it must
be granted that, at the very least, it is not as clear that one should perform the
dominant action in Newcomb’s example as in the other two examples. And
one should be wary of attempting to force a decision in an unclear case by
producing a similar case where the decision is clear and challenging one to find
a difference between the cases which makes a difference to the decision. For
suppose the undecided person, or the proponent of another decision, cannot
find such a difference. Does not the forcer now have to find a difference
between the cases which explains why one is clear and the other is not?

What is the key difference between chewing gum that is evidence of susceptibility to
throat abscesses, and taking both boxes which is evidence of box B’s emptiness? Most
two-boxers argue that there is no difference. Insofar as two-boxers analyze the seeming
difference between the two Newcomblike problems, they give deflationary accounts, an-
alyzing a psychological illusion of difference between two structurally identical problems.
E.g. Gibbard and Harper (1978) say in passing: “The Newcomb paradox discussed by
Nozick (1969) has the same structure as the case of Solomon.”

I will now present a preliminary argument that there is a significant structural dif-
ference between the two cases:

Suppose that in advance of the Predictor making Its move in Newcomb’s Problem,
you have the ability to irrevocably resolve to take only box B. Perhaps, in a world filled
with chocolate-chip cookies and other harmful temptations,humans have finally evolved
(or genetically engineered) a mental capacity for sticking to diets—making resolutions
which, once made, automatically carry through without a chance for later reconsider-
ation. Newcomb’s Predictor predicts an irrevocably resolved individual as easily as It
predicts the undecided psyche.

A causal decision agent has every right to expect that if he irrevocably resolves to take
only box B in advance of the Predictor’s examination, this directly causes the Predictor to
fill box B with a million dollars. All decision theories agree that in this case it would be
rational to precommit yourself to taking only box B—even if, afterward, causal decision
agents would wistfully wish that they had the option to take both boxes, once box B’s
contents were fixed. Such a firm resolution has the same effect as pressing a button
which locks in your choice of only B, in advance of the Predictor making Its move.

Conversely in the CGTA variant of Solomon’s Problem, a causal decision agent,
knowing in advance that he would have to choose between chewing gum and avoid-
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ing gum, has no reason to precommit himself to avoiding gum. This is a difference
between the two problems which suggests that they are not structurally equivalent from
the perspective of a causal decision agent.

McClennen (Edward 1985) analyzes cases where an agent may wish to precommit
himself to a particular course of action. McClennen gives the example of two play-
ers, Row and Column, locked in a non-zero-sum game with the following move/payoff
matrix:

Payoffs are presented as (Row, Column). Column moves second.
Column:

No-U U

Row: No-D (4, 3) (1, 4)

D (3, 1) (2, 2)

Whether Row makes the move No-D or D, Column’s advantage lies in choosing U .
If Row chooses No-D, then U pays 4 for Column and No-U pays 3. If Row chooses
D, then U pays 2 for Column and No-U pays 1. Row, observing this dominance, as-
sumes that Column will play U , and therefore plays the move D, which pays 2 to Row
if Column plays U , as opposed to No-D which pays 1.

This outcome (D,U) = (2, 2) is not a Pareto optimum. Both Row and Column
would prefer (No-D, No-U) to (D,U). However, McClennen’s Dilemma differs from
the standard Prisoner’s Dilemma in that D is not a dominating option for Row. As
McClennen asks: “Who is responsible for the problem here?” McClennen goes on to
write:

In this game,Column cannot plead that Row’s disposition to non-cooperation
requires a security-oriented response of U. Row’s maximizing response to
a choice of No-U by Column is No-D, not D. . . . Thus, it is Column’s own
maximizing disposition so characterized that sets the problem for Column.

McClennen then suggests a scenario in which Column can pay a precommitment cost
which forestalls all possibility of Column playingU . “Of course,”says McClennen,“such
a precommitment device will typically require the expenditure of some resources.” Per-
haps the payoff for Column of (No-D, No-U ) is 2.8 instead of 3 after precommitment
costs are paid.

McClennen cites the Allais Paradox as a related single-player example. The Allais
Paradox (Allais 1953) illustrates one of the first systematic biases discovered in the human
psychology of decision-making and probability assessment, a bias which would later
be incorporated in the heuristics-and-biases program (Kahneman, Slovic, and Tversky
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1982). Suppose that you must choose between two gambles A and B with these payoff6

probabilities:

A: 33/34 probability of paying $2,500, 1/34 probability of paying $0.
B: Pays $2,400 with certainty.

Take a moment to ask yourself whether you would prefer A or B, if you had to play one
and only one of these gambles. You need not assume your utility is linear in wealth—
just ask which gamble you would prefer in real life. If you prefer A to B or vice versa,
ask yourself whether this preference is strong enough that you would be willing to pay
a single penny in order to play A instead of B or vice versa.

When you have done this, ask yourself about your preference over these two gambles:

C: ($2,500, 33/100; $0, 67/100)
D: ($2,400, 34/100; $0, 66/100)

Many people prefer B to A, but prefer C to D. This preference is called “paradoxical”
because the gambles C and D equate precisely to a 34/100 probability of playing the
gambles A and B respectively. That is, C equates to a gamble which offers a 34/100
chance of playing A, and D equates to a gamble which offers a 34/100 chance of playing
B.

If an agent prefers B to A and C to D this potentially introduces a dynamic inconsis-
tency into the agent’s planning. Suppose that at 12:00PM I roll a hundred-sided die. If
the die shows a number greater than 34 the game terminates. Otherwise, at 12:05PM I
consult a switch with two settings, X and Y . If the setting is Y , I pay you $2,400. If the
setting is X , I roll a 34-sided die and pay you $2,500 unless the die shows “34.” If you
prefer C to D and B to A and you would pay a penny to indulge each preference, your
preference reversal renders you exploitable. Suppose the switch starts in state Y . Before
12:00PM, you pay me a penny to throw the switch to X . After 12:00PM and before
12:05PM, you pay me a penny to throw the switch to Y . I have taken your two cents on
the subject.

McClennen speaks of a “political economy of past and future selves”; the past self
must choose present actions subject to the knowledge that the future self may have dif-
ferent priorities; the future self must live with the past self ’s choices but has its own
agenda of preference. Effectively the past self plays a non-zero-sum game against the
future self, the past self moving first. Such an agent is characterized as a “sophisticated
chooser” (Hammond 1976; Yaari 1977). Ulysses, faced with the tempting Sirens, acts as

6. Since the Allais paradox dates back to the 1950s, a modern reader should multiply all dollar amounts
by a factor of 10 to maintain psychological parity.
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a sophisticated chooser; he arranges for himself to be bound to a mast. Yet as McClen-
nen notes, such a strategy involves a retreat to second-best. Because of precommitment
costs, sophisticated choosers will tend to do systematically worse than agents with no
preference reversals. It is also usually held that preference reversal is inconsistent with
expected utility maximization and indeed rationality. See Kahneman andTversky (2000)
for discussion.

McClennen therefore argues that being a resolute agent is better than being a sophis-
ticated chooser, for the resolute agent pays no precommitment costs. Yet it is better still
to have no need of resoluteness—to decide using an algorithm which is invariant under
translation in time. This would conserve mental energy. Such an agent’s decisions are
called dynamically consistent (Strotz 1955).

Consider this argument: “Causal decision theory is dynamically inconsistent because
there exists a problem, the Newcomb Problem, which calls forth a need for resoluteness
on the part of a causal decision agent.”

A causal decision theorist may reply that the analogy between McClennen’s Dilemma
or Newcomb’s Problem on the one hand, and the Allais Paradox or Ulysses on the other,
fails to carry through. In the case of the Allais Paradox or Ulysses and the Sirens, the
agent is willing to pay a precommitment cost because he fears a preference reversal from
one time to another. In McClennen’s Dilemma the source of Column’s willingness to
pay a precommitment cost is not Column’s anticipation of a future preference reversal.
Column prefers the outcome (No-D,U) to (No-D,No-U) at both precommitment time
and decision time. However, Column prefers that Row play No-D to D—this is what
Column will accomplish by paying the precommitment cost. For McClennen’s Dilemma
to carry through, the effort made by Column to precommit to No-U must have two ef-
fects. First, it must cause Column to play No-U . Second, Row must know that Column
has committed to playing No-U , so that Row’s maximizing move is No-D. Otherwise
the result will be (D,No-U), the worst possible result for Column. A purely mental
resolution by Column might fail to reassure Row, thus leading to this worst possible
result.7 In contrast, in the Allais Paradox or Ulysses and the Sirens the problem is wholly
self-generated, so a purely mental resolution suffices.

In Newcomb’s Problem the causal agent regards his precommitment to take only
box B as having two effects, the first effect being receiving only box B, and the second
effect causing the Predictor to correctly predict the taking of only box B, hence filling
box B with a million dollars. The causal agent always prefers receiving $1,001,000 to
$1,000,000, or receiving $1000 to $0. Like Column trying to influence Row, the causal

7. Column would be wiser to irrevocably resolve to play No-U if Row plays No-D. If Row knows
this, it would further encourage Row to play appropriately.
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agent does not precommit in anticipation of a future preference reversal, but to influence
the move made by Predictor. The apparent dynamic inconsistency arises from different
effects of the decision to take both boxes when decided at different times. Since the
effects significantly differ, the preference reversal is illusory.

When is a precommitment cost unnecessary, or a need for resoluteness a sign of dy-
namic inconsistency? Consider this argument: Paying a precommitment cost to decide
at t1 instead of t2, or requiring an irrevocable resolution to implement at t2 a decision
made at t1, shows dynamic inconsistency if agents who precommit to a decision at time
t1 do just as well, no better and no worse excluding commitment costs, than agents who
choose the same option at time t2. More generally we may specify that for any agent who
decides to take a fixed action at a fixed time, the experienced outcome is the same for
that agent regardless of when the decision to take that action is made. Call this property
time-invariance of the dilemma.

Time-invariance may not properly describe McClennen’s Dilemma, since McClen-
nen does not specify that Row reliably predicts Column regardless of Column’s decision
time. Column may need to take extra external actions to ‘precommit’ in a fashion Row
can verify; the analogy to international diplomacy is suggestive of this. In Newcomb’s
Dilemma we are told that the Predictor is never or almost never wrong, in virtue of
an excellent ability to extrapolate the future decisions of agents, precommitted or not.
Therefore it would seem that, in observed history, agents who precommit to take only
box B do no better and no worse than agents who choose on-the-fly to take only box B.

This argument only thinly conceals the root of the disagreement between one-boxers
and two-boxers in Newcomb’s Problem; for the argument speaks not of how an agent’s
deciding at T or T + 1 causes or brings about an outcome, but only whether agents who
decide at T or T +1 receive the same outcome. A causal decision theorist would protest
that agents who precommit at T cause the desired outcome and are therefore rational,
while agents who decide at T + 1 merely receive the same outcome without doing any-
thing to bring it about, and are therefore irrational. A one-boxer would say that this
reply illustrates the psychological quirk which underlies the causal agent’s dynamic in-
consistency; but it does not make his decisions any less dynamically inconsistent.

Before dismissing the force of this one-boxing argument, consider the following
dilemma, a converse of Newcomb’s Problem, which I will call Newcomb’s Soda. You
know that you will shortly be administered one of two sodas in a double-blind clini-
cal test. After drinking your assigned soda, you will enter a room in which you find
a chocolate ice cream and a vanilla ice cream. The first soda produces a strong but en-
tirely subconscious desire for chocolate ice cream, and the second soda produces a strong
subconscious desire for vanilla ice cream. By “subconscious” I mean that you have no
introspective access to the change, any more than you can answer questions about indi-

11



Timeless Decision Theory

vidual neurons firing in your cerebral cortex. You can only infer your changed tastes by
observing which kind of ice cream you pick.

It so happens that all participants in the study who test the Chocolate Soda are re-
warded with a million dollars after the study is over, while participants in the study
who test the Vanilla Soda receive nothing. But subjects who actually eat vanilla ice
cream receive an additional thousand dollars, while subjects who actually eat chocolate
ice cream receive no additional payment. You can choose one and only one ice cream to
eat. A pseudo-random algorithm assigns sodas to experimental subjects, who are evenly
divided (50/50) between Chocolate and Vanilla Sodas. You are told that 90% of previous
research subjects who chose chocolate ice cream did in fact drink the Chocolate Soda,
while 90% of previous research subjects who chose vanilla ice cream did in fact drink the
Vanilla Soda.8 Which ice cream would you eat?

Newcomb’s Soda has the same structure as Solomon’s Problem, except that instead of
the outcome stemming from genes you possessed since birth, the outcome stems from
a soda you will shortly drink. Both factors are in no way affected by your action nor by
your decision, but your action provides evidence about which genetic allele you inherited
or which soda you drank.

An evidential decision agent facing Newcomb’s Soda will, at the time of confronting
the ice cream, decide to eat chocolate ice cream because expected utility conditional on
this decision exceeds expected utility conditional on eating vanilla ice cream. However,
suppose the evidential decision agent is given an opportunity to precommit to an ice
cream flavor in advance. An evidential agent would rather precommit to eating vanilla
ice cream than precommit to eating chocolate, because such a precommitment made in
advance of drinking the soda is not evidence about which soda will be assigned.

Thus, the evidential agent would rather precommit to eating vanilla, even though the
evidential agent will prefer to eat chocolate ice cream if making the decision “in the
moment.” This would not be dynamically inconsistent if agents who precommitted to
a future action received a different payoff than agents who made that same decision “in
the moment.” But in Newcomb’s Soda you receive exactly the same payoff regardless of
whether, in the moment of action, you eat vanilla ice cream because you precommitted
to doing so, or because you choose to do so at the last second. Now suppose that the
evidential decision theorist protests that this is not really a dynamic inconsistency be-
cause, even though the outcome is just the same for you regardless of when you make
your decision, the decision has different news-value before the soda is drunk and after

8. Given the dumbfounding human capability to rationalize a preferred answer, I do not consider it
implausible in the real world that 90% of the research subjects assigned the Chocolate Soda would choose
to eat chocolate ice cream (Kahneman, Slovic, and Tversky 1982).
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the soda is drunk. A vanilla-eater would say that this illustrates the psychological quirk
which underlies the evidential agent’s dynamic inconsistency, but it does not make the
evidential agent any less dynamically inconsistent.

Therefore I suggest that time-invariance, for purposes of alleging dynamic incon-
sistency, should go according to invariance of the agent’s experienced outcome. Is it not
outcomes that are the ultimate purpose of all action and decision theory? If we exclude
the evidential agent’s protest that two decisions are not equivalent, despite identical out-
comes, because at different times they possess different news-values; then to be fair we
should also exclude the causal agent’s protest that two decisions are not equivalent, de-
spite identical outcomes, because at different times they bear different causal relations.

Advocates of causal decision theory (which has a long and honorable tradition in
academic discussion) may feel that I am trying to slip something under the rug with
this argument—that in some subtle way I assume that which I set out to argue. In the
next section, discussing the role of invariance in decision problems, I will bring out my
hidden assumption explicitly, and say under what criteria it does or does not hold; so at
least I cannot be accused of subtlety. Since I do not feel that I have yet made the case
for a purely outcome-oriented definition of time-invariance, I will not further press the
case against causal decision theory in this section.

I do feel I have fairly made my case that Newcomb’s Problem and Solomon’s Problem
have different structures. This structural difference is evidenced by the different precom-
mitments which evidential theory and causal theory agree would dominate in Newcomb’s
Problem and Solomon’s Problem respectively.

Nozick (1969) begins by presenting Newcomb’s Problem as a conflict between the
principle of maximizing expected utility and the principle of dominance. Shortly after-
ward, Nozick introduces the distinction between probabilistic independence and causal
independence, suggesting that the dominance principle should apply only when states
are causally independent of actions. In effect this reframed Newcomb’s Problem as a con-
flict between the principle of maximizing evidential expected utility and the principle
of maximizing causal expected utility, a line of attack which dominated nearly all later
discussion.

I think there are many people—especially, people who have not previously been in-
culcated in formal decision theory—who would say that the most appealing decision is
to take only box B in Newcomb’s Problem, and to eat vanilla ice cream in Newcomb’s
Soda.

After writing the previous sentence, I posed these two dilemmas to four friends of
mine who had not already heard of Newcomb’s Problem. (Unfortunately most of my
friends have already heard of Newcomb’s Problem, and hence are no longer “naive rea-
soners” for the purpose of psychological experiments.) I told each friend that the Pre-
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dictor had been observed to correctly predict the decision of 90% of one-boxers and also
90% of two-boxers. For the second dilemma I specified that 90% of people who ate
vanilla ice cream did in fact drink the Vanilla Soda and likewise with chocolate eaters
and Chocolate Soda. Thus the internal payoffs and probabilities were symmetrical be-
tween Newcomb’s Problem and Newcomb’s Soda. One of my friends was a two-boxer;
and of course he also ate vanilla ice cream in Newcomb’s Soda. My other three friends
answered that they would one-box on Newcomb’s Problem. I then posed Newcomb’s
Soda. Two friends answered immediately that they would eat the vanilla ice cream; one
friend said chocolate, but then said, wait, let me reconsider, and answered vanilla. Two
friends felt that their answers of “only box B” and “vanilla ice cream”were perfectly con-
sistent; my third friend felt that these answers were inconsistent in some way, but said
that he would stick by them regardless.

This is a small sample size. But it does confirm to some degree that some naive
humans who one-box on Newcomb’s Problem would also eat vanilla ice cream in New-
comb’s Soda.

Traditionally people who give the “evidential answer” to Newcomb’s Problem and
the “causal answer” to Solomon’s Problem are regarded as vacillating between evidential
decision theory and causal decision theory. The more so, as Newcomb’s Problem and
Solomon’s Problem have been considered identically structured—in which case any per-
ceived difference between them would stem from psychological framing effects. Thus, I
introduced the idea of precommitment to show that Newcomb’s Problem and Solomon’s
Problem are not identically structured. Thus, I introduced the idea of dynamic consis-
tency to show that my friends who chose one box and ate vanilla ice cream gave interesting
responses—responses with the admirable harmony that my friends would precommit to
the same actions they would choose in-the-moment.

There is a potential logical flaw in the very first paper ever published on Newcomb’s
Problem, in Nozick’s assumption that evidential decision theory has anything whatsoever
to do with a one-box response. It is the retroductive fallacy: “All evidential agents choose
only one box; the human Bob chooses only one box; therefore the human Bob is an ev-
idential agent.” When we test evidential decision theory as a psychological hypothesis for
a human decision algorithm, observation frequently contradicts the hypothesis. It is not
uncommon—my own small experience suggests it is the usual case—to find someone
who one-boxes on Newcomb’s Problem yet endorses the “causal” decision in variants of
Solomon’s Problem. So evidential decision theory, considered as an algorithmic hypoth-
esis, explains the psychological phenomenon (Newcomb’s Problem) which it was first
invented to describe; but evidential decision theory does not successfully predict other
psychological phenomena (Solomon’s Problem). We should readily abandon the evi-
dential theory in favor of an alternative psychological hypothesis, if a better hypothesis
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presents itself—a hypothesis that predicts a broader range of phenomena or has simpler
mechanics.

What sort of hypothesis would explain people who choose one box in Newcomb’s
Problem and who send for another’s spouse, smoke, or chew gum in Solomon’s Prob-
lem? Nozick (1993) proposed that humans use a weighted mix of causal utilities and
evidential utilities. Nozick suggested that people one-box in Newcomb’s Problem be-
cause the differential evidential expected utility of one-boxing is overwhelmingly high,
compared to the differential causal expected utilities. On the evidential view a mil-
lion dollars is at stake; on the causal view a mere thousand dollars is at stake. On any
weighting that takes both evidential utility and causal utility noticeably into account, the
evidential differentials in Newcomb’s Problem will swamp the causal differentials. Thus
Nozick’s psychological hypothesis retrodicts the observation that many people choose
only one box in Newcomb’s Problem; yet send for another’s spouse, smoke, or chew gum
in Solomon’s Problem. In Solomon’s Problem as usually presented, the evidential utility
does not completely swamp the causal utility.

Ledwig (2000) complains that formal decision theories which select only one box in
Newcomb’s Problem are rare (in fact, Ledwig says that the evidential decision theory of
Jeffrey [1983] is the only such theory he knows); and goes on to sigh that “Argumentative
only-1-box-solutions (without providing a rational decision theory) for Nozick’s original
version of Newcomb’s problem are presented over and over again, though.” Ledwig’s
stance seems to be that although taking only one box is very appealing to naive reasoners,
it is difficult to justify it within a rational decision theory.

I reply that it is wise to value winning over the possession of a rational decision theory,
just as it is wise to value truth over adherence to a particular mode of reasoning. An
expected utility maximizer should maximize utility—not formality, reasonableness, or
defensibility.

Of course I am not without sympathy to Ledwig’s complaint. Indeed, the point of this
paper is to present a systematic decision procedure which ends up maximally rewarded
when challenged by Newcomblike problems. It is surely better to have a rational decision
theory than to not have one. All else being equal, the more formalizable our procedures,
the better. An algorithm reduced to mathematical clarity is likely to shed more light
on underlying principles than a verbal prescription. But it is not the goal in Newcomb’s
Problem to be reasonable or formal, but to walk off with the maximum sum of money.
Just as the goal of science is to uncover truth, not to be scientific. People succeeded in
transitioning from Aristotelian authority to science at least partially because they could
appreciate the value of truth, apart from valuing authoritarianism or scientism.

It is surely the job of decision theorists to systematize and formalize the principles
involved in deciding rationally; but we should not lose sight of which decision results in

15



Timeless Decision Theory

attaining the ends that we desire. If one’s daily work consists of arguing for and against
the reasonableness of decision algorithms, one may develop a different apprehension of
reasonableness than if one’s daily work consisted of confronting real-world Newcomblike
problems, watching naive reasoners walk off with all the money while you struggle to
survive on a grad student’s salary. But it is the latter situation that we are actually trying
to prescribe—not, how to win arguments about Newcomblike problems, but how to
maximize utility on Newcomblike problems.

Can Nozick’s mixture hypothesis explain people who say that you should take only
box B, and also eat vanilla ice cream in Newcomb’s Soda? No: Newcomb’s Soda is
a precise inverse of Newcomb’s Problem, including the million dollars at stake according
to evidential decision theory, and the mere thousand dollars at stake according to causal
decision theory. It is apparent that my friends who would take only box B in Newcomb’s
Problem, and who also wished to eat vanilla ice cream with Newcomb’s Soda, completely
ignored the prescription of evidential theory. For evidential theory would advise them
that they must eat chocolate ice cream, on pain of losing a million dollars. Again, my
friends were naive reasoners with respect to Newcomblike problems.

If Newcomb’s Problem and Newcomb’s Soda expose a coherent decision principle
that leads to choosing only B and choosing vanilla ice cream, then it is clear that this
coherent principle may be brought into conflict with either evidential expected utility
(Newcomb’s Soda) or causal expected utility (Newcomb’s Problem). That the principle
is coherent is a controversial suggestion—why should we believe that mere naive rea-
soners are coherent, when humans are so frequently inconsistent on problems like the
Allais Paradox? As suggestive evidence I observe that my naive friends’observed choices
have the intriguing property of being consistent with the preferred precommitment. My
friends’ past and future selves may not be set to war one against the other, nor may pre-
commitment costs be swindled from them. This harmony is absent from the evidential
decision principle and the causal decision principle. Should we not give naive reasoners
the benefit of the doubt, that they may think more coherently than has heretofore been
appreciated? Sometimes the common-sense answer is wrong and naive reasoning goes
astray; aye, that is a lesson of science; but it is also a lesson that sometimes common
sense turns out to be right.

If so, then perhaps Newcomb’s Problem brings causal expected utility into conflict
with this third principle, and therefore is used by one-boxers to argue against the prudence
of causal decision theory. Similarly, Solomon’s Problem brings into conflict evidential
expected utility on the one hand, and the third principle on the other hand, and therefore
Solomon’s Problem appears as an argument against evidential decision theory.

Considering the blood, sweat and ink poured into framing Newcomb’s Problem as
a conflict between evidential expected utility and causal expected utility, it is no trivial
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task to reconsider the entire problem. Along with the evidential-versus-causal debate
there are certain methods, rules of argument, that have become implicitly accepted in
the field of decision theory. I wish to present not just an alternate answer to Newcomb’s
Problem, or even a new formal decision theory, but also to introduce different ways of
thinking about dilemmas.

3. Invariance and Reflective Consistency
In the previous section, I defined time-invariance of a dilemma as requiring the invari-
ance of agents’ outcomes given a fixed decision and different times at which the decision
was made. In the field of physics, the invariances of a problem are important, and physi-
cists are trained to notice them. Physicists consider the law known as conservation of
energy a consequence of the fact that the laws of physics do not vary with time. Or to
be precise, that the laws of physics are invariant under translation in time. Or to be even
more precise, that all equations relating physical variables take on the same form when
we apply the coordinate transform t0 = t+ x where x is a constant.

Physical equations are invariant under coordinate transforms that describe rotation
in space, which corresponds to the principle of conservation of angular momentum.
Maxwell’s Equations are invariant (the measured speed of light is the same) when time
and space coordinates transform in a fashion that we now call the theory of Special Rel-
ativity. For more on the importance physicists attach to invariance under transforming
coordinates, see The Feynman Lectures on Physics (Feynman, Leighton, and Sands 1963,
vol. 3 chap. 17). Invariance is interesting; that is one of the ways that physicists have
learned to think.

I want to make a very loose analogy here to decision theory, and offer the idea that
there are decision principles which correspond to certain kinds of invariance in dilem-
mas. For example, there is a correspondence between time-invariance in a dilemma, and
dynamic consistency in decision-making. If a dilemma is not time-invariant, so that it
makes a difference when you make your decision to perform a fixed action at a fixed
time, then we have no right to criticize agents who pay precommitment costs, or enforce
mental resolutions against their own anticipated future preferences.

The hidden question—the subtle assumption—is how to determine whether it makes
a “difference”at what time you decide. For example, an evidential decision theorist might
say that two decisions are different precisely in the case that they bear different news-
values, in which case Newcomb’s Soda is not time-invariant because deciding on the
same action at different times carries different news-values. Or a causal decision theo-
rist might say that two decisions are different precisely in the case that they bear different
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causal relations, in which case Newcomb’s Problem is not time-invariant because decid-
ing on the same action at different times carries different causal relations.

In the previous section I declared that my own criterion for time-invariance was iden-
tity of outcome. If agents who decide at different times experience different outcomes,
then agents who pay an extra precommitment cost to decide early may do reliably better
than agents who make the same decision in-the-moment. Conversely, if agents who de-
cide at different times experience the same outcome, then you cannot do reliably better
by paying a precommitment cost.

How to choose which criterion of difference should determine our criterion of invari-
ance?

To move closer to the heart of this issue, I wish to generalize the notion of dynamic
consistency to the notion of reflective consistency. A decision algorithm is reflectively incon-
sistent whenever an agent using that algorithm wishes she possessed a different decision
algorithm. Imagine that a decision agent possesses the ability to choose among decision
algorithms—perhaps she is a self-modifying Artificial Intelligence with the ability to
rewrite her source code, or more mundanely a human pondering different philosophies
of decision.

If a self-modifying Artificial Intelligence, who implements some particular decision
algorithm, ponders her anticipated future and rewrites herself because she would rather
have a different decision algorithm, then her old algorithm was reflectively inconsistent.
Her old decision algorithm was unstable; it defined desirability and expectation such
that an alternate decision algorithm appeared more desirable, not just under its own
rules, but under her current rules.

I have never seen a formal framework for computing the relative expected utility of
different abstract decision algorithms, and until someone invents such, arguments about
reflective inconsistency will remain less formal than analyses of dynamic inconsistency.
One may formally illustrate reflective inconsistency only for specific concrete problems,
where we can directly compute the alternate prescriptions and alternate consequences
of different algorithms. It is clear nonetheless that reflective inconsistency generalizes
dynamic inconsistency: All dynamically inconsistent agents are reflectively inconsistent,
because they wish their future algorithm was such as to make a different decision.

What if an agent is not self-modifying? Any case of wistful regret that one does
not implement an alternative decision algorithm similarly shows reflective inconsistency.
A two-boxer who, contemplating Newcomb’s Problem in advance, wistfully regrets not
being a single-boxer, is reflectively inconsistent.

I hold that under certain circumstances, agents may be reflectively inconsistent with-
out that implying their prior irrationality. Suppose that you are a self-modifying expected
utility maximizer, and the parent of a three-year-old daughter. You face a superintelli-
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gent entity who sets before you two boxes, A and B. Box A contains a thousand dollars
and box B contains two thousand dollars. The superintelligence delivers to you this
edict: Either choose between the two boxes according to the criterion of choosing the option
that comes first in alphabetical order, or the superintelligence will kill your three-year-old
daughter.

You cannot win on this problem by choosing box A because you believe this choice
saves your daughter and maximizes expected utility. The superintelligence has the capa-
bility to monitor your thoughts—not just predict them but monitor them directly—and
will kill your daughter unless you implement a particular kind of decision algorithm in
coming to your choice, irrespective of any actual choice you make. A human, in this
scenario, might well be out of luck. We cannot stop ourselves from considering the
consequences of our actions; it is what we are.

But suppose you are a self-modifying agent, such as an Artificial Intelligence with full
access to her own source code. If you attach a sufficiently high utility to your daughter’s
life, you can save her by executing a simple modification to your decision algorithm. The
source code for the old algorithm might be described in English as “Choose the action
whose anticipated consequences have maximal expected utility.” The new algorithm’s
source code might read “Choose the action whose anticipated consequences have maxi-
mal expected utility, unless between 7AM and 8AM on July 3rd, 2109 A.D., I am faced
with a choice between two labeled boxes, in which case, choose the box that comes alpha-
betically first without calculating the anticipated consequences of this decision.” When
the new decision algorithm executes, the superintelligence observes that you have chosen
box A according to an alphabetical decision algorithm, and therefore does not kill your
daughter. We will presume that the superintelligence does consider this satisfactory;
and that choosing the alphabetically first action by executing code which calculates the
expected utility of this action’s probable consequences and compares it to the expected
utility of other actions, would not placate the superintelligence.

So in this particular dilemma of the Alphabetical Box,we have a scenario where a self-
modifying decision agent would rather alphabetize than maximize expected utility. We
can postulate a nicer version of the dilemma, in which opaque box A contains a million
dollars if and only if the Predictor believes you will choose your box by alphabetizing.
On this dilemma, agents who alphabetize do systematically better—experience reliably
better outcomes—than agents who maximize expected utility.

But I do not think this dilemma of the Alphabetical Box shows that choosing the al-
phabetically first decision is more rational than maximizing expected utility. I do not
think this dilemma shows a defect in rationality’s prescription to predict the conse-
quences of alternative decisions, even though this prescription is reflectively inconsistent
given the dilemma of the Alphabetical Box. The dilemma’s mechanism invokes a super-
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intelligence who shows prejudice in favor of a particular decision algorithm, in the course
of purporting to demonstrate that agents who implement this algorithm do systemati-
cally better.

Therefore I cannot say: If there exists any dilemma that would render an agent reflec-
tively inconsistent, that agent is irrational. The criterion is definitely too broad. Perhaps
a superintelligence says: “Change your algorithm to alphabetization or I’ll wipe out your
entire species.” An expected utility maximizer may deem it rational to self-modify her
algorithm under such circumstances, but this does not reflect poorly on the original
algorithm of expected utility maximization. Indeed, I would look unfavorably on the ra-
tionality of any decision algorithm that did not execute a self-modifying action, in such
desperate circumstance.

To make reflective inconsistency an interesting criterion of irrationality, we have to
restrict the range of dilemmas considered fair. I will say that I consider a dilemma “fair,”
if when an agent underperforms other agents on the dilemma, I consider this to speak
poorly of that agent’s rationality. To strengthen the judgment of irrationality, I require
that the “irrational” agent should systematically underperform other agents in the long
run, rather than losing once by luck. (Someone wins the lottery every week, and his
decision to buy a lottery ticket was irrational, whereas the decision of a rationalist not to
buy the same lottery ticket was rational. Let the lucky winner spend as much money as he
wants on more lottery tickets; the more he spends, the more surely he will see a net loss on
his investment.) I further strengthen the judgment of irrationality by requiring that the
“irrational”agent anticipate underperforming other agents; that is,her underperformance
is not due to unforeseen catastrophe. (Aaron McBride: “When you know better, and
you still make the mistake, that’s when ignorance becomes stupidity.”)

But this criterion of de facto underperformance is still not sufficient to reflective
inconsistency. For example, all of these requirements are satisfied for a causal agent
in Solomon’s Problem. In the chewing-gum throat-abscess problem, people who are
CGTA-negative tend to avoid gum and also have much lower throat-abscess rates.
A CGTA-positive causal agent may chew gum, systematically underperform
CGTA-negative gum-avoiders in the long run, and even anticipate underperforming
gum-avoiders, but none of this reflects poorly on the agent’s rationality. A CGTA-
negative agent will do better than a CGTA-positive agent regardless of what either
agent decides; the background of the problem treats them differently. Nor is the CGTA-
positive agent who chews gum reflectively inconsistent—she may wish she had different
genes, but she doesn’t wish she had a different decision algorithm.

With this concession in mind—that observed underperformance does not always
imply reflective inconsistency, and that reflective inconsistency does not always show
irrationality—I hope causal decision theorists will concede that, as a matter of straight-
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forward fact, causal decision agents are reflectively inconsistent on Newcomb’s Problem.
A causal agent that expects to face a Newcomb’s Problem in the near future, whose cur-
rent decision algorithm reads “Choose the action whose anticipated causal consequences
have maximal expected utility,” and who considers the two actions “Leave my decision
algorithm as is” or “Execute a self-modifying rewrite to the decision algorithm ‘Choose
the action whose anticipated causal consequences have maximal expected utility, unless
faced with Newcomb’s Problem, in which case choose only box B,’ ” will evaluate the
rewrite as having more desirable (causal) consequences. Switching to the new algorithm
in advance of actually confronting Newcomb’s Problem, directly causes box B to con-
tain a million dollars and a payoff of $1,000,000; whereas the action of keeping the old
algorithm directly causes box B to be empty and a payoff of $1,000.

Causal decision theorists may dispute that Newcomb’s Problem reveals a dynamic
inconsistency in causal decision theory. There is no actual preference reversal between
two outcomes or two gambles. But reflective inconsistency generalizes dynamic incon-
sistency. All dynamically inconsistent agents are reflectively inconsistent, but the con-
verse does not apply—for example, being confronted with an Alphabetical Box problem
does not render you dynamically inconsistent. It should not be in doubt that Newcomb’s
Problem renders a causal decision algorithm reflectively inconsistent. On Newcomb’s
Problem a causal agent systematically underperforms single-boxing agents; the causal
agent anticipates this in advance; and a causal agent would prefer to self-modify to a
different decision algorithm.

But does a causal agent necessarily prefer to self-modify? Isaac Asimov once said of
Newcomb’s Problem that he would choose only box A. Perhaps a causal decision agent
is proud of his rationality, holding clear thought sacred. Above all other considerations!
Such an agent will contemptuously refuse the Predictor’s bribe, showing not even wist-
ful regret. No amount of money can convince this agent to behave as if his button-press
controlled the contents of box B, when the plain fact of the matter is that box B is
already filled or already empty. Even if the agent could self-modify to single-box on
Newcomb’s Problem in advance of the Predictor’s move, the agent would refuse to do
so. The agent attaches such high utility to a particular mode of thinking, apart from the
actual consequences of such thinking, that no possible bribe can make up for the disu-
tility of departing from treasured rationality. So the agent is reflectively consistent, but
only trivially so, i.e., because of an immense, explicit utility attached to implementing
a particular decision algorithm, apart from the decisions produced or their consequences.

On the other hand, suppose that a causal decision agent has no attachment whatso-
ever to a particular mode of thinking—the causal decision agent cares nothing whatsoever
for rationality. Rather than love of clear thought, the agent is driven solely by greed; the
agent computes only the expected monetary reward in Newcomblike problems. (Or if

21



Timeless Decision Theory

you demand a psychologically realistic dilemma, let box B possibly contain a cure for your
daughter’s cancer—just to be sure that the outcome matters more to you than the pro-
cess.) If a causal agent first considers Newcomb’s Problem while staring at box B which
is already full or empty, the causal agent will compute that taking both boxes maximizes
expected utility. But if a causal agent considers Newcomb’s Problem in advance and as-
signs significant probability to encountering a future instance of Newcomb’s Problem,
the causal agent will prefer, to an unmodified algorithm, an algorithm that is otherwise
the same except for choosing only box B. I do not say that the causal agent will choose
to self-modify to the “patched”algorithm—the agent might prefer some third algorithm
to both the current algorithm and the patched algorithm. But if a decision agent, facing
some dilemma, prefers any algorithm to her current algorithm, that dilemma renders the
agent reflectively inconsistent. The question then becomes whether the causal agent’s re-
flective inconsistency reflects a dilemma, Newcomb’s Problem, which is just as unfair as
the Alphabetical Box.

The idea that Newcomb’s Problem is unfair to causal decision theorists is not my own
invention. From Gibbard and Harper (1978):

U-maximization [causal decision theory] prescribes taking both boxes. To
some people, this prescription seems irrational. One possible argument
against it takes roughly the form “If you’re so smart, why ain’t you rich?”
V-maximizers [evidential agents] tend to leave the experiment millionaires
whereas U-maximizers [causal agents] do not. Both very much want to be
millionaires, and the V-maximizers usually succeed; hence it must be the V-
maximizers who are making the rational choice. We take the moral of the
paradox to be something else: if someone is very good at predicting behav-
ior and rewards predicted irrationality richly, then irrationality will be richly
rewarded.

The argument here seems to be that causal decision theorists are rational, but systemat-
ically underperform on Newcomb’s Problem because the Predictor despises rationalists.
Let’s flesh out this argument. Suppose there exists some decision theory Q,whose agents
decide in such fashion that they choose to take only one box in Newcomb’s Problem. The
Q-theorists inquire of the causal decision theorist: “If causal decision theory is rational,
why do Q-agents do systematically better than causal agents on Newcomb’s Problem?”
The causal decision theorist replies: “The Predictor you postulate has decided to punish
rational agents, and there is nothing I can do about that. I can just as easily postulate
a Predictor who decides to punish Q-agents, in which case you would do worse than I.”

I can indeed imagine a scenario in which a Predictor decides to punish Q-agents.
Suppose that at 7AM, the Predictor inspects Quenya’s state and determines whether
or not Quenya is a Q-agent. The Predictor is filled with a burning, fiery hatred for Q-
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agents; so if Quenya is a Q-agent, the Predictor leaves box B empty. Otherwise the
Predictor fills box B with a million dollars. In this situation it is better to be a causal de-
cision theorist, or an evidential decision theorist, than a Q-agent. And in this situation,
all agents take both boxes because there is no particular reason to leave behind box A.
The outcome is completely independent of the agent’s decision—causally independent,
probabilistically independent, just plain independent.

We can postulate Predictors that punish causal decision agents regardless of their de-
cisions, or Predictors that punish Q-agents regardless of their decisions. We excuse the
resulting underperformance by saying that the Predictor is moved internally by a par-
ticular hatred for these kinds of agents. But suppose the Predictor is, internally, utterly
indifferent to what sort of mind you are and which algorithm you use to arrive at your
decision. The Predictor cares as little for rationality, as does a greedy agent who de-
sires only gold. Internally, the Predictor cares only about your decision, and judges you
only according to the Predictor’s reliable prediction of your decision. Whether you ar-
rive at your decision by maximizing expected utility, or by choosing the first decision
in alphabetical order, the Predictor’s treatment of you is the same. Then an agent who
takes only box B for whatever reason ends up with the best available outcome, while the
causal decision agent goes on pleading that the Predictor is filled with a special hatred
for rationalists.

Perhaps a decision agent who always chose the first decision in alphabetical order
(given some fixed algorithm for describing options in English sentences) would plead
that Nature hates rationalists because in most real-life problems the best decision is not
the first decision in alphabetical order. But alphabetizing agents do well only on prob-
lems that have been carefully designed to favor alphabetizing agents. An expected utility
maximizer can succeed even on problems designed for the convenience of alphabetizers,
if the expected utility maximizer knows enough to calculate that the alphabetically first
decision has maximum expected utility, and if the problem structure is such that all agents
who make the same decision receive the same payoff regardless of which algorithm produced the
decision.

This last requirement is the critical one; I will call it decision-determination. Since
a problem strictly determined by agent decisions has no remaining room for sensitivity
to differences of algorithm, I will also say that the dilemma has the property of being
algorithm-invariant. (Though to be truly precise we should say: algorithm-invariant
given a fixed decision.)

Nearly all dilemmas discussed in the literature are algorithm-invariant. Algorithm-
invariance is implied by very act of setting down a payoff matrix whose row keys are
decisions, not algorithms. What outrage would result, if a respected decision theorist
proposed as proof of the rationality of Q-theory: “Suppose that in problem X, we have
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an algorithm-indexed payoff matrix in which Q-theorists receive $1,000,000 payoffs,
while causal decision theorists receive $1,000 payoffs. Since Q-agents outperform causal
agents on this problem, this shows that Q-theory is more rational.” No, we ask that
“rational” agents be clever—that they exert intelligence to sort out the differential con-
sequences of decisions—that they are not paid just for showing up. Even if an agent is
not intelligent, we expect that the alphabetizing agent, who happens to take the ratio-
nal action because it came alphabetically first, is rewarded no more and no less than an
expected utility maximizer on that single9 decision problem.

To underline the point: we are humans. Given a chance,we humans will turn princi-
ples or intuitions into timeless calves, and we will imagine that there is a magical princi-
ple that makes our particular mode of cognition intrinsically “rational” or good. But the
idea in decision theory is to move beyond this sort of social cognition by modeling the
expected consequences of various actions, and choosing the actions whose consequences
we find most appealing (regardless of whether the type of thinking that can get us these
appealing consequences “feels rational,” or matches our particular intuitions or idols).

Suppose that we observe some class of problem—whether a challenge from Nature
or a challenge from multi-player games—and some agents receive systematically higher
payoffs than other agents. This payoff difference may not reflect superior decision-making
capability by the better-performing agents. We find in the gum-chewing variant of
Solomon’s Problem that agents who avoid gum do systematically better than agents who
chew gum, but the performance difference stems from a favor shown these agents by the
background problem. We cannot say that all agents whose decision algorithms produce
a given output, regardless of the algorithm, do equally well on Solomon’s Problem.

Newcomb’s Problem as originally presented by Nozick is actually not
decision-determined. Nozick (1969) specified in footnote 1 that if the Predictor predicts
you will decide by flipping a coin, the Predictor leaves box B empty. Therefore Nozick’s
Predictor cares about the algorithm used to produce the decision, and not merely the de-
cision itself. An agent who chooses only B by flipping a coin does worse than an agent
who chooses only B by ratiocination. Let us assume unless otherwise specified that the
Predictor predicts equally reliably regardless of agent algorithm. Either you do not have
a coin in your pocket, or the Predictor has a sophisticated physical model which reliably
predicts your coinflips.

Newcomb’s Problem seems a forcible argument against causal decision theory because
of the decision-determination of Newcomb’s Problem. It is not just that some agents re-

9. In the long run the alphabetizing agent would be wise to choose some other philosophy. Unfortu-
nately, there is no decision theory that comes before “alphabetical”; the alphabetizer is consistent under
reflection.
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ceive systematically higher payoffs than causal agents, but that any agent whose decision
theory advocates taking only box B will do systematically better, regardless of how she
thought about the problem. Similarly, any agent whose decision theory advocates taking
both boxes will do as poorly as the causal agent, regardless of clever justifications. This
state of affairs is known to the causal agent in advance, yet this does not change the
causal agent’s strategy.

From Foundations of Causal Decision Theory (Joyce 1999):
Rachel has a perfectly good answer to the “Why ain’t you rich?” question. “I
am not rich,”she will say,“because I am not the kind of person the psychologist
thinks will refuse the money. I’m just not like you, Irene. Given that I know
that I am the type who takes the money, and given that the psychologist knows
that I am this type, it was reasonable of me to think that the $1,000,000 was
not in my account. The $1,000 was the most I was going to get no matter
what I did. So the only reasonable thing for me to do was to take it.”

Irene may want to press the point here by asking, “But don’t you wish you
were like me, Rachel? Don’t you wish that you were the refusing type?” There
is a tendency to think that Rachel, a committed causal decision theorist, must
answer this question in the negative,which seems obviously wrong (given that
being like Irene would have made her rich). This is not the case. Rachel can
and should admit that she does wish she were more like Irene. “It would have
been better for me,” she might concede, “had I been the refusing type.” At this
point Irene will exclaim, “You’ve admitted it! It wasn’t so smart to take the
money after all.” Unfortunately for Irene, her conclusion does not follow from
Rachel’s premise. Rachel will patiently explain that wishing to be a refuser in
a Newcomb problem is not inconsistent with thinking that one should take
the $1,000 whatever type one is. When Rachel wishes she was Irene’s type she
is wishing for Irene’s options, not sanctioning her choice.

Rachel does not wistfully wish to have a different algorithm per se, nor a different genetic
background. Rachel wishes, in the most general possible sense, that she were the type of
person who would take only box B. The specific reasons behind the wistful decision are
not given, only the decision itself. No other property of the wistfully desired “type” is
specified, nor is it relevant. Rachel wistfully wishes only that she were a member of the
entire class of agents who single-box on Newcomb’s Problem.

Rachel is reflectively inconsistent on a decision-determined problem—that is agreed
by all parties concerned. But for some reason Joyce does not think this is a problem. Is
there any way to translate Joyce’s defense into the new terminology I have introduced?
If a decision-determined problem is not “fair” to a causal decision theorist, what sort of
dilemma is fair?
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Imagine two vaccines A, B which may make a person sick for a day, a week, or
a month. Suppose that, as a matter of historical fact, we observe that nearly all agents
choose vaccine A,and all agents who choose A are sick for a week; a few agents choose B,
and all agents who choose B are sick for a month. Does this matter of historical record
prove that the problem is decision-determined and that the agents who choose A are
making the rational decision? No. Suppose there are two genotypes, GA and GB. All
agents of type GA, if they choose vaccine A, are sick for a week; and if they choose vac-
cine B they are sick for a month. All agents of type GB, if they choose vaccine A, are sick
for a week; and if they choose vaccine B they are sick for a day. It just so happens that,
among all the agents who have ever tried vaccine B, all of them happened to be of geno-
type GA. If nobody knows about this startling coincidence, then I do not think anyone
is being stupid in avoiding vaccine B. But suppose all the facts are known—the agents
know their own genotypes and they know that the consequences are different for differ-
ent genotypes. Then agents of genotype GB are foolish to choose vaccine A, and agents
of genotype GA act rationally in choosing vaccine A, even though they make identical
decisions and receive identical payoffs. So merely observing the history of a dilemma,
and seeing that all agents who did in fact make the same decision did in fact receive the
same payoffs, does not suffice to make that problem decision-determined.

How can we provide a stronger criterion of decision-determination? I would strengthen
the criterion by requiring that a “decision-determined”dilemma have a decision-determined
mechanism. That is, there exists some method for computing the outcome that accrues
to each particular agent. This computation constitutes the specification of the dilemma,
in fact. As decision theorists communicate their ideas with each other, they communi-
cate mechanisms. As agents arrive at beliefs about the nature of the problem they face,
they hypothesize mechanisms. The dilemma’s mechanism may invoke outside variables,
store values in them (reflecting changes to the state of the world), invoke random num-
bers (flip coins), all on the way to computing the final payoff—the agent’s experienced
outcome.

The constraint of decision-determination is this: At each step of the mechanism you
describe, you cannot refer to any property of an agent except the decision-type—what
sort of choice the agent makes on decision D, where D is a decision that the agent faces
in the past or future of the dilemma. Newcomb’s Problem has a decision-determined
mechanism. The mechanism of Newcomb’s Problem invokes the agent’s decision-type
twice, once at 7AM when we specify that the Predictor puts a million dollars in box B
if the agent is the sort of person who will only take one box, and again at 8AM, when
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we ask the agent’s decision-type in order to determine which boxes the agent actually
takes.10

At no point in specifying the mechanism of Newcomb’s Problem do we need to refer-
ence the agent’s genotype, algorithm, name, age, sex, or anything else except the agent’s
decision-type.

This constraint is both stronger and weaker than requiring that all agents who took
the same actions got the same payoffs in the dilemma’s observed history. In the previous
dilemma of vaccines, the mechanism made explicit mention of the genotypes of agents
in computing the consequences that accrue to those agents, but the mechanism was
implausibly balanced, and some agents implausibly foolish, in such way that all agents
who happened to make the same decision happened to experience the same outcome.
On the other hand, we can specify a mechanism in which the Predictor places a million
dollars in box B with 90% probability if the agent is the type of person who will choose
only box B. Now not all agents who make the same decision receive the same payoff in
observed history but the mechanism is still strictly decision-determined.

What class of dilemmas does a causal decision theorist deem “fair”? Causal agents
excel on the class of action-determined dilemmas—dilemmas whose mechanism makes
no mention of any property of the agent, except an action the agent has already actually
taken. This criterion makes Newcomb’s Problem unfair because Newcomb’s Problem
is not action-determined—Newcomb’s Problem makes reference to the decision-type,
what sort of decisions the agent will make, not strictly those decisions the agent has
already made.

Action-determined dilemmas, like decision-determined dilemmas, are necessarily
algorithm-invariant. If any step of the mechanism is sensitive to an agent’s algorithm,
then the mechanism is sensitive to something that is not the agent’s actual past action.

10. In some analyses, an agent’s action is treated as a separate proposition from the agent’s decision—
i.e., we find ourselves analyzing the outcome for an agent who decides to take only box B but who then acts
by taking both boxes. I make no such distinction. I am minded of a rabbi I once knew,who turned a corner
at a red light by driving through a gas station. The rabbi said that this was legally and ethically acceptable,
so long as when he first turned into the gas station he intended to buy gas, and then he changed his mind
and kept driving. We shall assume the Predictor is not fooled by such sophistries. By “decision-type” I
refer to the sort of actual action you end up taking, being the person that you are—not to any interim
resolutions you may make, or pretend to make, along the way. If there is some brain-seizure mechanism
that occasionally causes an agent to perform a different act then the one decided, we shall analyze this as
a stochastic mechanism from decision (or action) to further effects. We do not suppose any controllable
split between an agent’s decision and an agent’s act; anything you control is a decision. A causal agent,
analyzing the expected utility of different actions, would also need to take into account potential brain-
seizures in planning. “Decision” and “action” refer to identical decision-tree branch points, occurring prior
to any brain seizures. Without loss of generality, we may refer to the agent’s decision-type to determine
the agent’s action.
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So if causal agents excel on action-determined dilemmas, it’s not because those dilemmas
explicitly favor causal agents. And there is something fair-sounding, a scent of justice,
about holding an agent accountable only for actions the agent actually has performed, not
actions someone else thinks the agent will perform.

But decision-determination is not so broad a criterion of judgment as it may initially
sound. My definition specifies that the only decisions whose “types”are referenceable are
decisions that the agent does definitely face at some point in the dilemma’s future or past.
A decision-determined dilemma uses no additional information about the agent, relative
to an action-determined dilemma. Either way, the agent makes the same number of
choices and those choices strictly determine the outcome. We can translate any action-
determined mechanism into a decision-determined mechanism, but not vice versa. Any
reference to an agent’s actual action in decision D translates into “The type of choice the
agent makes in decision D.”

I propose that causal decision theory corresponds to the class of action-determined dilem-
mas. On action-determined dilemmas, where every effect of being “the sort of person
who makes decision D” follows the actual performance of the action, causal decision
theory returns the maximizing answer. On action-determined dilemmas, causal agents
exhibit no dynamic inconsistency, no willingness to pay precommitment costs, and no
negative information values. There is no type of agent and no algorithm that can outper-
form a causal agent on an action-determined dilemma. On action-determined dilem-
mas, causal agents are reflectively consistent.

Action-determined dilemmas are the lock into which causal decision theory fits as
key: there is a direct correspondence between the allowable causal influences in
an action-determined mechanism, and the allowable mental influences on decision in
a causal agent. In Newcomb’s Problem, the step wherein at 7AM the Predictor takes into
account the agent’s decision-type is a forbidden causal influence in an action-determined
dilemma, and correspondingly a causal agent is forbidden to represent that influence in
his decision. An agent whose mental representations correspond to the class of action-
determined dilemmas, can only treat the Predictor’s reliance on decision-type as reliance
on a fixed background property of an agent, analogous to a genetic property. Joyce’s
description of Irene and Rachel is consistent with this viewpoint. Rachel envies only
Irene’s options, the way a CGTA-positive agent might envy the CGTA-negative agent’s
options.

A causal agent systematically calculates and chooses the optimal action on action-
determined problems. On decision-determined problems which are not also action-
determined, the optimal action may not be the optimal decision. Suppose an agent
Gloria, who systematically calculates and chooses the optimal decision on all decision-
determined problems. By hypothesis in a decision-determined problem, there exists
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some mapping from decision-types to outcomes, or from decision-types to stochastic
outcomes (lotteries), and this mapping is the same for all agents. We allow both stochas-
tic and deterministic mechanisms in the dilemma specification, but the mechanism may
rely only on the agent’s decision-type and on no other property of the agent; this is
the definition of a decision-determined problem. Compounded deterministic mech-
anisms map decision-types to outcomes. Compounded stochastic mechanisms map
decision-types to stochastic outcomes—probability distributions over outcomes; lotter-
ies. We may directly take the utility of a deterministic outcome; we may calculate the
expected utility of a stochastic outcome. Thus in a decision-determined problem there
exists a mapping from decision-types onto expected utilities, given a utility function.

Suppose Gloria has true knowledge of the agent-universal fixed mapping from decision-
types onto stochastic outcomes. Then Gloria can map stochastic outcomes onto expected
utilities, and select a decision-type such that no other decision-type maps to greater ex-
pected utility; then take the corresponding decision at every juncture. Gloria, as con-
structed, is optimal on decision-determined problems. Gloria always behaves in such
a way that she has the decision-type she wishes she had. No other agent or algorithm
can systematically outperform Gloria on a decision-determined problem; on such prob-
lems Gloria is dynamically consistent and reflectively consistent. Gloria corresponds to
the class of decision-determined problems the way a causal agent corresponds to the
class of action-determined problems. Is Gloria rational? Regardless my point is that we
can in fact construct Gloria. Let us take Gloria as specified and analyze her.

4. Maximizing Decision-Determined Problems
Let Gloria be an agent who, having true knowledge of any decision-determined prob-
lem, calculates the invariant mapping between agent decision-types and (stochastic) out-
comes, and chooses a decision whose type receives a maximal expected payoff (according
to Gloria’s utility function over outcomes). The method that Gloria uses to break ties is
unimportant; let her alphabetize.

Gloria reasons as follows on Newcomb’s Problem: “An agent whose decision-type is
‘take two boxes’ receives $1,000 [with probability 90%, and $1,001,000 with probability
10%]. An agent whose decision-type is ‘take only B’ receives $1,000,000 [with proba-
bility 90%, and $0 with probability 10%]. I will therefore be an agent of the type who
takes only B.”Gloria then does take only box B.

Gloria only carries out the course of action to which causal agents would like to pre-
commit themselves. If Gloria faces a causal agent with the power of precommitment and
both consider Newcomb’s Problem in advance, Gloria can do no better than the causal
agent. Gloria’s distinctive capability is that she can compute her decisions on-the-fly.
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Gloria has no need of precommitment, and therefore, no need of advance information.
Gloria can systematically outperform resolute causal agents whenever agents are not told
which exact Newcomb’s Problem they will face,until after the Predictor has already made
its move. According to a causal decision agent who suddenly finds himself in the midst
of a Newcomb’s Problem, it is already too late for anything he does to affect the contents
of box B; there is no point in precommitting to take only box B after box B is already
full or empty. Gloria reasons in such fashion that the Predictor correctly concludes that
when Gloria suddenly finds herself in the midst of a Newcomb’s Problem, Gloria will
reason in such fashion as to take only box B. Thus when Gloria confronts box B, it is
already full. By Gloria’s nature, she always already has the decision-type causal agents
wish they had, without need of precommitment.

The causal agent Randy, watching Gloria make her decision, may call out to her:
“Don’t do it, Gloria! Take both boxes; you’ll be a thousand dollars richer!” When Gloria
takes only box B,Randy may be puzzled and dismayed, asking: “What’s wrong with you?
Don’t you believe that if you’d taken both boxes, you would have received $1,001,000 in-
stead of $1,000,000?” Randy may conclude that Gloria believes,wrongly and irrationally,
that her action physically affects box B in some way. But this is anthropomorphism, or
if you like, causalagentomorphism. A causal agent will single-box only if the causal
agent believes this action physically causes box B to be full. If a causal agent stood in
Gloria’s shoes and single-boxed, it would follow from his action that he believed his
action had a direct effect on box B. Gloria, as we have constructed her, need not work
this way; no such thought need cross her mind. Gloria constructs the invariant map
from decision-types to outcomes, then (predictably) makes the decision corresponding
to the decision-type whose associated outcome she assigns the greatest expected utility.
(From the Predictor’s perspective,Gloria already has, has always had, this decision-type.)
We can even suppose that Gloria is a short computer program, fed a specification of
a decision-determined problem in a tractably small XML file, so that we know Gloria
isn’t thinking the way a causal agent would need to think in her shoes in order to choose
only box B.

If we imagine Gloria to be possessed of a humanlike psychology, then she might
equally ask the causal agent, choosing both boxes: “Wait! Don’t you realize that your
decision-type had an influence on whether box B was full or empty?” The causal agent,
puzzled, replies: “What difference does that make?” Gloria says, “Well . . . don’t you need
to believe that whether you’re the sort of person who single-boxes or two-boxes had no
influence on box B, in order to believe that the sort of agents who two-box receive higher
expected payoffs than the sort of agents who single-box?” The causal agent, now really
confused, says: “But what does that have to do with anything?” And Gloria replies:
“Why, that’s the whole criterion by which I make decisions!”
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Again, at this point I have made no claim that Gloria is rational. I have only claimed
that, granted the notion of a decision-determined problem, we can construct Gloria, and
she matches or systematically outperforms every other agent on the class of decision-
determined problems, which includes most Newcomblike problems and Newcomb’s
Problem itself.

How can we explain the fact that Gloria outperforms causal agents on problems
which are decision-determined but not action-determined? I would point to a symmetry,
in Gloria’s case, between the facts that determine her decision, and the facts that her
decision-type determines. Gloria’s decision-type influences whether box B is empty or
full, as is the case for all agents in Newcomb’s Problem. Symmetrically, Gloria knows
that her decision-type influences box B, and this knowledge influences her decision and
hence her decision-type. Gloria’s decision-type, viewed as a timeless fact about her, is
influenced by everything which Gloria’s decision-type influences. Because of this, when
we plug Gloria into a decision-determined problem, she receives a maximal payoff.

The same symmetry holds for a causal agent on action-determined problems, which
is why a causal agent matches or outperforms all other agents on an action-determined
problem. On an action-determined problem, every outcome influenced by a causal
agent’s action may influence the causal agent, at least if the causal agent knows about it.

Suppose that at 7:00:00AM on Monday, causal agent Randy must choose between
pressing brown or orange buttons. If the brown button is pressed, it trips a lever which
delivers $1,000 to Randy. If the orange button is pressed, it pops a balloon which releases
$10,000 to Randy. Randy can only press one button.

It is impossible for a $10,000 payoff to Randy at 7:00:05AM to influence Randy’s
choice at 7:00:00AM. The future does not influence the past. This is the confusion of
“final causes” which misled Aristotle. But Randy’s belief that the orange button drops
$10,000 into his lap, can be considered as a physical cause—a physically real pattern of
neural firings. And this physical belief is active at 7:00:00AM, capable of influencing
Randy’s action. If Randy’s belief is accurate, he closes the loop between the future and the
past. The future consequence can be regarded as influencing the present action mediated
by Randy’s accurate belief.

Now suppose that the orange button, for some odd reason, also causes $1,000,000
not to be deposited into Randy’s account on Wednesday. That is, the deposit will happen
unless the orange button is pressed. If Randy believes this, then Randy will ordinarily not
press the orange button, pressing the brown button instead. But suppose Randy is not
aware of this fact. Or, even stranger, suppose that Randy is aware of this fact, but for some
reason the potential $1,000,000 is simply not allowed to enter into Randy’s deliberations.
This breaks the symmetry—there is now some effect of Randy’s action, which is not also
a cause of Randy’s action via Randy’s present knowledge of the effect. The full effect on
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Randy will be determined by all the effects of Randy’s action,whereas Randy determines
his action by optimizing over a subset of the effects of Randy’s action. Since Randy only
takes into account the $1,000 and $10,000 effects, Randy chooses in such fashion as
to bring about the $10,000 effect by pressing the orange button. Unfortunately this
foregoes a $1,000,000 gain. The potential future effects of $1,000,000, $10,000, and
$1000 are now determined by the influence of only the $10,000 and $1,000 effects on
Randy’s deliberations. Alas for Randy that his symmetry broke. Now other agents can
systematically outperform him.

Gloria, if we presume that she has a sufficiently humanlike psychology, might sim-
ilarly criticize causal agents on Newcomb’s Problem. “The sort of decision an agent
makes, being the person that he is” determines the Predictor’s prediction and hence the
content of box B, yet causal agents do not permit their knowledge of this link to enter
into their deliberations. Hence it does not influence their decision, hence it does not in-
fluence the sort of decision that they make being the people that they are. On a decision-
determined problem Gloria makes sure that every known facet of the dilemma’s mech-
anism which depends on “What sort of decision Gloria makes, being the person that
she is,” enters into Gloria’s deliberations as an influence on her decision—maintaining
the symmetric link between outcomes and the determinant of outcomes. Similarly, in
an action-determined problem, a causal agent will try to ensure that every belief he has
about the effect of his action, enters into his deliberations to influence his action. Call
this determinative symmetry. On an X-determined dilemma (e.g. decision-determined,
action-determined), determinative symmetry holds when every facet of the problem
(which we believe) X determines, helps determine X (in our deliberations).

Let Reena be a resolute causal agent. Suppose Reena is told that she will face a
decision-determined Newcomblike Problem, but not what kind of problem, so that
Reena cannot precommit to a specific choice. Then Reena may make the fully general
resolution, “I will do whatever Gloria would do in my shoes on this upcoming problem.”
But what if Reena anticipates that she might be plunged into the midst of a Newcomb-
like problem without warning? Reena may resolve, “On any problem I ever encounter
that is decision-determined but not action-determined, I will do what Gloria would do
in my shoes.” On action-determined problems, Gloria reduces to Reena. So Reena,
making her fully general resolution, transforms herself wholly into Gloria. We might
say that Reena reflectively reduces to Gloria.

Why does this happen to Reena? In the moment of decision, plunged in the midst
of Newcomb’s Paradox without the opportunity to make resolutions, Reena reasons that
the contents of box B are already fixed, regardless of her action. Looking into the future
in advance of the Predictor’s move, Reena reasons that any change of algorithm, or res-
olution which she now makes, will alter not only her decision but her decision-type. If
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Reena resolves to act on a different criterion in a Newcomblike problem, Reena sees this
as not only affecting her action in-the-moment, but also as affecting “the sort of decision
I make, being the person that I am” which plays a role in Newcomblike problems. For
example, if Reena considers irrevocably resolving to take only box B, in advance, Reena
expects this to have two effects: (a) future-Reena will take only box B (b) the Predictor
will predict that future-Reena will take only box B.

When Reena considers the future effect of resolving irrevocably or changing her own
decision algorithm, Reena sees this choice as affecting both her action and her decision-
type. Thus Reena sees her resolution or self-modification as having causal consequences
for all variables which a decision-type determines. Reena looking into her future takes
into account precisely the same considerations as does Gloria in her present. Reena
is determinatively symmetric when she sees the problem ahead of time. Thus Reena,
choosing between algorithms in advance, reflectively reduces to Gloria.

In Section 3 I said:
An evidential decision theorist might say that two decisions are different pre-
cisely in the case that they bear different news-values, in which case New-
comb’s Soda is not time-invariant because deciding on the same action at dif-
ferent times carries different news-values. Or a causal decision theorist might
say that two decisions are different precisely in the case that they bear differ-
ent causal relations, in which case Newcomb’s Problem is not time-invariant
because deciding on the same action at different times carries different causal
relations.

In the previous section I declared that my own criterion for time-invariance
was identity of outcome. If agents who decide at different times experience
different outcomes, then agents who pay an extra precommitment cost to de-
cide early may do reliably better than agents who make the same decision in-
the-moment. Conversely, if agents who decide at different times experience
the same outcome, then you cannot do reliably better by paying a precommit-
ment cost.

How to choose which criterion of difference should determine our criterion
of invariance? To move closer to the heart of this issue, I wish to generalize
the notion of dynamic consistency to the notion of reflective consistency. . . .

It is now possible for me to justify concisely my original definition of time-invariance,
which focused only on the experienced outcomes for agents who decide a fixed action at
different times. A self-modifying agent, looking into the future and choosing between
algorithms, and who does not attach any utility to a specific algorithm apart from its
consequences, will evaluate two algorithms A and B as equivalent whenever agents with
algorithms A or B always receive the same payoffs. Let Elan be an evidential agent.
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Suppose Elan reflectively evaluates the consequences of self-modifying to algorithms A
and B. If algorithms A and B always make the same decisions but decide in different
ways at different times (for example, algorithm A is Gloria, and algorithm B is resolute
Reena), and the problem is time-invariant as I defined it (invariance of outcomes only),
then Elan will evaluate A and B as having the same utility. Unless Elan attaches intrinsic
utility to possessing a particular algorithm, apart from its consequences; but we have said
Elan does not do this. It is of no consequence to Elan whether the two decisions, at dif-
ferent times, have different news-values for the future-Elan who makes the decision. To
evaluate the expected utility of a self-modification, Elan evaluates utility only over the
expected outcomes for future-Elan.

Similarly with causal agent Reena,who attaches no intrinsic utility to causal decision
theory apart from the outcomes it achieves. Reena, extrapolating forward the effects
of adopting a particular algorithm, does not need to notice when algorithm A makes
a decision at 7AM that bears a different causal relation (but the same experienced out-
come) than algorithm B making the same decision at 8AM. Reena is not evaluating
the expected utility of self-modifications over internal features of the algorithm, such
as whether the algorithm conforms to a particular mode of reasoning. So far as Reena
is concerned, if you can do better by alphabetizing, all to the good. Reena starts out
as a causal agent, and she will use causal decision theory to extrapolate the future and
decide which considered algorithm has the highest expected utility. But Reena is not
explicitly prejudiced in favor of causal decision theory; she uses causal decision theory
implicitly to ask which choice of algorithm leads to which outcome, but she does not
explicitly compare a considered self-modification against her current algorithm.

The concept of “reflective consistency” forces my particular criterion for
time-invariance of a dilemma. Reflective agents who attach no special utility to algo-
rithms apart from their expected consequences, considering a time-invariant dilemma,
will consider two algorithms as equivalent (because of equivalent expected outcomes), if
the only difference between the two algorithms is that they make the same fixed deci-
sions at different times. Therefore, if on a time-invariant dilemma, an agent prefers dif-
ferent decisions about a fixed dilemma at different times, leading to different outcomes
with different utilities, at least one of those decisions must imply the agent’s reflective
inconsistency.

Suppose that at 7AM the agent decides to take action A at 9AM, and at 8AM the
agent decides to take action B at 9AM, where the experienced outcomes are the same
regardless of the decision time, but different for actions A and B, and the different out-
comes have different utilities. Now let the agent consider the entire problem in advance
at 6AM.Either agents who take action A at 7AM do better than agents who take action
B at 8AM, in which case it is an improvement to have an algorithm that replicates the
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7AM decision at 8AM; or agents who take action B at 8AM do better than agents who
take action A at 7AM, in which case it is better to have an algorithm that replicates the
8AM decision at 7AM.

Let time-invariance be defined only over agents experiencing the same outcome regard-
less of at what different times they decide to perform a fixed action at a fixed time.
Then any agent who would prefer different precommitments at different times—without
having learned new information, and with different outcomes with different utilities
resulting—will be reflectively inconsistent. Therefore I suggest that we should call an
agent dynamically inconsistent if they are reflectively inconsistent, in this way, on a time-
invariant problem. If we define time-invariance of a dilemma not in terms of experienced
outcomes—for example, by specifying that decisions bear the same news-values at dif-
ferent times, or bear the same causal relations at different times—then there would be
no link between reflective consistency and dynamic consistency.

I say this not because I am prejudiced against news-value or causal linkage as use-
ful elements of a decision theory, but because I am prejudiced toward outcomes as the
proper final criterion. An evidential agent considers news-value about outcomes; a causal
agent considers causal relations with outcomes. Similarly a reflective agent should relate
algorithms to outcomes.

Given that time-invariance is invariance of outcomes, a decision-determined problem
is necessarily time-invariant. A dilemma’s mechanism citing only “the sort of decision
this agent makes, being the person that she is,” makes no mention of when the agent
comes to that decision. Any such dependency would break the fixed mapping from
decision-types to outcomes; there would be a new index key, the time at which the
decision occurred.

Since Gloria is reflectively consistent on decision-determined problems, and since
dynamically inconsistent agents are reflectively inconsistent on time- invariant problems,
it follows that Gloria is dynamically consistent.

5. Is Decision-Dependency Fair
Let Gloria be an agent who maximizes decision-determined problems. I have offered the
following reasons why Gloria is interesting enough to be worthy of further investigation:

On decision-determined problems, and given full knowledge of the dilemma’s mechanism:

1. Gloria is dynamically consistent. Gloria always makes the same decision to which
she would prefer to precommit.

2. Gloria is reflectively consistent. Gloria does not wistfully wish she had a different
algorithm.

35



Timeless Decision Theory

3. Gloria is determinatively symmetric. Every dependency known to Gloria of the
dilemma’s mechanism on “What sort of decision Gloria makes, being the person
that she is,” enters into those deliberations of Gloria’s which determine her deci-
sion.

4. Gloria matches or systematically outperforms every other kind of agent. Relative
to the fixed mapping from decision-types to stochastic outcomes, Gloria always
turns out to possess the decision-type with optimal expected utility according to
her utility function.

5. If we allege that a causal agent is rational and Gloria is not,then Gloria possesses
the interesting property of being the kind of agent that rational agents wish they
were, if rational agents expect to encounter decision- determined problems.

Suppose no rational agent ever expects to encounter a non-action-determined decision-
determined problem? Then Gloria becomes less interesting. It seems to me that this
equates to a no-box response to Newcomb’s Problem, the argument that Newcomb’s
Problem is impossible of realization, and hence no problem at all. When was the last
time you saw a superintelligent Predictor?

Gloria, as we have defined her, is defined only over completely decision-determined
problems of which she has full knowledge. However, the agenda of this manuscript is
to introduce a formal, general decision theory which reduces to Gloria as a special case.
That is, on decision-determined problems of which a timeless agent has full knowl-
edge, the timeless agent executes the decision attributed to Gloria. Similarly, TDT re-
duces to causal decision theory on action-determined dilemmas. I constructed Gloria
to highlight what I perceive as defects in contemporary causal decision theory. Gloria
also gives me a way to refer to certain decisions—such as taking only box B in New-
comb’s Problem—which most contemporary decision theorists would otherwise dismiss
as naive, irrational, and not very interesting. Now I can say of both single-boxing and
eating vanilla ice cream that they are “Gloria’s decision,” that is, the decision which maps
to maximum payoff on a decision-determined problem.

But even in the general case, the following categorical objection may be launched
against the fairness of any problem that is not action-determined:

The proper use of intelligent decision-making is to evaluate the alternate ef-
fects of an action, choose, act, and thereby bring about desirable consequences.
To introduce any other effects of the decision-making process, such as Predic-
tors who take different actions conditional upon your predicted decision, is to
introduce effects of the decision-making mechanism quite different from its
design purpose. It is no different from introducing a Predictor who rewards or
punishes you, conditional upon whether you believe the sky is blue or green.
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The proper purpose of belief is to control our predictions and hence direct
our actions. If you were to introduce direct effects of belief upon the dilemma
mechanism,who knows what warped agents would thrive? Newcomb’s Prob-
lem is no different; it introduces an extraneous effect of a cognitive process,
decision-making, which was originally meant to derive only the best causal
consequence of our actions.

The best intuitive justification I have heard for taking into account the influence of dis-
positions on a dilemma, apart from the direct effects of actions, is Parfit (1986)’s dilemma
of the hitchhiker:

Suppose that I am driving at midnight through some desert. My car breaks
down. You are a stranger and the only other driver near. I manage to stop
you, and I offer you a great reward if you rescue me. I cannot reward you
now, but I promise to do so when we reach my home. Suppose next that I
am transparent, unable to deceive others. I cannot lie convincingly. Either
a blush, or my tone of voice, always gives me away. Suppose, finally, that I
know myself to be never self-denying. If you drive me to my home, it would
be worse for me if I gave you the promised reward. Since I know that I never
do what will be worse for me, I know that I shall break my promise. Given
my inability to lie convincingly, you know this too. You do not believe my
promise, and therefore leave me stranded in the desert. This happens to me
because I am never self-denying. It would have been better for me if I had
been trustworthy, disposed to keep my promises even when doing so would
be worse for me. You would then have rescued me.

Here the conflict between decision-determination and causal decision theory arises sim-
ply and naturally. In Parfit’s Hitchhiker there is none of the artificiality that marks the
original Newcomb’s Problem. Other agents exist in our world; they will naturally try to
predict our future behaviors; and they will treat us differently conditionally upon our pre-
dicted future behavior. Suppose that the potential rescuer, whom I will call the Driver,
is a selfish amoralist of the sort that often turns up in decision problems. When the
Driver reasons, “I will leave this person in the desert unless I expect him to pay me $100
for rescuing him,” the Driver is not expressing a moralistic attitude; the Driver is not
saying, “I don’t think you’re worth rescuing if you’re self-interested and untrustworthy.”
Rather my potential rescuer would need to expend $20 in food and gas to take me from
the desert. If I will reward my rescuer with $100 after my rescue, then a selfish rescuer
maximizes by rescuing me. If I will not so reward my rescuer, then a selfish rescuer max-
imizes by leaving me in the desert. If my potential rescuer is a good judge of character,
my fate rests entirely on my own dispositions.
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We may say of the potential rescuer, in Parfit’s Hitchhiker, that he is no Gandhi,
to demand reward. But an utterly selfish rescuer can hardly be accused of setting out to
reward irrational behavior. My rescuer is not even obliged to regard me as a moral agent;
he may regard me as a black box. Black boxes of type B produce $100 when taken from
the desert, black boxes of type A produce nothing when taken from the desert, and the
rescuer strives to accurately distinguish these two types of boxes. There is no point in
picking up a box A; those things are heavy.

The categorical objection to disposition-influenced dilemmas is that they invoke an
arbitrary extraneous influence of a cognitive mechanism upon the external world. Parfit’s
Hitchhiker answers this objection by demonstrating that the influence is not arbitrary;
it is a real-world problem, not a purely hypothetical dilemma. If I interact with other
intelligent agents, it naturally arises that they, in the course of maximizing their own
aims, treat me in a way contingent upon their predictions of my behavior. To the ex-
tent that their predictions are the slightest bit reflective of reality, my disposition does
influence the outcome. If I refuse to take into account this influence in determining my
decision (hence my disposition), then my determinative symmetry with respect to the
problem is broken. I become reflectively inconsistent and dynamically inconsistent, and
other agents can systematically outperform me.

It may be further objected that Parfit’s Hitchhiker is not realistic because people are
not perfectly transparent, as Parfit’s dilemma specifies. But it does not require decision-
determination, or even a strong influence, to leave the class of action-determined problems
and break the determinative symmetry of causal decision theory. If there is the faintest
disposition-influence on the dilemma, then it is no longer necessarily the case that causal
decision theory returns a reflectively consistent answer.

Remember that action-determined problems are a special case of decision-determined
problems. There is no obvious cost incurred by being determinatively symmetric with
respect to dispositional influences—taking disposition-influenced mechanisms into ac-
count doesn’t change how you handle problems that lack dispositional influences. CDT
prescribes decisions not only for action-determined dilemmas where CDT is reflectively
consistent, but also prescribes decisions for decision-determined dilemmas. CDT does
not return “Error: Causal decision theory not applicable”when considering Newcomb’s
Problem, but unhesitatingly prescribes that we should take two boxes. I would say that
CDT corresponds to the class of dilemmas in which dispositions have no influence on
the problem apart from actions. From my perspective, it is unfortunate that CDT makes
a general prescription even for dilemmas that CDT is not adapted to handle.

The argument under consideration is that I should adopt a decision theory in which
my decision takes general account of dilemmas whose mechanism is influenced by “the
sort of decision I make, being the person that I am” and not just the direct causal effects
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of my action. It should be clear that any dispositional influence on the dilemma’s mech-
anism is sufficient to carry the force of this argument. There is no minimum influence,
no threshold value. There would be a threshold value if taking account of dispositional
influence carried a cost, such as suboptimality on other problems. In this case, we would
demand a dispositional influence large enough to make up for the incurred cost. (Some
philosophers say that if Newcomb’s Predictor is infallible, then and only then does it be-
come rational to take only box B.) But it seems to me that if the way that other agents
treat us exhibits even a 0.0001 dependency on our own dispositions, then causal deci-
sion theory returns quantitatively a poor answer. Even in cases where the actual decisions
correlate with Gloria’s, the quantitative calculation of expected utility will be off by a fac-
tor of 0.0001 from Gloria’s. Some decision problems are continuous—for example, you
must choose where to draw a line or how much money to allocate to different strategies.
On continuous decision problems, a slight difference in calculated expected utility will
produce a slightly different action.

It is not enough to say, “I have never yet encountered a Newcomb’s Predictor,” or to
say, “I am not perfectly transparent to the driver who encounters me in the desert.” If
the Predictor can do 0.0001 better than chance, then causal decision theory is arguably
the wrong way to calculate expected utility. If you are the slightest bit transparent, if
the faintest blush colors your cheeks; then from a decision-theoretic perspective, the
argument against causal decision theory has just as much force qualitatively, though it
makes a smaller quantitative difference.

A possible counterargument is to assert the complete nonexistence of dispositional
influences after other legitimate influences are taken into account. Suppose that New-
comb’s Predictor makes its prediction of me by observing my behavior in past New-
comb’s Problems; suppose that Parfit’s driver decides to pick me up based on my good
reputation. In both cases there would exist a significant observed correlation between my
present decision, and the move of Newcomb’s Predictor or Parfit’s driver; nor would this
observation reflect an extraneous genetic factor as of Solomon’s Problem, the correlation
arises only from the sort of decisions I make, being the person that I am. Nonetheless
a causal agent maximizes such a problem. It is quite legitimate, under causal decision
theory, to say: “I will behave in a trustworthy fashion on this occasion, thereby effecting
that in future occasions people will trust me.” In the dilemma of Parfit’s Hitchhiker, if
we propose that a causal agent behaves untrustworthily and fails, it would seem to follow
that the causal agent anticipates that his reputation has no effect on future dilemmas. Is
this realistic?

A causal agent may take only box B on a single Newcomb’s Problem, if the causal
agent anticipates thereby influencing the Predictor’s move in future Newcomb’s Prob-
lems. That is a direct causal effect of the agent’s action. Note, mind you, that the causal
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agent is not reasoning: “It is rational for me to take only box B on round 1 of Newcomb’s
Problem because I thereby increase the probability that I will take only box B on round
2 of Newcomb’s Problem.” And the causal agent is certainly not reasoning, “How won-
derful that I have an excuse to take only box B! Now I will get a million dollars on this
round.” Rather the causal agent reasons,“I will take only box B on round 1 of Newcomb’s
Problem, deliberately forgoing a $1,000 gain, because this increases the probability that
the Predictor will put $1,000,000 in box B on round 2 of Newcomb’s Problem.”

For this reasoning to carry through, the increase in expected value of the future New-
comb’s Problems must exceed $1,000, the value given up by the causal agent in refusing
box A. Suppose there is no observed dependency of the Predictor’s predictions on past
actions? Instead we observe that the Predictor has a 90% chance of predicting suc-
cessfully a person who chooses two boxes, and a 90% chance of predicting successfully
a person who chooses only box B, regardless of past history. If someone chooses only box
B for five successive rounds, and then on the sixth round chooses both boxes, then based
on the Predictor’s observed record, we would predict a 90% probability, in advance of
opening box B, that box B will be found to be empty. And this prediction would be
just the same, regardless of the past history of the agent. If an agent chooses only box
B on the first five rounds, we may expect the agent to choose only box B on the sixth
round and therefore expect that box B has already been filled by $1,000,000. But once
we observe that the agent actually does choose both boxes in the sixth round, this screens
off the agent’s earlier actions from our prediction of B’s contents. However the Predictor
predicts, it isn’t based on reputation.

If this condition holds, then even in the iterated Newcomb’s Problem, the causal agent
has no excuse to take only box B. The causal agent’s action on the first round does not
influence the Predictor’s prediction on the second round.

A further difficulty arises if the Newcomb’s Problem is not iterated indefinitely. If the
Newcomb’s Problem lasts five rounds, then the causal agent may hope to single-box on
the first four rounds, thereby tricking the Predictor into filling box B on the fifth round.
But the causal agent will take both boxes on the fifth round because there is no further
iteration of the problem and no reason to forgo a $1,000 gain now that box B is already
filled. The causal agent knows this; it is obvious. Can we suppose the Predictor does not
know it too? So the Predictor will empty box B on the fifth round. Therefore the causal
agent, knowing this, has no reason to single-box on the fourth round. But the Predictor
can reason the same way also. And so on until we come to the conclusion that there
is no rational reason to single-box on the first round of a fivefold-iterated Newcomb’s
Problem.

Suppose the exact number of iterations is not known in advance? Say our uncertain
knowledge is that Newcomb’s Problem may be iterated dozens, thousands, or millions of
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times. But suppose it is common knowledge that Newcomb’s Problem will definitely not
exceed a googolplex iterations. Then if the dilemma does somehow reach the 1010

100th
round, it is obvious to all that the agent will take both boxes. Therefore the agent has no
motive to take only box B if the dilemma reaches Round 1010

100

� 1. And so on until
we reason, with the expenditure of some reams of paper, to Round 1.

In the reasoning above,on the final round of a fivefold iteration, the Predictor does not
predict the agent’s action in the fifth round strictly by induction on the agent’s action in
the past four rounds, but by anticipating an obvious thought of the causal decision agent.
That is why it is possible for me to depict the causal agent as failing. On a strictly action-
determined problem the causal agent must win. But conversely, for causal decision theory
to give qualitatively and quantitatively the right answer, others’ treatment of us must be
strictly determined by reputation, strictly determined by past actions. If Parfit’s Driver
encounters me in the desert, he may look up my reputation on Google, without that
violating the preconditions for applying causal decision theory. But what if there is the
faintest blush on my cheeks, the tiniest stutter in my voice?

What if my body language casts the smallest subconscious influence on the Driver’s
decision? Then the expected utility will come out differently. Even for a causal agent it
will come out differently, if the causal agent ponders in advance the value of precommit-
ment. We could eliminate the influence of dispositions by supposing that I have total
control of my body language, so that I can control every factor the Driver takes into ac-
count. But of course, if I have total control of my body language, a wise Driver will not
take my body language into much account; and in any event human beings do not have
perfect control of voice and body language. We are not perfectly transparent. But we are
not perfectly opaque, either. We betray to some greater or lesser degree the decisions we
know we will make. For specifics, consult Ekman (2007).

Parfit’s Hitchhiker is not a purely decision-determined problem. Perhaps some peo-
ple, depending on how they reason, blush more readily than others; or perhaps some
people believe themselves to be trustworthy but are mistaken. These are mechanisms
in the dilemma that are not strictly decision-determined; the mechanisms exhibit de-
pendency on algorithms and even dependency on belief. Gloria, confronting Parfit’s
dilemma, shrugs and says “not applicable” unless the driver is an ideal Newcomblike
Predictor. Perhaps confronting Parfit’s dilemma you would wish to possess an algorithm
such that you would believe falsely that you will reward the driver, and then fail to re-
ward him. (Of course if humans ran such algorithms, or could adopt them, then a wise
Driver would ignore your beliefs about your future actions, and seek other ways to predict
you.) But in real human life, where we cannot perfectly control our body language, nor
perfectly deceive ourselves about our own future actions, Parfit’s dilemma is not strictly
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action-determined. Parfit’s dilemma considered as a real-life problem exhibits, if not
strict decision-determination, then at least decision-contamination.

Newcomb’s Problem is not commonly encountered in everyday life. But it is realistic
to suppose that the driver in a real-life Parfit’s Hitchhiker may have a non-zero ability
to guess our trustworthiness. I like to imagine that the driver is Paul Ekman, who has
spent decades studying human facial expressions and learning to read tiny twitches of
obscure facial muscles. Decision theories should not break down when confronted by
Paul Ekman; he is a real person. Other humans also have a non-zero ability to guess, in
advance, our future actions.

Modeling agents as influenced to some greater or lesser degree by “the sort of decision
you make,being the person that you are,” realistically describes present-day human existence.

A purely hypothetical philosophical dilemma, you may label as unfair. But what is
the use of objecting that real life is unfair? You may object if you wish.

To be precise—to make only statements whose meaning I have clearly defined—I
cannot say that I have shown causal decision theory to be “irrational,” or that Gloria is
“more rational” than a causal decision theorist on decision-determined problems. I can
make statements such as “Causal decision theory is reflectively inconsistent on a class of
problems which includes real-world problems”or “A causal decision theorist confronting
a decision-determined problem wistfully wishes he were Gloria.”

I can even say that if you are presently a causal decision theorist, and if you attach
no especial intrinsic utility to conforming to causal decision theory, and if you expect
to encounter a problem in real life that is decision-contaminated, then you will wish to
adopt an alternative decision procedure that exhibits determinative symmetry—a pro-
cedure that takes into account each anticipated effect of your disposition, in your deci-
sion which determines your disposition. But if you attach an especial intrinsic utility to
conforming to causal decision theory, you might not so choose; you would be trivially
consistent under reflection.

Of course such statements are hardly irrelevant to the rationality of the decision; but
the relevance is, at least temporarily, left to the judgment of the reader. Whoever wishes
to dispute my mistaken statement that agent G is reflectively inconsistent in context C,
will have a much easier time of it than someone who sets out to dispute my mistaken
claim that agent G is irrational.

6. Renormalization
Gibbard and Harper (1978) offer this variation of Newcomb’s Problem:

The subject of the experiment is to take the contents of the opaque box first
and learn what it is; he then may choose either to take the thousand dollars
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in the second box or not to take it. The Predictor has an excellent record and
a thoroughly accepted theory to back it up. Most people find nothing in the
first box and then take the contents of the second box. Of the million subjects
tested, one per cent have found a million dollars in the first box, and strangely
enough only one per cent of these—one hundred in ten thousand—have gone
on to take the thousand dollars they could each see in the second box. When
those who leave the thousand dollars are later asked why they did so, they say
things like “If I were the sort of person who would take the thousand dollars
in that situation, I wouldn’t be a millionaire.”

On both grounds of U-maximization [causal decision theory] and of V-
maximization [evidential decision theory], these new millionaires have acted
irrationally in failing to take the extra thousand dollars. They know for cer-
tain that they have the million dollars; therefore the V-utility of taking the
thousand as well is 101, whereas the V-utility of not taking it is 100. Even
on the view of V-maximizers, then, this experiment will almost always make
irrational people and only irrational people millionaires. Everyone knows so
at the outset.

. . . why then does it seem obvious to many people that [in Newcomb’s
original problem] it is rational to take only the opaque box and irrational to
take both boxes? We have three possible explanations. . . . The second possible
explanation lies in the force of the argument “If you’re so smart, why ain’t you
rich?” That argument, though, if it holds good, should apply equally well to
the modified Newcomb situation. . . . There the conclusion of the argument
seems absurd: according to the argument, having already received the million
dollars, one should pass up the additional thousand dollars one is free to take,
on the grounds that those who are disposed to pass it up tend to become
millionaires. Since the argument leads to an absurd conclusion in one case, there
must be something wrong with it. [italics added]

Call this theTransparent Newcomb’s Problem. By now you can see that the “absurd con-
clusion” is not so readily dismissed. Neither an evidential decision theorist, nor a causal
decision theorist,would pass up the extra thousand dollars. But any resolute agent would
resolve to pass up the thousand. Any self-modifying agent would modify to an algorithm
that passed up the thousand. Any reflectively consistent decision theory would neces-
sarily pass up the thousand.

It seems to me that arguing from the intuitive, psychological, seeming folly of a particular
decision in a particular dilemma, has often served decision theory ill. It is a common
form of argument, of which this manuscript is hardly free! But the force of Gibbard and
Harper’s argument comes not from an outcome (the agents who take only box B become
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millionaires) but from a seeming absurdity of the decision itself, considered purely as
reasoning. If we argue from the seeming folly of a decision, apart from the systematic
underperformance of agents who make that decision,we end up judging a new algorithm
by its exact dilemma-by-dilemma conformance to our current theory, rather than asking
which outcomes accrue to which algorithms.

Under the criterion of reflective consistency, checking the moment-by-moment con-
formance of a new theory to your current theory, has the same result as attaching an
especial intrinsic utility to a particular ritual of cognition. Someone says: “Well, I’m not
going to adopt decision theory Q because Q would advise me to pass up the thousand
dollars in the Transparent Newcomb’s Problem, and this decision is obviously absurd.”
Whence comes the negative utility of this absurdity, the revulsion of this result? It’s not
from the experienced outcome to the agent—an agent who bears such an algorithm gets
rich. Rather, Gibbard and Harper attach disutility to a decision algorithm because its
prescribed decision appears absurd under the logic of their current decision theory. The
principle of reflective consistency stipulates that you use your current model of reality
to check the outcomes predicted for agents who have different decision algorithms—not
that you should imagine yourself in the shoes of agents as they make their momentary
decisions, and consider the apparent “absurdity” or “rationality” of the momentary deci-
sions under your current theory. If I evaluate new algorithms only by comparing their
momentary decisions to those of my current theory, I can never change theories! By fiat
my current theory has been defined as the standard of perfection to which all new theo-
ries must aspire; why would I ever adopt a new theory? I would be reflectively consistent
but trivially so, like an agent that attaches a huge intrinsic utility (larger than the payoff
in any imaginable problem) to keeping his current algorithm.

Human beings are not just philosophers considering decision theories; we also embody
decision theories. Decision is not a purely theoretical matter to us. Human beings
have chosen between actions for millennia before the invention of decision theory as
philosophy, let alone decision theory as mathematics. We don’t just ponder decision
algorithms as intangible abstractions. We embody decision algorithms; our thoughts
move in patterns of prediction and choice; that is much of our existence as human beings.
We know what it feels like to be a decision theory, from the inside.

Gibbard and Harper say, “On both grounds of U-maximization and of
V-maximization, these new millionaires have acted irrationally” in passing up the thou-
sand dollars. In so doing, Gibbard and Harper evaluate the millionaire’s decision under
the momentary logic of two deliberately considered, abstract,mathematical decision the-
ories: maximization of causal expected utility and maximization of evidential expected
utility. That is,Gibbard and Harper compare the millionaire’s decision to two explicit de-
cision theories. But this argument would not sound convincing (to Gibbard and Harper)
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if passing up the thousand dollars felt right to them. Gibbard and Harper also say, “The
conclusion of the argument seems absurd . . . since the argument leads to an absurd
conclusion in one case, there must be something wrong with it.” When Gibbard and
Harper use the word absurd, they talk about how the decision feels from the inside of
the decision algorithm they currently embody—their intuitive, built-in picture of how to
make choices. Saying that U-maximization does not endorse a decision, is an explicit
comparison to an explicit theory of U-maximization. Saying that a decision feels absurd,
is an implicit comparison to the decision algorithm that you yourself embody. “I would
never do that, being the person that I am”—so you think to yourself, embodying the
decision algorithm that you do.

Arguing from the seeming absurdity of decisions is dangerous because it assumes we
implicitly embody a decision algorithm which is already optimal, and the only task is
systematizing this implicit algorithm into an explicit theory. What if our embodied de-
cision algorithm is not optimal? Natural selection constructed the human brain. Natural
selection is not infallible, not even close. Whatever decision algorithms a naive human
being embodies, exist because those algorithms worked most of the time in the ancestral
environment. For more on the fallibility of evolved psychology, see Tooby and Cosmides
(1992).

But what higher criterion could we possibly use to judge harshly our own deci-
sion algorithms? The first thing I want to point out is that we do criticize our own
decision-making mechanisms. When people encounter the Allais Paradox, they some-
times (though not always) think better of their preferences, for B over A or C over D.
If you read books of cognitive psychology, especially the heuristics-and-biases program,
you will become aware that human beings tend to overestimate small probabilities; fall
prey to the conjunction fallacy; judge probability by representativeness; judge probabil-
ity by availability; display a status quo bias because of loss aversion and framing effects;
honor sunk costs. In all these cases you may (or may not) then say, “How silly! From
now on I will try to avoid falling prey to these biases.” How is it possible that you should
say such a thing? How can you possibly judge harshly your own decision algorithm? The
answer is that, despite the incredulous question, there is no paradox involved—there is
no reason why our mechanisms of thought should not take themselves as their own sub-
ject matter. When the implicit pattern of a cognitive bias is made clear to us, explicitly
described as an experimental result in psychology, we look at this cognitive bias and say,
“That doesn’t look like a way of thinking that would be effective for achieving my goals,
therefore it is not a good idea.”

We use our implicit decision algorithms to choose between explicit decision theo-
ries, judging them according to how well they promise to achieve our goals. In this way
a flawed algorithm may repair itself, providing that it contains sufficient unflawed mate-
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rial to carry out the repair. In politics we expect the PR flacks of a political candidate to
defend his every action, even those that are indefensible. But a decision algorithm does
not need to behave like a political candidate; there is no requirement that a decision
theory have a privileged tendency to self-protect or self-justify. There is no law which
states that a decision algorithm must, in every case of deciding between algorithms, pre-
fer the algorithm that best agrees with its momentary decisions. This would amount to
a theorem that every decision algorithm is always consistent under reflection.

As humans we are fortunate to be blessed with an inconsistent, ad-hoc system of
compelling intuitions; we are lucky that our intuitions may readily be brought into con-
flict. Such a system is undoubtedly flawed under its own standards. But the richness,
the redundancy of evolved biology, is cause for hope. We can criticize intuitions with
intuitions and so renormalize the whole.

What we are, implicitly, at the object level, does not always seem to us as a good idea,
when we consider it explicitly, at the meta-level. If in the Allais Paradox my object-level
code makes me prefer B over A and separately makes me prefer C over D, it doesn’t
mean that when the Allais Paradox is explained to me explicitly I will value the intuition
responsible. The heuristic-and-bias responsible for the Allais Paradox (subjective over-
weighting of small probabilities) is not invoked when I ponder the abstract question of
whether to adopt an explicit theory of expected utility maximization. The mechanism of
my mind is such that the object-level error does not directly protect itself on the reflective
level.

A human may understand complicated things that do not appear in the ancestral en-
vironment, like car engines and computer programs. The human ability to comprehend
abstractly also extends to forces that appear in the ancestral environment but were not
ancestrally understood, such as nuclear physics and natural selection. And our ability ex-
tends to comprehending ourselves, not concretely by placing ourselves in our own shoes,
but abstractly by considering regularities in human behavior that experimental psychol-
ogists reveal. When we consider ourselves abstractly, and ask after the desirability of the
cognitive mechanisms thus revealed, we are under no obligation to regard our current
algorithms as optimal.

Not only is it possible for you to use your current intuitions and philosophical beliefs
to choose between proposed decision theories, you will do so. I am not presuming to
command you, only stating what seems to me a fact. Whatever criterion you use to
accept or reject a new decision theory, the cognitive operations will be carried out by
your current brain. You can no more decide by a criterion you have not yet adopted than
you can lift yourself up by your own bootstraps.

Imagine an agent Abby whose brain contains a bug that causes her to choose the first
option in alphabetical order whenever she encounters a decision dilemma that involves
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choosing between exactly four options. For example, Abby might encounter a choice
between these four lotteries: “Fifty percent chance of winning $1000,” “Ninety percent
chance of winning $10,000,” “Ten percent chance of winning $10,” and “Eight percent
chance of winning $100.” Abby chooses the 8% chance of winning $100 because “eight”
comes first in alphabetical order. We should imagine that this choice feels sensible to
Abby, indeed, it is the only choice that feels sensible. To choose a 90% chance of win-
ning $10,000, in this dilemma, is clearly absurd. We can even suppose that Abby has
systematized the rule as an appealing explicit principle: “When there are exactly four op-
tions, choose the first option in alphabetical order.” This is the principle of alphabetical
dominance, though it only holds when there are exactly four options—as one can readily
verify by imagining oneself in the shoes of someone faced with such a dilemma. As an
explanation, this explicit principle fully accounts for the observed pattern of sensibility
and absurdity in imagined choices.

However,Abby soon notices that the principle of alphabetical dominance can readily
be brought into conflict with other principles that seem equally appealing. For example,
if in a set of choices D we prefer the choice A, and we also prefer A to B, then we should
prefer A in the set {B} [D. More generally, Abby decides, an agent should never do
worse as a result of choices being added—of more options becoming available. In an
intuitive sense (thinks Abby) greater freedom of choice should always make an agent
more effective, if the agent chooses wisely. For the agent always has it within her power
not to perform any hurtful choice. What agent that makes wise use of her power could
be hurt by an offer of greater freedom, greater power? Agents that do strictly worse with
a strictly expanded set of choices must behave pathologically in some way or other. Yet
adding the option “Ten percent chance of winning $10” to the set “Fifty percent chance
of winning $1000,” “Ninety percent chance of winning $10,000,” and “Eight percent
chance of winning $100,”will on the average make Abby around $9,000 poorer. In this
way Abby comes to realize that her intuitions are not consistent with her principles, nor
her principles consistent with each other.

Abby’s “buggy” intuition—that is, the part of Abby’s decision algorithm that we
would regard as insensible—is a special case. It is not active under all circumstances, only
in those circumstances where Abby chooses between exactly four options. Thus, when
Abby considers the outcome to an agent who possesses some algorithm that chooses
a 90% chance at $10,000, versus the outcome for her current algorithm, Abby will con-
clude that the former outcome is better and that bearing the former algorithm yields
higher expected utility for an agent faced with such a dilemma.

In this way, Abby can repair herself. She is not so broken (from our outside perspec-
tive) that she is incapable even of seeing her own flaw. Of course, Abby might end up
concluding that while it is better to be an agent who takes the 90% chance at $10,000,
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this does not imply that the choice is rational—to her it still feels absurd. If so, then
from our outside perspective, Abby has seen the light but not absorbed the light into
herself; she has mastered her reasons but not her intuitions.

Intuitions are not sovereign. Intuitions can be improved upon, through training and
reflection. Our visuospatial intuitions, evolved to deal with the task of hunting prey and
dodging predators on the ancestral savanna, use algorithms that treat space as flat. On
the ancestral savanna (or in a modern-day office) the curvature of space is so unnotice-
able that much simpler cognitive algorithms for processing flat space give an organism
virtually all of the benefit; on the savanna there would be no evolutionary advantage
to a cognitive system that correctly represented General Relativity. As a result of this
evolutionary design shortcut, Immanuel Kant would later declare that space by its very
nature was flat, and that though the contradiction of Euclid’s axioms might be consis-
tent they would never be comprehensible. Nonetheless physics students master General
Relativity. I would also say that a wise physics student does not say, “How strange is
physics, that space is curved!” but rather “How strange is the human parietal cortex, that
we think space is flat!”

A universally alphabetical agent might prefer “alphabetical decision theory”to “causal
decision theory” and “evidential decision theory,” since “alphabetical” comes alphabeti-
cally first. This agent is broken beyond repair. How can we resolve our dispute with this
agent over what is “rational”? I would reply by saying that the word “rational” is being
used in a conflated and confusing sense. Just because this agent bears an algorithm that
outputs the first action in alphabetical order, and I output an action whose consequences
I anticipate to be best, does not mean that we disagree over what is wise, or right, or
rational in the way of decision. It means I am faced with a process so foreign that it
is useless to regard our different behaviors as imperfect approximations of a common
target. Abby is close enough to my way of thinking that I can argue with her about
decision theory, and perhaps convince her to switch to the way that I think is right. An
alphabetical agent is an utterly foreign system; it begs the question to call it an “agent.”
None of the statements that I usually regard as “arguments” can affect the alphabetical
agent; it is outside my frame of reference. There is not even the core idea of a cognitive
relation between selection of decisions and consequences of decisions.

Perhaps I could suggest to the alphabetical agent that it consider switching to “Abby’s
decision theory.” Once adopted, Abby’s decision theory can repair itself further. I would
not regard the first step in this chain as an “argument,” but rather as reprogramming
a strange computer system so that for the first time it implements a fellow agent. The
steps after that are arguments.

We should not too early conclude that a fellow agent (let alone a fellow human be-
ing) is beyond saving. Suppose that you ask Abby which decision algorithm seems to her
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wisest, on Abby’s dilemma of the four options, and Abby responds that self-modifying to
an algorithm which chooses an 8% chance at $100 seems to her the best decision. Huh?
you think to yourself, and then realize that Abby must have considered four algorithms,
and “An algorithm that chooses an eight percent chance at $100” came first alphabet-
ically. In this case, the original flaw (from our perspective) in Abby’s decision theory
has reproduced itself under reflection. But that doesn’t mean Abby is beyond saving, or
that she is trapped in a self-justifying loop immune to argument. You could try to ask
Abby which algorithm she prefers if she must choose only between the algorithm she
has now, and an algorithm that is the same but for deleting Abby’s principle of alpha-
betical dominance. Or you could present Abby with many specific algorithms, making
the initial dilemma of four options into a choice between five or more algorithms for
treating those four options.

You could also try to brute-force Abby into what you conceive to be sanity, asking
Abby to choose between four hypothetical options: “Instantly destroy the whole human
species,” “Receive $100,” “Receive $1000,” and “Solve all major problems of the human
species so that everyone lives happily ever after.” Perhaps Abby, pondering this problem,
would reluctantly say that she thought the rational action was to instantly destroy the
whole human species in accordance with the principle of alphabetic dominance, but in
this case she would be strongly tempted to do something irrational.

Similarly, imagine a Newcomb’s Problem in which a black hole is hurtling toward
Earth, to wipe out you and everything you love. Box B is either empty or contains a black
hole deflection device. Box A as ever transparently contains $1000. Are you tempted
to do something irrational? Are you tempted to change algorithms so that you are no
longer a causal decision agent, saying, perhaps, that though you treasure your rationality,
you treasure Earth’s life more? If so, then you never were a causal decision agent deep
down, whatever philosophy you adopted. The Predictor has already made its move and
left. According to causal decision theory, it is too late to change algorithms—though if
you do decide to change your algorithm, the Predictor has undoubtedly taken that into
account, and box B was always full from the beginning.

Why should the magnitude of the stakes make a difference? One might object that
in such a terrible dilemma, the value of a thousand dollars vanishes utterly, so that in
taking box A there is no utility at all. Then let box A contain a black-hole-deflector that
has a 5% probability of working, and let box B either be empty or contain a deflector
with a 99% probability of working. A 5% chance of saving the world may be a small
probability, but it is an inconceivably huge expected utility. Still it is better for us by far if
box B is full rather than empty. Are you tempted yet to do something irrational? What
should a person do, in that situation? Indeed, now that the Predictor has come and gone,
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what do you want that agent to do, who confronts this problem on behalf of you and all
humanity?

If raising the stakes this high makes a psychological difference to you—if you are
tempted to change your answer in one direction or another—it is probably because rais-
ing the stakes to Earth increases attention paid to the stakes and decreases the attention
paid to prior notions of rationality. Perhaps the rational decision is precisely that decision
you make when you care more about the stakes than being “rational.”

Let us suppose that the one who faces this dilemma on behalf of the human species
is causal to the core; he announces his intention to take both boxes. A watching single-
boxer pleads (in horrible fear and desperation) that it would be better to have an algo-
rithm that took only box B. The causal agent says, “It would have been better to me to
adopt such an algorithm in advance; but now it is too late for changing my algorithm to
change anything.” The single-boxer hopelessly cries: “It is only your belief that it is too
late that makes it too late! If you believed you could control the outcome, you could!”
And the causal agent says, “Yes, I agree that if I now believed falsely that I could change
the outcome, box B would always have been full. But I do not believe falsely, and so box
B has always been empty.” The single-boxer says in a voice sad and mournful: “But do
you not see that it would be better for Earth if you were the sort of agent who would
switch algorithms in the moment whenever it would be wise to switch algorithms in
advance?” “Aye,” says the causal agent, his voice now also sad. “Alas for humanity that I
did not consider the problem in advance!”

The agent could decide, even at this late hour, to use a determinatively symmetric
algorithm, so that his decision is determined by all those factors which are affected by
“the sort of decision he makes, being the person that he is.” In which case the Predictor
has already predicted that outcome and box B already contains a black-hole-deflector.
The causal agent has no trouble seeing the value to humanity had he switched algorithms
in advance; but after the Predictor leaves, the argument seems moot. The causal agent
can even see in advance that it is better to be the sort of agent who switches algorithms
when confronted with the decision in the moment, but in the moment, it seems absurd
to change to the sort of agent who switches algorithms in the moment.

From the perspective of a single-boxer, the causal agent has a blind spot concerning
actions that are taken after the Predictor has already made its move—analogously to
our perspective on Abby’s blind spot concerning sets of four options. Abby may even
reproduce (what we regard as) her error under reflection, if she considers four alternative
algorithms. To show Abby her blind spot, we can present her with two algorithms as
options, or we can present her with five or more algorithms as options. Perhaps Abby
wonders at the conflict of her intuitions, and says: “Maybe I should consider four algo-
rithms under reflection, rather than considering two algorithms or five algorithms under
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reflection?” If so, we can appeal to meta-reflection, saying, “It would be better for you
to have a reflective algorithm that considers two algorithms under reflection than to
have a reflective algorithm that considers four algorithms under reflection.” Since this
dilemma compares two alternatives, it should carry through to the decision we regard as
sane.

Similarly, if the single-boxer wishes to save the world by showing the causal agent
what the single-boxer sees as his blind spot, she can ask the causal agent to consider
the problem before the Predictor makes Its move. Unfortunately the single-boxer does
have to get to the causal agent before the Predictor does. After the Predictor makes Its
move, the causal agent’s “blind spot”reproduces itself reflectively; the causal agent thinks
it is too late to change algorithms. The blind spot even applies to meta-reflection. The
causal agent can see that it would have been best to have adopted in advance a reflective
algorithm that would think it was not too late to change algorithms, but the causal agent
thinks it is now too late to adopt such a reflective algorithm.

But the single-boxer’s plight is only truly hopeless if the causal agent is “causal to the
core”—a formal system, perhaps. If the causal agent is blessed with conflicting intuitions,
then the watching single-boxer can hope to save the world (for by her lights it is not yet
too late) by strengthening one-box intuitions. For example, she could appeal to plausible
general principles of pragmatic rationality, such as that a prudent agent should not do
worse as the result of having greater freedom of action—should not pay to have fewer
options. This principle applies equally to Abby who anticipates doing worse when we
increase her free options to four, and to a causal agent who anticipates doing better when
the free option “take both boxes” is not available to him.

If the agent faced with the Newcomb’s Problem on humanity’s behalf is truly causal
to the core, like a formal system, then he will choose both boxes with a song in his
heart. Even if box A contains only ten dollars, and box B possibly contains a black-hole-
deflector, an agent that is causal to the core will choose both boxes—scarcely perturbed,
amused perhaps, by the single-boxer’s horrified indignation. The agent who is causal
to the core does not even think it worth his time to discuss the problem at length. For
nothing much depends on his choice between both box A and B versus only box B—just
ten dollars.

So is the causal agent “rational”? Horrified as we might be to learn the news of his
decision, there is still something appealing about the principle that we should not behave
as if we control what we cannot affect. Box B is already filled or empty, after all.
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7. Creating Space for a New DecisionTheory
If a tree falls in the forest, and no one hears it, does it make a sound? The falling tree
does cause vibrations in the air, waves carrying acoustic energy. The acoustic energy does
not strike a human eardrum and translate into auditory experiences. Having said this,
we have fully described the event of the falling tree and can answer any testable question
about the forest that could hinge on the presence or absence of “sound.” We can say that
a seismographic needle will vibrate. We can say that a device which (somehow) audits
human neurons and lights on finding the characteristic pattern of auditory experiences,
will not light. What more is there to say? What testable question hinges on whether
the falling tree makes a sound? Suppose we know that a computer program is being
demonstrated before an audience. Knowing nothing more as yet, it is a testable question
whether the computer program fails with a beep, or crashes silently. It makes sense to
ask whether the computer makes a “sound.” But when we have already stipulated the
presence or absence of acoustic vibrations and auditory experiences, there is nothing left
to ask after by asking after the presence or absence of sound. The question becomes
empty, a dispute over the definition attached to an arbitrary sound-pattern.

I say confidently that (1) taking both boxes in Newcomb’s Problem is the decision
produced by causal decision theory. I say confidently that (2) causal decision theory
renormalizes to an algorithm that takes only box B, if the causal agent is self-modifying,
expects to face a Newcomb’s Problem, considers the problem in advance, and attaches
no intrinsic utility to adhering to a particular ritual of cognition. Having already made
these two statements, would I say anything more by saying whether taking both boxes is
rational?

That would be one way to declare a stalemate on Newcomb’s Problem. But I do not
think it is an appropriate stalemate. Two readers may both agree with (1) and (2) above
and yet disagree on whether they would, themselves, in the moment, take two boxes or
only box B.This is a disparity of actions, not necessarily a disparity of beliefs or morals.
Yet if lives are at stake, the disputants may think that they have some hope of persuading
each other by reasoned argument. This disagreement is not unrelated to the question of
whether taking both boxes is “rational.” So there is more to say.

Also, the initial form of the question grants a rather privileged position to causal
decision theory. Perhaps my reader is not, and never has been, a causal decision theorist.
Then what is it to my reader that causal decision theory endorses taking both boxes?
What does my reader care which theory causal decision theory renormalizes to? What
does causal decision theory have to do with rationality? From this perspective also, there
is more to say.
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Here is a possible resolution: suppose you found some attractive decision theory
which behaved like causal decision theory on action-determined problems, behaved like
Gloria on decision-determined problems, and this theory was based on simple general
principles appealing in their own right. There would be no reason to regard causal de-
cision theory as anything except a special case of this more general theory. Then you
might answer confidently that it was rational to take only box B on Newcomb’s Prob-
lem. When the tree falls in the forest and someone does hear it, there is no reason to say
it does not make a sound.

But you may guess that, if such a general decision theory exists, it is to some greater
or lesser extent counterintuitive. If our intuitions were already in perfect accord with
this new theory, there would be nothing appealing about the intuition that we should
take both boxes because our action cannot affect the content of box B. Even one-boxers
may see the causal intuition’s appeal, though it does not dominate their final decision.

Intuition is not sovereign,nor unalterable, nor correct by definition. But it takes work,
a mental effort, to reject old intuitions and learn new intuitions. A sense of perspective
probably helps. I would guess that the physics student who says, “How strange is the
human mind, that we think space is flat!” masters General Relativity more readily than
the physics student who says, “How strange is the universe, that space is curved!” (But
that is only a guess; I cannot offer statistics.) For either physics student, unlearning
old intuitions is work. The motive for the physics student to put in this hard work
is that her teachers tell her: “Space is curved!” The physics student of pure motives
may look up the relevant experiments and conclude that space really is curved. The
physics student of impure motives may passively acquiesce to the authoritative voice, or
conclude that treating space as flat will lead to lower exam scores. In either case, there is
a convincing motive—experimental evidence, social dominance of a paradigm—to work
hard to unlearn an old intuition.

This manuscript is addressed to students and professionals of a field, decision theory,
in which previously the dominant paradigm has been causal decision theory. Students
who by intuition would be one-boxers, are told this is a naive intuition—an intuition at-
tributed to evidential decision theory, which gives clearly wrong answers on other prob-
lems. Students are told to unlearn this naive one-box intuition, and learn in its place
causal decision theory. Of course this instruction is not given with the same force as the
instruction to physics students to give up thinking of space as flat. Newcomb’s Prob-
lem is not regarded as being so settled as that. It is socially acceptable to question causal
decision theory, even to one-box on Newcomb’s Problem, though one is expected to pro-
vide polite justification for doing so. Yet I ask my readers, not only to put in the mental
concentration to unlearn an intuition, but even to unlearn an intuition they previously
spent time and effort learning.
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This manuscript is devoted to providing my readers with a motive for putting forth the
hard work to learn new intuitions—to sow dissatisfaction with causal decision theory—
to evoke a seeking of something better—to create a space in your heart where a new
decision theory could live.

I have labored to dispel the prejudice of naivete, the presumption of known folly,
that hangs over the one-box option in Newcomb’s Problem, and similar choices. I have
labored to show that the one-box option and similar choices have interesting properties,
such as dynamic consistency, which were not taken into consideration in those early
analyses that first cast a pallour of presumptive irrationality on the option. So that if I
propose a new theory, and the new theory should take only box B in Newcomb’s Problem,
my professional readers will not groan and say, “That old chestnut again.” The issue is
not easily evaded; any general decision theory I proposed which did not one-box on
Newcomb’s Problem would be reflectively inconsistent.

I have sought to illustrate general methods for the repair of broken decision theories.
I know of specific problems that this manuscript does not solve—open questions of
decision theory that are entirely orthogonal to the dilemmas on which this manuscript
seeks to make progress. Perhaps in the course of solving these other problems, all the
theory I hope to present,must needs be discarded in favor of a more general solution. Or
someone may discover flaws of the present theory, specific failures on the set of problems
I tried to address. If so, I hope that in the course of solving these new problems, future
decision theorists may find insight in such questions as:

• What algorithm would this agent prefer to his current one?

• Can I identify a class of dilemmas which the old theory solves successfully, and of
which my new dilemma is not a member?

• Is there a superclass that includes both the new dilemma and the old ones?

• What algorithm solves the superclass?

Let future decision theorists also be wary of reasoning from the apparent “absurdity”
of momentary reasoning, apart from the outcomes that accrue to such algorithms; for
otherwise our explicit theories will never produce higher yields than our initial intuitions.

If we cannot trust the plainness of plain absurdity, what is left to us? Let us look to
outcomes to say what is a “win,”construct an agent who systematically wins, and then ask
what this agent’s algorithm can say to us about decision theory. Again I offer an analogy
to physics: Rather than appealing to our intuitions to tell us that space is flat, we should
find a mathematical theory that systematically predicts our observations, and then ask
what this theory has to say about our spatial intuitions. Finding that some agents sys-
tematically become poor, and other agents systematically become rich, we should look
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to the rich agents to see if they have anything intelligent to say about fundamental ques-
tions of decision theory. This is not a hard-and-fast rule, but I think it a good idea in
every case, to pay close attention to the richest agent’s reply. I suggest that rather than
using intuition to answer basic questions of decision theory and then using the answers to con-
struct a formal algorithm, we should first construct a formal agent who systematically becomes
rich and then ask whether her algorithm presents a coherent viewpoint on basic questions of
decision theory.

Suppose we carefully examine an agent who systematically becomes rich, and try hard
to make ourselves sympathize with the internal rhyme and reason of his algorithm. We
try to adopt this strange, foreign viewpoint as though it were our own. And then, after
enough work, it all starts to make sense—to visibly reflect new principles appealing in
their own right. Would this not be the best of all possible worlds? We could become rich
and have a coherent viewpoint on decision theory. If such a happy outcome is possible, it
may require we go along with prescriptions that at first seem absurd and counterintuitive
(but nonetheless make agents rich); and, rather than reject such prescriptions out of
hand, look for underlying coherence—seek a revealed way of thinking that is not an
absurd distortion of our intuitions, but rather, a way that is principled though different.
The objective is not just to adopt a foreign-seeming algorithm in the expectation of
becoming rich, but to alter our intuitions and find a new view of the world—to, not only
see the light, but also absorb it into ourselves.

Gloria computes a mapping from agent decisions to experienced (stochastic) out-
comes, and chooses a decision that maximizes expected utility over this mapping. Glo-
ria is not the general agent we seek; Gloria is defined only over cases where she has full
knowledge of a problem in which the problem’s mechanism relies on no property of the
agents apart from their decisions. This manuscript introduces a general decision theory
which, among its other properties, yields Gloria as a special case given full knowledge
and decision-determination.

The next section attempts to justify individually each of the principles which combine
to yield this general decision theory. These principles may, or may not, seem absurd to
you. If you are willing to go along with them temporarily—not just for the sake of
argument, but trying truly to see the world through those lenses—I hope that you will
arrive to a view of decision theory that makes satisfying, coherent sense in its own right;
though it was momentarily counterintuitive, relative to initial human intuitions. I will
ask my readers to adopt new intuitions regarding change, and control ; but I do my best
to justify these principles as making sense in their own right, not just being the credo of
the richest agent.

My purpose so far has not been to justify the theory propounded in the sections to
come, but rather to create a place in your heart for a new decision theory—to convince
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hardened decision theorists not to automatically reject the theory on the grounds that it
absurdly one-boxes in Newcomb’s Problem. My purpose so far has been to dissuade the
reader of some prevailing presumptions in current decision theory (as of this writing),
and more importantly, to convince you that intuition should not be sovereign judge over
decision theories. Rather it is legitimate to set out to reshape intuitions, even very deep
intuitions, if there is some prize—some improvement of agent outcomes—thereby to be
gained. And perhaps you will demand that the principle be justified in its own right,
by considerations beyond cash in hand; but you will not dismiss the principle immedi-
ately for the ultimate and unforgivable crime of intuitive absurdity. At the least, pockets
stuffed full of money should, if not convince us, convince us to hear out what the agent
has to say.

I have said little upon the nature of rationality, not because I think the question is
sterile, but because I think rationality is often best pursued without explicit appeal to
rationality. For that may only make our prior intuitions sovereign. The Way justified by
citing “The Way” is not the true Way. But now I will reveal a little of what rationality
means to me. If so far I have failed to create a space in your heart for a new decision
theory; if you are still satisfied with classical causal decision theory and the method
of arguing from intuitive absurdity; if you do not think that dynamic consistency or
reflective consistency relate at all to “rationality”; then here is one last attempt to sway
you:

Suppose on a Newcomb’s Problem that the Predictor, in 10% of cases, fills box B after
you take your actual action, depending on your actual action; and in 90% of cases fills
box B depending on your predicted decision, as before. Where the Predictor fills the
box after your action, we will say the Predictor “moves second”; otherwise the Predictor
is said to “move first.” You know that you will face this modified Newcomb’s Problem.
Though you are a causal decision theorist, you plan to choose only box B; for there is
a 10% chance that this action will directly bring about a million dollars in box B.

Before the time when the Predictor is to make Its move in the 90% of cases where
the Predictor moves first, your helpful friend offers to tell you truly this fact, whether the
Predictor will move first or second on this round. A causal decision theorist must say,
“No! Do not tell me.” For the causal decision theorist expects, with 90% probability, to
hear the words: “The Predictor will move first on this round,” in which case the causal
decision theorist knows that he will choose both boxes and receive only $1,000. But if
the causal decision theorist does not know whether the Predictor moves first or second,
then he will take only box B in all cases, and receive $1,000,000 in all cases; and this the
causal decision theorist also knows. So the causal decision theorist must avoid this piece
of true knowledge. If someone tries to tell him the real state of the universe, the causal
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decision theorist must stuff his fingers in his ears! Indeed, the causal decision theorist
should pay not to know the truth.

This variant of Newcomb’s Problem occurred to me when, after I had previously de-
cided that causal decision theory was dynamically inconsistent, I ran across a reference
to a paper title that went something like, “Dynamic inconsistency can lead to negative
information values.” Immediately after reading the title, the above variant of Newcomb’s
Problem occurred to me. I did not even need to read the abstract. So unfortunately I
now have no idea whose paper it was. But that is another argument for treating causal
decision theory as dynamically inconsistent; it quacks like that duck. In my book, as-
signing negative value to information—being willing to pay not to confront reality—is
a terrible sign regarding the choiceworthiness of a decision theory!

8. Review: Pearl’s Formalism for Causal Diagrams
Judea Pearl, in his book Causality (Pearl 2000), explains and extensively defends a frame-
work for modelling counterfactuals based on directed acyclic graphs of causal mecha-
nisms. I find Pearl’s arguments for his framework to be extremely compelling, but I lack
the space to reproduce here his entire book. I can only give a brief introduction to causal
diagrams, hopefully sufficient to the few uses I require (causal diagrams have many other
uses as well). The interested reader is referred to Pearl (2000).

Suppose we are researchers in the fast-expanding field of sidewalk science, and we
are interested in what causes sidewalks to become slippery, and whether it has anything
to do with the season of the year. After extensive study we propose the set of causal
mechanisms shown in Figure 1. The season variable influences how likely it is to rain,
and also whether the sprinkler is turned on. These two variables in turn influence how
likely the sidewalk is to be wet. And whether or not the sidewalk is wet determines how
likely the sidewalk is to be slippery.

This directed acyclic graph of causal connectivity is qualitative rather than quantita-
tive. The graph does not specify how likely it is to rain during summer; it only says that
seasons affect rain in some way. But by attaching conditional probability distributions to
each node of the graph,we can generate a joint probability for any possible outcome. Let
the capital letters X1, X2, X3, X4, X5 stand for the variables SEASON, RAINFALL,
SPRINKLER, WETNESS, and SLIPPERY. Let x1, x2, x3, x4, x5 stand for possible
specific values of the five variables above. Thus, the variables x1 = summer, x2 =

norain, x3 = on, x4 = damp, and x5 = treacherous, would correspond to the em-
pirical observation that it is summer, it is not raining, the sprinkler is on, the sidewalk
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Figure 1: Causal diagram of sidewalk slipperiness.

is “damp,” and the degree of slipperiness is “treacherous.”11 We want to know what
probability our hypothesis assigns to this empirical observation.

Standard probability theory12 makes it a tautology to state for any positive probabil-
ity:

p(x1x2x3x4x5) = p(x1)p(x2|x1)p(x3|x2x1)p(x4|x3x2x1)p(x5|x4x3x2x1) (1)

The directed causal graph shown in Figure 1 makes the falsifiable,non-tautological claim
that the observed probability distribution will always factorize as follows:

p(x1x2x3x4x5) = p(x1)p(x2|x1)p(x3|x1)p(x4|x3x2)p(x5|x4) (2)

Intuitively,we might imagine that we first ask what the probability is of it being summer
(25%), then the probability that it is not raining in the summer (80%), then the probabil-
ity that the sprinkler is on in the summer (30%), then the probability that the sidewalk is
damp when it is not raining and the sprinkler is on (99%), then the probability that the
sidewalk is treacherous when damp (80%). Implicit in this formula is the idea that only

11. If we demand quantitative predictions, we could suppose that the day is July 11th, the rainfall is
0 inches, the sprinkler is on, the sidewalk has 100 milligrams of water per square centimeter, and the
sidewalk’s coefficient of static friction is 0.2.

12. The notation p(a1) stands for “the probability of a1.” p(a1a2) stands for “the probability of a1 and
a2,” which may also be written p(a1, a2) or p(a1 & a2). p(a1|a2) stands for “the probability of a1 given
that we know a2.” Bayes’s Rule defines that p(a1|a2) = p(a1a2)/p(a2).
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certain events directly affect other events. We write p(x3|x1) instead of the tautological
p(x3|x2x1) because we assume that whether the sprinkler is on does not affect the rain,
nor vice versa. Once we already know that it isn’t raining and that the sprinkler is on,
we no longer need to know the season in order to figure out how wet the sidewalk is;
we multiply by p(x4|x3x2) instead of p(x4|x3x2x1) and (by hypothesis) require the two
quantities to be identical. That is how we compute the probability distribution which
our causal hypothesis predicts.

Inference works differently from causation. We know that the rooster’s crow does not
cause the sun to rise, but we infer that the sun will rise if we observe the rooster crow.
Raining causes the sidewalk to be wet, but we do not say that wet sidewalks cause rain.
Yet if we see a wet sidewalk we infer a greater probability that it is raining; and also if we
see it raining we infer that the sidewalk is more likely to be wet. In contrast to logical
deduction, probabilistic inference is always bidirectional; if we infer wet sidewalks from
rain we must necessarily infer rain from wet sidewalks.13 How then are we to cash out, as
falsifiable predictions, statements about asymmetrical causation? Suppose we have three
hypotheses:

a) Rain causes wet sidewalks.

b) Wet sidewalks cause rain.

c) Pink rabbits from within the hollow Earth14 cause both rain and wet sidewalks.

Any of these three causal diagrams, when computed out to probability distributions,
could lead to the observed non-experimental correlation between wet sidewalks and rain.

In intuitive terms, we can distinguish among the three hypotheses as follows. First,
we pour water on the sidewalk, and then check whether we observe rain. Since no rain

13. In deductive logic, “P impliesQ”does not imply “Q implies P .” However, in probabilistic inference,
if conditioning on A increases the probability of B, then conditioning on B must necessarily increase the
probability of A. p(a1|a2) > p(a1) implies p(a1a2)/p(a2) > p(a1) implies p(a1a2) > p(a1)p(a2)

implies p(a1a2)/p(a1) > p(a2) implies p(a2|a1) > p(a2). QED.
We can probabilistically infer a higher probability of B after observing A iff p(A & B) > p(A)p(B),

that is, the joint probability of A and B is higher than it would be if A and B were independent. This
phrasing renders the symmetry visible.

We say A and B are dependent iff p(A & B)! = p(A)p(B). We say A and B are independent iff
p(A & B) = p(A)p(B), in which case we can infer nothing about B from observing A or vice versa.

14. Pink rabbits from within the hollow Earth are also known as “confounding factors,” “spurious cor-
relations,” “latent causes,” and “third causes.” For some time the tobacco industry staved off regulation
by arguing that the observed correlation between smoking and lung cancer could have been caused by
pink rabbits from within the hollow Earth who make people smoke and then give them lung cancer. The
correlation could have been caused by pink rabbits, but it was not, and this is an important point to bear
in mind when someone says “correlation does not imply causation.”
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is observed,we conclude that wet sidewalks do not cause rain. This falsifies b) and leaves
hypotheses a) and c). We send up a plane to seed some clouds overhead, making it rain.
We then check to see whether we observe wet sidewalks, and lo, the sidewalk is wet.
That falsifies c) and leaves us with this experimentally observed asymmetry15: Making
rain causes a wet sidewalk, but wetting the sidewalk does not cause rain.

We begin to approach a way of describing the distinction between evidential decision
theory and causal decision theory—there is a difference between observing that the side-
walk is wet, from which we infer that it may be raining, and making the sidewalk wet,
which does not imply a higher probability of rain. But how to formalize the distinction?

In Judea Pearl’s formalism, we write p(y|x̂) to denote16 “the probability of observing
y if we set variable X to x” or “the probability of y given that we do x.” To compute this
probability, we modify the causal diagram by deleting all the arrows which lead to X ,
i.e., delete the conditional probability for X from the joint distribution.

Suppose that we pour water on the sidewalk—set variable X4 to the value “wet,”
which we shall denote by x4. We would then have a new diagram (Figure 2). and a new
distribution:

p(x1x2x3x5|x̂4) = p(x1)p(x2|x1)p(x3|x1)p(x5|x4) (3)
Note that the factor p(x4|x3x2) has been deleted from the computation of the new joint
distribution, since X4 now takes on the fixed value of x4. As expected, the probabilities
for the season, rainfall, and sprinkler activation are the same as before we poured water
on the sidewalk.

Only the slipperiness of the sidewalk is affected by our action. Note also that this
new equation is not the correct way to compute p(x1x2x3x5|x4)—if we observed a wet
sidewalk, it would change our inferred probabilities for rainfall, the season, etc.

15. Contrary to a long-standing misconception, asymmetrical causality can also be observed in (the
simplest explanation of ) non-experimental,non-temporal data sets. Presume that all our observations take
place during the summer, eliminating the seasonal confounding between sprinklers and rain. Then if “wet
sidewalks cause both rain and sprinkler activations,” RAINFALL and SPRINKLER will be dependent,
but conditioning on WET will make them independent. That is, we will have p(rain & sprinkler)! =

p(rain)p(sprinkler), and p(rain & sprinkler|wet) = p(rain|wet)p(sprinkler|wet). If “rain and sprinkler
activations both cause wet sidewalks” then we will find that rain and sprinklers are independent, unless we
observe the sidewalk to be wet, in which case they become dependent (because if we know the sidewalk is
wet, and we see it is not raining,we will know that the sprinkler is probably on). This testable consequence
of a directed causal graph is a core principle in algorithms that infer directionality of causation from non-
experimental non-temporal data. For more details see Pearl (2000).

16. Despite the resemblance of the notations p(y|x) and p(y|xˆ), the former usage denotes Bayesian
conditionalization, while the latter usage denotes a function from X to the space of probability distribu-
tions over Y .
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Figure 2: Updated causal diagram of sidewalk slipperiness.

To simulate an experimental manipulation within a causal diagram, we sever the ma-
nipulated variable from its parents. Correspondingly, we delete the manipulated vari-
able’s conditional probability from the joint distribution over the remaining variables.
Still another way of viewing this operation is by writing the causal diagram as a series
of deterministic computations:

X1  f1(u1) (4a)
X2  f2(X1, u2) (4b)
X3  f3(X1, u3) (4c)
X4  f4(X2, X3, u4) (4d)
X5  f5(X4, u5) (4e)

Here the various ui are the error terms or probabilistic components, representing back-
ground variables which we choose not to take into account in our model. The opera-
tors are to be understood as denoting computations, or assignments as of a programming
language, rather than algebraic relations. In algebra, the equation y = x+ b is identical,
as a mathematical object, to the equation x = y � b. But in that mathematics which
treats computer programs as formal mathematical objects, the assignment y  x+ b is
a different computation from the assignment x y�b. To assess the affect of the exper-
imental intervention p(x1x2x3x5|x̂4), we delete the assignment X4  f4(X2, X3, u4)

and substitute the assignment X4  x4. When we carry through the computation, we
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will find a result that reflects the predicted probability distribution for the causal diagram
under experimental intervention.

This formal rule for computing a prediction for an experimental intervention, given
a causal diagram, Pearl names the do-calculus. p(y|x̂) may be read aloud as “probability
of y given do x.”

Computer programmers should find the above quite intuitive. Mathematicians17 may
find it jarring, wondering why the elegant algebra over probability distributions should
transform into the computational blocks of causal diagrams. Statisticians may wince,
recalling harsh instruction to avoid the language of cause and effect. For a full defense,
one should consult the book Causality. Since it is not my main purpose to defend the
notion of causality, I contribute only these remarks:

• Since causal diagrams compute out to probability distributions, the mathematical
object called a “causal diagram” can plug into any socket that requires the mathe-
matical object called a “probability distribution”—while also possessing additional
useful properties of its own.

• Causal diagrams can explicitly represent compactness in a raw probability distri-
bution, such as probabilistic independences and relations between variables. Some
means of encoding the regularities in our observations is needed to invoke Occam’s
Razor, which underlies the inductive labor of science.

• A raw probability distribution over N discrete variables with M possible values has
MN �1 degrees of freedom. This is too much flexibility, too much license to fit the
data, too little yield of predictive accuracy for each adjustment to the model. The
mathematical object called a “probability distribution” is not a productive scientific
hypothesis; it is a prediction produced by a productive hypothesis.

• All actual thinking takes place by means of cognition,which is to say, computation.
Thus causal diagrams, which specify how to compute probabilities, have a virtue
of real-world implementability lacking in the mathematical objects that are raw
probability distributions.

• Perhaps the greatest scientific virtue of causal diagrams is that a single causal hy-
pothesis predicts a non-experimental distribution plus additional predictions for
any performable experiment. All of these predictions are independently checkable
and falsifiable, a severe test of a hypothesis. The formalism of probability distribu-
tions does not, of itself, specify any required relation between a non-experimental

17. Except constructivist mathematicians, who are accustomed to working with computations as the
basic elements of their proofs.

62



Eliezer Yudkowsky

distribution and an experimental distribution—implying infinite freedom to acco-
modate the data.

9. TranslatingStandardAnalyses ofNewcomblikeProblems into the
Language of Causality

With the language of Pearl’s causality in hand, we need only one more standard ingre-
dient to formally describe causal decision theory and evidential decision theory. This is
expected utility maximization, axiomatized in (von Neumann and Morgenstern 1944).
Suppose that I value vanilla ice cream with utility 5, chocolate ice cream with utility 10,
and I assign utility 0 to the event of receiving nothing. If I were an expected utility max-
imizer I would trade a 10% probability of chocolate ice cream (and a 90% probability of
nothing) for a 30% probability of vanilla ice cream, but I would trade a 90% probability
of vanilla ice cream for a 50% probability of chocolate ice cream.

“Expected utility” derives its name from the mathematical operation, expectation,
performed over utilities assigned to outcomes. When we have a quantitative function
f(X) and some probability distribution overX , our expectation of f(X) is the quantity:

E[f(X)] =
X

x

f(x)p(x) (5)

This is simply the weighted average of f(X), weighted by the probability function p(X)

over each possibility in X . In expected utility, the utility u(X) is a measure of the utility
we assign to each possible outcome—each possible consequence that could occur as the
result of our actions. When combined with some conditional probability distribution for
the consequences of an action, the result is a measure18 of expected utility for that action.
We can then determine which of two actions we prefer by comparing their utilities and
selecting the one with a higher expected utility. Or, given a set of possible actions, we
can choose an action with maximal expected utility (an action such that no other action
has higher expected utility). An agent that behaves in this fashion is an expected utility
maximizer.

18. Utility functions are equivalent up to a positive affine transformation u0(x) = au(x) + b. A utility
function thus transformed will produce identical preferences over actions. Thus, both utility and expected
utility are referred to as “measures.”
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Human beings are not expected utility maximizers (Kahneman and Tversky 2000)
but it is widely held that a rational agent should be19 (von Neumann and Morgenstern
1944).

We can now easily describe the formal difference between evidential and causal de-
cision algorithms:

Evidential decision algorithm:
E[u(a)] =

X

x

u(x)p(x|a) (6)

Causal decision algorithm:
E[u(a)] =

X

x

u(x)p(x|â) (7)

Let’s begin by translating the classic analyses of Newcomb’s Problem into the lan-
guage of causality. A superintelligent Predictor arrives from another galaxy and sets
about playing Newcomb’s game: The Predictor sets out a transparent box A filled with
a thousand dollars, and an opaque box B.The Predictor places a million dollars in box B
if and only if the Predictor predicts that you will take only box B. Historically, the Pre-
dictor has always been accurate.20 Then the Predictor leaves. Do you take both boxes,
or only box B?

Let the action aB represent taking the single box B, and action aAB represent tak-
ing two boxes. Let the outcome B$ represent the possibility that box B is filled with
$1,000,000, and the outcome B0 represent the possibility that box B is empty. Then the
game has these conceptually possible outcomes:

B$: B0:
aB: aB, B$: $1,000,000 aB, B0: $0

aAB: aAB, B$: $1,001,000 aAB, B0: $1000
Let us suppose that historically half the subjects took only box B and half the subjects
took both boxes, and the Predictor always predicted accurately. Then we observed this
joint frequency distribution over actions and outcomes:

19. Note that the Von Neumann—Morgenstern axiomatization of expected utility makes no mention of
the philosophical commitments sometimes labeled as “utilitarianism.” An agent that obeys the expected
utility axioms need not assign any particular utility to happiness, nor value its own happiness over the
happiness of others, regard sensory experiences or its own psychological states as the only meaningful
consequences, etc. Expected utility in our sense is simply a mathematical constraint, fulfilled when the
agent’s preferences have a certain structure that forbids, e.g., nontransitivity of preferences (preferring A
to B, B to C, and C to A).

20. We also suppose that the Predictor has demonstrated good discrimination. For example, if every-
one tested took only box B, and the Predictor was always right, then perhaps the Predictor followed the
algorithm “put a million dollars in box B every time” rather than actually predicting.
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B$: B0:
aB: aB, B$: 50% aB, B0: 0%21

aAB: aAB, B$: 0% aAB, B0: 50%
An evidential decision agent employs the standard operations of marginalization, con-
ditionalization, and Bayes’s Rule to compute conditional probabilities. (Note that these
operations require only a distributional representation of probability, without invoking
causal diagrams). An evidential agent concludes that the actions aB and aAB imply the
following probability distributions over outcomes:

B$: B0:
aB: p(B$, aB): 100%22 p(B0, aB): 0%

aAB: p(B$, aAB): 0% p(B0, aAB): 100%
The expected utility of aB therefore equals u($1, 000, 000) and the expected utility of
aAB equals u($1, 000). Supposing the agent’s utility function to be increasing in money,
an evidential agent chooses aB by the rule of expected utility maximization.

Now consider the causal agent. The causal agent requires the probabilities:
B$: B0:

aB: p(B$, âB) p(B0, âB)

aAB: p(B$, âAB) p(B0, âB)

Since the do-calculus operates on causal diagrams, we cannot compute these probabili-
ties without a causal diagram of the Newcomb problem. Figure 3 shows a causal diagram
which can account for all dependencies historically observed in the non-experimental
distribution: The Predictor P observes the state of mind of a causal decision agent C at
7AM, represented by a link from C7AM to P (since, when P observes C, P ’s state be-
comes a function of C ’s state). P , observing that C is a causal decision theorist, fills box
B with $0 to punish C for his rationality. Then at 8AM, C is faced with the Predictor’s
game, and at node A must choose action aB or aAB. Being a causal decision theorist,
C chooses action aAB. This causal diagram explains the observed dependency between
variable A (the action) and variable B (the state of box B) by attributing it to a con-
founding mutual cause, C ’s state of mind at 7AM. Had C been an evidential decision

21. Note that postulating an observed frequency of 0% may break some theorems about causal diagrams
which require a positive distribution (a probability distribution that is never zero).

22. A wise Bayesian will never claim a probability of exactly 1.0. “Once I assign a probability of 1 to
a proposition, I can never undo it. No matter what I see or learn, I have to reject everything that disagrees
with the axiom. I don’t like the idea of not being able to change my mind, ever.” (Smigrodzki 2003) For
the sake of simplifying calculations, we suppose the historical sample is large enough that an evidential
agent is “effectively certain,” 1.0 minus epsilon.
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Figure 3

agent, the Predictor would have filled B with $1,000,000 at 7:30AM and C would have
chosen aAB at 8AM.

The causal decision agent, faced with a decision at node A, computes interventional
probabilities by severing the node A from its parents and substituting the equations
A aB and A aAB to compute the causal effect of choosing aB or aAB respectively:

B$: B0:
aB: p(B$, âB): 0% p(B0, âB): 100%

aAB: p(B$, âAB): 0% p(B0, âAB): 100%
This reflects the intuitive argument that underlies the choice to take both boxes: “The
Predictor has already come and gone; therefore, the contents of box B cannot depend on
what I choose.”

From the perspective of an evidential decision theorist, this is the cleverest argument
ever devised for predictably losing $999,000.

We now move on to our second Newcomblike problem. In (this variant of ) Solomon’s
Problem, we observe the following:

• People who chew gum have a much higher incidence of throat abscesses;

• In test tube experiments, chewing gum is observed to kill the bacteria that form
throat abscesses;

• Statistics show that conditioning on the gene CGTA reverses the correlation be-
tween chewing gum and throat abscesses.23

23. That is, if we divide the subjects into separate pools according to the presence or absence of CGTA,
chewing gum appears to protect both pools against throat abscesses. p(abscess|gum) > p(abscess), but
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We think this happens because the gene CGTA both causes throat abscesses and influ-
ences the decision to chew gum. We therefore explain the observed distribution using
Figure 4. and the formula:

)'
-"'

Figure 4

p(x1x2x3) = p(x1)p(x2|x1)p(x3|x2x1)
24 (8)

The causal decision theorist severs the node “chew gum”from its parent,CGTA, in order
to evaluate the causal effect of chewing gum versus not chewing gum. The new formula
is p(x3|x̂2) =

P

x1
p(x1x3|x̂2) =

P

x1
p(x1)p(x3|x2x1). The causal decision theorist

thus begins by assuming his probability of possessing gene CGTA is the same as that
for the general population, and then assessing his probability of developing a throat
abscess given that he does (or does not) chew gum. The result is that chewing gum
shows a higher expected utility than the alternative. This seems to be the sensible course
of action.

The evidential decision theorist would, on first sight, seem to behave oddly; using
standard probability theory yields the formula p(x3|x2) =

P

x1
p(x1|x2)p(x3|x2x1).

Thus, the evidential decision theorist would first update his probability of possessing the
gene CGTA in the light of his decision to chew gum, and then use his decision plus the
updated probability of CGTA to assess his probability of developing throat cancer. This
yields a lower expected utility for chewing gum.

p(abscess|gum,CGTA) < p(abscess|CGTA) and p(abscess|gum,¬CGTA) < p(abscess|¬CGTA).
Such a situation is known as “Simpson’s Paradox,” though it is not a paradox.

24. This formula equates to the tautological one. A fully connected causal graph requires no indepen-
dences and hence makes no testable predictions regarding dependences until an experimental manipula-
tion is performed.
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9.1. Tickle Defense and Meta-tickle Defense
The “tickle defense” promulgated by Eells (1984) suggests that as soon as an evidential
agent notices his desire to chew gum, this evidence already informs the agent that he has
gene CGTA—alternatively the agent might introspect and find that he has no desire to
chew gum. With the value of the CGTA variable already known and fixed, the decision
to chew gum is no longer evidence about CGTA and the only remaining “news” about
throat abscesses is good news. p(abscess|gum) may be greater than p(abscess), but
p(abscess|gum, cgta+) < p(abscess|cgta+) and similarly with p(abscess|gum, cgta�).
The tickle defense shows up even more clearly in this variant of Solomon’s Problem:

Figure 5

Here the same gene causes people to like eating grapes and also causes people to
spontaneously combust, but the spontaneous combustion does not cause people to eat
grapes nor vice versa. If you find that you want to eat grapes, you may as well go ahead
and eat them, because the already-observed fact that you want to eat grapes already
means that you have Gene EGF, and the actual act of eating grapes has no correlation
to spontaneous combustion once the value of EGF is known. This is known as “screen-
ing off.” Considered in isolation, the variables GRAPES and FOOM are correlated in
our observations—p(grapes, foom) > p(grapes) ⇤ p(foom), because if you eat grapes
you probably have EGF and EGF may make you spontaneously combust. But if you
observe the value of the variable EGF, then this screens off FOOM from GRAPES (and
GRAPES from FOOM), rendering the variables independent. According to the causal
diagram D, p(GRAPES,FOOM|EGF)must equal p(GRAPES|EGF)⇤p(FOOM|EGF)

for all specific values of these variables.
So far, so good. It seems that a single decision theory—evidential decision theory plus

the tickle defense—walks off with the money in Newcomb’s Problem, and also chews
protective gum in the throat-abscess variant of Solomon’s Problem.

Yet the theorists behind the tickle defense did not rest on that accomplishment, but
continued to elaborate and formalize their theory. Suppose that you cannot observe
yourself wanting to chew gum—you lack strong cognitive abilities of introspection. Or
suppose the influence on your cognition is such that you can’t easily determine your own
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true motives.25 Does an evidential theorist then avoid chewing gum, or the equiva-
lent thereof? No, says Eels: Once you make a tentative decision, that decision can be
taken into account as evidence and you can reconsider your decision in light of this ev-
idence. This is the meta-tickle defense (Eells 1984), and it is rather complicated, since
it introduces an iterative algorithm with a first-order decision, a second-order decision,
continuing ad infinitum or until a stable fixed point is found. The meta-tickle defense
requires us to assign probabilities to our own decisions and sometimes to revise those
probabilities sharply, and there is no guarantee that the algorithm terminates.

In fact, Eels went on to say that his meta-tickle defense showed that an evidential
decision theorist would take both boxes in Newcomb’s Problem!26

What we would ideally like is a version of the tickle defense that lets an evidential
theorist chew protective gum, and also take only box B in Newcomb’s Problem. Perhaps
we could simply use the tickle defense on one occasion but not the other? Unfortunately
this answer, pragmatic as it may seem, is unlikely to satisfy a decision theorist—it has
not been formalized, and in any case one would like to know why one uses the tickle
defense on one occasion but not the other.

10. Review: The Markov Condition
The Markov Condition requires statistical independence of the error terms, the ui in
the computations described in Section 8. This is a mathematical assumption inherent in
the formalism of causal diagrams; if reality violates the assumption, the causal diagram’s
prediction will not match observation.

Suppose that I roll a six-sided die and write down the result on a sheet of paper. I
dispatch two sealed copies of this paper to two distant locations,Outer Mongolia and the
planet Neptune, where two confederates each roll one additional six-sided die and add
this to the number from the piece of paper. Imagine that you are observing this scenario,
and that neither of my confederates has yet opened their sealed packet of paper, rolled
their dice, or announced their sums.

One ad hoc method for modeling this scenario might be as follows. First, I consider
the scenario in Mongolia. The Mongolian confederate’s six-sided die might turn up
any number from 1 to 6, and having no further useful information, by the Principle of

25. “Power corrupts,” said Lord Acton, “and absolute power corrupts absolutely.”
26. At this time the widespread opinion in the field of decision theory was that taking both boxes was

the “rational” choice in Newcomb’s Problem and that the Predictor was simply punishing two-boxers.
Arguing that ticklish agents would take both boxes was, in the prevailing academic climate, an argument
seen as supporting the tickle defense.
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Indifference27 I assign a probability of 1/6 to each number. Next we ask, given that
the Mongolian die turned up 5, the probability that each number between 2 and 12
will equal the sum of the Mongolian die and the number in the sealed envelope. If the
Mongolian die turned up 5, it would seem that the sums 6, 7, 8, 9, 10, and 11 are all
equally possible (again by the Principle of Indifference, having no further information
about the contents of the envelope). So we model the Mongolian probabilities using
two probability distributions, DM for the result of the Mongolian die, and P (SM |DM)

for the Mongolian sum given the Mongolian die. And similarly for the Neptunian die.
The rolling of dice on Neptune is independent of the rolling of dice in Mongolia, that is,
P (DN |DM) = P (DN). We may be very sure of this, for the confederates are scheduled
to roll their dice such that the events are spacelike separated,28 and thus there is no
physically possible way that one event can have a causal effect on the other. Then when
the Neptunian has rolled her die and gotten a 3,we again have a distribution P (SN |DN)

which assigns equal probabilities to the sums 4, 5, 6, 7, 8, and 9. If we write out this
computation as a causal diagram, it looks like this (Figure 6):

Figure 6

But ah!—this ad hoc diagram gives us a false answer, for the subgraphs containing SN and
SM are disconnected, necessarily requiring independence of the dice-sum in Mongolia
and the dice-sum on Neptune. But both envelopes contain the same number! If we
have a sum of 10 in Mongolia, we cannot possible have a sum of 4 on Neptune. A sum
of 10 in Mongolia implies that the least number in the envelope could have been 4;
and then the sum on Neptune must be at least 5. Because reality violates the Markov

27. More generally, the Principle of Indifference is a special case of the principle of maximum entropy.
This use of the maximum-entropy principle to set prior probabilities is licensed by the indistinguishability
and interchangeability of the six labels attached to the six faces of the die, in the absence of any further
information (Jaynes 2003).

28. That is, the two confederates roll their dice in such fashion that it would be impossible for a light
ray leaving the Neptunian die-roll to arrive in Mongolia before the Mongolian die rolls, or vice versa.
Therefore any talk of the confederates rolling their dice “at the same time” is meaningless nonsense, as is
talk of one confederate rolling a die “before” or “after” the other.
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assumption relative to our causal diagram, the diagram gives us a false joint distribution
over P (SNSM).

What is the Markov condition? To make the Markov condition more visible, let us
write out the false-to-fact causal diagram as a set of equations:

DM = f1(u1) p(u1) (9a)
SM = f2(DM , u2) p(u2) (9b)
DN = f3(u3) p(u3) (9c)
SN = f4(DN , u4) p(u4) (9d)

This formulation of a causal diagram makes the underlying computations fit into deter-
ministic functions; all probabilism now resides in a probability distribution over the “error
terms” ui. Despite the phrase “error term,” the ui are not necessarily errors in the sense
of noise—the probability distributions over ui can represent any kind of information
that we do not know, including background conditions which would be too difficult to
determine in advance. The only requirement is that, given the information summarized
by the ui (including, e.g., the results of die rolls), the remaining mechanisms should be
functions rather than probabilities; that is, they should be deterministic (Pearl 1988).

The Markov condition is that the error terms ui should all be independent of each
other: p(u1u2u3u4) = p(u1)p(u2)p(u3)p(u4). Our dice-rolling scenario violates the
Markov condition relative to the diagram D because the error terms u2 and u4 are
dependent—in fact, u2 = u4.

Can we add a dependency between u2 and u4? This would be represented in a causal
diagram by a dashed arc between X2 and X4, as seen in Figure 7. However, the diagram

Figure 7

is now semi-Markovian, a condition satisfied when no dependencies exist among the ui
except those specified by dashed arcs. Furthermore, the conditional probability formula
for p(x1x2x3x4) is no longer valid, that is, p(x1x2x3x4)! = p(x4|x3)p(x3)p(x2|x1)p(x1).
We can no longer cash out this diagram to a probability distribution.
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So how do we resolve a semi-Markovian diagram back to a Markovian diagram?
Without difficulty, we rewrite our diagram as shown in Figure 8. DE here stands for

Figure 8

DE = f1(u1) p(u1) (10a)
DM = f2(u2) p(u2) (10b)
SM = f3(DE, DM) (10c)
DN = f4(u4) p(u4) (10d)
SN = f5(DE, DN) (10e)

the die-roll that determines the contents of the envelopes dispatched to Neptune and
Mongolia. The standard formulation adds error terms at u3 and u5, setting them to fixed
values. Personally I would prefer to omit the error terms u3 and u5, since they play no
computational role in the functions f3 or f5. Note also that sinceDM andDN affect only
SM and SN respectively, we could as easily write the causal diagram to that displayed in
Figure 9. This more compact diagram also makes it easier to read off that if we observe
the value of DE, this renders SN and SM statistically independent of one another. That
is, once we know the value in the envelope, knowing the sum on Neptune tells us nothing
more about the sum in Mongolia. If we observe completely the local physical variables in
the preconditions to the two scenarios—if we examine fully the dice and the envelope,
before rolling the dice and computing the sum—then there are no correlated random
factors in the two scenarios; the remaining error terms are independent. This respects
the physical requirement (according to our current understanding of physics) that no
physical effect, no arrow of causality in a causal diagram,may cross a spacelike separation
between events.29 Inference obeys no such constraint. If you take a matched pair of socks,
send a sock in a box to Proxima Centauri, and then show me that the other sock is black,

29. If two events are “spacelike separated,” traveling between them requires traveling faster than light.
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Figure 9

DE = f1(u1) p(u2) (11a)
SM = f2(DE, u2) p(u2) (11b)
SN = f3(DE, u3) p(u3) (11c)

I may deduce immediately that the sock at Proxima Centauri is black. But no influence
travels faster than light—only an inference.

The map is not the territory. On learning a new fact, I may write in many changes to
my map of the universe, perhaps marking in deductions about widely separated galaxies.
But the entire map lies on my table, though it may refer to distant places. So long as my
new knowledge does not cause the territory itself to change, Special Relativity is obeyed.

As Pearl points out, we intuitively recognize the importance of the full Markov con-
dition in good explanations. An unexplained correlation shows that a causal explanation
is incomplete. If we flip two coins in two widely separated locations and find that both
coins produce the same sequence HTHTTTHTHHHH . . . , on and on for a thousand
identical flips, we wouldn’t accept the bland explanation, “Oh, that’s just an unexplained
correlation.” We would suspect something interesting happening behind the scenes,
something worthy of investigation.

If X and Y correlate, a good explanation should describe a causal effect of X on Y ,
a causal effect of Y on X , or a confounder which affects both X and Y . A causal dia-
gram containing no such links predicts a probabilistic independence which observation
falsifies.

11. Timeless Decision Diagrams
I propose that to properly represent Newcomblike problems we must augment standard-
issue causal diagrams in two ways. I present these two augmentations in turn.

For my first augmentation of standard causal diagrams, I propose that causal dia-
grams should represent our uncertainty about the results of computations—for example,

73



Timeless Decision Theory

“What do you get if you multiply six by nine?” It is not particularly difficult to include
uncertainty about computations into causal diagrams, but the inclusion must not break
underlying mathematical assumptions, as an ad hoc fix might do. The chief assumption
in danger is the Markov property.

Suppose that I place, in Mongolia and Neptune, two calculators programmed to cal-
culate the result of 678 ⇥ 987 and then display the result. As before, the timing is such
that the events will be spacelike separated—both events occur at 5PM on Tuesday in
Earth’s space of simultaneity. Before 5PM on Tuesday, you travel to the location of both
calculators, inspect them transistor by transistor, and confirm to your satisfaction that
both calculators are physical processes poised to implement the process of multiplica-
tion and that the multiplicands are 678 and 987. You do not actually calculate out the
answer, so you remain uncertain of which number shall flash on the calculator screens.
As the calculators are spacelike separated, it is physically impossible for a signal to travel
from one calculator to another. Nonetheless you expect the same signs to flash on both
calculator screens, even though you are uncertain which signs will flash. For the sake of
simplification, I now inform you that the answer is either 669186 or 669168. Would it
be fair to say that you assign a probability of 50% to the answer being 669186?

Some statisticians may object to any attempt to describe uncertainty about computa-
tions in terms of probability theory, protesting that the product of 678 ⇥ 987 is a fixed
value, not a random variable. It is nonsense to speak of the probability of the answer
being 669186; either the answer is 669186 or it is not. There are a number of possible
replies to this, blending into the age-old debate between Bayesian probability theory
and frequentist statistics. Perhaps some philosophers would refuse to permit probability
theory to describe the value of a die roll written inside a sealed envelope I have not seen—
since, the die roll having been written down, it is now fixed instead of random. Perhaps
they would say: “The written die result does not have a 1/6 probability of equalling 4;
either it equals 4 or it does not.”

As my first reply, I would cite the wisdom of Jaynes (2003), who notes that a classical
“random” variable, such as the probability of drawing a red ball from a churning barrel
containing 30 red balls and 10 white balls, is rarely random—not in any physical sense.
To really calculate, e.g., the probability of drawing a red ball after drawing and replacing
a white ball, we would have to calculate the placement of the white ball in the barrel,
its motions and collisions with other balls. When statisticians talk of “randomizing”
a process, Jaynes says, they mean “making it vastly more complicated.” To say that the
outcome is random, on this theory, is to say that the process is so unmanageable that we
throw up our hands and assign a probability of 75%.

The map is not the territory. It may be that the balls in the churning barrel, as macro-
scopic objects, are actually quite deterministic in their collisions and reboundings; so that
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someone with a sophisticated computer model could predict precisely whether the next
ball would be red or white. But so long as we do not have this sophisticated computer
model, a probability of 75% best expresses our ignorance. Ignorance is a state of mind,
stored in neurons, not the environment. The red ball does not know that we are ignorant
of it. A probability is a way of quantifying a state of mind. Our ignorance then obeys
useful mathematical properties—Bayesian probability theory—allowing us to system-
atically reduce our ignorance through observation. How would you go about reducing
ignorance if there were no way to measure ignorance? What, indeed, is the advantage of
not quantifying our ignorance, once we understand that quantifying ignorance reflects
a choice about how to think effectively, and not a physical property of red and white
balls?

It also happens that I flipped a coin to determine which of the two values I would
list first when I wrote “669186 or 669168.” If it is impermissible to say that there is
a 50% probability of the answer being 669186, is it permissible to say that there is a 50%
probability that the value listed first is the correct one?

Since this is a paper on decision theory, there is a much stronger reply—though it ap-
plies only to decision theory, not probability theory. There is an old puzzle that Bayesians
use to annoy frequentist statisticians. Suppose we are measuring a physical parameter,
such as the mass of a particle, in a case where (a) our measuring instruments show ran-
dom errors and (b) it is physically impossible for the parameter to be less than zero.
A frequentist refuses to calculate any such thing as the “probability” that a fixed pa-
rameter bears some specific value or range of values, since either the fixed parameter
bears that value or it does not. Rather the frequentist says of some experimental pro-
cedure, “This procedure, repeated indefinitely many times, will 95% of the time return
a range that contains the true value of the parameter.” According to the frequentist,
this is all you can ever say about the parameter—that a procedure has been performed
on it which will 95% of the time return a range containing the true value. But it may
happen that, owing to error in the measuring instruments, the experimental procedure
returns a range [-0.5, -0.1], where it is physically impossible for the parameter to be less
than zero. A Bayesian cheerfully says that since the prior probability of this range was
effectively 0%, the posterior probability remains effectively 0%, and goes on to say that
the real value of the parameter is probably quite close to zero. With a prior probability
distribution over plausible values of the parameter, this remaining uncertainty can be
quantified. A frequentist, in contrast, only goes on saying that the procedure performed
would work 95% of the time, and insists that there is nothing more to be said than this.
It is nonsense to treat a fixed parameter as a random variable and assign probabilities to
it; either the fixed parameter has value X or it does not.
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If we are decision theorists, we can resolve this philosophical impasse by pointing
a gun to the frequentist’s head and saying, “Does the value of the fixed parameter lie in
the range [-0.5, -0.1]? Respond yes or no. If you get it wrong or say any other word
I’ll blow your head off.” The frequentist shrieks “No!” We then perform the experi-
mental procedure again, and it returns a range of [0.01, 0.3]. We point the gun at the
frequentist’s head and say, “Does the value lie in this range?” The frequentist shrieks,
“Yes!” And then we put the gun away, apologize extensively, and say: “You know the sort
of belief that you used to make that decision? That’s what a Bayesian calls by the name,
‘probability.’ ”

If you look at this reply closely, it says that decision theory requires any mathemat-
ical object describing belief to cash out to a scalar quantity, so that we can plug com-
parative degrees of belief into the expected utility formula. Mathematicians have de-
vised Dempster-Shafer theory, long-run frequencies, and other interesting mathematical
objects—but when there’s a gun pointed at your head, you need something that cashes
out to what decision theorists (and Bayesian statisticians) call a probability. If some-
one should invent an improvement on the expected utility formula that accepts some
other kind of belief-object, and this improved decision rule produces better results, then
perhaps decision theorists will abandon probabilities. But until then, decision theorists
need some way to describe ignorance that permits choice under uncertainty, and our best
current method is to cash out our ignorance as a real number between 0 and 1.

This is the Dutch Book argument for Bayesian probability (Ramsey 1931). If your
uncertainty behaves in a way that violates Bayesian axioms, an exploiter can present you
with a set of bets that you are guaranteed to lose.

The Dutch Book argument applies no less to your uncertainty about whether 678 ⇥
987 equals 669186 or 669168. If you offered a truly committed frequentist only a small
sum of money, perhaps he would sniff and say, “Either the result equals 669186 or it
does not.” But if you made him choose between the gambles G1 and G2, where G1

involves being shot if the value is 669186 and G2 involves being shot unless a fair coin
turns up four successive heads, I think a sensible bounded rationalist would choose G1.30

By requiring choices on many such gambles, we could demonstrate that the chooser
assigns credences that behave much like probabilities, and that the probability he assigns
is within epsilon of 50%.

30. Incidentally, I will flip a coin to determine which possible output I will cite in G1, only after writing
the footnoted sentence and this footnote. If the false value happens to come up in the coin flip, then that
will detract somewhat from the moral force of the illustration. Nonetheless I say that a sensible bounded
rationalist, having no other information, should prefer G1 to G2.
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Since I wish to devise a formalism for timeless decision diagrams, I presently see no
alternative but to represent my ignorance of a deterministic computation’s output as
a probability distribution that can combine with other probabilities and ultimately plug
into an expected utility formula.

Note that is important to distinguish between the notion of a computation and the
notion of an algorithm. An “algorithm,” as programmers speak of it, is a template for
computations. The output of an algorithm may vary with its inputs, or with parameters
of the algorithm. “Multiplication” is an algorithm. “Multiply by three” is an algorithm.
“Multiply by X” is an algorithm with a parameter X . Take the algorithm “Multiply
by X ,” set X to 987, and input 678: The result is a fully specified computation, 678
⇥ 987, with a deterministic progress and a single fixed output. A computation can be
regarded as an algorithm with no inputs and no parameters, but not all algorithms are
computations.

An underlying assumption of this paper is that the same computation always has
the same output. All jokes aside, humanity has never yet discovered any place in our
universe where 2 + 2 = 5—not even in Berkeley, California. If “computation” is said
where “algorithm” is meant, paradox could result; for the same algorithm may have dif-
ferent outputs given different inputs or parameters.

So how would a causal diagram represent two spacelike separated calculators imple-
menting the same computation? I can presently see only one way to do this that matches
the observed facts, lets us make prudent choices under uncertainty, and obeys the un-
derlying assumptions in causal diagrams (see Figure 10). Here F stands for the factory,
located perhaps in Taiwan, which produced calculators CM and CN at Mongolia and
Neptune (explaining their physically correlated state at the start of the problem). OP

is a latent node31 that stands for our uncertainty about the deterministic output of the
abstract computation 678⇥ 987—the “Platonic output”—and the outputs OM and ON

at Mongolia and Neptune are the outputs which flash on the actual calculator screen.
Why is it necessary to have a node for OP , distinct from F ? Because this diagram is

intended to faithfully compute probabilities and independences in the scenario where:

a) We physically inspect the complete initial state of both calculators;

b) We remain uncertain which symbols shall flash upon each of the two screens;
and yet

c) We expect the uncertain flashing symbols at OM and ON to correlate.

31. A latent node in a causal diagram is a variable which is not directly observed. Any suggestion that
two correlated variables are linked by an unseen confounding factor hypothesizes a latent cause.
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Figure 10

F = f1(u1) p(u1) (12a)
CM = f2(F ) (12b)
CN = f3(F ) (12c)
OP = f4(u4) p(u4) (12d)
OM = f5(OP , CM) (12e)
ON = f6(OP , CN) (12f)

If we delete the node OP and its arcs from diagram D, then inspecting both CM

and CN should screen off OM from ON , rendering them probabilistically independent.
(The same also holds of deleting the node OP and inspecting F.) If we delete OP , we
necessarily have that P (OM , ON |CM , CN) = P (OM |CM , CN) ⇤ P (ON |CM , CN). This
does not correspond to the choices we would make under uncertainty. We would assign
a probability of 50% to P (OM = 669186|CM , CN) and also assign a probability of
50% to P (ON = 669186|CM , CN) yet not assign a probability of 25% to P (OM =

669186, ON = 669186|CM , CN).
Which is to say: Suppose you have previously observed both calculators to implement

the same multiplication, you trust both calculators to work correctly on the physical level
(no cosmic ray strikes on transistors), and you have heard from a trustworthy source that
678 ⇥ 987 equals either 669186 or 669168. You might eagerly pay $1 for a gamble that
wins $10 if the calculator at Mongolia shows 669186, or with equal eagerness pay $1 for
a gamble that wins $10 if the calculator at Neptune shows 669168. Yet you would not
pay 10 cents for a gamble that wins $100 if the Mongolian calculator shows 669186 and
the Neptunian calculator shows 669168. Contrariwise, you would happily offer $2 for
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a gamble that wins $2.10 if the Mongolian calculator shows 669186 or the Neptunian
calculator shows 669168. It’s free money.

If we deal in rolling dice and sealed envelopes, rather than uncertainty about computa-
tions, then knowing completely the physical initial conditions at Mongolia and Neptune
rules out any lingering information between our conditional probability distributions
over uncertain outcomes at Mongolia and Neptune. Uncertainty about computation
differs from uncertainty about dice, in that completely observing the physical initial con-
ditions screens off any remaining uncertainty about dice,32 while it does not screen off
uncertainty about the outputs of computations. The presence of the node OP in the
causal diagram is intended to make the causal diagram faithfully represent this property
of our ignorance.

I emphasize that if we were logically omniscient, knowing every logical implication of
our current beliefs, we would never experience any uncertainty about the result of cal-
culations. A logically omniscient agent, conditioning on a complete initial state, would
thereby screen off all expected information from outside events. I regard probabilistic
uncertainty about computations as a way to manage our lack of logical omniscience. Un-
certainty about computation is uncertainty about the logical implications of beliefs we
already possess. As boundedly rational agents,we do not always have enough computing
power to know what we believe.

OP is represented as a latent node, unobserved and unobservable. We can only de-
termine the value of OP by observing some other variable to which OP has an arc. For
example, if we have a hand calculator CH whose output OH is also linked to OP , then
observing the value OH can tell us the value of OP , and hence OM and ON . Likewise,
observing the symbols that flash on the calculator screen at OM would also tell us the
product of 678 ⇥ 987, from which we could infer the symbols that will flash on the
calculator screen at ON . This does seem to be how human beings reason, and more
importantly, the reasoning works well to describe the physical world. After determin-
ing OP , by whatever means, we have independence of any remaining uncertainty that
may arise about the outputs at OM and ON—say, due to a stray radiation strike on the
calculator circuitry.

I suggest that we should represent all abstract computational outputs as latent nodes,
since any attempt to infer the outcome of an abstract computation works by observing

32. When I say that the uncertainty is “screened off,” I don’t necessarily mean that we can always
compute the observed result of the die roll. I mean that no external event, if we witness it, can give us
any further information about what to expect from our local die roll. Quantum physics complicates this
situation considerably, but as best I understand contemporary physics, it is still generally true that if you
start out by completely observing an observable variable, then outside observations should tell you no
further information—quantum or otherwise—about it.
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the output of some physical process believed to correlate with that computation. This
holds whether the physical process is a calculator, a mental calculation implemented
in axons and dendrites, or a pencil and paper that scratches out the axioms of Peano
arithmetic.

I also emphasize that, when I insert the Platonic output of a computation as a latent
node in a causal diagram, I am not making a philosophical claim about computations
having Platonic existence. I am just trying to produce a good approximation of reality
that is faithful in its predictions and useful in its advice. Physics informs us that beneath
our macroscopic dreams lie the facts of electrons and protons, fermions and bosons. If
you want objective reality, look at Feynman diagrams, not decision diagrams.33 Our
fundamental physics invokes no such fundamental object as a “calculator,” yet a causal
diagram containing a node labeled “calculator” can still produce good predictions about
the behavior of macroscopic experience.

The causal diagram D, if you try to read it directly, seems to say that the Platonic result
of a calculation is a cause that reaches out and modifes our physical world. We are not just
wondering about pure math, after all; we are trying to predict which symbols shall flash
on the physical screen of a physical calculator. Doesn’t this require the Platonic output
of 678 ⇥ 987 to somehow modify the physical world, acting as a peer to other physical
causes? I would caution against trying to read the causal diagram in this way. Rather,
I would say that our uncertainty about computation exhibits causelike behavior in that
our uncertainty obeys the causelike operations of dependence, independence, inference,
screening off, etc. This does not mean there is a little Platonic calculation floating out in
space somewhere. There are two different kinds of uncertainty interacting in diagram D:
The first is uncertainty about physical states, and the second is uncertainty about logical
implications. The first is uncertainty about possible worlds and the second is uncertainty
about impossible possible worlds (Cresswell 1970).

This multiply uncertain representation seems to adequately describe ignorance, in-
ference, decisions, dependence, independence, screening off, and it cashes out to a prob-
ability distribution that doesn’t make absurd predictions about the physical universe. It
is also pretty much the obvious way to insert a single computational uncertainty into
a Bayesian network.

I make no specification in this paper as to how to compute prior probabilities over
uncertain computations. As we will see, this question is orthogonal to the decision al-

33. So far as I am concerned, probability distributions are also a sort of useful approximation bearing no
objective reality (until demonstrated otherwise). Physics does invoke something like a distribution over
a space of possible outcomes, but the values are complex amplitudes, not scalar probabilities.
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gorithm in this paper; so for our purposes, and for the moment, “ask a human mathe-
matician”will do.

For my second augmentation, yielding timeless decision diagrams, I propose that an
agent represent its own decision as the output of an abstract computation which describes
the agent’s decision process.

I will first defend a general need for a representation that includes more than a simple
blank spot as the cause of our own decisions, on grounds of a priori reasonableness and
representational accuracy.

Decisions, and specifically human decisions, are neither acausal nor uncaused. We
routinely attempt to predict the decisions of other humans, both in cases where predic-
tion seems hard (Is she likely to sleep with me? Is he likely to stay with me if I sleep
with him?) and easy (Will this starving person in the desert choose to accept a glass
of water and a steak?) Some evolutionary theorists hypothesize that the adaptive task
of manipulating our fellow primates (and, by implication, correctly modeling and pre-
dicting fellow primates) was the most important selection pressure driving the increase
of hominid intelligence and the rise of Homo sapiens. The Machiavellian Hypothesis is
especially interesting because out-predicting your conspecifics is a Red Queen’s Race,
an open-ended demand for increasing intelligence in each successive generation, rather
than a single task like learning to chip handaxes. This may help to explain a rise in
hominid cranial capacity that stretched over 5 million years.

We model the minds, and the decisions, and the acts of other human beings. We
model these decisions as depending on environmental variables; someone is more likely
to choose to bend down and pick up a bill on the street, if the bill is $50 rather than $1.
We could not do this successfully, even to a first approximation in the easiest cases, if the
decisions of other minds were uncaused. We achieve our successful predictions through
insight into other minds, understanding cognitive details; someone who sees a dollar bill
on the street values it, with a greater value for $50 than $1, weighs other factors such
as the need to stride on to work, and decides whether or not to pick it up. Indeed, the
whole field of decision theory revolves around arguments about how other minds do or
should arrive at their decisions, based on the complex interaction of desires, beliefs, and
environmental contingencies. The mind is not a sealed black box.

Why emphasize this? Because the standard formalism for causal diagrams seems to
suggest that a manipulation, an act of do(xi), is uncaused. To arrive at the formula for
p(y|x̂i)—sometimes also written p(y|do(xi))—we are to sever the variable Xi from all
its parents PAi; we eliminate the conditional probability p(xi|pa i) from the distribution;
we replace the calculation Xi  fi(pa i, ui) with Xi  xi. Since the variable X has
no parents, doesn’t that make it uncaused? Actually, we couldn’t possibly read the graph
in this way, since Xi represents not our decision to manipulate X , but the manipulated
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variable itself. E.g., if we make the sidewalk wet as an experimental manipulation, the
variable Xi would represent the wetness of the sidewalk, not our decision to make the
sidewalk wet. Presumably, asking for a distribution given do(Xi = wet) means that the
wetness is caused by our experimental manipulation, not that Xi becomes uncaused.

Pearl (1988) suggests this alternate representation (shown in Figure 11) of an exper-
imentally manipulable causal diagram. Here the function I(fi, pa i, ui) = fi(pa i, ui).

(a)

Xi  fi(A,B,C, ui) (13)

(b)

Fi  {idle, do(xi)} (14a)
Xi  I(fi, A,B, C, ui) (14b)
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>
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Figure 11

The possible values of Fi include an “idle” function which equals fi in G, and functions
(xi) for the possible xi in X . These latter functions are independent of PAi. Thus, the
function Xi = I(fi, pa i, ui) exhibits context-specific independence from A,B,C given
that Fi takes on the specific value (xi); but if Fi takes on the idle value, then Xi will
depend on A,B,C.34 Fi is meant to represent our act, or our decision, and Fi = idle

represents the decision to do nothing. Providing that Fi is itself without parent causes in
the diagram G0, PG0(y|Fi = (xi)) = PG(y|x̂i). As for attempting to read off implied
independences from the augmented graph, we must first modify our algorithm to take
account of context-specific independences (Boutilier et al. 1996); but when this is done,
the same set of independences will be predicted.

34. For an explanation of context-specific independence and some methods of exploiting CSI in
Bayesian networks, see (Boutilier et al. 1996).
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The formulation in G0, though harder to write, is attractive because it has no special
semantics for p(y|xi); instead the semantics for (xi) emerge as a special case of condi-
tioning on Fi. However, the variable Fi itself still seems to be “without cause,” that is,
without parents in the diagram—does this mean that our decisions are acausal? I would
again caution against reading the diagram in this way. The variable SEASON is without
cause in diagram D, but this does not mean that seasons are causeless. In the real world
seasons arise from the long orbit of the Earth about the Sun, the axial tilt of our spin-
ning world, the absorption and emission of heat by deep lakes and buried ground. These
causes are not beyond physics, nor even physically unusual. As best as science has ever
been able to determine, the changing of the seasons obeys the laws of physics, indeed is
produced by the laws of physics.

What then do we mean by showing the variable SEASON without parents in di-
agram D? We mean simply that the variable SEASON obeys the Markov Condition
relative to diagram D, so that we can find some way of writing:

SEASON = f1(u1)p(u1) (15a)
RAIN = f2(SEASON, u2)p(u2) (15b)

SPRINKLER = f3(SEASON, u3)p(u3) (15c)
WET = f4(RAIN, SEASON, u4)p(u4) (15d)

SLIPPERY = f5(WET, u5)p(u5) (15e)

such that the probability distributions over ui are independent: p(u1u2u3u4u5) =

p(u1)p(u2)p(u3)p(u4)p(u5)We require that,whatever the background causes contribut-
ing to SEASON, and whatever the variance in those background causes contributing to
variance in SEASON, these background causes do not affect, e.g., the slipperiness of
the sidewalk, except through the mediating variable of the sidewalk’s wetness. If the
Earth’s exact orbital distance from the Sun (which varies with the season) somehow af-
fected the slipperiness of the sidewalk, we would find that the predicted independence
p(SLIPPERY|WET)= p(SLIPPERY|WET, SEASON) did not hold. So the diagram
D does not claim that SEASON is without cause, or that the changing season repre-
sents a discontinuity in the laws of physics. D claims that SEASON obeys the Markov
Condition relative to D.

So too with our own decisions, if we represent them in the diagram as Fi. As best as
science has currently been able to determine, there is no special physics invoked in human
neurons (Tegmark 2000). Human minds obey the laws of physics, indeed arise from the
laws of physics, and are continuous in Nature. Our fundamental physical models admit
no Cartesian boundary between atoms within the skull and atoms without. According
to our fundamental physics, all Nature is a single unified flow obeying mathematically
simple low-level rules, including that fuzzily identified subsection of Nature which is the
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human species. This is such an astonishing revelation that it is no wonder the physicists
had to break the news to humanity; most ancient philosophers guessed differently.

Providing that our decisionsFi obey the Markov condition relative to the other causes
in the diagram, a causal diagram can correctly predict independences. Providing that our
decisions are not conditioned on other variables in the diagram, the do-calculus can produce
correct experimental predictions of joint probabilities. But in real life it is very difficult
for human decisions to obey the Markov condition. We humans are adaptive creatures;
we tend to automatically condition our decisions on every scrap of information available.
Thus clinical researchers are well-advised to flip a fair coin, or use a pseudo-random
algorithm, when deciding which experimental subjects to assign to the experimental
group, and which to the control group.

What makes a coin fair? Not the long-run frequency of 50% heads; a rigged coin
producing the sequence HTHTHTHT . . . also has this property. Not that the coin’s
landing is unpredictable in principle; a nearby physicist with sufficiently advanced soft-
ware might be able to predict the coin’s landing. But we assume that, if there are any
predictable forces in the coin’s background causes, these variables are unrelated to any
experimental background causes of interest—they obey the Markov property relative to
our causal diagram. This is what makes a coinflip a good way to randomize a clinical
trial. The experiment is not actually being randomized. It is being Markovized. It is
Markov-ness, not the elusive property of “randomness,” that is the necessary condition
for our statistics to work correctly.

Human decision is a poor way to “randomize” a clinical trial because the variance in
human decisions does not reliably obey the Markov condition relative to
background causes of interest. If we want to examine the experimental distribution for
p(RAIN|(WET)) to confirm the causal prediction that p(RAIN|(WET)) = p(RAIN),
we’d better flip a coin to decide when to pour water on the sidewalk. Otherwise, despite
our best intentions, we may put off the experimental trial until that annoying rain stops.

A pseudo-random algorithm is a good way to Markovize a clinical trial, unless the
same pseudo-random algorithm acting on the same randseed was used to “randomize”
a previous clinical trial on the same set of patients. Perhaps one might protest, saying:
“The ‘pseudo-random’ algorithm is actually deterministic, and the background propen-
sities of the patients to sickness are fixed parameters. What if these two deterministic
parameters should by happenstance possess an objective correlation?” But exactly the
same objection applies to a series of coinflips, once the results are affixed to paper. No
reputable medical journal would reject a clinical trial of Progenitorivox on the basis that
the pseudo-random algorithm used was “not really genuinely fundamentally random.”
And no reputable medical journal would accept a clinical trial of Progenitorivox based
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on a series of “really genuinely fundamentally random”coinflips that had previously been
used to administer a clinical trial of Dismalax to the same set of patients.

Given that, in reality itself, our decisions are not uncaused, it is possible that reality
may throw at us some challenge in which we can only triumph by modeling our decisions
as causal. Indeed, every clinical trial in medicine is a challenge of this kind—modeling
human decisions as causal is what tells us that coinflips are superior to human free will
for Markovizing a clinical trial.

So that is the justification for placing an agent’s decision as a node in the diagram,
and moreover, connecting parent causes to the node, permitting us to model the complex
causes of decisions—even our own decisions. That is the way reality actually works, all
considerations of decision theory aside. I intend to show that we can faithfully represent
this aspect of reality without producing absurd decisions—that we can choose wisely
even if we correctly model reality.

I further propose to model decisions as the outputs of an abstract computational pro-
cess. What sort of physically realizable challenge could demand such a diagram? I have
previously proposed that a bounded rationalist needs to model abstract computations
as latent nodes in a causal diagram, whenever the same abstract computation has more
than one physical instantiation. For example, two calculators each set to compute 678
⇥ 987. So we would need to model decisions as the output of an abstract computation,
whenever this abstract computation has more than one physical instantiation.

The AI researcher Hans Moravec, in his book Mind Children (Moravec 1988), sug-
gested that human beings might someday upload themselves from brains to comput-
ers, once computers were sufficiently powerful to simulate human minds. For example,
nanomachines (a la Drexler [1986, 1992]) might swim up to a neuron, scan its full cel-
lular state in as much detail as possible, and then install molecular-scale mechanisms in
and around the neuron which replaced the internal biological machinery of the cell with
molecular-scale nanomachinery. After this operation had been repeated on each neuron
in the brain, the entire causal machinery of the brain would operate in a fashion subject
to deliberate human intervention; and when the process was complete, we could read
out the state of the entire brain and transfer it to an external computer. As Moravec
observed, the patient could theoretically remain awake throughout the entire procedure.
Moravec called this “uploading.” (See also The Story of a Brain [Zuboff 1981])

Leaving aside the question of whether future humans will ever undergo such a proce-
dure, uploading is one of the most fascinating thought experiments ever invented. On any
electronic mailing list it is possible to generate a long and interminable argument just by
raising the question of whether your uploaded self is “really you” or “just a copy.” Fortu-
nately that question is wholly orthogonal to this essay. I only need to raise, as a thought
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experiment, the possibility of an agent whose decision corresponds to the output of an
abstract computation with more than one physical instantiation.

Human beings run on a naturally evolved computer, the brain, which sadly lacks
such conveniences as a USB 2.0 port and a way to dump state to an external recording
device. The brain also contains mechanisms which are subject to thermal fluctuations.
To the extent that thermal fluctuations play roles in cognition, an uploaded brain could
use strong pseudo-random algorithms. If the pseudo-random algorithms have the same
long-run frequencies and do not correlate to other cognitive variables, I would expect
cognition to operate essentially the same as before. I therefore propose that we imagine
a world in which neurons work the same way as now, except that thermal uncertainties
have been replaced by pseudo-random algorithms, and neurons can report their exact
states to an external device. If so, brains would be both precisely copyable and precisely
reproducible, making it possible for the same cognitive computation to have more than
one physical instantiation. We would also need some way of precisely recording sensory
inputs, perhaps a simulated environment a la The Matrix (Wachowski and Wachowski
1999), to obtain reproducibility of the agent-environmental interaction.

Exact reproducibility is a strong requirement which I will later relax. Generally in
the real world we do not need to run exact simulations in order to guess at the decisions
of other minds—though our guesses fall short of perfect prediction. However, I find
that thought experiments involving exactly reproducible computations can greatly clarify
those underlying principles which I think apply to decision problems in general. If
any readers have strong philosophical objections to the notion of reproducible human
cognition, I ask that you substitute a decision agent belonging to a species of agents
who exist on deterministic, copyable substrate. If even this is too much, then I would
suggest trying to follow the general chain of argument until I relax the assumption of
exact reproducibility.

The notion of uploading, or more specifically the notion of cognition with copyable
data and reproducible process, provides a mechanism for a physical realization of New-
comb’s Paradox.

Let Andy be an uploaded human, or let Andy be a decision agent belonging to
a species of agents who exist on copyable substrate with reproducible process. At the
start of our experiment,we place Andy in a reproducible environment. At the end of the
experiment, we carry out this procedure: First, we play a recording which (truthfully)
informs Andy that we have already taken our irrevocable action with respect to placing
or not placing $1,000,000 in box B; and this recording asks Andy to select either box B
or both boxes. Andy can take box contents with him when he leaves the reproducible
environment (i.e., Andy finds money in his external bank account, corresponding to the
amounts in any boxes taken, after leaving the Matrix). Or perhaps Andy ordinarily lives

86



Eliezer Yudkowsky

in a reproducible environment and we do not need to specify any special Matrix. Re-
gardless we assume that some act of Andy’s (e.g., pressing a button marked “only B”)
terminates the experiment, in that afterward Andy can no longer take a different set of
boxes.

In the middle of the experiment, we copy Andy and his environment, and then sim-
ulate Andy and his environment, using precisely the same recording to inform the sim-
ulated Andy that box B has already been filled or emptied. If all elements in the re-
production work properly, the simulated Andy will reproduce perfectly the Andy who
makes the actual decision between aB and aAB, perfectly predicting Andy’s action. We
then fill or empty box B according to the decision of the simulated Andy.

This thought experiment preserves the temporal condition that causal decision theo-
rists have traditionally used to argue for the dominance of choosing both boxes. At the
time Andy makes his decision, the box is already filled or empty, and temporal prece-
dence prevents Andy’s local physical instantiation from having any causal effect whatso-
ever upon box B.Nonetheless, choosing both boxes seems less wise than before, once we
specify the mechanism by which the Predictor predicts. Barring cosmic ray strikes on
transistors, it is as impossible for the Predictor to predict incorrectly, as it is impossible
for a calculator computing 678 ⇥ 987 in Mongolia to return a different result from the
calculator at Neptune.

For those readers who are open to the possibility that uploading is not only physically
possible, but also pragmatically doable using some combination of future nanotechnol-
ogy and future neuroscience, the realization of Newcomb’s Problem right here in our
real world is not out of the question. I regard this as a strong counterargument to those
philosophers who argue that Newcomb’s Problem is logically impossible.

Suppose that Andy presents himself for the experiment at 7AM, is copied immedi-
ately after, and then makes his decision at 8AM. I argue that an external observer who
thinks in causal diagrams should represent Andy’s experience as pictured in Figure 12.
As external observers we may lack the Predictor’s mental power (or computing faculties)
to fully simulate Andy and his reproducible environment—even if we have the ability to
fully scrutinize Andy’s initial condition at Andy7AM. Nonetheless, as external observers,
we expect Andy8AM to correlate with AndySim, just as we expect calculators set to com-
pute 678⇥ 987 to return the same answers at Mongolia and Neptune. We do not expect
observing the common cause Andy7AM to screen off Andy8AM from AndySim. We can
organize this aspect of our uncertainty by representing the decisions of both Andy8AM

and AndySim as connected to the latent node AndyPlatonic. We can then (correctly) infer
the behavior of Andy8AM from AndySim and vice versa.

A classical causal decision theorist, acting as an external observer to Andy’s dilemma,
would also infer the behavior of Andy8AM from AndySim and vice versa—treating them
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Figure 12

as correlated because of their common cause, Andy7AM. (I have not seen the question
of “screening off ” raised.) Causal decision theorists do not regard themselves as being
obligated to model other minds’ actions as acausal. Let Bob be a causal decision theorist
who witnesses a thousand games and observes the Predictor to always predict correctly.
When Bob sees the next player choose only box B, Bob has no trouble predicting that
box B will contain a million dollars.

The singularity in causal decision theory arises when Bob enters the game for him-
self, and must evaluate the expected utilities of his own possible actions. Consider Bob
evaluating the expected utility of taking only box B, for which Bob computes p(B0|âB)

and p(B$|âB). Bob reasons as follows: “The Predictor has already made his move; since
I am a causal decision theorist, the Predictor’s move is to leave B empty. Therefore if I
take only box B, I receive nothing.” That is, Bob evaluates p(B0|âB) ⇠ 1 and p(B$|âB)

as ⇠ 0—unless the Predictor has made a mistake; but at any rate p(B0) and p(B$)

can bear no relation to Bob’s own action. This probabilistic independence follows from
Bob’s model after he deletes all parent causes of Andy8AM—Bob treats his own decision
as acausal, for that is the prescription of causal decision theory.

But mark this: First, the causal decision theorist now models the expected conse-
quence of his own actions using a causal graph which differs from the graph that suc-
cessfully predicted the outcome of the Predictor’s last thousand games. Does this not
violate the way of science? Is this not an inelegance in the mathematics? If we treat
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causal diagrams as attempts to represent reality, which of these two diagrams is nearer
the truth? Why does Bob think he is a special case?

Second, Bob evaluates the consequence of the action aB, and asserts p(B$|âB) ⇠ 0,
by visualizing a visibly inconsistent world in which AndySim and Andy8AM return different
outputs even though they implement the same abstract computation. This is not a possible
world. It is not even an impossible possible world, as impossible possible worlds are
usually defined. The purpose of reasoning over impossible possible worlds is to manage
a lack of logical omniscience (Lipman 1999) by permitting us to entertain possibilities
that may be logically impossible but which we do not yet know to be logically impossible.
For so long as we do not know Fermat’s Last Theorem to be true, we can reason coher-
ently about a possibly impossible possible world where Fermat’s Last Theorem is false.
After we prove FLT, then imagining ¬FLT leads to visibly inconsistent mathematics
from which we can readily prove a contradiction; and from a logical contradiction one
may prove anything. The world in which AndySim and Andy8AM output different an-
swers for the same abstract computation is not a possibly impossible possible world, but
a definitely impossible possible world. Furthermore, the inconsistency is visible to Bob
at the time he imagines this definitely impossible possible world.

I therefore suggest that, howsoever Bob models his situation, he should use a model
in which there is never a visible logical inconsistency; that is, Bob should never visualize
a possible world in which the same abstract computation produces different results on
different (faithful, reliable) instantiations. Bob should never visualize that 678 ⇥ 987
is 669186 in one place and 669168 in another. One model which has this property
is a timeless decision diagram. I have already drawn one timeless decision diagram,
for Andy’s Newcomb experience; it is diagram D that represents our uncertainty about
Andy’s decision, produced by Andy’s cognition, as uncertainty about the output of an
abstract computation that is multiply instantiated.

I emphasize again that using timeless decision diagrams to analyze Newcomblike
problems and obtain probabilities over Newcomblike outcomes does not commit one to
following a timeless decision algorithm. I emphasize this because philosophy recognizes
a much larger component of de gustibus non disputandum in decision than in probability—
it is simpler to argue beliefs than to argue acts. If someone chooses a 30% probability
of winning a vanilla ice cream cone over a 60% probability of winning a chocolate ice
cream cone, perhaps the person simply doesn’t like chocolate. It may also be that the
person does like chocolate more than vanilla, and that the person has some incorrect
factual belief which leads him to choose the wrong gamble; but this is hard to demon-
strate. In contrast, someone who examines a vanilla ice cream cone and comes to the
conclusion that it is chocolate, or someone who believes the sky to be green, or someone
who believes that 2 + 2 = 3, has arrived to the wrong answer on a question of fact.
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Since a timeless decision diagram makes no direct prescription for acts, and of itself as-
signs only probabilities, it is that much less arguable—unless you find an algorithm that
assigns better-calibrated probabilities.

The timeless decision diagram for Newcomb’s Problem, considered as a prescription
only over probabilities, is as in Figure 12.

The diagram reads the same way for an outside observer or for Andy himself. If I am
uncertain of Andy’s decision—that is, the output of Andy’s decision process, the value of
the latent variable AndyPlatonic—whether I am Andy or I am an outside observer—then
I am uncertain of the contents of box B. If I assign probabilities over Andy’s possible
decisions (whether I am Andy making a rough advance guess at his own future decision,
or I am an outside observer), and I assign a 60% probability to Andy choosing only box
B, then I assign a 60% probability to box B containing a million dollars. Considering
my probability assessment as a measure over possibly impossible possible worlds, then I
do not assign any measure to definitely impossible possible worlds that contain a logical
inconsistency visible to me. Using standard methods for computing counterfactuals over
the value of the variable AndyPlatonic, I believe that if the output of Andy’s decision
system were aB, then AndySim would choose aB, box B would contain a million dollars,
and Andy8AM would leave behind box A. And if the output of Andy’s decision system
were aAB, then box B would be empty and Andy8AM would take both boxes. This all
holds whether or not I am Andy—I use the same representation, believe the same beliefs
about reality, whether I find myself inside or outside the system.

Here my analysis temporarily stays, and does not go beyond describing Andy’s beliefs,
because I have not yet presented a timeless decision algorithm.

Suppose the Predictor does not run an exact simulation of Andy. Is it conceivable
that one may produce a faithful prediction of a computation without running that exact
computation?

Suppose Gauss is in primary school and his teacher, as a punishment, sets him to add
up all the numbers between 1 and 100. Immediately he knows that the output of this
computation will be 5050; yet he did not bother to add 2 to 1, then add 3 to the result,
then add 4 to the result, as the teacher intended him to do. Had he done so, the result—
barring an error in his calculations — would have been 5050. A fast computation may
faithfully simulate a slow computation.

Imagine that the Predictor wants to produce a good prediction of Andy (say, to an
accuracy of one error in a thousand games) while expending as little computing power as
possible. Perhaps that is the object of the Predictor’s game, to arrive at veridical answers
efficiently, using less computing power than would be required to simulate every neuron
in Andy’s brain. (What’s the fun in merely running simulations and winning every time,
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after all?) If the Predictor is right 999 times out of 1000, that is surely temptation enough
to choose only box B—though it makes the temptation less clear.

How is it possible that the Predictor can predict Andy without simulating him ex-
actly? For that matter, how can we ourselves predict other minds without simulating
them exactly? Suppose that Andy8AM—“the real Andy”— finds himself in an environ-
ment with green-painted walls. And suppose that AndySim finds himself in an environ-
ment with blue-painted walls. We would nonetheless expect—not prove, but probabilis-
tically expect—that AndySim and Andy8AM come to the same conclusion. The Predic-
tor might run a million alternate simulations of Andy in rooms with slightly different-
colored walls, all colors except green, and find that 999 out of 1000 Andys decide to take
only box B. If so, the Predictor might predict with 99.9% confidence that the real Andy,
finding himself in a room with green walls, will decide to take only box B.

The color of the wall is not relevant to Andy’s decision—presuming, needless to say,
that Andy does not know which color of the wall tokens the “real Andy.” Otherwise
the Andys in non-green rooms and the Andy in the green room might behave very dif-
ferently; the slight difference in sensory input would produce a large difference in their
cognition. But if Andy has no such knowledge—if Andy doesn’t know that green is the
special color—then we can expect the specific color of the room not to influence Andy’s
decision in any significant way, even if Andy knows in a purely abstract way that the color
of the room matters somehow. The Andy in a red room thinks, “Oh my gosh! The color
of the room is red! I’d better condition my thoughts on this somehow . . . well, since it’s
red, I’ll choose only box B.”The Andy in a blue room thinks, “Oh my gosh! The color
of the room is blue! I’d better condition my thoughts on this somehow . . . well, since
it’s blue, I’ll choose only box B.” If we’re trying to simulate Andy on the cheap, we can
abstract out the color of the room from our simulation of Andy, since the computation
will probably carry on the same way regardless, and arrive to more or less the same result.

Now it may be that Andy is in such an unstable state that any random perturbation
to Andy’s brain or his environment, even a few neurons, has the potential to flip his
decision. If so the Predictor might find that 70% of the simulated Andys decided one
way, and 30% another, depending on tiny perturbations. But to the extent that Andy
chooses rationally and for good reasons, we do not expect him to condition his decision
on irrelevant factors such as the exact temperature of the room in degrees Kelvin or the
exact illumination in candlepower. Most descriptions of Newcomblike problems do not
specify the wall color, the room temperature, or the illumination, as weighty arguments.
If a philosopher Phil goes to all the trouble of arguing that tiny perturbations might
influence Andy’s decision and therefore the Predictor cannot predict correctly, Phil is
probably so strongly opinionated about decision theory and Newcomblike problems that
the Predictor would have no trouble predicting him.
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If Andy doesn’t know that the color of the room is significant, or if Andy doesn’t
start out knowing that the Predictor produces Its predictions through simulation, all the
less reason to expect the color of the room to influence his thoughts. The Predictor may
be able to abstract out entirely that part of the question, when It imagines a simplified
version of Andy for the purpose of predicting Andy without simulating him. Indeed,
in all the philosophical discussions of Newcomb’s Problem, I have never once heard
someone direct attention to the color of the walls in the room—we don’t think it an
important thought of the agent.

Perhaps the Predictor tries to predict Andy in much the same way that, e.g., you or
I would predict the trajectory of other cars on the street without modeling the cars and
their drivers in atomic detail. The Predictor, being superintelligent, may possess a brain
embracing millions or billions of times the computing power of a human brain, and
better designed to boot—say, for example, avoiding the biases described in Kahneman,
Slovic, and Tversky (1982). Yet the Predictor is so very intelligent that It does not need
to use a billion times human computing power to solve the puzzle of Andy, just as we
do not need to add up all the numbers between 1 and 100 to know the answer. We do
not know in detail how the Predictor predicts, and perhaps Its mind and methods are
beyond human comprehension. We just know that the Predictor wins the game 999
times out of 1000.

I do not think this would be so implausible a predictive accuracy to find in real life, if
a Predictor came to this planet from afar, or if a superintelligence was produced locally
(say as the outcome of recursive self-improvement in an Artificial Intelligence) and hu-
manity survived the aftermath. I don’t expect to find myself faced with a choice between
two boxes any time soon, but I don’t think that the scenario is physically impossible. If
the humanity of a thousand years hence really wished to do this thing,we could probably
do it—for tradition’s sake, perhaps. I would be skeptical, but not beyond convincing, if
I heard reports of a modern-day human being who could converse with someone for
an hour and then predict their response on Newcomb’s Problem with 90% accuracy.
People do seem to have strong opinions about Newcomb’s Problem and I don’t think
those strong opinions are produced by tiny unpredictable thermal perturbations. Again
I regard this as a counterargument to those philosophers who argue that Newcomb’s
Problem is a logical impossibility.

How can efficient prediction—the prediction of a mind’s behavior without simulating
it neuron by neuron—be taken into account in a causal diagram?

Bayesian networks seem to me poorly suited for representing uncertainty about math-
ematical proofs. If A implies B implies C implies D, then knowing A proves D and
thereby screens off all further uncertainty about D. Bayesian networks are efficient for
representing probabilistic mechanisms. Bayesian networks are useful when, if A causes
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B causes C causes D, then knowing C screens off D from B, but knowing A does
not screen off D from B. Mixing uncertainty about mathematical proof and uncer-
tainty about physical mechanisms efficiently is innovation beyond the scope of this essay.
Nonetheless, our uncertainty about mathematical proofs has a definite structure. If A
implies B, then it would be foolish to assign less probability to B than to A. If A implies
B and ¬A implies ¬B, then A () B, p(A) = p(B) and we may as well treat them
as the same latent node in a causal diagram.

If the Predictor uses an efficient representation of Andy that provably returns the
same answer as Andy—for example, by abstracting out subcomputations that provably
have no effect on the final answer—then for any output produced by AndyPlatonic, it
follows deductively that the Predictor’s computation produces the same output, even if
the Predictor’s computation executes in less time than Andy himself. It is then a know-
able logical contradiction for the Andy-computation to choose aB and the Predictor’s
computation to predict aAB, and we should not visualize a world in which this known
contradiction obtains.

If the Predictor is using a probabilistic prediction of Andy (but an algorithm with
excellent resolution; say, no more than 1 wrong answer out of 1000), this complicates
the question of how to represent our uncertainty about the respective computations. But
note that probabilistic prediction is no stranger to formal mathematics, the most obvi-
ous example being primality testing. The Rabin-Miller probabilistic test for primeness
(Rabin 1980) is guaranteed to pass a composite number for at most 1/4 of the possible
bases. If N independent tests are performed on a composite number, using N randomly
selected bases, then the probability that the composite number passes each test is 1/4N

or less.
Suppose the Predictor uses a very strong but probabilistic algorithm. If I am an

outside observer, then on witnessing Andy choose only box B, I make a strong inference
about the contents of box B; or if I see that box B is full, I make a strong inference about
Andy’s decision. If I represent AndyPlatonic and PredictorSimulation as different latent
nodes, I can’t possibly represent them as unconnected; this would require probabilistic
independence, and there would then be no way for an observer to infer box B’s contents
from witnessing Andy’s decision or vice versa.

I think that probably the best pragmatic way to deal with probabilistic prediction, for
the purpose of Newcomb’s Problem, is to draw a directed arrow from the latent node
representing Andy’s computation to a non-latent node representing the Predictor’s sim-
ulation/prediction, with a conditional probability p(Predictor|Andy) or a mechanism
fPredictor(Andy, uPredictor). We would only have cause to represent the Predictor’s com-
putation as a latent node, if this computation itself had more than one physical instan-
tiation of interest to us. Another argument is that the Predictor’s simulation probably
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reflects Andy’s computation, and whether or not this error occurs is a discoverable fact
about the state of the world—the particular approximation that the Predictor chooses
to run. A pragmatic argument for directing the arrow is that if we changed Andy’s
computation (for example, by substituting one value for another in the parameter of
the underlying algorithm), then the Predictor would change Its simulation; but if the
Predictor changed its simulation then the behavior of Andy would not follow suit in
lock-step.

I regard this reasoning as somewhat ad-hoc, and I think the underlying problem is
using Bayesian networks for a purpose (representing uncertainty about related math-
ematical propositions) to which Bayesian networks are not obviously suited. But to
divorce decision theory from causal networks is a project beyond the ambition of this
present essay.

For the purpose of this essay, when I wish to speak of a probabilistic simulation of
a computation, I will draw a directed arrow from the node representing the computation
to a node representing a probabilistic prediction of that computation. Usually I will
choose to analyze thought experiments with multiple faithful instantiations of the same
computation, or a perfect simulation guaranteed to return the same answer, because this
simplifies the reasoning considerably. I do not believe that, in any case discussed here,
probabilism changes the advice of TDT if the probabilities approach 1 or 0. I view this
as a desirable property of a decision theory. The difference between 10�100 and 0 should
only rarely change our preferences over actions, unless the decision problem is one of
split hairs.

The principle that drives my choice of theory is to update probabilities appropri-
ately. We should avoid visualizing worlds known to be logically impossible; we should
similarly decrease the probability of worlds that are known to be probably logically im-
possible, or that are logically known to be improbable. I have proposed, as a pragmatic
solution, to draw a directed arrow from a computation to a probabilistic simulation of
that computation. If someone drives this theory to failure, in the sense that it ends up
visualizing a knowably inconsistent world or attaching high probability to a knowably
improbable world, it will be necessary to junk that solution and search for a better way
of managing uncertainty.

11.1. Solomon’s Problem
The second most popular Newcomblike problem, after Newcomb’s Problem itself, is a
variant known as Solomon’s Problem. As you may recall from Section 1.2, the formula-
tion of Solomon’s Problem we are using is chewing-gum throat-abscess problem.

Chewing gum has a curative effect on throat abscesses. Natural selection has pro-
duced in people susceptible to throat cancer a tendency to chew gum. It turns out that
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a single gene, CGTA, causes people to chew gum and makes them susceptible to throat
cancer. As this causal diagram requires, conditioning on the gene CGTA renders gum-
chewing and throat abscesses statistically independent. We are given these observations:

Chew gum Don’t chew gum
CGTA present: 89% die 99% die
CGTA absent: 8% die 11% die

If we do not know yet whether we carry the gene CGTA, should we decide to chew
gum? If we do find ourselves deciding to chew gum, we will then be forced to conclude,
from that evidence, that we probably bear the CGTA gene. But chewing gum cannot
possibly cause us to bear the CGTA gene, and gum has been directly demonstrated to
ameliorate throat abscesses.

Is there any conceivable need here to represent our own decision as the output of an
abstract decision process? There is no Predictor here, no uploaded humans, no exact or
approximate simulation of our decision algorithm. Solomon’s Problem is usually classi-
fied as a Newcomblike problem in the philosophical literature; is it a timeless decision
problem?

Before I answer this question, I wish to pose the following dilemma with respect to
Solomon’s Problem: How would this situation ever occur in real life if the population
were made up of causal decision theorists? In a population composed of causal theo-
rists, or evidential theorists with tickling, everyone would chew gum just as soon as the
statistics on CGTA had been published. In this case, chewing gum provides no evidence
at all about whether you have the gene CGTA—even from the perspective of an out-
side observer. If only some people have heard about the research, then there is a new
variable, “Read the Research,” and conditioning on the observation RTR=rtr+, we find
that chewing gum no longer correlates with CGTA. Everyone who has heard about the
research, whether they bear the gene CGTA or not, chews gum.

To avoid this breakdown of the underlying hypothesis, let us postulate that most peo-
ple are instinctively evidential decision theorists without tickling. We postulate, for the
sake of thought experiment, a world in which humanity evolved with the heuristic-and-
bias of evidential decision theory. Around 50,000 years ago in this alternate universe, the
first statisticians began drawing crude but accurate tables of clinical outcomes on cave
walls, and people instinctively began to avoid chewing gum in order to convince them-
selves they did not bear the CGTA gene. Because of the damage this decision caused to
bearers of the CGTA gene (which for some reason was not simply selected out of the
gene pool; maybe the CGTA gene also made its bearers sexy), a mutation rapidly came
to the fore which turned CGTA bearers (and for some reason, only CGTA bearers) into
a different kind of decision theorist.
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Now we have already specified that most people, in this subjunctive world, are CGTA-
negative evidential decision theorists. We have been told the output of their decision
process; they decide to avoid gum. But now we come to the decision of a person named
Louie. Louie bears a mutation that makes him a new kind of decision theorist . . . a more
powerful decision theorist. Shunned by ordinary decision theorists who do not under-
stand their powers, the new breed of decision theorists band together to form a crime-
fighting group known as the X-Theorists . . . Ahem. Excuse me. Louie bears a mutation
that makes him not-an-evidential decision theorist. Louie knows that CGTA-negative
decision theorists choose not to chew gum, and that people who don’t chew gum usu-
ally don’t get throat abscesses. Louie knows that gum helps prevent throat abscesses.
Louie correctly explains this correlation by supposing that population members who
are CGTA-negative are evidential decision theorists, and evidential theorists choose not
to chew gum, and CGTA-negative individuals are less susceptible to throat abscesses.
Louie knows that CGTA-positive decision theorists implement a different algorithm
which causes them to decide to chew gum.

Aha! Why “Aha!”, you ask? Whether Louie believes himself to be CGTA-positive
or CGTA-negative, or whether Louie starts out uncertain of this, Louie must model
a world that contains potential copies of his own decision process. The other individuals
are not exact copies of Louie. But we have been proposing a hypothesis under which
all people who implement this algorithm decide this way, and all people who implement
that algorithm decide that other way. It seems that, whatever the different inputs and
parameters for separate instantiations of this algorithm, it makes no difference to the
output (on the appropriate level of abstraction). One CGTA-positive individual reasons,
“To maximize the expected utility of the person that is Mary, should Mary chew gum?”
And the output is, “Mary should chew gum.” And another reasons: “To maximize the
expected utility of the person that is Norman, should Norman chew gum?” And the
output is, “Norman should chew gum.” If in a sense these two computations return
the same answer, it is because in a sense they are the same computation. We need only
substitute “I” for “Mary” and “Norman” to see this. Perhaps, for a species of intelligent
agents sufficiently exact in their evaluation of expected utility, the two computations
would provably return the “same” answer.

Not yet knowing the decision of Mary, but knowing that her computation bore so
close a resemblance to that of Norman, we would infer Mary’s decision from Norman’s
or vice versa. And we would make this inference even after inspecting both their initial
states, if we remained uncertain of the outcome. Therefore I propose to model the sim-
ilarity between these two individuals as stemming from a shared abstract computation.

From this entry point, I introduce the following timeless decision diagram, pictured
in Figure 13, of (one possible mechanism for) Solomon’s Problem. Node CGTA takes
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Figure 13

on the values cgta- or cgta+, standing for CGTA-negative and CGTA-positive individ-
uals. CGTA directly affects (has an arrow into) the variable T , which represents throat
abscesses. CGTA also affects a variable A, which represents an individual’s decision
whether to chew gum. Also showing arrows into A are the nodes E and X , representing
evidential decision theorists and X-Theorists. E is a latent node whose value is the de-
cision output by the abstract computation E, which implements an evidential decision
algorithm without tickling. X is the abstract computation that determines the shared
behavior of X-Theorists. The function fA(CGTA,E,X) exhibits a context-specific in-
dependence; if CGTA takes on the value cgta-, then A’s remaining dependency is only
on E, not on X . If CGTA takes on the value cgta+, then A depends on X but not on
E. This context-specific independence represents the proposition that CGTA-negative
individuals implement the E computation and CGTA-positive individuals implement
the X computation. We know that E takes on the value “avoid gum”and X takes on the
value “chew gum.”

A latent node in a timeless diagram represents the fixed output of a fixed computa-
tion. If Louie is uncertain of which computation he implements, the diagram represents
this uncertainty using a context-specific independence: a variable which indicates uncer-
tainty about which algorithm describes Louie. In this case the gating variable is CGTA,
which also affects susceptibility to throat abscesses. But CGTA has no arrows into the
abstract algorithms, E and X . Whether an individual bears the CGTA gene does not
affect the fixed output of a deterministic computation—it only affects which abstract
computation that individual’s physical makeup instantiates.

Either Louie or an outside observer, who believes that this diagram describes Louie’s
situation, believes the following:

• Given that Louie decides to chew gum, he probably has the CGTA gene and will
probably develop a throat abscess.

• Given that Louie decides not to chew gum, he probably does not have the CGTA
gene and will probably not develop a throat abscess.
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• If people who implemented computation E decided to chew gum, they would de-
velop fewer throat abscesses.

• If the output of abstract computation X were “don’t chew gum,” people who im-
plemented X would develop more throat abscesses.

• The probability that an individual carries the CGTA gene is unaffected by the out-
puts of X and E, considered as abstract computations.

Again, as I have not yet introduced a timeless decision algorithm, the analysis does
not yet continue to prescribe a rational decision by Louie. But note that, even consid-
ered intuitively, Louie’s beliefs under these circumstances drain all intuitive force from
the argument that one should choose not to chew gum. Roughly, the naive evidential
theorist thinks: “If only I had chosen not to chew gum; then I would probably not have
the CGTA gene!” Someone using a timeless decision graph thinks: “If my decision (and
the decision of all people sufficiently similar to me that the outputs of our decision algo-
rithms correlate) were to avoid gum, then the whole population would avoid gum, and
avoiding gum wouldn’t be evidence about the CGTA gene. Also I’d be more likely to
get a throat abscess.”

And note that again, this change in thinking amounts to dispelling a definitely im-
possible possible world—refusing to evaluate the attractiveness of an imaginary world
that contains a visible logical inconsistency. If you think you may have the CGTA gene,
then thinking “If only I instead chose to avoid gum—then I would probably not have
the CGTA gene!” visualizes a world in which your decision alters in this way, while the
decisions of other CGTA-positive individuals remain constant. If you all implement the
same abstract computation X , this introduces a visible logical inconsistency: The fixed
computation X has one output in your case, and a different output everywhere else.

Similarly with the classical causal decision theorist in Newcomb’s problem, except
that now it is the causal decision theorist who evaluates the attractiveness of a visibly
inconsistent possible world. The causal decision theorist says, “The Predictor has already
run its simulation and made its move, so even if I were to choose only box B, it would
still be empty.” Though this may seem more rational than the thought of the eviden-
tial decision theorist, it nonetheless amounts to visualizing an inconsistent world where
AndySim and Andy8AM make different decisions even though they implement the same
abstract computation.

12. TheTimeless Decision Procedure
The timeless decision procedure evaluates expected utility conditional upon the output of
an abstract decision computation—the very same computation that is currently execut-
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ing as a timeless decision procedure—and returns that output such that the universe will
possess maximum expected utility, conditional upon the abstract computation returning
that output.

I delay the formal presentation of a timeless decision algorithm because of some
significant extra steps I wish to add (related to Jeffrey’s [1983] proposal of ratifiability),
which are best justified by walking through a Newcomblike problem to show why they
are needed. But at the core is a procedure which, in every faithful instantiation of the
same computation, evaluates which abstract output of that computation results in the
best attainable state of the universe, and returns that output. Before adding additional
complexities, I wish to justify this critical innovation from first principles.

Informally, Newcomb’s Problem is treated as specified in Figure 12.
The abstract computation AndyPlatonic with instantiations at both Andy8AM and

AndySim computes the expected utility of the universe, if the abstract computation
AndyPlatonic returns the output aAB or alternatively aB. Since this computation com-
putes the universe to have higher utility if its output is aB, the computation outputs aB
(in both its instantiations).

Andy still chooses aB if Andy believes that the Predictor does not execute an exact
AndySim, but rather executes a computation such that Andy8AM ! aB ) AndySim !

aB and Andy8AM ! aAB ) AndySim ! aAB. Here X ! Y denotes “computa-
tion X produces output Y ” and “X ) Y ” denotes implication, X implies Y . In this
circumstance the two computations may be treated as the same latent node, since our
probability assignments over outputs are necessarily equal.

Andy outputs the same decision if Andy believes the Predictor’s exact physical state
is very probably but not certainly such that the mathematical relation between compu-
tations holds. This can be represented by a gating variable and a context-specific indepe-
dence, selecting between possible computations the Predictor might implement. Given
that Andy’s utility is linear in monetary reward, and that Andy’s probability assignment
to the gating variable shows a significant probability that the Predictor predicts using
a computation whose output correlates with Andy’s, Andy will still output aB.

Informally, the timeless decision diagram D models the content of box B as deter-
mined by the output of the agent’s abstract decision computation. Thus a timeless de-
cision computation, when it executes, outputs the action aB which takes only box B—
outputting this in both instantiations. The timeless decision agent walks off with the full
million.
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13. Change and Determination: ATimeless View of Choice
Let us specify an exact belief set—a probability distribution, causal diagram, or timeless
diagram of a problem. Let us specify an exact evidential, causal, or timeless decision al-
gorithm. Then the output of this decision computation is fixed. Suppose our background
beliefs describe Newcomb’s Problem. Choosing aAB is the fixed output of a causal deci-
sion computation; choosing aB is the fixed output of an evidential decision computation;
choosing aB is the fixed output of a timeless decision computation.

I carefully said that a causal decision agent visualizes a knowable logical inconsis-
tency when he computes the probability p(B$|âB) ⇠ 0. A timeless decision agent also
visualizes a logical inconsistency when she imagines what the world would look like if
her decision computation were to output aAB—because a timeless computation actually
outputs aB.

A timeless agent visualizes many logically inconsistent worlds in the course of de-
ciding. Every imagined decision, except one, means visualizing a logically inconsistent
world. But if the timeless agent does not yet know her own decision, she does not know
which visualized worlds are logically inconsistent. Even if the timeless agent thinks she
can guess her decision, she does not know her decision as a logical fact—not if she admits
the tiniest possibility that thinking will change her answer. So I cannot claim that causal
decision agents visualize impossible worlds, and timeless agents do not. Rather causal
agents visualize knowably impossible worlds, and timeless agents visualize impossible
worlds they do not know to be impossible.

An agent, in making choices, must visualize worlds in which a deterministic compu-
tation (the decision which is now progressing) returns an output other than the output it
actually returns, though the agent does not yet know her own decision, nor know which
outputs are logically impossible. Within this strange singularity is located nearly all the
confusion in Newcomblike problems.

Evidential decision theory and causal decision theory respectively compute expected
utility as follows:

u(o)p(o|ai) (16)
u(o)p(o|âi) (17)

Placed side by side, we can see that any difference in the choice prescribed by eviden-
tial decision theory and causal decision theory, can stem only from different probability
assignments over consequences. Evidential decision theory calculates one probable con-
sequence, given the action ai, while causal decision theory calculates another. So the
dispute between evidential and causal decision theory is not in any sense a dispute over
ends, or which goals to pursue—the dispute is purely over probability assignments. Can
we say de gustibus non est disputandum about such a conflict?
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If a dispute boils down to a testable hypothesis about the consequences of actions,
surely resolving the dispute should be easy! We need only test alternative actions, observe
consequences, and see which probability assignment best matches reality.

Unfortunately, evidential decision theory and causal decision theory are eternally
unfalsifiable—and so is TDT. The dispute centers on the consequences of logically im-
possible actions, counterfactual worlds where a deterministic computation returns an
output it does not actually return. In evidential decision theory, causal decision the-
ory, and TDT, the observed consequences of the action actually performed will confirm
the prediction made for the performed action. The dispute is over the consequences of
decisions not made.

Any agent’s ability to make a decision, and the specific decision made, is determined
by the agent’s ability to visualize logically impossible counterfactuals. Moreover, the
counterfactual is “What if my currently executing decision computation has an output
other than the one it does?”, when the output of the currently executing computation is
not yet known. This is the confusing singularity at the heart of decision theory.

The difference between evidential, causal, and TDT rests on different prescriptions
for visualizing counterfactuals—untestable counterfactuals on logical impossibilities.

An evidential decision theorist might argue as follows: “We cannot observe the im-
possible world that obtains if my decision computation has an output other than it does.
But I can observe the consequences that occur to other individuals who make decisions
different from mine—for example, the rate of throat abscesses in individuals who choose
to chew gum—and that is just what my expected utility computation says it should be.”

A timeless decision theorist might argue as follows: “The causal decision agent com-
putes that even if he chooses aB, then box B will still contain nothing. Let him just try
choosing aB, and see what happens. And let the evidential decision theorist try chewing
gum, and let him observe what happens. Test out the timeless prescription, just one time
for curiosity; and see whether the consequence is what TDT predicts or what your old
algorithm calculated.”

A causal decision theorist might argue as follows: “Let us try a test in which some
force unknown to the Predictor reaches in from outside and presses the button that
causes me to receive only box B.Then I shall have nothing, confirming my expectation.
This is the only proper way to visualize the counterfactual, ‘What if I chose only B
instead?’ If I really did try choosing aB on ‘just one time for curiosity’, as you would
have it, then I must predict a different set of consequences on that round of the problem
than I do in all other rounds. But if an unknown outside force reached in and pressed
the button ‘take both boxes’ for you, you would see that having both boxes is better than
having only one.”
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An evidential agent (by supposition CGTA-negative) computes, as the expected con-
sequence of avoiding gum, the observed throat-abscess rate of other (CGTA- negative)
people who avoid gum. This prediction, the only prediction the evidential agent will ever
test, is confirmed by the observed frequency of throat abscesses. Suppose that throat ab-
scesses are uncomfortable but not fatal, and that each new day brings with an indepen-
dent probability of developing a throat abscess for that day—each day is an independent
data point. If the evidential agent could be persuaded to just try chewing gum for a few
months, the observed rate of throat abscesses would falsify the prediction used inside the
evidential decision procedure as the expected consequence of deciding to chew gum. The
observed rate would be the low rate of a CGTA-negative individual who chews gum,
not the high rate of a CGTA-positive individual who chews gum.

A causal decision agent, to correctly predict the consequence even of the single action
decided, must know in advance his own decision. Without knowing his own decision,
the causal decision agent cannot correctly predict (in the course of decision-making) that
the expected consequence of taking both boxes is $1000. If the Predictor has previously
filled box B on 63 of 100 occasions, a causal agent might believe (in the course of making
his decision) that choosing both boxes has a 63% probability of earning $1,001,000—a
prediction falsifiable by direct observation, for it deals with the decision actually made.35

If the causal agent does not know his decision before making his decision, or if the
causal agent truly believes that his action is acausal and independent of the Predictor’s
prediction, the causal agent might prefer to press a third button—a button which takes
both boxes and makes a side bet of $100 that pays 5-for-1 if box B is full. We presume
that this decision also is once-off and irrevocable; the three buttons are presented as
a single decision. So we see that the causal agent, to choose wisely, must know his own
decision in advance—he cannot just update afterward, on pain of stupidity.

If the causal agent is aware of his own decision in advance, then the causal agent
will correctly predict $1000 as the consequence of taking both boxes, and this prediction
will be confirmed by observing the consequence of the decision actually made. But if
the causal agent tries taking only box B, just one time for curiosity, the causal agent
must quickly change the predictions used—so that the causal agent now predicts that
the consequence of taking both boxes is $1,001,000, and the consequence of taking only
one box is $1,000,000.

35. It is falsifiable in the sense that any single observation of an empty box provides significant Bayesian
evidence for the hypothesis “Box B is empty if I take both boxes” over the hypothesis “Box B has a 63%
chance of being full if I take both boxes.” With repeated observations, the probability of the second
hypothesis would become arbitrarily low relative to the first, regardless of prior odds.
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Only the timeless decision agent can test predicted consequences in the intuitively
obvious way, “Try it a different way and see what happens.” If the timeless decision
agent tries avoiding gum, or tries taking both boxes, the real-world outcome is the same
consequence predicted as the timeless counterfactual of that action on similar problems.

Here is another sense in which TDT is superior to causal decision theory. Only
the timeless decision procedure calculates internal predictions that are testable, in the
traditional sense of testability as a scientific virtue. We do not let physicists quickly
switch around their predictions (to match that of a rival theory, no less), if we inform
them we intend to perform an unusual experiment.

How should we visualize unobservable, impossible, counterfactual worlds? We cannot
test them by experience. How strange that these counterfactual dreams—unfalsifiable,
empty of empirical content—determine our ability to determine our own futures! If two
people wish to visualize different untestable counterfactuals, is there no recourse but to
apply the rule of de gustibus non est disputandum? I have so far offered several arguments
for visualizing counterfactuals the timeless way:

1. The counterfactual predictions used by timeless decision agents are directly testable
any time the timeless decision agent pleases, because the timeless agent expects that
trying the action “just once for curiosity” will return the consequence expected of
that action on any similar problem.

2. A timeless counterfactual is not visibly logically inconsistent, if the timeless agent
does not yet know her decision, or if the timeless agent thinks there is even an
infinitesimal chance that further thinking might change her mind.

3. A timeless agent uses the same diagram to describe herself as she would use to
describe another agent in her situation; she does not treat herself as a special case.

4. If you visualize logically impossible counterfactuals the way that TDT prescribes,
you will actually win on Newcomblike problems, rather than protesting the unrea-
sonableness of the most rewarded decision.

13.1. Freedom and Necessity
I have called it a logical impossibility that, on a well-defined decision problem, an agent
with a well-defined algorithm should make any decision but the one she does. Yet to
determine her future in accordance with her will, an agent must visualize logically im-
possible worlds—how the world would look if the agent made a different decision—not
knowing these worlds to be impossible. The agent does not know her decision until she
chooses, from among all the impossible worlds, the one world that seems to her most
good. This world alone was always real, and all other worlds were impossible from the
beginning, as the agent knows only after she has made her decision.
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I have said that this strange singularity at the heart of decision theory is where the
confusion lurks. Not least did I refer to that related debate, often associated with dis-
cussion of Newcomb, called the problem of free will and determinism. I expect that most
of my readers will have already come to their own terms with this so-called problem.
Nonetheless I wish to review it, because the central appeal of causal decision theory
rests on human intuitions about change, determination, and control.

It seems to me that much confusion about free will can be summed up in the causal
diagram depicted in Figure 14. Suppose our decisions are completely determined by

Figure 14

physics—given complete knowledge of the past, our present choice is thereby deter-
mined: p(decisioni|PHYSICS) = 1 for one particular value of decisioni, and all deci-
sions have p(decisionj) = 0. If so, then p(DECISION|PHYSICS) =

p(DECISION|PHYSICS,AGENT). For if PHYSICS determines DECISION with
certainty, then there is nothing left over to be determined by the variable AGENT, and
the alleged causal link from AGENT to DECISION is extraneous. We have no influ-
ence at all over our own choices; they are determined wholly and entirely by physics. The
feeling we have,of being in control of our own thoughts and actions, is but an illusion—it
is really physics that is in control the whole time.

Before the invention of mathematical physics, a similar fear was expressed by earlier
philosophers who asked if the future were already determined (see Figure 15). If all the

Figure 15

future is already recorded, a book unread but already written, then what use decision?
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Let the agent strive as he wills, and he will not alter the outcome. The agent has no
part in determining the consequence of his decision. The consequence is copied down
from the fixed book of the future, which was established irrespective of human deeds. If
p(consequencei|FUTURE) = 1, then there can be no further influence from AGENT;
p(CONSEQUENCE|FUTURE) = p(CONSEQUENCE|FUTURE,AGENT).

What both diagrams have in common is that they place the agent outside Nature—
outside physics, outside the future. And this is the classical error of Descartes,who sealed
the mind on one side of an unalterable boundary, and the world upon the other. How
few people ever learn intimacy with physics—intimacy enough to see human beings as
existing within physics, not outside it? For this truth our physics tells us, so surprising
that few accept the consequences: All reality is a single flow, one unified process obeying
simple low-level mathematical rules, and we ourselves a continuous part of this flow,
without interruption or boundary (see Figure 16). That which is determined by humans,

Figure 16

is of necessity determined by physics; for humans exist entirely within physics. If an
outcome were not determined by physics, it could not possibly be determined by human
choice.

But for most people who confront this question, “physics” is a strange and foreign
discipline, learned briefly in college and then forgotten, or never learned at all; cryptic
equations useful for solving word problems but not for constraining expectations of the
real world, and certainly without human relevance. For the idea that humans are part
of physics to make intuitive sense, we would have to understand our own psychology in
such detail that it blended seamlessly into physics from below.

Psychology is a macroscopic regularity in physics, the way that aerodynamics is a
macroscopic regularity of physics. Our excellent predictive models of airplanes may
make no mention of individual “atoms,” and yet our fundamental physics contains no
fundamental elements corresponding to airflow or drag. This does not mean aerody-
namics is incompatible with physics. The science of aerodynamics is how we humans
manage our lack of logical omniscience, our inability to know the implications of our
own beliefs about fundamental physics. We don’t have enough computing power to cal-
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culate atomic physical models over entire airplanes. Yet if we look closely enough at an
airplane, with a scanning tunneling microscope for example, we see that an airplane is
indeed made of atoms. The causal rules invoked by the science of aerodynamics do not
exist on a fundamental level within Nature. Aerodynamic laws do not reach in and do
additional things to atoms that would not happen without the laws of aerodynamics as
an additional clause within Nature. If we had enough computing power, we could pro-
duce accurate predictions without any science of aerodynamics—just pure fundamental
physics.

Our science of aerodynamics is not just compatible with, but in a deep sense mandated
by, our science of fundamental physics. If a non-atomic model36 succeeds in delivering
good empirical predictions of an airplane, this does not falsify our fundamental physics,
but rather confirm it.

The map is not the territory. Nature is a single flow, one continuous piece. Any
division between the science of psychology and the science of physics is a division in
human knowledge, not a division that exists in things themselves. If you dare break up
knowledge into academic fields, sooner or later the unreal boundaries will come back to
bite. So long as psychology and physics feel like separate disciplines, then to say that
physics determines choice feels like saying that psychology cannot determine choice. So
long as electrons and desires feel like different things, to say that electrons play a causal
role in choices feels like leaving less room for desires.

A similar error attends visualization of a future which, being already determined,
leaves no room for human choice to affect the outcome.

Physicists, one finds, go about muttering such imprecations as “Space alone, and time
alone, are doomed to fade away; and henceforth only a unity of the two will maintain any
semblance of reality.” (Minkowski 1909)They tell us that there is no simultaneity,no now
that enfolds the whole changing universe; now only exists locally, in events, which may
come before or after one another, but never be said to happen at the same time. Students
of relativity are told to imagine reality as a single four-dimensional crystal, spacetime, in
which all events are embedded. Relativity was not the beginning of physics clashing with
philosophy built on intuition; Laplace also disturbed the philosophers of his day, when
Laplace spoke of, given an exact picture of the universe as it existed now, computing
all future events. Special Relativity says that there is no now, but any spacelike-tilted
slice through the timeless crystal—any space of apparent simultaneity—will do as well
for Laplace’s purpose, as any other. General Relativity requires that the fundamental
equations of physics exhibit CPT symmetry: If you take an experimental record and

36. E.g. a computer program none of whose data elements model individual atoms.
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reverse charge, parity, and the direction of time, all fundamental laws of physics inferred
from the modified record must look exactly the same.37

In the ordinary human course of visualizing a counterfactual, we alter one variable
in the past or present, and then extrapolate from there, forward in time. The physicists
say poetically to imagine reality as a timeless crystal; so we imagine a static image of
a crystal, static like a painting. We hold that crystal in our minds and visualize making
a single change to it. And because we have imagined a crystal like a static painting,
we see no way to extrapolate the change forward in time, as we customarily do with
counterfactuals. Like imagining dabbing a single spot of paint onto the Mona Lisa, we
imagine that only this one event changes, with no other events changing to match. And
translating this static painting back into our ordinary understanding of time,we suppose
that if an agent chooses differently, the future is the same for it; altering one event in the
present or past would not alter the future.

This shows only that a static painting is a poor metaphor for reality.
Relativity’s timeless crystal is not a static painting that exists unchanging within time,

so that if you dab a spot of paint onto the painting at time T , nothing else has changed
at time T + 1. Rather, if you learn the physics that relates events within the crystal,
this is all there is or ever was to time. That’s the problem with priming our intuitions
by visualizing a timeless crystal; we tend to interpret that as a static object embedded
in higher-order time. We can see the painting, right there in our mind’s eye, and it
doesn’t change. When we imagine dabbing a spot of paint onto the painting, nothing
else changes, as we move the static painting forward in higher time.

So visualizing the future as a static painting causes your intuitions to return non-
sensical answers about counterfactuals. You can’t observe or test counterfactuals, so you
should pick a rule for counterfactuals that yields rewarding outcomes when applied in
decision theory. I do not see the benefit to an agent who believes that if a black hole had
swallowed the entire Solar System in 1933, the Allies would still have won World War
II. That is not how “future” events relate to “past” events within the crystal. To imag-
ine that an agent had made a different choice, is disruption enough, for it violates the
natural law which related the agent’s choice to the agent’s prior state. Why add further
disruptions to tweak future events back into exactly the same place? You can imagine if

37. Then why do eggs break but not unbreak? No electrons in the egg behave differently whether
we run the movie forward or backward; but the egg goes from an ordered state to a disordered state.
Any observed macroscopic asymmetry of time must come from thermodynamics and the low-entropy
boundary condition of our past. This includes the phenomenon of apparent quantum collapse, which
arises from the thermodynamic asymmetry of decoherence.
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you wish; de counterfactus non est disputandum. But what is the benefit to the agent, of
visualizing counterfactuals in this way?

Intuition gone astray says that, if the future is already determined, our choices are
effectless. I think that visualizing a static painting—not a timeless crystal containing
time, but a painted future static within higher-order time—is the mental image that
sends intuition astray.

We can imagine a world where outcomes really are determined in advance. An alien
Author writes a novel, and then sets forth to re-enact this novel with living players. Be-
hind the scenes are subtle mechanisms, intelligent machinery set in place to keep history
on its track, irrespective of the decisions of the players. The Author has decreed World
War II, and it will happen on schedule; if Hitler refuses his destiny, the machines will
alter him back into schedule, or overwrite some other German’s thoughts with dreams of
grandeur. Even if the agents’ decisions took on other values, the background machinery
would tweak events back into place, copying down the outcome from the written book
of the future.

What determines the Author’s world? The background machinery that tweaks events
back into place when they threaten to depart the already-written novel. But our world
has no such background machinery, no robots working behind the scenes—not to my
knowledge. Where is the mechanism by which an already-written future could deter-
mine the outcome regardless of our choices?

Yet if the future is determined, how could we change it?
Our intuitive notion of change comes from observing the same variable at different

times. At 7:00 AM the egg is whole, then at 8:00 the same egg is broken; the egg has
changed. We would write EGGt=7 = eggwhole,EGGt=8 = eggbroken. But this is itself
a judgment of identity—to take the different variables EGGt=7 and EGGt=8, which
may have different values, and lump the variables together in our minds by calling them
the same egg. A causal diagram, such as the one shown in Figure 17, can express two
interrelated variables, such as “Inflation rates influence employment; employment rates
influence inflation” and yet still be a directed acyclic graph.

It may be the case that employment in 2005 influences inflation in 2005, and that
inflation in 2005 influences employment in 2005—but this only shows that our times
are not split finely enough. We collapsed many separate events into the lump sum of
2005—choices of employers to hire or fire, choices of shopkeepers to mark up or mark
down.

If we have any two nodes A, B in a causal diagram, such that A causally affects B,
and B causally affects A, this is more than just a problem with a formalism defined only
for acyclic graphs. It means we have postulated two events, such that A lies in the future
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Figure 17

of B, and B lies in the future of A. Short of building a time machine—creating a closed
timelike curve—this cannot happen.38

I do not argue that a formalism for causal diagrams prohibits circular causality; the
appropriate response to such an argument is “So what?” Our choice of mathematical
formalisms does not determine reality. If the formalism fails to fit reality it is the for-
malism that must give way. Importantly, physics appears to agree with mere intuition
that time is not cyclic. An event has a single location in space and time. A particular egg
at exactly 7:00AM may be considered an event. An egg as it changes over the course of
hours, much less “eggs in general,” is not an event. Affecting is a relationship between
two events. It is forbidden—not merely by our formalism, but much more importantly
by physics (once again, barring closed timelike curves)—for any two events A and B

to be such that A is affecting B and B is affecting A. If we conceive that employment

38. Many physicists believe that time machines are impossible, logically contradictory, absurd, and
unimaginable, precisely because time machines allow circular causality; a theory that permits closed time-
like curves is sometimes regarded as “pathological”on that account. Perhaps time machines are impossible,
even for that very reason. I would even say that I thought it likely that the majority of physicists are right
and time travel is impossible; if I were a physicist and had any right to an opinion. But we don’t actually
know that time travel is impossible. History teaches us that Nature cares very little for what we think is
impossible, logically contradictory, absurd, and unimaginable. That only states how human brains think
about causality; and Nature may have other ideas. If human intuitions have evolved in such a way that we
cannot conceive of circular causality, this only shows that hunter-gatherers encountered no closed time-
like curves. So I do not say that it is knowably impossible to have circular causality—only that circular
causality has never been observed, and our fundamental physics makes it impossible in the absence of
a time machine. When I write “physics forbids X,” read, “our current model of physics (in the absence of
time machines, which aren’t involved in most real-world decision problems, and are probably impossible)
forbids X.” Should some person invent a time machine, this section of my essay will need to be revised.
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affects inflation, and inflation affects employment, then we must have lumped together
many different events under the name “employment” or “inflation.”

What does it mean to change the future?
It is worth taking some time to analyze this confusion, which is built into the foun-

dations of causal decision theory. Recall that we are told to take both boxes because this
decision cannot change the contents of box B.

The future is as determined as the past. Why is it that philosophers are not equally
bothered by the determinism of the past? Every decision any agent ever made, ended
with some particular choice and no other; it became part of our fixed past. Today you
ate cereal for breakfast. Your choice could have been something else, but it wasn’t, and it
never will be something else; your choice this morning is now part of the unalterable
past. Why is your decision that lies in the fixed past, still said to be the outcome of
free will? In what sense is the fixed past free? Even if we suppose that the future is
not determined, how can we blame a murderer for choosing to kill his victims, when
his decision lies in the past, and his decision-variable cannot possibly take on any value
other than the one it had? How can we blame this past decision on the murderer, when
the past is not free? We should really blame the decision on the past.

We may call the past and future “fixed,”“determined,”or “unalterable”—these are just
poor metaphors which borrow the image of a painting remaining static in higher-order
time. There is no higher-order time within which the future could “change”; there is
no higher-order time within which the future could be said to be “fixed.” There is no
higher-order time within which the past could change; there is no higher-order time
within which the past is fixed. The future feels like it can change; the past feels like it is
fixed; these are both equally illusions.

If we consider a subsystem of a grand system, then we can imagine predicting the
future of this subsystem on the assumption that the subsystem remains undisturbed by
other, outside forces that also exist within the grand system. Call this the future-in-
isolation of the subsystem. Given the exact current state of a subsystem as input, we
suppose an extrapolating algorithm whose output is the computed future-in-isolation of
the subsystem.

If an outside force perturbs the subsystem, we may compute that the subsystem now
possesses a different future-in-isolation. It is important to recognize that a future-in-
isolation is a property of a subsystem at a particular time. (Pretend for the moment that
we deal with Newtonian mechanics, so the phrase “at a particular time” is meaningful.)
Hence, the future-in-isolation of a subsystem may change from time to time, like an egg
whole at 7AM and broken at 8AM, as outside forces perturb the subsystem.

The notion of changing a future-in-isolation, seems to me to encapsulate what goes
on in the mind of a human who wishes to change the future. We look at the course of
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our lives and say to ourselves: “If this goes on, I shall not prosper; I shall not gain tenure; I
shall never become a millionaire; I will never save the world. . . .” So we set out to change
the future as we expect it, as we predict it; we strive, time passes, and we find that we now
compute a different future for ourselves—I will save the world after all! Have we not,
then, changed the future? Our prediction has changed, from one time to another—and
because the future is the referent of a prediction, it feels to us like the future itself has
changed from one time to another. But this is mixing up the map with the territory.

Our notions of “changing” the future come—once again!—from considering our-
selves as forces external to reality, external to physics, separated by an impenetrable
Cartesian boundary from the rest of the universe. If so, by our acts upon the vast “sub-
system” that is every part of reality except ourselves, we may change (from one time to
another) the future-in-isolation of that tremendous subsystem. But there is a larger sys-
tem, and the grand system’s future does not “change.” A box may appear to change mass,
as we add and subtract toys, yet the universe as a whole always obeys conservation of en-
ergy. Indeed the future cannot “change,” as an egg can change from whole to broken.
Like the past, the future only ever takes on a single value. Mirai wa itsumo tada hitotsu.

Pearl’s exposition of causality likewise divides the universe into subsystems. When
we draw a causal diagram, it makes testable non-experimental predictions, and the same
diagram also makes many different testable experimental predictions about the effect of
interventions upon the system. This is a glorious virtue of a hypothesis. But the notion
of intervention, upon which rests so much of the usefulness of causal diagrams, implies
a grand universe divided into things inside the causal diagram, and things outside the
causal diagram. A causal diagram of the entire universe, including all potential exper-
imenters, would make only a single, non-experimental prediction. There would be no
way to step outside the diagram to intervene.

I hold it a virtue of any decision theory that it should be compatible with a grand-
system view, rather than intrinsically separating the universe into agent and outside. All
else being equal, I prefer a representation which is continuous over the grand universe
and marks no special boundary where the observer is located; as opposed to a representa-
tion which solidifies the Cartesian boundary between an observer-decider homunculus
and the environment. One reason is epistemological conservationism, keeping your on-
tology as simple as possible. One reason is that we have seen what strange results come
of modelling your own situation using a different hypothesis from the hypothesis that
successfully predicted the outcome for every other agent who stood in your place. But
the most important reason is that Cartesian thinking is factually untrue. There is not
in fact an impenetrable Cartesian border between the agent and the outside. You need
only drop an anvil onto your skull to feel the force of this argument, as the anvil-matter
smashes continuously through the brain-matter that is yourself thinking. All else being
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equal, I prefer a representation which describes the agent as a continuous part of a larger
universe, simply because this representation is closer to being true.

Such a representation may be called naturalistic as contrasted to Cartesian. I am also
fond of Ernest Nagel’s beautiful term, “the view from nowhere” (Nagel 1986), Nagel
meant it as an impossibility, but ever since I heard the term I have thought of it as
the rationalist’s satori. I seek to attain the view from nowhere, and using naturalistic
representations is a step forward.

13.2. Gardner’s Prime Newcomb Problem
Gardner (1974) offers this refinement of Newcomb’s Problem: box B, now made trans-
parent like box A, contains a piece of paper with a large integer written on it.39 You do
not know whether this number is prime or composite, and you have no calculator or any
other means of primality testing. If this number proves to be prime, you will receive $1
million. The Predictor has chosen a prime number if and only if It predicts that you will
take only box B. “Obviously,” says Gardner, “you cannot by the act of will make the large
number change from prime to composite or vice versa.”

Control—the power attributed to acts of will—is the essence of the dispute between
causal decision theory or evidential decision theory. Our act in Newcomb’s Problem
seems to have no way of controlling the fixed contents of box B. Therefore causal de-
cision theorists argue it cannot possibly be reasonable to take only box B. Letting the
content of box B depend on the primeness of a number makes it clear that the con-
tent of box B is utterly fixed and absolutely determined; though this is already given
in the Newcomb’s Problem specification. Interestingly, to show the absolute fixity of
box B’s content, Gardner would make the outcome depend on the output of an abstract
computation—a computation which tests the primality of a given integer.

I agree with Gardner that there is no way to change or modify the primeness of a fixed
number. The result of a primality test is a deterministic output of a fixed computation.
Nothing we do can possibly change the primeness of a number.

So too, nothing we do can possibly change our own decisions.
This phrasing sounds rather less intuitive, does it not? When we imagine a decision,

there are so many futures hanging temptingly before us, and we could pick any one of
them. Even after making our decision (which has only one value and no other), we feel
free to change our minds (although we don’t), and we feel that we could just as easily
pick a different choice if we wanted to (but we don’t want to).

39. Technically one cannot write an integer on a piece of paper, as integers are abstract mathematical
objects; but one can write a symbolic representation of an integer on a piece of paper.
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It is the sense of infinite allowance in our decisions, of controlling the future, to which
I now turn my attention. The heart of Newcomb’s Paradox is the question of whether
our choice controls the contents of box B. An intuitive sense of causable change enhances
the feeling of being in control. An intuitive sense of determinism, of fixity, opposes the
feeling of being in control.

But this is subsystem thinking, not grand-system thinking. “Control” is a two-place
predicate, a relation between a controller subsystem and a controlled subsystem. If a sub-
system has a fixed future in the sense that its future-in-isolation never changes, then it
cannot be controlled. If a subsystem has a deterministic future, not considered in isola-
tion, but just because the grand system of which it is part has deterministic dynamics,
the subsystem may still be controllable by other subsystems.

What does it mean to “control” a subsystem? There is more to it than change. When
an egg smashes into the ground, its state changing “whole” to “broken” (from one time
to another), we do not say that the ground controlled the egg.

We speak even of “self-command,”of getting a grip on oneself. Control (Mary,Mary)
binds the two-place predicate to say that Mary is controlled by herself. If the subsystem
is only interacting with itself, would not its future-in-isolation remain constant? Con-
sidered as an abstract property of the entire Mary subsystem, Mary’s future-in-isolation
would remain constant from one time to another. Yet Mary probably conceives of herself
as altering her own future, because her prediction of her self ’s future changes when she
engages in acts of self-control.

13.3. Change and Determination
A causal decision theory is sometimes defined as a decision theory which makes use of
inherently causal language. By this definition, TDT is typed as a causal decision the-
ory. In the realm of statistics, causal language is held in low repute, although spirited
defense by Judea Pearl and others has helped return causality to the mainstream. Pre-
vious statisticians considered causality as poorly defined or undefinable, and went to
tremendous lengths to eliminate causal language. Even counterfactuals were preferred
to the raw language of asymmetrical causality, since counterfactuals can be expressed
as pure probability distributions p(A Ä B). A causal Bayesian network can compute
a probability distribution or a counterfactual, but a causal network contains additional
structure found in neither. Unlike a probability distribution or a counterfactual distribu-
tion, a causal network has asymmetrical links between nodes which explicitly represent
asymmetrical causal relations. Thus the classical causal decision theory of Joyce (1999) is,
from a statistician’s perspective, not irredeemably contaminated by causal language. Clas-
sical causal decision theory only uses counterfactuals and does not explicitly represent
asymmetrical causal links.
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Technically, TDT can also be cast in strictly counterfactual form. But the chief dif-
ference between TDT and CDT rests on which probability distributions to assign over
counterfactual outcomes. Therefore I have explicitly invoked causal networks, includ-
ing explicitly represented asymmetrical causal links, in describing how timeless decision
agents derive their probability distributions over counterfactuals.

I wish to keep the language of causality, including counterfactuals, while proposing
that the language of change should be considered harmful. Just as previous statisticians
tried to cast out causal language from statistics, I now wish to cast out the language
of change from decision theory. I do not object to speaking of an object changing state
from one time to another. I wish to cast out the language that speaks of futures, outcomes,
or consequences being changed by decision or action.

What should fill the vacuum thus created? I propose that we should speak of deter-
mining the outcome. Does this seem like a mere matter of words? Then I propose that
our concepts must be altered in such fashion, that we no longer find it counterintuitive
to speak of a decision determining an outcome that is “already fixed.” Let us take up the
abhorred language of higher-order time, and say that the future is already determined.
Determined by what? By the agent. The future is already written, and we are ourselves
the writers. But, you reply, the agent’s decision can change nothing in the grand sys-
tem, for she herself is deterministic. There is the notion I wish to cast out from decision
theory. I delete the harmful word change, and leave only the point that her decision
determines the outcome—whether her decision is itself deterministic or not.

114



Eliezer Yudkowsky

References
Allais, Maurice.1953.“Le Comportement de l’Homme Rationnel devant le Risque:Critique des Postulats

et Axiomes de l’Ecole Americaine.” Econometrica 21 (4): 503–546.
Arntzenius, Frank. 2002. “Reflections on Sleeping Beauty.” Analysis 62 (1): 53–62.
Aumann, Robert J., Sergiu Hart, and Motty Perry. 1997. “The Absent-Minded Driver.” Games and Eco-

nomic Behavior 20 (1): 102–116.
Bostrom, Nick. 2001. “The Meta-Newcomb Problem.” Analysis 61 (4): 309–310.
Boutilier, Craig, Nir Friedman, Moises Goldszmidt, and Daphne Koller. 1996. “Context-Specific Inde-

pendence in Bayesian Networks.” In Uncertainty in Artificial Intelligence (UAI-’96), edited by Eric J.
Horvitz and Finn Jensen, 115–123. San Francisco, CA: Morgan Kaufmann.

Cresswell, Maxwell John. 1970. “Classical Intensional Logics.” Theoria 36 (3): 347–372.
Drescher, Gary L. 2006. Good and Real: Demystifying Paradoxes from Physics to Ethics. Bradford Books.

Cambridge, MA: MIT Press.
Drexler, K. Eric. 1986. Engines of Creation. Garden City, NY: Anchor.

. 1992. Nanosystems: Molecular Machinery, Manufacturing, and Computation. New York: Wiley.
Eells, Ellery. 1984. “Metatickles and the Dynamics of Deliberation.” Theory and Decision 17 (1): 71–95.
Egan, Andy. 2007. “Some Counterexamples to Causal Decision Theory.” Philosophical Review 116 (1):

93–114.
Ekman, Paul.2007. Emotions Revealed:Recognizing Faces and Feelings to Improve Communication and Emo-

tional Life. 2nd ed. New York: Owl Books.
Feynman, Richard P., Robert B. Leighton, and Matthew L. Sands. 1963. The Feynman Lectures on Physics.

3 vols. Reading, MA: Addison-Wesley.
Gardner, Martin. 1974. “Reflections on Newcomb’s Problem: A Prediction and Free-Will Dilemma.”

Scientific American, March, 102–108.
Gibbard, Allan, and William L. Harper. 1978. “Counterfactuals and Two Kinds of Expected Utility:

Theoretical Foundations.” In Foundations and Applications of Decision Theory, edited by Clifford Alan
Hooker, James J. Leach,and Edward F. McClennen,vol. 1.The Western Ontario Series in Philosophy
of Science 13. Boston: D. Reidel.

Hammond, Peter J. 1976. “Changing Tastes and Coherent Dynamic Choice.” Review of Economic Studies
43 (1): 159–173.

Jaynes, E. T. 2003. Probability Theory: The Logic of Science. Edited by G. Larry Bretthorst. New York:
Cambridge University Press.

Jeffrey, Richard C. 1983. The Logic of Decision. 2nd ed. Chicago: Chicago University Press.
Joyce, James M.1999.The Foundations of Causal Decision Theory. Cambridge Studies in Probability, Induc-

tion and Decision Theory. New York: Cambridge University Press.
Kahneman, Daniel, Paul Slovic, and Amos Tversky, eds. 1982. Judgment Under Uncertainty: Heuristics and

Biases. New York: Cambridge University Press.
Kahneman, Daniel, and Amos Tversky, eds. 2000. Choices, Values, and Frames. New York: Russell Sage

Foundation.

115



Timeless Decision Theory

Ledwig, Marion. 2000. “Newcomb’s Problem.” PhD diss., University of Constance.
Lipman, Barton L. 1999. “Decision Theory without Logical Omniscience: Toward an Axiomatic Frame-

work for Bounded Rationality.” Review of Economic Studies 66 (2): 339–361.
McClennen, Edward F. 1985. “Prisoner’s Dilemma and Resolute Choice.” In Paradoxes of Rationality and

Cooperation: Prisoner’s Dilemma and Newcomb’s Problem, edited by Richmond Campbell and Lanning
Snowden, 94–106. Vancouver: University of British Columbia Press.

Minkowski, Hermann. 1909. “Raum und Zeit.” In Jahresberichte der Deutschen Mathematiker-Vereinigung.
Leipzig: B. G.Teubner. http://de.wikisource.org/wiki/Raum_und_Zeit_(Minkowski).

Moravec, Hans P. 1988. Mind Children: The Future of Robot and Human Intelligence. Cambridge, MA:
Harvard University Press.

Nagel, Thomas. 1986. The View from Nowhere. New York: Oxford University Press.
Nozick, Robert. 1969. “Newcomb’s Problem and Two Principles of Choice.” In Essays in Honor of Carl G.

Hempel: A Tribute on the Occasion of His Sixty-Fifth Birthday, edited by Nicholas Rescher, 114–146.
Synthese Library 24. Dordrecht,The Netherlands: D. Reidel.

. 1993. The Nature of Rationality. Princeton, NJ: Princeton University Press.
Parfit, Derek. 1986. Reasons and Persons. New York: Oxford University Press.
Pearl, Judea. 1988. Probabilistic Reasoning in Intelligent Systems: Networks of Plausible Inference. San Mateo,

CA: Morgan Kaufmann.
. 2000. Causality: Models, Reasoning, and Inference. 1st ed. New York: Cambridge University Press.

Rabin, Michael O. 1980. “Probabilistic Algorithm for Testing Primality.” Journal of Number Theory 12 (1):
128–138.

Ramsey, Frank Plumpton. 1931. “Truth and Probability.” In The Foundations of Mathematics and other
Logical Essays, edited by Richard Bevan Braithwaite, 156–198. New York: Harcourt, Brace.

Smigrodzki, Rafal. 2003. “RE:
wta� talk

Multi-valued Logic, was Bayes vs. Foundationalism.” WTA-Talk. July 15. Accessed June 9, 2012.
http://eugen.leitl.org/wta-talk/6663.html.

Strotz, Robert H. 1955. “Myopia and Inconsistency in Dynamic Utility Maximization.” Review of Eco-
nomic Studies 23 (3): 165–180.

Tegmark, Max. 2000. “Importance of Quantum Decoherence in Brain Processes.” Physical Review E 61
(4): 4194–4206.

Tooby, John,and Leda Cosmides.1992.“The Psychological Foundations of Culture.”InThe Adapted Mind:
Evolutionary Psychology and the Generation of Culture, edited by Jerome H. Barkow, Leda Cosmides,
and John Tooby, 19–136. New York: Oxford University Press.

Von Neumann, John,and Oskar Morgenstern.1944.Theory of Games and Economic Behavior. 1st ed.Prince-
ton, NJ: Princeton University Press.

Wachowski, Andy, and Lana Wachowski, dirs. 1999. The Matrix. March 31.
Weiner, Matt. 2004. “A Limiting Case for Causal/Evidential Decision Theory.” Opiniatrety: Half- to

Quarter-Baked Thoughts (blog), December 2. http : / / mattweiner . net / blog / archives /
000406.html.

116

http://de.wikisource.org/wiki/Raum_und_Zeit_(Minkowski)
http://eugen.leitl.org/wta-talk/6663.html
http://mattweiner.net/blog/archives/000406.html
http://mattweiner.net/blog/archives/000406.html


Eliezer Yudkowsky

Yaari, Menahem. 1977. Consistent Utilization of an Exhaustible—or—How to Eat an Appetite-Arousing
Cake. Research Memorandum 26.Center for Research in Mathematical Economics / Game Theory,
Hebrew University, Jerusalem.

Zuboff, Arnold. 1981. “The Story of a Brain.” In The Mind’s I: Fantasies and Reflections on Self and Soul,
edited by Douglas R. Hofstadter and Daniel C. Dennett, 202–211. New York: Basic Books.

117



/* This CSS was copied from Chris Bracco's "[CSS Simple Tooltip](https://codepen.io/cbracco/pen/qzukg)" on 2019 Jan 19. The code is [MIT Licensed](https://blog.codepen.io/legal/licensing/). Brian Tomasik made some modifications. */

:root {
  --tooltip_width: 130px; /* For smaller screen widths, there's more risk of the tooltip going off the left or right edge of the screen, so make it narrower than it is for wider screens. Plus, usually small screen widths are when people are viewing a mobile 
device vertically, and in that case, a narrower but taller tooltip is less likely to overflow the top of the screen than if people are holding the device horizontally. */
}
@media (min-width: calc(825px + 50px)) { /* This calculation adds 50px to the body's max-width value to ensure the screen has enough whitespace margin on the edges to fit a wide tooltip. */
  :root {
    --tooltip_width: 230px;
  }
}

/* Add this attribute to the element that needs a tooltip */
[data-tooltip] {
  position: relative;
  z-index: 2;
  cursor: pointer;
}

/* Hide the tooltip content by default */
[data-tooltip]:before,
[data-tooltip]:after {
  visibility: hidden;
  -ms-filter: "progid:DXImageTransform.Microsoft.Alpha(Opacity=0)";
  filter: progid: DXImageTransform.Microsoft.Alpha(Opacity=0);
  opacity: 0;
  pointer-events: none;
}

/* Position tooltip above the element */
[data-tooltip]:before {
  transition: opacity 0.5s;
  position: absolute;
  bottom: 150%;
  left: 50%;
  margin-bottom: 5px;
  margin-left: calc(-1 * var(--tooltip_width) / 2);
  padding: 7px;
  width: var(--tooltip_width);
  -webkit-border-radius: 3px;
  -moz-border-radius: 3px;
  border-radius: 3px;
  background-color: rgb(255, 252, 243);
  color: rgb(20, 20, 20);
  content: attr(data-tooltip);
  font-size: 70%;
  text-decoration: none;
}

/* Triangle hack to make tooltip look like a speech bubble */
[data-tooltip]:after {
  position: absolute;
  bottom: 150%;
  left: 50%;
  margin-left: -5px;
  width: 0;
  border-top: 5px solid rgb(146, 64, 0);
  border-right: 5px solid transparent;
  border-left: 5px solid transparent;
  content: " ";
  font-size: 0;
  line-height: 0;
}

/* Show tooltip content on hover */
[data-tooltip]:hover:before,
[data-tooltip]:hover:after {
  visibility: visible;
  -ms-filter: "progid:DXImageTransform.Microsoft.Alpha(Opacity=100)";
  filter: progid: DXImageTransform.Microsoft.Alpha(Opacity=100);
  opacity: 1;
}



Avoiding Vague and Ambiguous 
Pronoun References

VOCABULARY

Antecedent

 The noun which a pronoun substitutes for or refers to.

Ambiguous Pronoun Reference

 A pronoun with multiple, possible antecedents.

Vague Pronoun Reference

 A pronoun without a specific antecedent.

THE RULE
A pronoun must refer to a single noun, which acts as its antecedent. 

Better Writing

PRACTICE Fixing Ambiguous Pronoun References

Error: When Samuel dropped the goblet onto the glass table, it broke. (What broke?  

The table or the goblet?)

Correction: The goblet broke when Samuel dropped it onto the glass table.

Error: Amy had an internship at Dell last summer; this will become her career.  

(What does “this” refer to?)

Correction: Amy had an internship at Dell last summer; this work will become her career. 

PRACTICE Fixing Vague Pronoun References

Error: They should increase funding to academic programs. (Who is “they”?)

Correction: The administration should increase funding to academic programs.

Error: Sleeping eight hours a night is vital to the health of students, yet research clearly 

shows they simply don’t do it. (What is the antecedent of “it”?)

Correction: Although sleeping eight hours a night is vital to the health of students,  

research clearly shows they simply don’t sleep that much. 



Overview

Focus on regression problem

Which variables ought to be used in a regression, particularly

when the number of potential predictors p is large (data mining).

Reproduce criteria

Model selection via AIC, BIC, RIC, eBIC are equivalent to

choosing the model which oÆers the greatest compression

according to a specific two-part code. Selection criteria diÆer in

how they encode the parameters.

Composition of prefix

Prefix must indicate two features:

1. Coe±cient estimates

2. Which variables are being used

Similar to location problem

Again will encode parameters as integer z-scores, adding enough

information to associate estimates with variables.
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Regression Model

True Model

Rather than assume E Y = XØ, mean is unspecified:

Y = ¥ + ≤, E ≤ = 0, Var ≤ = æ2In,

Working Model

View XØ as the projection of ¥ into the space defined by the

available set of predictors,

Y = XØ + ≤ where XØ = (X(X 0X)°1X) ¥ ,

and treat ≤ ª N(0,æ2).

Subset/selection coe±cients

Let ∞ = (∞1, . . . , ∞p) denote a sequence of p 0’s and 1s. Denote a

subset of Ø by (miss APL notation!)

Ø∞ defined by Øj 6= 0 () ∞j = 1

Simplifying assumptions

• p ∑ n possible orthogonal regressors Xj , with X 0

jXj = n.

• æ2 is known.

• Receiver knows n and X, so needn’t send either.
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Coding Regression

Model prefix

Prefix encodes ∞ and associated estimates:

1. Code for ∞ = (1, 0, 0, . . . , ∞j , . . . , 1), the selection indicator

2. Code for fitted Ø̂∞ estimates

3. Compressed data

Goal and protection

The goal remains to construct the shortest message. Note the

automatic penalty for over-fitting: the more variables used, the

longer the prefix since more estimates must be added.

Estimates

bj = Øj +
X 0

j≤

X 0

jXj
= Øj +

æp
n

Z, Z ª N(0, 1)

so that SE(bj) = æ/
p

n

Rounding coe±cients

Round coe±cient estimates bj to a standard error scale, as in

the location problem,

Ø̂j =
æhzjip

n
, zj =

p
n bj

æ
.

3



Variable Selection via Coding

Trade-oÆ

Add additional variable Xj if

(Gain in data compression) > (Increase in prefix length).

Gain in data compression

Log-likelihood based on q predictors is (ignoring constants)

log
1

P (Y |b∞q
)

=

Pn
i=1(Yi ° Ŷi(q))

2

æ22 ln 2
=

RSS(q)

æ22 ln 2
.

If add another predictor, say Xj , then

4RSS = RSS(q) ° RSS(q + 1) = n b2
j ,

so the gain in data compression is

4RSS

æ22 ln 2
=

nb2
j

æ2 2 ln 2
=

z2
j

2 ln 2
fewer bits.

Parameter cost diÆers

Least squares, AIC, BIC, RIC, and eBIC code the parameters

∞, Ø̂

diÆerently, and so reach diÆerent compromises of data

compression and model complexity.
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Least Squares Coding

Fixed format code

Fixed format with reserved, fixed-length fields for each predictor:

1. p bits for the indicator ∞,

2. k
2 log n for each parameter (2|Øj | < kæ/

p
n), and

3. tag on the fully compressed data.

Parameters of code

∞1, . . . , ∞p
| {z }

p bits

k hz1i
|{z}

(k/2) log n bits

· · · hzpi
|{z}

(k/2) log n bits
| {z }

all p

Data

Encode data using the associated rounded parameter estimates.

This requires about

log
1

P (Y1, . . . , Yn|b1, . . . , bp)
+ nQ

|{z}

quantized

bits

Resulting selection

With fixed-length fields, regardless of selected variables, one

obtains the shortest message by encoding all of the parameters.
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BIC/SIC Code

Partly-fixed format code

Simple modification of the OLS code, with a fixed format for

each chosen predictor rather than all predictors:

1. p bits for the indicator ∞,

2. k
2 log n for each chosen parameter, and

3. tag on the fully compressed data.

Parameters of code Assuming |∞| =
P

j ∞j = q,

∞1, . . . , ∞p
| {z }

p bits

k hzj1i
|{z}

k/2 log n bits

· · · hzjq
i

|{z}

k/2 log n bits
| {z }

q chosen

Resulting selection

Add Xj if

z2
j

2 ln 2
| {z }

Increased compression

>
k

2
log n

| {z }

Increased parm bits

,

implying that one selects Xj if (with k = 1)

|zj | >
p

log n ,

as when using BIC.
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Interpreting the BIC/SIC Code

Code

Assuming |∞| =
P

j ∞j = q,

∞1, . . . , ∞p
| {z }

p bits

| hzj1i
|{z}

k/2 log n bits

· · · hzjq
i

|{z}

k/2 log n bits
| {z }

q chosen

Spike and slab for each slope

When Xj is

Excluded: 1 bit to denote zero (in the code for ∞j).

Included: 1 + 1
2 log n bits for ∞i and zj .

Prior on “complexity”

Since ∞ is always coded in p bits, as though iid coin tosses, this

code assigns equal probability to all 2p possible models.

Prior prob(q = 0) =
1

2p
, Prior prob(q = 1) =

p

2p

In general

Prior prob(q) =

°
p
q

¢

2p
,

so that the most favored model (highest prior) is q = p/2.

) We expect half of the variables to enter the model, albeit

with a high threshold, |zj | >
p

log n.
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AIC Regression Coding

Variable length code

Fixed p-bit prefix for ∞ with varying fields for each predictor:

• Prefix ∞ embedded in parameter codes,

• Concatenate universal codes Us(zj), j = 1, . . . , p for zj .

Parameters of code

Us(z1), Us(z2), . . . , Us(zp)
| {z }

p univ codes

EG: p = 6 and simpler to read Cauchy codes,

0 1 0 + 0 1 1 1 0 - 0 0 ) 0 1 0 -3 0 0

Leading bits of the universal codes are indicators ∞j .

Resulting selection

Add Xj if improved goodness of fit compensates for adding

Us(zj) bits for the additional parameter,

z2
j /(2 ln 2)

| {z }

Increased compression

> Us(zj) ° 1 º 2 log hzji
| {z }

Increased param bits

which implies that one codes once |zj | > 2.4 (approximately).

Resembles AIC

Threshold fixed on z scale, as with AIC or Cp.
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Interpreting the AIC Code

Associated prior on Øj

The associated prior on coordinates is a “rectangular”

log-Cauchy distribution, and is not spherically symmetric.

Coe±cients are not artificially constrained to some interval.

Natural prior?

Suggests many small coe±cients, regardless of the sample size.

Prior on complexity

Though embedded into universal codes, ∞ still uses p bits for all

models, as in the BIC code; expect half of the variables to enter.

Local asymptotics

Motivated by local asymptotics in which one fixes z as n ! 1
rather than letting the z score grow to infinity.

9



Robustness of Universal Codes

What about the message lengths?

If in fact the z scores are large, won’t the AIC model codes be a

lot longer than the BIC model codes?

Oracle

Suppose that it is known that °Mæ ∑ Øj ∑ Mæ.

Data

Suppose further that the fitted coe±cients for q variables attain

this upper limit, b1 = · · · = bq = Mæ so that zj =
p

nM .

Large value exceeds AIC and BIC thresholds.

Prefix length for BIC code Since the grid of z-scores has

2Mæ

æ/
p

n
= 2

p
n M positions,

uniform coding requires

q log 2
p

nM = q(log
p

nM + 1) bits.

Prefix length for AIC code

q log§
p

nM º q (log
p

nM + 2 log log
p

nM)

which shares the dominant term with the BIC code.
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MDL in Regression

Definition of minimum description length Rissanen (1983)

In its original asymptotic form, the MDL for a model with q

orthogonal predictors is

MDL(q) = log§(V (k)kµ̂kq
) + log

1

P (Y |µ̂)

º q

2
log n +

q

2
log

X

µ̂2
i + log V (q) + log

1

P (Y |µ̂)

º q

2
log n + log

1

P (Y |µ̂)
= BIC(q)

where V (k) = Vol(k-dim ball, radius one) and kµk2
= n

P
µ2

j .

Implicit selection indicator

Since ∞ does not appear in this definition, its as though it is

coded with a fixed number of bits for all models.

Local coding interpretation

The prefix encodes an index for vector z = (z1, . . . , zq) using a

spiraling code:

MDL(q) º log§(V (q)kµ̂kq
) + log 1/P (Y |µ̂)

= U(i(z)) + log 1/P (Y |µ̂)

where i(z) denotes index identifying the vector z score.
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Implications of Spherical Prior/Code

Projection to subspace

Following plot: code lengths with subspaces show that threshold

for adding another variable increases with kzk.

Example: Use one or two variables?

q = 2 gives shorter code than q = 1 when

z2
2

2 ln 2
| {z }

Gain in compression

> U(i(z1, z2)) ° U(i(z1))
| {z }

Increase parm bits

For large z1 >> z2 > 0,

U(i(z1, z2)) ° U(i(z1)) º log§ kz1, z2k2 ° log§ kz1k
º 2 log z1 ° log z1

= log z1

Add X2 to model with just X1 when

z2
2

2 ln 2
> log z1

Maximum coe±cient determines threshold

q large coe±cients, z = (z, z, . . . , z), and one smaller coe±cient,

z >> z̃ > 0 . Add z̃ if

z̃2

2 ln 2
> log z + 1

2 log q
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Examples

Add z̃?

Add z̃ to model with q coe±cients when

z̃2

2 ln 2
| {z }

gain

> log z + 1
2 log q

| {z }

penalty

Local coding = BIC in special case

If max z =
p

n, then penalty = 1
2 (log n + log q) and threshold is

about
p

log n.

Explicit examples “Elephants and mice”

Model A Two small coe±cients

z = (3, 4) ) pick ) (3, 4)

Model B Two small, plus one large

z = (3, 4, 10) ) pick ) (3, 4, 10)

z = (3, 4, 100) ) pick ) (4, 100)

z = (3, 4, 1000) ) pick ) (1000)

Model C Two small, plus many large

z = (3, 4, 100, . . . , 100) ) pick ) (4, 100, . . . , 100)
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Indexed Parameter Coding: RIC

Complexity prior

Suppose expect very few coe±cients to enter model, |∞| º 1.

Bernoulli compression

Compress Y1, . . . , Yn ª B(1/n) by giving indices for i s.t. Yi = 1,

n H(Y1) º log n .

Encode ∞ as a sequence of indices rather than 0/1 indicators.

Parameters of code

q | (j1, Us(zj1))
| {z }

log p+`(Us(zj1
))

| · · · | (jq, Us(zjq
))

Resulting selection

Add Xj if (approximately)

z2
j /(2 ln 2)

| {z }

Increased compression

> log p + 2 log hzji
| {z }

Increased parm bits

or roughly once zj exceeds the Bonferroni bound,

|zj | >
p

2 log p º ©
°1(1 ° 1/p)

17



Adaptive Coding: eBIC

Coding methods

Method Code for ∞ Expected Predictors

BIC p bit prefix p/2

AIC Embedded p bit prefix p/2

RIC Indexing 1

Why a priori assume the complexity — code adaptively.

Compress ∞

Compress ∞1, . . . , ∞p, treating as a Bernoulli sequence. In eÆect,

modify the AIC code by compressing the leading bits of the

sequence of universal codes.

Such a code will produce slightly longer messages than

• RIC code if indeed q = 1 is best

• AIC code if q = p/2 is best

but the added length in these cases is very small.

Two-part code

∞1, . . . , ∞p
| {z }

p H(q/p)

| Us(zj1), . . . , Us(zjq
)

| {z }
P

q

k=1
`(U(zjk

°q))

18



Adaptive Coding: eBIC

Adaptive selection criterion

Add Xj if (approximately)

z2
j

2 ln 2
> p(H(

q + 1

p
) ° H(

q

p
)) + 2 log zj

or once |zj | exceeds the adaptive thresholding bound,

z2
j

2 ln 2
> log

p ° q

q + 1
+ 2 log zj ) |zj | >

p

2 log p/q

Comparable to

• Simes, Step-up/Step-down Testing: Compare max zj to

Bonferroni, second largest to next normal order stat, etc.

• Empirical Bayes prior for the number of parameters.

Further variations

Can compresses other bits in the z scores as well.

Big question

Is coding useful when used in this more extensive manner?

• Fine for oÆering another way to think about model selection

criteria.

• But, is it appropriate to use bit lengths to judge which is a

better selection criterion?
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Discussion

Model selection message formats

Criterion Threshold Parameter Complexity

BIC, SIC
p

log n Spike-slab half

AIC,Cp

p
2 Log-Cauchy half

RIC, hard
p

2 log p Log-Cauchy 1

eBIC
p

2 log p/q Log-Cauchy adaptive

Discussion

• Interplay of information theory and Bayesian ideas

Another way to think about priors, particularly in harder

problems (priors for continuous functions).

• Robustness of the priors

Universal priors are uncommon, but quite powerful.

• Spherical priors

Common, but appropriate in variable selection?

• Is coding a realistic criterion?

Seems fine as a way to characterize methods, but can it

suggest which are really better?
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Research Continues

Other types of models

Application to smoothing splines, piecewise models, or

regression trees?

Varying parameter eÆects on compression, and how to code?

Dependent processes

Context tree models are capable of capturing dependence in a

nonparametric way and have been used to develop, for example,

model-free bootstrap resampling methods.

Reducing assumptions: Collinearity, variance, normality

Collinearity Drop the assumption of orthogonal parameters.

Variance Drop the assumption of known variance.

Robustness CLT for coe±cients, but what about compression

of the data via likelihood? Using wrong distribution makes a big

diÆerence in data compression, implying z2/(2 ln 2) may not be

the right trade-oÆ.

File compression vs model selection

Coding seeks big gains in compression, on the order of 10%.

Testing/parameter selection deals with several bits.

Can a method used to obtain 10% gains be applied to evaluate

changes of several bits?
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Abstract

Information theory o↵ers a coherent, intuitive view of model selection. This perspective

arises from thinking of a statistical model as a code, an algorithm for compressing data into a

sequence of bits. The description length is the length of this code for the data plus the length

of a description of the model itself. The length of the code for the data measures the fit of

the model to the data, whereas the length of the code for the model measures its complexity.

The minimum description length (MDL) principle picks the model with smallest description

length, balancing fit versus complexity. The conversion of a model into a code is flexible; one

can represent a regression model, for example, with codes that reproduce the AIC and BIC

as well as motivate other model selection criteria. Going further, information theory allows

one to choose from among various types of non-nested models, such as tree-based models and

regressions identified from di↵erent sets of predictors. A running example that compares several

models for the well-known Boston housing data illustrates the ideas.

⇤I wish to thank Dean Foster and John Fox for many helpful suggestions.
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Model selection using MDL (February 6, 2003) 2

1 Introduction

What’s the best model? Certainly, the beauty of a model lies in the eyes of the beholder. Perhaps

it’s the “most natural” model, one that embodies our notions of cause and e↵ect, with its form

pre-ordained by our theory. Perhaps instead it’s the “simplest” model, one that is easy to describe

with few features determined from the data at hand. Alternatively, perhaps it’s just the “most

predictive” model, a model that predicts new observations more accurately than any other — a

black box that churns out predictions with no obligation for interpretation.

More likely, the best model blends these attributes — theory, parsimony, and fit. If so, how

should we balance these competing aims? How should we weigh the contribution of a priori theory

versus the fit obtained by an automated search through a large database? Indeed, some criteria o↵er

no reward for a strong theory. Naive use of the AIC and BIC, for example, implies that all regression

models with the same R2 and the same number of predictors are equivalent. Both measure the

quality of a model from only its fit to the data and the count of its estimated parameters. The

path that led to a model is irrelevant. To these, it does not matter whether we chose the predictors

a priori or discovered them using stepwise regression; theory and explanation can come before or

after estimation. It is little wonder that many view variable selection as mechanical optimization

devoid of substantive content. The criteria described here do reward the investigator with a model

chosen by theory, whether the theory indicate specific features of the model or opinions of what is

expected.

And what of Occam’s razor? Surely, if we have two regressions with the same R2, one with two

predictors and one with 20, common sense leads us to pick the model with just two predictors. But

the catalog of models o↵ered by modern statistics software is much richer than regressions with

di↵ering numbers of slopes. How, for example, can we compare a linear regression to a regression

tree, especially when both obtain comparable fits to the data? We can’t just count “parameters.”

The estimated parameters of these two types of models — estimated slopes in regression versus

group averages and optimal cut-points in trees — are too di↵erent.

In what follows, I answer these questions by adopting an information theoretic view of model

selection. Before delving into information theory, however, the next section describes three models

for the well-known Boston housing data. These models illustrate key points throughout this paper.
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2 Three Models for Housing Prices

This section describes three models for the median housing price reported in the Boston housing

dataset which was created by Harrison and Rubinfeld (1978) to investigate the e↵ects of pollution

on housing values. This dataset has 14 characteristics of the 506 census tracts with housing units in

the Boston SMSA in 1970. Table 1 lists the variables. The response for all three illustrative models

is the median value of owner-occupied homes. Two of the models are standard OLS regressions.

The third model is a regression tree. This dataset is on-line from Statlib at http://lib.stat.cmu.edu

or with the software package R at http://cran.r-project.org/. I used the data packaged with

R. Belsley, Kuh and Welsch (1980) popularized the use of this data in their study of regression

diagnostics. Others (e.g. Breiman and Friedman, 1985) have used it to illustrate data mining. It

has also been observed to contain censoring; the median value of homes is probably right-censored

at $50,000. I will not explore these issues further.

I fit these models to a subset of 50 tracts selected randomly from the full collection.1 The reason

for restricting the estimation to a subset is to weaken the e↵ects of the predictors and thereby make

the problem of model selection more di�cult. When fit to the full dataset, an OLS regression of

MEDV on the 13 remaining variables has an R2 of 74% with 11 predictors having absolute t-ratios

larger than 3. When fit to the subset, the e↵ects become subtle; only three predictors have a t-ratio

larger than 3 in magnitude. Variable selection is more challenging when the e↵ects are subtle;

virtually any method works in the presence of a strong, obvious signal.

The two illustrative regression models are the same, but I want to make a distinction in how they

were found. Suppose that my research concerns determinants of the value of housing. In particular,

I have a theory that proposes that young families with several children drive up demand for larger

houses, and that this group likes to have their big homes near good schools in safe communities.

The model shown in Table 2 embodies these ideas; the interaction between the number of rooms

and the pupil-teacher ratio RM*PTRATIO captures the notion that big houses lose value if they

are near crowded schools. One can imagine that I could have proposed the form of this model (i.e.,

picked the predictors) prior to looking at the data; its form originated in my theory rather than

1I used the sample function from R to pick these, avoiding documented outliers. To reduce the e↵ects of outliers,

I set aside 6 tracts (rows 366 and 369 – 373) from the full data set prior to sampling. The 50 sampled tracts are rows

18, 22, 25, 37, 43, 44, 46, 51, 58, 62, 69, 71, 74, 78, 90, 93, 100, 112, 126, 131, 135, 152, ,161, 170, 181, 190, 200,

203, 204, 212, 213, 221, 222, 235, 236, 268, 316 317, 321, 322, 391, 394, 397, 398, 417, 445, 462, 489, 495, 503 in the

Boston data distributed with R.
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Table 1: The Boston housing dataset contains 14 variables that describe the 506 census tracts in

the Boston SMSA in 1970, excluding tracts with no housing units. (Harrison and Rubinfeld, 1978;

Belsley et al., 1980). Available on-line from Statlib (http://lib.stat.cmu.edu) or as part of the R

software package (http://cran.r-project.org).

MEDV median value of owner-occupied homes in $1000’s (response)

AGE proportion of owner-occupied units built prior to 1940

BLACK 1000(B � 0.63)2 where B is the proportion of blacks by town

CHAS Charles River dummy variable (1 bounds river; 0 otherwise)

CRIM per capita crime rate by town

DIS weighted distances to five Boston employment centres

INDUS proportion of non-retail business acres per town

LSTAT percentage lower status of the population

NOX nitric oxides concentration (parts per 10 million)

PTRATIO pupil-teacher ratio by town

RAD index of accessibility to radial highways

RM average number of rooms per dwelling

TAX full-value property-tax rate per $10,000

ZN proportion of residential land zoned for lots over 25,000 sq.ft.
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Table 2: Regression model for a subset of 50 cases from the Boston housing data. The RMSE of

the model for median house value MEDV is 2.69 with 45 d.f. and R2 = 0.92.

Variable OLS Slope SE |t| p-value

Intercept -100.12 29.08 3.4 0.0013

RM 23.18 4.40 5.3 0.00000

RM*PTRATIO -0.88 0.26 3.4 0.0015

CRIM -1.01 0.14 7.4 0.00000

PTRATIO 4.33 1.69 2.6 0.014

from the data itself.

The second regression is identical to the first summarized in Table 2, but reaches this fit by

a di↵erent means. Rather than being the product of theory, the second model is the result of an

automatic search for structure, in this case, a stepwise regression. Indeed, not being an expert in

housing values, I obtained the model in just this way. Using the step function in R, I ran a stepwise

regression using the default parameters and let it choose 4 predictors. The stepwise selection was

allowed to pick any of the possible interactions and quadratics among the predictors, and from

these chose the single interaction between RM and PTRATIO. I limited the model to 4 predictors

in order to be able to interpret “theoretically” the fitted model. Although stepwise was allowed to

both add or delete variables, it proceeded by adding 4.

The third model is a regression tree. Recursive partitioning identifies groups of observations

that share similar values of the response when compared to others. The result of applying recursive

partitioning to a continuous response like MEDV is a so-called regression tree like that shown

in Figure 1. Such models, along with similar models used for classification, were labeled CART

models after the title of the book by Breiman, Friedman, Olshen and Stone (1984). The rpart

function of R produced the regression tree shown in Figure 1, with the default rules stopping the

recursive splitting (Venables and Ripley, 2002). The algorithm first divided the 50 tracts using

the industrialization measure, separating those for which INDUS � 4.55 from the others. Among

tracts with larger industrialization, it further split using PTRATIO at a value of 19.65. Finally, it

split those with smaller PTRATIO into two groups, splitting at RM = 5.92. Taking the means of

the resulting four “leaf nodes” at the bottom of the tree in Figure 1 as fitted values, the RMSE of

this model is almost 4.0, larger than the RMSE for the stepwise regression (about 2.7).
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Figure 1: Regression tree for the median house price, estimated using the rpart function of R. The

collective standard deviation of the residuals about the averages of the 4 leaf nodes is 3.96.

|indus>=4.55

ptratio>=19.65

rm< 5.92
15.01

19 23.74

38.21

Which of these three models is the best? Methods that select a model while ignoring how

it came into being cannot distinguish the two regressions. Methods that just count parameters

run into problems when comparing either regression to the tree. How many parameters are in

the regression tree in Figure 1? The fit at each leaf node is an average, but how should we treat

the splitting points that define the groups? Can we treat them like other parameters (slopes and

averages), or should we handle them di↵erently? Research suggests that we need to assess such

split points di↵erently. For example, Hinkley’s early study of inference for the break point in a

segmented model (Hinkley, 1970) suggests that tests for such parameters require more than one

degree of freedom.

The information theoretic view of model selection allows one to compare disparate models as

well as account for the origin of the models. The process leading to the model is, in essence, part of

the model itself, allowing MDL to reward a theoretical model for its a priori choice of predictors.

The information theoretic view is also flexible. One can compare di↵erent types of models, such as

the illustrative comparison of a regression equation to a regression tree.

3 A Brief Look at Coding

Good statistical models “fit well.” Although the notion of fit varies from one model to another,

likelihoods o↵er a consistent measure. By associating each model with a probability distribution,

we can declare the best fitting model as the one that assigns the largest likelihood to the observed
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data. If the model has parameters, we set their values at the maximum likelihood estimates.

Coding o↵ers an analogous sense of fit. A good code is an algorithm that o↵ers high rates of

data compression while preserving all of the information in the data. The best code compresses data

into the shortest sequence of bits. If we think of our response as occupying a file on a computer,

then the best code for this response is the algorithm that compresses this file down to the smallest

size — while retaining information that allows us to recover the original data. The trick in seeing

how information theory addresses model selection is to grasp how we can associate a statistical

model with a scheme for coding the response.

Suppose that I want to compress a data file, say prior to sending it as an attachment to an

e-mail message. The heuristic of “sending a message to a receiver” is valuable in thinking about

coding data; it is essential to identify what the receiver already knows about the data and what

I have to tell her. If I can find a way to reduce the number of bits used to represent the most

common patterns in the data, then I can reduce the overall size of the message. Obviously, I have

to be able to do this unambiguously so as not to confuse the recipient of my e-mail; there must be

only one way for her to decode the attachment. Such representations are said to be lossless since

one can recover the exact source file, not just be close. Alternative “lossy” codes are frequently

used to send sounds and images over the Internet. These o↵er higher rates of compression but do

not allow one to recover the exact source image.

For the example in this section, the data to be compressed is a sequence of n characters drawn

from the abbreviated 4-character alphabet a, b, c, and d. Since coding is done in the digital

domain, I need to represent each character as a sequence of bits, 0s and 1s. The standard ASCII

code for characters uses 8 or 9 bits per letter – quite a bit more than we need here since we have

only 4 possibilities – but a simplified version works quite well. This fixed-length code (Code F)

appears in the second column of Table 3. Code F uses two bits for each of the four possible values.

For example, with n = 5, the attached sequence of 10 bits 0100000011 would be decoded by the

recipient as

0100001100 = 01 00 00 11 00
decode�! b a a d a

where I use spaces to make the encoded data easier for us to read, but are not part of the code.

With Code F, it takes 2n bits to send n of these letters, and the attached data is easy to recover.

More knowledge of the data allows higher compression with no loss in content. More knowledge

in coding comes in the form of a probability distribution for the data. For example, suppose that
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Table 3: Sample codes for compressing a random variable that takes on four possible values a, b, c,

and d with distribution p(y). Code F uses a fixed number of bits to represent each value, whereas

Code V varies the number of bits as given by � log2 p(y).

Symbol y Code F Code V p(y)

a 00 0 1/2 = 1/21

b 01 10 1/4 = 1/22

c 10 110 1/8 = 1/23

d 11 111 1/8 = 1/23

the data are a sample Y1, Y2, . . . , Yn of grades that have the distribution

p(y) =

8

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

:

1/2 if y = a ,

1/4 if y = b ,

1/8 if y = c ,

1/8 if y = d .

(1)

(Evidently, grade inflation is prevalent.) Code V in the third column of Table 3 conforms to these

probabilities. Code V uses a varying number of bits to represent the 4 symbols, with the number

of bits set to the negative of the base 2 log of the probability of each symbol. Thus, characters that

occur with high probability get short codes. For example, Code V uses only 1 bit (1 = � log2 1/2)

to represent the most likely symbol a, but uses three bits for the least likely symbols c and d.

Because of the varying length of the codes assigned by Code V, it may not be clear how to decode

the compressed data. To see how this works, let’s return to the previous example that encodes b, a,

a, d, and a. First, we’ll encode the data, then see how the receiver decodes it. Encoding is simply

a matter of concatenating the bits given in the third column of Table 3:

b a a d a
encode�! 10 0 0 111 0

Notice that the encoded message is shorter than the message obtained with Code F, requiring 8

bits rather than 10. The receiver of the message reverses this process. Basically, she parses the

sequence of bits one at a time until she matches one of the codes in the third column of Table 3.

The first character is a 1, which does not match any of the codes. The first two characters form

the sequence 10 which is the code for b. The next character is a 0, which matches the code for a.
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Continuing in this fashion, she can recover the original sequence. Keep in mind, however, that the

receiver has to know Code V for this scheme to work.

Although Code V obtains higher compression for the sequence baada, it should also be apparent

that Code F compresses some other sequences better. For example, to encode dccab requires 10 bits

with Code F but consumes 12 bits for Code V. Code V is two bits better for one data series, but two

bits worse for another. Why bother with Code V? The answer lies in the underlying probabilities.

If the characters to be compressed are indeed a random sample with the distribution p(y) given in

(1), then the probability of the sequence for which Code V compresses better is

P(baada) = p(b) p(a) p(a) p(d) p(a)

= 1
4

1
2

1
2

1
8

1
2

= 1
22

1
2

1
2

1
23

1
2

= 1/28 .

The probability of the sequence for which Code V does worse is 16 times smaller:

P(dccab) = p(d) p(c) p(c) p(a) p(b)

= 1
23

1
23

1
23

1
2

1
22

= 1/212 .

Code V works well for sequences that are more likely according to the associated distribution p(y).

Higher probability means a shorter code. Code V represents baada using 8 bits, which is the

negative of the log (base 2) of the likelihood of this sequence under the model p(y),

Length of Code V for baada = `(baada)

= � log2 P (baada) = 8 .

Similarly, `(dccab) = � log2 P (dccab) = 12.

The Kraft inequality from information theory strengthens the connection between the length

of a code for a sequence of symbols and the probability of those symbols. The Kraft inequality

implies that however we decide to encode the characters in our message, we cannot have too many

short codes because (Section 5.2, Cover and Thomas, 1991)

X

y

2�`(y)  1 , (2)

where the sum runs over all possible values for y and `(y) denotes the number of bits required to

encode y. A code is said to be “Kraft-tight” if it attains this upper bound; both codes in Table 3
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are Kraft-tight. We can thus interpret 2�`(y) as a probability. That is, the Kraft inequality allows

us to define a probability from the lengths of a code. If a code is not Kraft-tight, it essentially has

reserved symbols for characters that cannot occur. Such codes can be improved by removing the

unnecessary terms. For example, using the 8-bit ASCII code for our 4 character problem would

not produce a Kraft-tight code.

Codes derived from a probability distribution obtain the best compression of samples from this

distribution. The entropy of a random variable determines the minimum expected code length.

The entropy of a discrete random variable Y ⇠ p(y) is

H(Y ) = E log2 1/p(Y ) =
X

y2Y

p(y) log2

1

p(y)
. (3)

It can be shown that if `(y) is the length of any lossless code for the random variable Y , then

(Sections 5.3-5.4, Cover and Thomas, 1991)

E `(Y ) � H(Y ) .

Thus the fixed-length Code F is optimal if the 4 values a, b, c and d are equally likely whereas

Code V is optimal if the probabilities for these symbols are 1/2, 1/4, 1/8, and 1/8, respectively.

What happens if one uses a code that does not conform to the underlying probabilities? The code

is longer, on average, than it needs to be.

For the illustrations, both probabilities have the convenient form p(y) = 2�j with j an integer

so that the code lengths are readily apparent and integers. In other cases, the method known

as arithmetic coding allows one to compress data within one bit of the entropy bound even when

the probabilities lack this convenient form. Given that one knows the true generating frequencies,

arithmetic coding allows one to compress Y1, . . . , Yn into a code whose expected length is bounded

by 1 + n H(Yi) (Langdon, 1984). As we continue, I will also ignore the need for an actual code to

have an integer length, using what is often called the idealized length (Barron, Rissanen and Yu,

1998).

To recap, the best code for a random variable Y ⇠ p has idealized length

`(y) = � log2 p(y) , (4)

and the length of this code for representing a sample of n independent responses Y1, Y2, . . . , Yn ⇠ p

is the negative log-likelihood,

`(y1, . . . , yn) = � log2 L(y1, . . . , yn)
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= � log2 p(y1) p(y2) · · · p(yn) . (5)

The expected length of any other code for Y exceeds the resulting entropy bound (3). Analogous

properties hold for continuous random variables like the Gaussian or Cauchy as well. Even though

the likelihood L(y1, . . . , yn) for a continuous random variable no longer gives probabilities, the code

length retains the convenient form seen in (4). To get a sense for how coding applies to continuous

random variables, think of encoding a discrete approximation that rounds the continuous random

variable to a certain precision. Cover and Thomas (1991) (Section 9.3) shows that the length of the

code for the rounded values is the log-likelihood of the continuous data plus a constant that grows

as one keeps more digits. One can handle dependent sequences by factoring the log-likelihood as

`(y1, . . . , yn) = � log2 (p(y1) p(y2 | y1) p(y3 | y1, y2) · · · p(yn | y1, . . . , yn)) .

Thus, we can associate a model with a code by finding a code matched to the likelihood implied

by the model. The best code and the best model share a common heritage – both maximize the

likelihood for the observed data. But this presents a problem for model selection. If coding just

maximizes the likelihood, how does it avoid overfitting? The answer requires that we take a broader

look at our original task.

4 The Minimum Description Length Principle

Just because we can compress data optimally by maximizing its likelihood does not mean that

the recipient of our message can recover the original data. For this task, she needs to know how

we encoded the data — she must know our model. The codes described here convey the model

to her in a straightforward fashion. They include the parameter estimates as part of the message

to the receiver, prefixing the compressed data. Hence, such messages are called two-part codes.

The inclusion of the model as part of our message has a dramatic e↵ect. A regression model with

10 estimated slopes might fit well and o↵er high compression of the data, but it also requires us

to convey 10 estimated parameters to the receiver. A simpler regression with just two estimated

slopes need only add 2. Unless the gain in compression (i.e., the increase in the likelihood) is

enough to compensate for the 8 additional estimates, the simpler model may in fact produce a

shorter message.

Rissanen’s minimum description length (MDL) principle (Rissanen, 1978) formalizes this idea.

The description length of a fitted model is the sum of two parts.2 The first part of the description

2Stochastic complexity, introduced in Rissanen (1986), enhances the MDL principle by removing redundancies
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length represents the complexity of the model. This part encodes the parameters of the model itself;

it grows as the model becomes more complex. The second part of the description length represents

the fit of the model to the data; as the model fits better, this term shrinks. A precise definition

requires a bit of notation. Let M✓ denote a parametric model indexed by a parameter vector ✓,

and let L(· | M✓) denote the likelihood implied by this model. Also, let Y denote n observations

y1, y2, . . . , yn of the response. Since we obtain the shortest code for the data by maximizing the

likelihood, the MLE for ✓, say ✓̂(Y ), identifies the optimal model. The resulting description length

of such a model is

D(Y ;M
✓̂(Y )) = `(M

✓̂(Y )) � log2 L(Y | M
✓̂(Y )) . (6)

The MDL principle picks the model with the minimum description length. To compute the de-

scription length, though, we need to determine how many bits are required to encode the model

M
✓̂(Y ) itself.

At this point, the flexibility and Bayesian flavor of coding emerge. Recall that every code

embodies a probability distribution. Thus, any code for the model M
✓̂(Y ) also implies a probability

distribution, one for the model itself. In the case of parametric models such as regression, the code

must give the parameters that identify the specific model. The length of this code depends on

which values we expect for ✓̂(Y ). Choose poorly and one faces a rather large penalty for adding a

parameter to the model.

Before describing how to encode the whole model, we need to consider first how to encode a

single parameter. Since ✓̂(Y ) is unlikely to be an integer, it is not obvious how to represent ✓̂(Y )

with a discrete code. Fortunately, Rissanen (e.g. Rissanen, 1989, Section 3.1) shows that we can, in

fact, round the MLE with little loss in data compression. The idea is to round ✓̂(Y ) to the nearest

coordinate of the form ✓0 + z̃ SE(✓̂(Y )) for integer z̃ and define the estimator

✓̃(Y ) = ✓0 + SE(✓̂(Y ))

*

✓̂(Y ) � ✓0

SE(✓̂(Y ))

+

= ✓0 + SE(✓̂(Y )) h z
✓̂(Y ) i , (7)

where hx i denotes the integer closest to x. The rounded estimator lies within half of a standard

error of the MLE, falling on the grid centered at a default value ✓0 (typically zero) plus a multiple

h z
✓̂(Y ) i of the standard error. Rounding a vector of estimates is considerably more complex but

follows the this paradigm: approximate the MLE using a grid resolved to the nearest standard

error (Rissanen, 1983).

inherent in a two-part code. While theoretically appealing, the results for model selection are essentially identical.

The accompanying idea, known as parametric complexity, introduces other complications (Foster and Stine, 2003).
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This rounding has negligible e↵ect on the length of the second part of the code. If we encode

the data using ✓̃ rather than the MLE, the length of the compressed data grows by less than a bit.

(This result is perhaps one of the strongest arguments for showing rounded estimates in presenting

statistical output. All of those superfluous digits o↵er no help in coding the data.) So, in practice,

the description length is computed not as in (6) but rather using rounded estimates to denote the

model,

D(Y ;M
✓̂(Y )) ⇡ `(M

✓̃(Y )) � log2 L(Y | M
✓̂(Y )) . (8)

All that is left is to encode the integer z-score. I will save that for the next section when we consider

regression.

Before moving on to regression, it is worthwhile to step back and note the similarity of MDL

to other methods of model selection. In particular, many criteria, such as AIC and BIC, select the

model that minimizes a penalized likelihood. For example, if dim(✓) denotes the dimension of a

parameter, then AIC picks the model that minimizes

AIC (✓̂) = dim(✓̂) � log L(Y | M
✓̂
) . (9)

Comparing (9) to the description length in (8), we see that the code length required to represent

the model, `(M
✓̃(Y )), plays the role of a penalty factor. In this sense, one can think of information

theory as a means to generating a richer class of penalties.

5 Encoding a Regression Model

Two choices determine the penalty `(M
✓̃(Y )) for model complexity in the MDL criterion. First, we

have to decide how to encode the rounded z-scores that locate the rounded parameter estimate

✓̃(Y ). Second, we have to associate the estimates with predictors. This section addresses coding a

parameter, and the next deals with identifying the predictors.

The choice of a code for the rounded estimates is equivalent to the dilemma faced by a Bayesian

who must choose a prior distribution. A large-sample approach leads to the association between

MDL and BIC. Rissanen (Section 3.1, Rissanen, 1989) proposes the following code. If ✓̃ = ✓0,

then encode ✓̃ using 1 bit, say 0. Alternatively, start the code with a 1 and then identify ✓̃ by

giving its position in a large, albeit finite, grid that has on the order of
p

n positions. To encode

✓̃ 6= 0 thus requires about 1 + 1
2 log2 n bits, 1 to say that the estimate is not ✓0 and 1

2 log2 n for

the grid position. This coding for ✓̃ implies that we have a “spike-and-slab” prior distribution for
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the parameter. The code devotes half of its probability (a one-bit code) to the null value ✓0 (the

spike) and distributes the other half of the probability uniformly over a large range (the slab). The

resulting MDL criterion for the best model minimizes

Ds(Y ;M
✓̃(Y )) = dim(✓)

⇣

1 + 1
2 log2 n

⌘

� log2 L(Y | M
✓̂(Y )) . (10)

Since the leading complexity term shares the form of the BIC penalty, it may appear that MDL

and BIC are equivalent. They are indeed equivalent under the spike-and-slab prior for ✓̃, but other

priors give di↵erent results.

An important theme in the development of coding has been the gradual shift from the use

of optimal priors tailored to specific problems to so-called universal priors that work well over a

wide range of distributions. Analogous to robust estimates in statistics, universal priors encode

about as well as the best prior, but do not require that one know the “true” model. This sense

of robustness makes universal priors well-suited to model selection since we would prefer to make

as few assumptions as possible, but retain whatever e�ciencies are possible. Building on the work

of Elias (1975), Rissanen (1983) proposed a universal prior for representing the rounded MLE ✓̃.

Like the spike-and-slab prior, Rissanen’s universal prior also invests half of its probability at the

null value ✓0. Rather than evenly dividing the remaining probability over a wide slab, the universal

prior drops o↵ ever so slowly. The idealized length of the universal code for an integer j 6= 0 is

approximately (Elias, 1975; Rissanen, 1983)

`u(j) = 2 + log+
2 |j| + 2 log+

2 log+
2 |j| , (11)

where log+
2 (x) is the positive part of the log function, so that log+

2 (x) = 0 for |x|  1. For example,

`u(±1) = 2, `u(±2) = 3, and `u(3) ⇡ 4.91. Though it decays slowly (its tail decays like that of

a code designed for representing the log of a Cauchy random variable), `u(j) concentrates more

probability near ✓0 than the spike-and-slab prior. If we let

z̃j = h (✓̂j � ✓0,j)/SE(✓̂j) i, j = 1, . . . ,dim(✓) (12)

denote the rounded z-scores that locate ✓̃, then we can write this description length as

Du(Y ; M
✓̃(Y )) =

dim(✓)
X

j=1

`u(z̃j) � log2 L(Y | M
✓̂(Y )) , (13)

The analysis in Foster and Stine (1999) shows that this description length leads to a version of

MDL that resembles AIC, in e↵ect penalizing the likelihood by a multiple of the dimension of the

parameter vector, without the log2 n term appearing in (10).
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The universal prior seems more suited to regression than the spike-and-slab prior. With ✓

denoting the slopes in a regression, it is natural to set the null value ✓0 = 0. The spike-and-slab

prior o↵ers an “all or nothing” representation of the parameter space: either ✓ is exactly zero or

it could be anywhere. In comparison, the universal prior holds 0 as the most likely coe�cient, but

expects non-zero slopes to be relatively close to the null value.

Returning to the original problem of picking the best from among 3 models for the median

housing value, we can now compute description length for the first regression model. Since the

structure of this theoretically-motivated model (i.e., the choice of its predictors) is known in ad-

vance, I can assume that both sender and receiver (in the coding sense) know which variables are

in the model. Thus, the sender need only send the encoded estimates ✓̃ in the first part of the code

for Y . Assuming a normal distribution for the errors,3 the length of the second part of the code

(the part that represents the encoded data) is the log-likelihood (omitting constants that do not

a↵ect selection)

� log2 L(Y | M
✓̂(Y )) = n

2 log2(RSS(✓̂)/n)

= 50
2 log2(326.9/50)

= 67.7 bits ,

where RSS(✓̂) is the residual sum-of-squares for the fitted model. To this we have to add the

number of bits required for the model, here a list of the estimated slopes. For this example, I use

universal codes. Including the intercept, this length is the sum of the universal code lengths for

the rounded t-statistics in Table 2,

`(M
✓̃(Y )) = `u(�3) + `u(5) + · · · + `u(3)

= 4.91 + 6.75 + · · · + 4.91

= 29.3 bits .

The description length for the theoretical regression is then

D(theoretical regression) = 67.7 + 29.3 = 97.0 bits .

The second regression, which results from stepwise selection, introduces a new aspect to the calcu-

lation of the description length, and so I will handle it in the next section.

3Coding requires that a model o↵er a probability distribution for the data. I will use the normal distribution here,

but one can substitute any other likelihood as suits the problem.
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6 Allowing for Variable Selection in Regression

The description length obtained in the prior section presumes that the receiver of the encoded data

knows which predictors to associate with the encoded estimates. Otherwise, the first part of the

code is useless. If the choice of regressors is unknown in advance and determined by a search of the

data itself, as in stepwise regression, then we have to identify which predictors have been chosen.

An obvious way to identify the predictors is to include in the message a boolean vector of 0s

and 1s. Suppose that we and the receiver share an ordered list of the p possible variables that we

might choose as predictors. Then, we can further prefix our message to the receiver with p bits,

say � = {�1, �2, . . . , �p}, that identify the q =
P

�j predictors in the model. If �j = 1, then the jth

predictor is in the model; otherwise, �j = 0.

The addition of this prefix rewards models whose predictors have been identified from an a

priori theory rather than a data-driven search. The illustrative stepwise regression picks from

p = 103 = 13 + 12 +
�13

2

�

possible regressors (13 linear terms, 12 quadratics after removing CHAS

which is a dummy variable, plus the interactions). Taking the direct approach, we have to add 103

bits (consisting of 99 0s and four 1s) to the description length of the theoretical model to identify

the four predictors, and so

D(stepwise, with interactions) = p + D(theoretical regression)

= 103 + 97.0 = 200.0 bits .

The larger the collection one searches, the longer � becomes and the greater the penalty. MDL

rewards theory by avoiding the need to include � as part of the model. A stepwise model must fit

far better than the theoretical model to overcome this penalty.

The size of the penalty in this example suggests that perhaps we’d have done better by searching

a smaller subset of predictors. For example, perhaps the description length would have been smaller

had we searched only linear predictors rather than considering second-order e↵ects. If we restrict

the stepwise search to the 13 candidates in the Boston data, the four-predictor model identified

by the step procedure (with predictors RM, CRIM, PTRATIO, and BLACK) has residual sum-

of-squares 371.5 (compared to 326.9 with interactions). Because this search is more restrictive, the

description length for this model is less than that of the previous stepwise regression, even though

the fit deteriorates. This model requires only 13 bits to indicate which predictors appear in the

model,

D(stepwise, no interactions) = 13 + 27.0 + 25 log2(371.5/50)
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= 13 + 27.0 + 87.3 = 127.3 bits.

The description length is so much smaller because, although it does not compress the data so well

(it has a larger RSS), the model is easier to describe. We need identify which of the 13 predictors

we used rather than which of the 103 second-order predictors. Notice also how easily we have just

compared two non-nested regression models.

To this point, I have used a simple scheme to indicate which predictors appear in the model:

add the p indicators in �. While straightforward, this approach implies that we expect fully half

of the p predictors to be in the model. The intuition for this claim again lies in the relationship

between a code and a probability. We can think of each �j as boolean random variable. Our use of

1 bit for �j = 0 and 1 bit for �j = 1 implies that we think the choices are equally likely, occuring

with probability 1/2. From this perspective, the use of the 103 bit prefix for the quadratic stepwise

model seems silly; no one would anticipate 50 of these variables to be in the model.

When we expect few of the possible predictors to join the model (as seems appropriate when

casting a large net), we can identify those chosen in a rather di↵erent fashion, one that o↵ers a

shorter code if indeed the predictors are sparse. The scheme is most obvious if we think of encoding

a model that picks just 1 out of a large collection of p possible predictors. Rather than identify

this variable using a long vector of p bits, we can simply encode its index, say j, using about log2 p

bits. That’s a lot shorter code, log2 p versus p, one that reflects our expectation of a model with

few predictors.

Applied to the second-order stepwise model, this approach leads to a smaller description length.

Since p = 103, we can identify each predictor using 7 bits (6 for the index plus 1 to tell if this is

the last predictor in the model). The length of the prefix thus drops from 103 down to 28, and the

description length for the second-order stepwise model becomes less than that of stepwise linear

model and much closer to that obtained by the theoretical model. It would appear that of we use

a better code that recognizes sparseness, we can “a↵ord” to search through second-order features

after all. An asymptotically equivalent criterion for model selection is the risk inflation criterion

RIC (Foster and George, 1994). The motivation for RIC is rather di↵erent (a minimax argument);

however, the development of RIC also emphasizes the problem of picking one or two predictors from

a large collection of variables. RIC works particularly well in data-mining applications, allowing

stepwise regression to compete with classification engines such as C4.5 (Foster and Stine, 2002).

Although the search of second-order e↵ects can conceivably pick any of 103 predictors, R ad-

heres to the so-called principle of marginality. This condition requires that a regression with an
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interaction, say, X1 ⇤ X2, must also include both main e↵ects X1 and X2. For example, the illustra-

tive regression in Section 2 has the interaction RM*PTRATIO as well as both RM and PTRATIO.

Fox (1984) (Section 2.1.3 and elsewhere) discusses the rationale for the principle of marginality.

Because R restricts its search in this way, the 103 bit prefix allows for many models that will never

be identified, such as one that consists only of interactions. The use of a 103-bit prefix is rather

like using the ASCII character code to represent the four symbols a, b, c and d in the example of

Section 3; the prefix has reserved symbols for representing models that cannot occur. Adherence

to the principle of marginality has no e↵ect on the use of AIC or BIC because both count only the

number of parameters, ignoring the number of predictors that have been considered.

As introduced above, RIC shares this flaw. Coding, however, suggests a remedy for this problem

and leads to a yet shorter description length for the model. As we’ll see in Section 8, a shorter prefix

allows us to pick a model with more predictors since the shorter prefix amounts to a smaller penalty

for complexity. RIC identifies the predictors using a sequence of indices, with a continuation bit

indicating if more indices follow. Let p1 denote the number of original predictors; p1 = 13 for the

Boston dataset. To identify one of these requires about log2 p1 bits. For the illustrative model,

we can identify each main e↵ect using 5 bits (4 for the index, one for the continuation bit) rather

than 7. We can then identify the interactions by indicating which, if any, of the prior main e↵ects

form interactions. Since we have only three main e↵ects, we can also identify an interaction using

2(2) + 1 = 5 bits. (We need two bits to identify each of the main e↵ects, plus a continuation bit to

say if more interactions follow.) For the illustrative second-order stepwise model, this code reduces

the length of the RIC prefix from 28 down to 3(5) + 5 = 20 bits. I will denote this variation on

RIC as RIC⇤

Table 4 summarizes the description lengths of these regression models (as well as the regression

tree described in the next section). For each model, the table shows the number of bits required to

1. identify which predictors appear in the model,

2. encode the estimated slopes of these predictors, and

3. compress the data for the response itself.

Though none of the models attain the description length of the theoretical model, a stepwise search

can come quite close when the model is represented by a code well matched to the sparseness of

the context and the structure of the fitted model.
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Table 4: Components of the description length for 5 models of the value of housing in a sample of 50

tracts from the Boston housing data. For each model, p denotes the number of possible predictors.

The components of description length identify which of the p predictors appear in the model, give

the estimated slopes of these, and finally the length of the compressed data.

Regression Models

Model RSS p D which slopes data

Stepwise, linear 371.5 13 127.3 = 13 + 27.0 + 87.3

Theoretical 240.5 4 97.0 = 0 + 29.3 + 67.7

Stepwise, quadratic, � 240.5 103 200.0 = 103 + 29.3 + 67.7

Stepwise, quadratic, RIC 240.5 103 125.0 = 28 + 29.3 + 67.7

Stepwise, quadratic, RIC⇤ 240.5 103 117.0 = 20 + 29.3 + 67.7

Regression Tree

RSS p D nodes splits means data

768.4 13 136.7 = 7 + 24 + 7.1 + 98.5

7 MDL for a Regression Tree

The code for a regression tree resembles those we have seen for regression. We have to identify

the variables, represent the estimated parameters (here, averages of subsets of the response), and

finally add the length for the compressed data. Trees also require that we locate the split-point for

any groups that are divided. To guide the coding, here is the summary produced by rpart for the

regression tree shown in Figure 1:

1) root 50 3950.0 23.0

2) indus>=4.55 41 951.0 19.6

4) ptratio>=19.6 15 209.0 15.0 *

5) ptratio< 19.6 26 239.0 22.3

6) rm< 5.92 8 24.9 19.0 *

7) rm>=5.92 18 90.1 23.7 *

3) indus< 4.55 9 445.0 38.2 *

The data shown for each node identifies how that node was formed from its parent node and gives

the number of tracts, sum-of-squares, and average of the values in the node. For example, prior
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to splitting, the data at the “root node” (Node 1) consists of 50 observations with a total sum of

squares 3950 around a mean value 23.0. Indentation conveys the shape of the tree. The following

description length has many of the features that are used in coding a classification tree (Manish,

Rissanen and Agrawal, 1995), but is adapted to coding a continuous response. A version of MDL

for building classification trees has even been patented (Rissanen and Wax, 1988).

To encode this tree, we begin at the top. The root node splits into two nodes defined by

whether INDUS 4.55. In the same way that we identified the predictors in regression, we can

identify that the variable being split is INDUS using 3 bits, plus one more bit to indicate whether

this is a splitting node or a terminal node. We can locate the split itself by indicating how many

observations fall, say, into the “left” node; that requires 5 bits since log2 64 = 6. Node 3 is terminal,

so we can encode it immediately. We need only indicate that it is a terminal node, identify its mean

to the available accuracy, and compute the number of bits needed for the data. Lacking a sense

for the location of this average (i.e., how would we choose ✓0), I use a uniform prior like that

described for the spike-and-slab prior. With only n3 = 9 observations in Node 3, we require on the

order of 1
2 log2 9 bits to identify the mean to adequate precision. The data for this node require

(again, dropping constants that do not a↵ect the comparison of models and assuming normality)

(9/2) log2(RSS/50) = 4.5 log2 15.4 = 17.8 bits. Since Node 2 is not a terminal node, we move down

to the next level.

We repeat the initial procedure as we work our way down the tree. We identify the next split

again using 8 = 3 + 5 bits (3 to pick the variable, 5 to locate the split). Node 4 is terminal, and

it takes 1
2 log2 n4 for its average and (15/2) log2 15.4 = 29.6 bits for the data. Node 5 leads to yet

another split, costing 9 more bits. The final terminal nodes require 1
2 log2(n6 n7) bits for the two

means and (26/2) log2 15.4 = 51.3 bits for the data in both. If we accumulate the steps, we arrive

at the following description length:

D(tree) = 7 + 3(8) + 1
2

X

log2 nt + (n/2) log2(RSS/n)

= 7 + 24 + 1
2 log2(9)(15)(8)(18) + (50/2) log2(768.4/50)

= 136.7 bits.

The first summand counts the bits used to indicate if nodes are terminal. The second summand

counts the bits required for the 3 splits. The third summand denotes the cost of coding the means

of the 4 terminal nodes (with nt observations in the tth terminal node), and the last summand is

for coding the data itself.



Model selection using MDL (February 6, 2003) 21

Though the di↵erences are not large, the MDL principle prefers a regression over this tree,

unless we use the rather crude prefix to identify the predictors. The illustration in the next section

o↵ers further comparison of the methods for selecting regressors.

8 Comparing Nested Regressions

This section focuses on the common problem of picking the best model from a sequence of nested

regressions found by stepwise regression. My aims for this section are two-fold. First, this familiar

setting allows me to contrast several model selection criteria in a context where all of them apply.

The second aim is more subtle and returns to the role of theory in model selection. Surprisingly,

perhaps, theory still plays a role even though we are using an automatic search. The theory,

though, is less specific than the one that motivates the first regression in Section 2. Rather than

indicate a particular model, having a “weak” theory that indicates only whether we expect many

predictors can improve our ability to pick models. Such theories can be hard to come by, and recent

developments in model selection may soon fill this gap.

I use cross validation to show how such weak theory influences the success of model selection.

To gauge “success” here, I will simply measure the out-of-sample mean squared error. Obviously,

other issues, such as interpretation and structure, are relevant in model selection, but I would like to

focus for the moment on prediction. For this cross validation, I divided the Boston data randomly

into 10 samples, each with 50 observations. (Recall that I set aside 6 outlying tracts, leaving 500.)

For each subset, I ran a forward stepwise regression that allows second-order e↵ects. I computed

the associated mean squared error of each model in this sequence when used to predict the 450

observations in the other 9 samples. A “good” model selection criterion ought to identify the most

predictive model in this sequence, allowing the stepwise search to find good predictors but stopping

before overfitting.

Notice that the sample sizes in this cross validation are reversed from the usual partitioning.

This 10-fold cross-validation validates using 9 of the 10 groups, estimating the fit using the single

remaining group. Given 450 observations and a strong signal, most selection procedures would pick

similar models and the validation estimates would be too noisy to discriminate among them. With

samples of 50, the di↵erences among the chosen models are more apparent.

How well can a stepwise regression predict? I do not have a “true model” for this data, but we

can get a sense of what is possible from the cross-validation itself. Figure 2 shows the mean squared
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Figure 2: The mean squared error of forward stepwise regressions attains its minimum near 23 for

the models with 6 predictors.
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error for sequences of models found by stepwise regression. To obtain this plot, I repeated the cross-

validation randomization 15 times. For each of these randomizations, I performed a 10-fold cross

validation. Thus, I fit 150 sequences of stepwise regressions. Alternatively, one can think of this

as a “balanced” simulation with each of the 500 observations appearing in 15 samples. Figure 2

shows the mean squared error as a function of the model size. Though the averaged models of given

size need not have the same predictors, the out-of-sample error increases once the model includes

more than 6 or 7 predictors. A good model selection procedure should thus pick about this many

predictors. Adding more only increases the variation of the fit; using fewer misses an opportunity.

This comparison uses the 4 criteria introduced in Section 6, the AIC, BIC, RIC and RIC⇤. I

implemented these as follows. Let L(Y, �̂q) denote the normal likelihood obtained by a regression

with an intercept and q slopes, estimated using OLS. In keeping with the usual implementations

for a regression model with q predictors, I computed

AIC(q) = q � lnL(Y, �̂q)

and

BIC(q) = q
2 lnn � lnL(Y, �̂q) ,
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where the log-likelihood is

lnL(Y, �̂q) = (n/2) [1 + ln(2⇡RSS(q)/(n � 1 � q))] . (14)

The appendix explains the use of the unbiased variable estimator in the likelihood. I defined RIC

as (Foster and George, 1994; Miller, 2002),

RIC(q) = q (1 + ln p) � lnL(Y, �̂q) .

The penalty q ln p suggests a code that requires on the order of log2 p bits to identify each predictor.

Similarly, with p1 denoting the number of searched main e↵ects and q1 the number of these in the

model, I defined

RIC⇤(q) = q1(1 + ln p) + (q � q1)(1 + 2 ln q1) � lnL(Y, �̂q) .

Figure 3 illustrates AIC, BIC, and RIC for one of the 150 samples in the cross validation. In the

figure, the solid line shows the negative log-likelihoods; sequences of letters show the three penalized

log-likelihoods. For example, the “a” sequence (for AIC) is just the baseline log-likelihood o↵set

by 1 for q = 1, 2 for q = 2, and so forth. Whereas the negative log-likelihood (being a monotone

function of the residual sum-of-squares) monotonically decreases, each penalized series has a well-

defined minimum. In this case, AIC picks the model with q = 14 predictors whereas RIC, because

of its larger penalty (q versus q + q log p) chooses a parsimonious model with q = 3 predictors and

BIC picks a model with 8.

Figure 4 and Table 5 summarize the the out-of-sample accuracy of the models chosen by these

criteria. Referring back to the plot of the out-of-sample MSE in Figure 2, good models (i.e., models

that predict well out-of-sample) should have about 6 predictors. With the smallest penalty, AIC

chooses excessively large models with about 15 predictors (on average); AIC often overfits and so

has rather large MSE (98 versus a lower bound of about 23). In contrast, BIC picks about 8 and

both versions of RIC pick fewer still. Though its models obtain smaller MSE than those chosen

by BIC, the boxplots in Figure 4 suggest that much of this di↵erence arises from the few samples

when BIC overfits. The boxplots suggest that most of the time, models identified by BIC do well.

The modified criterion RIC⇤ lies between these two, with more predictors than RIC but fewer than

BIC. It matches the MSE of models picked by BIC but with fewer predictors.

What happens, though, if the data are simpler than these, with fewer relationships between

predictors and response? To convey what happens in this case, I altered the cross validation. Rather
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Figure 3: Negative log-likelihood (solid curve) and penalized likelihoods as used by AIC (a), BIC

(b), and RIC (r) to choose the best model from a sequence of 25 models given by forward stepwise

regression for a random subset of the Boston housing data.
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Table 5: Average number of predictors q and out-of-sample mean squared error for the selected

regression models chosen by AIC, BIC, RIC, and RIC⇤.

Boston data Scrambled Boston data

Criterion q MSE q MSE

AIC 15.0 98.0 4.6 89.2

BIC 7.9 43.1 1.6 39.4

RIC 2.7 28.3 1.0 36.6

RIC⇤ 4.2 24.1 1.1 36.3
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Figure 4: Mean squared errors of models selected by the AIC, RIC, and RIC⇤ in a cross-validation

using the Boston housing data.
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than use the actual Boston data, I “scrambled” the values in all of the columns but for MEDV and

RM. I randomly permuted the values in the other columns, leaving these two alone. Consequently,

the other columns have the same marginal distributions, but are no longer associated with either

MEDV or RM. We now know that only one predictor is related to the response. By relating it to a

coding procedure, we noted in Section 6 that RIC was designed for selecting predictors when few

are related to the response. So, it should come as no surprise to see in Figure 5 that RIC produces

models with the smallest MSE when validation analysis is repeated with the scrambled data. AIC

overfits, as does BIC to some extent.

Comparing the results in Figures 4 and 5 suggests a lurking problem: the best criterion depends

upon how many predictors are “useful.” Both BIC and, to a lesser extent, AIC work well in problems

in which many predictors are related to the response, such as the original Boston data. Because

RIC is “tuned” to pick models from data with few useful predictors, it may miss some signal (Figure

4). When there is just one predictor, though, RIC does quite well. So, it would seem we are stuck:

we have to know how many predictors are useful in order to decide which criterion will work best

for us.

Recent research has attempted to remove this “need to know” by o↵ering adaptive criteria
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Figure 5: Mean squared errors of models selected by the AIC, RIC, and RIC⇤ in a cross-validation

using the scrambled Boston housing data for which only one predictor is associated with the response.
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that work almost as well as criteria that have been tuned to the problem at hand. One can moti-

vate an adaptive criterion from information theory (Foster and Stine, 1996), multiple comparisons

(Abramovich, Benjamini, Donoho and Johnstone, 2000), and empirical Bayes (George and Foster,

2000). From the point of view of information theory, adaptive criteria encode the Boolean selection

vector � indirectly using an e�cient, adaptive code that works well regardless of the size of the

model. Compared to AIC or BIC (which assume about half of the considered variable should belong

in the model) and RIC (which assumes only one), an adaptive criterion represents � about as well

as is possible, regardless of q.

9 Discussion

Information theory and the MDL principle allow one to construct a wide range of model selection

criteria. MDL both rewards theory and allows searches of large collections of models. The task for

the modeler is to choose the right combination. Coding — thinking of a model as a code for the

data — o↵ers an important heuristic to guide the development of customized criteria suited to the

problem at hand.
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Returning to the question “Which model is best?,” we see that the answer depends on how

we approach the analysis. MDL rewards a theory that generates a model that a less-informed

analyst might need an exhaustive search to discover. The four-predictor regression in Table 2,

when identified a priori, is certainly the best of the illustrative models. Without such a clairvoyant

theory, MDL rates this model highly only if we have chosen to encode the identify of the regression

slopes in a manner suited to searching many possible e↵ects. Again, MDL exploits our knowledge

of the problem at hand, this time in the form of our expectation for how many predictors should

appear in the final model. Codes like those related to the RIC incorporate the notion that the

analyst expects only a few of the searched factors to a↵ect the response. Coding just the index

rather than the long string of bits reflects our expectation of a model with few predictors. Though

the regression tree fairs poorly in this illustration, MDL does allow us to compare it to regression

models.

This discussion of model selection begs the question “What is a model anyway?” Although a

careful answer requires details outside the scope of this paper (e.g. McCullagh, 2002), the essential

properties needed are a likelihood for the data and a “likelihood” for the model as well. This

requirement rules out some popular approaches based on various method-of-moments estimators,

such as GMM. If, however, our theory allows us to express our beliefs asf a probability distribution,

then MDL o↵ers a framework in which we can judge the value of its merits.

One thing that MDL does not ask of us, however, is the existence of a true model. Although

the spike-and-slab formulation leads to a so-called “consistent model selection criterion” (i.e., one

that identifies the true model with probability 1 as the sample size increases), MDL only requires

a probability model for the data. As we have seen, some versions of the MDL behave like AIC and

are thus, like 5% hypothesis tests, not consistent. The better the model that we can write down,

the shorter the code for the data. None have to be the “true model” that generated the data. And,

because the code for the data must describe the model itself, one cannot simply tune the model

ever more closely to a specific sample.

Several reviews of information theory for model selection will be of interest to readers who would

like to learn more about the use of information theory in model selection and statistics. In order

of increasing mathematical sophistication, these are Lee (2001) (which uses polynomial regression

as the motivating example), Bryant and Cordero-Braña (2000) (testing, especially for contingency

tables), Hansen and Yu (2001) (regression and priors), Lanterman (2001) (relationship to Bayesian

methods) and Barron et al. (1998) (coding methods). Rissanen (1989) (Section 3.2) describes the
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di↵erences between coding and MDL and the Bayesian approach. As suggested by the number

of citations, the book of Cover and Thomas (1991) gives an excellent introduction to information

theory in general.

Appendix: Estimating �
2

This appendix considers the e↵ects of using an estimate of �2 when computing description lengths.

The codes described in this paper ignore the fact that �2 is unknown and must be added to the

code. Since all of the models require such as estimate, adding it as part of the code does not a↵ect

the comparisons. A reduction in the estimated error variance does, however, increase the z-scores of

predictors in the model, and we need to account for this e↵ect. The adjustment essentially replaces

the MLE for �2 in the likelihood by the familiar unbiased estimator.

Recall that the second part of the two-part code for a regression represents the encoded data.

For a model with q predictors, the MLE for �2 is

�̂2
q =

P

i(Yi � �̂0 � �̂1X1 � · · ·� �̂qXq)
2

n
=

RSS(q)

n
. (15)

The description length for the data is then the negative log-likelihood

� log2 L(q) =
n

2 ln 2

⇣

1 + ln(2⇡�̂2)
⌘

=
n

2 ln 2
ln

RSS(q)

RSS(q + 1)
.

Only the leading term a↵ects the comparison of models. The gain in data compression by expanding

a model with q predictors to one with q + 1 is thus

log2 L(q + 1) � log2 L(q) =
n

2 ln 2
(lnRSS(q) � lnRSS(q + 1)) . (16)

To measure the impact of estimating �2 on the first part of the code, treat the sequence of

predictors as defining a sequence of orthogonal expansions of the model. The ordered predictors

chosen by forward selection can be converted into an uncorrelated set of predictors, using a method

such as Gram-Schmidt. Further, assume that the resulting orthogonal predictors – which I will

continue to call X1, . . . , Xq – are normalized to have unit length, X 0

jXj = 1. Denote the test

statistics for these in a model with q predictors as ẑ0,q, . . . , ẑq,q for

ẑj,q = �̂j/�̂q ,
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and denote those from the model with q + 1 parameters as ẑ0,q+1, . . . , ẑq,q+1, ẑq+1,q+1. Because of

orthogonality, only the estimate of the error variance changes in the first q z-scores when Xq+1

joins the model, so

ẑj,q+1 = ẑj,q

�̂q

�̂q+1
. (17)

The addition of a predictor then increases the length of the code for the model parameters from

`u(ẑ0,q) + · · · + `u(ẑq,q) to `u(ẑ0,q+1) + · · · + `u(ẑq+1,q+1). If the estimated error variance decreases,

then the test statistics for the first q predictors increase and potentially require longer parameter

codes. We need to capture this e↵ect.

An approximation simplifies the comparison of the description lengths. First, the definition of

the universal length `u(j) given in (11) implies that (ignoring the need for log+
2 )

`u(z c) = 2 + log2 z + log2 c + 2 log2(log2 z + log2 c)

= 2 + log2 z + log2 c + 2 log2

✓

log2(z)

✓

1 +
log2 c

log2 z

◆◆

= log2 z + 2 log2 log2 z + log2 c + 2 log2

✓

1 +
log2 c

log2 z

◆

.

If c ⇡ 1 and z is of moderate size, we can drop the last summand and obtain

`u(z c) ⇡ `u(z) + log2 c . (18)

The approximation is justified since we only need it when c = RSS(q)/RSS(q + 1) and z is the

z-score of a predictor in the model (and so is at least 3 to 4).

The approximation (18) leads to an expression for the length of the code for the model param-

eters. Going from a model with q predictors to one with q + 1 increases the length of the model

prefix by about

`u(ẑq+1,q+1) +
q

X

j=0

`u(ẑj,q+1) � `u(ẑj,q) = `u(ẑq+1,q+1) +
q

X

j=0

`u(ẑj,q �̂q/�̂q+1) � `u(ẑj,q)

⇡ `u(ẑq+1,q+1) + (q + 1) log2

�̂q

�̂q+1

= `u(ẑq+1,q+1) +
q + 1

2 ln 2
ln

RSS(q)

RSS(q + 1)
. (19)

The MDL principle indicates that one chooses the model with the shorter description length. In this

case, we choose the model with q + 1 predictors if the gain in data compression given in equation

(16) is larger than the increase in the length for the parameters given by (19). That is, we add

Xq+1 to the model if

n

2 ln 2
ln

RSS(q)

RSS(q + 1)
� `u(ẑq+1,q+1) +

q + 1

2 ln 2
ln

RSS(q)

RSS(q + 1)
,
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or equivalently if
n � q � 1

2 ln 2
ln

RSS(q)

RSS(q + 1)
� `u(ẑq+1,q+1) .

If we assume that the change in fit �2 = RSS(q)�RSS(q +1) is small relative to RSS(q +1), then

n � q � 1

2 ln 2
ln

RSS(q)

RSS(q + 1)
=

n � q � 1

2 ln 2
ln

RSS(q + 1) + �2

RSS(q + 1)

=
n � q � 1

2 ln 2
ln(1 + �2/RSS(q + 1))

⇡ n � q � 2

2 ln 2

�2

RSS(q + 1)

=
1

2 ln 2

�2

s2
q+1

=
1

2 ln 2
t2q+1 ,

where s2
q+1 = RSS(q + 1)/(n � q � 2) is the usual unbiased estimate of �2 and t2q+1 = �2/s2

q+1 is

the square of the standard t-statistic for the added variable. As a result, the use of the unbiased

estimator s2
q allows us to judge the benefit to a model of adding Xj in the same fashion we would

take were we to know �2.
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Bibhtml consists of a set of BibTeX style files, which allow you to use BibTeX to

produce bibliographies in HTML. These are modelled closely on the standard

BibTeX style files. For sample output, see the reference section below.

To accompany them, this package includes a pair of XSLT scripts which

illustrate how you might integrate these generated bibliographies into an

XML/HTML workflow.

The output of these style files is usable as-is, but it benefits from some post-

processing, to remove TeX-isms. There’s a sed script in the distribution which

does exactly that, called detex.sed. If you want to make a version of that in

some other regexp-supporting language, let me know and I can include it in the

distribution.

As well, the package includes a Perl script which orchestrates the various steps

required to manage such a bibliography for one or more HTML files. The

references in the text are linked directly to the corresponding bibliography entry,

and if a URL is defined in the entry within the BibTeX database file, then the

generated bibliography entry is linked to this.

The BibTeX style files are abbrvhtml.bst, alphahtml.bst, plainhtml.bst

and unsrthtml.bst. As well, there are .bst files which produce their output in

date order. To use them, you should generate an .aux file by some appropriate

means, and include the line \bibstyle{plainhtml}. Run BibTeX, and the

result is a .bbl file, in broadly the same style as the corresponding traditional

BibTeX one, but formatted using HTML rather than LaTeX. This might form a

useful component of a XSLT-based workflow. For further details, see the

discussion of the style files below.

There is also a Perl script, bibhtml, which can orchestrate generating and using

this .aux file. This script isn’t really maintained any more, but it is still

distributed, and documented below.

Bibhtml works with a standard BibTeX database – it is intended to be

compatible with a database used in the standard way with LaTeX. The BibTeX

style files distributed with this package define an additional url field: if this is

present, then the generated entry will contain a link to this URL. They also define

an eprint field – if you do not use the LANL preprint archive, this will be of no

interest to you.

BibTeX style files

The package includes several BibTeX style files. As well as the ones directly

derived from the standard styles, there are also plainhtmldate.bst,

plainhtmldater.bst, alphahtmldate.bst and alphahtmldater.bst styles,

which are derived from the standard plain.bst and alpha.bst styles, which

sort the output by date and reverse date, rather than by author.

In version 2 of the bibhtml package, the *html.bst files are derived from the

traditional files using the urlbst package, and then minimally adjusted so as to

produce HTML rather than LaTeX.

Since they are derived via the urlbst package, these style files support an

additional entry type, @webpage, and two additional fields on all entry types, url

and lastchecked, which give the URL associated with the reference, and the

date at which the URL was last verified to be still present.

The distributed .bst files have two configurable parameters, which you might

want to adjust for your installation:

The variable 'xxxmirror gives the host name of the arXiv mirror which will be

used when generating links to eprints. The default setting in the .bst files is:

"xxx.arxiv.org" 'xxxmirror :=

By default, the style files generate link targets in the bibliography with the same

name as the citation key. Thus a BibTeX entry with key surname99, say, would

appear in the generated HTML .bbl file wrapped in <a

name="surname99">...</a>. If this is inconvenient, perhaps because it

conflicts with other links within the file, then you can adjust the 'hrefprefix

variable within the style file, to specify a prefix which should appear in the link

key. Thus setting

"ref:" 'hrefprefix :=

in the .bst file would produce links like <a name="ref:surname99">...</a>

in the .bbl file.

XSLT scripts

The distribution includes a pair of sample XSLT scripts:

bibhtml-extract-aux.xslt shows how you might use XSLT to extract

citations from a source file into an .aux file, for processing into a .bbl

file;

bibhtml-insert-bib.xslt shows how you might use XSLT to insert the

resulting .bbl file into the original file.

The scripts assume that a source file is in XHTML, and has citations marked up

as

<span class='cite'>ref99</span>

and that the bibliography is indicated with

<?bibliography bibdata bibstyle?>

A suitable workflow, taking as an example the source file for the page you are

reading, is:

% xsltproc bibhtml-extract-aux.xslt bibhtml.html >bibhtml.aux                    
% bibtex bibhtml
This is BibTeX, Version 0.99c (Web2C 7.5.7)
The top-level auxiliary file: bibhtml.aux
The style file: unsrthtml.bst
Database file #1: bibrefs.bib
% sed -f detex.sed bibhtml.bbl >bibhtml.bbl.tmp
% mv bibhtml.bbl.tmp bibhtml.bbl
% xsltproc --stringparam bibfile-name bibhtml \
    bibhtml-insert-bib.xslt bibhtml.html >bibhtml-new.html

The bibhtml.xslt script, when run over a source file, generates a .aux

suitable for processing with BibTeX. The resulting .bbl file, possibly after post-

processing, can be included in the source XHTML with an XSLT script which

includes something like:

<xsl:template select="processing-instruction('bibliography')">
  <xsl:copy-of select="document('mybib.bbl')"/>
</xsl:template>

Postprocessing HTML bibliographies

The output of the BibTeX styles is designed so that it is generally reasonably

usable without any post-processing. However it is not ideal, since there are

occasionaly TeX-isms such as backslash-escaped characters and the like,

depending on what is in the source .bib file. Also, without post-processing any

DOIs in the source file aren’t formed into links.

The distribution includes a sed file, detex.sed, which can do appropriate post-

processing. Thus the normal workflow is:

% bibtex mydoc
% sed -f detex.sed mydoc.bbl >mydoc.bbl.tmp
% mv mydoc.bbl.tmp mydoc.bbl

Since it uses sed, this is fairly obviously unix-specific, but if anyone would like

to contribute a script with similar functionality (it’s just a few moderately tortuous

regular expressions), I’d be delighted to include it in the distribution.

Installation

The .bst files have to be installed ‘somewhere where LaTeX can find them’. If

you give the command kpsepath bst you can see the list of directories that

BibTeX searches for .bst files – on my system, I’d put them into

/usr/local/texlive/texmf-local/bibtex/bst, which is a directory for

system-wide local additions.

If you wish, you may change the distributed BibTeX style files (see above) to the

extent of changing the ‘eprint’ mirror site from the master xxx.arxiv.org to a

more local mirror. If you don’t use the LANL preprint archive, this will be of no

interest to you.

The bibhtml script

As noted above, this script should still work and is distributed on that basis,

but it’s no longer maintained, and won’t be further developed. The XSLT-

based mechanism described above is probably more robust; also, the interface

described in this section is not the same as the interface of the XSLT scripts

section above.

TeX features such as ~ and -- are translated to corresponding HTML entities

(controlled with the +3 switch, see below), but other TeX constructions will make

their way into the generated HTML, and look a little odd. I might try to deal with

these in future versions.

You prepare your text simply by including links to the bibliography file (the

default is bibliography.html), followed by a fragment composed of the

BibTeX citation key. Thus, you might cite [grendel89] with

<a href="bibliography.html#grendel89">(Grendel, 1989)</a>

(of course, the link text can be anything you like). That’s all there is to it. When

you run bibhtml, it generates an .aux file which makes BibTeX produce

references for exactly those keys which appear in this way.

The bibliography file is an ordinary HTML document (which may itself have

citations within it), distinguished only by having two processing instructions

within it. Bibhtml replaces everything between <?bibhtml start ?> and <?

bibhtml end ?> (which should be on lines by themselves) with the formatted

bibliography. It leaves those instructions in place, naturally, so once this file is

set up, you shouldn’t have to touch it again. Older versions of bibhtml used the

magic comments <-- bibhtml start --> and <-- bibhtml end -->: these

are still supported, but are deprecated and may disappear in a future version.

Alternatively, you may include the processing instruction <?bibhtml insert?>.

This acts broadly like the start and end processing instructions, except that

the line is completely replaced by the inserted bibliography. This is useful if the

file being processed is a generated file (perhaps the output of a separate XML

tool-chain, for example), which will not therefore have to be rescanned in future.

You can specify the bibliography database and style file either on the command

line (see below) or using the <?bibhtml bibdata bibfile?> and <?bibhtml

bibstylestylefile?> instructions. The value of ‘bibdata’ is cumulative, and

appends to any value specified on the command line. A value of ‘bibstyle’

specified on the command line, in contrast, overrides any value in the file.

As a special case, bibhtml also replaces the line after a comment <?bibhtml

today ?> with today’s date.

Summary of processing instructions:

<?bibhtml start?> and <?bibhtml stop?>

Bracket the bibliography – any text between these PIs is replaced when

bibhtml is next run.

<?bibhtml insert?>

This PI is replaced by the bibliography when bibhtml is next run. This PI

is always removed, irrespective of the presence or absence of the --

strip option.

<?bibhtml bibdata bibfile?>

Specify the bibliography database to be used. This is the analogue of a

\bibliography{bibfile} command in a LaTeX file; see also the -b

command-line option.

<?bibhtml bibstyle stylefile?>

Specify the bibliography style to be used. This is the analogue of

\bibliographystyle{stylefile} command in a LaTex file; see also the -s

command-line option.

<?bibhtml today?>

Replace the following line by today’s date.

Usage

% bibhtml [options...] filename...
% bibhtml --merge file.bbl file.html

The filename argument is the name of a file to be scanned.

Bibhtml takes a list of HTML files as argument (though see below for a two-pass

variant). It creates an .aux file, runs BibTeX, and merges the resulting .bbl file

(if it exists) into bibliography.html, or whatever has been specified as the

bibliography file name.

There are several options:

-3, +3

Set this to +3 if you want ~ translated to &nbsp;, and -- to &enspace;.

Or set it to -3 (the default) if you don’t.

-a

If this option is set, bibhtml won’t bother scanning any files at all, and will

generate references for all the entries in your database. This is equivalent

to \nocite{*} in LaTeX.

-b bibdata

The name of your BibTeX database file, as it would be specified in a

\bibliography{} command in LaTeX. Unless you happen to keep all

your references in a file called bib.bib, you’ll probably want to change

this. Or you can use the <?bibhtml bibdata xxx?> processing

instruction.

-c configfile

Specifies a configuration file which contains a single line of options,

which are inserted in the command line at that point.

--merge

In this special case, bibhtml takes two arguments, a .bbl file and an

.html file, merges the first into the second, and nothing else. It’s

intended to be used when you have generated a .bbl file by a separate

run of BibTeX, and simply wish to merge the results into your

bibliography file. As such, it will most likely be useful as part of a script,

or other post-processing system.

-r rootname

Specify this and you’ll create rootname.html, rootname.aux and so on.

Why not just stick with the default ‘bibliography’...?

-s bibstyle

The name of the BibTeX bibliography style you want to use, as it would

be specified for the \bibstyle command in LaTeX. If you want to have a

different layout for your HTML bibliographies, please don’t change the file

plainhtml.bst distributed with bibhtml. Instead, make a copy of

plainhtml.bst under a different name, edit it as much as you like, and use

this option of bibhtml to use the modified version instead of the default.

Or you can use the <?bibhtml bibstyle xxx?> processing instruction.

--strip

If this option is set, then strip all processing-instruction lines from the

output file. This means that the resulting file cannot be processed again

by bibhtml, and so is appropriate when the file is the output of a separate

tool-chain.

-V, --version

Bibhtml prints the version information and exits.

-v, -q

Do you want the program to be verbose or quiet? The default is -v,

verbose.

The defaults for the various parameters are unlikely to be helpful, so you’re likely

to want to set one or more of them every time you run the program. It is for this

reason, and because you’re likely to want the same set of options every time

you create the bibliography for a set of files in a directory, that you can put a

collection of options in a configuration file. This can be specified on the

command line with the option -c configfilename. If this option is not given,

then bibhtml looks for a file named bibhtml.config. For example, the

configuration file might contain:

-b mybib +3 -r refs

You might sometimes have a need to invoke the two phases separately. If you

make a symbolic link to the program via ln -s bibhtml bibhtml2, then you

can generate an aux-file alone by giving the command bibhtml2 *.html, say;

and you can merge a bbl-file into the bibliography file with the command

bibhtml2 bibliography.bbl. The command line option --merge above may

be more suitable if you are calling this code from a script, as it requires you to

specify both the .bbl and the .html file it is being merged with, (and so it is

more robust, and more flexible).

On Unix, this works because the program is able to detect the name it was

invoked under. This may be more difficult on other platforms. If so, please get in

touch, with suggestions.

Example

There are multiple sources of advice for how to cite electronic documents. The

most formal are an ISO standard url:iso690, and the American Psychological

Association’s guidance in Sect. 6.31 of apastyle. As well, there are older but still

useful discussions in walker06 and emory95.

References

[url:iso690] International Standards Organisation. ISO 690-2 [online, cited 9

August 2009]. [apastyle] American Psychological Association. Publication

Manual of the American Psychological Association, 6th edition, 2009 [cited 9

August 2009]. [walker06] Janice R. Walker and Todd Taylor. The Columbia Guide

to Online Style. Columbia University Press, 2nd edition, 2006 [cited 9 August

2009]. [emory95] Goizueta Business Library. Citation formats [online, cited 9

August 2009].

See also the documentation for the urlbst package, which generates BibTeX

style files for ordinary LaTeX output (which also supports a @webpage entry type,

and url and lastchecked fields), and which contains a similar list of references

concerned with citing online sources.

Distribution

Bibhtml is available on CTAN at biblio/bibtex/contrib/bibhtml/, and at

http://purl.org/nxg/dist/bibhtml.

Download the distribution: bibhtml-2.0.2.tar.gz or bibhtml-2.0.2.zip.

Do let me know if you use this stuff. I’d be grateful for any bug reports, and bug

fixes, and also for any comments on the clarity or otherwise of this

documentation.

The project source code is online. You can check out the source code from

there.

This software is copyright, 1999, 2005, 2006, 2009, 2013 Norman Gray. It is

released under the terms of the GNU General Public Licence. See the copyright

declaration at the top of file bibhtml, and the file LICENCE for the licence

conditions. You can find an online copy of the GPL at

http://www.gnu.org/copyleft/gpl.html.

If this licence is a problem for you, get in touch and we can work something out.

??, ??

The code has been moved to https://code.nxg.name/nxg/tex/bibhtml/,

after bitbucket dropped support for Mercurial.

2.0.2, 2013 September 8

Minor bugfixes: XSLT namespace fixes, and DOI formatting.

2.0.1, 2009 November 2

The *date.bst and *dater.bst styles now work again.

2.0, 2009 August 9

First real release of v2.0, after mild use elsewhere.

2.0b1, 2009 August 9

Substantial rewrite, taking the style files from the urlbst package (thus

there are more styles than before), adding more XSLT scripts, and de-

emphasising the Perl script. The code is now hosted at bitbucket.org.

1.3, 2006 October 31

Add hrefprefix parameterisation to style files.

xxx.arxiv.org is now the default e-prints host.

Some improvements to documentation.

1.2, 2005 September 19

Changes to .bst style files, adding @webpage entry type, and

lastchecked field to all entry types.

Updates to documentation, fixing broken links to online references

discussing how to cite online sources.

No reports of breakage from beta releases below.

1.2b2, 2005 August 30

Bugfix – correctly escape characters in .bbl hrefs

Portability fix – use /usr/bin/env perl at the top of the script,

rather than /usr/bin/perl; this should be more portable.

1.2b1, 2005 August 19

Use processing instructions such as <?bibhtml start?>, rather

than magic comments (the old behaviour is still temporarily

supported).

Add a new directive – <?bibhtml insert?> inserts the

bibliography in-place.

Debugging output is now written to stderr rather than stdout.

Add --help and --strip options.

Documentation improvements.

Bugfix – URLs are now properly escaped in the bibliography.

Norman

2013 September 8
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CHIMPANZEES:
Joint Visual Attention

Daniel J. Povinelli and Timothy J. Eddy
Laboratory of Comparative Behal'ioral Biology, Nell' Iberia Research Center

Abstract-Gaze folloll'ing is a behal'ior that drall's the human

infant into perceptual colltact lI'ith objects or evellts in the

1I'0rldto II'hich others are attending. One interpretation of the

development of this phenomenon is that it signals the emer-

gence ofjoint or shared attention, II'hichmay be critical to the

developmellt of theory ofmind. An alternatil'e interpretation is

that gaze folloll'ing is a noncognitive mechanism that exploits

social stimuli in order to orient the infant (or adult) to importall1

evell1s in the world. We report experimental results that chim-

panzees display the effect in response to both mOl'ement of the

head and eyes in concert and eye mOl'emellt alone. Additional

tests indicate that chimpanzees appear able to (a) project all

imaginary line of sight through inl'isible space and (b) under-

stand hall' that line of sight can be impeded by solid. opaque

objects. This capacity may hm'e arisen because of its reproduc-

tive payoffs in the context of social competition with conspe-

cifics. predation avoidance, or both.

Between 2 and 6 years of age, human children consolidate an

understanding of the mind as a repository of mental states and

events (Flavell, 1988; Flavell, Green, & Flavell, 1995; Perner,

1991; Wellman, 1990). Researchers interested in the develop-

ment of these aspects of the child's theory of mind have re-

cently explored the development of the young child's concep-

tual understanding of symbolic play, desire, visual perception,

appearance and reality, sources of knowledge, representational

change, and false belief (Flavell, Everett, Croft, & Flavell,

1981; Flavell, Green, & Flavell, 1993; Gopnik & Graf, 1988;

Gopnik & Slaughter, 1991; Harris, 1991; Leslie, 1987; Lillard,

1993; Perner, 1991; Wellman, 1990; Wimmer, Hogrefe, &

Perner, 1988; Wimmer & Perner, 1983). The term theory of

mind originated from the work of Premack and Woodruff

(1978), who experimentally investigated the capacity of a chim-

panzee to attribute desires to others. Ironically, although Prem-

ack and Woodruffs work sparked a renewed interest among

developmental psychologists in the development of the young

child's understanding of mental states, it has inspired compar-

atively little empirical work among comparative psychologists

(see Povinelli, 1993; Tomasello & Call, 1994). Despite this ne-

glect, comparative research in the area of theory of mind is

critical to understand the timing and order of the appearance of

various aspects of mental state attribution and ultimately the

function of such abilities. The first step toward achieving these

goals will be to identify homologous pathways controlling the

expression of mental state attribution among members of the

great ape-human clade.

Address correspondence to DanielJ. PovineIli,Laboratory of Com-
parative Behavioral Biology, USL-New Iberia Research Center, 4401
West Admiral Doyle Dr., New Iberia, LA 70560.

One candidate domain for a common aspect of development

in theory-of-mind capabilities is an understanding of the mental

state of attention as by visual gaze. Two lines of

evidence suggest that humans and chimpanzees may share a

common cognitive developmental program controlling the un-

derstanding of visual perception as the mental state of attention.

First, human infants display a reliable ability to understand the

referential aspect of the attentional-visual focus of others by 18

to 24 months (review by Baldwin & Moses, 1994), approxi-

mately the same age at which they develop other behavioral

patterns including the self-conscious emotions, symbolic play,

planning, altruism, elaborate naming skills, and the capacity to

recognize themselves in mirrors (review by Povinelli, in press).

Chimpanzee sensorimotor development appears to follow a tra-

jectory similar to that of humans prior to this period (although

at a different rate), and chimpanzees clearly develop the capac-

ity to recognize themselves in mirrors (Gallup, 1970; Povinelli,

Rulf, Landau, & Bierschwale, 1993). Thus, although other hy-

potheses exist, humans and chimpanzees may share a domain-

general cognitive developmental pathway up to and including

many of the abilities displayed in 18- to 24-month-old human

infants, including joint attention (Povinelli, in press). A second

reason for suspecting strong overlap in human and chimpanzee

understanding of the attentional aspects of visual perception is

that chimpanzees display mutual gaze in affiliative contexts,

unlike many other primate species for whom direct eye contact

is an aversive stimulus.

As part of our effort to reconstruct the evolution of these

cognitive abilities, we recently explored young chimpanzees'

understanding of the attentional aspects of visual perception.

The results of 14 separate experiments provided converging

evidence that although 5- to 6-year-old chimpanzees easily learn

rules about the eyes and faces of other individuals, they do not

appear to grasp the fact that the eyes may direct an underlying

mental state of attention (Povinelli & Eddy, 1994, 1996). How-

ever, our results did demonstrate that by at least 5 years of age,

chimpanzees display the gaze-following response (e.g., Scaife

& Bruner, 1975). This result raised the possibility of an evolu-

tionary and developmental dissociation between gaze following

and joint visual attention.

Human infants develop and elaborate the capacity for gaze

following between 6 and 18 months of age (Butterworth &

Cochran, 1980; Butterworth & Jarrett, 1991; Corkum & Moore,

in press; Scaife & Bruner, 1975). In the typical paradigm, an

adult makes eye contact with a stationary infant and then di-

rects his or her gaze to the infant's right or left; gaze following

refers to the ability of infants of this age to turn their heads in

the direction that the adult is looking. Butterworth and his as-

sociates have demonstrated three stages in the development of

the gaze-following response, arguing that infants progress grad-

ually from being able to use the head movements of others to

VOL. 7, NO.3, MAY 1996 Copyright © 1996 American PsychologicalSociety 129
 at WASHINGTON UNIV SCHL OF MED on November 2, 2015pss.sagepub.comDownloaded from 

http://pss.sagepub.com/


PSYCHOLOGICAL SCIENCE

Joint Visual Attention in Chimpanzees

orient in the same general direction within their visual field (6

months), to being able to localize the particular object at which

the other is looking (12 months), to finally being able to follow

someone else's gaze into space that is outside their own visual

field (18 months). Gaze following is held by some researchers to

be an early landmark of the infant's developing appreciation of

the internal mental state of attention in others (Baron-Cohen,

1994), as well as a precursor to the development of more elab-

orated aspects of theory of mind (Baron-Cohen & Swettenham,

in press). Other researchers hold out for a more reductionist

interpretation of gaze following, arguing that the infant's psy-

chological system need not represent anything about other

minds to exploit the visual gaze of others to discover interesting

sights in the world (Butterworth & Jarrett, 1991; Tomasello, in

press).

The studies reported here were designed to examine more

closely the gaze-following effect in young chimpanzees in order

to begin to reconstruct the homologous developmental path-

ways in the two species. In particular, we sought to (a) deter-

mine the commonalities of the conditions that could elicit the

gaze-following effect in chimpanzees and humans and (b) test

two alternative psychological interpretations of the phenome-

non. Given the potential adaptive benefits of the response, we

predicted fairlY extensive overlap in the underlying mechanisms

controlling the behavior.

EXPERIMENT 1

Method

Seven 5- to 6-year-old chimpanzees participated in this ex-

periment (rearing and experimental histories are described in

Povinelli & Eddy, 1996). On a typical trial, an individual subject

was released through a shuttle door from an outside waiting

area into a familiar test unit. The subject approached a Plexiglas

panel that separated him or her from a human experimenter,

and executed a species-typical begging gesture by reaching

through a hole in the panel toward the experimenter.' On base-

line trials, as soon as the subject's hand passed through the

hole, an experimenter who was seated 0.5 m from the panel

praised the subject and then handed the animal a small food

reward (a cookie or piece of fruit). The subject then exited the

test unit and waited outside for the next trial.

In the first experiment, we attempted to replicate certain

effects displayed by human infants (Butterworth & Jarrett,

1991) in order to determine some of the stimulus features that

could produce the gaze-following response. Two types of ex-

perimental probe trials, as well as control probe trials, were

administered to the subjects. On eyes-pIlls-head probe trials, as

soon as the subject was released into the test unit, the seated

experimenter attempted to make eye contact. Once the subject

reached a predetermined distance from the Plexiglas panel, the

1. Detailsof how the animalswere trained to performthis gesture for
a differentset of experimentsare outlined in Povinelliand Eddy (1996).

This response was chosen for these experiments because it was an
effective means of maintainingthe subjects in a standardized position
conducive to the delivery of the experimental treatments.
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experimenter moved his or her head and eyes to look at a pre-

determined location above and behind the subject either on the

right or on the left. This 1J10vement was extensively choreo-

graphed prior to the beginning of the study to ensure uniformity

across trials and across the three experimenters who partici-

pated. On eyes-ollly probe trials, the procedure was identical

except that the experimenter only averted his or her eye gaze to

one of the predetermined locations without moving any other

part of the head or body. On cOlltrol probe trials, the experi-

menter did not execute a treatment; these probe trials were thus

identical to normal baseline trials.

Each subject received eight sessions of testing, with each

session consisting of 10 trials. Two trials in each session were

designated in advance as probe trials in which either one of the

experimental trial types or a control trial occurred. The remain-

der of the trials in each session were identical to baseline trials

and served as spacing trials. These spacing trials were not tar-

geted for analysis but instead were intended to minimize carry-

over effects from trial to trial. 2 To control for possible order

effects, the subjects were randomly assigned to two groups (II

= 3 and 11 = 4). Group I received probe trials in the following

order: Sessions I and 2 contained control probe trials, Sessions

3 and 4 contained eyes-plus-head probe trials, Sessions 5 and 6

contained control probe trials, and Sessions 7 and 8 contained

eyes-only probe trials. Group 2 received the same testing

scheme except that the eyes-plus-head and eyes-only sessions

were reversed. Thus, across the entire'experiment, each subject

received a total of eight control probes, four eyes-plus-head

probes, and four eyes-only probes.

Videotapes of the sessions revealed the back of the experi-

menter and a frontal view of the chimpanzees as they entered

the test unit, approached the panel, and gestured. Four raters

read a standardized instructional set and then observed the

tapes and coded the trials for whether the subjects turned their

heads to look either (a) up and behind themselves or (b) directly

up above themselves. The criterion for coding that the subject

had looked behind itself was if the rater saw the animal turn its

head and shoulders more than 900 from center. The raters had

not participated in testing the animals. To eliminate possible

observational bias, the raters placed an opaque screen over the

image of the experimenter before each trial began, thus com-

pletely obscuring his or her movements. Thus, it was impossi-

ble for the raters to know whether it was a probe trial. The

raters were instructed to record whether the described head

turns had occurred at any point from the moment the chimpan-

zee entered the test unit until 4s after the subject's hand passed

through the panel. A comparison of the percentage of agree-

ment scores between all pairs of the four observers indicated a

high degree of reliability across the 112 probe trials that each

2. To minimizebehavioralvariabilitycaused by potentialorientation
and fatigue effects, Trials 1,2,9, and 10 never served as probe trials.
The two probe trials per session were assigned in advance by first
creating the six possible pairs of probe trials that could occur between
Trials 3 through 8 if at least two spacer trials occurred between the
probe trials. Next, these six possible combinations of pairs of trials
were assignedrandomlyto the animalsacross sessions without replace-
ment until all pairs were exhausted. The process was rcpeated until all

sessions were filled.
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observer scored; the average reliability of the six resulting pair-

wise comparisons was 89% (range = 86% to 92%).

Results and Discussion

Figure I reveals how the various treatments influenced the

chimpanzees' tendencies to turn their heads more than 90° from

center and up to either the right, left, or middle. A clear effect

is present for both types of experimental probe trials as com-

pared with control probe trials. In order to meet the analysis of

variance assumption of homogeneity of variance, the data were

subjected to a log(x + I) transformation before analysis. A

one-way repeated measures analysis of variance revealed a

strong overall effect, F(3, 18) = 15.824, p < .0001. Planned

Tukey-Kramer posttests further indicated th<lt the subjects

turned their heads significantly more often on both types of

experimental probe trials than they did on the control probe

trials from either of the two baseline sessions (p < .05 in all four

cases). The posttests also indicated that the two experimental

treatments did not differ from each other. This latter result is

especially important because it indicates that the animals' re-

sponses were not caused simply by general head movement on

the part of the experimenter; in the eyes-only treatment, the

experimenters did not move any part of their bodies except for

their eyes.

A further analysis examined the specificity of the direction

of the subjects' head turns in relation to the direction of the

experimenters' glances. The data from one of the four original

observers were used to determine which trials would be cod"ed.

This observer was instructed to review each trial on which she

had previously recorded a head-turn response and to record the

direction of head turn for the subjects' first response on each

trial. A secondary reliability rater who was completely blind to

the purpose and design of the study was instructed to code the
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Fig. 1: of trials (±SEM) eliciting gaze-following
behaVIOr In response to eye and head movements in concert
(eyes + head), eye movements only (eyes), and no movements
(control). Each bar represents the group mean for the 7 sub-

jects.
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tapes the same fashion. Interobserver agreement was 96%.

The pnmary observer's codings revealed a correspondence be-

tween the subjects' first glances" and the actual direction of the

gaze on 17 of25 trials (68%), a result marginally

SIgnificant If all responses are considered independent and

equally probable (binomial test, p < .054, where chance = .5).

EXPERIMENT 2

The findings of the first experiment indicated that the sub-

jects' gaze-following behavior could be controlled by move-

ment of either the eyes and head in concert or the eyes alone. In

addition, because the location of the experimenter's gaze was

above and behind the subjects, they also appeared to project

and track a line of sight into space outside their visual field, at

least when there were no interesting objects within their visual

field. This phenomenon does not emerge in human development

until roughly 18 months (Butterworth & Cochran, 1980). In a

second experiment, we explored the chimpanzees' understand-

ing of how another's line of sight both extends into invisible

space and is impeded by opaque objects. Two models that could

account for our initial findings are described in Figure 2. The

low-level model assumes the evolution of a tightly canalized

line-of-sight projection mechanism, coupled with a head-turning

response. Because of the existence of the orienting reflex in

derived mammals such as primates (Pavlov, 1927; Sokolov,

1963), the emergence of these two systems would be generally

sufficient to bring the perceptual systems of the two organisms

into contact with the same object (Butterworth & Cochran,

1980; Povinelli & Eddy, 1994). Thus, gaze following is held to

be an adaptive, commensal relation in which one organism ben-

efits from the behavior of another with little or no cost to the

other organism. Possible selective forces driving this system

could be social competition or predation (Alexander, 1974;

Chance, 1967; van Schaik, van Noordwijk, Warsono, & Sutri-

ono, 1983). Figure 2b contrasts this low-level model with a more

sophisticated understanding of how line of sight can be impeded

by opaque objects .

Method

The 7 chimpanzees from Experiment I served as subjects.

They began the training for this study 8 days after the comple-

tion of Experiment I. A solid partition was constructed and

bolted to the front of the clear panel to create the setting shown

in Figure 3.The subjects were then trained to enter the test lab

and reach through the clear panel and maintain the response for

4s before the experimenter rewarded them. 3 Next the subjects

were tested across 10 sessions in which Sessions I, 4, 7, and 10

3. In eight-trial sessions, the subjects were trained to maintain the

reaching gesture for 4s by gradually increasing the criterion from [ to

4 s. After the subjects had successfully completed three sessions in

which Ihey were required 10 maintain their reaching gesture for 4s on

each trial, they were assigned to variable-interva[ (2.5 s) response re-

mforcement scheduled to maintain attentiveness to the experimenter

during the response. Each subject received five sessions using the vari-

able-interval schedule before testing began.
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Fig. 2. Tvio models that could account for gaze following in
chimpanzees: a low-level psychological system that automati-
cally tracks the line of sight of others (a) and a high-level system
that understands how line of sight is impeded by opaque objects
(b). Solid lines represent the line of sight of the gazing animal;
dash-and-dot lines represent the line of sight of the animal
tracking the gaze. In (a), a chimpanzee observes a conspecific
shifting its visual gaze and then projects an imaginary line of
sight from the eyes of the conspecific into distant space. The
subject continues to turn its head, tracking the line of sight
(scanning past opaque features of the environment) until its own
visual system encounters an object or event (descending raptor)
that triggers the primitive orienting reflex (OR). This low-level
mechanism could allow an organism to exploit a conspecific's
visual perceptual system without having any formal represen-
tations of mental states such as attention in others (Butterworth
& Cochran, 1980; Butterworth & Jarrett, 1991). In (b), the low-
level model predicts that the subject should track the line of
sight to the habituated object (solid bush, along line x) and then
through and past it (along line y) because the subject's visual
system fails to encounter an event or object that triggers an OR.
A more sophisticated understanding of the projected line of
sight allows the subject to understand that it terminates some-
where behind the opaque object, and therefore the subject re-
orients itself (by moving forward) in order to gain direct visual
access to the area behind the opaque obstacle.
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Fig. 3. Test setting and treatments for Experiment 2. The four
treatments are 1M (a), in which the experimenter executed an
irrelevant movement; NM (b), in which the experimenter did
not move; GTP (c), in which the experimenter shifted his or her
gaze to a target on the partition; and FrP (d), in which the
experimenter moved a food reward to the target without looking
away from the subject. See the text for details.

contained 4 consecutive trials (Trials 3-6) that served as the

vehicle to deliver four different treatments. Intervening ses-

sions each contained 10 trials identical to training to assist in

maintaining the response. The order of the treatments was as-

signed so that each animal received each treatment in one of the

four possible ordinal positions across the four test sessions. In

addition, no animals received the same order of treatments

across sessions. As soon as the subject's hand passed through

the response hole, the experimenter engaged in one of four

behaviors: (a) shifted his or her gaze (both head and eyes) to a

fixed target on the front of the partition, which was not visible

to the subject from anywhere inside the test unit (glance to

partition, GTP); (b) moved a food reward to the target on the

partition without looking away from the subject (food to parti-

tion, FrP); (c) remained motionless (no motion, NM); or (d)

executed an irrelevant movement (irrelevant movement, 1M).

In all conditions, after 4s elapsed, the experimenter praised and

rewarded the animal, signaling the end of the trial.

The low-level model predicted that when the chimpanzees

observed the human experimenter shift his or her gaze to a solid

partition (to which they were habituated), they would track the

experimenter's line of sight to the partition, and then through·

and past it to the wall of the test unit as they failed to encounter

a novel object or event that would trigger an orienting response.

In contrast, the sophisticated model predicted that the subjects

should move sideways and forward and attempt to look at the

surface of the partition (not visible from the subject's position)

at which the experimenter was looking. Both models predicted

low levels of looks to any of the targets in the 1M and NM

treatments. Finally, both models predicted looks to the
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Results and Discussion

Two single-degree-of-freedom statistical contrasts that em-

bodied the predictions of the two models were constructed. The

low-level model predicted that the frequency of glances to the

wall target in the GTP treatment and glances to the front target

in the FrP treatment should each be significantly greater than

the frequency of glances in all other treatment-behavior cells. In

contrast, the sophisticated model predicted that the frequency

of front glances in both the GTP treatment and the FrP treat-

ment should be significantly greater than the frequency of

glances in all other treatment-behavior cells.

As indicated, the critical probe trials occurred in Sessions I,

4,7, and 10. Figure 4 reveals how the experimenter's behavior

controlled where the animals looked in these sessions. First, as

predicted by both models, the 1M and NM treatments virtually

never caused the animals to look at any of the three targets

during the 4-s interval. In striking contrast, for the GTP treat-

ment, 6 of7 animals in Session I and all 7 subjects in Session 4

were rated by some or all of the observers as having attempted

to look at the front target, with a group average of 0.86 glances

within the 4-s window in both of these sessions. Critical to an

evaluation of the model displayed in Figure 2, the subjects vir-

tually never turned to look at the wall behind them. The sub-

jects showed intermediate levels of glances to the back target.

There was also strong habituation across sessions for the

glances to both the front and the back locations. Finally, the
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front in the FrP treatment. The FrP treatment was necessary

in order to be certain that if subjects did not look to the front in

the GTP condition, it was not because of a general inhibition for

looking in that direction.
The videotape used for coding revealed only the chimpan-

zees's behavior when it was responding at the panel. This tape

did not reveal any portion of the experimenter or the target on

the partition at which the experimenter looked or held the food,

but it did reveal a small portion of the partition to the subject's

left, along with an additional 4-cm target affixed to the experi-

menter's side of the partition. This additional target was clearly

visible to observers viewing the tapes, but could not be seen by

the subjects.

Three observers who had not participated in testing the sub-

jects followed standardized written and videotaped rating in-

structions that did not reveal the purpose of the experiment.

The instructional tape first revealed the experimental setting,

including the visible target, from almost the same perspective as

in the tapes to be rated, but included the real target at which the

experimenter looked or held the food. This was designated as

the "front" target. The perspective of the instructional tape

next shifted slightly to depict the interior of the test unit in order

to reveal two bogus targets (which had not been present during

the actual study) from the inside of the test unit. The "back"

target was affixed to the back of the solid partition at exactly the

point behind the real target at which the experimenter looked or

held the food. The "wail" target was affixed to the location on

the test lab wall where the experimenter's line of sight would

strike if the partition was not present (in other words, if the line

of sight passed through the partition). Neither of these bogus

targets would be visible in the rating tapes because of the dif-

ferent perspective, but it would nonetheless be clear if the sub-

jects turned to look in the direction of these supposed targets.

Thus, the observers were led to believe that there were three

relevant targets present; two that they could not see but the

animal supposedly could, and one that they could see but that

the animal could not. The instructional set requested that the

observers view each of the treatment trials and exhaustively

note at which, if any, of the three targets (front, back, or wall)

the animal attempted to look in the 4s (calibrated by an on-

screen timer) after the animal approached the panel and passed

its hand through the hole. No available information could allow

the observers to know either the nature of the four treatments

or that something different had occurred on some trials. The

three observers' scores were averaged to yield a data point that

indicated the average number of glances that occurred to each

of the three targets for each animal for each probe trial. Next,

the individual subjects' scores were averaged to produce group

means across sessions. The average interobserver agreement

for the occurrence of the behaviors was 90%.4

4. For each trial, observers made a discretejudgment concerningthe
frequencywith which the subjects attempted to glance at each of the
three target locations. Thus, 4 treatments (1M, NM, GTP, FTP) x3
behaviors(glanceto front, back, or wall) x4 sessions(Sessions I, 4, 7,
10) x7 subjects yielded 336 opportunities for observers to agree or
disagreeas to whether a behavioroccurred at least once. Nine of these
opportunitieswere lost because of a videotapingerror in Session4 for
1 subject, resultingin a total of 327 opportunitiesfor agreement.

Sessions

Fig. 4. Average number of glances to the three target locations
(front, back, and wall) in response to experimental and control
treatments (which occurred in Sessions I, 4, 7, and 10) in Ex-
periment 2. Each data point represents the average number of
glances scored by three blind observers, averaged across the 7
subjects. See the text for an explanation of the four treatments.
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FrP treatment also caused the subjects to attempt to glance to

the front of the partition (which was not visible to them) and the

back of the partition (which was visible to them).

A4 (treatment) x3 (glance type) analysis of variance re-

vealed effects of treatment (F(3, 18J = 28.51, p < .00l) and

glance type (F{2, 121 = 11.04, p < .01), and an interaction

between the two (F[6, 36J = 8.82, p < .001). Thus, the 12 cells

of the experiment were arranged as a one-way repeated mea-

sures analysis of variance to allow for the two single-degree-of-

freedom comparisons that reflected the separate predictions of

the two models (Keppel, 1982). First, with respect to the pre-

dictions generated by the low-level model, the comparison of

the combined effects of the FrP-front and GTp'-wall glances

with all other treatment-behavior cells yielded a statistically

nonsignificant difference, F(I, 6) = 3.74, p > .10. In direct

contrast, the comparison of the combined effects of GTP-front

and FrP-front glances with all other treatment-behavior cells

revealed a strong effect, F(I, 6) = 17.32, p < .005. Together,

these results Clearly support the predictions of the sophisticated

model but not those of the low-level model.

These results allow us to reject the low-level model of gaze

following outlined in Figure 2. Not only did the subjects track

the experimenter's line of sight to a point outside their visual

field, they also took into account the obstructive properties of

an intervening feature of the environment to which they were

thoroughly habituated. Further, because the subjects moved

sideways in a direction away from the actual target to provide a

better view of the surface of the partition, our results demon-

strate how the gaze-following effect can incorporate whole-

body reorientations, as well as simply turning the head. Thus,

the subjects' behavior suggests that they were attempting to

orient their own visual systems to the location where the ex-

perimenter's imaginary line of sight (projected into invisible

space) contacted the solid partition. If the low-level model from

Figure 2 had been correct, the subjects should have tracked the

imaginary line of sight to the edge of the partition and then past

it to. the wall target area as their visual systems failed to en-

counter an interesting object to which they could orient. The

fact that they did not, but instead looked to the front of the

partition, indicates that these 5- to 6-year-old chimpanzees pos-

sess an ability to project and then subsequently track a line of

sight into invisible space, and to understand how, within that

space, the line of sight is truncated by the opaqueness of the

surface of the partition.

GENERAL DISCUSSION

Our research suggests that humans and chimpanzees share

extensive overlap in the mechanism responsible for gaze fol-

lowing. Like humans, by 5 years of age chimpanzees (a) will

display the gaze-following effect in response to eye movement

or eye and head movement in concert, (b) will track gaze into

space that is outside their perceptual field, and (c) can flexibly

deploy the response to account for opaque objects. The ability

to project a line of sight into invisible space is currently believed

to emerge in human infants by 18 months (Butterworth &

Cochran, 1980), but no research has investigated the age at

which human infants can represent the termination of a line of
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sight inside invisible space. However, research outside the

gaze-following literature suggests that by at least 2.5 years, in-

fants understand how line.of sight in general is impeded by solid

objects (Flavell et aI., 1981; Lempers, Flavell, & Flavell, 1977;

Masangkay et aI., 1974).

Much of the interest in the gaze-following phenomenon in

human infants has been related to the broader question of joint

attention as shared mental experience (e.g., Baron-Cohen,

1994). In human infants, joint attention has been investigated in

a number of contexts, including social referencing, word learn-

ing, and proto-declarative pointing (Bates, 1976; Bruner, 1975,

1976; Feinman, Roberts, Hsieh, Sawyer, & Swanson, 1992; To-

masello & Farrar, 1986). All of these behavioral patterns have

been proposed as evidence that infants appreciate the subjec-

tive attentional focus of others. Although our results show very

robust evidence of gaze following, they do not yet clarify if

chimpanzees display joint attention in this sense. In other

words, it is not yet clear if chimpanzees are capable of appre-

ciating another's projected line of sight as a metaphorical ex-

tension of their mental state of attention. In philosophy-of-mind

terms, we have not demonstrated that the animals appreciate

the intentionality (or "about ness") of visual perception. Thus,

despite the remarkable sophistication of the chimpanzees' de-

ployment of the gaze-following response, it is possible that a

dissociation between gaze following and understanding the

mental state of attention behind gaze may still exist within their

species (and possibly our own as well). This would imply that

the epigenetic programs controlling the development of gaze

following evolved prior to the evolution of an understanding of

the mental state of attention per se, possibly because of selec-

tive payoffs related to social competition or predation avoid-

ance. Indeed, if portions of the mechanism evolved for either of

these reasons, it may be widespread in the social primates, and

possibly other social mammals as well (PovineIIi & Eddy, 1996).

Nonetheless, given the remarkable sophistication of chimpan-

zee joint-attention-like behaviors reported here, future research

should focus on pinpointing the timing of the development of

these abilities in both humans and chimpanzees, as well as

probing the underlying cognitive structures that support them.
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SYMBOLS AND UNITS

ha hectare

kg kilogram

US$ US dollar

tonne metric ton (1 000 kg)

billion thousand million

p.a. per annum

kcal kilocalories

p.c. per capita

n.a. not available

mm millimetre

km3 cubic kilometre

mln million

m3 cubic metre

mt metric ton

TIME PERIODS

1998 calendar year

1997/99 average for the three years

centred on 1998

1970-90 period from 1970 to 1990

1997/99-2030 period from the three-year 

average 1997/99 to 2030

GROWTH RATES

Annual percentage growth rates for historical

periods are computed from all the annual data of

the period using the Ordinary Least Squares

(OLS) method to estimate an exponential 

curve with time as the explanatory variable. The

estimated coefficient of time is the annual growth

rate. Annual growth rates for projection periods

are compound growth rates calculated from 

values for the begin- and end-point of the period.

COUNTRIES AND COUNTRY GROUPS

The list of countries and the standard country

groups used in this report are shown in 

Appendix 1. In the text, the term “transition coun-

tries” is used to denote the countries in Eastern

Europe (including the former Yugoslavia SFR)

and in the former Soviet Union. The term “indus-

trial countries” is used for the countries referred to

formerly as “developed market economies”. 

LAND DEFINITIONS

Arable area is the physical land area used for

growing crops (both annual and perennial). In

any given year, part of the arable area may not be

cropped (fallow) or may be cropped more than

once (double cropping). The area actually cropped

and harvested in any given year is the harvested

area. The harvested area expressed as a percentage

of the arable area is the cropping intensity. Land

with (rainfed) crop production potential consists

of all land area that is at present arable or is

potentially arable, i.e. is suitable for growing

crops when developed (see Chapter 4).

DATA SOURCES

All data are derived from FAO sources unless

specified otherwise.
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his report updates and extends the FAO

global study World agriculture: towards 2010,

issued in 1995. It assesses the prospects,

worldwide, for food and agriculture, including

fisheries and forestry, over the years to 2015 and

2030. It presents the global long-term prospects

for trade and sustainable development and

discusses the issues at stake in these areas over the

next 30 years. 

In assessing the prospects for progress towards

improved food security and sustainability, it was

necessary to analyse many contributory factors.

These range from issues pertaining to the overall

economic and international trading conditions, and

those affecting rural poverty, to issues concerning

the status and future of agricultural resources and

technology. Of the many issues reviewed, the report

concludes that the development of local food

production in the low-income countries with high

dependence on agriculture for employment and

income is the one factor that dominates all others in

determining progress or failure in improving the

food security of these countries. 

The findings of the study aim to describe the

future as it is likely to be, not as it ought to be. As

such they should not be construed to represent

goals of an FAO strategy. But the findings can make

a vital contribution to an increased awareness of

what needs to be done to cope with the problems

likely to persist and to deal with new ones as they

emerge. The study can help to guide corrective

policies at both national and international levels,

and to set priorities for the years ahead.

The world as a whole has been making progress

towards improved food security and nutrition. This

is clear from the substantial increases in per capita

food supplies achieved globally and for a large

proportion of the population of the developing

world. But, as the 1995 study warned, progress has

been slow and uneven. Indeed, many countries 

and population groups failed to make significant

progress and some of them even suffered setbacks

in their already fragile food security and nutrition

situation. As noted in the 2001 issue of The State of

Food Insecurity in the World, humanity is still faced

with the stark reality of chronic undernourishment

affecting over 800 million people: 17 percent of the

population of the developing countries, as many as

34 percent in sub-Saharan Africa and still more in

some individual countries. 

The present study predicts that this uneven

path of progress is, unfortunately, likely to extend

well into this century. Findings indicate that in spite

of some significant enhancements in food security

and nutrition by the year 2015, mainly resulting

from increased domestic production but also from

additional growth in food imports, the 1996 World

Food Summit target of halving the number of

undernourished persons by no later than 2015 is

far from being reached, and may not be accom-

plished even by 2030. 

By the year 2015 per capita food supplies will

have increased and the incidence of undernourish-

ment will have been further reduced in most devel-

oping regions. However, parts of South Asia may

still be in a difficult position and much of sub-

Saharan Africa will probably not be significantly

better and may possibly be even worse off than at

present in the absence of concerted action by all

concerned. Therefore, the world must brace itself

for continuing interventions to cope with the conse-

quences of local food crises and for action to remove

permanently their root causes. Nothing short of a

significant upgrading of the overall development

performance of the lagging countries, with

emphasis on hunger and poverty reduction, will

free the world of the most pressing food insecurity

problems. Making progress towards this goal

depends on many factors, not least among which

the political will and additional resource mobiliza-

tion required. The importance of these factors was

reaffirmed in the Declaration of the World Food

Summit: five years later, unanimously adopted at

the Summit in June 2002 in Rome. 

Foreword

T
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The study also foresees that agricultural trade
will play a larger role in securing the food needs of
developing countries as well as being a source of
foreign exchange. Net cereal imports by developing
countries will almost triple over the next 30 years
while net meat imports might even increase by a
factor of almost five. For other products such as
sugar, coffee, fruit and vegetables the study foresees
further export potential. How much of this export
potential will materialize depends on many factors,
not least on how much progress will be made during
the ongoing round of multilateral trade negotiations.
Developing countries’ farmers could gain a lot from
lower trade barriers in all areas, not only in agricul-
ture. In many resource-rich but otherwise poor
countries, a more export-oriented agriculture could
provide an effective means to fight rural poverty and
thus become a catalyst for overall growth. But the
study also points at potentially large hardships for
resource-poor countries, which may face higher
prices for large import volumes without much
capacity to step up production.

Numerous studies that assessed the impacts of
freer trade conclude that lower trade barriers alone
may not be sufficient for developing countries to
benefit. In many developing countries, agriculture
has suffered not only from trade barriers and subsi-
dies abroad but has also been neglected by domestic
policies. Developing countries’ producers may
therefore not benefit greatly from freer trade unless
they can operate in an economic environment that
enables them to respond to the incentives of higher
and more stable international prices. A number of
companion policies implemented alongside the
measures to lower trade barriers can help. These
include a removal of the domestic bias against 
agriculture; investment to lift product quality to 
the standards demanded abroad; and efforts 
to improve productivity and competitiveness in 
all markets. Investments in transportation and
communication facilities, upgraded production
infrastructure, improved marketing, storage and
processing facilities as well as better food quality
and safety schemes could be particularly important,
the latter not only for the benefit of better access to
export markets, but also for reducing food-borne
diseases affecting the local population. 

On the issue of sustainability, the study brings
together the most recent evaluation of data on the
developing countries’ agricultural resources, how
they are used now and what may be available for
meeting future needs. It does the same for the

forestry and fisheries sectors. The study provides an
assessment of the possible extent and intensity of use
of resources over the years to 2030 and concludes
that pressure on resources, including those that are
associated with degradation, will continue to build
up, albeit at a slower rate than in the past. 

The main pressures threatening sustainability
are likely to be those emanating from rural poverty,
as more and more people attempt to extract a living
out of dwindling resources. When these processes
occur in an environment of fragile and limited
resources and when the circumstances for intro-
ducing sustainable technologies and practices are
not propitious, the risk grows that a vicious circle of
poverty and resource degradation will set in. The
poverty-related component of environmental
degradation is unlikely to be eased before poverty
reduction has advanced to the level where people
and countries become significantly less dependent
on the exploitation of agricultural resources. There
is considerable scope for improvements in this
direction and the study explores a range of techno-
logical and other policy options. Provided such
improvements in sustainability are put in place, the
prospects point to an easing of pressures on world
agricultural resources in the longer term with
minimal further buildup of pressures on the envi-
ronment caused by agricultural practices.

I conclude by reiterating the importance of
developing sustainable local food production and of
rural development in the low-income countries.
Past experience underlines the crucial role of agri-
culture in the process of overall national develop-
ment, particularly where a large part of the
population depends on the sector for employment
and income, as is the case in most low-income coun-
tries. Agricultural development is and will be the
critical component of any strategy to improve their
levels of food security and alleviate poverty. It is for
this reason that sustainable agricultural and rural
development are given enhanced priority in The

Strategic Framework for FAO: 2000-2015.

Jacques Diouf

Director-General
Food and Agriculture Organization 
of the United Nations
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1.1  Introduction

This study is the latest forward assessment by FAO of

possible future developments in world food, nutri-

tion and agriculture, including the crops, livestock,

forestry and fisheries sectors. It is the product of 

a multidisciplinary exercise, involving most of the

technical units and disciplines present in FAO, as

well as specialists from outside FAO. It continues the

tradition of FAO’s periodical perspective studies for

global agriculture, the latest of which was published

in 1995 (Alexandratos, 1995). Earlier editions were

Alexandratos (1988), FAO (1981a) and FAO (1970).

An interim, less complete version of the present

study was published in April 2000. Comments

received on the interim report helped shape the

study in its present form.

The projections were carried out in considerable

detail, covering about 140 countries and 32 crop and

livestock commodities (see Appendix 1). For nearly

all the developing countries, the main factors

contributing to the growth of agricultural produc-

tion were identified and analysed separately. Sources

of productivity growth, such as higher crop yields

and livestock carcass weights, were distinguished

from other growth sources, such as the area of culti-

vated land and the sizes of livestock herds. Special

attention was given to land, which was broken down

into five classes for rainfed agriculture and a sixth

for irrigated agriculture. This level of detail proved

both necessary and advantageous in identifying the

main issues likely to emerge for world agriculture

over the next 30 years. Specifically, it helped to spot

local production and resource constraints, to gauge

country-specific requirements for food imports and

to assess progress and failure in the fight against

hunger and undernourishment. The high degree of

detail was also necessary for integrating the

expertise of FAO specialists from various disciplines,

as the analysis drew heavily on the judgement of 

in-house experts (see Appendix 2 for a summary

account of the methodology). Owing to space

constraints however, the results are mainly

presented at the regional level and for selective alter-

native country groups, which of course, masks wide

intercountry differences.

Another important feature of this report is that

its approach is “positive” rather than “normative”.

This means that its assumptions and projections

reflect the most likely future but not necessarily the

most desirable one. For example, the report finds

that the goal of the 1996 World Food Summit – to

halve the number of chronically undernourished

people by no later than 2015 – is unlikely to be

accomplished, even though this would be highly

CHAPTER
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desirable. Similarly, the report finds that agriculture

will probably continue to expand into wetlands and

rainforests, even though this is undoubtedly unde-

sirable. Therefore, the prospective developments

presented here are not goals of an FAO strategy but

they can provide a basis for action, to cope both with

existing problems that are likely to persist and with

new ones that may emerge. It should also be stressed

that these projections are certainly not trend extrap-

olations. Instead, they incorporate a multitude of

assumptions about the future and often represent

significant deviations from past trends (see

Appendix 2). To give an impression of how well

previous projections compared with actual

outcomes, in Chapters 3 and 4, actual outcomes 

for some major aggregate variables (e.g. developing

country cereal production and net imports) for the

latest year for which historical data are available are

compared with those implied for that same year by

the 1988/90-2010 trajectories projected for these

variables in 1992-93 for the 1995 study.

A long-term assessment of world food, nutrition

and agriculture could deal with a great number of

issues, the relevance of which depends on the

reader’s interest in a particular country, region or

topic. As a global study, however, this report had to

be selective in the issues it addresses. The main focus

is on how the world will feed itself in the future and

what the need to produce more food means for the

natural resource base. The base year for the study is

the three-year average for 1997/99 and projections

are made for the years 2015 and 2030. The choice of

2015 allows an assessment of whether or not the goal

of the 1996 World Food Summit (WFS) – to halve

the (1990/92) number of chronically undernour-

ished people in developing countries no later than

2015 – is likely to be reached. Extending the horizon

to 2030 creates a sufficiently long period for the

analysis of issues concerning the world’s resource

base; in other words, the world’s ability to cope with

further degradation of agricultural land, desertifica-

tion, deforestation, global warming and water

scarcity, as well as increasing demographic pressure.

Naturally, the degree of uncertainty increases as the

time horizon is extended, so the results envisaged

for 2030 should be interpreted more cautiously than

those for 2015. 

The analysis is, inter alia, based on the long-term

developments expected by other organizations. The

population projections, for instance, reflect the latest

assessment (2000 Assessment, Medium Variant)

available from the United Nations (UN, 2001a),

while those for incomes are largely based on the

latest projections of gross domestic product (GDP)

from the World Bank. Most of the agricultural data

are from FAO’s database (FAOSTAT), as of June

2001. Because these assumptions critically shape the

projected outcomes, it is important to note that they

can change significantly, even over the short term.

For example, the historical data and the projections

for the growth of population and GDP used in the

1995 study (Alexandratos, 1995), have since been

revised in many countries, often to a significant

extent. World population in the 1995 study, for

instance, was projected at 7.2 billion for 2010,

whereas the current UN projections peg the figure

at 6.8 billion, i.e. about 400 million less. Similarly, it

is now projected that sub-Saharan Africa’s popula-

tion will reach 780 million by 2010, compared with

915 million in the 1995 study. Also, projections for

GDP growth (largely based on the latest projections

from the World Bank) are different now from what

they were in the 1995 study. Finally, FAO’s historical

data for food production, demand and per 

capita consumption were often drastically revised 

for the entire time series as more up-to-date 

information became available (for an example, see

Box 2.2).

In the chapters that follow, particularly Chapters

2 to 4, reference is made on a number of occasions

to conceptual and practical problems that arise in

the process of making the projections. Many of these

problems result from the approach followed in this

study, i.e. the fact that the analyses are conducted in

considerable country and commodity detail and that

all the projections are subjected to a process of

inspection, evaluation and iterative adjustment of

the numbers by country and discipline specialists.

This means that more data problems are encoun-

tered than if the analyses were conducted at a more

aggregate level. It also means that an alternative

scenario cannot be derived without repeating a good

part of the whole cycle of inspection-evaluation-

adjustment. In Appendix 2 some of these problems

and the way they are or are not dealt with are 

highlighted, so that that the reader can better form

an opinion as to how to view and evaluate the 

statements in this study.

The report is structured as follows. The

remainder of this chapter gives an overview of the
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main findings of the report. The first part of the

report (Chapters 2 to 7) presents the main perspec-

tive outcomes for food, nutrition and agricultural

production and trade, as well as for forestry and fish-

eries. Chapter 2 presents and discusses expected

developments in food demand and consumption

and the implications for food security and the inci-

dence of undernourishment. Chapter 3 discusses

expected developments in demand, production and

trade of total agriculture (crops and livestock) and

for the major commodities. Chapter 4 presents the

underlying agronomic projections for growth in

crop production, including expected developments

in crop yields, and resource (land, water) and input

(fertilizer, farm power) use in the developing coun-

tries. It includes revised and updated estimates of

land with rainfed crop production potential, esti-

mates of irrigation potential and possible expansion

of irrigated areas and, for the first time, an estimate

of the volume of fresh water withdrawals needed to

sustain irrigated agriculture in developing countries

as projected in this report. Chapter 5 deals with

projections of livestock production and related

issues. Chapters 6 and 7 present the current state of

and plausible developments in world forestry and

fisheries.

The second part of the report (Chapters 8 to 10)

continues with a discussion of the main issues raised

by these developments. Issues of poverty (including

international targets for its reduction), nutrition-

development interactions, the role of agriculture in

the development of the rural and overall economy,

and macroeconomic policies and agriculture are the

subjects of Chapter 8. Chapter 9 deals with trade

policy issues, focusing on lessons from the imple-

mentation of the Uruguay Round Agreement on

Agriculture (URAA), the possible implications of

further liberalization and issues relating to further

reforms during the follow-up negotiations in the

context of the broader round of multilateral trade

negotiations launched by the World Trade

Organization (WTO) at its Fourth Ministerial

Conference (Doha, November 2001). Chapter 10

then places agricultural trade in the broader context

of globalization and discusses the possible effects of

globalization on trade and on the concentration and

location of the food processing industry. 

The final part of the report (Chapters 11 to 13)

deals with perspective issues concerning agriculture

and natural resources (land, water, air and the

genetic base). Chapter 11 examines the potential of

existing and incipient agricultural technologies

(including modern biotechnology) to underpin

further growth in production while conserving

resources and minimizing adverse effects on the

environment, and the needed directions of agricul-

tural research in the future. Chapter 12 presents an

assessment of the environmental implications 

of agricultural production based, to the extent

possible, on the quantitative projections presented in

the preceding chapters, and examines options for

putting agriculture on a more sustainable path.

Finally, Chapter 13 deals with the interactions

between climate change and agriculture, the role of

agriculture as source of greenhouse gases but also as

a carbon sink of potentially growing importance in

the context of the Kyoto Protocol, and the broad

impact of climate change on agriculture and food

security.

1.2  Overview

1.2.1  Prospects for food and nutrition

Historical developments. The 2001 FAO assessment

of food insecurity in the world (FAO, 2001a) esti-

mates the incidence of undernourishment in the

developing countries at 777 million persons in

1997/99 (17 percent of their population). The esti-

mate was 815 million (20 percent of the population)

for the three-year average 1990/92, the base year

used by the 1996 WFS in setting the target of halving

the number of the undernourished in the devel-

oping countries by 2015 at the latest. Obviously, the

decline between 1990/92 and 1997/99 has been

much less than required for attaining the target of

halving undernourishment by 2015 (see further

discussion in Box 2.5).

In a longer historical perspective of the last four

decades, considerable progress has been made in

raising the average world food consumption (meas-

ured in kcal/person/day), a variable that is a 

close correlate of the incidence of undernourish-

ment. The world average kcal/person/day grew by

19 percent since the mid-1960s to 2 800 kcal. What

is more important, the gains in the world average

reflect predominantly those of the developing coun-

tries whose average grew by 31 percent, given that

the industrial countries and the transition economies
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had already reached fairly high levels of per capita

consumption in the mid-1960s. This progress in the

aggregate of the developing countries has been 

decisively influenced by the significant gains made

by the most populous among them. Of the seven

countries with a population of over 100 million

(China, Indonesia, Brazil, India, Pakistan, Nigeria

and Bangladesh), only Bangladesh remains at very

low levels of per capita food consumption. A signifi-

cant number of countries however failed to partici-

pate in this general thrust towards improved

national average food consumption levels and, by

implication, towards reduced incidence of under-

nourishment. There are currently still 30 countries

with per capita food consumption under 2 200 kcal,

most of them in sub-Saharan Africa.

Population, incomes and poverty in the future. The

latest assessment of world population prospects by

the UN (UN, 2001a) indicates that there is in

prospect a rather drastic slowdown in world demo-

graphic growth. In the time horizon of this study,

the world population of 5.9 billion of our base 

year (the three-year average 1997/99) will grow to 

7.2 billion in 2015, 8.3 billion in 2030 and 9.3 billion

in 2050. The growth rate of world population, which

had peaked in the second half of the 1960s at 

2.04 percent p.a. and had fallen to 1.35 percent p.a.

by the second half of the 1990s, is projected to fall

further to 1.1 percent by 2015, to 0.8 percent by

2030 and to 0.5 percent by 2050.

This deceleration in demographic growth and

the gradual saturation in per capita food consump-

tion for parts of the world population are important

factors that will contribute to slow the growth of food

demand and, at the world level, also of production.

Despite the drastic fall in the growth rates of both

population and aggregate demand and production,

the absolute annual increments continue to be large.

For population, 79 million persons are currently

added to world population every year. The number

will not have decreased much by 2015. Even by

2030, annual additions will still be 67 million.

Practically all of the increases in world population

will be in the developing countries. Within the devel-

oping countries themselves there will be increasing

differentiation. East Asia will be reaching a growth of

under 0.5 percent p.a. towards the later years of the

projection period. At the other extreme, sub-

Saharan Africa’s population will still be growing at

2.1 percent p.a. in 2025-30. For demand and produc-

tion, the world cereal totals must increase by almost

another billion tonnes by 2030, from the current

level of 1.9 billion tonnes, an increase almost equal

to that of the period since the mid-1960s (see

Chapter 3, Table 3.3).

The growth of incomes is the other major deter-

minant of the growth of food demand and of

changes in food security and nutrition. The outlook

for income growth is mixed. The latest World Bank

assessment for the period 2000-15 foresees higher

growth rates in per capita GDP than in the 1990s for

all regions and country groups (particularly the

reversal of declines in the transition economies) with

the exception of East Asia. However, for several

countries that have low food consumption levels and

significant incidence of undernourishment, the

economic growth rates that may be achieved are

likely to fall short of what would be required for

significant poverty reductions. In particular, there is

great contrast as regards the prospects of the two

regions with high relative concentrations of poverty

and food insecurity, South Asia and sub-Saharan

Africa. In the former region, a continuation of the

relatively high GDP growth holds promise of posi-

tive impact on poverty alleviation and increases in

per capita food consumption. However, progress in

sub-Saharan Africa may be very limited and far from

sufficient to make a significant dent on poverty and

food insecurity. 

The World Bank also projects possible develop-

ments in the incidence of poverty – the percentage

of the population and numbers of persons below the

US$1/day poverty line. This is of particular impor-

tance for the evaluation of possible reductions in

undernourishment, as poverty is a close correlate of

food deprivation and insecurity. The Bank assess-

ment concludes that the proportion (not the absolute

numbers) of the population living in poverty in the

developing countries as a whole may fall from the 

32 percent it was in 1990 to 13.2 percent in 2015.

This fall, if it materialized, would meet the target of

halving the proportion in poverty between 1990 and

2015. It is recalled that the target of halving the

proportion of the poor is one of the International

Development Goals of the Millennium Declaration

adopted by the UN General Assembly (see Chapter

8 for details). However, the absolute numbers in

poverty in the developing countries (a measure

more directly relevant for the target of reducing
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undernourishment – see below) are not halved, as

they are projected to decline from 1.27 billion in

1990 to 0.75 billion in 2015.

Prospects for food and nutrition. The projections of

food demand for the different commodities suggest

that the per capita food consumption (kcal/person/

day) will grow significantly. The world average will

be approaching 3 000 kcal in 2015 and exceeding 

3 000 kcal by 2030. These changes in the world aver-

ages will reflect above all the rising consumption of

the developing countries, whose average will have

risen from the 2 680 kcal in 1997/99 to 2 850 kcal in

2015 and close to 3 000 kcal in 2030. These gains

notwithstanding, there will still be several countries

in which per capita food consumption will not

increase to levels that would imply significant reduc-

tions in the numbers undernourished from the very

high levels they have at present. In 2015 there could

still be 6 percent of world population (462 million)

living in countries with very low levels of food

consumption (under 2 200 kcal). At the regional

level, sub-Saharan Africa would still have in 2015

medium-low levels of per capita food consumption,

2 360 kcal/person/day, and even less if Nigeria is

excluded from the regional total.

These gains in average consumption mean that

the great majority of people will be better fed and

the incidence of undernourishment should decline.

But will it decline sufficiently to achieve the objec-

tives set by the international community? The 1996

WFS set the target that the numbers undernour-

ished (not just the proportion of the population in

that condition) should be reduced by half by 2015 

at the latest. Improved nutrition, in addition to

being a human right and a final objective of 

development in its own right, is also an essential

precondition for societies to make progress towards

overall economic and social development within a

reasonable time span. This is because undernour-

ished persons are impeded by their very condition

(undernourishment) from fully contributing to, and

profiting from, the economic activities that are part

and parcel of the development process. There is

sufficient empirical evidence (reviewed in Chapter 8)

establishing how persons in such condition have

smaller earnings and fewer opportunities in life than

others. Removing the causes of undernutrition is 

a prime area for public policy interventions (e.g.

through public health, sanitation and feeding

programmes for pregnant women and children)

since economic growth, although a necessary condi-

tion, is rarely sufficient by itself to achieve this goal

within a reasonable time span.

The implication of the projected higher levels of

average national food consumption per person 

is that the proportion of the population undernour-

ished in the developing countries as a whole 

could decline from the 17 percent in 1997/99 to 

11 percent in 2015 and to 6 percent in 2030. All

regions would experience declines in these percent-

ages and, by 2030, all of them, except sub-Saharan

Africa, should have incidence in the range of 4 to 

6 percent of the population, compared with a range of

9 to 24 percent in 1997/99. Sub-Saharan Africa could

still have 15 percent of its population undernour-

ished in 2030, down from 34 percent in 1997/99.

Because of population growth, declines in the

relative incidence of undernourishment do not

necessarily translate into commensurate declines in

the absolute numbers (which is of relevance to the

WFS target). Notwithstanding the slowdown in their

demographic growth, the developing countries’

population will still grow from 4 555 million in

1997/99 to 5 804 million in 2015 and to 6 840 million

in 2030. Therefore, the numbers undernourished

will decline only modestly: from the 776 million in

1997/99 to 610 million in 2015 and to 440 million in

2030.1 If these projections came true, it would mean

that we might have to wait until 2030 before the

numbers undernourished are reduced to nearly the

target set for 2015 by the WFS, i.e. one half of the

815 million estimated for 1990/92.

Can faster progress than projected here be

made? Empirical evidence suggests that in the coun-

tries with high dependence on agriculture, assigning

priority to the development of food production

holds promise of overcoming the constraint to better

nutrition represented by unfavourable overall

economic growth prospects. Several countries,

mainly in sub-Saharan Africa (Nigeria, Ghana,

Chad, Burkina Faso, the Gambia, Mali, Benin and

Mauritania) have at times achieved in the past

quantum jumps in their food consumption per

1 Numbers refer to the population of the countries for which estimates of undernourishment were made.
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capita (over 20 percent) over periods comparable 

in length to the first subperiod of our projections 

(17 years or less), at a time when national average

per capita incomes were not growing or outright

falling. The common characteristic of these experi-

ences has been rapid growth in the production of

staple foods (cereals, roots and tubers).

Several empirical studies (discussed in Chapter

8) document the mechanism of how agricultural

growth can be a potent factor in initiating a process

of development that favours poverty reduction and

improved food consumption in rural areas in coun-

tries with high dependence on agriculture and

poverty profiles that are predominantly rural. The

key conditions for this to happen are (i) that agricul-

tural growth be somehow initiated, e.g. through

policies that develop and diffuse affordable produc-

tivity-raising innovations such as improved seeds;

and (ii) that the distribution of the ownership of land

or other productive assets of agriculture not be too

unequal so that benefits from higher agricultural

production are widely spread and do not accrue

predominantly to large landowners (who would

spend most of their additional income on things

other than locally produced goods and services).

If these conditions are met, a virtuous cycle of

causation can set in: the initial increases of agricul-

tural production, in addition to providing more

food for the producers themselves and for others,

create incomes that are spent locally and create

demand for produce and services from the non-farm

rural sector, thus generating incomes there. These,

in turn, feed back into increased demand for food

and more goods and services from the rural non-

farm sector itself. This “pump-priming” role of agri-

culture is seen as necessary because the rural

non-farm sector produces goods and services that

are in the general category of non-tradables. This

means that in that particular context and stage of

development their production can increase only in

response to local demand, otherwise it would not

increase. The services that can be produced locally

are non-tradable almost by definition, even if most

goods may be inherently tradable but become non-

tradable in the absence of adequate transport and

marketing infrastructure.

Returning to the projections, the slow pace of

progress in reducing the absolute numbers under-

nourished notwithstanding, the considerable overall

improvement implied by the projected numbers

should not be downplayed. It is no mean achieve-

ment that in the developing countries the numbers

well-fed (i.e. not classified as undernourished

according to the criteria used here) could increase

from 3.8 billion in 1997/99 (83 percent of their

population) to 5.2 billion in 2015 (89 percent of 

the population) and to 6.4 billion (94 percent) 

in 2030.

With the reduction of the relative incidence of

undernourishment, the problem will tend to become

more tractable through policy interventions, both

national and international. This is the consequence

of the prospect that the number of persons involved

(and possibly needing to be targeted by policies) will

be smaller, as will be the number of countries with

high incidence (see Table 2.3). In addition, many

more countries than at present will have relatively

low incidence of undernourishment. For example,

16 countries had less than 5 percent undernourish-

ment in 1997/99. Their number will increase to 

26 in 2015 and 48 in 2030. By this latter year, 

such countries (including most of the largest devel-

oping countries) will account for three-quarters 

of the population of the developing countries and

for 178 million undernourished out of the total 

of 440 million (in 1997/99: 8 million out of 

776 million). Thus a growing part of the under-

nourished will be in countries with low relative inci-

dence. For this reason, it will be easier than at

present for them to respond to the problem though

national policy interventions.

In parallel, the number of countries with high

incidence of undernourishment (over 25 percent)

and most in need of international policy interven-

tions will be reduced considerably: from 35 in

1997/99 to 22 in 2015 and to only five in 2030. None

of them will be in the most populous class (over 

100 million population in 1997/99). They will

account for an ever-declining proportion of the

undernourished, 72 million out of the 440 million in

2030 (1997/99: 250 million out of the 776 million).

1.2.2 Prospects for aggregate agriculture 
and major commodity sectors

Total agriculture. The bulk of the increases in world

consumption of crop and livestock products has

been originating in the developing countries. With

slower population growth and the gradual attain-

ment of medium to high food consumption levels in
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several countries, the growth rate of the demand for

food (and at the world level, also of production) will

be lower than in the past. These are positive factors

from the standpoint of human welfare. On the nega-

tive side, there is the prospect that in several coun-

tries with severe incidence of undernourishment,

the growth of the demand for food will be well below

what would be required for significant improvement

in their food security. How much lower the growth

of aggregate global demand will be in relation to the

past depends on a number of factors. Foremost

among them are the relative share, in world totals

and other characteristics, of the countries that have

already attained medium to high levels of consump-

tion per capita, say over 2 700 kcal/person/day.

Several developing countries (29 of those covered

individually in this study) belong to this class,

including some of the most populous ones (China,

Indonesia, Brazil, Mexico, Nigeria, Egypt, the

Islamic Republic of Iran and Turkey). They have

one half of the population of the developing coun-

tries and account for two-thirds of their aggregate

demand.

In the period from the mid-1960s to 1997/99,

this group of 29 developing countries made spectac-

ular progress in raising per capita consumption,

from an average of 2 075 kcal to 3 030 kcal (see

Table 3.2 in Chapter 3). China’s performance

carried a large weight in these developments. The

group’s population growth rate was 1.8 percent p.a.

and that of its aggregate demand for all 

uses was 4.2 percent p.a. In the projections,

commodity by commodity, the implied per capita 

consumption for this group in terms of kcal/

person/day rises to 3 155 kcal in 2015 and to 

3 275 kcal in 2030, i.e. to levels not much 

below those of the industrial countries today. The

implied annual growth rate for the whole period

1997/99-2030 (in terms of kcal per capita) is only

0.25 percent. In parallel, the group’s population

growth rate is projected to fall to 0.9 percent p.a.

The net result is that a drastic deceleration of the

growth of aggregate demand is in prospect for this

group of countries, from 4.2 percent p.a. in the

preceding three decades to 1.7 percent p.a. in the

period to 2030.

Given the large weight of this group of countries

in the totals of the developing countries and the

world, their drastic deceleration is reflected in all the

aggregates. Thus, the growth rate of the developing

countries as a whole declines from 3.7 percent p.a. in

the preceding three decades to 2.0 percent p.a. in

the period to 2030. This happens despite the

prospect that the demand of the other developing

countries (those below 200 kcal in 1997/99 which

have the other half of the population) will not 

decelerate much (less than the decline in their popu-

lation growth rate) and that their per capita food

consumption would rise from 2 315 kcal in 1997/99

to 2 740 kcal in 2030. At the world level, the impact

of the deceleration in the developing countries is

muted (the deceleration in aggregate demand, from

2.2 percent p.a. to 1.5 percent p.a., is not very

different from that of world population, see Table

3.1). This reflects the fact that in the past the world

growth rate was depressed because of the collapse of

consumption and production in the transition

economies. The cessation (and eventual reversal) of

this effect in the future offsets in part the decelera-

tion in world totals caused by the slowdown in the

developing countries.

At the world level, production equals consump-

tion, so the preceding discussion about global

demand growth prospects applies also to that of

global production. For the individual countries and

country groups, however, the two growth rates differ

depending on movements in their net agricultural

trade positions. In general, the growth rates of

production in the developing regions have been

below those of demand, and as a result their imports

have been growing faster than their agricultural

exports. These trends led to a gradual erosion of

their traditional surplus in agricultural trade. In

fact, the developing countries have turned in recent

years from net agricultural exporters to net

importers. This trend continues in the projections.

The net imports of the developing countries as a

whole of the main commodities in which they are

deficit, mainly cereals and livestock products, will

continue to rise fairly rapidly. In parallel, their net

trade surplus on account of their traditional exports

(e.g. tropical beverages, bananas, sugar and

vegetable oils) will either rise less rapidly than their

net imports of cereals and livestock products or

outright decline. This does not mean that the

exporting developing countries will not be

expanding their net exports. It rather reflects the

fact that several large developing countries are

turning into growing net importers of products that

are exported mainly by other (exporting) devel-
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oping countries, e.g. vegetable oils, sugar and

natural rubber.

Cereals. The preceding discussion about future slow-

down in the growth of demand applies in varying

degrees to individual commodities. 

The deceleration of the world cereal sector has

been taking place for some time. It will continue in

the future, but the difference between past and

future growth rates will not be as pronounced as in

other sectors, particularly in livestock and oilcrops

(see below). Cereals will continue to be by far the

most important source (in terms of calories) of total

food consumption. Food use of cereals has kept

increasing, albeit at a decelerating rate. In the devel-

oping countries, the per capita average food use is

now 173 kg, providing 56 percent of total calories,

compared with 141 kg and 61 percent in the mid-

1960s. The level of around 173 kg has been nearly

constant since the mid-1980s. We project that it will

remain around that level over the projection period.

Cereals will continue to supply some 50 percent of

the food consumption (in terms of kcal/person/day)

in the developing countries, which is projected to

reach nearly 3 000 kcal/person/day in 2030. Within

the cereals group, per capita food consumption of

rice will tend to stabilize at about present levels and

will decline somewhat in the longer term, reflecting

developments in, mainly, the East Asia region. In

contrast, food consumption of wheat will continue to

grow in per capita terms and, in the developing

countries, such growth will be associated with

growing wheat imports. Increases in the demand

and trade of coarse grains will be increasingly driven

by their use as animal feed in the developing 

countries.

As noted earlier, world consumption and

production of cereals are projected to increase by

almost another billion tonnes by 2030, from the 

1.89 billion tonnes of 1997/99. Of this increment,

just over one half will be for feed, and about 

42 percent for food, with the balance going to other

uses (seed, industrial non-food use and waste). Feed

use, and within it that of the developing countries,

will revert to being the most dynamic element

driving the world cereal economy, as it will account

for an ever-growing share in aggregate demand for

cereals. It had lost this role in the decade to the mid-

1990s following events and policies that had

depressed feed use of cereals in two major

consuming regions, the transition economies and

the European Union (EU) (see Chapter 3, Sections

3.2 and 3.3).

The dependence of the developing countries on

imports of cereals (wheat and coarse grains) will

continue to grow, notwithstanding lower growth of

demand compared with the past. This follows from

the prospect that in the post-green revolution

period, and in the face of growing resource scarci-

ties, particularly of irrigation, developing countries’

potential to increase production is also more limited

compared with the past. Their net cereal imports are

projected to rise from 103 million tonnes in 1997/99

(and the forecast 110 million tonnes for the current

trade year July 2001/June 2002) to 190 million

tonnes in 2015 and to 265 million tonnes in 2030.

These numbers imply a resumption of the growth of

the world cereal trade after a period of near stagna-

tion. The latter was mainly the result of the virtual

disappearance of net cereal imports of the transition

economies in the 1990s as well as the slowdown of

the economies and oil export earnings in many

countries, particularly in the major importing region

Near East/North Africa.

These factors that depressed export markets

available to the traditional exporters of cereals will

be less limiting in the future, but they will not disap-

pear entirely. Not only are the transition economies

unlikely to revert to being the large net importers

they were in the pre-reform period, but in the

longer term they have the potential of transforming

themselves into net exporters of cereals. We have

made an allowance for this eventuality by estimating

their net exports in 2015 and 2030 at 10 and 

25 million tonnes, respectively. The traditional

cereal exporters in the industrial world (United

States, Canada, the EU and Australia) are expected

to increase their net exports from the 144 million

tonnes in 1997/99 to 224 million tonnes in 2015 and

286 million tonnes in 2030 (see Table 3.8).

The question is often raised whether these 

traditional exporting countries have sufficient

production potential to continue generating an

ever-growing export surplus. Concern with adverse

environmental impacts of intensive agriculture is

among the reasons why this question is raised. The

answer depends, inter alia, on how much more they

must produce over how many years. Production

growth requirements are derived by adding the

projected net exports to the projections of their own
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domestic demand, including demand for cereals to

produce livestock products. The result is that these

countries are required to increase their collective

production from the 629 million tonnes of 1997/99

to 758 million tonnes in 2015 and 871 million tonnes

in 2030, an increment of 242 million tonnes 

over the entire period, of which about 80 million

tonnes would be wheat and the balance largely

coarse grains. The annual growth rate is 1.1 percent

in the period to 2015 and 0.9 percent in the subse-

quent 15 years, an average of 1.0 percent p.a. for the

entire 32-year projection period. This is lower than

the average growth rate of 1.6 percent p.a. of the

past 32 years (1967-99), although the historical

growth rate has fluctuated widely, mostly as a func-

tion of the ups and downs of export demand, associ-

ated policy changes and occasional weather shocks.

The overall lesson of the historical experience seems

to be that the production system has so far had the

capability of responding flexibly to meet increases in

demand within reasonable limits. This is probably

also valid for the future.

Livestock. The world food economy is being increas-

ingly driven by the shift of diets towards livestock

products. In the developing countries, consumption

of meat has been growing at 5-6 percent p.a. and

that of milk and dairy products at 3.4-3.8 percent

p.a. in the last few decades. However, much of the

growth has been taking place in a relatively small

number of countries, including some of the most

populous ones, especially China and Brazil.

Including these two countries, per capita meat

consumption in the developing countries went from

11.4 kg in the mid-1970s to 25.5 kg in 1997/99.

Excluding them, it went from 11 kg to only 15.5 kg.

Including or excluding China in the totals of the

developing countries and the world makes a signifi-

cant difference for the aggregate growth rates of

meat, although not of milk and dairy products,

given the small weight of these products in China’s

food consumption. However, many developing

countries and whole regions, where the need to

increase protein consumption is the greatest, have

not been participating in the buoyancy of the world

meat sector. In this category are the regions of 

sub-Saharan Africa (with very low per capita

consumption reflecting quasi permanent economic

stagnation) and the Near East/North Africa where

the rapid progress of the period to the late 1980s (oil

boom) was interrupted and slightly reversed in the

subsequent years, helped by the collapse of

consumption in Iraq. Similar considerations apply to

the developments in the per capita consumption of

milk and dairy products.

The world meat economy has been characterized

by the rapid growth of the poultry sector. Its share

in world meat production increased from 13 percent

in the mid-1960s to 28 percent currently, while per

capita consumption increased more than threefold

over the same period. In more recent years, the

world meat trade has been expanding rapidly. This

expansion reflected, among other things, significant

moves towards meat trade liberalization, including

in the context of regional trade agreements. Some

drastic changes occurred as to the sources of imports

and destination of exports. Japan became the

world’s largest net importer (it increased net

imports fourfold since the mid-1980s), followed by

the countries of the former Soviet Union (mainly the

Russian Federation). Australia and New Zealand

(together) continue to be the world’s largest

exporters while, in the last decade or so, the United

States turned from a large net importer of meat to a

large net exporter, mostly on the growing strength

of its poultry sector.

Concerning the future, the forces that made for

the rapid growth of the meat sector in the past are

expected to weaken considerably. The lower popula-

tion growth is an important factor, as is the natural

deceleration of growth following the attainment of

fairly high consumption levels in the few major

countries that dominated past increases. For

example, if China’s growth in the 1990s of about 

2.6 kg/person/year (leading to the 45 kg of 1997/99)2

were to continue for much longer, the country

would soon surpass the per capita consumption of

the industrial countries. Similar considerations

apply to other countries, such as Brazil. Therefore,

rather drastic deceleration in at least these countries

and, given their large weight, also in the global

aggregates, is to be expected.

Other countries may do better in the future than

in the past, but their weight in the totals is not suffi-

2 It is thought that these very large increases appearing in the FAO food balance sheet data and the discrepancies from independent consumption

data result mainly from an apparent overestimation of China’s meat production (see Chapter 3).
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cient to halt the expected deceleration in the broad

aggregates. India, with its very low per capita meat

consumption (4.5 kg in 1997/99) and a population

rivalling that of China, could be thought of as a

potential growth pole of the world meat economy.

This is not likely to be, as its per capita consumption

would not exceed 10 kg even by 2030, and this

under rather optimistic assumptions. At least this is

what a number of studies indicate. The result is that

the growth rate of world meat demand and produc-

tion could grow at rates much below those of the

past, 1.7 percent p.a. in the period to 2030, down

from 2.9 percent in the preceding 30 years. The

deceleration in the developing countries would be

more drastic, because of the above-mentioned large-

country effect, following the projected slower

growth of aggregate consumption in China, and to a

smaller extent in Brazil. Remove these two countries

from the developing countries aggregate and there

is only a modest reduction in the growth of their

aggregate demand for meat, reflecting essentially

the lower population growth rate.

Unlike meat, we project higher growth in the

world milk and dairy sector than in the recent past

because of the cessation of declines and some

recovery in the transition economies. Excluding

these latter countries, world demand should grow at

rates somewhat below those of the past but, given

lower population growth, per capita consumption

would grow faster than in the past.

The structural change that characterized the

evolution of the meat sector in the past will probably

continue, although at attenuated rates. Poultry will

continue to increase its share in world meat output

and the meat trade will continue to expand. The

trend for the developing countries to become

growing net importers of meat is set to continue.

This is another important component of the broader

trend for the developing countries to turn from net

exporters to growing net importers of food and agri-

cultural products. Imports of poultry meat will likely

dominate the picture of growing dependence on

imported meat. Trade in dairy products will also

likely recover with the net imports of the developing

countries resuming growth after a period of stagna-

tion from the mid-1980s onwards.

As noted earlier, the world feed use of cereals

had slowed considerably in the recent past. It had

grown less fast than the aggregate production of the

livestock sector, although not in the developing

countries. The main reasons were the collapse of the

livestock sector in the transition economies, high

policy prices in the EU up to the early 1990s, the

shift of livestock production to poultry, and more

general productivity increases creating more output

from a given input of cereals. Growth in the world

feed use of cereals will resume thanks to the cessa-

tion of the downward pressure on world cereals feed

use exerted by events in the transition economies

and their eventual reversal; the turnaround of the

EU to growing feed use of cereals; the increasing

weight of the developing countries in world live-

stock; and the attenuation of structural change

towards poultry.

Oilcrops and products. This category of food prod-

ucts with a high calorie content has played an impor-

tant role in the increases of food consumption in

developing countries. Just over one out of every five

calories added to their food consumption in the

period since the mid-1970s originated in this group

of products. In the projections, this trend continues

and indeed intensifies: 45 out of every 100 addi-

tional calories in the period to 2030 may come from

these products. This projection reflects above all the

prospect of only modest further growth in the direct

food consumption of staples (cereals, roots and

tubers, etc.) in the majority of the developing coun-

tries in favour of non-staples such as vegetable oils

which still have significant scope for further

consumption increases.

On the demand side, the major driving force of

the world oilcrops economy has been the growth of

food demand in the developing countries, with

China, India and a few other major countries repre-

senting the bulk of such growth. Additional signifi-

cant demand growth has been in the non-food

industrial uses of oils and in the use of oilmeals for

the livestock sector. The growth of aggregate world

demand and production (in oil equivalent) would

continue to be well above that of total agriculture,

although it would be much lower than in the past,

2.5 percent p.a. in the next three decades compared

with 4.0 percent p.a. in the preceding three. This

deceleration will reflect the factors that were

discussed earlier in relation to other commodities,

i.e. slower population growth, more and more coun-

tries achieving medium-high levels of consumption

and, of course, persistence of low incomes in many

countries limiting their effective demand.
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On the production side, the trend has been for

four oilcrops (oil palm, soybeans, sunflower seed and

rapeseed) and a small number of countries to

provide much of the increase in world output (Table

3.16). With the lower demand growth in the future

and changes in policies (e.g. limits to subsidized

production), the pace of structural change in favour

of some of these crops could be less pronounced in

the future. The sector accounted for a good part of

cultivated land expansion in the past and in the

industrial countries it made up for part of the

declines of the area under cereals. The projections of

land use in the developing countries indicate that

oilcrops will continue to account for a good part of

future expansion of harvested area in the devel-

oping countries. Being predominantly rainfed

crops, the expansion of their production depends on

area expansion (rather than yield growth) by more

than is the case of other crops, such as cereals.

The rapid growth of demand of the developing

countries was accompanied by the emergence of

several of them as major importers of oils and

oilseeds. If we exclude the five major net exporters

among the developing countries (Malaysia,

Indonesia, the Philippines, Brazil and Argentina),

the others increased their net imports of oils and

oilseeds (in oil equivalent) from 1 to 17 million

tonnes between 1974/76 and 1997/99. In parallel,

however, the five major exporters increased their

net exports from 4 to 21 million tonnes, so that the

net trade balance of all the developing countries

increased slightly (see Table 3.20). In the future,

these trends are likely to continue and the net trade

balance of the developing countries would not

change much, despite the foreseen further rapid

growth of exports from the main exporter devel-

oping countries. The developing countries have so

far been net exporters of oil meals, which have

enabled them to maintain a positive, although

declining, net trade balance in value terms in their

combined trade of oilseeds, oils and meals. With the

development of their livestock sector, the prospect is

that their net exports of oil meals could turn into net

imports. This is yet another dimension of the above-

mentioned trend for the developing countries to

turn into net importers of agricultural products.

Roots, tubers and plantains. These products (mainly

cassava, sweet potatoes, potatoes, yams, taro and

plantains) represent the mainstay of diets in several

countries, many of which are characterized by low

overall food consumption levels and food insecurity.

The great majority of these countries are in sub-

Saharan Africa, with some countries of the region

(Ghana, Rwanda and Uganda) deriving 50 percent

or more of total food consumption (in terms of calo-

ries) from these foods. In general, high dependence

on these foods is mostly characteristic of countries

that combine suitable agro-ecological conditions for

their production and low incomes. With the excep-

tion of potatoes, diet diversification away from these

products occurs when incomes and overall food

consumption levels improve. In a number of coun-

tries (e.g. Nigeria, Ghana and Benin), quantum

jumps in the production of these products were

instrumental in raising food consumption from low

or very low levels.

The evolution over time shows declining per

capita food consumption of these products for the

developing countries and the world as a whole up to

about the late 1980s, followed by some recovery in

the 1990s. These developments reflected two main

factors: (i) the rapid decline in food consumption of

sweet potatoes in China (from 94 kg in the mid-

1970s to 40 kg at present), only in part counterbal-

anced by a parallel rise in that of potatoes, in both

China and the rest of the developing countries, and

(ii) the rapid rise of food consumption of all products

in this category in a few countries, such as Nigeria,

Ghana and Peru.

Significant quantities of roots are used as feed,

including potatoes (mainly in the transition coun-

tries and China), sweet potatoes (mainly China) and

cassava (mainly Brazil and the EU). The EU’s feed

consumption of cassava (all imported) amounts to

some 10 million tonnes (fresh cassava equivalent).

This is less than half the peak it had reached in the

early 1990s, when EU policy prices for cereals were

high and rendered them uncompetitive in feed use,

leading to a process of substitution of cassava and

other imported feedstuffs for cereals. The reversal is

mostly the result of the policy reforms in the EU

which lowered the policy prices for cereals after

1993 and re-established their competitiveness. In

Thailand, the main supplier of cassava to the EU,

cassava production and exports followed closely the

developments in the EU. The rapid expansion of

cassava production for export in Thailand is thought

to have been a prime cause of land expansion and

deforestation, followed by land degradation in
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certain areas of the country. This link provides a

good example of how the effects of policies (or policy

distortions such as the high support prices in the

EU) in one part of the world can exert significant

impacts on production, land use and the environ-

ment in distant countries.

The food products in this category will continue

to play an important role in sustaining food

consumption levels in the many countries that have

a high dependence on them and low food consump-

tion levels overall. The main factor responsible for

the decline in the average of the developing coun-

tries (precipitous decline of sweet potato food

consumption in China) will be much weaker, as the

scope for further declines is much more limited than

in the past. In parallel, the two factors that made for

increases in the average, the increase in demand for

potatoes when incomes rise and the potential offered

by productivity increases in the other roots (cassava

and yams), will continue to operate. It will be

possible for more countries in sub-Saharan Africa to

replicate the experiences of countries such as

Nigeria, Ghana, Benin and Malawi, and increase

their food consumption. Thus, the recent upturn in

per capita consumption of the developing countries

is projected to continue.

The main export commodities of the developing coun-

tries. The agriculture and often the overall economy,

as well as the incidence of poverty and food security

of several developing countries, depend to a high

degree on the production of one or a few agricul-

tural commodities destined principally for export,

e.g. tropical beverages, bananas, sugar, oilseeds and

natural rubber. In such cases the overall economies,

and often the welfare of the poor are subject to

changing conditions in the world markets, i.e. the

rate of expansion of such markets and the prices

these commodities fetch. For some commodities, the

rate of expansion of world consumption has been

too slow. For other commodities, such as sugar,

protectionism in the main traditional import

markets of the industrial countries has been a 

prime factor in restricting the growth of exports. In

the face of such constraints, competition among

exporters to capture a market share has resulted in

declining and widely fluctuating export prices.

This has been particularly marked for coffee in

recent years. The industrial countries account for

two-thirds of world coffee consumption and their

consumption per capita has been nearly constant for

two decades. Given their low population growth,

aggregate demand has been growing very slowly

while production has kept increasing, including

from recent entrants in world markets such as Viet

Nam. The result has been that prices have precipi-

tated and this has worsened poverty in the countries

where significant parts of the rural population

depend on coffee for a living.

The importing developing countries have been

increasingly providing market outlets for the

exports of other developing countries. As noted, this

has been the case for commodities such as sugar,

vegetable oils and oilseeds, and natural rubber. It

has been much less so for coffee and, to a lesser

extent, cocoa. For these latter commodities the

growth of export demand over the projection period

will be slow, as it will continue to be dominated by

consumption trends in the industrial countries. In

contrast, higher growth is foreseen in exports of

sugar, vegetable oils and oilseeds, and natural

rubber, fuelled by demand generated in the

importing developing countries where the scope for

expansion of consumption is still considerable. The

policies of the industrial countries severely restricted

imports of commodities such as sugar in the past

(including the turning of the EU from net importer

to net exporter). These policies will be less restrictive

in the future, following policy reforms already

agreed (e.g. the Uruguay Round limits on subsi-

dized exports, the North American Free Trade

Agreement [NAFTA] eventually leading to tariff-free

access of Mexican sugar to the United States, the

EU’s Everything but Arms Initiative [EBA]) and the

new ones that may come in the future.

1.2.3 Issues of trade policy and 
globalization

As noted in the preceding section, the traditional

agricultural trade surplus in the balance of payments

of the developing countries has been diminishing

over time and turned into a net deficit in recent

years. This gradual erosion has reflected the many

factors discussed above that influenced demand and

supply and associated imports and exports of the

individual commodities in the different countries.

Among these factors are the agricultural and trade

policies of the main players in world markets, fore-

most among them the Organisation for Economic
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Co-operation and Development (OECD) countries.

Most OECD countries have traditionally protected

their agriculture sectors heavily, partly through poli-

cies granting domestic support and partly, and

closely related to the former, through trade policies,

such as tariffs, quotas and export subsidies.

The impact of these policies on the trade

performance and on the welfare of the developing

countries has varied widely. There have been clear

losers among the countries exporting products

competing with those of the OECD (e.g. Argentina

for cereals and livestock products, Brazil and Cuba

for sugar), and clear gainers among the countries

that had preferential access to the protected markets.

Possible gainers (from lower prices and plentiful

supplies of cereals in world markets) are to be found

among the consumers of the food import-dependent

developing countries, including those receiving food

aid, but often at the expense of farmers in these 

same countries. More often, the situation is mixed, 

e.g. countries in North Africa benefiting from low-

priced cereal imports but harmed by barriers to their

exports of fresh vegetables.

These support and protection policies affected

above all the trade performance (changed market

shares) as well as consumers (paying higher prices)

and the taxpayers (paying the subsidies) of the

OECD countries themselves. For this reason, most

studies that examined the possible effects of agricul-

tural trade liberalization conclude that the lion’s

share of gains in welfare would accrue to the high-

income countries, and certainly to some developing

countries exporters of competing products, e.g.

cereals, livestock, sugar and vegetables. However,

some developing countries could be harmed, such as

those that enjoy preferential access in protected

markets or those that have few agricultural exports

but import much of their food.

The late 1980s and the 1990s witnessed intensi-

fied efforts to discipline policies that distorted trade.

The resulting Uruguay Round Agreement on

Agriculture (URAA) enshrined a certain measure of

discipline. It mandated reductions in border protec-

tion, trade-distorting domestic support and export

subsidies. These reductions, however, still left the

countries that made heavy use of them in the pre-

URAA period, i.e. primarily most OECD countries,

with considerable scope for continuing them, albeit

at lower levels than before. For countries that made

little use of domestic support and export subsidies,

overwhelmingly the developing ones, the URAA

meant that they were left with very little scope for

using such policies in the future, generally within

the limits of the de minimis clause. In practice, the

URAA legitimized and in a sense froze the divide

between high-protecting countries and the rest.

However, there were some compensations.

Developing countries were not required to reduce

and could increase, or introduce for the first time,

support aimed at their agricultural development,

e.g. investment or input subsidies. In addition, the

widely diffused practice of binding tariffs at levels

well above those effectively applied in the pre-URAA

period afforded significant scope for increasing

border protection through higher tariffs in the

future. These possibilities notwithstanding, some

analysts argue that the URAA may have “institution-

alized” the production and trade-distorting policies

of the OECD countries without addressing the

fundamental concerns of developing countries.

Continuing negotiations on agriculture to liber-

alize trade further are under way. They began in

March 2000 and were later subsumed in the broader

round of multilateral trade negotiations launched by

the WTO at its Fourth Ministerial Conference

(Doha, November 2001). In these negotiations the

potential exists for the concerns of the developing

countries to be addressed more effectively than in

the past under the provision for special and differ-

ential treatment of the developing countries to

reflect their development needs. At the same time,

however, further liberalization will tend to erode the

gains enjoyed by several developing countries of

preferential non-reciprocal access to the protected

markets of the major OECD countries (though

generally to the benefit of other competing devel-

oping countries). Four non-reciprocal preferential

arrangements are of particular relevance: the

Generalized System of Preferences (GSP) under the

WTO; the African, Caribbean and Pacific Group of

States (ACP)-EU Cotonou Agreement; the US Trade

and Development Act of 2000; and the EBA to

provide duty-free and quota-free market access to

the EU for the products of the least developed coun-

tries (LDCs).

While the importance of “classical” border meas-

ures (such as tariffs and quotas) gradually dimin-

ishes, the prominence in trade of the safety and

quality standards increases. The latter concerns

mainly the WTO Agreement on the Application of
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Sanitary and Phytosanitary Measures (SPS), but also

the quality attributes covered under the Agreement

on Technical Barriers to Trade (TBT) and the

Agreement on Trade-Related Aspects of Intellectual

Property Rights (TRIPS). Recent food safety scares

and the advent of genetically modified products

have added to the influence of these standards in

trade. Their application will be increasingly coming

under scrutiny in order to minimize the risk that

they will be used inappropriately to protect domestic

producers from foreign competition. 

The importance of standards in trade has been

greatly boosted by the advance of globalization in

food and agriculture. What was once a set of national

markets linked by raw material trade from land-rich

to land-scarce countries is gradually becoming a

loosely integrated global market with movements of

capital, raw and semi-processed goods, final prod-

ucts and consumer retail services. Intrafirm and

intra-industry trade is increasing in importance so

that the food trade is assuming certain characteris-

tics of the trade in manufactures. Trade policy with

respect to food and agriculture is gradually shifting

beyond concentration on issues pertaining to

primary farming to encompass issues and interests

of the whole food chain, including food processing,

marketing and distribution.

The thrust towards a globalized food and agri-

culture economy is seen as offering opportunities for

developing countries to improve the performance of

their agricultural and food sectors. This is part of the

wider argument that, generally speaking, policies

that favour openness of the economy boost economic

growth. This has knock-on effects on reducing the

numbers below the poverty line, although not neces-

sarily on reducing the income gap between the rich

and the poor or, for that matter, between rich and

poor countries. These are not arguments in favour

of “big bang” liberalization, whether of trade or

capital flows. Empirical evidence suggests that open-

ness and outward-oriented policies are not per se

guarantors of success. More important are the

companion policies on the domestic front that facili-

tate the integration into global markets. These are

policies that provide appropriate transition periods

towards freer trade; help adapt new, external tech-

nologies to the domestic environment; or provide

competition policy settings and design contracts that

also allow small-scale agriculture to thrive within the

operations of transnational corporations (TNCs).

As an important element of globalization in food

and agriculture, experience suggests that TNCs can

make an important contribution as vehicles of

capital, skills, technologies, access to both domestic

and export marketing channels, and creation of

linkages to the rural economy, for example through

contract farming. There are, however, snags such as

excessive concentration of market power (and its

eventual abuse) in the hands of a few large, some-

times vertically integrated, enterprises operating in

many countries. These should be mitigated by

appropriate policies, not by closing the economy to

the broader benefits and, of course, domestic enter-

prises are not devoid of monopolistic elements; on

the contrary, competition from new entrants, even if

foreign, can be a welcome boost to competition.

1.2.4  Factors in the growth of crop production

By 2030, crop production in the developing coun-

tries is projected to be 67 percent higher than in 

the base year (1997/99). In spite of this noticeable

increase in the volume of crop production, in terms

of annual growth rates this would imply a consider-

able slowdown in the growth of crop production as

compared with the past, for the reasons discussed in

Section 1.2.2 concerning the anticipated decelera-

tion in the growth of aggregate demand. Most of this

increase (about 80 percent) would continue to come

on account of a further intensification of crop

production in the form of higher yields and of

higher cropping intensities (multiple cropping and

reduced fallow periods), with the remainder (about

20 percent) coming on account of further arable

land expansion.

The developing countries have some 2.8 billion

ha of land with a potential for rainfed agriculture at

yields above a “minimum acceptable level”. Of this

total, some 960 million ha are already under cultiva-

tion. Most of the remaining 1.8 billion ha however

cannot be considered as land “reserve” since the bulk

of the land not used is very unevenly distributed with

most of it concentrated in a few countries in South

America and sub-Saharan Africa. In contrast, many

countries in South Asia and the Near East/North

Africa region have virtually no spare land left, and

much of the land not in use suffers from one or more

constraints making it less suitable for agriculture. In

addition, a good part of the land with agricultural

potential is under forest or in protected areas, in use
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for human settlements, or suffers from lack of infra-

structure and the incidence of disease. Therefore, it

should not be considered as being a reserve, readily

available for agricultural expansion.

Taking into account availability of and need for

land, arable land in the developing countries is

projected to increase by 13 percent (120 million ha)

over the period to 2030, most of it in the “land-abun-

dant” regions of South America and sub-Saharan

Africa, with an unknown but probably considerable

part of it coming from deforestation. In terms of

harvested land, the land area would increase by 

20 percent (178 million ha) on account of increasing

cropping intensity. The latter will reflect, inter alia,

the growing role of irrigation in total land use and

crop production.

Irrigation is expected to play an increasingly

important role in the agriculture of the developing

countries. At present, irrigated production is esti-

mated to account for 20 percent of the arable land

(but about 30 percent of harvested area because 

of its higher cropping intensities) and to contribute

some 40 percent of total crop production (nearly 

60 percent of cereal production). This share is

expected to increase to 47 percent by 2030. The

developing countries are estimated to have some 

400 million ha of land which, when combined with

available water resources and equipped for irriga-

tion, represent the maximum potential for irrigation

extension. Of this total, about one half (some 

202 million ha) is currently equipped in varying

degrees for irrigation and is so used. The projections

conclude that an additional 40 million ha could

come under irrigated use, raising the total to 242

million ha in 2030. In principle, by that year the

developing countries would be exploiting for agri-

culture some 60 percent of their total potential for

irrigation. Naturally, the harvested area under irri-

gation will increase by more (33 percent), following

fuller exploitation of the potential offered by

controlled water use for multiple cropping.

Expansion of irrigation would lead to a 

14 percent increase in water withdrawals for agri-

culture. This latter result depends crucially on the

projected increase in irrigation water use efficiency

(from 38 to 42 percent on average). Without such

efficiency improvements it would be difficult to

sustain the above-mentioned rates of expansion of

irrigated agriculture. This is most evident in

regions such as the Near East/North Africa (where

water withdrawals for irrigated agriculture account

for over 50 percent of their total renewable water

resources) and South Asia where they account 

for 36 percent. In contrast they account for only 

1 percent in Latin America and 2 percent in sub-

Saharan Africa, with East Asia being in the middle

(8 percent). 

Naturally, these regional averages mask wide

intercountry differences in water scarcities.

Countries using more than 40 percent are consid-

ered to be in a critical situation. There are ten devel-

oping countries in that class, including countries

such as Saudi Arabia and the Libyan Arab

Jamahiriya which use more than 100 percent of their

renewable resources (mining of fossil groundwater),

and another eight countries are using more than 

20 percent, a threshold which could be used to indi-

cate impending water scarcity. By 2030 two more

countries will have crossed this threshold and by

then 20 developing countries will be suffering actual

or impending water scarcity. Within-country differ-

ences can be as wide as intercountry ones. Large

regions within countries can be in a critical situation

even if the national average withdrawals for irriga-

tion are relatively modest. China is in that class with

the north facing severe constraints while the south is

abundantly endowed with water.

As already mentioned, yield growth will remain

the mainstay of crop production growth. For most

crops, however, the annual growth rate of yields over

the projection period will be well below that of the

past. For example, the growth rate of the average

cereal yield of the developing countries is projected

to be 1.0 percent p.a., as compared with the 

2.5 percent p.a. recorded for 1961-99. This deceler-

ation in growth of yields has been under way 

for some time now. For example, in the last 

ten years (1991-2001) it was already down to 

1.4 percent p.a. Intercountry differences in yields

are wide and are projected to remain so. They

reflect in part differences in agro-ecological condi-

tions and in part differences in agricultural manage-

ment practices and the overall socio-economic and

policy environment. To the extent that the latter

factors change (e.g. if scarcities developed and prices

rose), or can be made to change through policy,

yields could grow in the countries where the agro-

ecological potential exists for this to happen under

changed agronomic practices, e.g. better varieties

and fertilization.
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Chapter 11 provides some illustrative evidence

on the existence of such potential in the different

countries. It does so by comparing the prevailing

yields with those that are attainable under advanced

(or high-input) agriculture in those parts of the

land that are evaluated as being suitable for the

individual crops from the standpoint of agro-

ecological conditions. Naturally, the existence of

such gaps in yields in no way suggests that countries

with yields well below their agro-ecologically attain-

able ones are less efficient producers economically.

Often, the contrary is true. For example, the major

exporters of wheat (North America, Argentina and

Australia) have low to medium yields well under

their attainable ones under high input farming. Yet

they are competitive low-cost producers compared

with some countries attaining much higher yields,

often near their maximum potential, e.g. many

countries of the EU.

In conclusion, the yield growth foreseen for the

future, although lower than in the past, can still be

the mainstay of production increases and need not

imply a break from past trends in the balance

between demand and supply of food at the world

level. This could be so precisely because the demand

will also be growing at lower rates. The issue is not

really whether the yield growth rates will be slower

than in the past. They will. Rather the issue is if such

slower growth is sufficient to deliver the required

additional production. 

Naturally, this slower yield growth may not

happen unless we make it happen. In particular, the

higher yields of the future cannot come only, or even

predominantly, from the unexploited yield potential

of existing varieties in the countries and agro-ecolo-

gies where such potential exists. It will need also to

come from countries and agro-ecologies where such

potential is very limited. This requires continued

support to agricultural research to develop

improved varieties for such environments (including

those coming from modern biotechnology, see

Section 1.2.5 below).

The preceding discussion may have created the

impression that we are saying that there is, or there

can be developed, sufficient production potential for

meeting the increases in effective demand that may

be forthcoming in the course of the next three

decades. The impression is correct so long as it

refers to the world as a whole. But this is not saying

that just because such global potential exists, or can

be developed, all people will be food-secure in the

future. Far from it, as already discussed. Food 

security and food production potential are however

closely related in poor and agriculturally dependent

societies. Many situations exist where production

potential is limited (e.g. in the semi-arid areas given

existing and accessible technology, infrastructure,

etc.) and a good part of the population depends on

such poor agricultural resources for food and more

general livelihood. Unless local agriculture is devel-

oped and/or other income-earning opportunities

open up, the food insecurity determined by limited

production potential will persist, even in the middle

of potential plenty at the world level. The need to

develop local agriculture in such situations as the

often sine qua non condition for improved food 

security cannot be overemphasized.

In the same vein, the above-mentioned need to

continue the agricultural research effort (including

in biotechnology) to improve yields, even if yield

potentials of existing varieties are not fully exploited

in many countries, finds its justification in these

same considerations. For example, the existence of

significant unexploited yield potential for wheat in

Ukraine or Argentina does not obviate the need for

research to raise yield ceilings for the agro-ecological

and other conditions (e.g. salinity and water short-

ages) prevailing in the irrigated areas of South Asia.

The bulk of the additional demand for wheat in

South Asia will not be for the wheat that could be

potentially produced in Ukraine or Argentina. It will

materialize only as part of the process of increasing

production locally for the reasons discussed earlier

(increased production stimulates the local rural

economy).

Behind all these statements, of course, looms

large the issue of whether the continuing intensifica-

tion of agriculture that proceeds even under 

decelerating yield growth rates is a sustainable

proposition. That is, is the capacity of agriculture to

continue to produce as much as is needed for all

people to be well-fed now and in the future being

put in jeopardy, e.g. because of land degradation,

depletion or otherwise deterioration of water

resources. Would the externalities generated in the

process of agricultural expansion and intensification

(e.g. water and air pollution, disturbance of habitat,

loss of biodiversity, etc.) not impose unacceptable

costs to society? An overview of these issues is given

in section 1.2.9 below, and the issues are treated in
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more detail in Chapter 12. The technological

options to minimize risks and transit to a more envi-

ronmentally benign and resource-conserving agri-

culture, while still achieving the needed production

increases, are explored in Chapter 11. Here suffice

to say that we foresee a rather drastic slowdown in

the use of mineral fertilizer.

Fertilizer use (nutrients NPK) in the developing

countries is projected to increase by 1.1 percent p.a.

from 85 million tonnes in 1997/99 to 120 million

tonnes in 2030 (at world level from 138 million

tonnes to 188 million tonnes). This is a drastic slow-

down as compared with the past (e.g. 3.7 percent for

1989-99). The slowdown reflects the expected

continuing deceleration in agricultural production

growth, the relatively high levels of application that

prevail currently, or will be gradually attained, in

several countries, and the expected increase in fertil-

izer use efficiency, partly induced by environmental

concerns. Fertilizer use per hectare in the devel-

oping countries is projected to grow from 89 kg in

1997/99 to 111 kg in 2030 (near the current level of

use in the industrial countries). East Asia would

continue to have the highest consumption, reaching

266 kg per ha, while sub-Saharan Africa would still

have under 10 kg/ha in 2030, well below what would

be required to eliminate nutrient mining and deteri-

oration of soil fertility in many areas.

Significant changes are expected to occur in the

mechanization of agriculture which will change the

role played by the different sources of power in

land tilling and preparation: human labour,

draught animals and machines. There is currently

wide diversity among countries and regions as to

the role of these three power sources. Human

labour predominates in sub-Saharan Africa (some

two-thirds of the land area is cultivated by hand)

and is significant also in Asia, both South (30 percent)

and East (40 percent – the estimate for East Asia

excludes China). In contrast, it is mostly tractor

power in Latin America and the Near East/North

Africa. Draught animals account for shares in total

power supply comparable to those of human labour

in all regions except sub-Saharan Africa, where

their use is much less common.

The future is likely to see further shifts towards

the use of mechanical power substituting for both

human labour and draught animals. The driving

forces for such changes are part of the development

process (e.g. urbanization and opening of alternative

employment opportunities) but also reflect more

specific factors pertaining to agriculture and partic-

ular socio-economic contexts. These include changes

in cultivation methods (spread of no-till/conserva-

tion agriculture, change from transplanting to

broadcast rice seeding, etc.), in cropping patterns

and in some factors affecting the rural workforce

such as the impact of HIV/AIDS (an important

factor in several countries of sub-Saharan Africa).

Only in sub-Saharan Africa will human labour

remain the predominant source of power. This is

also the only region where draught animals are

likely to increase their share, with tractors cultivating

no more than about a quarter of the total crop 

area even in 2030. This compares with shares of 

50-75 percent that will have been reached in the

other regions.

1.2.5 Agricultural research and 
biotechnology in the future

The spread of science-based agriculture emanating

from the significant past investments in agricultural

research underpinned much of the growth of 

agriculture in the historical period. The need for

further increases in production in the future while

conserving the resource base of agriculture and

minimizing adverse effects on the wider environ-

ment, calls for ever greater contributions from agri-

cultural research. The research agenda for the

future will be more comprehensive and complex

than in the past because the resource base of agri-

culture and the wider environment are so much

more stretched today compared with the past.

Research must increasingly integrate current

advances in the molecular sciences, in biotechnology

and in plant and pest ecology with a more funda-

mental understanding of plant and animal produc-

tion in the context of optimizing soil, water and

nutrient use efficiencies and synergies. Effective

exploitation of advances in information and commu-

nication technology will be necessary not only to

facilitate interactions across this broad spectrum 

of scientific disciplines but also to document and 

integrate traditional wisdom and knowledge in the

planning of the research agenda and to disseminate

the research results more widely.

Much of the additional production must origi-

nate in the developing countries and at least part of

it must originate in the agriculture practised by the
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poor in ways that will also contribute to raising their

incomes and food demand as well as those of the

wider rural economy. It follows that the research

effort must be increasingly oriented in three direc-

tions, namely, that it must:

! enhance the capability of world agriculture to

underpin further substantial growth in produc-

tion and also improve nutritional attributes of

the produce;

! raise the productivity of the poor in the agro-

ecological and socio-economic environments

where they practise agriculture and earn a

living; and

! maintain the productive capacity of resources

while minimizing adverse effects on the wider

environment.

These considerations, particularly the last two,

suggest a growing role for public sector research.

Yet support for public sector research (both national

and international) has declined significantly over

the past decade at a time when private sector invest-

ment in biotechnology research has been growing

fast. By now the private sector has built up

expertise, technologies and products that are

considered essential to the development and growth

of tropical agriculture based on rapidly advancing

biotechnologies and genetically engineered prod-

ucts. It follows that potential synergies between the

private sector and public research offer significant

scope for directing more of the research effort in the

above-mentioned directions. In particular, such

synergies can lead research to underpin a new tech-

nology revolution with greater focus on the poor by

putting special emphasis on those crop varieties and

livestock breeds that were largely ignored

throughout the green revolution, but that are

specifically adapted to local ecosystems. These

include crops such as cassava and the minor root

crops, bananas, groundnuts, millets, some oilcrops,

sorghum and sweet potato. Indigenous breeds of

cattle, sheep, goats, pigs and poultry and locally

adapted fish species must also receive much greater

priority. A particular focus in the new research

agenda should be on plant tolerance to drought,

salinity and low soil fertility since nearly half of the

world’s poor live in dryland regions with fragile

soils and irregular rainfall.

The experience to date suggests that biotech-

nology, if well managed, can be a major contributor

to all three objectives. Modern biotechnology is not

limited to the much publicized (and often contro-

versial) activity of producing genetically modified

organisms (GMOs) by genetic engineering, but

encompasses activities such as tissue culture,

marker-assisted selection (potentially extremely

important for improving the efficiency of traditional

breeding) and the more general area of genomics. 

The GM crops most diffused commercially at 

the moment incorporate traits for herbicide 

tolerance (Ht) or insect resistance (Bt, from Bacillus

thuringiensis), while maize and cotton combining

both Ht and Bt traits (stacked traits) have also been

released recently. Ht soybeans dominate the picture

(they account for 63 percent of total area under GM

crops and for 46 percent of the global area under

soybeans), followed by maize, cotton and canola.

Diffusion has been very fast although concentrated

in a limited number of countries. The United States

accounts for over two-thirds of the 53 million ha

under GM crops globally. These first-generation

GM crops have not been bred for raising yield

potential, and any gains in yields and production

have come primarily from reduced losses to pests.

They have proved attractive to farmers in land-

intensive and labour-scarce environments (prima-

rily the developed countries) or those with a high

incidence of pests because they save on inputs,

including labour for pest control.

The interest for the developing countries even

of these first-generation GM technologies lies in the

fact that they embody the required expertise for

pest control directly into the seeds. This is particu-

larly important for environments where sophisti-

cated production techniques are difficult to

implement, are simply uneconomic or where

farmers do not command the management skills to

apply inputs at the right time, sequence and

amount. The spectacular success of Bt cotton in

China (higher yields, lower pesticide use and overall

production costs, greatly reduced cases of human

poisoning) may bear witness to the usefulness of

these GM traits for the agriculture of the developing

countries.

The potential benefits can be enhanced by

further innovations currently in the pipeline in the

general area of pest control. These include herbi-

cide tolerance and insect resistance traits for other

crops such as sugar beet, rice, potatoes and wheat;

virus-resistant varieties for fruit, vegetables and
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wheat; and fungus resistance for fruit, vegetables,

potatoes and wheat. Even more interesting could be

the eventual success of current efforts to introduce

into crops new traits aimed at enhancing tolerance

to abiotic stresses such as drought, salinity, soil

acidity or extreme temperatures. Attempting to

raise productivity in such situations using GM vari-

eties can be the cheaper, and perhaps the only

feasible, option given the difficulties of pursuing the

same objective with packages of interventions based

on existing technology.

The transition from the first to the second

generation of GM crops is expected to shift the

focus towards development of traits for higher and

better quality output. Many of these new traits have

already been developed but have not yet been

released to the market. They include a great variety

of different crops, notably soybeans with higher and

better protein content or crops with modified oils,

fats and starches to improve processing and

digestibility, such as high stearate canola, low

phytate or low phytic acid maize, beta carotene-

enriched rice (“golden rice”), or cotton with built-in

colours. First efforts have been made to develop

crops that allow the production of nutraceuticals or

“functional foods”, medicines or food supplements

directly within the plants. As these applications can

provide immunity to disease or improve the health

characteristics of traditional foods, they could

become of critical importance for an improved

nutritional status of the poor.

However, not all is bright with the potential

offered by biotechnology for the future of agricul-

ture in its main dimensions (enhancing production,

being pro-poor, conserving resources and mini-

mizing adverse effects on the environment). With

the present state of knowledge, there persist signifi-

cant uncertainties about the longer-term impacts

and possible risks, primarily for human health (e.g.

toxicity, allergenicity) or for the environment, e.g.

fears of transmission of pest resistance to weeds,

buildup of resistance of pests to the Bt toxins or the

toxic effect of the latter on beneficial predators (see

Chapter 11 for details). There is, therefore, a well-

founded prima facie case for being prudent and

cautious in the promotion and diffusion of these

technologies.

However, the degree of caution any society will

have about these products depends on societal pref-

erences about their perceived risks and benefits.

Certain segments of high-income societies with

abundant food supplies (and occasional problems of

unwanted surpluses) are unwilling to take any risks

in order to have more and cheaper food, particu-

larly when it comes to staples such as grains, roots

and tubers. In contrast, poor societies with high

levels of food insecurity can be expected to attach

more weight to potential benefits and less to

perceived risks. Obviously, the solution cannot be to

let each society make its own choices, because the

potential risks affect the global commons of envi-

ronment, biodiversity and human health. All

humanity has a stake in the relevant developments.

Moreover, not all stakeholders are equally well

informed about the pros and cons of the new tech-

nologies. In addition, the absence of a widely shared

consensus risks segmenting the world food

economy. It may raise obstacles to trade in products

that may be acceptable to some countries and not to

others.

Finding a solution calls for wide-ranging, well-

informed, transparent and fully participatory

debate. This is not an easy proposition, because the

wealthiest and most risk-adverse societies (or signif-

icant segments of such societies) have a dispropor-

tionate command over scientific knowledge

(including proprietary rights to the technologies)

and over the media that can decisively influence the

debate. If these distortions remain uncorrected, one

cannot feel confident that the debate will lead to

optimal results from the standpoint of world

welfare. Hence the need for a stronger role of the

public sector research system, particularly of the

international one, in the generation and diffusion of

technologies and related knowledge about the pros 

and cons.

Besides these possible retarding factors relating

to the need for prudence and caution in the face of

scientific uncertainties, there are other factors from

the socio-economic and institutional spheres, often

interacting with the former, that may act in the same

direction. The principal among them have to do with

the growing control by a small number of large firms

of the availability and cost of inputs and technologies

farmers will be using and of the use of scientific

discoveries for the further development of tech-

nology. A whole array of issues pertaining to the

establishment and enforcement of intellectual prop-

erty rights (IPRs) and genetic use restriction tech-

nologies (GURTs) are relevant here (see Chapter 11).
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1.2.6 Growth in livestock production

Livestock production accounts globally for 40 percent

of the gross value of agricultural production (and for

more than half in developed countries). Developing

countries will continue to increase their part in

world production, with their share in meat going up

to two-thirds of the world total by 2030 (from 

53 percent in 1997/99) and in milk to 55 percent

(from 39 percent). The past trend for the livestock

sector to grow at a high rate (and faster than the

crop sector) will continue, albeit in attenuated form,

as some of the forces that made for rapid growth in

the past (such as China’s rapid growth) will weaken

considerably (see discussion above).

The contribution of the increase in the number

of animals will remain an important source of

growth, but less so than in the past. In the meat

sector, higher carcass weights will play a more

important role in beef production and higher

offtake rates (shorter production cycles) in pig and

poultry meat production. The differences in yields

(meat or milk output per animal) between devel-

oping and industrial countries are, and will likely

remain, significant for bovine meat and milk, but

much less so for pork and poultry, reflecting 

the greater ease of transfer and adoption of produc-

tion techniques. However, factors making for a

widening technology gap are also present and may

become more important in the future. Among them,

the most important is the development and progres-

sive application of biotechnological innovations in

the developed countries. The developing countries

are not well suited to benefit; in the first place

because they often lack the essential human, institu-

tional and other infrastructure, and second because

large private companies do not produce such inno-

vations for small farmers in tropical countries.

The broad trends that are shaping the produc-

tion side of the livestock sector evolution may be

summarized as follows:

! an increasing importance of monogastric live-

stock species compared with ruminants, together

with a shift towards increased use of cereal-based

concentrate feeds;

! a change, at varying rates according to the

region, from multiple production objectives to

more specialized intensive meat, milk and egg

production within an integrated global food and

feed market. The trend for industrial livestock

production to grow faster than that from mixed

farming systems and, even more, from grazing

will continue;

! the spread of large-scale, industrial production

with high livestock densities near human popula-

tion centres brings with it environmental and

public health risks, as well as livestock disease

hazards. The latter will be enhanced as increasing

proportions of world livestock production will 

be originating in warm, humid and more

disease-prone environments;

! animal health and food safety issues associated

with these developments are further intensified

by the growing role of trade in both live animals

and products as well as in feeds;

! increasing pressure on, and competition for,

common property resources, such as grazing and

water resources, greater stresses on fragile exten-

sive pastoral areas and more pressure on land in

areas with very high population densities and

close to urban centres.

Policies to address all these issues are required if

society is to benefit from the high-growth subsector

of agriculture. For the developing countries, besides

improved nutrition from higher consumption of

animal proteins, the potential exists for livestock

sector development to contribute to rural poverty

alleviation. It is estimated that livestock ownership

currently supports and sustains the livelihoods of

675 million rural poor. Benefits to the rural poor

from the sector’s growth potential are not, however,

assured without policies to support their participa-

tion in the growth process. If anything, experience

shows that the main beneficiaries of the sector tend

to be a relatively small number of large producers in

high-potential areas with good access to markets,

processors and traders, and middle-class urban

consumers. Desirable policy responses are discussed

in Chapter 5, as are those relating to the all-impor-

tant area of health (both animal and human) and

food safety.

1.2.7 Probable developments in forestry

During the last two decades, pressures on dimin-

ishing forest resources have continued to grow.

Traditionally, forestry outcomes were determined by

demands for wood and non-wood forest products

and the use of forest land for expansion of agricul-

ture and settlements. However, in more recent years
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there has been a growing recognition of the impor-

tance of forestry in providing environmental goods

and services such as protection of watersheds,

conservation of biodiversity, recreation and its

contribution to mitigating climate change. This

trend is expected to persist and strengthen during

the next 30 years, and increasingly the provision of

public goods will gain primacy. In parallel, the

expansion of forest plantations and technological

progress will greatly help to match demand and

supply for wood and wood products and contribute

to containing pressures on the natural forest.

FAO’s Forest Resources Assessment 2000 

estimates the global forest area in 2000 at about 

3 870 million ha or about 30 percent of the land

area. Tropical and subtropical forests comprise 

48 percent of the world’s forests, with the balance

being in the temperate and boreal categories.

Natural forests are estimated to constitute about 

95 percent of global forests and plantation forests 

5 percent. Developing countries account for 

123 million ha (55 percent) of the world’s forests, 

1 850 million ha of which are in tropical developing

countries. During the 1990s, the net annual decline

of the forest area worldwide was about 9.4 million

ha, the sum of an annual forest clearance estimated

at 14.6 million ha (a slight decline from that of 

the 1980s) and an annual forest area increase of 

5.2 million ha. Nearly all forest loss is occurring in

the tropics. Population growth coupled with agricul-

tural expansion (especially in Africa and Asia) and

agricultural development programmes (in Latin

America and Asia) are major causes of forest cover

changes.

In most developed countries, deforestation has

been arrested and there is a net increase in forest

cover. Such a situation is seen also in a number of

developing countries, largely because of reduced

dependence on land following the diversification of

the economies. By 2030 most agriculture-related

deforestation in Asia and to some extent also in

Latin America could have ceased. In parallel,

however, economic growth puts additional pressures

on the forest by stimulating the demand for forest

products, especially sawnwood, panel products and

paper. Things may not move in that direction in

Africa, where population growth, combined with

limited changes in agricultural technologies and the

absence of diversification, could result in continued

forest clearance for agricultural expansion.

Current efforts towards wider adoption of

sustainable forest management are expected to

strengthen, although such efforts may not be

uniform and are critically dependent on political

and institutional changes. Inadequate investment in

capacity building and persistent weaknesses of the

political and institutional environment may limit the

wider adoption of sustainable forest management in

several countries, especially in sub-Saharan Africa.

Industrial wood demand is expected to grow, but

this is estimated to be lower than in earlier forecasts.

As noted, the area in forest plantations has been

growing at a fast rate: it grew from 18 million ha in

1980 to 44 million ha in 1990 and to 187 million ha

in 2000. Plantations are now a significant source of

roundwood supply and they will become more so 

in the future. They could double output to some 

800 million m3 by 2030, supplying about a third of

all industrial roundwood. There will be substantial

involvement of the private sector, including small

farmers in the production of wood, also coming

from “trees outside forests” (trees planted around

farms, on boundaries, roadsides and embankments).

The probable further growth of legally protected

forest areas should be feasible without too much

impact on future wood supplies. On the demand

side, technological improvements in processing

would help to reduce raw material requirements per

unit of final product. Overall, the longer-term

outlook for the demand-supply balance looks now

much less problematic than in the past.

An estimated 55 percent of global wood produc-

tion is used as fuelwood. Tropical countries account

for more than 80 percent of global fuelwood

consumption. Wood will continue to be the most

important source of energy in the developing coun-

tries, especially for the poor in sub-Saharan Africa

and most of South Asia. No significant changes in

fuelwood consumption are likely over the period to

2015. Wood will remain a readily accessible source of

fuel for millions of poor people throughout the

world. Forests close to urban centres may continue

to be subjected to heavy exploitation to meet the

growing demand for charcoal. Notwithstanding

localized shortages, demand will more or less be met,

and demand for fuelwood may trigger planting in

farmlands and other areas not used for agricultural

purposes. The shift towards alternative fuels may

accelerate beyond 2015, depending on changes in

access to such fuels.
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Improved access to manufactured products

would reduce the dependence on several of the 

non-wood forest products traditionally used for

subsistence consumption. There will however be an

increased demand for certain items, especially

medicinal and aromatic plants, ethnic foods 

and industrial products. While unsustainable

exploitation from natural forests could result in a

substantial decline in the supply of some of the valu-

able non-wood forest products, this may eventually

lead to domestication and commercial cultivation of

some of the more valuable ones. Although there will

be significant improvements in the processing tech-

nologies, the producers of raw material are unlikely

to be the main beneficiaries. This largely stems from

persistent weakness in the research and develop-

ment capacity of the producers.

During the next 30 years, one could witness an

increase in the non-consumptive uses of forests,

especially for protection of biodiversity, conservation

of soil and water, mitigation of global climate change

and recreational uses. In fact the cultural and 

recreational uses of forests will gain prominence,

although in many developing countries consumptive

use of forest products will remain important.

Environmental standards in forest resource manage-

ment will be widely adopted. Although the expan-

sion of protected areas may not be rapid, protection

objectives will be growing in importance as determi-

nants of forest land uses. Increasingly there are

efforts to enhance the scope for action by the private

sector, communities, non-governmental organiza-

tions (NGOs) and civil society at large. These latter

changes, coupled with technological improvements,

will bring about significant qualitative changes in

forestry.

1.2.8  Plausible developments in fisheries

Fish remains a preferred food. Average world 

per capita consumption continued to increase to 

16.3 kg in 1999, up from 13.4 kg in 1990. This

development was heavily dominated by events in

China. Excluding China, the apparent consumption

per person in the rest of the world actually declined

from 14.4 kg in 1990 to 13.1 kg in 1999. There are

very wide intercountry differences. Reported per

capita consumption ranges from less than 1 kg in

some countries to over 100 kg in others. The global

average per capita consumption could grow to 

19-20 kg by 2030, raising total food use of fish to

150-160 million tonnes (97 million tonnes in 1999).

Marine capture fisheries have in the 1990s shown

annual catches of between 80 and 85 million tonnes.

Inland catches increased slowly to 8.3 million tonnes

in 1999. While the gross volume of marine catches

has fluctuated and does not show any definite 

trend, the species composition of the catch has

changed, with high-value species (bottom-dwelling,

or demersal species and large pelagics) gradually

being substituted by shorter-lived surface dwelling

(pelagic) and schooling fish.

By the end of the 1990s, an estimated 47 percent

of major marine fish stocks were fully exploited,

about 18 percent overfished, and another 9 percent

depleted. Only a quarter of the fish stocks were

moderately exploited or underexploited. The long-

term yearly sustainable yield of marine capture fish-

eries is estimated at approximately 100 million

tonnes. This assumes more efficient utilization of

stocks, healthier ecosystems and better conservation

of critical habitats. Increased landings also depend

on improved selectivity of fishing gear, leading to

less discarding of unwanted fish, and on sustained

higher levels of catch from fisheries on restored

stocks. However, this increase will be slow in materi-

alizing. Moreover, the estimated potential yield of

capture fisheries (100 million tonnes) includes large

quantities of currently minimally exploited living

aquatic resources in the oceans, of which the most

well known are krill, mesopelagic fish and oceanic

squids.

The bulk of the increase in supply will therefore

have to come from aquaculture. During the 1990s,

aquaculture has shown a spectacular development

(most of it in Asia, with China accounting for 

68 percent of world aquaculture production), and by

1999 aquaculture accounted for 26 percent of world

fish production (even 34 percent of fish food

supplies). This growth could continue for some time,

although constraints (lack of feeding stuffs, diseases,

lack of suitable inland sites, environmental prob-

lems, etc.) are becoming more binding. Unless these

constraints are relaxed, the long-term growth

prospects of aquaculture, and hence of fish

consumption, could be seriously impeded.

On the feed side, fishmeal producers expect that

within a decade or so the aquaculture industry will

use up to 75 to 80 percent of all fish oil produced,

and about half of the available white fishmeal, while



23

INTRODUCTION AND OVERVIEW

the prospects for growth in supplies are not encour-

aging. Although considerable research efforts have

been undertaken, a satisfactory replacement for fish

oil in aquaculture feed has still to be found. The

proportion of fish reduced to fishmeal and oil (at

present some 30 million tonnes) is likely to fall. In

spite of an increasing demand for fishmeal following

the intensification of livestock production and

further expansion of aquaculture, an increasing

share of small pelagic species (normally used for

reduction) is likely to be used for food. The fishmeal

industry will therefore be forced to find other

sources, the most likely of which is zooplankton

(initially Antarctic krill).

The single most important influence on the

future of wild capture fishery is one of governance.

Although in theory renewable, wild fishery resources

are in practice finite for production purposes. They

can only be exploited so much in a given period; if

overexploited, production declines and may even

collapse. Hence total fishery production from the

wild cannot increase indefinitely. Resources must be

harvested at sustainable levels, and access must be

equitably shared among producers. So far only very

few managers have succeeded in creating sustainable

fisheries. As fish resources grow increasingly scarce,

conflicts over allocation and sharing are becoming

more frequent.

The principal policy challenge is to establish

rules for access to fish stocks. Fisheries based on

explicit and well-defined rights of access will need to

become more common; when rights are well

defined, understood and observed, allocation

conflicts tend to be minimized. These issues are the

subject of an increasing body of international and

bilateral agreements dealing with legal access rights.

Another major policy challenge is to bring the

global fishing fleet capacity back to a level at which

global fish stocks can be harvested sustainably and

economically. Past policies have promoted the

buildup of excess capacity in the fishing fleet and

incited fish farmers to increase the catch beyond

sustainable levels. Policies have to react fast to

unwind the overcapacity that has been built up over

the past to ensure a return to a steady-state fish stock.

This process is already under way and has, among

other things, led to a contraction of the capture fish-

eries labour force in developed countries.

A third important policy consideration is the

increasing pressure from various quarters in society

to reduce environmental damage associated with

both capture and culture fisheries. This has also led

to a set of national and international rules and 

laws, some voluntary in nature, regulating fishery

methods.

A major factor, affecting both the sustainability of

capture fisheries and the expansion of aquaculture,

will be the expected improvements in the under-

standing of the marine ecosystem. Improved knowl-

edge will encompass the working of ecosystems,

including the dynamics of fish stocks, and the effects

of human intervention on such ecosystems. This

knowledge would increase fisheries productivity,

facilitate improved fisheries management and

enable monitoring of fisheries operations, to ensure

compliance with rules and regulations and to assess

their impact on the environment.

1.2.9 Environmental aspects of natural
resource use in agriculture

The quantum gains in agricultural production and

productivity achieved in the past were accompanied

by adverse effects on the resource base of 

agriculture that put in jeopardy its productive

potential for the future. Among these effects are, for

example, land degradation; salinization of irrigated

areas; overextraction of underground water;

growing susceptibility to disease and buildup of pest

resistance favoured by the spread of monocultures

and the use of pesticides; erosion of the genetic

resource base when modern varieties displace tradi-

tional ones and the knowledge that goes with their

use. Agriculture also generated adverse effects on

the wider environment, e.g. deforestation, loss or

disturbance of habitat and biodiversity, emissions of

greenhouse gases (GHGs) and ammonia, leaching of

nitrates into waterbodies (pollution, eutrophication),

off-site deposition of soil erosion sediment and

enhanced risks of flooding following conversions of

wetlands to cropping.

The production increases in prospect at the

world level for the period to 2030 (in terms of the

absolute quantities involved) will be of an order of

magnitude similar to those that took place in the

comparable historical period (e.g. for cereals and

sugar) or even higher (e.g. for meat and vegetable

oils). Thus, almost another billion tonnes of cereals

must be produced annually by 2030, another 

160 million tonnes of meat, and so on. It follows that
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pressures on the resources and the environment will

continue to mount. The challenge facing humanity

is how to produce the quantum increases of food in

sustainable ways (preserving the productive poten-

tial of the resource) while keeping adverse effects on

the wider environment within acceptable limits. A

priori, the task looks more difficult than in the past

because:

! resources are more stretched today than they

were 30 years ago (e.g. water shortages are more

severe, GHG concentrations are higher, etc.),

hence the risk that further deterioration will act

as a break to development is much more present;

! the growing share of the developing countries in

world production means that pressures will be

increasingly gathering in the agro-ecological

environments of the tropics which are more

fragile than the temperate ones and contain

much of the world’s biodiversity;

! in most of these countries, conventional objec-

tives of agricultural development (food security,

employment and export earnings) can easily take

precedence over those of sustainability and 

environmental conservation, no matter that 

for them the preservation of the productive

potential of their agriculture is much more

crucial for their survival than it is for the 

industrial countries where agriculture is a small

part of the economy;

! the research and technology capabilities for

finding solutions to respond to the problems

reside predominantly in the industrial countries

and less so in the developing ones where they are

most needed.

The preceding considerations and the magni-

tudes involved suggest that the increases in produc-

tion and associated progress in food security cannot

be achieved at zero environmental cost. The issue is

whether any threats to the resource base of agricul-

ture and the generation of other environmental

“bads” associated with more production and

consumption can be contained within limits that do

not threaten sustainability, that is the ability of future

generations to have acceptable food security levels

within acceptable more general living standards,

including a clean environment. Often the choices

present themselves in the form of what are accept-

able trade-offs, rather than whether we can have

something for nothing. There are trade-offs over

time, among the different dimensions of sustain-

ability and over space (e.g. among countries or

regions within countries).

An example of trade-offs over time is the eventu-

ality that deforestation (including more general

disruption of wildlife habitats) of the past as well as

the one now taking place could be reversed in the

future when the pressures for further increases in

output will be eased and the advancement of yields

could lead to less land being needed for any given

level of output. Europe’s experience seems to point

in this direction.

Trade-offs between different dimensions of

sustainability include, for example, the higher herbi-

cide applications that could accompany efforts to

increase water use efficiency and/or reduce methane

emissions by shifting rice cultivation from flooded

and transplant to direct seeding. Similarly, the shift

to no-till/conservation agriculture in order to reduce

soil erosion risks and increase the carbon sequestra-

tion capacity of soils (see below), favours the devel-

opment of weeds that may provoke increased use of

herbicides. In like manner, combating the effects of

saltwater intrusions into irrigation aquifers in coastal

areas (because of overextraction or sea level rise)

may require the acceptance of genetically modified

salt-tolerant crops together with some as yet

unknown risks. In livestock, the shift from ruminant

meat to pork and poultry may slow down the growth

of methane emissions from ruminant livestock but

will aggravate the problem of livestock effluent

pollution from large pig and poultry industrial units.

Similarly, grazing restraints on extensive rangelands

have their counterpart in the increase of feedlot-

raised cattle with, as a result, enhanced point source

pollution as well as eventual effects on arable land

elsewhere, including in other countries, generated

in the process of producing more cereals for the

feedlots.

Trade-offs among countries relate primarily to

the potential offered by international agricultural

trade to spread across the globe the environmental

pressures from increased production. The indi-

vidual countries differ as to their capabilities to

withstand adverse effects associated with increasing

production because they differ in the relative 

abundance of their resource endowments; they

possess agro-ecological attributes that make their

resources more or less resilient; or they are at

present more or less stretched from past accumula-
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tion of environmental damages. Countries also

differ as to their technological and policy prowess

for finding solutions and responding to emerging

problems.

Trade can contribute to minimizing adverse

effects on the global system if it spreads pressures in

accordance with the capabilities of the different

countries to withstand and/or respond to them.

Whether it will do so depends largely on how well

prices in each country reflect its “environmental

comparative advantage”. This requires that, in addi-

tion to absence of policy distortions that affect trade,

the environmental “bads” generated by production

be embodied in the costs and prices of the traded

products, which is not normally the case when exter-

nalities are involved. If all countries meet these

conditions, then trade will contribute to minimizing

the environmental “bads” globally as they are

perceived and valued by the different societies,

although not necessarily in terms of some objective

physical measure. This latter qualification is impor-

tant because different countries can and do attach

widely differing values to the environmental

resources relative to the values of other things, such

as export earnings and employment. In the end, the

values of environmental resources relative to those

of other things are anthropocentric concepts and

countries at different levels of development and with

differing resource endowments are bound to have

differing priorities and relative valuations. 

An additional mechanism through which trade

can contribute to spread pressures across the globe

in ways that minimize adverse effects on sustain-

ability has to do with the enhanced degree of

product substitutability afforded by trade, e.g.

substituting imported palm oil for locally produced

oil from sunflower seed or soybeans. Producing a

tonne of palm oil in East Asia requires only a fraction

of the agrochemicals (fertilizer and pesticides) used

to produce a tonne of oil from sunflower seed or

soybeans in Europe, for example.

In considering the prospects for the future, we

must be aware that history need not repeat itself as

concerns the extent to which the continued growth

of production will be associated with adverse effects.

The projections to 2030 suggest that some effects

will be different from those of the past simply

because their determinants will be changing, e.g. the

lower growth of rural population will tend to slow

down the rate of deforestation. Others will be

different because of policy changes; for example, the

EU, having paid the environmental cost of trans-

forming itself from a large net importer of sugar to a

large net exporter, now has policies that do not

favour further expansion of exports. Finally, history

need not repeat itself because of the wider adoption

of more environmentally benign technologies and of

policies that favour them and/or remove incentives

for unsustainable practices, e.g. for expansion of

ranching into forested areas. Approaches to agricul-

tural production that offer scope for minimizing

adverse impacts include those described in the

following paragraphs.

Integrated pest management (IPM) promotes

biological, cultural, physical and, only when essen-

tial, chemical pest management techniques.

Naturally occurring biological control is encour-

aged, for example through the use of alternate plant

species or varieties that resist pests, as is the adoption

of land management, fertilization and irrigation

practices that reduce pest problems. If pesticides are

to be used, those with the lowest toxicity to humans

and non-target organisms should be the primary

option. Precise timing and application of any pesti-

cides used are essential. Broad-spectrum pesticides

are only used as a last resort when careful moni-

toring indicates they are needed according to 

pre-established guidelines. Given that chemical

pesticides will continue to be used, the need for

rigorous testing procedures before they are released

on to the market (as well as sharing of the relevant

information among countries) cannot be overem-

phasized. The same applies for the need to have

comprehensive and precise monitoring systems to

give early warning of residue buildup along the food

chain, in soils and in water.

Integrated plant nutrient systems (IPNS). The

depletion of nutrient stocks in the soil (nutrient

mining), which is occurring in many developing

countries, is a major but often hidden form of land

degradation, making agricultural production unsus-

tainable. In parallel, overuse or inappropriate use of

fertilizers creates problems of pollution. IPNS hold

promise of mitigating such adverse effects by recy-

cling all plant nutrient sources within the farm and

use of nitrogen fixation by legumes to the extent

possible, complemented by the use of external plant

nutrient input, including manufactured fertilizers.

No-till/conservation agriculture (NT/CA) involves

planting and maintaining plants through a perma-
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nent cover of live or dead plant material, without

ploughing. Different crops are planted over several

seasons, to avoid the buildup of pests and diseases

and to optimize use of nutrients. NT/CA has positive

effects on the physical, chemical and biological status

of soils. Benefits include reduced soil erosion,

reduced loss of plant nutrients, increase in organic

matter levels of soils, higher rainfall infiltration and

soil moisture holding capacity and, of course, savings

in fossil fuel used in soil preparation.

Organic agriculture. Although the growing

demand for organic foods is to a large extent driven

by health and food quality concerns, organic agricul-

ture is above all a set of practices intended to make

food production and processing respectful of the

environment. It is not a product claim that organic

food is healthier or safer than that produced by

conventional agriculture. Organic agriculture is

essentially a production management system aiming

at the promotion and enhancement of ecosystem

health, including biological cycles and soil biological

activity. It is based on minimizing the use of external

inputs, representing a deliberate attempt to make

the best use of local natural resources. Synthetic

pesticides, mineral fertilizers, synthetic preserva-

tives, pharmaceuticals, GMOs, sewage sludge and

irradiation are prohibited in all organic standards.

Naturally, this by itself does not guarantee the

absence of resource and environmental problems

characteristic of conventional agriculture. Soil

mining and erosion, for example, can also be prob-

lems in organic agriculture.

In conclusion, future agro-environment impacts

will be shaped primarily by two countervailing

forces: mounting pressures because of the contin-

uing increase in demand for food and agricultural

products mainly on account of population and

income growth; and decreasing pressures via tech-

nological change, institutional and policy responses

to environmental degradation caused by agriculture,

and structural change in the sector. On balance, the

potential exists for putting agriculture on a more

sustainable pathway than a continuation of past

trends would indicate. The main requirement is

increasingly to decouple agricultural intensification

from environmental degradation through the

greater exploitation of biological and ecological

approaches to nutrient recycling, pest management

and soil erosion control.

1.2.10 Climate change and agriculture 

Climate change: agriculture’s role in climate change.

Agricultural activities contribute to climate change

through the emission of GHGs. They also contribute

to climate change mitigation through carbon seques-

tration in cropland and the provision of biofuels that

can substitute for fossil fuels. Globally, they generate

some 30 percent of total anthropogenic emissions of

GHGs. The main ones are carbon dioxide (CO2 –

agriculture accounts for about 15 percent of total

anthropogenic emissions); methane (CH4 – about 

50 percent coming from agriculture); and nitrous

oxide (N2O – agriculture accounting for about two-

thirds). Both CH4 and N2O are gases with warming

potentials many times higher than that of CO2. The

main source of CO2 emissions is tropical forest clear-

ance, related biomass burning and land use change.

For methane the chief sources are rice production

and livestock through enteric fermentation of 

ruminants and animal excreta. For nitrous oxide it is

mineral fertilizer and animal wastes – manure and

deposition by grazing animals. 

Future emissions from agriculture will be deter-

mined by the evolution of the main variables (land

use, fertilizers and numbers of animals) and their

qualitative changes, as presented in the preceding

sections and discussed in more detail in individual

chapters. Thus, carbon dioxide emissions could be

stable or even less than in the past because of slower

deforestation and land cover change. Likewise,

methane emissions from rice cultivation will slow

down or possibly even decrease (through changes in

paddy field flooding and rice varieties), but annual

methane emissions from livestock could increase by

60 percent by 2030. Also, growth of nitrous oxide

emissions from fertilizers will be slow (slow growth 

in consumption combined with a more efficient use

of fertilizers) but, as for methane, emissions from

livestock (animal waste) could increase by some 

50 percent by 2030. 

Agricultural land sequesters carbon in the form

of vegetation and soil organic matter (SOM) derived

from crop residues and manure. The potential exists

for it to sequester much more carbon than it actually

does under most current cropping practices. This

potential is assuming growing economic, political

and environmental importance in the context of the

Kyoto Protocol. The crop production projections of

this study imply an increase in total biomass produc-
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tion and unharvested residues, hence an increase in

gross carbon sequestration. Cropland can be made

to increase carbon sequestration if managed for this

purpose. The above-mentioned no-till/conservation

agriculture is a major approach to increasing carbon

in the soil, and it also contributes to lower GHG

emissions through the reduced use of fuel. Better

residue management and changes in cropping

patterns can also contribute to carbon sequestration.

Even greater gains per hectare could be achieved

where marginal cultivated land is taken out of crop

production and replaced by grass or legume forages.

Permanent set-aside of agricultural land would

sequester large amounts of carbon if forested or left

to revert to tree scrub. Finally, degraded land that

has gone out of production, e.g. saline soils, could be

restored to sequester carbon. 

In conclusion, managing agricultural land to

sequester more carbon could transform it from a net

source to a net sink. The rate of sequestration grad-

ually declines before reaching a limit and can be

especially high during the first few years. Some of

the carbon sequestration will not be permanent and

eventually the gains will level off. This notwith-

standing, managing agricultural land for carbon

sequestration will extend the time available to intro-

duce other measures with longer-term benefits. 

Climate change: impacts on agriculture. The main

parameters of climate change with potential effects

on agriculture and food security are as follows: 

! Global average temperatures are projected to

rise by about 1°C by 2030. Higher latitudes will

warm more quickly than lower ones, land areas

will warm more quickly than the oceans, and

polar sea ice will decrease more in the Arctic 

than in the Antarctic. Consequently, average

temperatures in the higher latitudes may rise 

by 2°C. 

! Broadly speaking, climate change is projected to

increase global mean precipitation and runoff by

about 1.5 to 3 percent by 2030. There will be

greater increases in the higher latitudes and the

equatorial region but potentially serious reduc-

tions in the middle latitudes. Parts of Central

America, South Asia, northern and southern

Africa and Europe may suffer appreciable falls in

available water resources. 

! Sea levels are rising at about half a centimetre

per year, and are likely to continue at this rate for

several decades even if there is rapid implemen-

tation of international agreements to limit

climate change. Thus sea levels could be about 

15 cm higher by 2030.

! There is likely to be an increase in the frequency

and intensity of relatively localized extreme

events including those associated with El Niño,

notably droughts, floods, tropical cyclones and

hailstorms.

Recent research has suggested that some impacts

of climate change are occurring more rapidly than

previously anticipated. For example, average sea

temperatures in northern latitudes are rising rapidly

(in particular in the North Sea), ocean currents are

being disrupted and phytoplankton populations

altered.

The main effects of these changes on food and

agriculture are foreseen to be the following:

! Temperature and precipitation changes will

affect the extents of land that is suitable for

growing crops. Suitable areas will increase in

higher latitudes because of milder and shorter

winters, and will decline in arid and semi-arid

areas.

! The effects on yields follow the same pattern as

land suitability, with gains in middle to higher

latitudes and yield losses in lower latitudes, but

with some gains in tropical highlands where at

present there are cold temperature constraints.

! Larger changes are predicted in the availability

of water from rivers and aquifers because of

reductions in runoff and groundwater recharge.

Substantial decreases are projected for Australia,

India, southern Africa, the Near East/North

Africa, much of Latin America and parts of

Europe. Thus, irrigation capacity will be nega-

tively affected precisely in the countries where

climate change will enhance dependence on irri-

gation, e.g. because of more frequent and more

severe droughts. The main decrease in water

availability will be after 2030 but there could be

negative effects on irrigation in the shorter term.

! On the positive side, the rise in atmospheric

concentrations of carbon dioxide (CO2),

stimulates photosynthesis (the so-called CO2

fertilization effect) and improves water use 

efficiency. Up to 2030 this effect could compen-

sate for much or all of the yield reduction coming

from temperature and rainfall changes. 
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! Effects on livestock will be partly through deteri-

oration of some grasslands in developing coun-

tries (mostly after 2030). Of more significance to

livestock production is the rise in temperature

over the period to 2030, and the CO2 fertilization

effect. These will favour more temperate areas

through reduced need for winter housing and

for feed concentrates (because of better pasture

growth). Many developing countries, in contrast,

are likely to suffer production losses through

greater heat stress to livestock and lower fodder

and forage yields, but this may be compensated

by the CO2 fertilization effect.

! The substantial rise foreseen for average sea

temperatures may have serious effects on 

fisheries. It could disrupt breeding patterns,

reduce surface plankton growth or change its

distribution, thereby lowering the food supply

for fish, and cause the migration of mid-latitude

species to northern waters. The net effect may

not be serious at the global level but could

severely disrupt national and regional fishing

industries and food supplies.

! Impacts from sea level rise will take the form of

progressive inundation of low-lying coastal areas

and saltwater intrusion. Increased frequency and

intensity of tropical cyclones will also increase the

frequency of extreme high-water events as more

severe storm surges penetrate further inland. 

! There could be substantial changes in the distri-

bution of major pests even under the small

changes in average temperature likely to occur

by 2030. Fewer cold waves and frost days could

extend the range of some pests and disease

vectors and favour the more rapid buildup of

their populations to damaging levels. The impor-

tance lies both in the larger pest populations per

se that may arise because of higher temperatures,

and in their role as carriers of plant viruses, as in

the case of aphids carrying cereal viruses, which

are currently held in check by low winter or

night temperatures. 

! Finally, greater temperature extremes seem

likely to give rise to higher wind speeds, and

there may be increases in the occurrence of

hurricanes. So, in addition to impacts on plant

growth, there may be greater mechanical

damage to soil, plants and animals, for example

from greater wind erosion, sand blast damage to

crops and drowning of livestock.

The main impacts of climate change on global

food production capacity are not projected to occur

until after 2030, but thereafter they could become

increasingly serious. Up to 2030 the impact may be

broadly positive or neutral at the global level.

However the regional impacts will be very uneven.

Food production in higher latitudes will generally

benefit from climate change, whereas it may suffer in

large areas of the tropics. Over the period to 2030,

the most serious and widespread agricultural and

food security problems related to climate change are

likely to arise from the impact on climate variability,

and not from progressive climate change, although

the latter will be important where it compounds

existing agroclimatic constraints. 

Naturally, the prospect that global production

potential may not be much affected by climate

change, or may even rise, is poor consolation to poor

and food-insecure populations with high depend-

ence on local agriculture and whose agricultural

resources are negatively affected. Even small

declines in the quantity and quality of their agricul-

tural resources can have serious negative impacts on

livelihoods and food security. Among the obvious

responses to these emerging risks are accelerated

economic growth and diversification of economies

away from heavy dependence on vulnerable agricul-

tural resources, and promotion of technologies and

farming practices to facilitate adaptation to changing

agro-ecological conditions.
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2.1  The broad picture: Historical 
developments and present 
situation

2.1.1 Progress made in raising food 
consumption per person

Food consumption, in terms of kcal/person/day, is

the key variable used for measuring and evaluating

the evolution of the world food situation.1 The

world has made significant progress in raising food

consumption per person. It increased from an

average of 2 360 kcal/person/day in the mid-1960s

to 2 800 kcal/person/day currently (Table 2.1). This

growth was accompanied by significant structural

change. Diets shifted towards more livestock prod-

ucts, vegetable oils, etc. and away from staples such

as roots and tubers (Tables 2.7, 2.8). The increase

in world average kcal/person/ day would have been

even higher but for the declines in the transition

economies in the 1990s. 

The gains in the world average reflected

predominantly those of the developing countries,

given that the industrial countries and the transi-

tion economies had fairly high levels of per capita

food consumption already in the mid-1960s. This

overall progress of the developing countries has

been decisively influenced by the significant gains

made by the most populous among them. There

are currently seven developing countries with a

population of over 100 million. Of these, only

Bangladesh remains at very low levels of food

consumption. China, Indonesia and Brazil have

made the transition to fairly high levels (in the

range 2 900-3 000 kcal). In more recent years

(from the late 1980s), India, Pakistan and Nigeria

(but see Box 2.2) also started making progress and

have now achieved middling levels of per capita

food consumption after decades of near stagnation

(Figure 2.1). 

An alternative way of looking at changes over the

historical period is to observe the distribution of

world population living in countries having given

levels of kcal/person/day. The relevant data are

shown in Table 2.2. In the mid-1960s, 57 percent of

the population of the whole world (not only the

developing countries), including both China and

India, lived in countries with extremely low levels,

Prospects for food and nutrition

1 The more correct term for this variable would be “national average apparent food consumption”, since the data come from the national food

balance sheets rather than from consumption surveys. The term “food consumption” is used in this sense here and in other chapters.

2
CHAPTER
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under 2 200 kcal, the great bulk of them being in

countries with under 2 000 kcal. At the other

extreme, 30 percent of the world population (over-

whelmingly in the developed countries) lived in

countries with over 2 700 kcal, two-thirds of these in

countries with over 3 000 kcal. 

It was a world of very pronounced inequality,

with at the bottom masses of poor, a very thin middle

class and, at the other end, a sizeable group of well-

to-do population. By the late 1990s, the situation had

changed radically. Only 10 percent of a much larger

global population now lives in countries with food

consumption below 2 200 kcal, while those in coun-

tries with over 2 700 kcal now account for 61 percent

of world population. The gains made by some of the

very populous developing countries (such as China,

Brazil and Indonesia, see Figure 2.1) were largely

responsible for this massive upgrading of the world

population towards improved levels of per capita

food consumption. 

Table 2.1  Per capita food consumption (kcal/person/day)

1964/66 1974/76 1984/86 1997/99 2015 2030

World 2 358 2 435 2 655 2 803 2 940 3 050

Developing countries 2 054 2 152 2 450 2 681 2 850 2 980

Sub-Saharan Africa 2 058 2 079 2 057 2 195 2 360 2 540

Near East/North Africa 2 290 2 591 2 953 3 006 3 090 3 170

Latin America and the Caribbean 2 393 2 546 2 689 2 824 2 980 3 140

South Asia 2 017 1 986 2 205 2 403 2 700 2 900

East Asia 1 957 2 105 2 559 2 921 3 060 3 190

Industrial countries 2 947 3 065 3 206 3 380 3 440 3 500

Transition countries 3 222 3 385 3 379 2 906 3 060 3 180

Memo items

1. World, excl. transition countries 2 261 2 341 2 589 2 795 2 930 3 050

2. Developing countries, excl. China 2 104 2 197 2 381 2 549 2 740 2 900

3. East Asia, excl. China 1 988 2 222 2 431 2 685 2 830 2 980

4. Sub-Saharan Africa, excl. Nigeria 2 037 2 076 2 057 2 052 2 230 2 420

Figure 2.1 Per capita food consumption, developing countries with over 
100 million population in 1997/99 
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2.1.2  Failures

A significant number of countries failed to partici-

pate in this general thrust towards increasing aver-

age food consumption levels. There are currently

30 developing countries where food consumption

is under 2 200 kcal/person/day. Figure 2.2 summa-

rizes their historical experience: present (average

1997/99) levels are compared with the highest and

lowest ones recorded in any five-year average (in

order to smooth out distortions from yearly fluctu-

ations) in the period 1961-1999. The following

comments may be made about these 30 countries:

! Several among them (e.g. the Democratic

People’s Republic of Korea, the Central African

Republic, Madagascar, Liberia, Malawi and

Uganda) had achieved middling levels (over 

2 400 kcal) in at least one five-year average in

the past. They are now in the under-2 200 kcal

class because they suffered declines, some

particularly deep ones, in the case of Liberia

and the Democratic People’s Republic of Korea.

! For most other countries in Figure 2.2, the

highest level ever achieved was totally inade-

quate to start with, yet they suffered further

declines, some very sharp ones, as was the case in

Somalia, Burundi, Haiti and Ethiopia/ Eritrea.2

! Finally, a few countries did not suffer declines

but have always had very low per capita food

Table 2.2 Population living in countries with given per capita food consumption

1964/66 1974/76 1984/86 1997/99 2015 2030

Kcal/person/day Population (million)

Under 2 200 1 893 2 281 558 571 462 196

2 200-2 500 288 307 1 290 1 487 541 837

2 500-2 700 154 141 1 337 222 351 352

2 700-3 000 302 256 306 1 134 2 397 2 451

Over 3 000 688 1 069 1 318 2 464 3 425 4 392

World total 3 325 4 053 4 810 5 878 7 176 8 229

a Includes India and China. b Includes India. c Includes China.
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consumption. That is, they have never had

levels that were significantly above the very 

low ones they have currently. Here belong

Bangladesh, Mozambique and the Lao People’s

Democratic Republic.

The historical evidence from these countries,

particularly those that suffered severe declines

from better nutritional levels in the past, is a crucial

input into the analysis of the evolution of world

food insecurity. War or otherwise unsettled political

conditions are common characteristics in several of

these countries.

Looking at the regional picture, sub-Saharan

Africa, excluding Nigeria, stands out as the 

only region that failed to make any progress in

raising per capita food consumption (Table 2.1).

Not all countries of the region are in this dire

food security situation. Besides Nigeria (but see

Box 2.2), a number of other countries made

significant progress to over 2 400 kcal/person/

day (Mauritius, Mauritania, the Gambia, Ghana,

Gabon, Benin and Togo) but their weight in the

regional total is too small to have much effect on

the total. The regional aggregate picture is

dominated by the failures suffered by the larger

countries. Of the 12 countries with a population

of over 15 million, most have a per capita food

consumption (latest five-year average 1995/99)

that is lower than attained in the past – some of

them much lower, e.g. the Democratic Republic

of the Congo, Madagascar, Côte d’Ivoire, Kenya

and the United Republic of Tanzania. Only

Nigeria, Ghana and the Sudan among these

larger countries have higher levels now than any

past five-year average. 

2.1.3 The incidence of undernourishment

The 2001 FAO assessment, The State of Food

Insecurity in the World 2001 (FAO, 2001a), esti-

mates the total incidence of undernourishment in

the developing countries at 776 million persons

in 1997/99 (17 percent of their population, 

Table 2.3),3 when average food consumption

reached 2 680 kcal/person/day. The number of

undernourished in the developing countries is

estimated at 815 million (20 percent of the popu-

lation) for the three-year average 1990/92. This

was the base year used by the 1996 WFS in setting

the target of halving the numbers undernour-

ished in the developing countries by 2015 at the

latest.

Obviously, the decline between 1990/92 and

1997/99 has been much less than required for

attaining the target (see further discussion in 

Box 2.5). In practice, the entire decline has come

from East Asia, which is well on its way to halving

undernourishment by the year 2015. In contrast,

the two regions with the highest incidence in 

relative terms (percentage of population), sub-

Saharan Africa and South Asia, both registered

increases in the absolute numbers affected. If

these trends continue, the halving target will

certainly not be achieved and whatever other

reductions take place will further accentuate the

differences among regions and countries.

Changes in the incidence of undernourish-

ment are close correlates of changes in food

consumption levels (kcal/person/day), as explained

in Box 2.1. The historical data in Table 2.1 show

that food consumption levels have improved

greatly for most regions over the last three

decades. It can be deduced that such improve-

ment must have been accompanied by a lowering

of the incidence of undernourishment to the

current 17 percent. By implication, the incidence

of undernourishment must have been much

higher in the past, e.g. in the mid-1960s when

there were only 2 055 kcal/ person/day on average

in the developing countries. However, it is

unlikely that the absolute numbers of persons

undernourished declined by much, given that

over the same period (1964/66 to 1997/99) the

population of the developing countries doubled

from 2.3 billion to 4.6 billion. 

3 The term “undernourishment” is used to refer to the status of persons whose food intake does not provide enough calories to meet their basic

energy requirements. The term “undernutrition” denotes the status of persons whose anthropometric measurements indicate the outcome not
only, or not necessarily, of inadequate food intake but also of poor health and sanitation – conditions that may prevent them from deriving full
nutritional benefit from what they eat (FAO, 1999a, p.6).
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Table 2.3 Incidence of undernourishment, developing countries

1990/921 1997/99 2015 2030 1990/921 1997/99 2015 2030

Percentage of population Million persons

Developing countries 20 17 11 6 815 776 610 443

Sub-Saharan Africa 35 34 23 15 168 194 205 183 

excl. Nigeria 40 40 28 18 156 186 197 178

Near East/North Africa 8 9 7 5 25 32 37 34

Latin America and Caribbean 13 11 6 4 59 54 40 25

South Asia 26 24 12 6 289 303 195 119

East Asia 16 11 6 4 275 193 135 82

Undernourishment

Alternative country groups Population Kcal/person/day Percentage of Million persons

(million) population

1997 2015 2030 1997 2015 2030 1997 2015 2030 1997 2015 2030
/99 /99 /99 /99

I. Countries with kcal in 2015

Under 2 200 kcal 289 462 671 1 855 2 055 2 260 51 35 23 147 164 152
(15 countries)

2 200-2 500 kcal 358 517 676 2 144 2 340 2 525 33 22 13 119 111 89
(26 countries)

2 500-2 700 kcal 257 336 395 2 380 2 580 2 780 21 12 6 54 41 25
(12 countries)

2 700-3 000 kcal 1 678 2 171 2 561 2 545 2 800 3000 18 9 4 302 190 109
(23 countries)

Over 3 000 kcal 1 972 2 317 2 537 3 054 3 200 3310 8 5 3 154 105 68
(21 countries)

Total 4 555 5 804 6 840 2 681 2 850 2 980 17 11 6 776 610 443

II. Countries with percentage 

undernourishment2

Under 5 percent 349 1158 5129 3 187 3 130 3 150 2 3 3 8 37 178

5-10 percent 1 989 2 162 524 2 999 3 066 2 758 8 6 7 167 134 38

10-25 percent 1 632 1 939 948 2 434 2 644 2 411 21 13 16 349 250 155

Over 25 percent 586 544 239 1 988 2 085 2 149 43 35 30 251 190 72

Total 4 555 5 804 6 840 2 681 2 850 2 980 17 11 6 776 610 443

1 The estimates for 1990/92 given here differ a little from those used for the same period in the documents for the 1996 WFS (FAO, 1996a). This is due to
the revisions after 1996 that take into account new data, mainly for population.

2 Different countries form each group in the different years.
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Box 2.1 Measuring the incidence of undernourishment: the key role of the 
estimates of food available for direct human consumption 1

The key data used for estimating the incidence of undernourishment are those of food available for direct human

consumption. These data are derived in the framework of the national food balance sheets (FBS). The latter are

constructed on the basis of countries' reports on their production and trade of food commodities, after estimates

and/or allowances are made for non-food uses and for losses. The population data are used to express these food

availabilities in per capita terms. The resulting numbers are taken as proxies for actual national average food

consumption. For many countries the per capita food consumption thus estimated of the different commodities

(expressed in kcal/person/day) are totally inadequate for good nutrition, hence the relatively high estimates of the

incidence of undernourishment reported for them, most recently in FAO (2001a). 

This conclusion is inferred from a comparison of the estimated kcal/person/day shown in the FBS data with 

what would be required for good nutrition. The parameters for the latter are well known, although not devoid of

controversy. In the first place, there is the amount of food (or dietary) energy that is needed for the human body to

function (breathe, pump blood, etc.) even without allowing for movement or activity. This is the basal metabolic

rate (BMR). It is in the general range of 1 300-1 700 kcal/day for adults in different conditions (age, sex, height,

bodyweight). Taking the age/sex structure and bodyweights of the adult populations of the different developing

countries, their national average BMRs for adults are defined. These refer to the amount of energy as a national

average per adult person that must be actually absorbed if all were in a state of rest. For children, in addition to the

BMR, an allowance is made for growth requirements.

When an allowance for light activity is added – estimated to be about 54 percent of the BMR – this results in a

range of between 1 720 kcal and 1 960 kcal person/day for the different developing countries, given their popula-

tion structures in 1997/99. This will rise to 1 760-1 980 kcal by 2030 when the demographic structure will be

different, with a higher proportion of adults. It follows that population groups in which an average individual has

an intake below this level (the threshold) are undernourished because they do not eat enough to maintain health,

bodyweight and to engage in light activity. The result is physical and mental impairment, characteristics that are

evidenced in the anthropometric surveys. Estimating the incidence of undernourishment means estimating the

proportion of population with food intakes below these thresholds. It is noted that the notion, measurement 

and definition of thresholds of requirements are not devoid of controversy. For example, Svedberg (2001, p. 12)

considers that the thresholds used in the FAO measurement of undernourishment for the tropical countries are too

high, leading to overestimates of the incidence of undernourishment.

In principle, a country having national average kcal/person/day equal to the threshold would have no under-

nourishment problem provided all persons engage in only light activity and each person had access to food exactly

according to his/her respective requirements. However, this is never the case; some people consume (or have access

to) more food than their respective “light activity” requirements (e.g. because they engage in more energy-

demanding work or simply overeat) and other people less than their requirement (usually because they cannot

2.2 The outlook for food and 
nutrition to 2015 and 2030

2.2.1 Demographics

The latest United Nations assessment of world 

population prospects (UN, 2001a) indicates that a

rather drastic slowdown in world demographic

growth is likely. The data and projections are shown

in Table 2.4. The world population of 5.9 billion of

our base year (the three-year average 1997/99) and

the 6.06 billion of 2000 will grow to 7.2 billion in

2015, 8.3 billion in 2030 and 9.3 billion in 2050. The

growth rate of world population peaked in the

second half of the 1960s at 2.04 percent p.a. and had

fallen to 1.35 percent p.a. by the second half of the

1990s. Further deceleration will bring it down to 

1.1 percent in 2010-15, to 0.8 percent in 2025-30

and to 0.5 percent by 2045-50. 

Despite the drastic fall in the growth rate, the

absolute annual increments continue to be large.

Seventy-nine million persons were added to the

world population every year in the second half of

the 1990s and the number will not have decreased

much by 2015. Even by 2025-30 annual additions

will still be 67 million. It is only by the middle of the

century that these increments will have fallen signif-

icantly, to 43 million per year in 2045-50. Practically
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afford more). Thus, an allowance must be made for such unequal access. Empirical evidence suggests that the

inequality measure used in these estimates – the coefficient of variation (CV) – ranges from 0.2 to 0.36 in the different

countries (a CV of 0.2 means, roughly, that the average difference of the food intake of individuals from the national

average – the standard deviation – is 20 percent of the average). Even at the lowest level of inequality generally found

in the empirical data (CV=0.2), the national average kcal/person/day must be well above the threshold if the propor-

tion of population undernourished is to be very low. For example, a country with threshold 1 800 kcal and CV=0.20,

must have a national average of 2 700 kcal/person/day if the proportion undernourished is to be only 2.5 percent,

or 2 900 if it is to be 1 percent. Naturally, if inequality were more pronounced, these requirements would be higher

(see Fig. 2.4).

These numbers, or norms, are, therefore, a first guide to assessing the adequacy or otherwise of the national

average food consumption levels in the FBS data and expressed in kcal/person/day. This latter number is the 

principal variable used to generate estimates of the incidence of undernourishment as explained elsewhere (FAO,

1996b).2 Numerous countries fall below the national average energy level (kcal/person/day) required for under-

nourishment to be very low, in many cases they fall below by considerable margins. Therefore, even if one knew

nothing more about the incidence of undernourishment, the inevitable conclusion for these countries is that the 

incidence must be significant, ranging from moderate to high or very high in the different countries, even when

inequality of access to food is moderate. It follows that progress towards reducing or eliminating undernourishment

must manifest itself, in the first place, in the form of increased per capita food consumption. Naturally, this is not

equivalent to saying that the food consumption shown in the FBS data is itself a variable that can be operated upon

directly by policy. For it to rise, somebody must consume more food, and the food must come from somewhere –

production or imports. The policies to raise national average consumption are those that enhance the purchasing

power and more general access to food of those who would consume more if they had the means, for example,

access to resources and technologies to improve their own food production capacities, access to non-farm employ-

ment and social policies. The point made here is that changes in the national average kcal/person/day recorded in

the FBS data do signal the direction and magnitude of movement towards improved or worsened food security status.

This is shown graphically in Fig. 2.4.

How reliable are the FBS data, since in many cases they show very low or very high levels of national average

food consumption or sudden spurts or collapses? The answer is: they are as reliable as the primary data on produc-

tion and trade supplied by the countries, as well as the population data used to express them in per capita terms (see

Box 2.2). It is these data that are processed, in the form of the FBS, to derive the indicators of per capita food

consumption as national averages used here. Given the primary data, the conclusion that many countries are in a

difficult food security situation follows logically and inevitably.

1 Reproduced with amendments from FAO (1996a).

2 These key variables (kcal/person/day and the CV) are used as parameters of the lognormal statistical distribution (with kcal/person/day as the
mean) to estimate the percentage of population undernourished.

all these increases will be in the developing coun-

tries. Within the developing countries themselves,

there will be increasing differentiation. East Asia

will have a growth rate of only 0.4 percent p.a. in

the last five years of the projection period. At the

other extreme, sub-Saharan Africa’s population will

still be growing at 2.1 percent p.a. in the same

period 2025-30, despite the drastic downward 

revision made in recent years in the region’s popu-

lation projections.4 By that time every third person

added annually to the world population will be in

that region. By 2050, every second person of the 

43 million added annually to the world population

will be in sub-Saharan Africa.

The new population projections represent a

rather fundamental change in the assumptions

4 It is tempting to think that a lower population growth rate in the low-income countries where population growth is high would be contributing to

improved development. However, in the current projections, the reduced population growth rate is not always a harbinger of good things to come,
because in some cases it occurs, at least in part, for the wrong reasons. This is the case of demographic slowdown because of increases in mortality
and/or declines in life expectancy, either in relation to present values or to those that would otherwise be in the projections. In the current projec-
tions, such cases of increased mortality and reduced life expectancy caused by the AIDS epidemic are a rather significant component of the
projected slowdown. Thus, for the 45 most affected countries, the expectation of life at birth by 2015 is projected to stand at 60 years, five years
lower than it would have been in the absence of HIV/AIDS (UN, 2001a).
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underlying this and other studies of food and agri-

culture futures. When our earlier projections study

to 2010 (Alexandratos, 1995) was being produced in

1992-93, we were working with a world population

projection of 7.2 billion for 2010. The new projec-

tions indicate 6.8 billion for the same year, 400

million fewer people. In principle, the lower popu-

lation projection used now should make for lower

growth of demand and production, ceteris paribus.

Naturally, other things (incomes, poverty, pressures

on resources and the environment) are not expected

to be equal; slower demographic growth itself will be

a factor for change, for example if it contributes to

higher incomes. In this exercise, we assume that

whatever effects slower population growth has on

the overall economy have already been taken into

account in the derivation of the income (or GDP)

growth assumptions (see below). The latter, just like

Table 2.4 Population and GDP data and projections

Population

Million Annual increments (Million)

1964 1974 1984 1997 2015 2030 1995 2010 2025 2045
/66 /76 /86 /99 -2000 -2015 -2030 -2050

World (UN) 3 334 4 065 4 825 5 900 7 207 8 270 79 76 67 43

World (countries with FBS*) 3 325 4 053 4 810 5 878 7 176 8 229 78 76 66 43

Developing countries 2 295 2 925 3 597 4 572 5 827 6 869 74 74 66 45

Sub-Saharan Africa 230 299 400 574 883 1 229 15 20 24 23

Near East/North Africa 160 208 274 377 520 651 8 9 9 7

Latin America and Caribbean 247 318 397 498 624 717 8 7 6 3

South Asia 630 793 989 1 283 1 672 1 969 23 22 19 12

East Asia 1 029 1 307 1 537 1 839 2128 2 303 20 16 9 -1

Industrial countries 695 761 815 892 951 979 5 2 1 0

Transition countries 335 367 397 413 398 381 0 -1 -1 -2

Growth rates, percentage p.a.

Population Total GDP Per capita GDP

1969 1979 1989 1997/99 2015 1997/99 2015 1997/99 2015 1997/99
-99 -99 -99 -2015 -2030 -2015 -2030 -2015 -2030 -2030

World 1.7 1.6 1.5 1.2 0.9 3.5 3.8 2.3 2.9 2.6

Developing countries 2.0 1.9 1.7 1.4 1.1 5.1 5.5 3.7 4.4 4.0

Sub-Saharan Africa 2.9 2.9 2.7 2.6 2.2 4.4 4.5 1.8 2.3 2.0

Near East/North Africa 2.7 2.6 2.4 1.9 1.5 3.7 3.9 1.8 2.4 2.1

Latin America and Caribbean 2.1 1.9 1.7 1.3 0.9 4.1 4.4 2.8 3.5 3.1

South Asia 2.2 2.1 1.9 1.6 1.1 5.5 5.4 3.9 4.3 4.1

East Asia 1.6 1.5 1.2 0.9 0.5 6.1 6.3 5.3 5.8 5.5

Industrial countries 0.7 0.7 0.7 0.4 0.2 3.0 3.0 2.6 2.8 2.7

Transition countries 0.6 0.5 0.1 -0.2 -0.3 3.7 4.0 4.0 4.3 4.1
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Box 2.2 Data problems and the estimation of undernourishment: 
the case of Nigeria 

In this chapter, Nigeria is singled out as being one of the most populous developing countries, and an exception in

sub-Saharan Africa. Along with China, Indonesia, etc., Nigeria has been making progress in raising significantly its

per capita food consumption and, by implication, in reducing the incidence of undernourishment. This was not so

in earlier projection work (Alexandratos, 1995), nor was it considered that Nigeria could be making significant

progress by 2010. At the time of the earlier exercise (1992/93), Nigeria’s population was reported in the 1990 UN

Assessment (UN, 1991) as being 105 million in the base year of the projections, the three-year average 1988/90.

With this population and its food production and trade data, the FBS indicated per capita food consumption of 

2 200 kcal in 1988/90. These data implied that Nigeria was in a dire food security situation, just like most other

countries of sub-Saharan Africa. Under these initial conditions, and given the very high growth rate of population

(projected at 3.15 percent p.a. to reach 201 million by 2010), one could not have been optimistic about the

prospects for significant improvements. Even as late as 1996, Nigeria was given as having 43 million undernour-

ished in 1990/92 (38 percent of its population) in the documentation of the 1996 WFS (FAO, 1996c). 

The drastic revisions of Nigeria’s population estimates came successively after 1996. By the time of the 2000

UN Assessment (UN, 2001a), the population estimate for 1988/90 had been reduced to 83.5 million and the 2010

projection to 147 million (having passed through a projection of 139 million for 2010 in the 1998 Assessment), a

growth rate of “only” 2.73 percent p.a. These new data and projections put the assessment of present and future

food security prospects of Nigeria in an entirely different light. Ceteris paribus, the downward revision of the 

population by 20 percent for 1988/90 should have raised per capita food consumption for that year, from 2 200 to

2 765 kcal. Yet this was not the case. The reason is that there have also been drastic revisions in the production data

for some major food crops of Nigeria. For the 1988/90 average, the production of roots and tubers (which in the

unrevised data provided over one-third of the national average calories) was reduced by 38 percent. In parallel, the

production of maize was revised upwards no less than 165 percent. The end result is that the revised average kcal

consumption for 1988/90 was 2 300, only about 5 percent higher than the previous estimate.

The FBS for the most recent years suggest that Nigeria, after about the mid-1980s, made really spectacular

progress and broke out of the long-term pattern of stagnation in per capita food consumption typical of the

majority of the countries in sub-Saharan Africa. It moved from 2 050 kcal in 1984/86 (and the 2 300 revised kcal

for 1988/90) to 2 815 kcal in 1997/99, implying that undernourishment fell to 7.6 million persons, or 7 percent

of the population (FAO, 2001a). Fifty percent of the increase in kcal/person/day came from roots/tubers, 

12 percent from maize, 11 percent from rice and 17 percent from oilcrops (rapid production increases of ground-

nuts, soybeans, cotton seed). Production of all these crops registered three- to sixfold increases in the period from

the mid-1980s to 1997/99. If these data are correct, we have a case of a large country registering growth of aggre-

gate food consumption, measured in calories, of 5.4 percent p.a. for over ten years (1984/86-1997/99). At first

glance, such rapid growth in food demand/consumption (and associated drastic reduction in undernourishment)

would seem to be at variance with what one would expect from movements in other indices of the overall

economy, e.g. per capita income. There was no economic miracle of the “Asian tiger” type in Nigeria during this

period to explain the phenomenon. The country’s per capita income was actually falling in the period 1984-99

(the gross domestic income [GDY] was growing at 2.1 percent p.a. when population was growing at 2.9 percent

p.a.; data from the World Bank, 2001b). Nigeria is sometimes given as an example of the wider problem of devel-

opment failures of sub-Saharan Africa (see The Economist, 2000).

One possible explanation for these trends in Nigeria is the rapid growth of food-crop agriculture, which prob-

ably has a large subsistence component, particularly in the roots and tubers sector which, as noted, accounted

for 50 percent of the improvement1 (see also Chapter 3, Section on roots and tubers). Before we jump to any

conclusions concerning the wider potential for food security improvements based predominantly on agriculture,

there is an obvious need to validate the primary data on production as well as to find corroborating 

evidence (e.g. from surveys) that the improvements in consumption suggested by the FBS are real. If these devel-

opments proved to be true, they would imply that rapid progress in food-crop production and demand could be

made, at least for some time, even when developments in the overall economy would suggest otherwise. Some 

1 The numbers for apparent demand/consumption result largely from the production statistics, hence this explanation, being tautological,
crumbles if the production statistics are unreliable.
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the demographic projections, are assumptions

exogenous to the food and agriculture projections

proper. This is not entirely as it should be, but prac-

tical reasons preclude any explicit consideration of

the interactions between population growth and

development (Box 2.3). 

2.2.2 Overall economy and poverty

The latest World Bank assessment for the period 

2000-15 takes account of the most recent data and

views concerning the current (end-2001) slowdown

in the world economy. Relatively slow growth in the

first five years of the projection period is expected

to be followed by faster growth in the subsequent

ten years, 2005-15. The current assessment (World

Bank, 2001c, Table 1.7) is definitely less optimistic

than that of a year earlier (World Bank, 2001a,

Table 1.6). Still, it indicates that for the whole

period 2000-15 world economic growth is expected

to be higher (1.9 percent p.a. in terms of per capita

GDP) than in the 1990s (1.2 percent p.a.). Higher

growth rates in per capita GDP than in the 1990s is

foreseen for all regions and country groups (partic-

ularly the reversal of declines in the transition

economies) with the exception of East Asia. These

medium-term projections of the World Bank are

shown in Figure 2.3. Earlier versions of these

World Bank projections have provided the basis for

defining the GDP projections used as exogenous

assumptions in the present study. They are shown

in Table 2.4.

There is great contrast in the prospects of the

two regions with high relative concentrations of

poverty and food insecurity, South Asia and sub-

Saharan Africa; in the former, a continuation of the

relatively high GDP growth holds promise of posi-

tive impact on poverty alleviation and increases in

food consumption (see below). However, progress

may be very limited in sub-Saharan Africa, with per

capita incomes growing at only 1.3 percent p.a. in

the period to 2015, according to the latest World

Bank study (World Bank, 2001c). This is certainly

better than in the past which was characterized by

declining incomes. However, it will be far from 

sufficient to make a significant dent on poverty and

food insecurity.

The exogenous economic growth assumptions

used here, together with the growth of population,

are the major determinants of projected food

consumption,5 hence also of the incidence of

undernourishment. One of the important ques-

tions we shall be asking below is the extent to which

such projected food demand will be associated with

reductions in undernourishment. Since under-

nourishment is more often than not closely corre-

lated with poverty, it is relevant to ask to what

extent the economic growth and development

outlook used as exogenous assumptions is compat-

ible with poverty reduction. 

data on poverty seem to lend support to this proposition. Rural poverty in Nigeria is reported to have declined

from 49.5 percent in 1985 to 36.4 percent in 1992/93 and urban poverty from 31.7 percent to 30.4 percent

(percentage of population below the national poverty line, World Bank, 2001b, Table 2.6). This was the period of

the quantum jumps in food-crop production and consumption (from 2 030 to 2 660 kcal/person/day) according

to the FBS data, while the overall economy was not doing particularly well with growth in GDY being only slightly

above that of population.2 These findings provide some foundation for drawing tentative lessons about the food

security future of the many developing countries with high dependence on agriculture and no buoyant economic

growth prospects (see Section 2.2.3, below). 

2 It may be that Nigeria is a special case because of the heavy dependence of the economy on petroleum exports. This could have made for

divergent trends between major economy-wide variables such as GDY (which is GDP-corrected for external terms of trade losses/gains, a

correction of particular relevance for countries deriving a good part of their income from oil exports) and the food security of the majority of

the population whose access to food depends more directly on local production of staples.

5 Many other factors besides population and average GDP growth influence the demand for food and have to be taken into account in the process

of all phases of analytical and evaluation work concerning nutrition, production and trade. See, for example, Box 2.2 (Nigeria) concerning issues
involved in understanding the factors that influence changes in apparent food consumption. 

Box 2.2 Data problems and the estimation of undernourishment: 
the case of Nigeria (continued)
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Figure 2.3 Growth rates of per capita GDP, 1990s and 2000-15

Source: World Bank (2002) Table 1.7

The World Bank has estimated what the baseline

economic growth projections may imply for poverty

reduction in the year 2015. Their estimates are

shown in Table 2.5. They refer to what is commonly

known as US$1/day poverty, i.e. the number of

persons living in households with per capita expen-

diture under US$1/day, with dollars defined in units

of purchasing power parity (PPP). (For more discus-

sion on concepts and goals relating to poverty, see

Chapter 8.) These poverty projections imply that: 

! the goal of halving by 2015 the proportion (not

the absolute numbers) of the population of the

developing countries as a whole living in

poverty from that prevailing in 1990 may be

achieved (the proportion falls from 32 percent

in 1990 to 13.2 percent in 2015); 

! however, the absolute numbers in poverty will not

be halved. They are expected to decline from

1.27 billion in 1990 to 0.75 billion in 2015;

! much of the decline is caused by prospective

developments in East and South Asia. Indeed,

one half of the decline of 400 million foreseen

for East Asia from 1990 to 2015 had already

occurred by 1999; 

! in contrast, the absolute numbers in poverty in

sub-Saharan Africa kept increasing in the 1990s

and are projected to continue to do so until

2015.

There is a fairly close parallel between these

foreseen developments in the incidence of poverty

and those projected here for the incidence of

undernourishment, which are the subject of the

following section. It is noted, however, that poverty

and undernourishment are not identical concepts,

in particular as concerns the settings of threshold

levels for defining them (for discussion, see FAO,

2001a, p. 10).

2.2.3 Food security outcomes

Higher per capita food consumption in the future,

but with significant exceptions. By 2015, and 

even more by 2030, the key variable used to 

track developments in food security – per capita

food consumption as defined above – will have

grown significantly. The world average will be

approaching 3 000 kcal/person/day in 2015 and

will exceed 3 000 by 2030 (Table 2.1). These

changes in world averages will reflect above all the

rising consumption of the developing countries,

whose average will have risen from 2 680 kcal in

1997/99 to 2 850 kcal in 2015 and close to 3 000 in

2030. More and more people will be living in coun-

tries with medium to high levels of per capita food

consumption. For example, by 2015 81 percent of

the world population will be living in countries

PROSPECTS FOR FOOD AND NUTRITION
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with values of this variable exceeding 2 700 kcal/

person/day, up from 61 percent at present and 

33 percent in the mid-1970s. Those living in coun-

tries with over 3 000 kcal will be 48 percent of the

world population in 2015 and 53 percent in 2030,

up from 42 percent at present (Table 2.2). 

These gains notwithstanding, there will still be

several countries in which the per capita food 

consumption will not increase to levels allowing

significant reductions in the numbers undernour-

ished from the very high levels currently

prevailing (see below). As shown in Table 2.2, in

2015 6 percent of the world population (462

million people) will still be living in countries with

very low levels of food consumption (under 2 200

kcal). As discussed earlier (Box 2.1), in these coun-

tries a good part of the population is undernour-

ished almost by definition. At the regional level, in

2015 sub-Saharan Africa will still have medium-

low levels of per capita consumption, 2 360 kcal/

person/day. The disparity between sub-Saharan

Africa and the other regions is even more

pronounced if Nigeria is excluded from the

regional total (but see Box 2.2), in which case the

kcal of the rest of the region will only be 2 230 in

2015. Of the 15 countries still remaining in 2015

in the under 2 200 kcal range (Table 2.2), 12 will

be in sub-Saharan Africa. Of the 30 countries in

the next range of kcal (2 200-2 500), 17 will be in

this region.

Box 2.3  Scenarios with alternative population projections  

The issue of population-development interactions assumes particular importance if one wishes to explore
scenarios of food and agriculture futures under alternative population projections. The demographic projec-
tions we use in this study are those of the United Nations Medium Variant. There are also High and Low
Variants of future population. They suggest that the world population could be in the range of 7.0-7.4 billion
by 2015 and by 2030 in the range 7.7-8.9 billion. Projecting the food and agricultural variables for these
other population variants is not just a simple matter of scaling up or down the magnitudes projected under
the Medium Variant population scenario. For example, world demand and production of cereals are
projected to be 2.84 billion tonnes in 2030, or 344 kg per capita. We cannot just assume that under the
High Variant population projection it will still be 344 kg, raising aggregate demand and production to 
3.06 billion tonnes. If we did, it would be like saying that population growth does not matter for human
welfare since per capita consumption (hence, in principle also per capita income) remains the same.

Such an approach would ignore the whole population-development debate concerning the positive or
negative impacts of population growth on human welfare. Taking them into account requires that we esti-
mate (or at least express a view) for each country what such impacts will be, i.e. in what direction and by
how much the projected incomes will be different from those in the medium population scenario. We
cannot simply adopt a blanket assumption for all countries that either: (i) total GDP growth will be the
same, in which case it would mean that population growth is immiserizing because the higher it is, the
lower the per capita income; or (ii) per capita income growth will be the same, implying that the popula-
tion growth rate does not affect income growth. In some countries the effects may be positive, in others
negative. Given the great diversity of situations existing in the world, all sorts of permutations between the
growth rates of population and other variables are possible.

1
Doing estimates for over 100 countries can be

an impossible task, and this would only be the first step in the work required for estimating scenarios with
alternative population projections. The great bulk of the additional work would come from revisiting the
country-by-country evaluations of such things as nutritional consistency of a new set of consumption
projections, or the agronomic considerations (land, water, yields, etc.) underlying the projections of produc-
tion. These operations are not done mechanically by a model. They involve fairly detailed reviews by
country and subject-matter specialists in an interdisciplinary context.

1 For example, in countries which shift to higher population growth rates mainly because of improvements in mortality and life expectancy, such
higher rates would probably be indicators of improving economic and social conditions and should be associated with higher, not lower, per
capita income. Similar considerations can be relevant for countries facing acute problems of rapidly ageing populations. The opposite case can
be made for very poor countries with high population growth rates. A balanced view on the latter seems to be the following: “A slowing of
rapid population growth is likely to be advantageous for economic development, health, food availability, housing, poverty, the environment,
and possibly education, especially in poor, agrarian societies facing pressure on land and resources” (Ahlburg, 1998). For latest views on this

topic see Population and Development Review (2001).
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Modest reductions in the numbers undernourished.

The relatively high average consumption levels of

the developing countries projected for 2015 and

2030 could lead one to expect that the problem of

undernourishment will be solved or well on its way

to solution, in the sense that the numbers under-

nourished should show significant declines. This

would be the corollary of what was said earlier

about the importance of the per capita food

consumption as the major variable that is a close

correlate of the level of undernourishment. Yet the

estimates presented in Table 2.3 show that reduc-

tions will be rather modest; the 776 million of

1997/99 (17 percent of the population) may

become 610 million in 2015 (11 percent) and 

440 million by 2030 (6 percent). For developing

countries as a whole, we may have to wait until

2030 before the numbers of undernourished are

reduced to nearly the target set for 2015 by the

WFS, i.e. one half of the 815 million estimated for

the base period of 1990/92.

These findings indicate that achieving significant

declines in the incidence of undernourishment may

prove to be more arduous than commonly thought. 

A combination of higher national average food

consumption and reduced inequality (see below for

assumptions) can have a significant impact on the

proportion of the population undernourished.

However, when population growth is added in, such

gains do not necessarily translate into commensurate

declines in the absolute numbers, because the popu-

lation of the developing countries will have grown

from 4.55 billion in 1997/99 to 5.8 billion in 2015 and 

6.84 billion in 2030.

The numbers of undernourished are expected

to remain nearly constant in sub-Saharan Africa,

even by 2030. This is no doubt an improvement

over the historical trend of nearly stagnant food

consumption per capita in the region and, by impli-

cation, rising undernourishment. It is, however, far

from what is needed to meet the WFS target of

reducing the numbers by half by no later than

2015. In contrast, rather significant reductions are

expected for both South and East Asia, the two

regions that contain the bulk of the world’s under-

nourished population. East Asia is expected to have

halved undernourishment by 2015 (it had already

reduced it by 30 percent in the period 1990/92-

1997/99) and South Asia could achieve this target

towards the later part of the period 2015-30.

In order to appreciate why these prospects

emerge, let us recall briefly that future estimates

are generated by applying the same method used

for estimating present undernourishment. The

only difference is that we use the future values for

those variables for each country that we project, or

can assume, to be different from the present ones.

As noted (Box 2.1), the variables which, in our

PROSPECTS FOR FOOD AND NUTRITION

Table 2.5 Estimates and projections of poverty (US$1/day, World Bank, baseline scenario)

Million persons Percentage of population

1990 1999 2015 1990 1999 2015

Developing countries 1 269 1 134 749 32.0 24.6 13.2

Sub-Saharan Africa 242 300 345 47.7 46.7 39.3

Middle East and North Africa 6 7 6 2.4 2.3 1.5

Latin America and Caribbean 74 77 60 16.8 15.1 9.7

South Asia 495 490 279 44 36.9 16.7

East Asia 452 260 59 27.6 14.2 2.8

Memo items

East Asia, excl China 92 46 6 18.5 7.9 0.9

Developing, excl. China 909 920 696 32.2 27.3 16.4

Source: Adapted from World Bank (2001c), Table 1.8. The definition of regions is not always identical to that used in this study, e.g. Turkey is not

included in the developing Middle East/North Africa and South Africa is included in the developing sub-Saharan Africa.
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method, determine the numbers undernourished

are the following:

! The projected population.

! The per capita food consumption in kcal/

person/day, taken as a proxy for actual average

national consumption. Future values are derived

from the projections of per capita food

consumption for each commodity discussed in

detail elsewhere (Chapter 3) and summarized

in Tables 2.7 and 2.8 (major commodities) as

well as in Table 2.1 (kcal/person/day).

! The threshold (or cut-off level) of food energy

(kcal/day) a person must have in order not 

to be undernourished. This varies by country

depending on age/sex structure of the popula-

tion. The range of values applicable to different

developing countries was given in Box 2.1. It

was noted that because of the ageing of the

population (growing share of adults in total

population) the range will be higher in the

projection years than at present. Therefore, this

factor would tend to raise the incidence of

undernourishment, ceteris paribus.

! The coefficient of inequality, as described in

Box 2.1. We have no way of knowing how this

variable may change in each country in the

future. If we applied in the future the same

values used for the 1997/99 undernourishment

estimates, we would be ignoring the prospect

that declining poverty is normally associated

with more equal access to food. The World

Bank projections of declines in the incidence 

of poverty (Table 2.5) imply that the share of

population below the poverty line (hence also

of persons with low food consumption levels)

will be smaller in the future compared with the

present. Given the nature of food consumption

(it increases fast from low levels as incomes rise

but then tends to level off as higher levels are

attained) it is reasonable to assume that if the

reduced poverty projected by the Bank were to

materialize, it would be accompanied by

reduced inequality in food consumption as

measured by the CV. We take this prospect on

board by assuming that countries will have

lower inequality in the future. How much

lower depends on the progress they make in

raising their average kcal/person/day (see Box

2.4). The net effect of these assumptions is that

the CV of the different developing countries

which are currently in the range of 0.21-0.36

would be in the range of 0.20-0.31 in 2015 and

0.20-0.29 in 2030. The estimates of future

undernourishment presented in Table 2.3 are

based on such assumptions about changes in

inequality.

One factor making for the slow decline in the

numbers of undernourished is the gradual rise in

the threshold (cut-off level) for classifying a person

as undernourished. As noted, this rise is caused by

the ageing of the population. The (simple arith-

metic) average threshold of the developing coun-

tries rises from 1 835 kcal in 1997/99 to 1 882 kcal

(2.6 percent) in 2030. This rise has important

implications for the future incidence of under-

nourishment in countries with low average food

consumption. It implies that consumption must

rise by an equal proportion just to prevent the inci-

dence of undernourishment (in percentage of the

population) from increasing. If this ageing of the

population and the associated rise in threshold

requirements had not intervened, the numbers

undernourished estimated for 2030 would be 

16 percent lower than shown in Table 2.3, i.e. 

370 million rather than 440 million. 

A second factor is to be found in the very

adverse initial conditions several countries started

with in 1997/99. For example, nine developing

countries started with estimated base year under-

nourishment of over 50 percent (FAO, 2001a).

They are Somalia, Ethiopia, Eritrea, Mozambique,

Angola, the Democratic Republic of the Congo,

Afghanistan, Haiti and Burundi. The group’s

average per capita food consumption is 1 790 kcal

and undernourishment is 57 percent of the popu-

lation or 105 million. The food consumption

projections imply (according to the method used

here) that the proportion of the population affected

will fall to 39 percent by 2015. This is a significant

decline. However, the absolute numbers affected will

rise to 115 million in 2015, because of the relatively

high growth rate of the group’s population, 

2.7 percent p.a. in 1997/99-2015. The undernour-

ished may still be 106 million (25 percent of the

population) by 2030. 

Are we perhaps too pessimistic? Readers may

judge for themselves on the basis of the following

considerations. The per capita food consumption

of this group of countries has moved in the range
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of 1 735-2 000 kcal in the past three decades. In

the projections, it grows from 1 790 kcal in 1997/99

to 2 010 kcal in 2015 and to 2 220 in 2030. 

Taking into account population growth, aggregate

demand for food (expressed in calories) is

projected to grow at 3.5 percent p.a. in the 

17 years to 2015. This contrasts with the experi-

ence of the past three decades when the highest

growth rate achieved in any 17-year period (64-81,

65-82, …, 81-98, 1982-99) was 2.3 percent p.a. In

parallel, the production evaluation (Chapter 4)

concludes that cereal production in this group of

countries could grow at 2.8 p.a., compared with

2.1 percent p.a., the highest rate ever achieved in

any 17-year period in the past. Overall, therefore,

the projections of food consumption and of

production, far from being pessimistic, embody 

a degree of optimism. This is partly justified by the

prospect of recovery of agriculture following 

eventual cessation of war or warlike activities that

are, or were recently, present in most countries in

this group. Empirical evidence discussed in the

next section suggests that in such situations 

better performance of agriculture is a key factor 

in making possible rapid increases in food

consumption.

There is also an additional element of optimism

embodied in the assumed reductions in distribu-

tional inequalities, as already discussed. The average

CV of this group is assumed to decline from 0.30 

in 1997/99 to 0.26 in 2015 and 0.23 in 2030. But

for these reductions, the undernourished would

have grown to 123 million in 2015 rather than to

115 million. The difference is admittedly small,

indicating the limited impact of reduced inequality

on the numbers of undernourished in countries

with very low national average kcal. The reasons

why this happens and why it does not denote

limited welfare value of more equal distribution

was explained earlier (Box 2.4). 

Similar considerations apply, mutatis mutandis, to

other countries that start from low or very low per

capita food consumption and high undernourish-

ment and also have fairly high population growth

rates. By 2015, they will still have low to middle

levels of food consumption, and the numbers of

undernourished will be either higher or not much

below the present ones. The middle part of Table

2.3 provides some more disaggregated information

on this aspect of the problem. The first two groups

of countries, those that in 2015 will still be below 

2 500 kcal (41 countries in all), fall in the above-
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Box 2.4 Inequality of access to food and incidence of undernourishment: 
assumptions about the future  

As noted in the text, in deriving future levels of undernourishment from the projected per capita food consumption

levels, the assumption is made that countries will have less inequality in the future, if World Bank projections of

reduced poverty incidence come about. The measure of inequality (the CV, see Box 2.1) applied in the projections is

derived by assuming that the standard deviation (SD, see Box 2.1 for an explanation) will be the same in the future as

in 1997/99 in the different countries even as their national average kcal rise, subject to the CV not falling below 0.20.

In plain words, this means the following: a country which in 1997/99 had a CV of 0.3 and kcal 2500, had an SD of

750 kcal and 16.5 percent of its population undernourished (assuming its undernourishment threshold is 1800 kcal).

In the future, its average kcal rises to 2 700. If the CV remained at 0.30, undernourishment would fall to 10.9 percent

of the projected population. With our assumption (SD constant at 750 kcal), the CV falls to 0.278 and undernourish-

ment falls to 8.8 percent of projected population. 

Reductions in inequality have small effects on the incidence of undernourishment when average kcal are very low

(e.g. under 2 000). This is so because at that level most of the population is under the undernourishment threshold to

start with. The scope of raising many of them above the threshold by redistributing the “surplus” of those above it is

limited. Naturally, in no way does this imply that in such countries reduction of inequality has no beneficial effects on

the undernourished. It does raise consumption, but not by as much as needed to bring them above the undernourish-

ment threshold. Likewise, the effect is also small when the average kcal is very high, e.g. over 3 000, because at that

level the percentage of the population undernourished is already small. The highest beneficial impact from reducing

inequality is to be had in the countries in the middle range of per capita food consumption, 2 300-2 600 kcal. These

effects are traced in graphic form in Figure 2.4. The vertical distance between the curves shows how far undernour-

ishment (percentage of population) changes when shifting from high to low inequality or vice versa.



44

mentioned category, i.e. numbers of undernour-

ished increasing or not declining by much for the

reasons just mentioned. The next group (12 coun-

tries in the range 2 500-2 700 kcal in 2015) is an

intermediate case showing medium reductions in

the numbers undernourished. 

Almost all the projected reductions in the

numbers undernourished by 2015 would occur in

the remaining two country groups, those which

contain the countries projected to have in 2015

over 2 700 calories. These two groups include some

of the most populous developing countries (China,

India, Pakistan, Indonesia, Mexico, Nigeria and

Brazil) and account for the bulk of the population

of the developing countries and some 60 percent of

the total numbers of undernourished. The main

reason why the gains in these countries are more

pronounced than in the earlier groups is that most

of them start with kcal in the middle range. As

noted, the potential for reducing undernourish-

ment through more equal distribution is highest in

this type of countries. It is indeed the projected

declines in the numbers in poverty in the most

populous countries6 with already middle to

middle-high food consumption levels, and the

assumed knock-on effect in reducing inequality in

the distribution of food consumption, that gener-

ates much of the projected decline in the numbers

undernourished in these countries. If inequality

were to remain the same, their undernourishment

would decline from 456 million in 1997/99 to 

400 million in 2015; with the assumed reductions

in inequality, undernourishment in 2015 declines

by a further 100 million, to 295 million.

In conclusion, rapid reductions in the numbers

of undernourished require the creation of condi-

tions that will lead to hefty increases in national

average food consumption, particularly in coun-

tries starting with low levels, as well as to lower

inequality of access to food. Countries with high

population growth rates will need stronger doses of

policies in that direction than countries with slower

growth rates. The projections of population and

the overall economic growth used here, and the

derived projections of food demand and consump-

tion, indicate that in many countries the decline in

the numbers undernourished will be a slow

process. Moreover, in several countries with high
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Figure 2.4 Paths of change in undernourishment: raising average consumption versus 
reducing inequality

6 China and the countries of South Asia account for almost all the reductions in poverty projected by the World Bank for 2015 – see Table 2.5. 
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population growth rates the absolute numbers

undernourished are projected to increase rather

than decline by 2015. 

From a policy perspective, an appropriate way

of looking at the problem at hand is to see how

many countries, accounting for what part of the

total population, will still have significant percent-

ages of their population undernourished. If the

number of countries in this category in the future

is smaller than at present – particularly if they are

among the less populous ones making for a small

percentage of aggregate population – then policy

interventions to reduce undernourishment will be

more feasible. Relevant data and projections are

shown in the third section of Table 2.3. The popu-

lation living in countries with undernourishment

over 25 percent will have been reduced from 

13 percent of the total of the developing countries

at present to only 3.5 percent by 2030. In parallel

the number of countries in this category will have

declined from 35 at present to 22 in 2015 and to

only five in 2030. None of today’s most populous

countries (over 100 million in 1997/99) will be in

this class in the future. At the other extreme, 

75 percent of the population of the developing

countries could be in countries with undernourish-

ment below 5 percent. At present only 8 percent

live in such countries. The shift to the under 

5 percent category of the majority of the most

populous countries underlies this dramatic change

(China, India, Pakistan, Indonesia, Brazil, Mexico

and the Islamic Republic of Iran – all with popula-

tions of over 100 million in 2030).

Overall, therefore, considerable progress would

be made over the longer term, if the projections of

food consumption and the assumptions about

reduced inequality were to come true. As more 

and more countries change from medium-high

percentages of undernourishment to low ones, the

problem will tend to become more tractable and

easier to address through policy interventions

within the countries themselves. In addition, the

greatly reduced number of countries with severe

problems holds the promise that policy responses

on the part of the international community will

tend to become more feasible. 

Better outcomes possible with emphasis on agriculture.

We have noted that countries that start with very

adverse initial conditions (low kcal/person/day,

high undernourishment, high population growth)

will require very rapid growth in aggregate food

consumption if they are to reduce undernourish-

ment significantly, e.g. to halve it by 2015, as per

the WFS target – although this target was set for the

developing countries as a whole and not for indi-

vidual countries. 

As an example, the Niger starts with very

adverse initial conditions. The country’s 1997/99

per capita food consumption was only 2 010 kcal/

person/day and undernourishment affected 

41 percent of its population, or 4.2 million persons

(FAO, 2001a). For 1990/92 (the base year of the

WFS target) the estimate was 3.3 million, so the

situation has worsened since. The 2015 target

should be a half of the estimate for 1990/92, i.e.

1.65 million. The Niger is projected to have one of

the highest population growth rates in the world, 

3.6 percent p.a. to 2015. By then its population will

be 18.5 million, up from the current 10.1 million.

Reduction of undernourishment to 1.65 million 

in 2015 would mean reduction from the present 

41 percent of the population to only 9 percent in

2015, a really huge change. 

What are the characteristics of countries that

have around 9 percent of the population under-

nourished? There are three countries (Gabon,

Brazil and China) in this class. They have

kcal/person/day of 2 520, 2 970 and 3 040, respec-

tively (FAO, 2001). This implies that even under

very low inequality of distribution like Gabon’s

(CV=0.216), the Niger’s per capita food consump-

tion must reach 2 4607 kcal by 2015 (from the

present 2 010 kcal) if it is to halve the numbers

suffering undernourishment. In combination with

its population growth of 3.6 percent p.a., its aggre-

gate demand for food would need to grow at 

4.9 percent p.a. between 1997/99-2015 (1.2 percent

p.a. in per capita terms – 22 percent over the entire

period of 17 years). The required income growth

(normally above 5 percent p.a. given that total

demand for food usually grows at rates below those

of aggregate income) would be very demanding, if

PROSPECTS FOR FOOD AND NUTRITION

7 One significant research question looms large in any attempt to project a likely future outcome. Given that the empirical evidence shows that coun-

tries go down as well as up, how does one project which countries will be in which category, particularly in the light of the evidence that declines

suffered by many countries are often the result of war?
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at all feasible. Naturally, if inequality of access were

to be more pronounced, the national average

kcal/person/day would need to be higher, e.g. 2 620

if the CV was to be 0.25.

If overall economic growth were to be the

primary force making for growth in food demand/

consumption, one would have to be quite

pessimistic as to the prospect that the Niger and 

countries in similar conditions could achieve the

quantum jumps in food consumption required for

reduction of undernourishment. The Niger has

had nearly zero economic growth (and a decline of

2.0 percent p.a. in per capita household final

consumption expenditure [HHFCE]/capita8) in the

last two decades. 

Yet, empirical evidence does not support such

blanket pessimism. We have referred earlier to the

case of Nigeria which achieved quantum jumps in

food consumption and associated declines in

undernourishment despite falling overall incomes

per capita. Other countries have had similar expe-

riences, i.e. achievement of food consumption

increases of 22 percent or more in per capita terms

in 17 years or even over shorter periods, while per

capita incomes were not growing or outright

falling. For example, Mali increased kcal/person/

day from 1 766 to 2 333 (32 percent) in the nine-

year period from 1979/81-1988/90, while its

HHFCE/capita was falling at -1.7 percent p.a. over

the same period. 

8 World Bank (2001b) term for what was previously termed private consumption expenditure in national accounts parlance.

Box 2.5 The WFS target of halving undernourishment by no later than 2015. 
What do the projections imply?  

The estimates of undernourishment available at the time of the WFS referred to the three-year average 1990/92. They

were based on the data (kcal/person/day, population, inequality parameters) known at the time the estimates were

made, in 1995-96. The numbers of undernourished in the developing countries were then put at 839 million. With the

revised data for these same years, the aggregate numbers have not changed much; they are now thought to have been

815 million for the base period 1990/92. There have been some very significant revisions for individual countries (see

Box 2.2), but in the aggregate the pluses and minuses largely compensated each other. 

In principle, progress towards the WFS target is measured from these revised estimates for 1990/92. Halving

absolute numbers would mean 408 million undernourished in 2015. The projections presented above indicate that

the number could still be 610 million in 2015 and it could still be 440 million in 2030. The reasons why this may be

so have been discussed above. The reader will get a better understanding of these projections by reading the consid-

erations underlying future demand/consumption outcomes for the main commodities in Chapter 3. 

In examining the projections in relation to the estimates for 1990/92 (as revised) and the WFS target, account must

be taken of the changes that have already taken place between 1990/92 and 1997/99. Such changes were taken into

account in the projections. Very pronounced changes took place between 1990/92 and 1997/99 in some countries.

For example, undernourishment increased significantly in several countries: the Democratic People’s Republic of

Korea, Cuba, Iraq, the Democratic Republic of the Congo, Burundi, Somalia, the United Republic of Tanzania and

Mongolia (see FAO, 2001a). There have also been some spectacular declines in undernourishment over the same

period, at least according to the data and methods used in FAO’s annual publication The State of Food Insecurity in

the World, e.g. in Ghana, Peru, Mozambique, Malawi, Chad and Nigeria (but see Box 2.2). Overall, the rate of decline

of the totals between 1990/92 and 1997/99 has been too slow, an average of 5.5 million p.a. If continued, it would

not lead to halving in the remaining 17 years (1997/99-2015) of the whole 24-year period (1990/92-2015) considered

for the WFS target evaluation. The projections presented here indicate an annual rate of decline of 9.7 million for the

remaining 17 years of the period to 2015. This is an improvement over the first five years but still would not lead to a

halving of the numbers undernourished.1

1 We must admit here to a second serious problem bedevilling all projection methods, in addition to that mentioned in footnote 7. This concerns
the impossibility of predicting sudden discontinuities that take place in real life and affect the variables in question in some countries, at least
as they appear in the data. For example, war or natural catastrophes lead to sudden collapses of food consumption. By contrast, in some 
countries there are sudden upward spurts in food availabilities and apparent food consumption. The big aggregates may not be greatly affected
by our inability to predict such sudden discontinuities in individual countries, but the numbers for smaller country groups may be seriously
affected. The problem is perhaps not serious for longer-term projections like the ones presented here; these sudden spurts (positive or nega-
tive) observed in actual life, in most cases exhaust themselves within a few years, after which smoother evolution of key variables resumes.
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Nine developing countries apparently went

through such experiences during some time in

their history of the last 30 years (countries 1-9 in

Table 2.6) They all achieved rapid growth in their

kcal/capita/day (increase of 22 percent or more

over periods of 17 years or less), while their

HHFCE/ capita was either falling or growing at

under 1 percent p.a.. What explains these food

consumption gains in the midst of stagnant or

deteriorating overall economic conditions? Do

these countries share some common characteris-

tics? The following comments can shed some

light:

! These countries all had very low food

consumption levels (from 1 600 to 1 950 kcal/

person/day, see column 4 in Table 2.6) at the 

inception of the periods of spurts in their food

consumption, hence great potential for such

increases in consumption when other condi-

tions were propitious.

! The countries all have fairly high dependence

on agriculture as measured by the percentage

of total GDP coming from agriculture and the

percentage of agricultural population in the

total population (columns 20-21 in Table 2.6). 

! In eight of these nine countries a key common

characteristic has been rapid growth in

domestic food production. The growth rate 

of cereal production was in the range of 

5.1-8.8 percent p.a. during the periods in

question (column 12 in Table 2.6), although in

some countries the rapid growth of produc-

tion of other important staple foods also

played a key role, e.g. roots/tubers in Nigeria,

Ghana and Benin. In some countries the high

growth rates of cereal production reflected

recoveries from periods of falling production.

For example, in the Gambia cereal production

had fallen from 81 thousand tonnes in

1970/72 to 36 thousand tonnes in 1975/77.

Recovery led to 96 thousand tonnes in

1985/87 but then there was no further growth

for another ten years and production was still

96 thousand tonnes in 1995/97.9 Other coun-

tries had rapid growth following, and contin-

uing beyond, recoveries, e.g. Ghana, Chad

and Mauritania. 

! The substantial growth in cereal food

consumption per capita was supported in all

but two countries by the growth of domestic

production, while net imports of cereals (kg

per capita) often declined and self-sufficiency

improved.

In the light of this evidence it is tempting 

to conclude that progress in raising food

consumption levels is possible in countries facing

unfavourable overall economic growth prospects,

if domestic food production can be made to grow

fairly rapidly for some time. However, before we

draw any firm conclusions, we must keep in mind

that the data concerning what happened to per

capita food consumption come from the food

balance sheets, i.e. they are the sum of production

plus net imports, minus the non-food uses of food

commodities, minus an estimate for waste. It is

therefore true by definition that a change in

consumption is, in an accounting sense, the coun-

terpart of changed production and/or net

imports. Naturally, this is not the same thing as

saying that increased production and/or imports

“caused” the increases in consumption. What 

we can be sure of is that if the production and

trade data are correct, and if the allowances for

non-food uses and waste are of the right order 

of magnitude, the implied food consumption

increases did take place, no matter what the

national accounts show concerning national

incomes. Otherwise, what has happened to the

increased food supplies? 

We clearly have a situation where the income

changes depicted in the national accounts fail to

reflect what actually happens to the capacity of

people to have access to food, and indeed of the

persons in food insecurity. It may be hypothe-

sized that this is the case in many low-income

economies where large parts of the population

derive a living from agriculture, including those

with significant near-subsistence agriculture and

autoconsumption. In such cases increased

production can translate into improved incomes

and access to food of the persons in agriculture

and, through indirect effects, also of the persons

in the wider rural economy. 

PROSPECTS FOR FOOD AND NUTRITION

9 Latest data to 2001 show a sudden spurt in production in the last three years (1999-2001). The Gambia’s 2001 production is given as 179 thou-

sand tonnes (FAOSTAT, update of February 2002).



1 2 3 4 5 6 7 8

1 Gambia 75/77 11 1 742 2 482 42.4 2 574 -5.4

2 Nigeria 83/85 14 1 950 2 813 44.3 2 813 -2.9

3 El Salvador 72/74 17 1 918 2 445 27.5 2 493 -2.0

4 Mali 79/81 9 1 766 2 333 32.1 2 237 -1.7

5 Benin 81/83 16 1 947 2 498 28.3 2 498 -0.2

6 Mauritania 70/72 17 1 878 2 552 35.9 2 690 0.0

7 Chad 82/84 15 1 596 2 117 32.7 2 117 0.2

8 Burkina Faso 80/82 12 1 682 2 455 45.9 2 293 0.4

9 Ghana 81/83 16 1 630 2 546 56.1 2 546 0.8

10 Jordan 73/75 17 2 210 2 862 29.5 2 812 1.4

11 Nepal 75/77 14 1 850 2 443 32.0 2 293 1.4

12 Iran. 69/71 12 2 094 2 829 35.1 2 928 1.5

13 Syria 69/71 13 2 345 3 246 38.4 3 328 1.7

14 Myanmar 74/76 12 2 110 2 730 29.4 2 787 1.9

15 Philippines 69/71 11 1 808 2 244 24.1 2 332 2.0

16 Peru 90/92 7 1 978 2 551 28.9 2 551 2.4

17 Morocco 69/71 17 2 474 3 020 22.1 3 030 2.5

18 Algeria 69/71 17 1 840 2 778 51.0 2 933 3.5

19 Egypt 69/71 17 2 348 3 105 32.2 3 317 3.8

20 Tunisia 69/71 17 2 360 3 103 31.5 3 341 4.5

21 Indonesia 76/78 17 2 056 2 856 38.9 2 903 5.1

22 China 75/77 17 2 062 2 765 34.1 3 037 7.0

23 Saudi Arabia 72/74 13 1 774 2 940 65.7 2 957 11.9

24 Iraq 72/74 14 2 251 3 506 55.7 2 416 no data

25 Lebanon 74/76 17 2 318 3 211 38.5 3 231 no data

26 Libya 69/71 7 2 456 3 444 40.2 3 291 no data

27 Tanzania 70/72 7 1 723 2 253 30.7 1 926 no data

28 Yemen 70/72 16 1 761 2 166 23.0 2 040 no data

1 Household final consumption expenditure per capita, except for Saudi Arabia, Egypt, Myanmar, Syrian Arab Republic and Chad where the growth 
rates are for per capita gross domestic income.
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Table 2.6 Developing countries with increases in food consumption (kcal/person/day) 
of 22 percent or more over 17 years or less

Period of growth in food
consumption

Beginning No. 
years

Kcal/person/day

Beginning Final year % increase Latest 
(1997/99)

Income
growth
during

period,1

% p.a.



9 10 11 12 13 14 15 16 17 18 19 20 21

119 171 163 8.8 2.7 49 51 44 -49 -105 -121 30 73

122 154 154 5.1 2.6 84 91 91 -26 -19 -19 36 39

120 153 152 2.0 0.2 82 75 69 -22 -55 -76 12 34

146 209 193 6.9 2.3 90 95 94 -14 -11 -12 46 84

96 115 115 5.1 5.4 76 87 87 -30 -25 -25 38 53

104 159 171 5.8 4.9 43 42 22 -65 -114 -231 25 49

99 132 132 6.2 6.7 70 96 96 -34 -7 -7 37 68

156 242 219 7.1 2.8 93 94 91 -14 -16 -20 32 88

58 85 85 6.4 5.5 70 84 84 -17 -17 -17 36 54

153 167 174 1.9 -7.0 36 10 4 -95 -406 -364 3 12

160 208 190 3.4 1.9 112 100 101 8 -1 0 41 91

146 186 191 3.7 2.8 88 71 69 -15 -88 -99 21 30

161 198 221 5.0 7.5 80 60 76 -62 -116 4 no data 28

172 212 216 4.3 2.7 106 101 101 12 9 3 59 70

115 138 138 4.4 0.3 93 88 75 -22 -23 -63 18 40

105 127 127 7.4 4.9 42 47 47 -90 -112 -112 7 31

225 253 250 1.2 -3.0 92 84 54 -20 -76 -118 16 38

151 208 228 -0.4 -1.9 73 27 21 -36 -197 -202 11 24

175 228 251 1.4 4.6 77 49 69 -31 -162 -153 18 38

173 221 222 0.4 1.9 61 36 45 -83 -201 -199 13 26

142 197 202 4.3 2.0 89 89 88 -19 -28 -27 18 45

165 209 210 3.1 2.2 98 99 100 -3 3 4 18 69

110 145 173 22.1 -8.1 20 13 23 -77 -457 -337 7 14

155 246 166 0.2 -1.6 94 34 40 -29 -247 -137 no data 12

128 135 136 1.6 2.0 15 12 10 -181 -253 -224 12 5

148 203 197 10.2 -2.9 27 28 10 -174 -223 -427 no data 9

75 130 115 14.3 0.1 88 99 85 -6 -4 -10 45 72

153 172 165 -2.6 0.0 76 40 24 -36 -109 -143 18 49
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Sources: All FAO, except columns 8 and 20 from the World Bank (2001b).

Cereal food/per capita 
(kg)

Cereal production
growth rates 

(% p.a.)

Period  Last ten
of cons. years
increase (1989-99)

Cereal 
self-sufficiency 

(%)

Beginning Final Latest 
year (1997/99)

Cereal net trade 
(kg/person)

Beginning Final Latest 
year (1997/99)

Beginning Final Latest 
year (1997/99)

Agr. GDP
% total 

GDP

1997/99

Agr. popul.
as % of

total pop.

1997/99
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That such links between production and

consumption exist and are important for improved

food security and development is, of course,

nothing new. A body of literature (e.g. Mellor, 1995;

de Janvry and Sadoulet, 2000) supports the propo-

sition that, in low-income countries with high

dependence on agriculture, facing initial condi-

tions like those of many countries in our sample,

strategies promoting in priority agricultural

productivity improvements are most appropriate

for making progress in poverty reduction and, by

implication, in food security. Naturally, one should

not just think of production increases in the

abstract. The links between increased production

and improved food consumption of poor and

food-insecure persons are mediated through

complex institutional and socio-economic rela-

tions. In addition, feedback effects between food

production and consumption should be consid-

ered, as undernourishment is a handicap to the

efforts to improve food production. Better nutri-

tion, in addition to being an end-goal in itself, is

also an essential input into the achievement of

production increases and overall development (see

Chapter 8). 

The remaining 19 countries that increased

food consumption by 22 percent or more in

periods of 17 years or less exhibit a variety of

experiences concerning combinations of the

different variables underlying the gains in food

consumption: the growth of their per capita

HHFCE (data not available for the last five 

countries in Table 2.6), cereal production and net

imports. All had positive growth rates in

HHFCE/capita. We have here typical cases of the

North African countries, where moderate to high

growth of incomes fuelled the demand for food,

and this was met mainly by quantum jumps in

cereal imports rather than production, as in the

case of Algeria and Egypt. 

In conclusion, if the data used here are

anywhere near the reality, the evidence suggests

that in the many countries with poor overall

economic growth outlook (e.g. most countries of

sub-Saharan Africa), priority to raising agricultural

productivity holds promise for making progress

towards reducing undernourishment. Eventually,

sustained agricultural growth will also show up in

improved overall national incomes.

2.3 Structural changes in the 
commodity composition of
food consumption

The growth in per capita food consumption was

accompanied by significant change in the

commodity composition, at least in the countries

that experienced such growth. The relevant data

and projections are shown in Tables 2.7 and 2.8. 

Much of the structural change in the diets of

the developing countries concerned the rapid

increases of livestock products (meat, milk and

eggs), vegetable oils and, to a lesser extent, sugar,

as sources of food calories. These three food

groups together now provide 28 percent of total

food consumption in the developing countries (in

terms of calories), up from 20 percent in the mid-

1960s. Their share is projected to rise further to

32 percent in 2015 and to 35 percent in 2030.

However, structural change was not universal 

and wide intercountry diversity remains in the

share of different commodity groups in total 

food consumption. The major changes, past 

and projected, are briefly reviewed below. A 

more extensive discussion of the forces affecting

the main commodity sectors is presented in

Chapter 3. 

Cereals continue to be by far the most impor-

tant source (in terms of calories) of total food

consumption. Food use of cereals has kept

increasing, albeit at a decelerating rate. In the

developing countries, the per capita average is

now 173 kg, providing 56 percent of total calories.

This is up from 141 kg (61 percent of total calo-

ries) in the mid-1960s (Table 2.7). Much of the

increase in per capita food consumption of cereals

in the developing countries took place in the

1970s and 1980s, reflecting inter alia the rapid

growth of their cereal imports during the period

of the oil boom (see Chapter 3). For the devel-

oping countries as a whole, average direct food

consumption of cereals is projected to stabilize at

around present levels (although it would keep

rising if feed use of cereals were added), as more

and more countries achieve medium-high levels

and diet diversification continues. The share of

cereals in total calories will continue to decline,

but very slowly, falling from 56 percent at present

to 53 percent in 2015 and to 50 percent in 2030.
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Food consumption of wheat grew the fastest of

all cereals in the past and will continue to do so in

the future. Such growth in consumption will be

accompanied by continued growth in wheat

imports in many developing countries, particu-

larly those that are non-producers or minor

producers for agro-ecological reasons (see

Chapter 3). In contrast, per capita food consump-

tion of rice should continue its recent trend

towards stabilization and gentle decline, reflecting

developments in, mainly, the East Asia region. 

Food consumption of coarse grains has declined

on average, but continues to be important mainly

in sub-Saharan Africa (where it accounts for 

72 percent of food consumption of cereals) and to

a lesser extent in Latin America (42 percent). The

decline in other regions, particularly in China, has

brought down the average for the developing

countries. In future, smaller declines in Asia and

some recovery in sub-Saharan Africa could halt

the trend towards decline of the average of the

developing countries. Aggregate demand for

coarse grains will be increasingly influenced by

the demand for animal feed. As discussed in

Chapter 3, the developing countries will be

playing a growing role in the world total demand

and trade of coarse grains. 

Wide intercountry differences in cereal food

consumption will continue to persist. Several

countries have per capita food consumption of

cereals under 100 kg/year and some below 50 kg

(the Democratic Republic of the Congo, Burundi

and the Central African Republic). These persist-

ently low levels reflect a combination of climatic

factors (favouring dependence of diets on roots

and tubers, including plantains, in countries

mainly in the humid tropics) as well as persistence

of poverty and depressed levels of food consump-

tion overall. It is worth noting that Africa includes

countries at the two extremes of the cereal

consumption spectrum; the countries with the

highest food consumption of cereals are also in

Africa, namely those in North Africa, with per

capita levels in the range of 200 to 250 kg.

The diversification of diet in developing coun-

tries has been most visible in the shift towards live-

stock products. Here again there is very wide diver-

sity among countries as regards both the levels of

consumption achieved as well as the speed with

which the transformation has been taking place.

Several developing countries have traditionally

had high meat consumption, comparable to the

levels of the industrial countries. They include the

traditional meat exporters of Latin America (e.g.

Argentina and Uruguay), but also the occasional

country with a predominantly pastoral economy,

such as Mongolia. However, developments in

these countries did not cause the structural

change in the diets of the developing countries

towards more meat consumption. If anything,

they slowed it down as the per capita consumption

in many of them either remained flat or actually

declined. The real force behind the structural

change has been rapid growth in consumption of

livestock products in countries such as China10

(including Taiwan Province of China and Hong

Kong SAR), the Republic of Korea, Malaysia,

Chile, Brazil and several countries in the Near

East/North Africa region. Indeed, as discussed in

Chapter 3, the increase in meat consumption of

the developing countries from 11 to 26 kg in the

period from the mid-1970s to the present was

decisively influenced by the rapid growth in China

and Brazil. Excluding them from the totals, the

average of the other developing countries grew

much less over the same period, from 11 kg to

only 15 kg (see Chapter 3, Table 3.10).

In the future we may witness a significant slow-

down in the growth of demand for meat. This will

be the result of slower population growth and of

the natural slowdown in consumption accompa-

nying the achievement of high or medium-high

levels in the industrial countries but also in some

populous developing ones, such as China. The

prospects are slim that other large developing

countries such as India will emerge as major meat

consumers, because of a continuation of low

incomes and the influence of dietary preferences

favouring meat less than in other societies. Thus,

the boost given in the past to world meat

consumption by the surge in China (but see foot-

note 10) is unlikely to be replicated by other coun-

PROSPECTS FOR FOOD AND NUTRITION

10 See Chapter 3 for doubts concerning the reliability of the meat sector data in China. If the data actually overstate China’s meat production by a
considerable margin, the country’s impact on the world meat economy and particularly the aggregates of the developing countries would have
been more modest than suggested here. 
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tries with the same force in the future. The major

structural changes that characterized the histor-

ical evolution of the world livestock economy,

particularly in the 1990s, are likely to continue,

although in somewhat attenuated form. These are

the growing role of the poultry sector in total meat

production and the growing share of trade in

world output and consumption. 

The other major commodity group with very

high consumption growth in the developing coun-

tries has been vegetable oil. The rapid growth in

consumption and the high calorie content of

oilcrop products11 have been instrumental in

bringing about increases in apparent food

consumption (kcal/person/day) of the developing

countries, which characterized the progress in

food security achieved in the past. In the 

mid-1970s, consumption of oilcrop products 

(5.3 kg/ person/year, in oil equivalent) supplied

only 144 kcal/person/day, or 6.7 percent of the

total availability of 2 152 calories of the developing

countries. By 1997/99 consumption per capita had

grown to 9.9 kg contributing 262 kcal to total food

supplies, or 9.8 percent of a total which itself had

risen to 2 680 kcal. In practice, just over one out

of every five calories added to the consumption of

the developing countries over this period origi-

nated in this group of products (see further

discussion of the oilcrops sector in Chapter 3).

In the future, vegetable oils are likely to 

retain, and indeed strengthen, their primacy as

major contributors to further increases in food

consumption of the developing countries: 44 out

of every 100 additional calories in the period to

2030 may come from these products. Some

important structural changes of the historical

period in the world oilcrops economy are likely to

continue. These are: 

! the growing share of four oilcrops in the total

oilcrops sector (oil palm, soybeans, rape and

sunflower);

! the continued dominance of a few countries as

major producers and exporters; and 

! the growing role of imports in meeting the

food demand for vegetable oils of many devel-

oping countries. 

Consumption of pulses in the developing coun-

tries stagnated overall and registered drastic

declines in several countries, mainly in Asia and

sub-Saharan Africa. These trends reflected not

just changing consumer preferences but also, in

several countries, failure to promote production

of such crops. Often this was the result of prefer-

ence for increasing production and self-sufficiency

in cereals. It is thought that where these declines

in protein-rich pulses were not accompanied by

increases in the consumption of livestock prod-

ucts, the result has been a deterioration in the

overall quality of diets, even where per capita

dietary energy (kcal/person/day) increased (for the

case of India, see Hopper, 1999). For the future,

no major changes are foreseen in per capita

consumption of pulses, with the average of the

developing countries remaining at about 7 kg. 

Roots, tubers and plantains have traditionally

been the mainstay of food consumption in several 

countries with low-middle levels of overall food

consumption, mainly in sub-Saharan Africa and

Latin America. Nineteen countries, all in sub-

Saharan Africa, depend on these products for

over 20 percent of food consumption in terms of

calories. These countries account for 60 percent of

the region’s population. In three of them, the

dependence is over 50 percent (the Democratic

Republic of the Congo, Rwanda and Ghana). At

the same time, the region has countries at the

other extreme of the spectrum with only minimal

consumption of roots and tubers, such as Mali,

Mauritania, the Niger and the Sudan.

The food balance sheet data show that in

several of the countries with high dietary depend-

ence on roots and tubers, what happens to the

production of these crops is an important deter-

minant of changes in the national average food

consumption. As in the case of Nigeria mentioned

earlier (Box 2.2), other countries (Ghana, Benin

and Peru) also experienced significant increases in

per capita food consumption which originated to

a large extent in the increases in roots and tubers

production. Despite these country examples, the

general trend in recent years has been for average

per capita food consumption of these products in

developing countries to increase only very slowly,

11 The figures given here refer to the consumption of oils as well as that of oilcrops directly (soybeans, groundnuts, etc.) or in the form of derived prod-
ucts other than oil, all measured in oil equivalent. This consumption of oilcrops in forms other than oil is particularly important in some countries. 
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Table 2.7 Changes in the commodity composition of food consumption, 
major country groups

Kg/person/year 1964/66 1974/76 1984/86 1997/99 2015 2030

World

Cereals, food 147 151 168 171 171 171

Cereals, all uses 283 304 335 317 332 344

Roots and tubers 83 80 68 69 71 74

Sugar (raw sugar equivalent) 21 23 24 24 25 26

Pulses, dry 9 7 6 6 6 6

Vegetable oils, oilseeds and products (oil eq.) 6 7 9 11 14 16

Meat (carcass weight) 24 27 31 36 41 45

Milk and dairy, excl. butter (fresh milk eq.) 74 75 79 78 83 90

Other food (kcal/person/day) 208 217 237 274 280 290

Total food (kcal/person/day) 2 358 2 435 2 655 2 803 2 940 3 050

Developing countries

Cereals, food 141 150 172 173 173 172

Cereals, all uses 183 201 234 247 265 279

Roots and tubers 75 77 62 67 71 75

(Developing minus China) 62 61 57 63 69 75

Sugar (raw sugar equivalent) 14 16 19 21 23 25

Pulses, dry 11 8 8 7 7 7

Vegetable oils, oilseeds and products (oil eq.) 5 5 8 10 13 15

Meat (carcass weight) 10 11 16 26 32 37

Milk and dairy, excl. butter (fresh milk eq.) 28 30 37 45 55 66

Other food (kcal/person/day) 122 129 155 224 240 250

Total food (kcal/person/day) 2 054 2 152 2 450 2 681 2 850 2 980

Industrial countries

Cereals, food 136 136 147 159 158 159

Cereals, all uses 483 504 569 588 630 667

Roots and tubers 77 68 69 66 63 61

Sugar (raw sugar equivalent) 37 39 33 33 32 32

Pulses, dry 3 3 3 4 4 4

Vegetable oils, oilseeds and products (oil eq.) 11 15 17 20 22 23

Meat (carcass weight) 62 74 81 88 96 100

Milk and dairy, excl. butter (fresh milk eq.) 186 192 212 212 217 221

Other food (kcal/person/day) 461 485 510 516 540 550

Total food (kcal/person/day) 2 947 3 065 3 206 3 380 3 440 3 500

Transition countries

Cereals, food 211 191 183 173 176 173

Cereals, all uses 556 719 766 510 596 685

Roots and tubers 148 132 114 104 102 100

Sugar (raw sugar equivalent) 37 45 46 34 35 36

Pulses, dry 5 4 3 1 1 1

Vegetable oils, oilseeds and products (oil eq.) 7 8 10 9 12 14

Meat (carcass weight) 43 60 66 46 54 61

Milk and dairy, excl. butter (fresh milk eq.) 157 192 181 159 169 179

Other food (kcal/person/day) 288 356 384 306 330 350

Total food (kcal/person/day) 3 223 3 386 3 379 2 906 3 060 3 180

Note: Cereal food consumption includes the grain equivalent of beer consumption and of corn sweeteners.
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and indeed to stagnate if potatoes are excluded.

Increases in some countries were compensated by

declines in others. The drastic decline in food

consumption of sweet potatoes in China had a

decisive influence on these trends. Potatoes were

the one commodity with consistent increases 

in per capita consumption in the developing

countries.

These trends are expected to continue, as will

the high dependence of several countries on roots

and tubers as a major source of food. Per capita

food consumption of all roots, tubers and plan-

tains in developing countries should increase

slowly, from 67 kg in 1997/99 to 75 kg in 2030

(Table 2.7). This increase partly reflects the fact

that the downward pressure exerted in the histor-

ical period on the overall average by China’s lower

food consumption of sweet potatoes will be much

weaker in the future. Much of the decline in

China’s per capita consumption of sweet potatoes

(from 94 kg in 1974/76 to 40 kg in 1997/99) has

already occurred and any future declines will be

much smaller. Potatoes will continue to show rela-

tively high-income elasticity in most developing

countries, and average food consumption is

projected to increase from 17 kg in 1997/99 to 

26 kg in 2030. Another factor that could raise

consumption is the potential for productivity

increases in the other root crops (cassava and

yams). It will be possible for more countries in

sub-Saharan Africa to replicate the experiences of

countries such as Nigeria, Ghana, Benin and

Malawi, and increase their food consumption

based on rapid productivity improvements in

these crops. 

Sugar shares many of the characteristics of

vegetable oils as regards food consumption and

trade in the developing countries. It is a fast-rising

consumption item and a major export commodity

of several countries, such as Brazil, Cuba and

Thailand. In addition, several developing coun-

tries are becoming large and growing net

importers (Egypt, the Islamic Republic of Iran

and the Republic of Korea), making up for the

lack of growth of imports into the industrial 

countries. The developing countries’ average

consumption is 21 kg/person/year, but it is higher

(26 kg) if China is excluded; China has only 8 kg

as a lot of saccharine is used instead of sugar.

About a half of the developing countries consume

less than 20 kg, and a quarter under 10 kg. The

scope for consumption growth is still considerable

and we project an increase in the average

consumption of developing countries from 21 to

25 kg over the projection period. China’s contri-

bution to total growth should be more than in the

past since the country could be discouraging the

use of saccharine (see also Chapter 3). 

2.4 Concluding remarks

Some brief conclusions may be drawn, as follows: 

! There will be significant progress in raising

food consumption levels and improving nutri-

tion. There will be significant reductions in 

the relative incidence of undernourishment

(percentage of population affected), but these

will not be translated into commensurate

declines in the numbers undernourished

because of population growth. Reduction in

the absolute numbers of undernourished is

likely to be a slow process. Numbers will decline

from 776 million in 1997/99 to 610 million in

2015 and to 440 million in 2030. 

! The number of undernourished in developing

countries stood at 815 million in 1990/92 (the

three-year average used as the basis for

defining the WFS target). This number is not

likely to be halved by 2015, just as the absolute

numbers in poverty will not be halved (from

the level of 1990) according to the latest World

Bank assessment. However, the proportion of

the population undernourished could be

nearly halved by 2015 – from 20 percent in

1990/92 to 11 percent in 2015.

! The projected slow progress in reducing under-

nourishment will reflect the failure of many

countries to transit to rapid economic develop-

ment and poverty reduction.However, empir-

ical evidence suggests that in the countries with

high dependence on agriculture, assigning

priority to the development of food production

holds promise of overcoming the constraint to

better nutrition represented by the unfavourable

overall economic growth prospects. 

! In many countries, including some of the more

populous ones, the relative incidence of 

undernourishment (percentage of the popula-

tion) will decline significantly. Fewer countries
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Table 2.8 Changes in the commodity composition of food consumption, 
developing regions

Kg/person/year 1964/66 1974/76 1984/86 1997/99 2015 2030

Sub-Saharan Africa
Cereals, food 115 115 118 123 131 141
Roots and tubers 186 190 169 194 199 202
Sugar (raw sugar equivalent) 6 8 9 10 11 13
Pulses, dry 10 10 9 9 10 11
Vegetable oils, oilseeds and products (oil eq.) 8 8 8 9 11 12
Meat (carcass weight) 10 10 10 9 11 13
Milk and dairy, excl. butter (fresh milk eq.) 29 28 32 29 31 34
Other food (kcal/person/day) 136 144 135 126 135 145
Total food (kcal/person/day) 2 057 2 079 2 058 2 195 2 360 2 540

Near East/North Africa
Cereals, food 172 189 204 209 206 201
Roots and tubers 16 21 31 34 33 33
Sugar (raw sugar equivalent) 19 24 29 28 29 30
Pulses, dry 7 7 7 7 7 7
Vegetable oils, oilseeds and products (oil eq.) 7 9 12 13 14 16
Meat (carcass weight) 12 14 20 21 29 35
Milk and dairy, excl. butter (fresh milk eq.) 69 72 83 72 81 90
Other food (kcal/person/day) 223 247 297 327 335 345
Total food (kcal/person/day) 2 291 2 592 2 953 3 006 3 090 3 170

Latin America and the Caribbean
Cereals, food 116 123 132 132 136 139
Roots and tubers 89 79 68 62 61 61
Sugar (raw sugar equivalent) 41 46 46 49 48 48
Pulses, dry 15 12 11 11 11 11
Vegetable oils, oilseeds and products (oil eq.) 6 8 11 13 15 16
Meat (carcass weight) 32 36 40 54 65 77
Milk and dairy, excl. butter (fresh milk eq.) 80 93 94 110 125 140
Other food (kcal/person/day) 228 239 251 262 280 300
Total food (kcal/person/day) 2 393 2 546 2 689 2 824 2 980 3140

South Asia
Cereals, food 146 143 156 163 177 183
Roots and tubers 13 19 19 22 27 30
Sugar (raw sugar equivalent) 20 20 23 27 30 32
Pulses, dry 15 13 12 11 9 8
Vegetable oils, oilseeds and products (oil eq.) 5 5 6 8 12 14
Meat (carcass weight) 4 4 4 5 8 12
Milk and dairy, excl. butter (fresh milk eq.) 37 38 51 68 88 107
Other food (kcal/person/day) 81 85 100 129 150 160
Total food (kcal/person/day) 2 016 1 986 2 204 2 403 2 700 2 900

East Asia
Cereals, food 146 162 201 199 190 183
Roots and tubers 94 94 67 66 64 61
Sugar (raw sugar equivalent) 5 6 10 12 15 17
Pulses, dry 8 4 4 2 2 2
Vegetable oils, oilseeds and products (oil eq.) 3 4 6 10 13 16
Meat (carcass weight) 9 10 17 38 50 59
Milk and dairy, excl. butter (fresh milk eq.) 4 4 6 10 14 18
Other food (kcal/person/day) 100 107 149 290 315 340
Total food (kcal/person/day) 1 958 2 105 2 559 2 921 3 060 3 190

Note: Cereal food consumption includes the grain equivalent of beer consumption and of corn sweeteners.
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than at present will have high incidence of

undernourishment, none of them in the most

populous class. The problem of undernourish-

ment will tend to become smaller in terms of

both absolute numbers affected and, even

more, in relative terms, hence it will become

more tractable through policy interventions,

both national and international.

! Despite this slow pace of progress in 

reducing the incidence of undernourishment,

the projections imply a considerable overall

improvement. In the developing countries the

numbers well fed (i.e. not classified as under-

nourished according to the criteria used here)

could increase from 3.8 billion in 1997/99 

(83 percent of their population) to 5.2 billion

in 2015 (89 percent of the population) and to 

6.4 billion (94 percent) in 2030. That will be no

mean achievement.
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This chapter deals with the trends and future

outlook of world food and agriculture in terms of

the main commodity sectors. A brief introduction

to the subject is given first, presenting trends and

prospects for total agriculture (the aggregates of all

crops and livestock products).

3.1 Aggregate agriculture:
Historical trends and prospects

The historical evidence suggests that the growth of

the productive potential of global agriculture has

so far been more than sufficient to meet the

growth of effective demand. This is what the long-

term term decline in the real price of food suggests

(Figure 3.1, see also World Bank, 2000a). In prac-

tice, world agriculture has been operating in a

demand-constrained environment. This situation

has coexisted with hundreds of millions of the

world population not having enough food to 

eat. This situation of un-met demand1 coexisting

with actual or potential plenty is not, of course,

specific to food and agriculture. It is found in

other sectors as well, such as housing, sanitation

and the health services.

Limits on the demand side at the global level

reflected three main factors: (i) the slowdown in

population growth from the late 1960s onwards

(see Chapter 2); (ii) the fact that a growing share of

the world population has been attaining fairly high

levels of per capita food consumption, beyond

which the scope for further increases is rather

limited (Table 2.2); and (iii) the fact that those who

did not have enough to eat were too poor to afford

more food and cause it to be produced, or did not

have the resources and other means to produce it

themselves.

The first two factors will continue to operate in

the future. Their influence will be expressed as

lower growth rates than in the past of demand and,

at the global level, also of production. The third

factor will also continue to play a role, given that

the overall economic outlook indicates that poverty

will continue to be widespread in the future (see

Chapter 2, Section 2.2.2). It follows that for a

rather significant part of world population the

potential demand for food will not be expressed

fully as effective demand. Thus, the past trends of

decelerating growth of demand will likely continue

and perhaps intensify. 

Prospects for aggregate agriculture 
and major commodity groups

3
CHAPTER

1 The terms “demand” and “consumption” are used interchangeably. Both terms comprise all forms of use, i.e. food, feed, seed and industrial use

as well as losses and waste (other than household waste). Demand for as well as supply from stocks, are disregarded. Given the 30-year time
horizon of the study, a separate treatment of stock changes would unnecessarily complicate the analysis.



However, on the production side, there is no

assurance that the past experience, when the

world’s production potential was more than suffi-

cient to meet the growth of demand, will continue,

even when demand growth will be much lower

than in the past. The natural resources per head of

the growing population (e.g. land or water

resources per person) will certainly continue to

decline and the yield growth potential is more

limited than in the past. It remains to be seen

whether advances in technology and related factors

(e.g. investment, education, institutions and

improved farm management) that underpinned

the past growth of production will continue to

more than make up for the declining resources 

per person. The future may be different if we are

now nearer critical thresholds, e.g. yield ceilings

imposed by plant physiology or availability of 

water resources for maintaining and/or expanding

irrigation. On the positive side, there are those 

who think that biotechnology has the potential 

of helping to overcome constraints to further

increases in production (Chapters 4 and 11, see

also Evenson, 2002). 

We present in this section a brief overview of

what we can expect in terms of increases of aggre-

gate demand for, and production of, agricultural

products. The figures we use refer to the aggregate

volume of demand and production of the crop and

livestock sectors. They are obtained by multiplying

physical quantities of demand or production times

price for each commodity and summing up over all

commodities (each commodity is valued at the

same average international price2 in all countries 

in all years). The resulting time series is an index 

of volume changes over time of aggregate demand

and production. The movements in this aggregate

indicator are rarely sufficient for us to analyse and

understand the forces that shape the evolution of

agricultural variables in their different dimensions.

The commodities included (see list in Appendix 1)

are very diverse from the standpoint of what deter-

mines their production, demand and trade. For

this reason, the subsequent sections of this chapter

analyse and present the historical experience and

prospects of world agriculture in terms of the main

commodity sectors. Sections 3.2-3.5 deal with the

basic food commodities: cereals, livestock products,

oilcrops and the roots, tubers and plantains group.

Section 3.6 covers more summarily a selection of

the main export commodities of the developing

countries: sugar, bananas, coffee, cocoa and natural

rubber. The commodities dealt with in sections 

3.2-3.6 account for 79 percent of the world’s aggre-

gate agricultural output. 
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2 International dollar prices, averages for 1989/91, used for constructing the production index numbers in FAOSTAT. 

Figure 3.1 World market prices, 1960-2001 (constant 1990 US$) 
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Table 3.1 Growth rates of aggregate demand and production (percentage p.a.) 

1969-99 1979-99 1989-99 1997/99 2015-30 1997/99

-2015 -2030

Demand

World 2.2 2.1 2.0 1.6 1.4 1.5

Developing countries 3.7 3.7 4.0 2.2 1.7 2.0

idem, excl. China 3.2 3.0 3.0 2.4 2.0 2.2

Sub-Saharan Africa 2.8 3.1 3.2 2.9 2.8 2.9

idem, excl. Nigeria 2.5 2.4 2.5 3.1 2.9 3.0

Near East/North Africa 3.8 3.0 2.7 2.4 2.0 2.2

Latin America and the Caribbean 2.9 2.7 3.0 2.1 1.7 1.9

idem, excl. Brazil 2.4 2.1 2.8 2.2 1.8 2.0

South Asia 3.2 3.3 3.0 2.6 2.0 2.3

East Asia 4.5 4.7 5.2 1.8 1.3 1.6

idem, excl. China 3.5 3.2 2.8 2.0 1.7 1.9

Industrial countries 1.1 1.0 1.0 0.7 0.6 0.7

Transition countries -0.2 -1.7 -4.4 0.5 0.4 0.5

Production

World 2.2 2.1 2.0 1.6 1.3 1.5

Developing countries 3.5 3.7 3.9 2.0 1.7 1.9

idem, excl. China 3.0 3.0 2.9 2.3 2.0 2.1

Sub-Saharan Africa 2.3 3.0 3.0 2.8 2.7 2.7

idem, excl. Nigeria 2.0 2.2 2.4 2.9 2.7 2.8

Near East/North Africa 3.1 3.0 2.9 2.1 1.9 2.0

Latin America and the Caribbean 2.8 2.6 3.1 2.1 1.7 1.9

idem, excl. Brazil 2.3 2.1 2.8 2.2 1.8 2.0

South Asia 3.1 3.4 2.9 2.5 2.0 2.2

East Asia 4.4 4.6 5.0 1.7 1.3 1.5

idem, excl. China 3.3 2.9 2.4 2.0 1.8 1.9

Industrial countries 1.3 1.0 1.4 0.8 0.6 0.7

Transition countries -0.4 -1.7 -4.7 0.6 0.6 0.6

Population

World 1.7 1.6 1.5 1.2 0.9 1.1

Developing countries 2.0 1.9 1.7 1.4 1.1 1.3

idem, excl. China 2.3 2.2 2.0 1.7 1.3 1.5

Sub-Saharan Africa 2.9 2.9 2.7 2.6 2.2 2.4

idem, excl. Nigeria 2.9 2.9 2.7 2.6 2.3 2.4

Near East/North Africa 2.7 2.6 2.4 1.9 1.5 1.7

Latin America and the Caribbean 2.1 1.9 1.7 1.3 0.9 1.1

idem, excl. Brazil 2.1 1.9 1.8 1.4 1.0 1.2

South Asia 2.2 2.1 1.9 1.6 1.1 1.3

East Asia 1.6 1.5 1.2 0.9 0.5 0.7

idem, excl. China 2.0 1.8 1.6 1.2 0.9 1.0

Industrial countries 0.7 0.7 0.7 0.4 0.2 0.3

Transition countries 0.6 0.5 0.1 -0.2 -0.3 -0.2
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The overall picture for total agriculture is

presented in Table 3.1. At the world level, the

growth of demand for all crop and livestock 

products is projected to be lower than in the past, 

1.6 percent p.a. in the period 1997/99-2015

compared with 2.1 percent p.a. in the preceding 

20 years 1979-99. The difference between the past

and future growth rates of demand is nearly equal to

the difference in the population growth rates.

However, the past growth rates of demand had been

depressed because of the collapse of production and

consumption in the transition economies. We would

have expected that the cessation of declines and

eventual turnaround of demand in these countries

(turning from negative to positive, Table 3.1) would

have largely cancelled the effect of lower population

growth rate at the global level, at least for the first

subperiod of the projections. In practice, it is mainly

the slowdown in the growth of demand in the devel-

oping countries, and in particular in China, that

accounts for a large part of the global deceleration.

Why this should be so is shown in the more 

detailed regional numbers of Table 3.1. They 

show that deceleration in the developing countries

outside China (from 3.0 percent p.a. in 1979-99 to 

2.4 percent p.a. in 1997/99-2015) is only a little more

than the deceleration in their population growth

(from 2.2 percent to 1.7 percent, respectively), an

expected outcome given the operation of the factors

mentioned earlier. However, a better idea about 

the roles of the above-mentioned factors making 

for deceleration (lower population growth and

approaching saturation levels) can be had from the

data and projections presented in Table 3.2. In it the

developing countries are grouped into two sets:

those that start in 1997/99 with fairly high per capita

food consumption (over 2 700 kcal/person/day) and,

therefore, face less scope than before for increasing

consumption, and all the rest, that is those with

1997/99 kcal under 2 700.

China carries a large weight in the former

group, so its example can be used to illustrate why

a drastic deceleration is foreseen for the developing

countries. China has already attained a fairly high

level of per capita food consumption of the main

commodities, a total of 3 040 kcal/person/day in

1997/99. In the projections, it increases further to

3 300 kcal by 2030. This is nearly the level of 

the industrial countries. Going from 3 040 to 

3 300 kcal in 32 years is a growth rate of only 

0.3 percent p.a. In contrast, in the preceding three

decades the average growth rate of per capita kcal

was 1.6 percent p.a. Therefore, the higher level

from which China now starts imposes a limit on

how fast per capita consumption may grow in the

future. In addition, China’s population growth in

the past was 1.5 percent p.a., but in the projection

period it will be only 0.5 percent p.a. These

numbers vividly demonstrate the effect of slower

population growth and near-saturation levels of

per capita food consumption in depressing the

aggregate growth of demand for food. This decel-

eration happened in the historical period in coun-

tries transiting from low to high per capita

consumption and to low demographic growth. For

example, the aggregate food demand growth 

rate of Japan was 4.7 percent p.a. in the 1960s 

and fell progressively to 2.2 percent in the 1970s, 

to 2.0 percent in the 1980s and to 0.8 percent in

the 1990s.

When such deceleration occurs in China and in

a few other large developing countries, the whole

aggregate of the developing countries, and indeed

the world, will be affected downwards. There are

several other developing countries in situations

roughly similar to those of China, i.e. they have

fairly high levels of per capita consumption and are

experiencing a significant slowdown in their popu-

lation growth. As noted, the first group shown in

Table 3.2 comprises the developing countries

starting with over 2 700 kcal/person/day in 1997/99.

There are 29 of them (including China) but they

account for a half of the population of the devel-

oping countries, since the group includes many of

the largest developing countries in terms of popula-

tion.3 They account for an even larger share of

aggregate consumption of the developing coun-

tries, 66 percent in 1997/99. As in the case of China,

this group of countries has much more limited

scope than in the past for increasing per capita

consumption, given that the group’s average

already stands at 3 030 kcal/person/day. We project

this average to grow to 3 275 kcal/person/day by

2030. In parallel, the growth rate of their popula-

tion is projected to be much slower than in the past,

0.9 percent p.a. compared with 1.8 percent p.a. in

3 China, Indonesia, Brazil, Mexico, Nigeria, Egypt, the Islamic Republic of Iran and Turkey.
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the preceding three decades. The net effect of these

demand-limiting factors is that the group’s aggre-

gate demand is projected to decelerate drastically,

from 4.2 percent per year between 1969 and 1999,

to 1.9 percent p.a. in the period to 2015 and to 

1.5 percent p.a. in the following 15 years to 2030.4

In contrast, the growth of demand in the other

developing countries, those with under 2 700 kcal/

person/day in 1997/99, is projected to decelerate

less than their population: the growth rate of 

their demand falls from 2.9 percent p.a. in the

preceding three decades to 2.5 percent p.a. in the

period to 2030, while their population growth rate

falls from 2.3 percent p.a. to 1.6 percent p.a. This

group of countries includes India with its nearly

one billion population out of the group’s 

2.2 billion. The prospect that India will not move

much towards meat consumption (see Section 3.3

below) contributes to limit the growth rate of total

demand for both food and feed. In the past, the

aggregate demand of the developing countries was

greatly influenced by the rapid growth of apparent

meat consumption in China (see, however, Section

3.3 below for possible overestimation of meat

1969 1979 1989 1997/99 2015 1997/99
-99 -99 -99 -2015 -2030 -2030

Demand (percentage p.a.)

Developing countries 3.7 3.7 4.0 2.2 1.7 2.0

Countries with over 2 700 kcal/person/day* 4.2 4.2 4.6 1.9 1.5 1.7

Other developing countries 2.9 2.9 2.7 2.7 2.2 2.5

Production (percentage p.a.)

Developing countries 3.5 3.7 3.9 2.0 1.7 1.9

Countries with over 2 700 kcal/person/day* 4.0 4.2 4.6 1.8 1.4 1.6

Other developing countries 2.7 2.8 2.5 2.5 2.1 2.3

Population (percentage p.a.)

Developing countries 2.0 1.9 1.7 1.4 1.1 1.3

Countries with over 2 700 kcal/person/day* 1.8 1.6 1.4 1.0 0.7 0.9

Other developing countries 2.3 2.3 2.1 1.8 1.4 1.6

Population (million)

1964/66 1974/76 1984/86 1997/99 2015 2030

Developing countries 2 295 2 925 3 597 4 572 5 827 6 869

Countries with over 2 700 kcal/person/day* 1 250 1 594 1 918 2 343 2 798 3 111

Other developing countries 1 045 1 331 1 679 2 229 3 029 3 758

Kcal/person/day

Developing countries 2 054 2 152 2 450 2 681 2 845 2 980

Countries with over 2 700 kcal/person/day* 2 075 2 243 2 669 3 027 3 155 3 275

Other developing countries 2 029 2 044 2 200 2 316 2 560 2 740

* In 1997/99.

Table 3.2 Growth rates of demand and production in different country groups

4 Note that in China’s projected 3 300 kcal/person/day in 2030 are included per capita annual meat consumption of 69 kg and 380 kg of cereals (for
all uses). To have less deceleration than foreseen here in the growth of aggregate demand would require that these projected levels be even higher
(see following commodity sections). 
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production and consumption in China). The

prospect that China’s influence will be much

weaker in the future and that it will not be replaced

by a similar boom in other large countries, is one of

the major factors making for the projected deceler-

ation in the aggregate demand of the developing

countries.

At the world level, production equals consump-

tion, so the preceding discussion about global demand

growth prospects applies also to that of global

production. For the individual countries and

country groups, however, the two growth rates

differ depending on movements in their net agri-

cultural trade positions. In general, the growth

rates of production in the developing regions have

been below those of demand. As a result their agri-

cultural imports have been growing faster than

their exports, leading to gradual erosion of their

traditional surplus in agricultural trade (crop and

livestock products, primary and processed). The

trend has been for this surplus to diminish and to

turn into a net deficit in most years in the 1990s

(Figure 3.2). In the last 15 years, the net balance

reached a peak of US$16 billion surplus in 1986

and a trough of US$6 billion deficit ten years later,

before some recovery in the subsequent years. The

net deficit was still US$5.9 billion in 2000, the latest

year for which we have data. This prospect had

been foreshadowed in our earlier projections to

2010 from base year 1988/90 (Alexandratos, 1995,

p. 121, see also Chapter 9). 

Behind these trends in the value of the net

trade balance of agriculture have been movements

in both quantities and prices of the traded

commodities and the policies that influenced them.

Several factors, often widely differing among

commodities, played a role in these developments.

For example, the drastic decline in the developing

countries’ traditional net trade surplus in sugar is

in part a result of the fact that several developing

countries became major importers of sugar. In

parallel, the reduction also reflects the effects of the

heavy domestic support and trade protection in

major sugar importing countries such as the

United States and Japan, or in former net

importing countries, such as the EU, which became

a significant net exporter as a result of these poli-

cies (see Section 3.6 below and Figure 3.16). The

emergence of several developing countries as

major importers has also helped to cause the rapid

declines in the net trade surplus of the developing

countries as a whole in the oilcrops complex

-50

-40

-30

-20

-10

0

10

20

30

40

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

U
S$

 b
il

li
o

n
 (

cu
rr

en
t 

p
ri

ce
s)

All crop/livestock products

Other crop/livestock 
products

Livestock (meat, dairy, eggs, 
animal fats, live animals)

Cereals and preparations

Fruit and vegetables 
(fresh, processed, 
excl. bananas, cassava)

Bananas

Natural rubber

Sugar

Cocoa, coffee,tea, 
spices

Oilcrop products 
(oilseeds, oils, 
cakes/meals)
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(vegetable oils, oilseeds and cakes/meals, see

Section 3.4). In the case of the “non-competing”

exportables of the developing countries, such as

coffee, it has been the slow growth of demand in

the main consuming and importing countries (the

industrial ones) – in combination with falling prices

– that kept the trade balance from growing. 

The evolution of the overall net agricultural

trade balance of the developing countries as a

whole does not by itself denote overall improve-

ment or deterioration from a developmental stand-

point. The aggregate of the developing countries is

a composite of very widely differing country and

commodity situations. For some countries, a

declining agricultural trade balance (or a growing

deficit) is an indicator of progress towards

improved welfare. This is the case of countries such

as the Republic of Korea, in which the growing

agricultural deficit has gone hand in hand with

high rates of overall development and growing

food consumption. The declining overall balance

also reflects the rapid growth in such things as

China’s growing imports of vegetable oils (a posi-

tive development overall as they contribute to

improve food consumption and are paid for by

growing industrial export earnings); or cotton

imports into several developing countries, which

sustain their growing exports of textiles. However,

a declining agricultural balance is a negative devel-

opmental outcome in countries that still depend

heavily on export earnings from agriculture and/or

have to divert scarce foreign exchange resources to

pay for growing food imports (eventually building

up unsustainable foreign debt). It is an even more

negative indicator when such food imports are not

associated with rising food consumption per capita

and improved food security, but are necessary just

to sustain minimum levels of food consumption –

which is not an uncommon occurrence. 

The projections indicate a continuing deep-

ening of the net trade deficit of the developing

countries. Their net imports of the main

commodities in which they are deficit, mainly

cereals and livestock products, will continue to rise

fairly rapidly. In parallel, their net trade surplus in

traditional exports (e.g. tropical beverages and

bananas) will either rise less rapidly than their net

imports of cereals and livestock or outright decline

(e.g. vegetable oils and sugar). The particulars

relating to future trade outcomes for these

commodities are discussed in the following

sections of this chapter. Trade policy issues are

discussed in Chapter 9.

Concerning production, evaluation country by

country and commodity by commodity suggests

that the resource potential and productivity gains

required to achieve the aggregate production

growth rates shown in Tables 3.1 and 3.2 (and in

the commodity sections of this chapter) are by and

large feasible. This is based on the assumption that

policies will favour rather than discriminate against

agriculture. More information on the agronomic

dimensions of this proposition is presented in

Chapter 4. It is just worth mentioning here that the

bulk of the increases in production will come, as

they did in the past, from increases in yield and

more intensive use of land.

This may sound odd in the light of the widely

held view that the potential for further growth of

yields is now much more limited than it was in the

historical period, which included the heyday of the

spread of the green revolution. The two proposi-

tions (that yield growth potential is less than in the

past and that yield growth will continue to be the

mainstay of the production increases) are not neces-

sarily contradictory. What makes them compatible

with each other is that in future slower growth in

production is needed than in the past. The issue is

not really whether the yield growth rates will be

slower than in the past. They will. Rather the issue

is if such slower growth is sufficient to deliver the

required additional production. Naturally, even this

slower yield growth may not happen unless we

make it happen. This requires continued support to

agricultural research and policies and other condi-

tions (education, credit, infrastructure, etc.) to make

it profitable and possible for farmers to exploit the

yield growth potential. 

At the global level sufficient production poten-

tial can be developed for meeting the expected

increases in effective demand in the course of the

next three decades. But this is not to say that all

people will be food-secure in the future. Far from it,

as Chapter 2 has shown. The interaction between

food security and food production potential is very

much a local problem in poor and agriculturally

dependent societies. Many situations exist where

production potential is limited (e.g. in the semi-arid

areas, given existing and accessible technology and

infrastructure) and a good part of the population
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depends on such poor agricultural resources for

food and more general livelihood. Unless local agri-

culture is developed and/or other income earning

opportunities open up, the food insecurity deter-

mined by limited local production potential will

persist, even in the middle of potential plenty at the

world level. The need to develop local agriculture

in such situations as the condition sine qua non for

improved food security cannot be overemphasized. 

3.2 Cereals

3.2.1 Past and present

Cereals continue to be overwhelmingly the major

source of food supplies for direct human consump-

tion. In addition, some 660 million tonnes, or 

35 percent of world consumption, are being used

as animal feed. Therefore, the growth of aggregate

demand for cereals for all uses is a good (though

far from perfect) proxy for monitoring trends in

world food supplies.

Demand: general historical experience.

Historically, the growth rate of global demand for

cereals (for all uses) has been in long-term decline.

This is clearly seen in Tables 3.3 and 3.4 which

show the historical developments in all major

cereal sector variables for the world and the stan-

dard regions used in this report. To gain a better

understanding of the main factors that led to 

the deceleration, we must distinguish between

different country groups and historical periods.

This is done in Figure 3.3 which plots the growth

rates of aggregate demand for successive (moving)

15-year periods of different country groups over

the time span 1961-99. The world growth rate

declined progressively from 3.1 percent in the first

15-year period (1961-76) to 1.1 percent p.a. in the

last 15-year period ending in 1999. We should 

not be surprised if our projections were to show

further declines in the growth rates of world aggre-

gate cereals demand (hence of global production)

in the future.

The deceleration in population growth certainly

played a role in this slowdown, as has the fact that

a growing proportion of the world population has

been gradually attaining levels of per capita food

consumption that leave less scope than in the past

for further increases. However, these two factors

explain only part of the decline, given that there

are still grossly unsatisfied nutritional needs

affecting large parts of the world population. Other
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Table 3.3  Cereal balances, world and major country groups 

Demand Production Net SSR1 Growth rates, percentage p.a.
trade

Per capita Total

(kg) (million tonnes) (million tonnes) %

Food All uses Food All uses

World

1964/66 147 283 489 941 940 4 100 1969-99 1.9 1.8 1.7
1974/76 151 304 612 1 233 1 268 1 103 1979-99 1.4 1.4 1.6
1984/86 168 334 810 1 608 1 659 2 103 1989-99 1.0 1.0 1.5
1997/99 171 317 1 003 1 864 1 889 9 101 1997/99-2015 1.4 1.4 1.2
2015 171 332 1 227 2 380 2 387 8 100 2015-30 1.2 1.2 0.9
2030 171 344 1 406 2 830 2 838 8 100 1997/99-2030 1.3 1.3 1.1

Developing countries

1964/66 141 183 324 419 399 -17 95 1969-99 3.0 2.8 2.0
1974/76 150 200 438 586 563 -39 96 1979-99 2.6 2.5 1.9
1984/86 172 234 618 840 779 -66 93 1989-99 2.2 2.1 1.7
1997/99 173 247 790 1 129 1 026 -103 91 1997/99-2015 1.9 1.6 1.4
2015 173 265 1 007 1 544 1 354 -190 88 2015-30 1.5 1.3 1.1
2030 172 279 1 185 1 917 1 652 -265 86 1997/99-2030 1.7 1.5 1.3

Industrial countries

1964/66 136 483 94 335 351 30 105 1969-99 1.0 1.5 0.7
1974/76 136 504 103 384 456 55 119 1979-99 1.0 0.8 0.7
1984/86 147 569 119 464 614 106 132 1989-99 1.7 1.4 0.7
1997/99 159 588 142 525 652 111 124 1997/99-2015 0.8 1.1 0.4
2015 158 630 150 600 785 187 131 2015-30 0.6 0.9 0.2
2030 159 667 155 652 900 247 138 1997/99-2030 0.7 1.0 0.3

Transition countries

1964/66 211 556 70 186 189 -9 102 1969-99 -0.2 -0.3 0.6
1974/76 191 719 70 263 249 -16 94 1979-99 -1.9 -1.1 0.5
1984/86 183 766 73 304 266 -37 87 1989-99 -4.9 -4.2 0.1
1997/99 173 510 72 211 210 1 100 1997/99-2015 0.7 1.0 -0.2
2015 176 596 70 237 247 10 104 2015-30 0.7 1.0 -0.3
2030 173 685 66 262 287 25 110 1997/99-2030 0.7 1.0 -0.2

Memo item 1. Growth rates, percentage p.a.

Total demand – all cereals Population
1969 1979 1989 1997/99 2015 1997/99 1979 1989 1997/99 2015 1997/99
-99 -99 -99 -2015 -30 -2030 -99 -99 -2015 -30 -2030

Developing oil exporters2 4.2 3.4 2.7 2.1 1.8 1.9 2.4 2.1 1.7 1.3 1.5
China 3.2 2.3 2.1 1.3 0.9 1.1 1.3 1.0 0.7 0.3 0.5
Other developing countries 2.6 2.5 2.1 2.1 1.7 1.9 2.1 2.0 1.7 1.3 1.5
EU15 0.3 0.1 2.0 0.4 0.2 0.3 0.3 0.3 0.0 -0.2 -0.1
Other industrial countries 1.5 1.5 1.5 1.0 0.7 0.8 1.0 1.0 0.6 0.4 0.5

Memo item 2. World demand (all uses) by commodity (million tonnes), food kg/capita and percentage p.a.

1964/ 1974/ 1984/ 1997/ 2015 2030 1979 1989 1997/99 2015 1997/99

66 76 86 99 -99 -99 -2015 -30 -2030

Wheat, million tonnes 273 357 504 582 730 851 1.5 0.8 1.3 1.0 1.2
Rice (milled), million tonnes 174 229 308 386 472 533 2.1 1.6 1.2 0.8 1.0
Rice, per capita food only (kg)

East Asia 84 93 109 106 100 96
East Asia excl. China 110 125 130 132 129 124
South Asia 73 69 75 79 84 81

Coarse grains, million tonnes 493 648 796 896 1 177 1 446 1.0 1.0 1.6 1.4 1.5
1 SSR = self-sufficiency rate = production/demand. 
2 Near East/North Africa (excl. Turkey, Morocco, Tunisia, Afghanistan, Jordan, Lebanon and Yemen) plus Mexico, Venezuela, Indonesia, Angola,

Bolivia, the Congo, Ecuador, Gabon, Nigeria and Trinidad and Tobago.
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factors must be taken into account if we are to draw

valid lessons from the historical experience for

exploring the future. The forces that made for this

decline may be summarized as follows:

! In developing countries, the past high growth

rate was fuelled up to about the mid-1980s by

the rapid growth in production and consump-

tion of China, and of consumption in the devel-

oping oil-exporting countries.5 In this group of

countries, the rapid growth of demand was

supported by quantum jumps in net cereal

imports (see below). Growth of demand became

much weaker in subsequent periods. This

reflected partly the achievement of mid- to high

per capita consumption levels in several 

countries, and partly changes in economic

conditions, mainly the drastic slowdown in the

growth of incomes and export earnings from

oil. In contrast, the growth of aggregate

demand in the remaining developing countries

(which, among themselves, account for 30 percent

of world consumption) slowed by much less –

from a peak of 3.0 percent p.a. in 1966-81

(when population growth was 2.4 percent) to

2.3 percent in the latest 15-year period 1985-99

(population growth 2.1 percent). 

! The collapse of feed use of cereals in the transi-

tion economies in the 1990s following the

contraction of their livestock sectors (total use

declined from 317 million tonnes in 1989/91 to

197 million tonnes in 1997/99) was a major

factor in bringing down the growth of world

demand in the 1990s.

! A third major factor was, up to the early 1990s,

the decline in cereals used for animal feed (and

their replacement by largely imported cereal

substitutes – oilmeals, cassava, etc.) in the EU,

following the high internal prices of the

Common Agricultural Policy (CAP). This trend

was reversed from 1993 onwards following the

McSharry reform of the CAP.

Evolution of demand: commodities and categories

of use. For rice, the characteristic feature of the

historical evolution is that per capita consumption

(for all uses, but overwhelmingly for direct food,

although in some countries rice is also used as

animal feed) has tended to level off (see Figure 3.4).

5 Countries with over 50 percent of their total merchandise exports coming from export of fuels in the 1980s (data from World Bank, 2001b). In this
category belong the countries of the region Near East/North Africa (except Morocco, Tunisia, Afghanistan, Jordan, Lebanon, Turkey and Yemen)
plus Angola, the Congo, Gabon, Nigeria, Bolivia, Ecuador, Mexico, Trinidad and Tobago, Venezuela and Indonesia.
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This trend has been most evident in several coun-

tries of East Asia. Given their large weight in world

rice consumption, developments in this region

influence the totals for the world and the devel-

oping countries in a decisive way. Thus, the level-

ling off of average consumption in the developing

countries since about the mid-1980s reflects essen-

tially small declines in East Asia’s per capita food

consumption of rice (from 109 to 106 kg), although

the average of South Asia kept increasing (from 

75 to 79 kg, see Table 3.3, memo item 2). Absolute

declines in per capita rice consumption because of

diet diversification in Asia are not yet widespread,

but the patterns established by the more advanced

rice-eating countries (e.g. Japan, the Republic of

Korea and Taiwan Province of China) have started

appearing, although in much attenuated form, 

in other developing countries, e.g. China and

Thailand. Despite these trends in per capita

consumption, the aggregate world demand for rice

grew faster than that of both wheat and coarse

grains. This reflects essentially the fact that rice is

used predominantly for food in the most populous

region, Asia, while a good part of coarse grains, but

also increasingly of wheat, are used for animal feed.

Feed use suffered a severe setback in the last ten

years or so because of the above factors (transition

economies, the EU) and, to a lesser extent, other

factors having to do with structural change in the

livestock economy (shift of meat production from

beef to poultry and pork, see Section 3.3). 

The per capita consumption of wheat kept

increasing in the developing countries albeit at 

a decelerating rate. In the industrial countries, a

growing share of total wheat use went to animal

feed (37 percent currently, 45 percent in the EU).

Growing imports made possible the increases in

consumption in the majority of developing coun-

tries. This is not evident from a first glance at the

totals of the developing countries: their aggregate

wheat consumption grew by 185 million tonnes

and net imports by only 24 million tonnes between

1974/76 and 1997/99. However, the large weight in

these aggregates of India, China, Pakistan and a

few other countries (Argentina, Saudi Arabia, the

Syrian Arab Republic, Turkey and Bangladesh),

which increased production to match, or more

than match, the growth of consumption masks the

growing dependence of the great majority of 

the developing countries on wheat imports. In

practice, the rest of the developing countries

increased consumption by 54 million tonnes and
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Demand Production Net SSR1 Growth rates, percentage p.a.
trade

Per capita Total

(kg) (million tonnes) (million tonnes) %

Food All uses Food All uses

Table 3.4 Cereal balances by developing regions, all cereals (wheat, rice [milled], 
coarse grains) 

Sub-Saharan Africa

1964/66 115 143 26 33 32 -2 97 1969-99 3.1 2.6 2.9

1974/76 115 143 34 43 40 -4 94 1979-99 3.4 3.4 2.9

1984/86 118 142 47 57 48 -10 85 1989-99 3.1 2.7 2.7

1997/99 123 150 71 86 71 -14 82 1997/99-2015 2.9 2.8 2.6

2015 131 158 116 139 114 -25 82 2015-30 2.7 2.6 2.2

2030 141 170 173 208 168 -40 81 1997/99-2030 2.8 2.7 2.4

Near East/North Africa

1964/66 172 292 27 47 40 -5 86 1969-99 3.4 2.4 2.7

1974/76 189 309 39 64 55 -13 85 1979-99 2.7 2.4 2.6

1984/86 204 365 56 100 65 -38 65 1989-99 2.2 1.3 2.4

1997/99 209 352 79 133 83 -49 63 1997/99-2015 2.2 1.5 1.9

2015 206 368 107 192 107 -85 56 2015-30 1.8 1.5 1.5

2030 201 382 131 249 133 -116 54 1997/99-2030 2.0 1.5 1.7

South Asia

1964/66 146 162 92 102 88 -10 86 1969-99 2.6 2.8 2.2

1974/76 143 162 114 128 125 -10 98 1979-99 2.6 2.7 2.1

1984/86 156 175 154 173 173 -3 100 1989-99 1.8 2.0 1.9

1997/99 163 182 208 234 239 -3 102 1997/99-2015 2.1 1.8 1.6

2015 177 200 295 335 323 -12 97 2015-30 1.5 1.3 1.1

2030 183 211 360 416 393 -22 95 1997/99-2030 1.8 1.6 1.3

East Asia

1964/66 146 181 150 187 183 -5 98 1969-99 3.2 3.1 1.6

1974/76 162 211 212 275 266 -10 97 1979-99 2.5 2.5 1.5

1984/86 201 263 308 404 391 -12 97 1989-99 2.1 2.1 1.2

1997/99 199 290 366 534 507 -23 95 1997/99-2015 1.4 1.2 0.9

2015 190 317 404 675 622 -53 92 2015-30 1.0 0.9 0.5

2030 183 342 422 787 714 -73 91 1997/99-2030 1.2 1.1 0.7

Latin America and the Caribbean

1964/66 116 207 29 51 56 5 109 1969-99 2.9 2.2 2.1

1974/76 123 239 39 76 77 -2 101 1979-99 2.3 1.8 1.9

1984/86 132 267 52 106 101 -3 96 1989-99 2.8 3.1 1.7

1997/99 132 285 66 142 125 -14 88 1997/99-2015 2.1 2.4 1.3

2015 136 326 85 203 188 -16 92 2015-30 1.6 1.7 0.9

2030 139 358 99 257 244 -13 95 1997/99-2030 1.9 2.1 1.1

1 SSR =  Self-sufficiency rate = production/demand.
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net imports by 39 million tonnes. Figure 3.5 shows

some major countries, other than the above-

mentioned ones, which increased consumption by

over 500 thousand tonnes. They include countries

that are major producers themselves (Egypt, the

Islamic Republic of Iran, countries of North Africa,

Mexico and Brazil) as well as those that are 

minor or non-producers of wheat – Indonesia, the

Philippines, Colombia and the Republic of Korea.

In addition, numerous smaller countries in the

tropics depend entirely on imports for their

consumption of wheat.

Apparent consumption of coarse grains grew

fairly fast, although the above factors made for

significant declines in feed use in certain parts of the

world and led to a decline in per capita use in the

world as a whole (Figure 3.4). The driving force has

been use for animal feed in the developing coun-

tries, particularly in the last ten years, with China

being a major contributor to such developments.

The increase in world consumption between

1984/86 and 1997/99 was 100 million tonnes. This

was made up of a 131 million tonnes increase in 

the developing countries (out of which 77 million

tonnes for feed – 43 of which in China); declines of 

64 million tonnes in the transition economies; and an

increase of 33 million tonnes in the industrial coun-

tries. Overall, the pattern of the world coarse grains

economy has undergone drastic structural change in

the location of consumption. The major export

markets shifted increasingly to the developing coun-

tries: increases in net coarse grains imports of the

developing countries outside China supplied some 

30 percent of the increase in their consumption.

Coarse grains as food. About three-fifths of world

consumption of coarse grains is used for animal feed,

hence the term “feedgrains” often used to refer to

them. However, in many countries (mainly in sub-

Saharan Africa and Latin America) they play a very

important role in the total supplies of food for direct

human consumption. Indeed in several countries

food consumption of cereals is synonymous with

coarse grains. A sample is given in Figure 3.6. The

majority of these countries face food security prob-

lems, which underlines the importance of coarse

grains in food security. At the global level, about a

quarter of aggregate consumption of coarse grains is

devoted to food,6 but the share rises to 80 percent

in sub-Saharan Africa. Here maize, millet, sorghum

6 Food consumption of coarse grains includes the quantities used to produce beverages (mainly beer) as well as other derived food products, 
e.g. corn syrup, widely used as a sweetener substitute for sugar.
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and other coarse grains (e.g. tef in Ethiopia) account

for 3 out of every 4 kg of cereals consumed as food.

Coarse grains are also used predominantly as food

in South Asia (84 percent of aggregate consumption

of coarse grains is for food), but there they account

for only a minor part of cereal food consumption

(1 out of every 7.5 kg). This share is rapidly

declining (coarse grains represented 1 out of 4 kg in

the mid-1970s), following the strong bias of cereal

policies in the region, favouring rice and wheat.

Imports and exports. At the global level, production

equals (roughly) consumption. Therefore what was

said earlier concerning the factors that made for a

steady decline in the growth rates of world cereal

consumption, applies also to production. 

However, this is not the case at the level of indi-

vidual countries and country groups. Tables 3.3 and

3.4 show the extent to which production and

consumption growth rates diverged from each other

in the different regions, and how such divergences

are associated with changes in net trade positions

and self-sufficiency rates. In general, in the devel-

oping countries demand grew faster than produc-

tion, so net imports increased from 39 million

tonnes in the mid-1970s to 103 million tonnes in

1997/99 (Figure 3.7). Aggregate self-sufficiency

(percentage of consumption covered by production)

in these countries declined from 96 to 91 percent. If

we exclude the three major developing cereal

exporters (Argentina, Thailand and Viet Nam) net

imports of the other developing countries increased

from 51 million tonnes to 134 million tonnes and

self-sufficiency fell from 93 to 88 percent.

As noted, in the early period (the 1970s up to

the mid-1980s) import growth was fuelled by the

oil-exporting countries, particularly those of the

Near East/North Africa region, and a few of the

rapidly industrializing countries in East Asia (the

Republic of Korea, Taiwan Province of China and

Malaysia) and some in Latin America (Brazil,

Mexico and Venezuela). In addition, the early

period saw quantum jumps in the net imports of

the former Soviet Union and Japan. In the subse-

quent years to the mid-1990s, net imports of oil

exporters grew very little, reflecting, inter alia, the

collapse of imports of Iraq, and the turnaround

from net importer to net exporter status of the

Syrian Arab Republic (all cereals) and Saudi Arabia

(wheat). However, growth of net imports of the oil
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exporters resumed in the second half of the 1990s.

The second major factor making for quasi stag-

nant world cereal trade in much of the 1990s has

been the virtual disappearance of the transition

economies as major net importers (and their trans-

formation into small net exporters in some years),

while the net imports of Japan stagnated, a devel-

opment clearly associated with Japan’s rapid

growth of meat imports which substituted for

imports of grains for feed (see Section 3.3).

However, other countries continued to expand

net imports (the Republic of Korea, Taiwan

Province of China, Malaysia and Brazil) and new

ones were added to the list of growing net

importers (the Philippines, Colombia, Peru and

Chile). China must also be added to this list, as it

became, albeit temporarily, a big importer in the

mid-1990s (net imports of 20 million tonnes in

1995). However, such status of China did not last

and the country turned into a small net exporter

from 1997 onwards. Its net imports in the last

quarter century are plotted in Figure 3.8. Taking

smoothed three-year moving averages, its net trade

status moved in the range from net imports of 

14 million tonnes (early 1980s) to net exports of

nearly 5 million tonnes in the three-year average

1997/99. This evidence does not point to China

becoming a permanent large net importer in the

future as some studies had indicated (with the

knock-on effects on world market prices that would

reduce the import capacity of the poor food-deficit

countries) (Brown, 1995; for critique see

Alexandratos, 1996, 1997). More important for

world markets have been the large fluctuations in

China’s net trade status.

Another remarkable development has been the

fact that South Asia has not moved in the direction

of becoming the large importer that some commen-

tators thought back in the 1960s it would have

needed to become to feed its growing population.

In the mid-1960s, the region was a net importer of

10 million tonnes of cereals. This represented a

crucial 11 percent of its food consumption of

cereals which was very low (146 kg per capita),

given that consumption of all food provided only

2 000 kcal/person/day. Thirty-three years on, the

region’s population had doubled, per capita food

consumption had increased to 163 kg and net

imports had fallen to only 3.4 million tonnes. This

was a result of the miracle of the green revolution

but also, on the negative side, a result of the persist-

ence of poverty that prevented demand from

growing faster than it did. Finally, sub-Saharan

Africa’s net imports remained at very low levels, the

result of both poverty (lack of effective demand)

and import capacity limitations.
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By and large, the traditional cereal exporters

(North America, Australia, Argentina, Uruguay,

Thailand and, in more recent years, also the EU

and Viet Nam) coped quite well with spurts in

import demand. As shown in Table 3.8, they export

currently (average 1997/99) 176 million tonnes 

of cereals net annually. This is matched by the 

135 million tonnes net imports of the developing

countries other than Argentina, Uruguay, Thailand

and Viet Nam, and 33 million tonnes of the net

importing industrial countries (Japan, non-EU

western Europe and Israel. A discrepancy of some

9 million tonnes at world level in the trade statistics

remains unaccounted for.) This is about double

their net exports of the mid-1970s and three times

those of the mid-1960s. The data are given in Table

3.8. About a half of the total increment in these net

exports in the period from the mid-1970s to

1997/99 was contributed by the EU. It is a very

significant development for the world food system

that this region turned from a net importer of 

21 million tonnes in the mid-1970s to a net

exporter. The transformation had been completed

by the early 1980s. The EU’s net exports reached a

peak of 38 million tonnes in 1992 and it was

exporting a net 24 million tonnes in 1997/99. In

practice, the other traditional exporters have had

to increase their net export surplus rather

modestly, from 110 million tonnes in the mid-

1970s to 151 million tonnes in 1997/99.

We do not have a counterfactual scenario to

answer the question how the different variables of

the world food system would have actually fared if

the EU had not followed a policy of heavy support

and protection of its agriculture (in particular

prices, production, consumption and trade in the

different countries and particularly the per person

food availability of the poor countries and those

that became heavy importers). This policy led to

the region’s import substitution and then subsi-

dized exports.7 The resulting lower world market

prices (compared with what they would have been

otherwise) are thought to have adversely affected

the food security of the developing countries

because of the negative effects on the incentives to

their producers. However, the structurally import-

dependent countries have a clear interest that

world market prices should be lower rather than

higher. Disincentives to own producers could have

been counteracted by appropriate policies, at least

in principle, although admittedly a very difficult

task in practice (how does one keep domestic prices

higher than import prices when a good part of the

consumers are in the low-income, food-insecure

category?). In looking at the impacts on food secu-

rity, we should also consider the possible positive

effects on the consumption of the poor of the lower

import prices and increased availability of food aid.

In the end, such policies of the EU resulted in 

the emergence of an additional major source of

cereal export surpluses to the world markets and

diversified the sources from which the importing

countries could provision themselves. This is a

structural change which is probably here to stay,

even under the more liberal trade policy reforms of

recent years and perhaps further reforms to come

(see below).

It is worth noting that (for very different

reasons) we are currently witnessing a similar trans-

formation of the group of the transition economies

from large net importer to a small one, and, as

projected in this study, to a sizeable net exporter in

the longer-term future. This group had emerged as

a major net importer up to the late-1980s, but the

drastic decline in its demand for cereals (no doubt

aided by rapidly rising meat imports in the former

Soviet Union) has by now led to drastic declines in

net imports and occasional net exports, no matter

that production also declined drastically. 

3.2.2 Prospects for the cereal sector

The preceding discussion has highlighted the main

forces that shaped the past. What changes can we

expect in the future?

Aggregate demand. As already anticipated, the

fundamental forces that made for slowdown in the

growth of demand in the past – slower population

7 In retrospect, it seems remarkable that this transformation of western Europe with the aid of heavy subsidies took place without significant trade
conflict in its heyday. It is probably explained by the rapid expansion of the demand for cereal imports in that period (oil boom, transition economies
becoming large importers), which provided sufficient market outlets for all. Conflict did appear with a vengeance after the mid-1980s when
markets stopped expanding. It led to the Agreement on Agriculture under the Uruguay Round which imposed limits on the use of trade-distorting
support and protection policies and export subsidies (see Chapter 9).
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growth everywhere and the achievement of mid-

high levels of per capita consumption in some

countries – will continue to operate in the future

and contribute to further deceleration in the

growth of demand. 

Are there any factors that will attenuate or

reverse this trend? No major stimulus in this direc-

tion is likely to come from the countries and popu-

lation groups with consumption needs that have

still not been met. The overall economic growth

outlook and its pattern (see Chapter 2) suggest

there will be inadequate growth of incomes, and

poverty will persist. However, the downward pres-

sure on world demand exerted by more transient

forces (systemic change in the transition economies

and the high policy prices of the EU) has already

been largely exhausted and will not be there in the

future.8 Indeed, the recovery in demand in these

two country groups, already evident in the EU

after the early 1990s, as well as eventually in the

countries of East Asia, will likely more than

compensate for the effects of the more funda-

mental sources of slowdown. The result will be

that, for a time, the growth rate of world demand

for cereals could be higher than in the recent past.

This shows up in the projections (Table 3.3), where

the growth rate of world demand for 1997/99-2015

is 1.4 percent p.a., compared with 1.0 percent p.a.

in the preceding ten years.

In the longer term, however, the more funda-

mental sources of slowdown will predominate and

the growth rate of world demand will be lower for

the second part of the projection period 2015-30, to

1.2 percent p.a. Tables 3.3 and 3.4 present this infor-

mation for the standard regions, while memo item 1

in Table 3.3 unfolds these projections in terms of the

groups used in the preceding section to analyse

deceleration in the historical period. The further

slowdown in China’s population growth (from 

1.3 percent p.a. in the preceding 20 years to 

0.7 percent p.a. in the period to 2015 and on to 

0.3 percent p.a. in 2015-30), the levelling-off and

eventual small decline in its per capita food

consumption of rice as well as the growth of produc-

tion and consumption of meat at rates well below the

spectacular ones of the past (see Section 3.3) all

contribute to further deceleration in its aggregate

cereal demand. Given China’s large weight, the

effects are felt in terms of lower growth rates in the

aggregates for the world and the developing coun-

tries. In conclusion, the role China played in slowing

world demand for cereals after about the mid-1980s

(Figure 3.3) will probably continue to operate, and

so will the deceleration in world demand and trade

that in the past was associated with the end of expan-

sion in the oil-exporting countries. 

Unless there is another event that will cause

effects similar to those of the oil boom (spurt in the

demand and imports of a significant number of

countries with low levels in per capita food

consumption of cereals and livestock products), we

cannot expect reversals of the trend towards long-

term deceleration in global demand.

Will any such event occur? It would be fool-

hardy to make predictions. The failure (of ourselves

and others) to foresee the collapse of production,

demand and trade in the transition economies is

instructive. However, we can attempt to see what is

implied by some available projections. 

Concerning the issue of future commodity

booms, or rather significant upward trends in

world commodity prices, the following quotation

from the World Bank (2000a) is telling: “On

balance, we do not see compelling reasons why real

commodity prices should rise during the early part

of the twenty-first century, while we see reasons

why they should continue to decline. Thus,

commodity prices are expected to decline relative

to manufactures as has been the case for the past

century”. More recent projections from the Bank

to 2015 (World Bank, 2001c, Tables A2.12-14)

confirm the view that no significant upwards move-

ments of commodity prices are expected, although

this does not exclude the possibility of short-lived

cyclical price spikes nor the recovery for some

commodities (such as coffee and rubber, see Section

3.6 below) from the very low prices of early 2002.

This leaves the other source of significant spurts

in demand and trade that occurred in the past:

rapid sustained economic growth (e.g. of the Asian-

tiger type) in countries of the above-mentioned

typology (low initial levels in per capita food

consumption of cereals and livestock products). On

this, the latest World Bank view presented in

8 An additional factor that made for slow growth of demand in recent years has been the abrupt reversal of the trend towards growing feed use of
cereals in the countries of East Asia hit by the economic crisis of 1998. 
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Chapter 2 (Figure 2.3) of what the future could

hold in terms of economic growth and poverty

reductions for the period to 2015 does not permit

great optimism. Of the two regions with significant

poverty only South Asia may be making progress

while little progress is foreseen for sub-Saharan

Africa. South Asia could indeed be a source of

spurts in cereal demand if it were to behave like

typical developing countries in other regions, i.e.

undergoing considerable shifts in diets towards

meat. However, the prospect that India will not

shift in any significant way to meat consumption in

the foreseeable future (see Section 3.3) militates

against this prospect.

The decline in world per capita production and

consumption of cereals that occurred in the decade

following the mid-1980s was interpreted by some

as foreshadowing an impending world food crisis

(e.g. Brown, 1996). However, this trend will prob-

ably be reversed, and the reversal has already

started. World per capita consumption (all uses)

peaked at 334 kg in the mid-1980s (three-year

averages) and has since declined to the current 

317 kg (three-year average 1997/99).9 The reasons

why this happened were explained above. They

certainly do not suggest that the world had run

into constraints on the production side and had to

live with durable declines in per capita output. In

the projections, the declining trend is reversed and

world per capita consumption rises again and

reaches 332 kg in 2015 and 344 kg in 2030 (Table

3.3, Figure 3.4).10 This reversal reflects, inter alia,

the end of declines and some recovery in the per

capita consumption of the transition economies.

Demand composition: categories of use. The

projected evolution of future demand by

commodity (wheat, rice and coarse grains) is given

in Table 3.3 (aggregate demand, memo item 2),

Figure 3.4 (per capita demand), and by category of

use in Figure 3.9. At the world level aggregate

consumption of all cereals should increase by 2030

by nearly one billion tonnes from the 1.86 billion

tonnes of 1997/99 (Table 3.3). Of this increment,

about a half will be for feed, and 42 percent for

food, with the balance going to other uses (seed,

industrial non-food11 and waste). Feed use will

revert to being the most dynamic element driving

the world cereal economy, in the sense that it will

account for an ever-growing share in aggregate

demand for cereals. It had lost this role in the last

decade following the above-mentioned factors that

affected feed use in two major consuming regions,

the transition economies and the EU. Feed use had

contributed only 14 percent of the total increase 

in world cereal demand between the mid-1980s

and 1997/99, down from the 37 percent it had

contributed the decade before.

The turnaround of these two regions to growing

feed use of cereals (already in full swing in the EU)

or, in any case, the cessation of declines in the tran-

sition economies, tends to exaggerate the role of

feed demand as a driving force in the long-term

evolution of the structural relationships of the

world cereal economy. With the rather drastic slow-

down in the growth of the livestock sector (see

Section 3.3), one would have expected that the role

of feed demand as a driving force would be less

strong than is indicated by the projected world

totals in which the increase in feed use accounts for

51 percent of the increment in total cereal demand.

As noted, it accounted for only 14 percent in the

period from the mid-1980s to 1997/99. For the

world without the transition economies and the EU,

the jump in the shares is much less pronounced,

which is far more representative of the long-term

9 Changes in production were much more pronounced (344 and 321 kg, respectively), and the effects on consumption were smoothed by changes
in stocks.

10 Average per capita numbers for large aggregates comprising very dissimilar country situations (like the world per capita cereal consumption) have
limited value as indicators of progress (or regress) and can be outright misleading. In practice, the world can get poorer on the average even
though everyone is getting richer, simply because the share of the poor in the total grows over time. This can be illustrated as follows (example
based on approximate relative magnitudes for the developing and the developed countries): in a population of four persons, one is rich,
consuming 625 kg of grain, and three are poor, each consuming 225 kg. Total consumption is 1 300 kg and the overall average is 325 kg. Thirty
years later, the poor have increased to five persons (high population growth rate of the poor) but they have also increased consumption to 
265 kg each. There is still only one rich person (zero population growth rate of the rich), who continues to consume 625 kg. Aggregate consump-
tion is 1 950 kg and the average of all six persons works out to 325 kg, the same as 30 years earlier. Therefore, real progress has been made
even though the average did not increase. Obviously, progress could have been made even if the world average had actually declined. Thus, if
the consumption of the poor had increased to only 250 kg (rather than to 265), world aggregate consumption would have risen to 1 875 kg but
the world average would have fallen to 312.5 kg (footnote reproduced from Alexandratos, 1999). 

11 Uses of maize for the production of sweeteners and of barley for beer are included in food, not in industrial use. The latter includes use of maize
for the production of fuel ethanol. 
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evolution of structural relationships than the global

magnitudes would suggest. Such evolution increas-

ingly depends on what happens in the developing

countries. In these countries, feed accounted for 

21 percent of the increment in total demand in the

decade starting in the mid-1970s. It accounted for

29 percent in the period from the mid-1980s to

1997/99. In the projections, the share grows further

to 45 percent of the increase in their total projected

demand (see Section 3.3 for further discussion).

Commodity composition. The per capita consump-

tion of rice will tend to level off in the first part of

the projection period and decline somewhat in the

second part. In the first subperiod the major factor

is the slowdown in China and several other coun-

tries in East Asia, while per capita consumption in

South Asia continues to increase. Slow declines will

probably occur in South Asia after 2015. Here

reference is made to the earlier discussion on food

demand for all commodities and the related impli-

cations for total calories and nutrition: by 2030,

East Asia will have moved close to 3 200 calories

and South Asia to 2 900 (Chapter 2, Table 2.1).

These levels suggest that per capita consumption

of rice will not be as high as at present. The end

result of these possible developments, together

with the deceleration in population growth, is that

the aggregate demand for rice will grow at a much

slower rate than in the past, from 1.6 percent p.a.

in the 1990s and 2.6 percent in the 1980s to 

1.2 percent p.a. in the period to 2015 and on to 

0.8 percent p.a. after 2015. Therefore, the pres-

sure to increase production will also ease. With the

slowdown in the growth of yields in recent years,

maintaining growth even at much lower rates will

be no mean task and may require no less effort

(research, irrigation, policy, etc.) than in the past

(see discussion in Chapter 4).

Wheat consumption per capita (all uses) will

continue to increase in the developing countries as

well as in the transition economies and the indus-

trial countries, following the cessation of the factors

that depressed demand in these two latter groups.

In the developing countries, the increases in the

consumption of wheat will be partly substituting for

rice. The developing countries will continue to

increase their dependence on imports. Their net

imports would grow from 40 million tonnes in 

the mid-1970s and 72 million tonnes in 1997/99, to 

120 million tonnes in 2015 and 160 million tonnes

in 2030 (these numbers exclude Argentina and

Uruguay that will be growing net exporters).
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Figure 3.9 Aggregate consumption of cereals, by category of use
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To appreciate why we project these rather

significant increases in net imports of wheat, the

relevant data and projections are plotted in Figure

3.10 in more disaggregated form. In the first place,

in the regions that are not major producers them-

selves in relation to their consumption (roughly,

sub-Saharan Africa, East Asia other than China,

Latin America other than Argentina, Uruguay and

Paraguay), consumption growth will be accompa-

nied by increases in net imports, as in the past. For

example, in these regions a consumption increase

of 23 million tonnes between 1997/99 and 2015 

will be accompanied by an increase in net imports

of 21 million tonnes. In the preceding period

(1984/86-1997/99) the comparable figures were 

12 million tonnes increase in consumption and 

14 million tonnes increase in net imports.

Therefore, there is nothing new here. In contrast,

what is new is that developments in the rest of the

developing countries may diverge from past expe-

rience. As noted, production increases and declines

in net imports and occasional generation of net

exports in some of the major wheat-consuming

countries (China, India, some countries in the Near

East/North Africa region) masked the growing

dependence of consumption growth in the devel-

oping countries on imported wheat. This factor will

be much less important in the future. Some of the

countries that had this role will probably turn

around to be net importers again (e.g. India, Saudi

Arabia and the Syrian Arab Republic) or larger net

importers (e.g. China, Pakistan and Bangladesh) in

the future.

World consumption of coarse grains should grow

faster that of the other cereals (Table 3.3 and

Figure 3.4), following the growth of the livestock

sector. The shift of world consumption of coarse

grains to the developing countries will continue

and their share in world total use will rise from 

47 percent at present (and 34 percent in the mid-

1980s) to 54 percent in 2015 and 59 percent in

2030. Much of the increase (72 percent) in coarse

grains use in developing countries will be for feed,

a continuing trend in all regions except sub-

Saharan Africa, where food use will continue to

predominate. In sub-Saharan Africa, coarse grains

will continue to constitute the mainstay of cereal

food consumption. If sub-Saharan Africa’s produc-

tion growth rates of the past (3.3 percent p.a. in the

past 20 years, 2.8 percent p.a. in the last ten) could

be maintained, as is feasible in our evaluation (we

project a growth rate of 2.8 percent p.a. to 2015),

and given lower population growth, the region

could raise per capita food consumption of coarse
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grains by some 11 kg, to 101 kg by 2030 (Figure

3.11). This may not be impressive and certainly

falls short of what is needed for food security, but

we must recall that there was no increase in the last

20 years.

Production, imports and exports. World trade in

cereals tended to slow down after the mid-1980s.

Here we examine net imports and exports of the

different country groups. 

Our projections anticipate a revival of the net

cereal imports of the developing countries and of

the exports of the main cereal exporters. FAO’s

medium-term projections to 2010 (FAO, 2001b)

had already anticipated this revival and had net

cereals imports of the developing countries

growing to 150 million tonnes in 2010. Our own

projections to 2010 made in the early 1990s from

base year 1988/90 indicated 162 million tonnes in

2010 (Alexandratos, 1995, p. 145). This projection

to 2010 remains largely valid in the current work –

we now have 190 million tonnes in 2015 and 

265 million tonnes in 2030. 

The commodity structure (wheat, coarse grains

and rice) of the net trade balances is shown in Table

3.5. Net imports of the developing countries are

projected to increase by 162 million tonnes

between 1997/99 and 2030, roughly 80 million

tonnes each of wheat and coarse grains, while 

they should increase their net rice exports by 

some 2 million tonnes (Table 3.5). The latest

International Food Policy Research Institute

(IFPRI) projections to 2020 paint a somewhat less

buoyant outlook for the net imports of the devel-

oping countries: they project them at 202 million

tonnes for the year 2020 (Rosegrant et al., 2001,

Table D.10) compared to our 190 million tonnes in

2015 and 265 million tonnes in 2030.

The quantities of cereals that will need to be

traded in the future are certainly large, but the

rates of change in the net trade position of the

developing countries are not really revolutionary; a

158 percent increase over 32 years is somewhat less

than the increase that occurred in a period of 

23 years from the mid-1970s to 1997/99. However,

these quantities may appear large in the light of the

factors discussed above that made for deceleration

in the world cereal trade in recent years. How 

reliable are these projections? We cannot tell in 

any scientific way, but a comparison of our 

earlier projections of the cereal deficits of the

developing countries to 2000 (made in the mid-

1980s from base year 1982/84), and to 2010

(referred to above) with actual outcomes is encour-

aging. As Figure 3.7 shows, the mid-1980s projec-

tion indicated 112 million net imports of the
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developing countries for 2000 (Alexandratos, 1988,

p.106). The actual outcome is 111 million tonnes

(three-year average 1999/2001, see Figure 3.7).

To appreciate why this “revival” in the growth

of imports may come about, reference is made to

the preceding discussion of the factors underlying

the growth in the wheat imports of the developing

countries in the projections. In practice, explaining

the growth of import requirements means

explaining the factors that will cause the growth

rates of demand and production (given in Table

3.4) to diverge from each other in the different

countries and regions, given that net trade balances

are by definition the difference between demand

and production. The main arguments affecting

demand were amply discussed above, while the

(mainly agronomic) factors in projecting produc-

tion are examined in Chapter 4. A brief discussion

of trends, or breaks in trends, in production will

help to explain why deficits of the developing

countries could continue to grow despite ever-

decelerating demand. 

Two examples illustrate what is involved: wheat

in South Asia and wheat and coarse grains in the

region Near East/North Africa.

South Asia now produces 89 million tonnes of

wheat, consumes 89 million tonnes and has net

imports of 7 million tonnes (the difference going to

increase stocks in 1997/99), down from net imports

of 10 million tonnes in the mid-1970s. For 2015,

demand (all uses) is projected to be 138 million

tonnes (going from 69 kg to 82 kg in per capita

terms). The growth rate of 2.6 percent p.a. is lower

than the 3.3 percent p.a. of the preceding two

decades (1979-99). So why should imports be

increasing? The reason is that production is

1974/76 1984/86 1997/99 2015 2030

Million tonnes

Developing countries

All cereals -38.8 -66.4 -102.5 -190 -265

Wheat -37.9 -48.8 -61.8 -104 -141

Coarse grains -0.2 -17.6 -43.2 -89 -128

Rice (milled) -0.7 0.0 2.5 3 5

Industrial countries

All cereals 55.1 105.9 110.7 187 247

Wheat 41.4 70.8 66.0 104 133

Coarse grains 12.1 33.7 43.4 83 115

Rice (milled) 1.6 1.4 1.4 0 -1

Transition countries

All cereals -15.7 -37.3 0.9 10 25

Wheat -4.8 -20.2 -0.3 4 12

Coarse grains -10.4 -16.5 2.1 8 15

Rice (milled) -0.5 -0.6 -0.9 -1 -1

Memo item. Developing excl. net exporters1

All cereals -51.4 -91.5 -134.6 -238 -330

Wheat -39.5 -55.6 -70.9 -118 -157

Coarse grains -10.1 -31.3 -54.6 -107 -154

Rice (milled) -1.8 -4.5 -9.2 -13 -19

1 Developing net exporters: those with net cereal exports over 1 million tonnes in 1997/99 (Argentina, Thailand and Viet Nam). India and China, 
although they met this criterion, are not included in the net exporter category as they are only occasional net exporters.

Table 3.5 Net trade balances of wheat, coarse grains and rice
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unlikely to keep the high growth rates of the past.

Much of the wheat is now irrigated and the boost

given in the past from expansion of wheat into 

irrigated areas and the spread of new varieties is

becoming much weaker (Mohanty, Alexandratos

and Bruinsma, 1998). In addition there are prob-

lems in maintaining the productivity of irrigated

land, particularly in Pakistan. The growth rate of

wheat production in the region has been on the

decline: it was 3.2 percent p.a. in the latest ten

years (1989-99), down from 4.0 percent in the

preceding decade and 5.1 percent in the one

before. We project an average production growth

rate of 2.0 percent p.a. up to 2015, and 1.9 percent

p.a. in 2015-2030. These growth rates are slower

than those of demand, hence the growing import

requirements even to meet a demand growth much

below that of the past. The land-yield combinations

underlying these production projections are shown

in Table 3.6. 

IFPRI projects a turnaround of South Asia to a

growing net importer of cereals at higher levels than

we project in Table 3.4. In contrast, the latest ten-

year projections by the United States Department 

of Agriculture (USDA) consider that India would

continue to be a small net exporter of wheat 

until the year 2011 (USDA, 2002).12 The Food and

Agricultural Policy Research Institute (FAPRI) 2002

projections for the same year have India as a small

net importer (one million tonnes), but the under-

lying consumption projections are very low (an

increase in per capita consumption of only 1 kg in

ten years) while production growth is also well below

past trends. The small growth in consumption (and

hence of import requirements) may be an underes-

timate, given India’s projected relatively high

growth of incomes and the prospect that increased

food demand will not be diverted to meat in the

foreseeable future (see section on livestock below).

Similar considerations apply to wheat and

coarse grains in the Near East/North Africa region

and, of course, to other regions and crops. Net

imports of wheat and coarse grains into Near

East/North Africa are projected to grow from 

45 million tonnes in 1997/99 to 80 million tonnes in

2015 and to 108 million tonnes in 2030. After a

quantum jump in the 1970s up to the mid-1980s,

imports stagnated up to the mid-1990s, before

resuming rapid growth in the second half of the

decade. The projected continuation in the recovery

of import growth factors in, among other things,

the assumption that the decline in the imports 

of Iraq will have been reversed by 2015. On 

the demand side, the region’s population growth

rate will remain relatively high for some time 

(1.9 percent p.a. to 2015). Some countries in the

region are among the fastest growing in the world.

The example of Yemen is instructive: the country

had a population of 17 million in the base year

1997/99, but it is projected to be a really large

country with 57 million in 2030. Its present

consumption of cereals amounts to 180 kg/person

(all uses) or some 3 million tonnes p.a. of which

only 0.7 million tonnes comes from local produc-

Rainfed land Irrigated land Total

Area Yield Production Area Yield Production Area Yield Production
’000 ha tonnes/ha ’000 tonnes ’000 ha tonnes/ha ’000 tonnes ’000 ha tonnes/ha ’000 tonnes

1974/76 25 459 1.31 33 398

1984/86 32 129 1.85 59 529

1997/99 7 450 1.21 9 013 28 889 2.78 80 357 36 339 2.46 89 370

2015 7 437 1.38 10 270 32 763 3.52 115 210 40 200 3.12 125 480

2030 7 416 1.56 11 540 36 434 4.22 153 890 43 850 3.77 165 430

Note: Land refers to harvested area and therefore includes area expansion under wheat from increased double cropping.

Table 3.6 South Asia, land-yield combinations of wheat production

12 “The surpluses of mostly low-quality wheat are generally not exportable without subsidy, but low levels of exports to neighbouring South Asian
and Middle Eastern countries are expected to continue” (USDA, 2002, p.103)
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tion. No quantum jumps in production are fore-

seen. Therefore, even without increases in per

capita consumption, aggregate demand will be

over 10 million tonnes in 2030, more if we factor in

some modest increase in per capita consumption.

For the whole Near East/North Africa region, the

aggregate demand is bound to grow at 2.0 percent

p.a. (see Table 3.4), even with a modest increase in

per capita consumption of cereals for all uses

(under 10 percent over the whole projection

period).

The projected growth in Near East/North

Africa deficits reflects the prospect that production

of wheat and coarse grains may not keep up even

with this lower growth of demand. Production,

which grew fairly fast in the past (3 percent p.a. in

the 1970s and the 1980s) has shown no consistent

trend since then; the average growth rate of the

latest ten-year period (1991-2001) was -1.7 percent

p.a. and production was 67 million tonnes in the

latest three-year average 1999/2001, down from

the 73 million tonnes at the beginning of the

decade (average 1989/91). Among the major

producers, Saudi Arabia’s production of wheat and

coarse grains declined by 46 percent, and that of

North Africa (outside Egypt) by 30 percent. Among

the major producers of the region, only Egypt and

the Syrian Arab Republic had higher production in

1999/2001 than at the beginning of the decade.

The evaluation of the possible land-yield combina-

tions in the future (shown in Table 3.7), as well as

the prospect that there will be no return to the

heavy production subsidies some countries provided

in the past, do not permit optimism concerning the

possibility that growth of aggregate wheat and

coarse grains production of the region could exceed

1.5 percent p.a. in the projection period. Hence the

need for growing net imports to support the modest

increase in per capita consumption. 

As noted, the production projections that give

rise to the import requirements presented here are

derived from a fairly detailed analysis of the

production prospects of individual developing

countries commodity by commodity. The method

Rainfed land Irrigated land Total

Area Yield Production Area Yield Production Area Yield Production
’000 ha tonnes/ha ’000 tonnes ’000 ha tonnes/ha ’000 tonnes ’000 ha tonnes/ha ’000 tonnes

Wheat

1974/76 26 668 1.20 31 947

1984/86 25 023 1.52 38 090

1997/99 19 201 1.28 25 550 8 008 3.15 24 231 27 210 1.83 49 781

2015 18 965 1.48 28 080 8 980 3.76 33 720 27 945 2.21 61 800

2030 19 065 1.65 31 435 9 935 4.31 42 855 29 000 2.56 74 290

Maize

1974/76 2 410 2.26 5 450

1984/86 2 205 3.01 6 644

1997/99 655 2.30 1 506 1 563 5.65 8 826 2 218 4.66 10 331

2015 604 2.45 1 482 2 005 6.15 12 333 2 610 5.29 13 815

2030 552 2.69 1 482 2 673 7.15 19 108 3 225 6.39 20 590

Barley

1974/76 9 585 1.11 10 675

1984/86 12 585 1.20 15 135

1997/99 9 793 1.22 11 906 1 777 1.84 3 266 11 570 1.31 15 172

2015 10 728 1.49 15 942 1 885 2.28 4 304 12 610 1.61 20 245

2030 11 375 1.72 19 577 1 975 2.66 5 243 13 350 1.86 24 820

Table 3.7 Near East/North Africa: areas and yields of wheat, maize and barley 
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is described in Appendix 2. It is the same approach

we used in earlier studies. In 1992-93, we had

projected total cereal production in the developing

countries to grow from 847 million tonnes in

1988/90 to 1318 million tonnes in 2010 (Alexandratos,

1995, p. 145). The interpolation for 1998 on the

trajectory 1988/90-2010 (separately for each of 

the main cereals, see Figure 3.12) is 1 023 million

tonnes. The actual outcome for the three-year

average 1997/99 is 1 027 million tonnes (data as of

February 2002). 

Producing the export surplus. To explore how the

growing import requirements may be matched by

increases on the part of the exporters we need

some rearrangement and more detailed setting out

of the data and projections. This is attempted in

Table 3.8. The following comments refer mainly to

the contents of this table.

In the period from the mid-1970s to 1997/99,

the net imports of the developing importers (devel-

oping countries not including the net exporters

Argentina, Uruguay, Thailand and Viet Nam), plus

those of the transition economies and the industrial

importers (industrial countries minus the EU,

North America and Australia) went from 89 million

tonnes to 167 million tonnes, an increment of

78 million tonnes (subtotal 2 in Table 3.8). It 

was met by increases of the net trade balances 

of the following country groups which were 

traditional exporters or became such during 

that period: the EU 45 million tonnes (from net

imports of 21 million tonnes to net exports of 

24 million tonnes); North America 10 million

tonnes; Australia 12 million tonnes; and combined

Argentina, Uruguay, Thailand and Viet Nam 

20 million tonnes.13

In the projections, the net import requirements

of the developing importers and the industrial

importers rise from 168 million tonnes in 1997/99

to 275 million tonnes in 2015 and to 368 million

tonnes in 2030 (subtotal 1 in Table 3.8), an

increase of 107 million tonnes to 2015 and another

93 million tonnes by 2030. These quantities must

be generated as additional export surplus by the

rest of the world. Where will they come from? The

novel element in the projections is that part of the

required increase may come from the transition

economies, while the rest should come from the

traditional exporters, developing and industrial.
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13 There is a large statistical discrepancy of 9 million tonnes in 1997/99 in the trade statistics. 
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The transition economies (not included in the net

importing regions in the projections) could be net

exporters of 10 million tonnes by 2015, a rather

modest outcome given their resource potential which

could put them in a position to produce even larger

surpluses under the right policies. The reasons why

this group of countries may eventually turn from the

large net importer it was up to the late 1980s into a

net exporter in the longer-term future are as follows:

per capita consumption or – more correctly –

domestic disappearance, will not revert to the very

high pre-reform levels following the reduction of the

high rates of food losses; the more efficient use of

grain in animal feed; and the continued reliance, at

least for the medium term, on imports of livestock

products to cover part of domestic consumption. On

the production side, land resources in several coun-

tries in this group are relatively plentiful and yields

are well below those achieved in other countries with

similar agro-ecological conditions (see Chapter 4 for

comparisons with those obtainable under high-input

technologies). The eventual integration of some

Eastern European countries into the EU has the

potential of contributing to this process, mainly in

favour of coarse grains (USDA, 1999a).

These considerations suggest that the eventual

recovery of production in the transition economies

will result in export surpluses. We are rather

conservative in our projections, as the production

growth rate of cereals required to meet the

growth of domestic demand and produce the 10

million tonnes net exports in 2015 is 1.0 percent

p.a. This is modest, seeing that they start from the

depressed levels to which production had fallen

by the late 1990s. Other studies are much more

optimistic about this potential. For example the

latest IFPRI projections (Rosegrant et al., 2001,

Figure 4.9) suggest over 25 million tonnes net

exports from Eastern Europe and the countries 

of the former Soviet Union in 2020. The latest

FAPRI (2002) projections foresee 15 million tonnes

for the year 2011 (the sum of wheat, barley and

maize) as does the most recent USDA study

(USDA, 2002, Tables 36-40), while Dyson (1996)

has much larger numbers.

The net exports of the developing exporters

(Argentina, Uruguay, Thailand and Viet Nam) are

projected to rise from 32 million tonnes to some 

Net imports (-) or exports (+) Increment
1974/76 1997/99 2015 2030 1974/76 1997/99 2015

-1997/99 -2015 -2030

Million tonnes Million tonnes

1 Developing importers1 -51 -135 -238 -330 -83 -104 -91

2 Industrial importers -22 -33 -37 -38 -12 -4 -2

3 Subtotal 1 (=1+2) -73 -168 -275 -368 -95 -107 -93

4 Transition countries -16 1 10 25 17 10 15

5 Subtotal 2 (=3+4) -89 -167 -265 -343 -78 -98 -78

6 Argentina +Uruguay 13 32 49 65 20 17 16

+ Thailand +Viet Nam

7 World imbalance 1 9 8 8 9 -1 0

8 Balance for industrial exporters2 77 144 224 286 67 80 62

(=-5-6+7)

Memo item. Production of industrial exporters

Million tonnes Percentage p.a.

Total 430 629 758 871 1.1 1.1 0.9

1 Developing countries excl. Argentina, Uruguay, Thailand and Viet Nam.
2 North America, Australia and EU15.

Table 3.8 World cereal trade: matching net balances of importers and exporters
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50 million tonnes by 2015. Thailand and Viet Nam

are projected to remain net exporters of cereals

because of rice, although they will be growing net

importers of the other cereals, mainly wheat. It

follows that the more “traditional” industrial country

exporters (North America, the EU and Australia)

would need to increase net exports by 80 million

tonnes by 2015 and another 62 million tonnes by

2030, i.e. by amounts roughly comparable to the

increase of 67 million tonnes they recorded in the

period 1974/76-1997/99 (Row 8 in Table 3.8).

The question is often raised as to whether these

countries have sufficient production potential to

continue generating an ever-growing export

surplus. Concern with adverse environmental

impacts of intensive agriculture is among the

reasons for this question. The answer depends,

inter alia, on how much more these countries must

produce over how many years. Production growth

requirements are derived by adding the above

increments in net exports to the increments in

their own domestic demand, including demand for

cereals to produce livestock products for export.14

The resulting projected production is shown in the

lower part of Table 3.8. These countries are

required to increase their collective production

from the 629 million tonnes of 1997/99 to 

758 million tonnes in 2015 and 871 million tonnes

in 2030, an increment of 242 million tonnes over

the entire period, of which about 80 million tonnes

are wheat and the balance largely coarse grains.

The annual growth rate is 1.1 percent p.a. in the

period to 2015 and 0.9 percent p.a. in the subse-

quent 15 years, an average of 1.0 percent p.a. for

the entire 32-year projection period. This is lower

than the average growth rate of 1.6 percent p.a. of

the past 32 years (1967-99), although the historical

growth rate has fluctuated widely, mostly as a 

function of the ups and downs of export demand,

associated policy changes and occasional weather

shocks. The annual growth rates of any ten-year

period in the past 35 years moved in the range

from 3.4 percent (decade ending in 1982) to minus

0.1 percent (decade to mid-1990s), with the latest

being 1.5 percent in 1989-99. The overall lesson of

the historical experience seems to be that the

production system responds flexibly to meet

increases in demand within reasonable limits. 

Of the three traditional industrial exporters,

the EU faces the additional constraint that it can

increase production for export only if it can export

without subsidies. A key question is, therefore,

whether market conditions will be such as to make

possible unsubsidized exports. The relevant vari-

ables are the policy prices of the EU, the prices in

world markets and the exchange rate €/US$. We

have not gone into modelling explicitly these vari-

ables, but we project that the EU will be a growing

net exporter of wheat and barley without subsidies.

There seems to be a fair degree of consensus on

this matter. The European Commission’s latest

projections to 2008 point in the same direction:

“total cereal exports would stand substantially

above the annual limit for subsidized exports set by

the URAA limits (i.e. 25.4 million tonnes for total

cereals) as durum wheat, some common wheat and

barley/malt would be exported without subsidies”

(European Commission, 2001, p. 37).15

Other studies agree in their findings that the EU

will be a growing net exporter of cereals, at levels

exceeding the limits for exports with subsidies16 as

defined under the Uruguay Round Agreement on

Agriculture (URAA). The 2002 USDA baseline

projection to 2011 concludes that “due to the

declines in intervention prices and the weak euro,

projected domestic and world prices indicate that

EU wheat and barley can be exported without

subsidy throughout the baseline period” (USDA,

14 The term “domestic demand” can be misleading if it gives the impression that the inhabitants of the country actually “consume”, directly or indi-
rectly, the amounts used domestically. This can be especially misleading when a significant proportion of the cereals consumed goes to produce
livestock products for export. For example, Denmark is given in the statistics as having the highest per capita consumption of cereals (all uses) in
the world, 1 450 kg. But the country exports net two-thirds of its meat production and over 50 percent of production of milk and dairy products.
It is also a net exporter of beer, which uses barley as input. 

15 Last-minute addition (June 2002): the Commission has just published the 2002 edition of its projections to 2009. It has the same projected exports
of wheat and coarse grains as in the 2001 edition, i.e. exceeding the URAA limits, but adds: “These projections for cereal exports remain condi-
tional upon an export policy that ensures the full use of the URAA limits” (European Commission, 2002, p.13). Somehow, this could imply the
development of dual markets within the EU, if some exports will be with subsidies and others without. However, this need not be so if the non-
subsidized cereals (e.g. durum wheat and malting barley) are different from the subsidized ones, e.g. feed barley and soft wheat.

16 The UR limits for EU exports with subsidies are, roughly, 25 million tonnes. These limits refer to gross exports, while imports will be about 5-7 million
tonnes, including those under the UR commitments. It follows that any projection study showing net EU exports over 18-20 million tonnes must
assume (implicitly or explicitly) that in the future the right combination of domestic and foreign prices and exchange rates will prevail.
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2002, p. 90).17 It projects net EU exports of wheat

and coarse grains of some 35 million tonnes net for

the year 2011 (USDA, 2002, Tables 36-40). The

FAPRI projections have net exports of 29 million

tonnes for the same year (FAPRI, 2002). Longer-

term studies point in the same direction: the most

recent IFPRI assessment is more conservative with

a projection of about 30 million tonnes net EU

exports in 2020 (Rosegrant et al., 2001, Table D.10). 

When speaking of the need for the traditional

industrial food exporters to increase their produc-

tion for export further, the issue of the environ-

mental effects of more intensification of their

agricultures becomes relevant. For example, the EU

study’s net export outcomes are based on cereal

yields rising at an annual rate of 1.3 percent to

2008. This is lower than the historical trend, but still

raises the issue of the environmental risks associated

with rising yields in the intensively farmed areas

that produce much of the EU export surplus, e.g.

France. Such risks are mainly related to the exces-

sive use of fertilizer and other chemicals. The risk

would be certainly increased if the pursuit of higher

yields were to be accompanied by inappropriate use

of fertilizer leading to increases in the nitrogen

balance in the soil (difference between nitrogen

inputs into the soil and uptake by crops). Empirical

evidence suggests that this need not be so. OECD

work on environmental indicators finds that the

nitrogen balance in the EU declined from 69 kg/ha

to 58 kg/ha of agricultural land between 1985/87

and 1995/97 (OECD, 2000a, Annex Table 1). Over

the same period, the yield of wheat increased 

from 4.7 tonnes/ha to 5.5 tonnes/ha, and that of

total cereals from 4.5 tonnes/ha to 5.2 tonnes/ha.

Changes in the structure of incentives (e.g. reduced

support prices), advances in technology (precision

agriculture, etc.) and imposition of tighter manage-

ment regimes concerning use of manure, probably

explain much of this phenomenon.

Some environmental considerations.18 It is impor-

tant that eventual environmental risks associated

with the growth of production for export be viewed

in a global context, and the associated trade-offs

recognized. How do such risks compare with those

faced by other countries that would also be raising

their production? And how does enhanced produc-

tion for export contribute to, or detract from, world

food security by making world agriculture as a whole

more sustainable (or less unsustainable)?

This issue can be addressed schematically with

the aid of a simple classification of natural resource/

technology combinations used in grain production,

on the one hand, and development levels, on the

other. The former determines the extent to which

the growth of production enhances the risk of

adverse environmental impacts (e.g. soil erosion,

salinization of irrigated areas, nitrate pollution of

water bodies). The latter determines the value people

place on resource conservation and on the environ-

ment, relative to the more conventional benefits from

increased production, e.g. food security, farm

incomes, export earnings, etc. This classification is as

follows (from FAO, 1996d):

! Intensive high-income systems: for example, the

Brie area in the Paris basin of France, character-

ized by very high grain yields obtained with

substantial inputs of fertilizers and pesticides.

Main environmental problem: water pollution

from fertilizers and other chemicals.

! Extensive high-income systems: for example,

Australia and western Canada, characterized by

moderate to low grain yields and little or no use

of fertilizers. Main environmental problem: soil

erosion, mainly caused by wind and occasional

intense rainfall.

! Intensive low-income systems: for example,

areas of intensive grain cultivation under irriga-

tion in India (Punjab, Haryana and Uttar

Pradesh), characterized by medium-high yields

and fertilizer applications. Main environmental

problem: salinization, but also waterlogging

and water scarcities.

! Extensive low-income systems: for example,

Côte d’Ivoire, coarse grain production in areas

expanding under population pressure (often in

slash-and-burn mode), very low yields, virtually

no fertilizer. Main environmental problem:

deforestation and soil mining, leading to

declining yields, abandonment and further

expansion into new areas.

17 In the USDA study: “The euro is assumed to strengthen slightly against the dollar in 2002 through 2004, and then to weaken somewhat through
the remainder of the projections” (USDA, 2002, p. 89). The FAPRI assumptions are more optimistic about the euro: it reaches parity with the US
dollar in 2006 and remains there until 2011.  

18 This section draws heavily on Alexandratos and Bruinsma (1998).
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As noted (Table 3.3), in the 32-year period from

1997/99 to 2030, the world will need to increase

annual production of cereals (including rice in

milled form) by nearly another billion tonnes. This is

roughly the amount by which world production

increased in the preceding 32 years (1967-1999), a

process which led to a better fed world but also

brought with it the resource and environmental

problems we are facing today.19 The preceding

rough classification shows the very wide diversity of

natural and socio-economic conditions and the asso-

ciated threats to the resource base and the environ-

ment, under which humanity will have to extract the

additional billion tonnes from the earth. Although

sweeping generalizations must be avoided, it would

appear that it will be extremely difficult to produce

so much more than currently, without putting addi-

tional pressure on the environment.

It is conceivable that under the right policies

(for incentives, institutions, technology develop-

ment and adoption) this additional pressure could

be minimized or even reversed for some time.

However, here we are speaking of very substantial

increases in production and, although these are to

be achieved over a period of 32 years, it is difficult

to visualize how enhanced pressures on the envi-

ronmental resources can be avoided entirely. In

addition, the stark fact has to be faced that, for the

world as a whole, adoption of measures to mini-

mize impact will be a slow process, and will

perhaps remain for some time beyond the capa-

bility of those societies that most need to increase

production. These are precisely the countries

whose very survival is threatened by the deteriora-

tion of their agricultural resources, given the high

dependence of their economies on agriculture

(Schelling, 1992). It is the high-income countries,

in principle those that least need to increase

production for their own consumption and food

security, that place a high value on minimizing the

adverse environmental impacts of agriculture and

that also have the means to take action (for the EU,

see Brouwer and van Berkum, 1996). These

considerations provide a framework for thinking

about the role of traditional exporters as suppliers

of growing export surpluses in a world that has to

accept the trade-offs between more food and the

environment and must seek ways to optimize them

(see Chapter 12). 

3.3 Livestock commodities 

3.3.1 Past and present

Livestock, a major factor in the growth of world

agriculture. The world food economy is being

increasingly driven by the shift of diets and food

consumption patterns towards livestock products.

Some use the term “food revolution” to refer to

these trends (Delgado et al., 1999). In the devel-

oping countries, where almost all world population

increases take place, consumption of meat has been

growing at 5-6 percent p.a. and that of milk and

dairy products at 3.4-3.8 percent p.a. in the last few

decades. Aggregate agricultural output is being

affected by these trends, not only through the

growth of livestock production proper, but also

through the linkages of livestock production to the

crop sector which supplies the feeding stuffs

(mainly cereals and oilseeds), and benefits from the

important crop-livestock synergies prevailing in

mixed farming systems (de Haan et al., 1998). 

On the negative side, and in association with

policy distortions or market failures, there are envi-

ronmental implications associated with the expan-

sion of livestock production. For example, through

the expansion of land for livestock development,

livestock sector growth has been a prime force in

deforestation in some countries such as Brazil, and

in overgrazing in other countries. Intensive live-

stock operations on an industrial scale, mostly in the

industrial countries but increasingly in the devel-

oping ones, are a major source of environmental

problems through the production of point-source

pollution (effluents, etc.).20 In parallel, growth in

19 There are those who hold that the choices made in the past to achieve the increases in production (in essence the pursuit of high yields), although
far from perfect, have, on balance, contributed to prevent more serious environmental problems from emerging. The standard example is the
amount of additional land that would have been deforested and converted to crops if the additional output had been produced with little growth
in yields (Avery, 1997). Naturally, this counterfactual proposition is not always appropriate given the fact that land expansion could not have substi-
tuted for intensification in many parts of the world where there was no spare land. Perhaps the trade-off should be conceived between the “bads”
of intensification and human suffering (e.g. higher mortality) from reduced food security.

20 A recent study puts the problem as follows: “In 1964, half of all beef cows in the United States were on lots of fewer than 50 animals. By 1996,
nearly 90 percent of direct cattle feeding was occurring on lots of 1 000 head or more, with some 300 lots averaging 16 000-20 000 head and
nearly 100 lots in excess of 30 thousand head. These feedlots represent waste management challenges equal to small cities, and most are regu-
lated as point-source pollution sites under the authority of the US Environmental Protection Agency (EPA)” (Commission for Environmental
Cooperation-NAFTA, 1999, p. 202). 
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1964/66 1974/76 1984/86 1994/96 1997/99 2015 2030

Food per capita (kg, whole milk equivalent)

World 74 75 78 77 78 83 90

Developing 28 30 37 42 45 55 66

Sub-Saharan Africa 28 28 32 29 29 31 34

Near East/North Africa 69 72 83 71 72 81 90

Latin America and the Caribbean 80 93 94 106 110 125 140

South Asia 37 38 51 62 68 88 107

East Asia 4 4 6 10 10 14 18

Industrial countries 186 191 212 212 212 217 221

Transition economies 157 192 181 155 159 169 179

Memo item

World excl. transition economies 65 64 69 71 72 78 85

’000 tonnes Growth rates, % p.a.

1997/99 1969-99 1979-99 1989-99 1992-99 1997/99 2015

-2015 -30

Aggregate consumption (all uses, whole milk equivalent)

World 559 399 1.3 0.9 0.5 1.1 1.4 1.3

Developing 239 068 3.6 3.4 3.8 4.0 2.7 2.2

Sub-Saharan Africa 18 134 2.7 1.7 2.1 2.8 2.9 2.7

Near East/North Africa 32 979 2.6 1.6 2.0 2.6 2.4 2.2

Latin America and the Caribbean 61 954 2.7 2.6 3.5 3.5 2.0 1.7

South Asia 104 552 4.5 4.8 4.8 5.0 3.1 2.4

East Asia 21 450 5.8 5.6 4.9 4.1 2.7 2.2

Industrial countries 225 797 0.7 0.3 0.3 0.5 0.4 0.3

Transition economies 94 534 -0.4 -1.7 -4.8 -3.6 0.1 0.1

Memo item

World excl. transition economies 464 865 1.9 1.7 2.0 2.2 1.7 1.5

Production (whole milk equivalent)

World 561 729 1.3 0.9 0.6 1.2 1.4 1.3

Developing 219 317 3.6 3.8 4.1 4.3 2.7 2.3

Sub-Saharan Africa 15 752 2.7 2.3 1.9 2.5 3.0 2.8

Near East/North Africa 28 186 2.3 2.2 3.1 3.4 2.2 2.1

Latin America and the Caribbean 56 551 2.6 2.8 3.9 4.1 2.1 1.8

South Asia 103 748 4.5 4.9 4.9 5.0 3.1 2.4

East Asia 15 081 6.9 6.9 4.5 4.4 2.9 2.2

Industrial countries 245 766 0.7 0.3 0.5 0.8 0.5 0.4

Transition economies 96 647 -0.3 -1.6 -4.6 -3.7 0.2 0.2

Memo item

World excl. transition economies 465 083 1.8 1.7 2.1 2.4 1.7 1.5

Table 3.9 Milk and dairy products, production and use: past and projected 
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the ruminant sector contributes to greenhouse gas

concentrations in the atmosphere through methane

emissions and nitrous oxide from the waste of

grazing animals (see Chapters 12 and 13).

Important exceptions and qualifications. The

strength of the livestock sector as the major driving

force of global agriculture can be easily exagger-

ated. Many developing countries and regions,

where the need to increase protein consumption is

the greatest, are not participating in the process. In

40 developing countries, among those covered

individually in this study, per capita consumption

of meat was lower in the mid-1990s than ten years

earlier. In this category are the regions of sub-

Saharan Africa, with very low consumption per

capita reflecting quasi-perennial economic stagna-

tion. Also the Near East/North Africa, where the

1964/66 1974/76 1984/86 1994/96 1997/99 2015 2030
kg per capita, carcass weight equivalent

World 24.2 27.4 30.7 34.6 36.4 41.3 45.3

Developing countries 10.2 11.4 15.5 22.7 25.5 31.6 36.7

excl. China 11.0 12.1 14.5 17.5 18.2 22.7 28.0

excl. China and Brazil 10.1 11.0 13.1 14.9 15.5 19.8 25.1

Sub-Saharan Africa 9.9 9.6 10.2 9.3 9.4 10.9 13.4

Near East/North Africa 11.9 13.8 20.4 19.7 21.2 28.6 35.0

Latin America and the Caribbean 31.7 35.6 39.7 50.1 53.8 65.3 76.6

excl. Brazil 34.1 37.5 39.6 42.4 45.4 56.4 67.7

South Asia 3.9 3.9 4.4 5.4 5.3 7.6 11.7

East Asia 8.7 10.0 16.9 31.7 37.7 50.0 58.5

excl. China 9.4 10.9 14.7 21.9 22.7 31.0 40.9

Industrial countries 61.5 73.5 80.7 86.2 88.2 95.7 100.1

Transition countries 42.5 60.0 65.8 50.5 46.2 53.8 60.7

Memo item

World excl. China 28.5 32.6 34.3 34.1 34.2 36.9 40.3

World excl. China 26.5 29.0 30.6 32.4 33.0 35.6 39.1

and transition countries

Meat consumption by type (kg per capita, carcass weight equivalent)

World

Bovine meat 10.0 11 10.5 9.8 9.8 10.1 10.6

Ovine and caprine meat 1.8 1.6 1.7 1.8 1.8 2.1 2.4

Pig meat 9.1 10.2 12.1 13.7 14.6 15.3 15.1

excl. China 9.7 10.8 11.3 10.4 10.3 9.9 9.7

Poultry meat 3.2 4.6 6.4 9.3 10.2 13.8 17.2

Developing countries

Bovine meat 4.2 4.3 4.8 5.7 6.1 7.1 8.1

Ovine and caprine meat 1.2 1.1 1.3 1.6 1.7 2.0 2.4

Pig meat 3.6 4.1 6.4 9.6 10.8 12 12.2

excl. China 2.1 2.4 2.8 3.3 3.4 4.0 4.7

Poultry meat 1.2 1.8 2.9 5.8 6.9 10.5 14.0

excl. China and Brazil 1.2 1.9 3.2 4.8 5.2 8.1 11.6

Table 3.10 Food consumption of meat
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rapid progress of the period to the late 1980s (oil

boom) was interrupted and slightly reversed in the

subsequent years, helped by the collapse of

consumption in Iraq. Similar considerations apply

to developments in per capita consumption of milk

and dairy products (Table 3.9). In the great

majority of countries failing to participate in the

upsurge of the livestock products consumption,

the reason has simply been lack of development

and income growth (including failures to develop

agriculture and production of these products) that

would translate their considerable latent demand

for what are still luxury items into effective

demand. Cultural and religious factors have also

stood in the way of wider diffusion of consumption

of meat in general in some countries (such as

India) or of particular meats (such as beef in India

and pork in Muslim countries).

The second major factor limiting the growth of

world meat consumption is the fact that such

consumption is heavily and disproportionately

concentrated in the industrial countries. They

account for 15 percent of world population but for

37 percent of world meat consumption and 

40 percent of that of milk. Their average per

capita consumption is fairly high – that of meat is

88 kg compared with 25 kg in developing coun-

tries. This leaves rather limited scope for further

increases in their per capita consumption, while

their population grows very slowly at 0.6 percent

p.a. currently and 0.4 percent p.a. in the coming

two decades. These characteristics of the industrial

countries have meant that a good part of 

world demand has been growing only slowly. The

aggregate meat consumption of the industrial

countries grew at 1.3 percent p.a. in the last ten

years (0.3 percent p.a. for milk), compared with 

6.1 percent (3.8 percent for milk) in developing

countries. This slow growth in the industrial coun-

tries has partly offset the accelerating growth in

several developing countries that have been

rapidly emerging as major meat consumers, such

as China, Brazil and the Republic of Korea. The

net effect of these contrasting trends has been a

deceleration in the growth of world average per

capita consumption of meat, going from 24 kg in

the mid-1960s to 36 kg at present (Table 3.10).

This deceleration is clearly seen in the growth

rates of world aggregate consumption of meat

(Table 3.11). The deceleration has been even more

pronounced in the case of milk (Table 3.9), mostly

because of developments in the transition economies

(see below).

World averages conceal as much as they reveal. In

the case of meat the strong growth in production

and implied apparent consumption of pig meat in

China in the 1980s and 1990s (which many

observers believe to be grossly overstated in the

country’s statistics),21 has shifted world meat

consumption averages upwards rather signifi-

cantly, from 30.7 kg in the mid-1980s to 36.4 kg at

present. Without China, the average for the rest of

the world would have actually stagnated in the

same period (see memo item in Table 3.10). Again,

this stagnation reflects the other extraordinary

event of the 1990s, the collapse of consumption in

the transition economies which went from 73 kg

in the pre-reform period (late 1980s, when it had

been boosted by heavy subsidies) to an estimated 

46 kg in 1997/99. Excluding also the transition

economies and the downward bias they impart to

world totals, the per capita meat consumption in

the rest of the world has been growing at a much

slower, but always decelerating, pace: by 2.5 kg 

in the first decade (mid-1960s to mid-1970s), 

and by 1.6 kg in the second and third decades 

(see memo item in Table 3.10). Meat sector 

trends in the developing countries as a whole 

have been decisively influenced not only by

China’s rapid growth in the last two decades, but

also by a similar performance in Brazil (from 

32 kg in the mid-1970s to 71 kg at present).

Including these two countries, the per capita 

meat consumption in the developing countries

went over the same period from 11.4 to 25.5 kg.

Excluding them, it went from 11 kg to only 

15.5 kg (Table 3.10).

21 According to its production and trade statistics, China’s per capita meat consumption, resulting from the food balance sheets, was 45 kg in
1997/99. Independent consumption statistics show per capita consumption of “pork, beef, mutton” for 1997 of 19.04 kg for urban residents and
12.72 kg for the rural ones (UNDP, 2000a). The food balance sheet data we use here show for 1997/99 36.5 kg for the same meats plus another
8.5 kg for poultry meat. For a discussion of discrepancies see Feng Lu (1998); Fuller, Hayes and Smith (2000); and Colby, Zhong and Giordano
(1998). It is indicative of the reservations with which the official production (and implied consumption) statistics are received by those concerned
with world trade in livestock products, feedgrains and soybeans, that in FAPRI’s latest projection study the data for per capita consumption of meat
in China have been revised downwards drastically, to 31.5 kg in 1997/99 (FAPRI, 2002, livestock tables).
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Production Consumption
1997/99 1969 1979 1989 1997/99 2015 1997/99 1969 1979 1989 1997/99 2015

-1999 -1999 -1999 -2015 -2030 -1999 -1999 -1999 -2015 -2030

’000 tonnes Growth rates, % p.a. ’000 tonnes Growth rates, % p.a.

World

Bovine 58 682 1.4 1.2 0.8 1.4 1.2 57 888 1.4 1.2 0.7 1.4 1.2

Ovine 10 825 1.9 2.2 1.4 2.1 1.8 10 706 1.9 2.2 1.4 2.1 1.8

Pig meat 86 541 3.2 2.9 2.7 1.4 0.8 86 392 3.2 2.9 2.7 1.4 0.8

Poultry meat 61 849 5.2 5.1 5.4 2.9 2.4 60 809 5.2 5.0 5.2 2.9 2.4

Total meat 217 898 2.9 2.8 2.7 1.9 1.5 215 795 2.9 2.8 2.7 1.9 1.5

Developing countries

Bovine 27 981 3.0 3.4 3.8 2.3 2.0 28 074 3.4 3.5 4.1 2.3 2.0

Ovine 7 360 3.4 3.9 3.7 2.5 2.1 7 625 3.5 3.8 3.7 2.7 2.2

Pig meat 49 348 6.1 6 5.7 2.0 1.2 49 522 6.1 6.0 5.8 2.1 1.2

excl. China 10 892 3.7 3.3 3.4 2.7 2.4 11 393 3.6 3.2 3.7 2.7 2.4

Poultry meat 31 250 7.9 8.3 9.4 3.8 3.1 31 920 7.8 8.0 9.4 3.9 3.1

Total meat 115 938 5.2 5.5 5.9 2.7 2.1 117 141 5.3 5.6 6.1 2.7 2.1

excl. China 59 896 3.8 3.8 3.9 3.0 2.7 61 591 4.0 3.8 4.1 3.0 2.7

excl. China and Brazil 47 122 3.5 3.4 3.3 3.1 2.9 49 845 3.8 3.4 3.6 3.2 2.9

Total meat by region

Sub-Saharan Africa 5 320 2.3 2.0 2.2 3.3 3.5 5 408 2.6 2.1 2.1 3.4 3.7

Near East/North Africa 6 956 4.4 4.4 3.8 3.6 2.9 8 164 4.7 3.3 3.3 3.6 2.9

Latin America 27 954 3.5 3.4 4.5 2.6 2.1 27 296 3.8 3.7 4.8 2.4 2.0
and the Caribbean

excl. Brazil 15 180 2.5 2.2 3.1 2.7 2.3 15 551 3.0 2.6 4.0 2.6 2.2

South Asia 6 974 3.7 3.9 2.8 3.6 3.9 6 801 3.6 3.8 2.7 3.8 4.0

East Asia 68 734 7.1 7.6 7.6 2.4 1.6 69 472 7.1 7.7 7.8 2.5 1.6

excl. China 12 692 5.1 5.1 4.1 3.0 2.8 13 923 5.1 5.1 4.6 3.0 2.7

Memo items

World livestock production 2.2 2.1 2.0 1.7 1.5

(meat, milk, eggs)1

World cereal feed  657 1.3 0.6 0.6 1.9 1.5

demand (million tonnes)

Population (million)

World 5 878 1.7 1.6 1.5 1.2 0.9

Developing countries 4 572 2.0 1.9 1.7 1.4 1.1

excl. China 3 340 2.3 2.2 2.0 1.7 1.3

excl. China and Brazil 3 174 2.3 2.2 2.1 1.7 1.3

1 Growth rates from aggregate production derived by valuing all products at 1989/91 international prices.

Table 3.11 Meat, aggregate production and demand: past and projected
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For milk and dairy products, there has been no

“China effect” on world totals (given the small

weight of these products in China's food consump-

tion), but a very strong negative one on account of

the transition economies, leading to a sharp slow-

down in the growth rate of world production and

consumption. Without them, there has been no

deceleration in world production and consumption

(Table 3.9, memo items). 

In conclusion, the modest and decelerating

growth in world per capita consumption of meat

has been taking place for a wide variety of reasons.

For the high-income countries, the reasons 

include the near saturation of consumption (e.g. in

the EU and Australia), policies of high domestic

meat prices and/or preference for fish (Japan and

Norway), and health and food safety reasons every-

where. However, by far the most important reasons

have been the above-mentioned failure of many

low-income countries to raise incomes and create

effective demand, as well as the cultural and 

religious factors affecting the growth of meat

consumption in some major countries.

Rapid growth of the poultry sector. Perhaps the

perception of revolutionary change in the meat

sector reflects the extraordinary performance of

world production and consumption of poultry

meat. Its share in world meat production increased

from 13 percent in the mid-1960s to 28 percent

currently. Per capita consumption increased more

than threefold over the same period. That of pork

also increased from 9.1 kg to 14.6 kg (China’s

statistics helping, but from 9.7 kg to only 10.3 kg

for the world without China, Table 3.10). In

contrast, per capita consumption of ruminant meat

(from cattle, sheep and goats) actually declined a

little. The most radical shifts in consumption in

favour of poultry meat took place in countries that

were the traditional producers, and often major

exporters, of bovine meat: Latin America, North

America and Oceania (accompanied in the latter

two by deep cuts in the consumption of beef), as

well as in the mutton-eating region of the Near

East/North Africa. Significant increases in beef

consumption were rare. They occurred in the

Republic of Korea, Japan, Malaysia, Kuwait, Saudi

1964/66 1974/76 1984/86 1997/99

Total meat

Exports (’000 tonnes) 5 996 8 869 14 011 27 440

% of consumption 7.4 7.9 9.4 12.7

Bovine

Exports (’000 tonnes) 3 134 4 626 6 225 9 505

% of consumption 9.4 10.3 12.2 16.4

Pig meat

Exports (’000 tonnes) 1 734 2 522 4 665 8 270

% of consumption 5.7 6.0 7.9 9.6

Poultry meat

Exports (’000 tonnes) 436 887 1 973 8 465

% of consumption 4.0 4.7 6.3 13.9

Ovine

Exports (’000 tonnes) 691 835 1 148 1 200

% of consumption 11.1 12.6 14.1 11.2

Milk and dairy (liquid milk equivalent)

Exports (’000 tonnes) 21 606 31 769 57 004 71 364

% of consumption 6.0 7.6 11.1 12.8

Note: Meat exports include meat equivalent of live animal exports. 

Table 3.12   World exports of livestock products and percentage of world consumption 
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Major meat importers Major meat exporters
1964/66 1974/76 1984/86 1997/99 1964/66 1974/76 1984/86 1997/99

Japan United States

Beef -12 -85 -221 -867 Beef -563 -887 -854 -475

Mutton -69 -119 -78 -34 Pig meat -116 -125 -493 -159

Pig meat -1 -118 -214 -862 Poultry meat 101 100 247 2 548

Poultry meat -9 -28 -130 -666 Total meat -602 -916 -1 109 1 895

Total meat -91 -350 -643 -2 430 Milk/dairy products1 2 547 -2 040 -719 -2 909

Milk/dairy products1 -847 -1 351 -2 129 -2 137 EU-15

Former Soviet Union Beef -879 -220 552 504

Beef -101 -407 -470 -704 Mutton -377 -290 -233 -219

Pig meat -4 -4 -333 -694 Pig meat -46 -17 476 1 243

Poultry meat -15 -61 -143 -956 Poultry meat -79 59 253 915

Total meat -95 -489 -1 036 -2 366 Total meat -1 381 -468 1 048 2 444

Milk/dairy products1 -79 70 -502 529 Milk/dairy products1 -396 5 846 11 821 10 408

Mexico Australia and New Zealand

Beef 106 44 32 -141 Beef 558 989 918 1 959

Pig meat 0 1 -1 -112 Mutton 469 524 713 716

Poultry meat 0 -1 -17 -297 Total meat 1 033 1 523 1 637 2 681

Total meat 105 41 7 -586 Milk/dairy products1 4 729 5 584 7 764 13 302

Milk/dairy products1 -254 -684 -1 951 -2 231

Republic of Korea Brazil

Beef 0 0 -13 -181 Beef 57 83 263 302

Pig meat 1 6 0 -5 Pig meat 1 6 -6 113

Poultry meat 0 0 0 -40 Poultry meat 0 7 266 621

Total meat 0 -1 -17 -231 Total meat 58 97 518 1 028

Milk/dairy products1 -68 -30 -67 -205 Milk/dairy products1 -230 -224 -1 044 -1 913

Saudi Arabia Argentina

Beef -3 -10 -70 -52 Beef 583 348 280 376

Mutton -6 -6 -47 -89 Total meat 620 380 282 267

Poultry meat -3 -47 -169 -292 Milk/dairy products1 59 444 36 1 217

Total meat -12 -62 -286 -433 Eastern Europe

Milk/dairy products1 -62 -213 -1 169 -877 Beef 217 327 310 78

Mutton 17 51 74 24

Pig meat 211 287 398 215

Poultry meat 59 169 287 38

Total meat 504 833 1 069 355

Milk/dairy products1 214 828 2 388 1 683

Note: Data include the meat equivalent of trade in live animals.
1 In liquid milk equivalent (excludes butter).

Table 3.13 Net trade positions of the major importers and exporters of livestock products 
(’000 tonnes)
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Arabia, Mexico and Taiwan Province of China (all

of them somehow linked to increased beef imports,

often the result of more liberal trade policies),

while Brazil is an example of fast growth in both

production and consumption of beef. 

Buoyancy of meat trade in recent years. The rapid

growth in consumption of several countries was

supported by even faster growth in trade. Some

drastic changes occurred in the sources of exports

and destination of imports, particularly in the last

ten years or so. For example, Japan increased per

capita meat consumption from 32.6 kg in 1984/86 to

41.5 kg in 1997/99, while its net imports quadrupled

and self-sufficiency fell from 84 to 56 percent. At the

global level, trade (world exports, including the

meat equivalent of live animal exports) increased

from 9.4 percent of world consumption in the mid-

1980s to 12.7 percent in 1997/99, with poultry

increasing from 12.2 to 16.4 percent and beef from

6.3 to 13.9 percent (Table 3.12). The major actors in

this expansion of the meat trade are shown in Table

3.13. Japan tops the list of importers. Recent surges

in the poultry meat (and to a lesser extent pig meat)

imports of the countries of the former Soviet Union

(overwhelmingly the Russian Federation), put this

group of countries second in the league of

importers, with its net imports rivalling those of

Japan. On the export side, the combined exports of

beef and mutton of Australia and New Zealand put

them at the top of world meat exporters. However,

the really extraordinary development of the 1990s

has been the turnaround of the United States from

a sizeable net importer of meat to a sizeable net

exporter, a result reflecting its declining net imports

of beef and pig meat and skyrocketing exports of

poultry meat. In a sense, although the policies are

different, the United States is replicating the earlier

experience of the EU, which turned from a big net

importer of meat up to the late 1970s to a large and

growing net exporter.

The developing countries did not participate

as much as the developed countries in this buoy-

ancy of the world meat trade, although there have

been some notable exceptions on both the import

and the export side. In poultry meat, Brazil and

Thailand became significant exporters, while

Mexico became a large importer together with the

more traditional importers of the Near East

region (Saudi Arabia, Kuwait and the United Arab

Emirates) and Hong Kong SAR. In pig meat, the

largest developing net exporter continued to be

China (mainland, including trade in live animals),

although this has declined in recent years. China

was rivalled in recent years by growing net

exports from Brazil. Taiwan Province of China

became a major exporter (mostly to Japan) in the

decade to the mid-1990s before turning into a net

importer after 199722 following the outbreak of

foot-and-mouth disease (Fuller, Fabiosa and

Premakumar, 1997). 

On the import side, Hong Kong SAR has

continued to be the predominant developing

importer, while Mexico and Argentina became fast-

growing net importers of pig meat in recent years.

Overall, the pig meat trade has not been buoyant in

the developing countries, an outcome that has

partly reflected the lack of consumption in the

major meat importers of the Near East/North

Africa region. In bovine meat, India joined the more

traditional developing exporters of South America

as a significant exporter (mostly buffalo meat). The

Republic of Korea became the largest developing

net importer, surpassing Egypt. Several other

developing countries became significant importers

of bovine meat in recent years, including some

countries of Southeast Asia (the Philippines,

Malaysia and Indonesia) as well as Chile. Most

recently, Mexico turned from net exporter to net

importer of beef (including the meat equivalent of

trade in live animals – on this latter point, see

USDA, 2001a). Finally, only a few of the traditional

importers of the Near East/North Africa region

(Saudi Arabia, the United Arab Emirates and

Kuwait) continued to be significant net importers

of mutton (including live animals), but the imports

of other countries collapsed (the Islamic Republic

of Iran, Iraq and the Libyan Arab Jamahiriya) so

that net imports of the region as a whole declined.

Slow growth in the dairy trade. In contrast to the

buoyancy of the meat trade in recent years, trade in

dairy products virtually stagnated. There was no

growth in net imports of the developing countries.

Increases in East Asia and modest ones in Latin

America just compensated for declines in the other

22 In the latest FAPRI projections, the net, and growing, net importer status of Taiwan Province of China continues to 2011 (FAPRI, 2002). 
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regions. There was no boost from increased

imports on the part of the transition economies as

was the case with meat. On the contrary, the former

Soviet Union turned from net importer to net

exporter. The decline of production of subsidized

surpluses and the associated decline in food aid

shipments on the side of the major exporters were

an integral part of these trade outcomes. 

Growth of livestock output achieved with modest

increases in the feed use of cereals. We referred

earlier to the importance of the livestock sector in

creating demand for grains and oilseeds. Feed

demand for cereals is often considered as the

dynamic element that conditions the growth of

the cereal sector. Occasionally, such use of cereals

is viewed as a threat to food security, allegedly

because it “subtracts” cereal supplies (or the

resources going into their production) that would

otherwise be available to food-insecure countries

and population groups. We have argued else-

where that this way of viewing things is not

entirely appropriate, although, where economies

are closed to trade, negative effects on food

supplies available to food-insecure population

groups can be produced (Alexandratos, 1995, 

p. 91-92). 

Estimates put the total feed use of cereals at

657 million tonnes, or 35 percent of world total

cereal use. Demand for feed in recent years has

been a much less dynamic component of aggre-

gate demand for cereals than commonly believed.

The main reasons for these developments in the

1990s were discussed in the preceding section on

cereals: the collapse of the livestock sector in the

transition economies and high policy prices for

cereals in the EU that favoured use of non-cereal

feedstuffs (see also the discussion on cassava in

Section 3.5 below). An additional factor that

slowed down the growth of cereal use as feed has

been the shift of meat production away from beef

and towards poultry meat and pork, particularly

in the industrial countries, the major users of

cereals for feed. Pigs and poultry are much more

efficient converters of feed to meat than cattle (see

Smil, 2000, Chapter 5). World totals have been

decisively influenced by developments in the

United States where the shift was most

pronounced (poultry now accounts for 44 percent

of total meat output, up from 30 percent in the

mid-1980s, with the share of beef declining from

43 to 33 percent). Given the predominance of the

feedlot system in the United States for producing

bovine meat with high feedgrain conversion rates

(5-7 kg of grain per kg of beef are the numbers

usually given in the literature), it is easy to see

why the shift to poultry has had such a

pronounced impact on the average meat/grain

ratios. Finally, productivity increases (reduction of

the amount of feed required to produce 1 kg of

meat), resulting from animal genetic improve-

ments and better management, also played a role,

at least in the major industrial countries. 

3.3.2 Prospects for the livestock sector

Slower growth in world meat consumption. The

forces that shaped the rapid growth of meat

demand in the past are expected to weaken consid-

erably in the future. Slower population growth

compared with the past is an important factor.

Perhaps more important is the natural deceleration

of growth because fairly high consumption levels

have already been attained in the few major coun-

tries that dominated past increases. As noted,

China went from 10 kg in the mid-1970s to 45 kg

currently, according to its statistics. If it were to

continue at the same rate, it would soon surpass the

industrial countries in per capita consumption of

meat, an unreasonable prospect given that China

will still be a middle-income country with signifi-

cant parts of its population rural and in the low-

income category for some time to come.23 These

characteristics suggest that further growth leading

to about 60 kg in 2015 and 69 kg in 2030 as a

national average for China is a more reasonable

prospect than the much higher levels that would

result from a quasi continuation of past trends (see

also Alexandratos, 1997).24 As another example

and for similar reasons, Brazil’s current average

23 The poverty projections of the World Bank (see Chapter 2), suggest that despite the expected rapid decline in poverty in China, the country may
still have some 200 million persons in the “under US$2 a day” poverty line (source as given in Table 2.5).  

24 The latest global food projections study of IFPRI projects China’s per capita meat consumption to reach 64.4 kg in 2020 (Rosegrant et al., 2001, p.
131). A higher estimate of 71 kg in 2020 is used in another IFPRI study (Delgado, Rosegrant and Meijer, 2001, Table 7). FAPRI, starting from the
radical downward revisions of the historical meat production/consumption data (which bring the consumption per capita to 31 kg in 1997/99),
projects 41 kg in 2011. 
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meat consumption of 71 kg suggests that the scope

for the rapid increases of the past to continue

unabated through the coming decades is rather

limited.

The next question is whether any new major

developing countries with present low meat

consumption will emerge as major growth poles in

the world meat economy.

The countries of South Asia come readily 

to mind. India has the potential to dominate 

developments in this region and indeed the world

as a whole. It should be recalled that India is

expected to rival China in population size by 2030 

(1.41 billion versus 1.46 billion) and indeed surpass

it ten years later, reaching 1.5 billion by 2040. It is

also recalled that South Asia’s projected growth

rate of GDP per capita (overwhelmingly reflecting

that for India) is, in the latest World Bank assess-

ment, a respectable 3.5 percent p.a. for 2000-2004

and 4.0 percent p.a. after that until 2015. These

rates are higher than those achieved in the 1990s

(World Bank, 2001c, Table 1.7). India’s meat

consumption is very low – currently 4.5 kg per capita

– and it has grown by only 1 kg in the last 20 years. 

Can India play the role China has had so far in

raising world meat demand? On this point, there

are widely differing views. The first viewpoint,

downplaying this prospect (Mohanty, Alexandratos

and Bruinsma, 1998), is essentially based on the

analysis of the differences in meat consumption

among different income groups of Indian society.

They show that high-income Indians, whether

urban or rural, do not consume significantly more

meat than low-income ones, although the differ-

ences in milk consumption are wide. Tomorrow’s

middle- and high-income population groups are

likely to behave in a similar fashion. This would

seem to preclude significant increases in national

meat consumption because of income growth.

Some support for this view is provided by recent

marketing studies indicating that traditional

consumption habits in Indian society are more

resistant to change than one would expect from

macroeconomic indicators (Luce, 2002). Other

studies disagree, pointing to changing tastes and

the prospect that the rapidly emerging middle

classes will tend to adopt diets with higher meat

content. For example, Bhalla, Hazell and Kerr

(1999, Table 3) use “best guess” higher demand

elasticities and project per capita food consumption

of meat and eggs to increase from 5.8 kg in 1993 to

15 kg in 2020, in a scenario with 3.7 percent p.a.

growth of per capita income. The latest IFPRI

study of global food projections expects per capita

meat consumption of 7.4 kg in 2020 (baseline

scenario) or, in a rather improbable “India high-

meat scenario”, 18.0 kg (Rosegrant et al., 2001,

Table 6.23). Yet another IFPRI study has 7.0 kg 

for India in 2020 (Delgado, Rosegrant and Meijer,

2001, Table 7)

The only generalization we can make with some

confidence is that the recent high-growth rates of

per capita consumption of poultry meat in India

(admittedly from the very low base of 0.2 kg in the

mid-1980s to 0.6 kg in 1997/99) is bound to

continue unabated in the coming decades. That is,

India’s participation in the global upsurge of the

poultry sector, being at its incipient stage, still has

still a long way to go. Consumption of other meats

will probably grow by much less, with beef and

pork subject to cultural constraints for significant

parts of the population of India and indeed the

whole of South Asia. In parallel, consumption of

the preferred mutton/goat meat faces production

constraints, implying rising real relative prices

compared with poultry meat. Overall, the force of

the growth of poultry meat consumption has the

potential of raising India’s average consumption of

all meat by 2 kg in the period to 2015 (compared

with 1 kg in the preceding two decades) and by

another 4 kg in the subsequent 15 years to 10 kg in

2030 (meat plus eggs: 15 kg). This kind of growth

will perhaps be viewed as revolutionary in a

national context, since it would raise the very low

intake of animal protein in the structure of the

country’s diet. However, it will be far from having

an impact on world averages and those of the

developing countries anywhere near that exerted

in the historical period by developments in China. 

Other countries or regional groups that

played a role in raising global consumption of

meat in the past are those of East Asia other than

China (mainland). Some countries in this group

have attained mid- to high consumption per

capita, e.g. Hong Kong SAR, Taiwan Province of

China, Malaysia and the Republic of Korea.

However, in the most populous country of the

region, Indonesia, as well as in several others

(Thailand, Malaysia, Korea, Rep., Taiwan

Province of China) the process of rapid growth in
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meat consumption came to an abrupt end, often

followed by reversals, in the late 1990s because of

the economic crisis. The recent food crisis in the

Democratic People’s Republic of Korea accentu-

ated the regional slowdown. A period of slow

growth in the per capita consumption of this

region (East Asia excluding China) may ensue

before rapid growth resumes to reach the levels

indicated in Table 3.10. This is an additional

factor militating against the continuation of the

rapid growth in world meat consumption at the

high rates of the past. 

Of the other regions, Latin America and the

Caribbean, excluding Brazil, is still in a middling

position as regards per capita consumption of

meat (45 kg per capita), with only the traditional

meat producers and exporters (Argentina and

Uruguay) having levels comparable to those of the

industrial countries. The swing to poultry

consumption has been fairly strong, often substi-

tuting other meats. Per capita consumption of

poultry meat is still at a middling level (17.2 kg,

up from 9 kg in the mid-1980s), so the process still

has some way to go. This will raise the group’s

overall meat average, as the decline in the

consumption of beef, mutton and pork that char-

acterized past developments is not likely to

continue at past rates. 

Average per capita consumption in the Near

East and North Africa region grew little since the

mid-1980s, in contrast with the sharp increases

experienced in the preceding decade of the oil

boom. The recent slowdown of the regional

average reflected the sharp declines in Iraq, and

the near stagnation of per capita consumption in

several other countries. Most countries of the

region are in a middling position as regards per

capita consumption (in the range of 17-47 kg in

1997/99), although some of the smaller oil-rich

countries (such as Kuwait and the United Arab

Emirates) have fairly high levels. The three most

populous countries of the region, Egypt, Turkey

and the Islamic Republic of Iran (which between

them have 53 percent of the region’s population)

are in the range of 20-22 kg. In this region there

has also been a consumption trend towards

poultry meat – in fact all growth in average meat

consumption came from poultry – although the

shift has not been as strong as in Latin America.

The income growth prospects of the region for

the next ten years are somewhat better than in the

preceding ten years (see Figure 2.3). Therefore,

some resumption of the growth in meat consump-

tion, accompanied with further shifts towards

poultry meat, may be expected.

Finally, sub-Saharan Africa’s economic prospects

suggest that little growth in its per capita

consumption of meat is likely. There have been no

improvements in the past 30 years, with per capita

consumption stagnant at around 10 kg. Although

some countries did increase consumption of

poultry meat significantly (e.g. Gabon, Mauritius,

Senegal and Swaziland), the region has hardly

benefited from the options offered by the poultry

sector – a situation that will probably persist for

some time. For the longer term, the projections

suggest only very modest gains.

Per capita meat consumption in the transition

economies will eventually reverse its downward

trend of the 1990s (having fallen from a peak of

73 kg in 1990 to 45 kg in 1999). However, at the

projected level of 61 kg, it will not have reverted

to the pre-reform levels even by 2030. In the

industrial countries, average per capita consump-

tion of meat at 88 kg is fairly high, although, as

noted, countries with high fish consumption

(Japan and Norway) have much lower levels. In

principle, the achievement of near-saturation

levels of overall food consumption, as well as

concerns about health, suggest that there is very

little scope for further increases. Yet the data indi-

cate that such increases do take place even in

countries that have passed the 100-kg mark, 

probably reflecting a mix of overconsumption 

and growing post-retail waste or feeding of pets.

For example, the United States went from 112 to

123 kg in the last ten years (1989-99) and the

latest FAPRI projections foresee an increase of 

5 percent by 2011 (FAPRI, 2002). The USDA

projections, however, foresee a slight decline

(about 1 kg in retail weight) by 2011 (USDA, 2002,

Table 22).25 Even in the more food quality/safety

conscious EU, per capita consumption of meat is

projected to continue growing, from 89 kg to 94 kg

25 Long-term historical series (1909-2000) of meat consumption in the United States can be found in
www.ers.usda.gov/Data/FoodConsumption/Spreadsheets/mtpcc
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1964/66 1974/76 1984/86 1997/99 2015 2030

Type of meat

Developing countries

Bovine 859 706 13 -114 -310 -650

Ovine 52 -29 -229 -259 -700 -1 170

Pig meat 90 55 516 -173 -550 -830

Poultry meat -33 -200 -430 -693 -2 340 -3 250

Total meat 969 532 -129-1 238 -3 900 -5 900

Industrial countries

Bovine -907 -375 370 1 491 1 860 1 840

Ovine -20 86 372 375 820 1 270

Pig meat -167 -273 25 891 930 1 010

Poultry meat -9 110 314 2 624 4 320 4 800

Total meat -1 103 -452 1 080 5 380 7 930 8 920

Transition countries

Bovine 116 -80 -160 -626 -810 -590

Ovine 43 34 -16 12 10 20

Pig meat 207 282 65 -479 -100 100

Poultry meat 44 108 143 -918 -1 000 -620

Total meat 409 344 33 -2 012 -1 900 -1 090

Total meat by developing region

Sub-Saharan Africa 111 180 -60 -92 -280 -740

Near East/North Africa -97 -337 -1 437 -1 246 -2 360 -3 520

Latin America and the Caribbean 829 672 867 658 1770 2 770

South Asia -6 0 47 173 -80 -410

East Asia 132 18 454 -732 -2 950 -4 000

Milk and dairy products in whole milk equivalent (excluding butter)

Developing countries -5 300 -8 735 -20 040 -19 848 -29 600 -38 900

Sub-Saharan Africa -522 -1 206 -2 785 -2 321 -3 600 -5 200

Near East/North Africa -753 -2 031 - 757 -4 980 -8 900 -12 500

Latin America and the Caribbean -1 879 -2 571 -5 500 -5 374 -6 350 -6 700

South Asia -662 -553 -1 247 -804 -1 200 -1 500

East Asia -1 486 -2 374 -3 751 -6 370 -9 550 -13 000

Industrial countries 6 920 8 973 18 420 19 665 28 000 35 700

Transition countries 135 898 1 886 2 212 3 500 5 200

1 Includes the meat equivalent of trade in live animals.

Table 3.14 Net trade in meat1 and milk/dairy (’000 tonnes) 
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in the ten years 1998-2008 (European Commission,

2001, Table 1.19). These trends have to be taken

into account, even if they make little sense from the

standpoint of nutrition and health. In the projec-

tions for the industrial countries we have factored

in rather more modest increases than the EU

projections indicate: a 12 kg increase in per capita

consumption for the entire 34-year period, raising

it from 88 kg in 1997/99 to 100 kg in 2030. The

whole of the increase will be in the poultry sector. 

These prospects for changes in the per capita

consumption of meat, in combination with slower

population growth, suggest that the strength of

the meat sector as a driving force of the world

food economy will be much weaker than in the

past. Thus, world aggregate demand for meat is

projected to grow at 1.7 percent p.a. in the period

to 2030, down from 2.9 percent in the preceding

30 years. The reduction is even more drastic for

the developing countries, in which the growth

rate of aggregate demand is reduced by half, from

5.3 to 2.4 percent. Much of this reduction is a

result of the projected slower growth of aggregate

consumption in China and, to a lesser extent, in

Brazil. If these two countries are removed from

the developing countries aggregate, there is very

little reduction in the growth of aggregate

demand for meat, from 3.8 percent p.a. in the

preceding three decades to 3.1 percent p.a. in 

the next three. All this reduction reflects the 

slowdown in population growth from 2.0 p.a. to

1.3 percent p.a. (Table 3.11).

In conclusion, the projected slowdown in the

world meat economy is based on the following

assumptions: (i) relatively modest further increases

in per capita consumption in the industrial coun-

tries; (ii) growth rates in per capita consumption

in China and Brazil well below those of the past;

(iii) persistence of relatively low levels of per capita

consumption in India; and (iv) persistence of low

incomes and poverty in many developing coun-

tries. If these assumptions are accepted, the

projected slowdown follows inevitably. Naturally, a

slower growth rate applied to a large base year

world production (218 million tonnes in 1997/99,

of which 116 million in the developing countries)

will still produce large absolute increases (some 

160 million tonnes by 2030, of which some 130 in

the developing countries). These quantitative

increases will accentuate environmental and other

problems associated with such large livestock

sectors (see Chapter 5).

No slowdown in the consumption of dairy products.

The average dairy consumption of the developing

countries is still very low (45 kg of all dairy prod-

ucts in liquid milk equivalent), compared with the

average of 220 kg in the industrial countries. Few

developing countries have per capita consumption

exceeding 150 kg (Argentina, Uruguay and some

pastoral countries in the Sudano-Sahelian zone of

Africa). Among the most populous countries, only

Pakistan has such a level. In South Asia, where milk

and dairy products are preferred foods, India has

only 64 kg and Bangladesh 14 kg. East Asia has

only 10 kg. In this region, however, food consump-

tion preferences do not favour milk and dairy

products, but the potential for growth is still there

with growing urbanization. Overall, therefore,

there is considerable scope for further growth in

consumption of milk and dairy products. The

projections show higher world growth than in the

recent past (Table 3.9) because of the cessation of

declines and some recovery in the transition

economies. Excluding these latter countries, world

demand should grow at rates somewhat below

those of the past but, given slower population

growth, per capita consumption would grow more

quickly than in the past. 

Meat trade expansion will continue, some recovery

in dairy trade. Despite the projected slowdown in

meat demand growth, some of the forces that made

for the buoyancy in the world meat trade in the

recent past discussed above are likely to continue to

operate – in particular the changes in trade policy

regimes. The projected net trade positions are

shown in Table 3.14. They reflect the above-

mentioned factors making for growth in demand

and the analysis of production possibilities, as well

as the prospect that the more liberal trade policies

of recent years will continue to prevail. Overall, the

trend for the developing countries to become

growing net importers of meat is set to continue.

This is another important component of the

broader trend for developing countries to turn

from net exporters to growing net importers of

food and agricultural products (see Section 3.1).

Imports of poultry meat are likely to dominate the

picture of growing dependence on imported meat. 

PROSPECTS FOR AGGREGATE AGRICULTURE 
AND MAJOR COMMODITY GROUPS
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Trade in dairy products will also likely recover,

with net imports of the developing countries

resuming growth after a period of stagnation

from the mid-1980s onwards (Table 3.14). This

would reflect continuation of the growth of

imports of East Asia, as well as the resumption of

import growth into the major deficit region, the

Near East/North Africa, following recovery in the

growth of demand. 

Growth of feed use of cereals will resume. Demand

for cereals for feed is projected to grow at 

1.9 percent a year between 1997/99 and 2015, and

at 1.5 percent p.a. thereafter to 2030. The growth

rate of the first subperiod is a little higher than that

of livestock production (1.7 and 1.5 percent in the

two subperiods, respectively). The projected

growth rates of feed demand for cereals are higher

than the depressed ones of the historical period,

despite the projected slowdown in livestock

production (Table 3.11, memo items). The main

reasons are as follows: 

! As noted in the section on cereals, the turn-

around of the transition economies and the EU

from declines in the preceding decade to

renewed growth in feed use of cereals (or at

least, the cessation of declines) will lead to

resumption of growth of demand for cereals in

this sector. This process has been under way 

in the EU since the early 1990s (INRA, 2001, 

p. 46). These two regions have a large weight

(33 percent) in world cereal feed consumption.

Therefore, the continued turnaround will be

reflected in higher growth rates of the global

demand for feed compared with the past

(European Commission, 2001, Table 1.6). 

! In parallel, the shift in meat production away

from bovine meat towards poultry meat will

exert a much weaker downward pressure on

the demand for feedstuffs than in the past. As

shown in Table 3.11, in the past 20 years

poultry production increased at 5.1 percent p.a.

and bovine meat at 1.2 percent p.a. In the

period to 2015, the difference in the growth

rates will be much smaller, 2.9 and 1.4 percent,

respectively, hence the downward pressure

exerted on the aggregate grain-meat conver-

sion rates will also be weaker. 

In the developing countries, the growth of

cereal use for feed and the growth of livestock

production have moved much more in unison

than in the industrial countries. If these trends

were to continue, the growing weight of the devel-

oping countries in world livestock production

would imply that the global totals and relation-

ships will increasingly reflect developments in

these countries. Will the trends continue? It is

likely that, for some time, there will be a tendency

for the use of concentrates in total animal feed to

increase more quickly than aggregate livestock

output in the developing countries. This will

reflect the gradual shift of their production from

grazing and “backyard” systems to stall-fed systems

using concentrate feedstuffs (see Chapter 5). Such

structural change in the production systems will

tend to raise the average grain-meat ratios of the

developing countries and perhaps compensate for

opposite trends resulting from improvements in

productivity. A strong case for this prospect is

made in a recent analysis by the Centre for World

Food Studies in the Netherlands (Keyzer, Merbis

and Pavel, 2001). 

3.4 Oilcrops, vegetable oils and
products 

3.4.1 Past and present

Fastest growth of all subsectors of global agriculture.

The oilcrops sector has been one of the most dynamic

parts of world agriculture in recent decades. In the

20 years to 1999 it grew at 4.1 percent p.a. (Table

3.15), compared with an average of 2.1 percent p.a.

for all agriculture.26 Its growth rate exceeded even

that of livestock products. The major driving force

on the demand side has been the growth of food

demand in developing countries, mostly in the

form of oil but also direct consumption of 

soybeans, groundnuts, etc. as well as in the form of

derived products other than oil.27 Food demand in

the developing countries accounted for half the

26 For the derivation of the growth rates of the entire oilcrops sector, the different crops are added together with weights equal to their oil content.

This is what the expression “oil equivalent”, used in this study, means. 
27 For example, in China it is estimated that out of total domestic consumption of soybeans (production plus net imports) of about 15 million tonnes,

only about nine million tonnes are crushed for oil and meal and the balance is consumed as food directly or in other forms (Crook, 1998, Table 8.1).
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increases in world output of the last two decades,

with output measured in oil content equivalent

(Table 3.16). China, India and a few other coun-

tries represented the bulk of this increase. No

doubt, the strong growth of demand for protein

products for animal feed was also a major

supporting factor in the buoyancy of the oilcrops

sector. The rapid growth of this sector reflects the

synergy of the two fastest rising components of the

demand for food (Table 3.16, lower part):  food

demand for oils favouring the oil palm and for live-

stock products favouring soybeans.

Growing contribution to food supplies and food

security. World production, consumption and

trade in this sector have been increasingly domi-

nated by a small number of crops (soybeans, oil

palm, sunflower and rapeseed) and countries.

However, the more traditional and less glamorous

oilcrops continue to be very important as major

elements in the food supply and food security situ-

ation in many countries, such as groundnuts and

sesame seed in the Sudan and Myanmar, coconuts

in the Philippines and Sri Lanka and olive oil in the

Mediterranean countries. 

Rapid growth of food demand in the devel-

oping countries, in conjunction with the high

calorie content of oil products, has contributed to

the increases achieved in food consumption in

developing countries (measured in the national

average kcal/person/day, see Chapter 2). In the

mid-1970s, consumption of these products (5.3 kg/

person/year, in oil equivalent, Table 3.17) supplied

144 kcal/person/day, or 6.7 percent of the total

availability of 2 152 calories of the developing

countries. By 1997/99 consumption per capita had

grown to 9.9 kg contributing 262 kcal to total food

supplies, or 9.8 percent of the total, which itself had

Million tonnes Growth rates, percentage p.a.

1997/99 1969 1979 1989 1997/99 2015
-99 -99 -99 -2015 -2030

Aggregate consumption (all uses, oil equivalent)

World 98.3 4.0 3.9 3.7 2.7 2.2

Developing countries 61.8 5.0 4.8 4.6 3.2 2.5

Sub-Saharan Africa 6.7 3.2 3.4 4.3 3.3 3.2

Near East/North Africa 6.2 5.1 4.3 3.2 2.5 2.2

Latin America and the Caribbean 9.0 4.7 3.7 3.2 3.2 2.4

South Asia 13.6 4.5 4.5 4.2 3.5 2.5

East Asia 26.2 6.2 6.1 5.8 3.2 2.3

Industrial countries 30.6 3.2 3.4 3.1 1.7 1.8

Transition countries 6.0 1.1 -0.4 -1.4 1.3 1.4

Production (oilcrops, oil equivalent)

World 103.7 4.1 4.1 4.3 2.5 2.2

Developing countries 67.7 4.8 5.0 4.7 2.8 2.4

Sub-Saharan Africa 6.0 1.5 3.0 3.5 3.2 3.0

Near East/North Africa 1.8 2.0 2.4 2.4 2.3 2.1

Latin America and the Caribbean 14.6 5.7 4.8 5.3 2.9 2.6

South Asia 9.7 3.6 4.6 2.4 3.2 2.4

East Asia 35.5 6.2 5.8 5.5 2.7 2.2

Industrial countries 30.2 3.6 3.1 4.6 1.7 1.7

Transition countries 5.8 0.7 0.9 -0.5 1.3 1.6

Table 3.15   Oilcrops, vegetable oils and products, production and demand  
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risen to 2 680 kcal. In practice, just over one out of

every five calories added to the consumption of the

developing countries originated in this group of

products. This trend is set to continue and inten-

sify: 44 out of every 100 additional calories in the

period to 2 030 may come from these products.

This reflects the prospect of only modest growth in

the direct food consumption of staples (cereals,

roots and tubers, etc.) in most developing coun-

tries, while non-staples such as vegetable oils still

have significant scope for consumption increases.

Non-food uses. The second major driving force on

the demand side has been the non-food industrial

use of vegetable oils, with China and the EU being

major contributors to this growth (Table 3.16). The

existing data do not permit us to draw even a

partial balance sheet of the non-food industrial

products for which significant quantities of

vegetable oil products are used as inputs.28 The

main industrial products involved (paints, deter-

gents, lubricants, oleochemicals in general) are

commodities for which demand can be expected to

grow as fast, if not faster, than the demand for food

uses of vegetable oil products, particularly in the

developing countries. In addition, the rapid

demand growth for industrial uses in the EU prob-

ably reflects the incentives given in recent years to

farmers to grow crops (oilseeds, rape, linseed) for

non-food uses on land set aside under the CAP

rules for limiting excess production of food crops.

There have been serious efforts in several

European countries to expand the market for

biofuel from rapeseed oil as a substitute for diesel

fuel (Koerbitz, 1999, Raneses et al., 1999). This

option has been viewed not only as a way out of the

impasse of surplus food production but also as a

desirable land use for environmental reasons,

although the energy efficiency and the net effect 

on the environment remain to be established

(Giampietro, Ulgiati and Pimentel, 1997). In terms

of actual oil produced and used (rather than of oil

equivalent of oilcrops) the world is apparently

using some 24 million tonnes for non-food indus-

trial uses out of a total use of 86 million tonnes. In

the mid-1970s the comparable figures were 6 and

33 million tonnes, respectively.

Concentration of growth in a small number of crops

and countries. The demand for protein meals for

animal feed also contributed to a change in the

geographic distribution of oilseeds production.

This shifted towards countries that could produce

and export oilseeds of high protein content, in

which oilmeals are not by-products but rather joint

products with oil, e.g. soybeans in South America.

In addition, support policies of the EU helped 

to shift world production of oilseeds in favour 

of rapeseed and sunflower seed. Overall, four

oilcrops, oil palm, soybeans, rapeseed and

sunflower seed account for 72 percent of world

production. In the mid-1970s they accounted for

only 55 percent (Table 3.18). These four crops

contributed 82 percent of the aggregate increase in

oilcrops production since the mid-1970s (Table

3.16). Moreover, a good part of these increases

came from a small number of countries, as shown

in the lower part of Table 3.16: palm oil mainly

from Malaysia and Indonesia; soybeans from the

United States, Brazil, Argentina, China and India;

rapeseed from China, the EU, Canada, India and

Australia; and sunflower seed from Argentina, the

EU, the United States, Eastern Europe, China and

India. For many countries, including some major

producers, these fast expanding oilseeds are new

crops that were hardly cultivated at all, or in only

insignificant amounts, 20 or even ten years ago.29

Growing role of trade. The rapid growth of demand

in the developing countries was accompanied by the

emergence of several countries as major importers,

with net imports rising by leaps and bounds. Thus,

by the mid-1990s there were ten developing coun-

tries, each with net imports of over 0.7 million

tonnes (India, China,30 Mexico, Pakistan, etc., see

Table 3.20). These ten together now have net

imports of 13 million tonnes, a 12-fold increase in

the period since the mid-1970s. Numerous other

28 One should be careful with these numbers as this category of demand is often used by statisticians as the dumping ground for unexplained resid-
uals of domestic disappearance and statistical discrepancies. There is no doubt, however, that non-food industrial uses are a dynamic element of
demand.

29 For example, soybeans in India and even Argentina, sunflower seed in China, Pakistan, Brazil, Myanmar, oil palm in Thailand, rapeseed in the United
States and Australia. 

30 It is believed that China’s net imports of vegetable oils are much larger than reported in the trade statistics because of considerable smuggling
(1.5-2.0 million tonnes, OECD, 1999, p. 18).
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developing countries are smaller net importers, but

still account for another 4 million tonnes of net

imports, up from small net exports 20 years ago.

This group includes a number of countries that

turned from net exporters to net importers over

this period, e.g. Senegal, Nigeria and Sri Lanka.

With these rates of increase of imports, the 

traditional net trade surplus of the vegetable

oils/oilseeds complex (oils, oilmeals and oilseeds) of

the developing countries was reduced to zero in

both 1999 and 2000, compared with a range of

US$1.0-US$4.4 billion in the period 1970-98. This

happened despite the spectacular growth of exports

of a few developing countries that came to domi-

nate the world export scene, i.e. Malaysia and

Indonesia for palm oil and Brazil and Argentina for

soybeans. As happened with the livestock sector, the

overall evolution of trade of oilseeds and products

has contributed to the agricultural trade balance of

the developing countries diminishing rapidly and

becoming negative (Figure 3.2).

Oilcrops responsible for a good part of agricultural

land expansion. On the production side, these four

oilcrops expanded mainly, although not exclu-

sively, in land-abundant countries (Brazil,

Argentina, Indonesia, Malaysia, the United States

and Canada). Particularly notable is the rapid

expansion of the share of oil palm products (in

terms of oil palm fruit) in Southeast Asia (from 

40 percent of world production in 1974/76 to 

79 percent in 1997/99) and the dramatically

shrinking share of Africa (from 53 to 14 percent).

Africa’s share in terms of actual production of palm

oil (9 percent of the world total – down from 

37 percent in the mid-1970s) remained well below

that of its share in oil palm fruit production. This

denotes the failure to upgrade the processing

industry – but also the potential offered by more

efficient processing technology to increase oil

output from existing oil palm areas. The contrast

of these production shares with the shares of land

area under oil palm is even starker: Africa still

accounts for 44 percent of the world total, three-

quarters of it in Nigeria.

The oil palm and the other three fast growing

crops (soybeans, rapeseed and sunflower) have

been responsible for a good part of the expansion

of cultivated land under all crops in the developing

countries and the world as a whole. In terms of

Major countries/regions

Increase in world consumption, % contribution to increment of each item, 
1974/76-1997/99 1974/76 to 1997/99 

Total world increase (=100), of which: 100

Developing countries, food 50 China 29, India 18, N. East/N. Africa 10, Indonesia 8, Brazil 5, Nigeria 5, 

Pakistan 5

Developed countries, food 13 United States 34, EU 34, Japan 9, E. Europe 7

Non-food industrial uses, world 29 EU 17, China 10, Indonesia 9, United States 12, Brazil 5, Malaysia 4, India 4

Other uses (feed, seed, waste), world 8

Increase in world production, % contribution to increment of each item, 
1974/76-1997/99 1974/76 to 1997/99 

Total world increase (=100), of which: 100

Oil palm (palm oil and palm kernel oil) 28 Malaysia 51, Indonesia 34, Thailand 3.2, Nigeria 2.6, Colombia 2.5

Soybeans 27 United States 38, Brazil 21, Argentina 17, China 8, India 7

Rapeseed 18 EU 27,China 26, Canada 21, India 12, Australia 5

Sunflower seed 9 Argentina 33, EU 20, United States 10, E. Europe 8, China 9, India 5

All other oilcrops 18

Table 3.16 Sources of increases in world production and consumption of oilcrops 
(in oil equivalent) 
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harvested area,31 land devoted to the main crops

(cereals, roots and tubers, pulses, fibres, sugar

crops and oilcrops) in the world as a whole

expanded by 59 million ha (or 6 percent) since the

mid-1970s. A 105-million ha increase in the devel-

oping countries was accompanied by a 46-million

ha decline in the industrial countries and the tran-

sition economies. The expansion of land under the

four major oilcrops (soybeans, sunflower, rape and

oil palm) was 63 million ha, that is, these four crops

accounted for all the increase in world harvested

area and more than compensated for the drastic

declines in the area under cereals in the industrial

countries and the transition economies (Table

3.19). In these countries, the expansion of oilseed

area (25 million ha) substituted and compensated

for part of the deep decline in the area sown to

cereals. But in the developing countries, it seems

likely that it was predominantly new land that came

under cultivation, as land under the other crops

also increased. 

These numbers clearly demonstrate the revolu-

tionary changes in cropping patterns that occurred,

particularly in the developed countries, as a result

1964/66 1974/76 1984/86 1997/99 2015 2030

Food use (kg/capita, oil equivalent)

World 6.3 7.3 9.4 11.4 13.7 15.8

Developing countries 4.7 5.3 7.5 9.9 12.6 14.9

Sub-Saharan Africa 7.7 8.0 7.9 9.2 10.7 12.3

Near East/North Africa 6.7 9.4 12.1 12.8 14.4 15.7

Latin America and the Caribbean 6.2 8.0 11.1 12.5 14.5 16.3

South Asia 4.6 5.0 6.2 8.4 11.6 14.0

East Asia 3.4 3.5 6.4 9.7 13.1 16.3

East Asia, excl. China 4.9 5.4 8.4 11.2 13.6 16.3

Industrial countries 11.3 14.5 17.3 20.2 21.6 22.9

Transition countries 6.9 8.2 10.1 9.3 11.5 14.2

Million tonnes Growth rates, percentage p.a.

1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030

Total food use (oil equivalent)

World 66.9 3.7 3.3 2.8 2.3 1.9

Developing countries 45.1 4.8 4.3 3.6 2.9 2.2

Sub-Saharan Africa 5.3 3.3 3.5 4.2 3.5 3.2

Near East/North Africa 4.8 4.5 3.3 2.5 2.6 2.1

Latin America and the Caribbean 6.2 4.4 3.0 2.0 2.2 1.7

South Asia 10.8 4.4 4.4 3.9 3.5 2.4

East Asia 17.9 6.0 5.5 4.3 2.7 2.0

East Asia, excl. China 6.8 5.5 4.9 2.8 2.4 2.1

Industrial countries 18.0 2.3 2.1 1.8 0.8 0.6

Transition countries 3.8 1.3 -0.1 -0.7 1.0 1.2

Table 3.17 Vegetable oils, oilseeds and products, food use: past and projected 

31 The increase of harvested area implies not only expansion of the cultivated land in a physical sense (elsewhere in this report referred to as arable
area) but also expansion of the land under multiple cropping (in the harvested or sown area definition, a hectare of arable land is counted as two
if it is cropped twice in a year). Therefore, the harvested area expansion under the different crops discussed here could overstate the extent to which
physical area in cultivation has increased. This overstatement is likely to be more pronounced for cereals (where the arable area has probably
declined even in the developing countries) than for oilcrops, as the latter include also tree crops (oil and coconut palms and olive trees).
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of policies (e.g. the EU support to oilseeds) and of

changing demand patterns towards oils for food in

the developing countries and oilcakes/meals for

livestock feeding everywhere. They also demon-

strate that land expansion still can play an impor-

tant role in the growth of crop production. The

200 percent increase in oilcrop output between

1974/76 and 1997/99 in developing countries was

brought about by a 70 percent (50 million ha)

expansion of land under these crops, at the same

time as land under their other crops also increased

by an almost equal amount (Table 3.19).

3.4.2 Prospects for the oilcrops sector

Food demand. The growth of food demand in the

developing countries was the major driving force

behind the rapid growth of the oilcrops sector in

the historical period. The most populous coun-

tries played a major role in these developments

(Table 3.16). 

Will these trends continue in the future? In the

first place, slower population growth, particularly

in the developing countries, will be reflected in

slower growth rates of their aggregate demand for

food, ceteris paribus. Naturally, others things will

not be equal: in particular, the per capita

consumption of the developing countries was only

5.3 kg in the mid-1970s. This afforded great scope

for the increases in consumption that took place.

However, in the process, per capita consumption

grew to 9.9 kg in 1997/99. There is reduced scope

for further increases and this will lead to slower

growth in the future. A deceleration in growth has

already been evident for some time: the annual

growth rate of per capita demand declined to 

1.9 percent p.a. in the decade to 1999, down from

2.9 percent p.a. in the preceding ten-year period.

Even this reduced growth rate was well above that

for other food products. The corresponding

growth rate for cereals (direct food demand per

capita in the developing countries) has been near

zero in recent years. Only demand for meat has

had higher growth rates, heavily influenced by

developments in China where meat production

data may grossly overstate actual consumption (see

Section 3.3). 

Despite the increases already achieved,

vegetable oils and oil products still have relatively

high income elasticities in the developing coun-

tries, particularly those in which consumption of

livestock products and animal fats is and will likely

remain at low levels. In our earlier projections to

2010, the per capita food consumption of all

vegetable oils, oilseeds and products (expressed in

oil equivalent) was projected to rise from 8.2 kg in

1988/90 to 11 kg in 2010 (Alexandratos, 1995,

Table 3.5). By 1997/99 it had grown to 9.9 kg. In

the current projections, the per capita food

demand for the developing countries as a whole

Production of oilcrops in oil equivalent Actual oil Growth rates, % p.a.

(Million tonnes) production

1964/66 1974/76 1984/86 1997/99 2015 2030 1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030

Soybeans 5.8 10.5 17.2 27.7 42 58 22.5 4.1 3.2 4.5 2.5 2.2

Oil palm 2.1 3.7 8.7 21.6 35 49 21.6 8.2 7.7 6.5 2.8 2.3

Rapeseed 1.7 3.0 7.1 14.5 22 32 11.9 6.9 6.6 5.6 2.4 1.8

Sunflower seed 3.4 4.2 7.5 10.3 15 21 9.3 3.7 3.1 2.3 2.2 2.4

Groundnuts 4.8 5.4 6.1 9.4 15 20 4.8 2.3 3.2 4.1 2.6 2.2

Coconuts 3.1 3.7 4.3 6.0 9 12 3.2 2.3 2.7 2.5 2.4 1.8

Cottonseed 3.4 3.7 5.0 5.3 7 9 3.8 1.6 1.2 0.1 2.0 1.4

Sesame seed 0.7 0.8 1.0 1.2 2 3 0.7 1.5 1.9 2.4 3.0 2.5

Other oilcrops 3.7 4.3 4.8 7.6 10 13 5.1 1.3 1.6 2.7 1.6 1.8

Total 29.0 39.0 62.0 104.0 157 217 83.0 4.1 4.1 4.3 2.5 2.2

Oils from non-oilcrops (maize, rice bran) 2.6

Table 3.18 Major oilcrops, world production 
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Developing countries Rest of world

1974/76 1997/99 Change 1974/76 1997/99 Change

Main crops Million ha

Cereals 406 441 35 306 242 -63

Roots and tubers 33 40 7 15 11 -4

Pulses 53 60 7 10 9 -1

Sugar beet and cane 12 20 7 9 7 -2

Fibre crops 30 28 -2 9 9 0

Oilcrops 70 120 50 38 63 25

Total above 603 708 105 387 342 -46

of which:

Soybeans 15.6 38.9 23.3 22.2 31.0 8.8

United States 20.8 28.6 7.8

Brazil 5.8 12.6 6.8

China 7.0 8.3 1.3

Argentina 0.4 7.2 6.8

India 0.1 6.1 6.0

Sunflower 2.4 7.8 5.4 7.0 13.3 6.3

EU (15) 0.7 2.2 1.5

Former Soviet Union 4.4 6.8 2.4

Eastern Europe 1.1 2.2

India 0.3 1.8 1.5

Argentina 1.2 3.5 2.3

Rapeseed 6.5 14.3 7.7 2.6 11.5 8.9

China 2.2 6.6 4.4

India 3.5 6.7 3.2

Canada 1.3 5.3 4.0

EU (15) 0.8 3.1 2.3

Oil palm 3.5 9.0 5.4

Malaysia 0.4 2.6 2.2

Indonesia 0.1 1.8 1.6

Nigeria 2.1 3.0 0.9

Groundnuts 18.6 22.5 3.9 1.0 0.7 -0.2

India 7.1 7.2 0.1

China 1.8 4.0 2.2

Nigeria 1.3 2.5 1.2

Sudan 0.8 1.5 0.6

Senegal 1.3 0.7 -0.5

Indonesia 0.4 0.6 0.2

United States 0.6 0.6 0.0

Note: In this table, cotton is included in fibre crops and not in oilcrops.

Table 3.19 Harvested area increases: main oilseeds versus other main crops 
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rises further to 12.6 kg in 2015 and to nearly 15 kg

by 2030 (Table 3.17). We have already noted earlier

that average per capita food consumption (all food

products) in developing countries may rise from

the 2 680 kcal of 1997/99 to 2 850 kcal in 2015 and

to 2 980 kcal by 2030 (see Chapter 2). Vegetable oils

and products would contribute some 45 percent of

this increase. This is an acceleration of the histor-

ical trend for these commodities to account for 

an ever-increasing part of the growth in food

consumption in the developing countries. They

had contributed 18 percent of the total increment

in the decade from the mid-1970s to the mid-1980s

and 27 percent in the subsequent decade.

It follows that this group of products will play

an important role in increasing dietary energy

availability. However, it is clear that, given lower

growth rates of both population and per capita

demand, the growth of aggregate food demand for

these products will probably be well below that of

the past. The relevant data and projections are

shown in Table 3.17. The growth rate of food

demand in developing countries is projected to be

2.9 percent p.a. in the period to 2015, down from

3.6 percent p.a. in the 1990s. Obviously, the explo-

sive growth in the demand for food of the past two

decades in countries such as China and India

(which contributed 47 percent of the increase in

total food demand of the developing countries, see

Table 3.16) cannot be sustained at the same rates in

the decades to come, even though further substan-

tial growth is in prospect. What was said earlier in

relation to the slowdown of aggregate demand for

all agricultural products (Section 3.1) applies a

fortiori to the food demand for vegetable oils. That

is, much higher growth rates than projected here

of these calorie-rich products would drive the

average food consumption of many countries to

excessive levels. 

Non-food industrial uses. We noted earlier the

inadequacy of the statistics on vegetable oil prod-

ucts used for non-food industrial purposes.

However, we also noted that some of the industrial

products resulting from such use have high 

income elasticities of demand. There is, therefore,

a prima facie case to believe that the share of total

vegetable oil production going to non-food indus-

trial uses will continue to grow fairly rapidly. In 

the projections, we make an allowance for this 

category of demand to grow at rates above those 

of the demand for food (3.5 percent p.a. versus 

2.1 percent p.a.). Even so, this growth rate is lower

than the historical one. This is an additional factor

contributing to the slowdown of the growth of

aggregate demand for all uses (Table 3.15).

Trade. The projected fairly buoyant growth in

demand, and the still considerable potential for

expansion of production in some of the major

exporters, suggest that past trade patterns will

continue for some time, i.e. rapidly growing

imports in most developing countries, matched by

continued export growth of the main exporters.

The projections are shown in Table 3.20. For the

developing countries, they suggest a continuation

of past patterns. Further rapid growth of exports

from the major developing exporters will be more

than compensated by the equally rapid growth of

imports by other developing countries. The posi-

tive net trade balance of the developing countries,

as measured here,32 will stagnate or even decline

somewhat. With the development of the livestock

sector in developing countries and growing use of

feed concentrates, their demand for oilmeals will

increase and their net trade surplus in this

subsector of the oilcrops complex will tend to

disappear and eventually become negative. It is

considered that China will become a major contrib-

utor to these developments. According to a recent

USDA report, “Expansion of its feed manufac-

turing sector will require China to import more

oilseed meals and more oilseeds for crushing.

China’s meal production from domestically grown

soybeans is currently about 6 million tonnes, far

short of the country’s estimated demand for 20 to

30 million tonnes of oilseed meals annually over

the next decade” (USDA, 1999b).

Production. Production issues are discussed in

Chapter 4. Production analysis of oilcrops is

conducted separately in terms of the individual

crops listed in Table 3.18. Cotton is included among

these crops because it contributes some 4 percent of

32 The trade numbers in Table 3.20 comprise the oils traded as well as the oil equivalent of the trade in oilseeds and products made from vegetable
oils. They do not include trade in oilmeals in order to avoid double counting when all numbers are expressed in oil equivalent.
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world oil production, although projected produc-

tion is determined in the context of world demand-

supply balance of cotton fibre rather than oil. The

production projections for these major oilcrops are

shown in Table 3.18. It was noted in Table 3.19 that

oilcrop production has been responsible for a good

part of the area expansion under crops in, mainly,

the developing countries.

Will these crops continue to play this role? The

analysis presented in Chapter 4 suggests that they

will indeed continue to be a major force in the

expansion of harvested area in developing coun-

tries. As shown in Table 3.19, in the preceding two

decades oilcrops accounted for 47 percent of the

total increase in the harvested area under the

major crops of the developing countries. In the

projection period, they will account for 50 percent.

The relatively land-intensive nature of oilcrop

production growth reflects in large part the fact

that they are predominantly rainfed crops (less

than 10 percent irrigated, compared with about 

40 percent for cereals). 

1974/76 1997/99 2015 2030

Million tonnes (oil equivalent)1

Developing countries 3.0 4.0 3.4 3.5

Malaysia 1.3 9.0

Argentina 0.2 4.9

Indonesia 0.4 3.9

Brazil 1.0 2.6

Philippines 1.1 0.9

Subtotal, five major exporters 4.0 21.3 31.6 44.0

India 0.0 -2.9

China 0.0 -2.8

Mexico -0.1 -1.5

Pakistan -0.2 -1.3

Egypt -0.2 -0.9

Bangladesh -0.1 -0.8

Korea, Rep. 0.0 -0.7

Iran, Islamic Rep. -0.2 -0.7

Taiwan Province of China -0.2 -0.7

Hong Kong SAR -0.1 -0.7

Subtotal, ten major importers -1.1 -13.1 -21.3 -30.0

Other developing countries 0.0 -4.1 -6.9 -10.5

Industrial countries -2.9 -0.9 -0.5 -1.3

United States 2.8 4.9

Canada 0.2 2.3

Japan -1.3 -2.6

EU-15 -4.3 -5.0

Other industrial countries -0.3 -0.6

Transition countries 0.0 -0.2 -0.2 0.0

World balance (stat. discrepancy) 0.2 2.9 2.7 2.3

1 Trade in oils and products derived from oils plus the oil equivalent of trade in oilseeds; trade in oilmeals not included in order to avoid double 
counting in the equation: production + net trade = consumption expressed in oil equivalent.

Table 3.20 Net trade balances for oilseeds, oils and products 



107

PROSPECTS FOR AGGREGATE AGRICULTURE 
AND MAJOR COMMODITY GROUPS

3.5 Roots, tubers and plantains

3.5.1 Past and present

Food consumption of roots, tubers and plantains. 

This category of basic foods comprises a variety of

products; the main ones are cassava, sweet pota-

toes, potatoes, yams, taro and plantains.33 Average

world food consumption is 69 kg per capita,

providing 6 percent of total food calories. However,

these products represent the mainstay of diets in

several countries, many of which are characterized

by low overall food consumption levels and food

insecurity. The great majority of these countries are

in sub-Saharan Africa. The region’s per capita

consumption is 194 kg, providing 23 percent of

total calories, but some countries depend over-

whelmingly on these products for food. Thus,

Ghana, Rwanda and the Democratic Republic of

the Congo derive 50 percent or more from these

foods. Another 16 countries, all in sub-Saharan

Africa, derive between 20 and 50 percent. 

Figure 3.13 shows the relevant data for the 

19 countries that derive more than 20 percent of

total food consumption from these products.

Collectively, they have a population of 345 million

(60 percent of sub-Saharan Africa’s total popula-

tion). Most have low overall per capita food

consumption (under 2 200 calories, several of them

under 2 000) and, consequently, high incidence of

undernourishment. Cereals, which in the devel-

oping countries as a whole provide 56 percent of

total food calories, account in these countries for

much smaller proportions, typically 20-45 percent,

rising to just over 50 percent only in the United

Republic of Tanzania (mostly maize), Togo (maize,

sorghum and rice) and Madagascar (rice). 

The high dependence on roots, tubers and

plantains reflects the agro-ecological conditions of

these countries, which make such products suitable

subsistence crops, and to a large extent also the

persistence of poverty and lack of progress towards

diet diversification. There are significant differ-

ences as to which of these starchy products provide

the mainstay of diets in the 19 countries dependent

on this family of products. Cassava predominates in

most of them (the Congo, the Democratic Republic

of the Congo, Angola, Mozambique, the United

Republic of Tanzania, the Central African Republic,

Liberia and Madagascar). In contrast it is mostly

plantains in Rwanda and Uganda, and cassava 

and sweet potatoes in Benin, Togo, Nigeria 

and Burundi, while there is more balance among

the different products (cassava, plantains, sweet

potatoes and other roots and tubers – mostly yams)

in the other countries (Ghana, Cameroon, Côte

d’Ivoire, Guinea and Gabon). 

It should be noted that although high depend-

ence on these foods is typical of many countries with

low overall food consumption, the phenomenon is

far from universal. Many countries with low food

intakes consume only minuscule quantities of starchy

roots. For example, there are 13 countries34 with

low calories (under 2 200), which derive less than 

10 percent from roots, and some less than 2 percent.

The explanation of these wide disparities is straight-

forward for some of these countries: their agro-ecolo-

gies are not suitable for rainfed cultivation of these

products. In several countries (e.g. Yemen, Somalia,

Afghanistan, Eritrea, the Niger and Mongolia) the

potential land suitable for any rainfed crops (at the

intermediate level of technology as defined in the

agro-ecological zones study discussed in Chapter 4) is

extremely scarce (in per capita terms) and very little

of it is suitable for any of the starchy crops considered

here. Irrigated agriculture in these countries is

devoted to other more valuable crops. 

However, there are also several low food-intake

countries that consume few starchy products, even

though high proportions of their potential agricul-

tural land are suitable for their rainfed cultivation.

The explanation is probably to be found, at least in

part, in the fact that even higher proportions are

suitable for other more preferred crops, e.g. rice

(Bangladesh, Cambodia and the Lao People’s

Democratic Republic) or maize (Zimbabwe and

Kenya). Beyond that, the factors that contributed

to the formation of traditional agricultural produc-

tion patterns and present prevailing food

consumption habits, probably explain why fairly

similar agro-ecological conditions can result in

widely differing diet preferences for starchy foods.

33 Plantains are included with the roots and tuber crops because “… Plantains and cooking bananas are grown and utilized as a starchy staple
mainly in Africa …” (FAO, 1990).

34 Yemen, Afghanistan, Cambodia, Bangladesh, Somalia, Zimbabwe, Mongolia, the Niger, the Lao People’s Democratic Republic, Eritrea,
the Democratic People’s Republic of Korea, Chad and Kenya. 
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This is most evident in Thailand which produces

some 17 million tonnes of cassava but consumes

only 4 percent of it as food (11 kg per capita), with

the rest going to export as animal feed (see below).

In conclusion, a positive correlation between

dependence of food consumption on starchy foods

and agro-ecology certainly exists in countries with

low incomes and food consumption, but it is rather

weak. It is more significant if we control for the

effects of the level of total food consumption

(kcal/person/day from all foods.) The higher the

level, the lower the percentage coming from

starchy foods, ceteris paribus – this is a proxy for

the negative income elasticity of demand for these

products. Another factor causing a difference in

“food habits” is the share of calories coming from

rice and maize. 

The preceding discussion reflects the current

situation (average 1997/99) across different coun-

tries. The evolution over time shows declining per

capita food consumption of starchy foods for the

developing countries and the world as a whole up

to about the late 1980s, followed by some recovery

in the 1990s. These developments were a result of

two main factors: 

! the rapid decline in food consumption of sweet

potatoes in China (from 94 kg in the mid-1970s

to 40 kg at present), the parallel rise in that of

potatoes, in both China (from 14 kg to 34 kg)

and the rest of the developing countries (from 

9 kg to 15 kg); and 

! the rapid rise of food consumption of all prod-

ucts in a few countries, e.g. Nigeria, Ghana and

Peru, with Nigeria having a major weight in

shaping the aggregate for sub-Saharan Africa. 

These developments are plotted in Figure 3.14.

Some studies highlight the high income elasticity of

demand for potatoes in the developing countries,

the majority of which have very low levels of per

capita consumption.35 This contrasts with the posi-

tion of the other starchy foods (particularly sweet

potatoes but also cassava), whose per capita food

consumption in the developing countries has
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Figure 3.13 Countries with over 20 percent of calories from roots, tubers and plantains 
in 1997/99

35 “Whereas potatoes are typically considered a cheap, starchy staple in industrialized countries, they tend to be high-priced and sometimes are luxury
vegetables in the developing world … Consumption of potatoes increases as income increases. The relationships for cassava and sweet potato are
different. As per capita incomes increase, per capita consumption declines” (Scott, Rosegrant and Ringler, 2000).
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apparently stagnated or declined.36 However,

caution is required in drawing firm inferences from

these numbers because of the particularly poor

quality of data as regards the production and

consumption of several of these crops. 

Recent efforts to improve the cassava data in

Africa in the context of the collaborative study of

cassava in Africa (COSCA), initiated in 1989,

suggest that cassava is far from being the inferior

good put forward in traditional thinking. “The

COSCA study found that the income elasticities of

demand for cassava products were positive at all

income levels” (Nweke, Spencer and Lyman, 2000).

Indeed, cassava played an important role in the

nutrition gains made by a number of countries that

faced severe food insecurity problems. For

example, gains in per capita food consumption in

Ghana (from 1 925 calories in 1984/86 to 2 545

calories in 1997/99) and in Nigeria (from 2 060 

to 2 815) came largely from increases in the

production and consumption of cassava – 80 and 

50 percent of the total calorie increases, respec-

tively. Indeed, these two countries are presented in

The State of Food Insecurity in the World 2000 (FAO,

2000a) as success cases in improving food security

based on the diffusion of improved high-yielding

cassava cultivars, largely developed by the

International Institute of Tropical Agriculture

(IITA) (see also Nweke, Spencer and Lyman, 2000). 

However, such gains were the exception rather

than the rule in the many countries with food inse-

curity problems and dependence on starchy foods.

Of the 19 countries in Figure 3.13 only three

(Ghana, Nigeria and Benin37) registered significant

increases in the per capita food consumption of

these products. The others had no gains, indeed

most of them suffered outright declines according

to the reported production statistics. In conclusion,

the experiences of the “success” countries indicate

that these crops have a promising potential to

contribute to improved food security. 

Analysing why most countries with high depend-

ence on these crops (over 20 percent of calories in

1997/99) failed to benefit from such potential can

throw some light on the more general issue of condi-

tions that must be met if progress in food security is

to be made. The fact that some of these countries

have been experiencing unsettled political condi-

tions and war is certainly part of the problem.

Feed uses of root crops. Significant quantities of

roots are used as feed, mostly potatoes (14 percent

of world production goes to feed), sweet potatoes

(36 percent) and cassava (19 percent). A small

number of countries or country groups account for

the bulk of this use. As regards potatoes, this is

mostly represented by the countries of the former

Soviet Union, Eastern Europe and China. Potato

feed use has declined in recent years in absolute

tonnage as well as percentage terms, mainly as a

result of the decline of the livestock sector in the

transition economies. For sweet potatoes, China

accounts for almost the totality of world feed use

and for about 70 percent of world production.

Feed use in China has been expanding rapidly

following the fast growth of its livestock sector and

the shift of human consumption to potatoes and

other preferred foods.

For cassava, it is mostly Brazil (50 percent of its

production goes to feed) and the EU (all imported),

each accounting for one-third of world feed use. The

EU’s feed consumption currently amounts to some

10 million tonnes (fresh cassava equivalent). This is

less than half the peak it reached in the early-1990s.

The rapid growth of cassava as feed in the EU

provides an interesting story of the power of policies

to change radically feeding patterns and exert signif-

icant impacts on trade as well as on production and

land use in distant countries. High domestic cereal

prices of the CAP, in combination with low import

barriers for oilseeds/meals and cassava, reduced the

EU’s feed use of cereals (see previous discussion)

and increased the use of imported cereal substitutes

(such as cassava, oilmeals and corn gluten feed). 

The cassava trade (mostly of dried cassava)

skyrocketed from less than 5 million tonnes (in fresh

36 “Outside of Kerala (India) and isolated mountain areas of Viet Nam and China, most cassava in Asia for direct food purposes is first processed. As
incomes increase over time, also these areas will reduce their non-processed cassava intake in favour of the preferred rice. On-farm cassava flour
consumption seems to behave in a similar way to non-processed cassava in Asia, as it is also substituted for rice as economic conditions improve.
Nonetheless, on-farm, in the poorer Asian rural areas (Indonesia, Viet Nam and China) cassava may remain as an emergency or buffer crop in times
of rice scarcity. However, this is not the primary nor the preferred use” (Henry, Westby and Collinson, 1998). Also, “the general tendency is that
cereals are preferred to root crops” (FAO, 1990, p. 24) and “In general, cassava is not well regarded as a food, and in fact there is often a consid-
erable stigma against it” (Plucknett, Phillips and Kagbo, 1998).

37 If we extend the sample of countries to include those with dependence between 10-20 percent (another 11 countries) then Malawi, Zambia and
Sierra Leone also registered significant increases in production and per capita food consumption of these products.
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root equivalent) in the early 1970s to a peak of 30

million tonnes at the beginning of the 1990s, before

falling to half that level in recent years. Much of the

increase came from the EU on the import side and

from Thailand (and, to a much lesser extent,

Indonesia) on the export side. The same holds for

the contraction of world trade in recent years

following the CAP policy reforms, which reduced

cereal prices and improved the competitiveness of

cereals vis-à-vis cassava (Figure 3.15). Some compen-

sation for the contraction of the European markets

has been provided in recent years by increased

imports of cassava for feed use in a number of Asian

countries (China, Taiwan Province of China, the

Republic of Korea and Japan). However, the

problem of low cereal prices in world markets

continues to be an obstacle to further expansion

(Plucknett, Phillips and Kagbo, 2000).

In Thailand, cassava production has been one

of the major factors in the expansion of agricul-

tural land. Between the early 1970s and the peak of

the late 1980s land under cassava increased seven-

fold to 1.5 million ha, approximately the same rate

as production, as yields remained virtually stagnant

at around 15 tonnes/ha. In the same period, defor-

estation in Thailand (a heavily forested country up

to the middle of the last century) proceeded very

rapidly. The country’s forest cover is estimated to

have fallen from 53 percent in 1961 to 25 percent

in 1998 (Asian Development Bank, 2000, Chapter 2).

The two processes are certainly not unrelated,

particularly as cassava can be grown on soils with

limited alternative agricultural uses, low fertility,

slopes denuded of tree cover and subject to erosion

and degradation.38 A recent study on the environ-

mental impact of cassava production concludes that

in Thailand “the area expansion [took place]

through deforestation of frontier areas, mainly in

the northeast ... The massive deforestation

continued until the late 1980s, when most land

within Thailand’s borders, up to the borders with

Laos and Cambodia, had already been cleared”

(Howeler, Oates and Costa Allem, 2000). 

The preceding paragraph provides an illustra-

tion of how the environmental impacts of agricul-

tural policies and policy distortions spread far and

wide across the world and are not confined locally.

The environmental effects of high agricultural

support and protection in Europe have been

mostly debated in terms of the adverse effects these

policies have on the local environment (as a conse-

quence of the more intensive agriculture they

promote), such as nitrates in waterbodies, eutroph-

ication, landscape deterioration and the effects of

pesticides. However, environmental impacts of

policies, particularly those that affect trade, must

38 “Cassava often winds up in hill-lands, lands with low soil fertility, or lands susceptible to periodic or seasonal drought or flooding” (Plucknett,
Phillips and Kagbo, 2000).
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be evaluated in a global context, with particular

reference as to how those impacts manifest them-

selves in countries that receive the economic stimuli

but have no environmental policies in place to

internalize costs. 

3.5.2 Roots, tubers and plantains 
in the future

These products will continue to play an important

role in sustaining food consumption levels in the

many countries that have a high dependence on

them and low food consumption levels overall. The

possible evolution in food consumption per capita is

shown in Tables 2.7-2.8. The main factor causing the

decline in the average of the developing countries

(precipitous decline of sweet potato food consump-

tion in China) will be much weaker. The scope for

further declines is much more limited than in the

past. In parallel, the two factors creating increases

on the average – the positive income elasticities of

the demand for potatoes and the potential offered

by productivity increases in the other roots (cassava

and yams) – will continue to operate. It will be

possible for more countries in sub-Saharan Africa to

replicate the experiences of countries such as

Nigeria, Ghana, Benin and Malawi, and increase

their food consumption. Thus, the recent upturn in

per capita consumption of the developing countries

is projected to continue (Table 2.7), while the

declining trend in sub-Saharan Africa (other than

Nigeria and Ghana) may be reversed (Table 2.8).

3.6 Main export commodities 
of the developing countries

3.6.1 General

Agriculture, and often the overall economy,

poverty incidence and food security of several

developing countries depend heavily on the

production of one or a few agricultural commodi-

ties destined principally for export. For example,

in Côte d’Ivoire a small number of commodities

(cocoa, coffee, cotton, rubber, bananas and palm

oil) account for 45 percent of the country’s aggre-

gate agricultural output, cocoa predominating with

27 percent. In the past two decades, the depend-

ence of agriculture on these commodities actually

increased (from 38 percent in the early 1980s).

Agriculture carries a large weight in the country’s

overall economy (26 percent of GDP), while

exports of these commodities provide 50 percent of

the country’s aggregate export earnings (aggre-

gate, not only agricultural, earnings).39 There has
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39 Aggregate export earnings are the sum of goods (merchandise) exports, exports of (non-factor) services and income (factor) receipts (definition
and data from World Bank, 2001b).
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been little movement towards diversification; the

levels of dependence of the economy on agricul-

ture, and of the balance of payments on export

earnings from these commodities have remained

static since the early 1980s. The importance of

these commodities as earners of foreign exchange

is further enhanced by the fact that the country has

a heavy external debt to service; it is classified by

the World Bank in the “severely indebted” category

(World Bank, 2001b).

Côte d’Ivoire exemplifies the case of countries

with high dependence on exports of a few agricul-

tural commodities (both for the incomes generated

in agriculture and for foreign exchange earnings)

and showing no signs of diversification from such

dependence. The country is the world’s largest

producer and exporter of cocoa, so its own produc-

tion and exports impact world market prices

directly. An additional problem is that some of these

export commodities (e.g. coffee and cocoa) are

consumed mainly in the industrial countries. The

latter have reached fairly high consumption levels,

and have low income and price elasticities of

demand and low population growth rates. There is,

therefore, limited potential for market expansion.

In such conditions, attempts to expand production

and exports by the main producers/ exporters

and/or new entrants can lead to falling prices rather

than increased incomes and export earnings. 

Another example is Malaysia, which shares Côte

d’Ivoire's high dependence of agriculture on a few

export commodities, of which the country is a

major world supplier. Malaysia is the world's largest

producer and exporter of palm oil and the third

largest exporter of natural rubber (it was the first

until the late 1980s). These two commodities

account for 36 percent of the country’s agriculture.

But here the similarities with Côte d’Ivoire end.

Malaysia's per capita income is five times that of

Côte d’Ivoire, and the country has been diversi-

fying its economy away from agriculture (from 

21 percent of GDP in the early 1980s to 11 percent

currently) and reducing its dependence on palm

oil and rubber as sources of export earnings. These

two commodities now account for 5.6 percent of its

aggregate export earnings, down from 20 percent

in the early 1980s, even though palm oil exports

have tripled in the same period.

In a smaller number of countries there is high

dependence of agriculture on a single export

commodity. For example, 56 percent of the aggre-

gate agricultural output in Mauritius is sugar, almost

all of it exported. Sugar is 46 percent of Swaziland’s

agriculture (85 percent exported), while in Cuba the

shares are 33 and 74 percent, respectively. 

The most common case is of countries with high

dependence of the balance of payments on the

earnings of one or a few agricultural commodities

which, however, account for modest percentages of

their total agriculture, since domestic crops

predominate. For example, Burundi’s export earn-

ings are dominated by coffee and, to a much lesser

extent, tea (over 80 percent together) but these 

two crops represent a very small part of the

country’s agriculture (9 percent) in which bananas,

roots/tubers, beans and maize predominate.

Likewise, Malawi derives 60 percent of its aggre-

gate export earnings from tobacco and, to a much

lesser extent, tea. However, its agriculture is mostly

potatoes and maize; tobacco and tea account for

only 18 percent of total agricultural production. 

It is obvious that in the countries with high

dependence on exports of one or a few commodi-

ties, the overall economy, and often the welfare of

the poor,40 are subject to changing conditions in

world markets, i.e. commodity prices and the rate

of expansion of markets. For some commodities,

the rate of expansion of world consumption has

been too slow, while producers/exporters have

been competing with one another to capture a

market share. The result has been declining and

widely fluctuating export prices. This has been

particularly marked for coffee in recent years: per

capita consumption in the industrial countries,

accounting for two-thirds of world consumption,

has been nearly constant for two decades at around

4.5 kg (green beans equivalent), while production

increased, including from recent entrants in world

markets such as Viet Nam (see below). The result

has been that the robusta coffee price had precipi-

tated to US$0.50/kg by January 2002 (monthly

average), down from a range of US$1.3-2.0/kg in

the monthly averages of the three years 1997-99,

which itself was not a period of peak prices. 

Coffee and cocoa belong to the class of

commodities produced exclusively in the devel-

40 Several export commodities, e.g. coffee and natural rubber, are more often than not smallholder crops and significant parts of the agricultural
population in many countries depend on them for a living. Even when they are not smallholder crops, the rural poor depend on them as labourers.
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oping countries and consumed overwhelmingly in

the industrial countries, where there is no close

substitute in the agricultural commodities produced

locally (although vegetable oils are increasingly

making inroads in the chocolate industry as substi-

tutes for cocoa butter). This means that trade policy

issues for the countries dependent on the produc-

tion and exports of these commodities transcend

the field of agricultural protectionism and export

subsidization often practised by the industrial 

countries, e.g. for sugar. The main handicap of

exporting countries dependent on these commodi-

ties is that world demand has been, and will prob-

ably continue to be for some time, tantamount to

the demand of the industrial countries, and this is

not growing at anywhere near the rates required to

provide profitable export expansion opportunities

for all supplying countries. 

Other export commodities are much less

subject to these constraints because import demand

for them originates increasingly in markets with

rapidly growing consumption, notably the

importing developing countries. We mentioned

earlier the role of these latter as rapidly growing

outlets for vegetable oils originating in other devel-

oping countries. A similar case is represented by

sugar, where imports of the importing developing

countries are now equal to almost three-quarters of

the net exports of the developing exporters, up

from only one tenth in the mid-1970s. The policy

issues relevant to sugar and similar commodities

(produced in both developed and developing

countries) are very much at the heart of the agri-

cultural trade policy debate, because of high

support and protection granted to them in the

main industrial countries that are, or used to be in

the recent past, large importers. For example,

under such policies the EU turned from a large net

importer of sugar up to the second half of the

1970s to a large net exporter in subsequent years.

In the United States aggregate consumption of

sweeteners continued to grow, but little of it went to

sugar, as the strong protection of the sector from

external competition favoured corn-based sweet-

eners (high fructose corn syrup [HFCS], glucose

syrup and dextrose). 

It is a common theme in the development liter-

ature that countries that have not managed to

diversify their economies away from heavy depend-

ence on primary commodity exports have been

handicapped in their development. However, this

need not be so for all countries. Those that achieve

cost-reducing productivity gains can increase

export earnings (often, in the case of slowly

growing global demand, by gaining a market share

at the expense of other exporting countries), and

thus pave the way for diversification and an even-

tual sharp reduction in their dependence on these

commodities. Thus, diversification and reduced

dependence more often than not pass through a

stage of increased and more efficient production 

of the very commodities from which the country

seeks to diversify (World Bank, 1994). The above-

mentioned examples of Malaysia and the Côte

d’Ivoire are telling. Naturally, for commodities

such as coffee, this avenue is not open to all

exporting countries simultaneously (adding-up

problem or fallacy of composition). The poorer

countries in this category face formidable problems

in their development because more often than not

they are at a disadvantage vis-à-vis other and more

advanced competitors.

There is an ongoing need to increase produc-

tivity and eventually diversify out of export crops

(in relative, not absolute, terms). The long-term

trend towards falling real prices of primary farm

commodities is not likely to be reversed.41 Limited

demand growth together with virtually incessant

growth in agricultural productivity has been

fuelling this trend. The pipeline of technological

innovations, including genetic technologies, is

apparently not drying up, indicating further

potential for cost reductions (Evenson, 2002). The

problem is that countries that do not or cannot

benefit from genetic technology will have to accept

ever-decreasing returns to the labour producing

these commodities. This will further aggravate

poverty problems, as there are few alternative

employment opportunities in an undiversified

economy. If these countries remain in the business

of producing “unprofitable” (for them) commodi-

ties for export (e.g. tapping rubber trees even more

41 “On balance, we do not see compelling reasons why real commodity prices should rise during the early part of the twenty-first century, while we
see reasons why they should continue to decline. Thus, commodity prices are expected to decline relative to manufactures as has been the case
for the past century” (World Bank, 2000a, p. 8-29).
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intensively when prices are low), they will face

continued difficulties. For more discussion on poli-

cies relating to these matters, see Chapter 9. 

In what follows, we present possible future

outcomes for a few of the main commodities. This

is not a comprehensive list but endeavours to 

cover commodities that span a wide range of 

policy concerns, from strictly “non-competing”42

commodities (coffee, cocoa) to the “semi-competing”

ones (bananas, competing with temperate zone

fruit, and natural rubber, competing with synthetic

rubber) to fully competing ones (sugar). In recogni-

tion of the great diversity of individual developing

countries as concerns trade positions and interests

in these commodities, a distinction is made between

net exporters and net importers. Thus, the sum of

the net exports of all net exporter developing coun-

tries is taken here as the meaningful measure of

performance. It is a much more appropriate indi-

cator than the often used net trade status of all the

developing countries together. For example, sugar

exports of the net exporting developing countries

have been booming in recent years, at least in quan-

tities, mainly because of fast growth of imports of

other developing countries (see Table 3.23 below). 

3.6.2 Coffee

Coffee is the commodity par excellence produced in

one zone (the exporting developing countries in the

tropics) and consumed in another (the developed

industrialized countries). The growth rate of aggre-

gate demand for coffee has been slow and declining.

In this situation, competition to capture a market

share among low-income producers (including rela-

tively new entrants such as Viet Nam43) increases

production more quickly than consumption, leading

to stock accumulation and accentuating the long-

term trend towards price declines. 

Such price declines are hitting hard the

economies of the countries with major dependence

on coffee production and exports. The following

quotation from The Economist (21 September 2001)

is telling: “A slump in the price of coffee is adding

to economic misery in Latin America – and no

relief is at hand. In Nicaragua, coffee pickers with

malnourished children beg for food at the road-

side. In Peru, some families have abandoned their

land, while others have switched to growing drug

crops in search of cash, just as they have in

Colombia. From Mexico to Brazil, tens of thou-

sands of rural labourers have been laid off, swelling

the peripheries of the cities in a desperate search

for work”. See also Oxfam (2001).

At the same time, consumers are not getting

much benefit from such price declines since retail

prices in the main consuming countries have fallen

by only a small fraction of the corresponding declines

in the world price of coffee beans (Oxfam, 2001,

Figure 5). At the same time, coffee producers are

getting prices below the world price and only a

minuscule part of the retail price of coffee. These

large gaps and difference in the behaviour between

world trade prices and those received by producers

or paid by the consumers are said to reflect, inter alia,

the dominance of the world coffee trade by a few

giant multinational companies (see Chapter 10, 

Box 10.2). The relative position of producers has

worsened following the collapse of the International

Coffee Agreement in 1989. In the pre-1989 period

producers were getting around 20 percent of the

total income generated by the coffee industry and

importing country operators around 50 percent. It is

estimated that after 1989 the shares shifted dramati-

cally in favour of the latter (Ponte, 2001, Table 3).

Coffee has benefited much less than other

commodities (such as sugar, bananas and natural

rubber) from the factors that contributed to market

expansion, i.e. the rapid growth of demand and

imports in importing developing countries and, in

more recent years, in the transition economies. 

The importing developing countries were taking 

4 percent of the net coffee exports of the exporting

developing countries in the mid-1970s. This share

has now risen to only 7 percent. In contrast, for

sugar the net imports of the importing developing

countries amount to three-quarters of the net

exports of the exporting developing countries, up

from only 10 percent in the mid-1970s.

In the projections shown in Table 3.21 there are

42 That is, non-competing with locally produced close substitutes in the main importing/consuming countries, although there is no commodity that
does not face some degree of competition in consumption, such as soft drinks for coffee and non-cocoa confectionery for chocolate. As noted,
cocoa now faces the competition of vegetable fats in the production of chocolate.

43 Viet Nam had become the world’s second largest producer after Brazil by 2000. Its exports now account for 10 percent of aggregate exports of
the developing countries (sum of net exports of all the net exporting developing countries, see Table 3.21), up from only 1 percent ten years earlier. 
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’000 Growth rates, percentage p.a.
tonnes

1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030

Production*

Developing countries 6 452 1.6 1.1 1.0 1.2 1.2

Industrial countries 3 3.1 9.1 16.1 2.3 3.2

World 6 455 1.6 1.1 1.0 1.2 1.2

Food consumption (kg/person/year)*

1964/66 1974/76 1984/86 1997/99 2015 2030

Developing countries 0.5 0.4 0.4 0.4 0.4 0.5

Industrial countries 3.8 4.1 4.4 4.4 4.7 5.0

Transition countries 0.3 0.5 0.6 1.2 1.6 2.2

World 1.2 1.1 1.1 1.0 1.1 1.1

Net trade (’000 tonnes)*

Industrial countries -2 620 -3 106 -3 550 -3 969 -4 475 -4 875

Transition countries -90 -193 -220 -502 -640 -830

Developing countries 2 681 3 247 3 902 4 555 5 200 5 800

Exporters in 1997/99 2 790 3 395 4 088 4 947 5 825 6 660

Brazil 910 867 1 003 1 205

Colombia 352 426 664 649

Viet Nam 2 5 12 420

Indonesia 88 125 294 351

Guatemala 95 127 152 243

Mexico 95 145 206 238

Côte d'Ivoire 192 287 234 228

Uganda 155 186 142 202

India 27 53 82 191

Costa Rica 51 79 110 126

El Salvador 103 149 148 121

Honduras 22 41 73 119

Peru 37 39 63 119

Ethiopia 75 60 77 114

Other exporters 585 805 828 620

Importers in 1997/99 -109 -148 -186 -392 -625 -860

Algeria -26 -34 -62 -81

Morocco -9 -12 -14 -23

Other Near East/North Africa -23 -44 -62 -101

Korea, Rep. 0 -2 -19 -76

Argentina -33 -38 -34 -39

Hong Kong SAR, Taiwan Province of China -3 -1 -5 -23

Other importers -14 -19 11 -50

Table 3.21 Coffee and products, production, consumption and trade: past and projected

* Coffee and products in green bean equivalent
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no radical changes from past trends. World coffee

consumption per capita may increase a little and

aggregate demand may grow at 1.2 percent p.a., a

rate slightly above that of the last two decades. The

weight of the industrial countries in world consump-

tion and imports will continue to be dominant,

although the importing developing countries and

the transition economies will continue to increase

their role as consumers and importers, but at a very

slow pace. The present very low price levels are not

sustainable, and some recovery is expected as

producing countries take measures to control the

growth of production. The latest World Bank price

projections foresee such an upturn in prices. By

2010 they may recover (in real terms) the ground

lost in 2000 and 2001, years of sharp declines (World

Bank, 2001c, Table A2.13). 

3.6.3 Cocoa

Cocoa shares some of the characteristics of coffee in

the sense that it is produced exclusively in tropical

developing countries and consumed mainly (two-

thirds of world consumption) in the industrial coun-

tries. However, consumption growth, at 2.4 percent

p.a. in the last ten years, has been faster than that of

coffee (0.7 percent p.a.). In parallel, the importing

developing countries are increasingly providing

export outlets: they now account for 12 percent of 

the exporting countries' net exports, up from only 

3 percent in the mid-1970s.

On the exporter side, there have been some

radical changes in the relative positions of the different

countries. Côte d’Ivoire continues to be the world’s

largest exporter and has increased its share consider-

ably, to almost 50 percent of the aggregate net exports

of the exporting developing countries, up from 

33 percent in the mid-1980s and only 17 percent in

the mid-1970s (Table 3.22). In contrast, Brazil, the

world’s second largest exporter up to the late 1980s,

had almost disappeared as a net exporter by the late

1990s, mainly as a result of disease that hit production

but also because a growing part of production went to

increase domestic consumption. Meanwhile, first

Malaysia (from the early 1980s) and then Indonesia

(ten years later) emerged as major and growing

exporters. Between them (but with Indonesia growing

and Malaysia declining recently), they have been

providing 15-20 percent of the aggregate exports of

the net exporting countries in recent years, up from

less than 4 percent in the early 1980s. 

Consumption per capita is likely to continue to

grow in all country groups, although at slower rates

than in the past (Table 3.22). The growth of world

production, which decelerated sharply in the second

half of the 1990s (to under 1 percent p.a. in the 

five years to 2001), will resume higher rates, but 

still below those of the longer-term historical 

period, given the slower growth of per capita

consumption and of population. Cocoa prices have

been characterized by short booms and long periods

of oversupply with depressed prices. The latest

trough in prices was in the second half of 2000, with

prices around US$900/tonne, down from the

previous peak of around US$1 700 in mid-1998.

Prices recovered to US$1 380/tonne in January

2002. World Bank projections foresee little further

recovery up to 2015 in real terms.

3.6.4 Sugar

Consumption has been growing fast in the devel-

oping countries, which now account for 72 percent

of world consumption (up from 52 percent in the

mid-1970s), including the sugar equivalent of some

60-65 percent of Brazil’s sugar-cane production

used in ethanol production (USDA, 1998a). In

contrast, consumption has grown very little in the

industrial countries, and has declined in the transi-

tion economies in the 1990s. An important factor 

in the stagnation of sugar consumption in the

industrial countries has been the rapid expansion of

corn-based sweeteners in the United States, where

they now exceed consumption of sugar (11.8 million

short tonnes dry weight, versus 9.4 million short

tonnes of refined sugar). Production of the major

sweetener, HFCS, shot up from negligible quanti-

ties in the mid-1970s to 5 million short tonnes in 

the mid-1980s and to 9.7 million short tonnes

currently.44

Sugar is produced under heavy protection in

the industrial countries, with the exception of the

traditional exporters among them (Australia and

South Africa) (OECD, 2002). Under this shelter,

production grew at 1.5 percent p.a. in the last three

decades, at a time when total consumption in indus-

44 Data from www.ers.usda.gov/briefing/sugar/Data/data.htm/  
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Production*

Developing countries 3 000 3.1 3.8 2.1 1.8 1.4

World 3 000 3.1 3.8 2.1 1.8 1.4

Food consumption (kg/person/year)*

1964/66 1974/76 1984/86 1997/99 2015 2030

Developing countries 0.08 0.06 0.08 0.14 0.17 0.21

Industrial countries 1.37 1.42 1.65 2.08 2.38 2.62

Transition countries 0.40 0.70 0.73 0.87 1.15 1.48

World 0.38 0.37 0.40 0.49 0.52 0.55

Net trade (’000 tonnes)*

Industrial countries -1 011 -1 070 -1 352 -1 802 -2 310 -2 625

Transition countries -133 -266 -288 -375 -475 -580

Developing countries 1 114 1 310 1 614 2 126 2 725 3 160

Exporters in 1997/99 1 159 1 354 1 688 2 413 3 145 3 715

Côte d'Ivoire 133 233 557 1 170

Ghana 458 369 194 329

Indonesia 0 0 28 322

Nigeria 232 228 157 163

Cameroon 86 99 108 122

Malaysia -1 9 102 95

Ecuador 34 64 86 63

Dominican Republic 26 26 35 43

Brazil 107 229 325 31

Other 83 98 97 75

Importers in 1997/99 -45 -43 -75 -287 -420 -560

Mexico 6 7 4 -40

China (incl.Taiwan Prov.of China 
and Hong Kong SAR) -10 -10 -17 -39

Argentina -11 -10 -14 -26

Philippines -9 -3 0 -25

Turkey -1 -2 -4 -20

Korea, Rep. 0 -1 -7 -14

Chile -2 -1 -4 -13

Other -20 -23 -33 -110

Table 3.22   Cocoa and products, production, consumption and trade: past and projected 

’000 Growth rates, percentage p.a.
tonnes

1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030

* Cocoa and products in bean equivalent
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trial countries was not growing. The result has been

that these countries turned from net importers of

7.4 million tonnes in the mid-1970s to net exporters

of 3.8 million tonnes in 1997/99 (Figure 13.16). This

reflected partly the growing exports of Australia,

declining imports of the United States and nearly

stagnant imports in Japan, but above all it reflected

the shifting of the EU from a net importer of

1.9 million tonnes to a net exporter of 4 million

tonnes. As a result, the net exports of the devel-

oping exporters showed little growth from the late

1970s to the mid-1990s and shot up only in the

second half of the 1990s as several developing coun-

tries became major importers. 

A major characteristic of these developments is

that the low prices prevailing in world markets acted

as a disincentive to production in countries that

failed to improve productivity and, together with

the rapid growth of their own consumption,

contributed to turning several traditional exporting

developing countries into net importers. These

include countries such as the Philippines, Peru and

Taiwan Province of China. Collectively, they were

net exporters of 2.2 million tonnes in the mid-1970s.

They now have net imports of 0.7 million tonnes.

Consumption in the developing countries is

projected to continue to grow, from 21 kg person/

year currently to 25 kg in 2030 (Table 3.23).

Growth could be higher if China’s policy to limit

saccharin consumption succeeds (Baron, 2001, 

p. 4). Much of the growth would occur in Asia, as

Latin America and the Near East/North Africa have

already attained fairly high levels of consumption

(Table 2.8). Per capita consumption will probably

remain constant in the industrial countries,

compared with declines in part of the historical

period during which corn sweeteners were substi-

tuting for sugar in the United States. This process,

very pronounced up to the mid-1980s, has by now

been largely exhausted. It could be reversed if

sugar prices were not to be supported at the high

levels set by policy. Some increases are expected in

the transition countries, making up for some of the

declines suffered during the 1990s. 

A significant unknown that may influence the

sugar aggregates in the future is the fate of the use

of sugar cane and its main by-product, molasses, as

feedstocks for the production of fuel ethanol.

There has been renewed interest in this option

during the recent (year 2000) peak of world petro-

leum prices, which coincided with low sugar prices

in world markets.45 Several countries, including

“Australia, Thailand and India began to consider

the feasibility of large-scale ethanol production

while Mexico had proceeded as far as to undertake

pilot ethanol programmes to combat urban air

pollution” (Jolly, 2001). Enthusiasm with this

option weakened as price relationships returned to

more “normal” levels. Obviously, the prospect that

interest will be rekindled in the future will depend

on developments in the oil/sugar price ratios. The

latest World Bank price projections to 2015 indi-

cate that developments will probably not favour

this option. If anything, price prospects point in

the opposite direction: one barrel of oil may be

worth about 80 kg of sugar in 2015 (World Bank,

2001c, Table A2.12). 

The trade implications of these trends in

consumption are shown in Table 3.23. By and large,

recent trends in the pattern and rates of expansion

of the world sugar trade would continue. This

means that the fairly rapid expansion of imports

into the deficit developing countries will provide

scope for the main developing sugar-exporting

countries to continue to expand production for

export. The main divergence from past patterns 

is the likely arrest and some reversal of the trend 

for the industrial countries to be growing net

exporters. The traditional exporters in this group

(Australia and South Africa) should continue to

expand exports, but the EU is unlikely to continue

on the past path of rising net exports and may see

some reduction in net exports under the WTO

rules (Poonyth et al., 2000). 

Further pressure leading to increased EU

imports (hence lower net exports) will come from

the implementation of the Everything but Arms

Initiative (EBA) of free access to exports from the

least developed countries, with sugar liberalization

being phased in during the period 2006-09 (Baron,

2001, p. 6). However, the potential effect of EBA on

the EU’s sugar imports from this source is unlikely

45 In the first half of 1999 a barrel of oil (US$14, average monthly price January-June 1999) was worth about 100 kg of sugar at the then prevailing
world free market price of US$140/tonne. A year later (first half of 2000) it was worth almost twice as much (195 kg of sugar). The latest six-month
average price data (August 2001-January 2002) indicate a return to more normal levels (127 kg). Price data from the World Bank:
http://Worldbank.org/prospects/pinksheets/ 
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Production*

Developing countries 128 814 3.2 2.8 2.6 1.8 1.4

Industrial countries 36 049 1.5 1.1 1.7 0.1 0.3

Transition countries 8 553 -1.2 -2.4 -5.6 0.8 0.7

World 173 415 2.4 2.0 1.8 1.4 1.2

Food consumption (kg/person/year)*

1964/66 1974/76 1984/86 1997/99 2015 2030

Developing countries 14 16 19 21 23 25

Industrial countries 37 39 33 33 33 33

Transition countries 37 45 46 34 35 36

World 21 23 23 24 25 2

Net trade (’000 tonnes)*

Industrial countries -7 425 -7 519 12 3 755 2 850 3 570

Australia 1 228 1 919 2 539 4 304

EU15 -2 675 -1 857 2 595 4 125

South Africa 426 780 861 1 142

Japan -1 451 -2 535 -1 880 -1 608

United States -3 536 -4 196 -2 246 -2 309

Other industrial -1 417 -1 630 -1 857 -1 899

Transition countries -748 -3 281 -5 281 -5 863 -5 350 -4 270

Developing countries 7 908 11 107 6 993 5 833 6 000 4 000

Exporters in 1997/99 8 803 12 391 16 143 22 696 28 850 34 400

Brazil 672 1 783 3 535 9 304

Thailand 64 725 1 702 3 348

Cuba 4 570 5 667 6 706 2 924

Guatemala 46 215 259 1 179

Colombia 85 142 239 975

Mexico 509 196 11 877

Pakistan -28 -16 -77 592

Mauritius 575 573 566 531

Other 2 310 3 106 3 203 2 969

Importers in 1997/99 -895 -1 283 -9 150 -16 864 -22 850 -30 350

Korea, Rep. -41 -215 -591 -1 021

Iran, Islamic Rep. -395 -377 -496 -1 119

Egypt -103 -114 -790 -1 236

Indonesia 62 -137 -23 -1 535

Other -417 -440 -7 249 -11 953

Table 3.23 Sugar, production, consumption and trade: past and projected

’000 Growth rates, percentage p.a.
tonnes

1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030

* Sugar in raw sugar equivalent
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to be dramatic (Stevens and Kennan, 2001). In

addition, the United States may revert to being a

growing net importer, mainly as a result of the

gradual reduction of tariffs on sugar imports from

Mexico under the NAFTA rules leading to tariff-

free market access from 2008 onwards (USDA,

2002, p. 45). Finally, the world’s largest importer,

Russia (1997/99 net imports 4.5 million tonnes, 

73 percent of consumption) is likely to continue to

hold this role for some time and only lose it in 

the second half of the projection period, as other

countries become larger importers and Russia 

itself moves towards 50 percent self-sufficiency

(Gudosnikov, 2001).

3.6.5 Bananas

Bananas are an important food crop in several

tropical developing countries (see earlier discus-

sion of roots and tubers). There are 12 countries

with a production of over 1 million tonnes annu-

ally, ranging from India (12 million tonnes) to

Venezuela (1 million tonnes). However, in only four

of them are bananas produced primarily for

export, with the part of total production going to

exports ranging from over 90 percent in Colombia

and Costa Rica, to 70 percent in Ecuador and 

33 percent in the Philippines.46 Among the major

producers, China is a significant net importer. 

Traditionally, markets for banana-exporting

countries were overwhelmingly in the industrial

countries (western Europe, North America and

Japan). Only in recent years have a number of

developing countries and transition economies

become significant importers. These two groups

now take 26 percent of exports from exporting

countries, up from only 9 percent ten years ago

(see Table 3.24). These trends are likely to continue

and their share could rise further to 33 percent by

2030, as both the transition economies and the

importing (largely non-producing) developing

countries will be increasing further their per capita

consumption and imports. However, the industrial

countries will continue to hold a dominant position

as major importers, with their consumption per

capita increasing further, although at a slower pace

than in the past. 

The trade policy reform in prospect in the EU

(shift from the preferential tariff-rate quotas

granted to the African, Caribbean and Pacific

Group of States [ACP] to a tariffs-only regime from

2006 onwards) will remove one of the major

sources of friction and may encourage consump-

tion in the EU by increasing supplies at lower

prices from the more efficient Latin American

producers. Naturally, this shift in policy has the
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Figure 3.16 Sugar, net trade positions, 1970-99

46 Other countries that produce predominantly for export include Guatemala, Panama, Côte d’Ivoire, Jamaica and several of the smaller Caribbean
countries whose banana production, and often their overall economies,  depend on exports to the EU under the preferential access regime (tariff-
rate quotas) of the ACP, which however is to terminate in 2006 when the EU will shift to a tariffs-only regime (WTO, 2001f).



121

PROSPECTS FOR AGGREGATE AGRICULTURE 
AND MAJOR COMMODITY GROUPS

Production

Developing countries 57 933 2.5 3.0 3.0 2.0 1.5

Industrial countries 996 1.3 0.8 0.9 0.7 0.7

World 58 929 2.5 2.9 3.0 2.0 1.5

Food consumption (kg/person/year)

1964/66 1974/76 1984/86 1997/99 2015 2030

Developing countries 7.1 6.9 7.7 8.5 9.6 10.4

Industrial countries 6.1 7.2 7.8 9.3 11.8 13.3

Transition countries 0.2 0.6 0.3 3.2 4.5 5.9

World 6.2 6.4 7.1 8.2 9.6 10.6

Net trade (’000 tonnes)

Industrial countries -3 954 -5 310 -5 964 -4 012 -10 900 -12 600

Transition countries -52 -219 -133 -1 421 -1 900 -2 350

Developing countries 3 922 5 361 5 951 10 447 13 600 16 000

Exporters in 1997/99 4 113 5 765 6 417 12 240 16 800 20 400

Ecuador 1 287 1 236 1 129 4 250

Costa Rica 323 1 070 917 2 272

Colombia 245 388 932 1 522

Philippines 0 761 815 1 204

Guatemala 65 282 351 663

Panama 328 490 648 555

Honduras 560 572 788 353

Mexico 14 5 52 220

Côte d' Ivoire 130 136 98 204

Others 1 161 825 685 997

Importers in 1997/99 -192 -403 -465 -1 793 -3 200 -4 400

Korea, Rep. 0 -6 -4 -129

Saudi Arabia -12 -35 -88 -144

Chile -33 -43 -37 -148

Iran, Islamic Rep. -3 -103 0 -190

Argentina -177 -123 -102 -263

China 23 2 -28 -491

Others 11 -96 -206 -429

Table 3.24 Bananas, production, consumption and trade: past and projected

’000 Growth rates, percentage p.a.
tonnes

1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030
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potential of damaging the ACP countries that will

lose preferential access to the EU market, particu-

larly those that are not in the LDC category. As

noted, the latter will have tariff-free access under

the EU’s EBA.

3.6.6 Natural rubber

Developments in natural rubber have some simi-

larities with those in the sugar sector. In the first

place, a good part of the growth in world consump-

tion originated in developing countries, which now

account for 50 percent of the world total, up from

only 28 percent in the mid-1970s. This growth

reflected, among other things, large increases in

consumption in some of the main producing coun-

tries such as Malaysia and India including, in the

case of Malaysia, domestic consumption used in the

production of rubber manufactures for export.

Second, the growth of exports of the developing

exporting countries has become increasingly

dependent on the growth of imports of other

developing countries (Table 3.25). And third,

natural rubber faces strong competition from

synthetic rubber in the industrial countries and

transition economies. However, unlike sugar, such

competition does not come from substitute agricul-

tural products produced under protection in the

industrial countries. Therefore, in contrast to the

case of sugar, policy issues relating to the rubber

trade and export earnings of the developing coun-

tries transcend the agriculture-specific aspects of

the trade policy debate, and extend into the more

general issues of, for example, price stabilization

schemes, commodity development and tariff esca-

lation with degree of processing.

The demand for rubber (both natural and

synthetic) is a close correlate of overall economic

growth and industrialization, in particular the

growth of the automotive sector (65-70 percent of

total rubber use is for tyres). The share of natural

rubber in total rubber consumption is influenced by

prices, technology and the mix of final rubber prod-

ucts. This latter factor can be particularly important;

the increase in the share of radial tyres and those 

for heavy trucks (which require a higher component

of natural rubber) in total tyre production will

favour natural rubber. This now accounts for about 

40 percent of aggregate rubber consumption,47 up

from some 30 percent in the 1980s. This increase in

the share reflected some radical changes in the

geographic patterns of consumption of both natural

rubber (above-mentioned increases in consumption

in the major producing countries) and synthetic

rubber, following the decline of total rubber

consumption (mostly synthetic) in the transition

economies. These factors, particularly the second,

will be less influential in the future and the rise in

the share of natural rubber is not likely to continue. 

In the longer term, the competitive position of

natural rubber vis-à-vis synthetic will depend on its

price relative to that of the main feedstock for the

production of synthetic rubber – petroleum. The

latest World Bank projections foresee a recovery in

the natural rubber price by 2015 from its very low

current levels, and a decline in the price of petro-

leum.48 Therefore, the share of natural rubber may

not continue growing and indeed may fall,49 leading

to a slowdown in total demand compared with the

past. This is reflected in the projections of Table

3.25: world demand is projected to grow at around

2.0 percent p.a. compared with 2.6 percent p.a. in

the last ten years. The historical trends of faster

growth in the consumption of natural rubber in the

developing countries compared with the industrial

ones are likely to continue, leading to further

increases in their share in world consumption, to 

60 percent by 2030. 

The predominance of the industrial countries as

major importers will continue although it will be

somewhat less pronounced than at present. These

countries now take 65 percent of the exports of 

the producing/exporting developing countries.

They may still account for 56 percent in 2030. The

importing developing countries undergoing rapid

industrialization (e.g. China, the Republic of Korea

and Brazil) will be gradually increasing their share

in world imports. However, prospective changes 

in the role of the importing developing countries 

as growing outlets for the exports of the producing/

exporting countries of natural rubber will be

nowhere near as revolutionary as those that have

characterized, and are still in prospect for, the sugar

sector. 

47 Average 1999/2000, from Rubber Statistical Bulletin, 56 (6). March 2002. 
48 Changes to 2015 from the three-year average of 1999/2001 (World Bank, 2001c, Table A2.12). 
49 A recent projections study suggests that the share of natural rubber may fall back to 35 percent by 2020 (Burger and Smit, 2000, Figure 5.4).
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PROSPECTS FOR AGGREGATE AGRICULTURE 
AND MAJOR COMMODITY GROUPS

Production

Developing countries 6 601 3.0 3.4 2.9 2.1 1.9

World 6 601 3.0 3.4 2.9 2.1 1.9

Total demand (’000 tonnes)

1964/66 1974/76 1984/86 1997/99 2015 2030

Developing countries 3 252 6.0 6.1 3.5 2.9 2.4

Industrial countries 3 091 1.7 2.0 2.2 1.1 1.2

Transition countries 170 -4.9 -6.8 -3.5 2.0 2.3

World 6 512 2.8 3.2 2.6 2.1 1.9

Net trade (’000 tonnes)

Industrial countries -1 500 -2 044 -2 349 -3 090 -3 750 -4 500

Transition countries -383 -493 -379 -170 -240 -350

Developing countries 1 902 2 452 2 728 3 424 4 150 5 000

Exporters in 1997/99 2 220 3 033 3 555 4 767 6 250 7 950

Thailand 210 356 680 1 982

Indonesia 684 798 990 1 498

Malaysia 928 1 507 1 493 589

Viet Nam 56 17 36 193

Côte d'Ivoire 3 16 41 96

Other exporters 339 339 316 409

Importers in 1997/99 -318 -581 -827 -1 343 -2 100 -2 950

China* -171 -275 -294 -516

Korea, Rep -13 -72 -163 -304

Brazil -6 -45 -65 -104

Other importers -129 -189 -305 -419

* Includes net trade of Hong Kong SAR and Taiwan Province of China.

Table 3.25 Natural rubber, production, consumption and trade: past and projected

’000 Growth rates, percentage p.a.
tonnes

1997/99 1969-99 1979-99 1989-99 1997/99 2015
-2015 -2030
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4.1 Introduction

This chapter discusses the main agronomic factors

underlying the projections of crop production

presented in Chapter 3. The focus is on crop

production in developing countries, for which the

projections were unfolded into land and yield

projections under rainfed (five land classes) and

irrigated conditions. Although the underlying

analysis was carried out at the level of individual

countries, the discussion here is limited to

presenting the results at the level of major regions,

which unavoidably masks wide intercountry differ-

ences. The parameters underlying the livestock

production projections will be discussed in

Chapter 5. Selected technology issues such as the

scope for further yield increases, technologies in

support of sustainable agriculture and the role of

biotechnology are discussed in Chapter 11. Issues

of environment and the possible impact of climate

change on crop production are the subjects of

Chapters 12 and 13. 

4.2 Sources of growth in crop 
production

Aggregate crop production at the world level 

is projected to grow over the period to 2030 at 

1.4 percent p.a., down from the annual growth of

2.1 percent of the past 30 years (Table 4.1). For the

developing countries as a group, the correspon-

ding growth rates are 1.6 and 3.1 percent p.a.,

respectively (or 1.8 and 2.7 percent p.a., excluding

China). The reasons for this continuing decelera-

tion in crop production growth have been

explained in Chapter 3.

The projected increase in world crop production

over the period from 1997/99 to 2030 is 55 percent,

against 126 percent over the past period of similar

length. Similar increases for the developing countries

as a group are 67 and 191 percent, respectively. The

only region where the projected increase would be

about the same as the historical one would be sub-

Saharan Africa, namely 123 and 115 percent, respec-

tively. The faster growth in the developing countries,

as compared to the world average, means that by

2030 this group of countries will account for almost

three-quarters (72 percent) of world crop produc-

tion, up from two-thirds (67 percent) in 1997/99 and

just over half (53 percent) 30 years earlier.

Crop production 
and natural resource use

4
CHAPTER



125

There are three sources of growth in crop

production: arable land expansion which, together

with increases in cropping intensities (i.e. increasing

multiple cropping and shorter fallow periods), leads

to an expansion in harvested area; and yield

growth. About 80 percent of the projected growth

in crop production in developing countries will

come from intensification in the form of yield

increases (67 percent) and higher cropping intensi-

ties (12 percent, Table 4.2). The share due to inten-

sification will go up to 90 percent and higher in the

land-scarce regions of the Near East/North Africa

and South Asia. The results for East Asia are heavily

influenced by China. Excluding the latter, intensifi-

cation will account for just over 70 percent of crop

production growth in East Asia. Arable land expan-

sion will remain an important factor in crop

production growth in many countries of sub-

Saharan Africa, Latin America and some countries

in East Asia, although much less so than in the past.

The estimated contribution of yield increases is

partly a result of the increasing share of irrigated

agriculture in total crop production (see Section

4.4.1), and irrigated agriculture is normally more

“intensive” than rainfed agriculture.

The results shown in Table 4.2 should be taken

as rough indications only. For example, yields here

are weighted yields (1989/91 price weights) for 

34 crops and historical data for arable land for

many countries are particularly unreliable.1 Data

on cropping intensities for most countries are non-

existent and for this study were derived by

comparing data on harvested land, aggregated

over all crops, with data on arable land. The

projections are the end result of a detailed investi-

gation of present and future land/yield combina-

tions for 34 crops under rainfed and irrigated

cultivation conditions, for 93 developing coun-

tries.2 In the developed countries, the area of

arable land in crop production has been stagnant

since the early 1970s and recently declining.

Hence growth in yields and more intensive use of

land accounted for all of their growth in crop

production and also compensated for losses in

their arable land area.

Growth in wheat and rice production in the

developing countries increasingly will have to come

from gains in yield (more than four-fifths), while

expansion of harvested land will continue to be a

major contributor to production growth of maize,

1969-99 1979-99 1989-99 1997/99 2015-30 1997/99

-2015 -2030

Percentage

All developing countries 3.1 3.1 3.2 1.7 1.4 1.6

excl. China  2.7 2.7 2.5 2.0 1.6 1.8

excl. China and India 2.7 2.6 2.5 2.0 1.7 1.9

Sub-Saharan Africa 2.3 3.3 3.3 2.6 2.5 2.5

Near East/North Africa 2.9 2.9 2.6 1.8 1.5 1.6

Latin America and the Caribbean 2.6 2.3 2.6 1.8 1.6 1.7

South Asia 2.8 3.0 2.4 2.1 1.5 1.8

East Asia 3.6 3.5 3.7 1.3 1.1 1.2

Industrial countries 1.4 1.1 1.6 0.9 0.9 0.9

Transition countries -0.6 -1.6 -3.7 0.7 0.7 0.7

World 2.1 2.0 2.1 1.5 1.3 1.4

Table 4.1 Annual crop production growth 

1 See Alexandratos (1995, p. 161, 168) for a discussion on problems with land use data.

2 Unfortunately, revised data for harvested land and yields by crop for China (mainland) are not available until the results of the 1997 Chinese

Agricultural Census have been processed and  published. Therefore, ad hoc adjustments had to be made to base year data based on fragmentary
non-official information on harvested land and yield by crop.

CROP PRODUCTION 
AND NATURAL RESOURCE USE
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possibly even more so than in the past (Table 4.3).

These differences are partly because the bulk of

wheat and rice is produced in the land-scarce

regions of Asia and the Near East/North Africa while

maize is the major cereal crop in sub-Saharan Africa

and Latin America, regions where many countries

still have room for area expansion. As discussed in

Chapter 3, an increasing share of the increment in

the production of cereals, mainly coarse grains, will

be used in livestock feed. As a result, maize produc-

tion in the developing countries is projected to grow

at 2.2 percent p.a. against “only” 1.3 percent for

wheat and 1.0 percent for rice. Such contrasts are

particularly marked in China where wheat and rice

production is expected to grow only marginally over

the projection period, while maize production is

expected to nearly double. Hence there will be a

corresponding decline in the wheat and rice areas

but an increase of 36 percent in the maize area.

The actual combination of the factors used in

crop production (land, labour and capital) in the

different countries will be determined by their rela-

tive prices. For example, taking the physical avail-

ability of land as a proxy for its relative scarcity and

hence price, one would expect land to play a

greater role in crop production the less scarce and

cheaper it is. For the 60 countries out of the 93

developing countries studied in detail, which at

present use less than 60 percent of their land esti-

mated to have some rainfed crop production

potential (see Section 4.3.1), arable land expansion

is projected to account for one-third of their crop

production growth. In the group of 33 land-scarce

countries – defined here as countries with more

Harvested land expansion Yield increases
1961 - 1999 1997/99 - 2030 1961 - 1999 1997/99 - 2030

Wheat 22 17 78 83

Rice 23 14 77 88

Maize 30 49 70 51

Arable land Increases Harvested Yield 
expansion in cropping land increases

(1) intensity expansion
(2) (1+2)

1961 1997/99 1961 1997/99 1961 1997/99 1961 1997/99
-1999 -2030 -1999 -2030 -1999 -2030 -1999 -2030

All developing countries 23 21 6 12 29 33 71 67

excl. China 23 24 13 13 36 37 64 63

excl. China and India 29 28 16 16 45 44 55 56

Sub-Saharan Africa 35 27 31 12 66 39 34 61

Near East/North Africa 14 13 14 19 28 32 72 68

Latin America and 46 33 -1 21 45 54 55 46
the Caribbean

South Asia 6 6 14 13 20 19 80 81

East Asia 26 5 -5 14 21 19 79 81

World 15 7 22 78

All developing countries

Crop production – rainfed  25 11 36 64

Crop production – irrigated 28 15 43 57

Table 4.2 Sources of growth in crop production (percentage)

Table 4.3 Sources of growth for major cereals in developing countries (percentage)
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than 60 percent of their suitable land already in use

– the contribution of land expansion is estimated to

be less than 10 percent.

For the developing countries, this study made

an attempt to break down crop production by

rainfed and irrigated land in order to analyse the

contribution of irrigated crop production to total

crop production. It is estimated that in the devel-

oping countries at present, irrigated agriculture,

with about a fifth of all arable land, accounts for 

40 percent of all crop production and almost 

60 percent of cereal production (Table 4.4). It

should be emphasized that, apart from some major

crops in some countries, there are only very limited

data on irrigated land by crops and the results

presented in Table 4.4 are almost entirely based 

on expert judgement (see Appendix 2 for the

approach followed in this study). Nevertheless, the

results suggest an increasing importance of irri-

gated agriculture, which accounts for a third of the

total increase in arable land and for over 70 percent

of the projected increase in cereal production. 

4.3 Agricultural land

At present some 11 percent (1.5 billion ha) of the

globe’s land surface (13.4 billion ha) is used in crop

production (arable land and land under permanent

crops). This area represents slightly over a third 

(36 percent) of the land estimated to be to some

degree suitable for crop production. The fact that

there remain some 2.7 billion ha with crop produc-

tion potential suggests that there is still scope for

further expansion of agricultural land. However,

there is also a perception, at least in some quarters,

that there is no more, or very little, land to bring

under cultivation. In what follows, an attempt is

made to shed some light on these contrasting views

by first discussing the most recent estimates of 

land with crop production potential and some

constraints to exploiting such suitable areas (Section

4.3.1). Then the projected expansion of the agricul-

tural area during the next three decades (to 2030)

is presented in Section 4.3.2, while Section 4.3.3

speculates about whether or not there will be an

increasing scarcity of land for agriculture.

4.3.1 Land with crop production potential
for rainfed agriculture

Notwithstanding the predominance of yield increases

in the growth of agricultural production, land

expansion will continue to be a significant factor in

those developing countries and regions where the

potential for expansion exists and the prevailing

farming systems and more general demographic and

socio-economic conditions favour it. One of the

frequently asked questions in the debate on world

food futures and sustainability is: how much land is

there that could be used to produce food to meet the

needs of the growing population? Since the late

1970s, FAO has conducted a series of studies to

determine the suitability of land for growing various

crops. Recently, a new study was undertaken

together with the International Institute for Applied

Systems Analysis (IIASA) to refine the methods,

update databases and extend the coverage to all

countries in the world by including also countries in

temperate and boreal climates, which were previ-

ously not covered. A summary description of the

method is given in Box 4.1 and a full description and

presentation of results can be found in Fischer, van

Velthuizen and Nachtergaele (2000).

Table 4.5 gives some results for selected crops

and input levels. At a high input level (commercial

farm operations, see Box 4.1), over 1.1 billion ha

would be suitable for growing wheat at an average

maximum attainable yield level of 6.3 tonnes/ha,

i.e. taking into account all climate, soil and terrain

All crops Cereals

Shares (percentage) Arable Harvested Production Harvested Production
land land land

Share in 1997/99 21 29 40 39 59

Share in 2030 22 32 47 44 64

Share in increment 1997/99–2030 33 47 57 75 73

Table 4.4 Shares of irrigated production in total crop production of developing countries 
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Actual Total suitable Very Suitable Moderately Marginally
1997/99 suitable suitable suitable

A Y % of land A Y A Y A Y A Y A Y

Wheat – high input

World 226 2.6 8.5 1139 6.3 160 9.4 397 7.8 361 5.2 221 3.0

All developing 111 2.5 4.1 314 5.3 38 8.2 97 6.7 105 4.7 74 2.7

Transition countries 51 2.0 15.6 359 6.3 44 9.6 107 8.2 130 5.3 78 3.4

Industrial countries 65 3.3 14.3 466 6.9 78 9.9 193 8.1 125 5.4 69 2.9

Wheat – low input
World 226 2.6 11.3 1510 2.3 175 4.1 403 2.9 487 2.0 445 1.2

All developing 111 2.5 6.1 467 1.7 31 3.1 101 2.4 152 1.7 183 1.0

Transition countries 51 2.0 18.5 425 2.6 47 4.4 127 3.2 151 2.3 100 1.3

Industrial countries 65 3.3 19.0 617 2.5 97 4.2 175 3.1 183 2.1 161 1.2

Rice – high input
World 161 3.6 12.5 1678 4.3 348 6.2 555 4.9 439 3.6 337 2.2

All developing 157 3.6 21.4 1634 4.3 347 6.2 549 4.9 423 3.6 315 2.2

Transition countries 0.5 2.5 0.0 1 3.2 0 0.0 0 7.6 0 4.3 1 2.6

Industrial countries 4 6.5 1.3 44 4.1 1 9.0 6 6.4 16 4.6 21 2.6

Maize – high input
World 144 4.2 11.6 1557 8.2 246 13.2 439 10.3 393 7.4 479 4.3

All developing 99 2.8 18.2 1382 8.0 221 13.2 359 10.3 339 7.3 463 4.3

Transition countries 9 3.9 0.5 11 6.9 1 13.4 8 7.3 2 5.3 1 3.4

Industrial countries 38 7.7 5.0 163 9.6 24 13.9 73 10.7 52 7.7 15 4.6

Soybean– high input
World 72 2.1 10.3 1385 2.4 183 4.0 353 3.1 415 2.2 434 1.3

All developing 41 1.8 16.8 1277 2.4 173 4.0 324 3.1 372 2.2 407 1.3

Transition countries 0.7 1.3 0.1 3 3.0 1 4.2 1 3.2 1 2.3 0 1.5

Industrial countries 30 2.6 3.2 105 2.6 10 4.1 27 3.3 42 2.4 26 1.5

Notes: A=area in million ha; Y=average attainable yield in tonnes/ha. The 1997/99 data are not distinguished by input level as information does not
exist. The area data for 1997/99 refer to harvested area and elsewhere in the table to arable area. 

constraints. At the low technology level (subsistence

farming), 1.5 billion ha would be suitable, but at an

average maximum yield level of only 2.3 tonnes/ha.

The suitable area at this lower input level is greater

because, for example, tractors (high input level)

cannot be used on steep slopes. For developing

countries alone, the estimates are 314 million ha

and 5.3 tonnes/ha under the high technology level

because most of the suitable area for wheat at this

input level is in the developed countries. For the

other crops shown, the bulk of the suitable area is

in the developing countries.

Summing over all crops and technology levels

considered (see Box 4.1), it is estimated that about

30 percent of the world’s land surface, or 4.2 billion

ha, is suitable for rainfed agriculture (Table 4.6). Of

this area, the developing countries have some 

2.8 billion ha of land of varying qualities that have

potential for growing rainfed crops at yields above

an “acceptable” minimum level. Of this land,

nearly 960 million ha are already in cultivation.

The remaining 1.8 billion ha would therefore seem

to provide significant scope for further expansion

of agriculture in developing countries. However,

this favourable impression must be much qualified

if a number of considerations and constraints are

taken into account.

First, the method of deriving the land suit-

ability estimates: it is enough for a piece of land to

support a single crop at a minimum yield level for

it to be deemed suitable. For example, large tracts

of land in North Africa permit cultivation of only

olive trees. These lands therefore are counted as

“suitable” although one might have little use for

them in practice (see also Box 4.2 for further

similar qualifications).

Table 4.5 Land with rainfed crop production potential for selected crop and input levels
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Box 4.1  Summary methodology of estimating land potential for rainfed agriculture

For each country an evaluation was made of the suitability of land for growing 30 crops1 under rainfed condi-

tions and various levels of technology. The basic data for the evaluation consist of several georeferenced data

sets: the inventory of soil characteristics from the digital FAO-UNESCO Soil Map of the World (SMW; FAO,

1995a), an inventory of terrain characteristics contained in a digital elevation model (DEM; EROS Data Center,

1998), and an inventory of climate regimes (New, Hulme and Jones, 1999). The data on temperature, rainfall,

relative humidity, wind speed and radiation are used, together with information on evapotranspiration, to define

the length of growing periods (LGPs), i.e. the number of days in a year when moisture availability in the soil

and temperature permit crop growth.

The suitability estimates were carried out for grid cells at the 5 arc minute level (9.3 by 9.3 km at the

equator), by interfacing the soil, terrain and LGP characteristics for each grid cell with specific growth require-

ments (temperature profile, moisture, nutrients, etc.) for each of the 30 crops under three levels of technology.

These levels of technology are: low, using no fertilizers, pesticides or improved seeds, equivalent to subsistence

farming; intermediate, with some use of fertilizers, pesticides, improved seeds and mechanical tools; and high,

with full use of all required inputs and management practices as in advanced commercial farming. The resulting

average attainable yields for each cell, crop and technology alternative were then compared with those obtain-

able under the same climate and technology on land without soil and terrain constraints, termed here the

maximum constraint-free yield (MCFY). The land in each grid cell is for each crop (and technology level) subdi-

vided into five suitability classes on the basis of the average attainable yield as a percentage of the MCFY, as

follows – very suitable (VS): at least 80 percent; suitable (S): 60 to 80 percent; moderately suitable (MS): 40 to

60 percent and marginally suitable (mS): 20 to 40 percent. Not suitable (NS) land is that for which attainable

yields are below 20 percent of the MCFY.

The result of this procedure is an inventory of land suitability by grid cell for each crop and technology level.

To make statements of the overall suitability for rainfed agriculture, one has to aggregate the suitability estimates

for all crops and technology levels.2 There are various ways of doing this (e.g. one could add up over crops by

applying value (prices) or energy (calories) weights to arrive at an “average” crop). Here the method applied in

Fischer, van Velthuizen and Nachtergaele (2000) was followed: For each grid cell, first the largest (i.e. out of all

the crops considered) extent of very suitable and suitable area under the high technology level was taken. Then

the part of the largest very suitable, suitable and moderately suitable area under the intermediate technology,

exceeding this first area, was added. Finally the part of the largest very suitable, suitable, moderately suitable

and marginally suitable area under the low technology, exceeding this second area, was added. The rationale

for this methodology is that it is unlikely to make economic sense to cultivate moderately and marginally suit-

able areas under the high technology level, or to cultivate marginally suitable areas under the intermediate tech-

nology level. The result of this is the maximum suitable area in each grid cell under what was dubbed the

“mixed” input level. Table 4.6 shows the results of aggregating over all grid cells in each country.

It is noted, however, that some of the land classified as not suitable on the basis of this evaluation is used

for rainfed agriculture in some countries, e.g. where steep land has been terraced or where yields less than the

MCFY are acceptable under the local economic and social conditions (see also Box 4.2). For these reasons,

land reported as being in agricultural use in some countries exceeds the areas deemed here as having rainfed

crop production potential.

1 These crops are: wheat (2 types), rice (3 types), maize, barley (2 types), sorghum, millet (2 types), rye (2 types), potato, cassava, sweet
potato, phaseolus bean, chickpea, cowpea, soybean, rapeseed (2 types), groundnut, sunflower, oil palm, olive, cotton, sugar cane, sugar
beet and banana.

2 For a full explanation of the methodology, see Fischer, van Velthuizen and Nachtergaele (2000). The estimate of total potential land of 
2 603 million ha in developing countries, excluding China, is about 3 percent higher than the 2 537 million ha estimated for the 1995
edition of this study (Alexandratos, 1995). This is due to the more refined methodology followed in the present study, new climate and
terrain data sets, the increase in the number of crops for which suitability was tested (from 21 in 1995 to 30 in the present study), and
a different method of aggregation.
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Second, the land balance (land with crop

production potential not in agricultural use) is very

unevenly distributed among regions and countries.

Some 90 percent of the remaining 1.8 billion ha is

in Latin America and sub-Saharan Africa, and

more than half of the total is concentrated in just

seven countries (Brazil, the Democratic Republic 

of the Congo, the Sudan, Angola, Argentina,

Colombia and Bolivia). At the other extreme, there

is virtually no spare land available for agricultural

expansion in South Asia and the Near East/North

Africa. In fact, in a few countries in these two latter

regions, the land balance is negative, i.e. land clas-

sified as not suitable is made productive through

human intervention such as terracing of sloping

land, irrigation of arid and hyperarid land, etc.

and is in agricultural use. Even within the relatively

land-abundant regions, there is great diversity of

land availability, in terms of both quantity and

quality, among countries and subregions.

Third, much of the land also suffers from

constraints such as ecological fragility, low fertility,

toxicity, high incidence of disease or lack of infra-

structure. These reduce its productivity, require

high input use and management skills to permit

its sustainable use, or require prohibitively high

investments to be made accessible or disease-free.

Alexandratos (1995, Table 4.2) shows that over

70 percent of the land with rainfed crop production

potential in sub-Saharan Africa and Latin America

suffers from one or more soil and terrain

constraints. Natural causes as well as human

intervention can also lead to deterioration of the

productive potential of the resource, for example

through soil erosion or salinization of irrigated

areas. Hence this evaluation of suitability may

contain elements of overestimation (see also Bot,

Nachtergaele and Young, 2000) and much of the

land balance cannot be considered to be a

resource that is readily usable for food production

on demand.

There is another cause for the land balance to

be overestimated: it ignores land uses other than

for growing the crops for which it was evaluated.

Thus, forest cover, protected areas and land used

for human settlements and economic infrastructure

are not taken into account. Alexandratos (1995) 

estimated that forests cover at least 45 percent,

protected areas some 12 percent and human settle-

ments some 3 percent of the land balance, with

wide regional differences. For example, in the

land-scarce region of South Asia, some 45 percent

of the land with crop production potential but not

yet in agricultural use is estimated to be occupied

by human settlements. This leaves little doubt that

population growth and further urbanization will be

a significant factor in reducing land availability for

agricultural use in this region.

Developing countries 7 302 38 2 782 1 109 1 001 400 273 4 520

Sub-Saharan Africa 2 287 45 1 031 421 352 156 103 1 256

Near East/North Africa 1 158 9 99 4 22 41 32 1 059

Latin America and 2 035 52 1 066 421 431 133 80 969
the Caribbean

South Asia 421 52 220 116 77 17 10 202

East Asia 1 401 26 366 146 119 53 48 1 035

Industrial countries 3 248 27 874 155 313 232 174 2 374

Transition countries 2 305 22 497 67 182 159 88 1 808

World* 13 400 31 4 188 1 348 1 509 794 537 9 211

* Including some countries not covered in this study.

Table 4.6 Land with rainfed crop production potential
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Box 4.2  Estimating the land potential for rainfed agriculture: some observations1

The evaluation of land potential undertaken in the global agro-ecological zones (GAEZ) study starts by taking

stock of (i) the biophysical characteristics of the resource (soil, terrain, climate); and (ii) the growing require-

ments of crops (solar radiation, temperature, humidity, etc.). The data in the former set are interfaced with those

in the second set and conclusions are drawn on the amount of land that may be classified as suitable for

producing each one of the crops tested (see Fischer, van Velthuizen and Nachtergaele, 2000). 

The two data sets mentioned above can change over time. Climate change, land degradation or, conversely,

land improvements, together with the permanent conversion of land to non-agricultural uses, all contribute to

change the extent and characteristics of the resource. This fact is of particular importance if the purpose of the

study is to draw inferences about the adequacy of land resources in the longer term. 

In parallel, the growth of scientific knowledge and the development of technology modify the growing

requirements of the different crops for achieving any given yield level. For example, in the present round of

GAEZ work the maximum attainable yield for rainfed wheat in subtropical and temperate environments is put

at about 12 tonnes/ha in high input farming and about 4.8 tonnes/ha in low input farming. Some 25 years ago,

when the first FAO agro-ecological zone study was carried out (FAO, 1981b), these yields were put at only 

4.9 and 1.2 tonnes/ha, respectively. Likewise, land suitable for growing wheat at, say, 5 tonnes/ha in 30 years

time may be quite different from that prevailing today, if scientific advances make it possible to obtain such

yields where only 2 tonnes/ha can be achieved today. A likely possibility would be through the development

of varieties better able to withstand stresses such as drought, soil toxicity and pest attack. Scientific knowledge

and its application will obviously have an impact on whether or not any given piece of land will be classified

as suitable for producing a given crop.

Land suitability is crop-specific. To take an extreme example, more than 50 percent of the land area in the

Democratic Republic of the Congo is suitable for growing cassava but less than 3 percent is suitable for growing

wheat. Therefore, before statements can be made about the adequacy or otherwise of land resources to grow

food for an increasing population, the information about land suitability needs to be interfaced with informa-

tion about expected demand patterns – volume and commodity composition of both domestic and foreign

demand. For example, the Democratic Republic of the Congo’s ample land resources suitable for growing

cassava will be of little value unless there is sufficient domestic or foreign demand for the country’s cassava,

now or in the future.

Declaring a piece of land as suitable for producing a certain crop implicitly assumes that people find it

worthwhile to exploit the land for this purpose. In other words, land must not only possess minimum biophys-

ical attributes in relation to the requirements of the crops for which there is, or will be, demand, but it must

also be in a socio-economic environment in which people consider it an economic asset. For example, in low-

income countries, people will exploit land even if the yields or, more precisely, the returns to their work, are

low relative to the urgency to secure their access to food. This means that the price of food is high relative to

their income and that the opportunities of earning higher returns from other activities are limited as well. Thus,

what qualifies as land with an acceptable production potential in a poor country may not be so in a high-

income one. An exception would be if poor quality of land were compensated by a larger area per person with

access to mechanization2 so that returns to work in farming would generate income not far below earnings

from other work. Obviously, the socio-economic context within which a piece of land exists and assumes a

given value or utility, changes over time: what qualifies today as land suitable for farming may not be so

tomorrow.

It is no easy task to account fully for all these factors in arriving at conclusions concerning how much land

with crop production potential there is. For example, if food became scarce and its real price rose, more land

would be worth exploiting and hence be classified as agricultural than would otherwise be the case. Therefore,

depending on how such information is to be used, one may want to adopt different criteria and hence generate

alternative estimates.

1 Adapted from Alexandratos and Bruinsma (1999).
2 Relatively low-yield rainfed but internationally competitive agriculture (wheat yields of 2.0-2.5 tonnes/ha compared with double that in

western Europe) is practised in such high-income countries as the United States, Canada and Australia. But this is in large and fully mech-
anized farms permitting the exploitation of extensive areas that generate sufficient income per holding even if earnings per ha are low.
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These considerations underline the need to

interpret estimates of land balances with caution

when assessing land availability for agricultural

use. Cohen (1995) summarizes and evaluates all

estimates made of available cultivable land,

together with their underlying methods, and 

shows their extremely wide range. Young (1999)

offers a critique of the more recent estimates of

available cultivable land, including those given in

Alexandratos (1995), and states that “an order-of-

magnitude estimate reaches the conclusion that in

a representative area with an estimated land

balance of 50 percent, the realistic area is some 3 to

25 percent of the cultivable land”.

4.3.2 Expansion of land in crop production

There is a widespread perception that there is no

more, or very little, new land to bring under culti-

vation. Some of this perception may be well

grounded in the specific situations of land-scarce

countries and regions such as Japan, South Asia

and the Near East/North Africa. Yet this perception

may not apply, or may apply with much less force,

to other parts of the world. As discussed above,

there are large tracts of land with varying degrees

of agricultural potential in several countries, most

of them in sub-Saharan Africa and Latin America,

with some in East Asia. However, this land may lack

infrastructure, be partly under forest cover or be in

wetlands that have to be protected for environ-

mental reasons, or the people who would exploit it

for agriculture lack access to appropriate techno-

logical packages or the economic incentives to

adopt them.

In reality, expansion of land in agricultural use

takes place all the time. It does so mainly in coun-

tries that combine growing needs for food and

employment with limited access to technology

packages that could increase intensification of culti-

vation on land already in agricultural use. The data

show that expansion of arable land continues to be

an important source of agricultural growth in sub-

Saharan Africa, South America and East Asia,

excluding China (Table 4.7).3

The projected expansion of arable land in crop

production shown in Tables 4.7, 4.8 and 4.9, has

been derived for the rainfed and irrigated land

classes. In each country the following factors have

been taken into account: (i) actual data or, in many

cases, estimates for the base year 1997/99 on

harvested land and yield by crop in each of the two

classes; (ii) total arable land and cropping intensity

in each class; (iii) production projections for each

crop; (iv) likely increases in yield by crop and land

class; (v) increases in the irrigated area; (vi) likely

increases in cropping intensities; and (vii) the land

balances for rainfed agriculture described in the

preceding section, and for irrigated land discussed

in the following section. This method was used only

for the 93 developing countries covered in this

study (see Appendix 1). For the developed coun-

tries or country groups, only projections of crop

production have been made, which were then

translated into projections for total harvested land

and yield by crop.

The overall result for developing countries is 

a projected net increase in the arable area of 

120 million ha (from 956 in the base year to 1 076 in

2030), an increase of 12.6 percent (see Table 4.7).4

The increase for the period 1961/63 to 1997/99 was

172 million ha, an increase of 25 percent. Not

surprisingly, the bulk of this projected expansion 

is expected to take place in sub-Saharan Africa 

(60 million), Latin America (41 million) and East

Asia, excluding China (14 million), with almost no

land expansion in the Near East/North Africa and

South Asia regions and even a decline in the arable

land area in China. The slowdown in the expan-

sion of arable land is mainly a consequence of the

projected slowdown in the growth of crop produc-

tion and is common to all regions.

The projected increase of arable land in agri-

cultural use is a small proportion (6.6 percent) of

the total unused land with rainfed crop production

potential. What does the empirical evidence show

concerning the rate and process of land expansion

for agricultural use in the developing countries?

Microlevel analyses have generally established that

under the socio-economic and institutional condi-

3 Historical data for China have been drastically revised upwards from 1985 onwards, which distorts the historical growth rates in Table 4.7 for East
Asia (and for the total of developing countries).

4 As mentioned in Section 4.2, data on arable land are unreliable for many countries. Therefore base year data were adjusted and are shown in
column (4) as “1997/99 adjusted”. 
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tions (land tenure, etc.) prevailing in many devel-

oping countries, increases in output are obtained

mainly through land expansion, where the phys-

ical potential for doing so exists. For example, in a

careful analysis of the experience of Côte d’Ivoire,

Lopez (1998) concludes that “the main response of

annual crops to price incentives is to increase the

area cultivated”. Similar findings, such as the rate

of deforestation being positively related to the

price of maize, are reported for Mexico by

Deininger and Minten (1999). Some of this land

expansion is taking place at the expense of long

rotation periods and fallows, a practice still

common to many countries in sub-Saharan Africa,

with the result that the natural fertility of the soil is

reduced. Since fertilizer use is often uneconomic,

the end result is soil mining and stagnation or

outright reduction of yields. 

The projected average annual increase in the

developing countries’ arable area of 3.75 million ha

(120/32), compared with 4.8 million (172/36) in the

historical period, is a net increase. It is the total of

gross land expansion minus land taken out of

production for various reasons, for example

because of degradation or loss of economic

viability. An unknown part of the new land to be

brought into agriculture will come from land

currently under forests. If all the additional land

came from forested areas, this would imply an

annual deforestation rate of 0.2 percent, compared

with the 0.8 percent (or 15.4 million ha p.a.) for the

1980s and 0.6 percent (or 12.0 million ha p.a.) for

the 1990s (FAO, 2001c). The latter estimates, of

course, include deforestation from all causes, such

as informal non-recorded agriculture, grazing,

logging, gathering of fuelwood, etc.

Arable land in use Annual growth Balance

1961 1979 1997 1997 2015 2030 1961 1997/99 1997 2030 1997 2030

/63 /81 /99 /99 adj. -1999 -2030 /99 /99

(million ha) (% p.a.) (%) (million ha)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Sub-Saharan Africa 119 138 156 228 262 288 0.77 0.72 22 28 803 743

Near East/ North Africa 86 91 100 86 89 93 0.42 0.23 87 94 13 6

Latin America and 104 138 159 203 223 244 1.22 0.57 19 23 863 822
the Caribbean

South Asia 191 202 205 207 210 216 0.17 0.13 94 98 13 4

excl. India 29 34 35 37 38 39 0.37 0.12 162 168 -14 -16

East Asia 176 182 227 232 233 237 0.89 0.06 63 65 134 129

excl. China 72 82 93 98 105 112 0.82 0.43 52 60 89 75

Developing countries 676 751 848 956 1 017 1 076 0.68 0.37 34 39 1 826 1 706

excl. China 572 652 713 822 889 951 0.63 0.46 32 37 1 781 1 652

excl. China and India 410 483 543 652 717 774 0.81 0.54 27 32 1 755 1 633

Industrial countries 379 395 387 0.07 44 487

Transition countries 291 280 265 -0.19 53 232

World 1 351 1 432 1 506 0.34 36 2 682

Source: Column (1)-(3): FAOSTAT, November 2001. 
Note: “World” includes a few countries not included in the other country groups shown.

Table 4.7 Total arable land: past and projected

Land in use
as % 

of potential
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The arable area in the world as a whole

expanded between 1961/63 and 1997/99 by 155

million ha (or 11 percent), the result of two oppo-

site trends: an increase of 172 million ha in the

developing countries and a decline of 18 million ha

in the developed ones. This decline in the arable

area in the latter group has been accelerating over

time (-0.3 percent p.a. in the industrial countries

and -0.6 percent p.a. in transition countries during

1989-99). The longer-term forces determining

such declines are sustained yield growth combined

with a continuing slowdown in the growth of

demand for their agricultural products. In addi-

tion, there are more temporary phenomena such

as policy changes in the industrial countries and

political and economic transition problems in the

former centrally planned countries. No projections

were made for arable land in the developed coun-

tries but, assuming a continuation of these trends,

one would expect a further decline in the devel-

oped countries’ arable area. However, this decline

in arable area could in part be offset by the

emerging trend towards a de-intensification of

agriculture in these countries through increasing

demand for organic products and for environmen-

tally benign cultivation practices, and a possible

minor shift of agriculture to temperate zones

towards the end of the projection period because of

climate change. The net effect of these counter-

vailing forces could be a roughly constant or only

marginally declining arable area in the developed

countries. Arable area expansion for the world as a

whole therefore would more or less equal that of

the developing countries.

Although the developing countries' arable area

is projected to expand by 120 million ha over the

projection period, the harvested area will expand

by 178 million ha or 20 percent, because of

increases in cropping intensities (Table 4.8). The

increase of harvested land over the historical

period (1961/63 to 1997/99) was 221 million ha or

38 percent. Sub-Saharan Africa alone accounts for

63 million ha, or 35 percent, of the projected

increase in harvested land, the highest among all

regions. This is a consequence of the high and

sustained growth in crop production projected for

this region (see Table 4.1) combined with the

region’s scope for further land expansion. The

other region for which a considerable expansion of

the harvested area is foreseen, albeit at a slower

pace than in the past, is Latin America with an

increase of 45 million ha. 

As mentioned before, the quality of the data for

arable land use leaves much to be desired (see also

Young, 1998). The data of harvested or sown areas

for the major crops are more reliable. They show

that expansion of harvested area continues to be an

important source of agricultural growth, mainly in

sub-Saharan Africa, but also in Southeast Asia and,

to a lesser extent, in Latin America. Overall, for 

the developing countries, excluding China, the

harvested area under the major crops (cereals,

oilseeds, pulses, roots/tubers, cotton, sugar cane/

beet, rubber and tobacco) grew by 10 percent

during the ten years from 1987/89 to 1997/99, or

about 1 percent p.a. This is only slightly higher

than the growth rate of 0.9 percent p.a. projected

for all crops for the 21-year period 1988/90-2010 in

Alexandratos, 1995 (p. 165).

The overall cropping intensity for developing

countries will rise by about 6 percentage points

over the projection period (from 93 to 99 percent).

Cropping intensities continue to rise through

shorter fallow periods and more multiple crop-

ping. An increasing share of irrigated land in total

agricultural land contributes to more multiple

cropping. About one-third of the arable land in

South and East Asia is irrigated, a share which is

projected to rise to 40 percent in 2030. The high

irrigation share is one of the reasons why the

average cropping intensities in these regions are

considerably higher than in the other regions.

Average cropping intensities in developing coun-

tries, excluding China and India which together

account for more than half of the irrigated area in

the developing countries, are and will continue to

be much lower.

The rise in cropping intensities has been one of

the factors responsible for increasing the risk of

land degradation and threatening sustainability,

when it is not accompanied by technological

change to conserve the land, including adequate

and balanced use of fertilizers to compensate for

soil nutrient removal by crops. It is expected that

this risk will continue to exist because in many

cases the socio-economic conditions will not favour

the promotion of the technological changes

required to ensure the sustainable intensification

of land use (see Chapter 12 for a further discussion

of this issue).
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4.3.3 Is land for agriculture becoming 
scarcer?5

As noted in the preceding section, land in agricul-
tural use (arable land and land under permanent
crops) in the world as a whole has increased 
by only 155 million ha or 11 percent to about 
1.5 billion ha between the early 1960s and the late
1990s. Nevertheless there were very significant
changes in some regions. For example, the
increase was over 50 percent in Latin America,
which accounted for over one-third of the global
increase. During the same period, the world popu-
lation nearly doubled from 3.1 billion to over 
5.9 billion. By implication, arable land per person
declined by 40 percent, from 0.43 ha in 1961/63 to
0.26 ha in 1997/99. In parallel, there is growing
preoccupation that agricultural land is being lost
to non-agricultural uses. In addition, the ever
more intensive use of land in production through
multiple cropping, reduced fallow periods, exces-
sive use of agrochemicals, spread of monocultures,
etc. is perceived as leading to land degradation
(soil erosion, etc.) and the undermining of its long-
term productive potential.

These developments are seen by many as

having put humanity on a path of growing scarcity

of land as a factor in food production, with the

implication that it is, or it will be in the near future,

becoming increasingly difficult to produce the food

required to feed the ever-growing human popula-

tion. Are these concerns well founded? Any

discourse about the future should be as precise as

possible concerning the magnitudes involved: how

much land there is (quantity, quality, location) and

how much more food, what type of food and where

it is required, now or at any given point of time in

the future. The brief discussion of historical devel-

opments and, in particular, of future prospects in

world food and agriculture presented in Chapters

2 and 3, provides a rough quantitative framework

for assessing such concerns.

The evidence presented above about historical

developments does not support the notion that it

has been getting increasingly difficult for the world

to extract from the land an additional unit of food.

Rather the contrary has been happening, as shown

by the secular decline in the real price of food. This

Total land in use Rainfed use Irrigated use

A CI H A CI H A CI H

Sub-Saharan Africa 1997/99 228 68 154 223 67 150 5 86 4.5

2030 288 76 217 281 75 210 7 102 7

Near East/North Africa 1997/99 86 81 70 60 72 43 26 102 27

2030 93 90 83 60 78 46 33 112 37

Latin America and the Caribbean 1997/99 203 63 127 185 60 111 18 86 16

2030 244 71 172 222 68 150 22 100 22

South Asia 1997/99 207 111 230 126 103 131 81 124 100

2030 216 121 262 121 109 131 95 137 131

East Asia 1997/99 232 130 303 161 120 193 71 154 110

2030 237 139 328 151 122 184 85 169 144

All above 1997/99 956 93 885 754 83 628 202 127 257

2030 1 076 99 1 063 834 87 722 242 141 341

excl. China 1997/99 822 83 679 672 76 508 150 114 171

2030 951 90 853 769 81 622 182 127 230

excl. China/India 1997/99 652 75 489 559 70 392 93 105 97

2030 774 83 641 662 77 507 112 119 134

Note: A=arable land in million ha; CI=cropping intensity in percentage; H=harvested land in million ha.

Table 4.8 Arable land in use, cropping intensities and harvested land 

5 Adapted from Alexandratos and Bruinsma (1999).
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secular decline indicates that it has been getting

easier for humanity to produce an additional unit

of food relative to the effort required to produce an

additional unit of an “average” non-food product.

This statement applies to the world as a whole, not

necessarily to particular locations, and is valid only

under particular conditions which are, essentially,

the absence of market failures and ethical accept-

ability of the resulting distribution of access to food

by different population groups.

The notion that resources for producing food,

in which land is an important constituent, have

been getting more abundant rather than scarcer in

relative terms, i.e. in relation to the aggregate

stocks of resources of the global economy, appears

counter-intuitive. How can it be reconciled with

the stark fact that the world population nearly

doubled while land in agricultural use increased

by only 11 percent, meaning that land per capita

declined by some 40 percent? The answer is

to be found in the fact that over the same period

yields per ha of cropped area increased, as did the

cropping intensity in the areas where a combina-

tion of irrigation and agro-ecological conditions

permitted it and the growth of the demand for

food justified it economically. For example, during

the 36-year period when world average grain

yields more than doubled from 1.4 tonnes/ha in

1961/63 to 3.05 tonnes/ha in 1997/99 and the

overall cropping intensity probably increased by

some 5 percentage points, the amount of arable

land required to produce any given amount of

grain declined by some 56 percent. This decline

exceeded the above-mentioned 40 percent fall in

the arable land per person which occurred during

the same period.

In this comparison of physical quantities, land

for food production is seen to have become less

scarce, not scarcer. The economic evidence, a

declining real price of food, corroborates in a

general sense the conclusion that it has also become

less scarce relative to the evolution of the demand

for food and relative to what has been happening

in the other sectors of the economy. However, as

noted, such economic evidence properly refers to

the decreasing relative scarcity of the aggregate

resource base for food production in which land is

only one component together with capital, labour,

technology, etc. rather than to land alone.6 In

practice, what we call land today is a composite of

land in its natural form and capital investments

embodied in it such as irrigation infrastructure,

levelling, fencing and soil amendments. It follows

that any further discussion of the prospective role

of land in meeting future food needs has to view it

as just one component, indeed one of changing

and probably declining relative weight, in the total

package of factors that constitute the resource base

of agriculture which, as the historical record shows,

is flexible and adaptable.

Concerning the future, a number of projection

studies have addressed and largely answered in the

positive the issue as to whether the resource base of

world agriculture, including its land component,

can continue to evolve in a flexible and adaptable

manner as it did in the past, and also whether it can

continue to exert downward pressure on the real

price of food (see, for example, Pinstrup-Andersen,

Pandya-Lorch and Rosegrant, 1999). The largely

positive answers mean essentially that for the world

as a whole there is enough, or more than enough,

food production potential to meet the growth of

effective demand, i.e. the demand for food of those

who can afford to pay farmers to produce it.

The preceding discussion refers to the evidence

about land scarcities that can be deduced from the

evolution of global magnitudes, whether aggre-

gates such as world population, averages such as

world per capita values of key variables, or food

price trends observable in world markets. However,

observing, interpreting and projecting the evolu-

tion of global aggregates can go only part of the

way towards addressing the issues often raised in

connection with the role of land in food produc-

tion, essentially those issues pertaining to the

broader nexus of food security and the environ-

ment. A more complete consideration of the issue,

which goes beyond the scope of this report, will

require an analysis at a more disaggregated level

and going beyond the use of conventional

economic indicators of scarcity or abundance. It

should also address the following issues. First,

whether land availability for food production is

likely to become, or has been already, a significant

6 The role of agricultural land as a resource contributing to human welfare, as the latter is conventionally measured by GDP, has been on the decline.
Johnson (1997) says that “agricultural land now accounts for no more than 1.5 percent of the resources of the industrial nations”.
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Irrigated land in use Annual growth Balance

1961 1979 1997 2015 2030 1961 1997/99 1997 2030 1997 2030

/63 /81 /99 -1999 -2030 /99 /99

(million ha) (% p.a.) (%) (million ha)

(1) (2) (3) (5) (6) (7) (8) (9) (10) (11) (12)

Sub-Saharan Africa 3 4 5 6 7 2.0 0.9 14 19 32 30

Near East/ 15 18 26 29 33 2.3 0.6 62 75 17 11
North Africa

Latin America  8 14 18 20 22 1.9 0.5 27 32 50 46
and the Caribbean

South Asia 37 56 81 87 95 2.2 0.5 57 67 61 47

excl. India 12 17 23 24 25 1.9 0.2 84 89 4 3

East Asia 40 59 71 78 85 1.5 0.6 64 76 41 27

excl. China 10 14 19 22 25 2.1 0.9 40 53 29 23

All above 103 151 202 221 242 1.9 0.6 50 60 200 161

excl. China 73 106 150 165 182 2.1 0.6 44 54 188 157

excl. China/India 48 67 93 102 112 2.0 0.6 41 50 132 114

Industrial countries 27 37 42 1.3

Transition countries 11 22 25 2.6

World 142 210 271 1.8

Source: Columns (1)- (3): FAOSTAT, November 2001.

constraint to solving problems of food insecurity at

the local level. Second, whether the market signals

which tell us that the resources for producing food,

land among them, have been getting relatively less

scarce, are seriously flawed because they fail to

account for the environmental costs and eventual

future risks associated with the expansion and

intensification of agriculture.

4.4 Irrigation and water use

4.4.1 Expansion of irrigated land

The projections of irrigation presented below

reflect a composite of information on existing irri-

gation expansion plans in the different countries,

potentials for expansion and need to increase crop

production. The projections include some expan-

sion in informal (community-managed) irrigation,

which is important in sub-Saharan Africa. Estimates

of “land with irrigation potential” are notoriously

difficult to make for various reasons (see

Alexandratos, 1995, p. 160-61) and should be

taken as only rough orders of magnitude.7

The aggregate result for the group of devel-

oping countries shows that the area equipped for

irrigation in this group of countries will expand by

40 million ha (20 percent) over the projection

period (Table 4.9). This means that some 20 percent

of the land with irrigation potential not yet

Table 4.9 Irrigated (arable) land: past and projected

7 FAO (1997a) states concerning such estimates: “Irrigation potential: area of land suitable for irrigation development (it includes land already under
irrigation). Methodologies used in assessing irrigation potential vary from one country to another. In most cases, it is computed on the basis of
available land and water resources, but economic and environmental considerations are often taken into account to a certain degree. Except in a
few cases, no consideration is given to the possible double counting of water resources shared by several countries, and this may lead to an over-
estimate of irrigation potential at the regional level. Wetlands and floodplains are usually, but not always, included in irrigation potential”.

Land in use
as % 

of potential
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equipped at present will be brought under irriga-

tion, and that 60 percent of all land with irrigation

potential (403 million ha) would be in use by 2030. 

The expansion of irrigation will be strongest (in

absolute terms) in the more land-scarce regions

hard-pressed to raise crop production through

more intensive cultivation practices, such as South

Asia (+14 million ha), East Asia (+14 million ha)

and the Near East/North Africa. Only small addi-

tions will be made in the more land-abundant

regions of sub-Saharan Africa and Latin America,

although they may represent an important increase

in relative terms. The importance of irrigated agri-

culture has already been discussed in Section 4.2.

Because of a continuing increase in cropping inten-

sity on both existing and newly irrigated areas, the

harvested irrigated area will expand by 84 million

ha and will account for almost half of the increase

in all harvested land (Table 4.8).

The projected expansion of irrigated land by 

40 million ha is an increase in net terms. It assumes

that losses of existing irrigated land resulting from,

for example, water shortages or degradation

because of salinization, will be compensated

through rehabilitation or substitution by new areas

for those lost. The few existing historical data on

such losses are too uncertain and anecdotal to

provide a reliable basis for drawing inferences

about the future. However, if it is assumed that 

2.5 percent of existing irrigation must be rehabili-

tated or substituted by new irrigation each year,

that is, if the average life of irrigation schemes were

40 years, then the total irrigation investment

activity over the projection period in the devel-

oping countries must encompass some 200 million

ha, of which four-fifths would be for rehabilitation

or substitution and the balance for net expansion.

The projected net increase in arable irrigated

land of 40 million ha is less than half of the 

increase over the preceding 36 years (100 million

ha). In terms of annual growth it would be “only”

0.6 percent, well below the 1.9 percent for the

historical period. The projected slowdown reflects

the projected lower growth rate of crop production

combined with the increasing scarcity of suitable

areas for irrigation and of water resources in some

countries, as well as the rising costs of irrigation

investment.

Most of the expansion of irrigated land is

achieved by converting land in use in rainfed agri-

culture or land with rainfed production potential

but not yet in use, into irrigated land. Part of the

irrigation, however, takes place on arid and hyper-

arid land which is not suitable for rainfed agricul-

ture. It is estimated that of the 202 million ha

irrigated at present, 42 million ha are on arid and

hyperarid land and of the projected increase of 

40 million ha, about 2 million ha will be on such

land. In some regions and countries, irrigated arid

and hyperarid land form an important part of 

the total irrigated land at present in use: 18 out of 

26 million ha in the Near East/North Africa, and 

17 out of 81 million ha in South Asia. 

The developed countries account for a quarter

of the world’s irrigated area, 67 out of 271 million

ha (Table 4.9). Their annual growth of irrigated

area reached a peak of 3.0 percent in the 1970s,

dropping to 1.1 percent in the 1980s and to only

0.3 percent in 1990-99. This evolution pulled down

the annual growth rate for global irrigation from

2.4 percent in the 1970s to 1.3 percent in the 1980s

and 1990-99. Perhaps it is this sharp deceleration

in growth which led some analysts to believe that

there is only limited scope for further irrigation

expansion. As already said, no projections by land

class (rainfed, irrigated) were made for the devel-

oped countries. However, given the share of devel-

oping countries in world irrigation and the much

higher crop production growth projected for this

group of countries, it is reasonable to assume that

the world irrigation scene will remain dominated

by events in the developing countries.

4.4.2 Irrigation water use and pressure 
on water resources

One of the major questions concerning the future

of irrigation is whether there will be sufficient

freshwater to satisfy the growing needs of agricul-

tural and non-agricultural users. Agriculture

already accounts for about 70 percent of the fresh-

water withdrawals in the world and is usually seen

as the main factor behind the increasing global

scarcity of freshwater.

The estimates of the expansion of land under

irrigation presented in the preceding section in

part provide an answer to this question. The assess-

ment of irrigation potential already takes into

account water limitations and the projections to

2030 assume that agricultural water demand will
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not exceed available water resources. Yet, as

discussed above, the concept of irrigation potential

has severe limitations and estimates of irrigation

potential can vary over time, in relation to the

country’s economic situation or as a result of

competition for water for domestic and industrial

use. Estimates of irrigation potential are also based

on renewable water resources, i.e. the resources

replenished annually through the hydrological

cycle. In those arid countries where mining of fossil

groundwater represents an important part of water

withdrawal, the area under irrigation is usually

larger than the irrigation potential.

Renewable water resources available to irriga-

tion and other uses are commonly defined as that

part of precipitation which is not evaporated or

transpired by plants, including grass and trees,

which flows into rivers and lakes or infiltrates into

aquifers. The annual water balance for a given area

in natural conditions, i.e. without irrigation, can be

defined as the sum of the annual precipitation and

net incoming flows (transfers through rivers from

one area to another) minus evapotranspiration. 

Table 4.10 shows the renewable water resources

for 93 developing countries. Average annual

precipitation is around 1 040 mm. In developing

regions, renewable water resources vary from 

18 percent of precipitation and incoming flows in

the most arid areas (Near East/North Africa) 

where precipitation is a mere 180 mm per year, to

about 50 percent in humid East Asia, which has 

a high precipitation of about 1 250 mm per year.

Renewable water resources are most abundant in

Latin America. These figures give an impression of

the extreme variability of climatic conditions facing

the 93 developing countries, and the ensuing

differences observed in terms of water scarcity:

those countries suffering from low precipitation

and therefore most in need of irrigation are 

also those where water resources are naturally

scarce. In addition, the water balance presented 

is expressed in yearly averages and cannot

adequately reflect seasonal and interannual varia-

tions. Unfortunately, such variations tend to be

more pronounced in arid than in humid climates. 

The first step in estimating the pressure of irri-

gation on water resources is to assess irrigation

water requirements and withdrawals. Precipitation

provides part of the water crops need to satisfy their

transpiration requirements. The soil, acting as a

buffer, stores part of the precipitation water and

returns it to the crops in times of deficit. In humid

climates, this mechanism is usually sufficient to

ensure satisfactory growth in rainfed agriculture. In

arid climates or during the dry season, irrigation is

required to compensate for the deficit resulting

from insufficient or erratic precipitation. Consumptive

water use in irrigation therefore is defined as the

volume of water needed to compensate for the

deficit between potential evapotranspiration and

effective precipitation over the growing period of

the crop. It varies considerably with climatic condi-

tions, seasons, crops and soil types. In this study,

consumptive water use in irrigation has been

computed for each country on the basis of the irri-

gated and harvested areas by crop as estimated for

the base year (1997/99) and projected for 2030 (see

Box 4.3 for a brief explanation of the methodology

applied). As mentioned before, in this study the

breakdown by crop over rainfed and irrigated land

was performed only for the 93 developing countries. 

However, it is water withdrawal for irrigation, i.e.

the volume of water extracted from rivers, lakes

and aquifers for irrigation purposes, which should

be used to measure the impact of irrigation on

water resources. Irrigation water withdrawal

normally far exceeds the consumptive water use in

irrigation because of water lost during transport

and distribution from its source to the crops. In

addition, in the case of rice irrigation, additional

water is used for paddy field flooding to facilitate

land preparation and for plant protection. 

For the purpose of this study, irrigation efficiency

has been defined as the ratio between the estimated

consumptive water use in irrigation and irrigation

water withdrawal. Data on country water withdrawal

for irrigation has been collected in the framework of

the AQUASTAT programme (see FAO, 1995b,

1997a, 1997b and 1999b). Comparison of these data

with the consumptive use of irrigation was used to

estimate irrigation efficiency at the regional level.

On average, for the 93 developing countries, it is

estimated that irrigation efficiency was around 

38 percent in 1997/99, varying from 25 percent in

areas of abundant water resources (Latin America)

to 40 percent in the Near East/North Africa region

and 44 percent in South Asia where water scarcity

calls for higher efficiencies (Table 4.10).

To estimate irrigation water withdrawal in

2030, an assumption had to be made about possible
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developments in the irrigation efficiency of each

country. Unfortunately, there is little empirical

evidence on which to base such an assumption. Two

factors, however, will have an impact on the devel-

opment of irrigation efficiency: the estimated levels

of irrigation efficiency in 1997/99 and water

scarcity. A function was designed to capture the

influence of these two parameters, bearing in mind

that improving irrigation efficiency is a very slow

and difficult process. The overall result is that effi-

ciency will increase by 4 percentage points, from 38

to 42 percent (Table 4.10). Such an increase in effi-

ciency would be more pronounced in water-scarce

regions (e.g. a 13 percentage point increase in the

Near East/North Africa region) than in regions

with abundant water resources (between 0 and 

4 percentage points in Latin America, East Asia and

sub-Saharan Africa). Indeed, it is expected that,

under pressure from limited water resources and

competition from other uses, demand manage-

ment will play an important role in improving irri-

gation efficiency in water-scarce regions. In

contrast, in humid areas the issue of irrigation effi-

ciency is much less relevant and is likely to receive

little attention. 

For the 93 countries, irrigation water with-

drawal is expected to grow by about 14 percent,

from the current 2 128 km3/yr to 2 420 km3/yr in

2030 (Table 4.10). This increase is low compared to

the 33 percent increase projected in the harvested

irrigated area, from 257 million ha in 1997/99 to

341 million ha in 2030 (see Table 4.8). Most of this

difference is explained by the expected improve-

ment in irrigation efficiency, leading to a reduction

in irrigation water withdrawal per irrigated

hectare. A small part of this reduction is also a

result of changes in cropping patterns for some

countries such as China, where a substantial shift in

the irrigated area from rice to maize production is

expected: irrigation water requirements for rice

production are usually twice those for maize. 

Irrigation water withdrawal in 1997/99 was esti-

mated to account for only 7 percent of total water

resources for the 93 countries (Table 4.10). However,

there are wide variations between regions, with the

Near East/North Africa region using 53 percent of

its water resources in irrigation while Latin America

barely uses 1 percent of its resources. At the country

level, variations are even higher. Of the 93 coun-

tries, ten already used more than 40 percent of their

water resources for irrigation in the base year

(1997/99), a situation which can be considered crit-

ical. An additional eight countries used more than

20 percent of their water resources, a threshold

sometimes used to indicate impending water

scarcity. Yet the situation should not change 

South East
Asia Asia

Precipitation mm 880 1 534 181 1 093 1 252 1 043

Internal RWR km3 3 450 13 409 484 1 862 8 609 28 477

Net incoming flows km3 0 0 57 607 0 0

Total RWR km3 3 450 13 409 541 2 469 8 609 28 477

Irrigation water withdrawal

Irrigation efficiency 1997/99 % 33 25 40 44 33 38

Irrigation water withdrawal 1997/99 km3 80 182 287 895 684 2 128

idem as percentage of RWR % 2 1 53 36 8 7

Irrigation efficiency 2030 % 37 25 53 49 34 42

Irrigation water withdrawal 2030 km3 115 241 315 1 021 728 2 420

idem as percentage of RWR % 3 2 58 41 8 8

Note: RWR for all developing countries exclude the regional net incoming flows to avoid double counting.

Table 4.10 Annual renewable water resources (RWR) and irrigation water requirements

Sub-Saharan
Africa

Latin
America
and the

Caribbean

Near East/
North
Africa

All
developing
countries
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Box 4.3  Summary methodology of estimating water balances

The estimation of water balances for any year is based on five sets of data, namely four digital georeferenced

data sets for precipitation (Leemans and Cramer, 1991), reference evapotranspiration (Fischer, van Velthuizen

and Nachtergaele, 2000), soil moisture storage properties (FAO, 1998b), extents of areas under irrigation

(Siebert and Döll, 2001) and irrigated areas for all major crops for 1997/99 and 2030 from this study. The

computation of water balances is carried out by grid cells (each of 5 arc minutes, 9.3 km at the equator) and

in monthly time steps. The results can be presented in statistical tables or digital maps at any level of spatial

aggregation (country, river basin, etc.). They consist of annual values by grid cell for the actual evapotranspira-

tion, water runoff and consumptive water use in irrigation.

For each grid cell, the actual evapotranspiration is assumed to be equal to the reference evapotranspiration

(ET0, in mm; location-specific and calculated with the Penman-Monteith method; Allen et al., 1998, New,

Hulme and Jones, 1999) in those periods of the year when precipitation exceeds reference evapotranspiration

or when there is enough water stored in the soil to allow maximum evapotranspiration. In drier periods of the

year, lack of water reduces actual evapotranspiration to an extent depending on the available soil moisture.

Evapotranspiration in open water areas and wetlands is considered to be equal to reference evapotranspiration.

For each grid cell, runoff is calculated as that part of the precipitation that does not evaporate and cannot

be stored in the soil. In other words, runoff is equal to the difference between precipitation and actual evapo-

ration. Runoff is always positive, except for areas identified as open water or wetland, where actual evapotran-

spiration can exceed precipitation.

Consumptive use of water in irrigated agriculture is defined as the water required in addition to water from

precipitation (soil moisture) for optimal plant growth during the growing season. Optimal plant growth occurs

when actual evapotranspiration of a crop is equal to its potential evapotranspiration.

Potential evapotranspiration of irrigated agriculture is calculated by converting data or projections of 

irrigated (sown) area by crop (at the national level) into a cropping calendar with monthly occupation rates of

the land equipped for irrigation.1 The table below gives, as an example, the cropping calendar of Morocco for

the base year 1997/99:2

J F M A M J J A S O N D

Wheat 592 47 47 47 47 47 47 47

Maize 156 12 12 12 12 12

Potatoes 62 5 5 5 5 5

Beet 34 3 3 3 3 3 3

Cane 15 1 1 1 1 1 1 1 1 1 1 1 1

Vegetables 156 12 12 12 12 12

Citrus 79 6 6 6 6 6 6 6 6 6 6 6 6

Fruit 88 7 7 7 7 7 7 7 7 7 7 7 7

Groundnuts 10 1 1 1 1 1

Fodder 100 8 8 8 8 8 8

Sum over all crops3 1 305 70 69 74 77 49 49 49 36 44 70 70 70

Equipped for irrigation 1 258

Total cropping intensity 104%

1 India and China have been subdivided into respectively four and three units for which different cropping calendars have been made to
distinguish different climate zones in these countries.

2 For example, wheat is grown from October to April and occupies 47 percent (592 thousand ha) of the 1 258 thousand ha equipped for
irrigation.

3 Including crops not shown above.

Crop area as share (percentage) of the total area

equipped for irrigation by month

Irrigated area
(’ 0 0 0 ha)

Crop under

irrigation
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drastically over the period of the study, with only

two more countries crossing the threshold of 

20 percent. If one adds the expected additional

water withdrawals needed for non-agricultural use,

the picture will not be much different since agricul-

ture represents the bulk of water withdrawal. 

Nevertheless, for several countries, relatively

low national figures may give an overly optimistic

impression of the level of water stress: China, for

instance, is facing severe water shortages in the

north while the south still has abundant water

resources. Already by 1997/99, two countries (the

Libyan Arab Jamahariya and Saudi Arabia) used

volumes of water for irrigation larger than their

annual renewable water resources. Groundwater

mining also occurs in parts of several other coun-

tries of the Near East, South and East Asia, Central

America and in the Caribbean, even if at the

national level the water balance may still be posi-

tive. In a survey of irrigation and water resources

in the Near East region (FAO, 1997c), it was esti-

mated that the amount of water required to

produce the net amount of food imported in the

region in 1994 would be comparable to the total

annual flow of the Nile river at Aswan.

In concluding this discussion on irrigation, for

the 93 developing countries as a whole, irrigation

currently represents a relatively small part of their

total water resources and there remains a significant

potential for further irrigation development. With

the relatively small increase in irrigation water with-

drawal expected between 1997/99 and 2030, this

situation will not change much at the aggregate

level. Locally and in some countries, however, there

are already very severe water shortages, in partic-

ular in the Near East/North Africa region.

4.5 Land-yield combinations for
major crops

As discussed in Section 4.2, it is expected that growth

in crop yields will continue to be the mainstay of crop

production growth, accounting for nearly 70 percent

of the latter in developing countries. Although the

marked deceleration of crop production growth

foreseen for the future (Table 4.1) points to a similar

deceleration in growth of yields, such growth will

continue to be needed. Questions often asked are:

will yield increases continue to be possible? and what

is the potential for a continuation of such growth?

The (potential) evapotranspiration (ETc in mm) of a crop under irrigation is obtained by multiplying the

reference evapotranspiration with a crop-specific coefficient (ETc = Kc * ET0). This coefficient has been derived

(according to FAO, 1998b) for four different growing stages: the initial phase (just after sowing), the develop-

ment phase, the mid-phase and the late phase (when the crop is ripening before harvesting). In general, these

coefficients are low during the initial phase, high during the mid-phase and again lower in the late phase. It is

assumed that the initial, the development and the late phase all take one month for each crop, while the mid-

phase lasts a number of months. For example, the growing season for wheat in Morocco starts in October and

ends in April, as follows: initial phase: October (Kc = 0.4); development phase: November (Kc = 0.8); mid-

phase: December – March (Kc = 1.15); and late phase: April (Kc = 0.3).

Multiplying for each grid cell its surface equipped for irrigation with the sum over all crops of their evapo-

transpiration and with the cropping intensity per month results in the potential evapotranspiration of the irri-

gated area in that grid cell. The difference between the calculated evapotranspiration of the irrigated area and

actual evapotranspiration under non-irrigated conditions is equal to the consumptive use of water in irrigated

agriculture in the grid cell.

The method has been calibrated by comparing calculated values for water resources per country (i.e. the

difference between precipitation and actual evapotranspiration under non-irrigated conditions) with data on

water resources for each country (as given in FAO 1995b, 1997b and 1999b). In addition, the discharge of

major rivers as given in the literature was compared with the calculated runoff for the drainage basin of these

rivers. If the calculated runoff values did not match the values as stated in the literature, correction factors were

applied to one or more of the basic input data on precipitation, reference evapotranspiration, soil moisture

storage and open waters.

Finally, the water balance for each country and year is defined as the difference between the sum of precip-

itation and incoming runoff on the one hand and the sum of actual evapotranspiration and consumptive use of

water in irrigated agriculture in that year on the other. This is therefore the balance of water without accounting

for water withdrawals for other needs (industry, household and environmental purposes).
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There is a realization that the chances of a new

green revolution or of one-off quantum jumps in

yields are now rather limited. There is even a belief

that for some major crops, yield ceilings have been,

or are rapidly being reached. At the same time,

empirical evidence has shown that the cumulative

gains in yields over time resulting from slower,

evolutionary annual increments in yields have been

far more important than quantum jumps in yields,

for all major crops (see Byerlee, 1996).

In the following sections, the land-yield combi-

nations underlying the production projections for

major crops will first be discussed. Subsequently

some educated guesses will be made about the

potential for raising yields and for narrowing

existing yield gaps.

4.5.1 Harvested land and yields for 
major crops

As explained in Section 4.3.2, for the developing

countries the production projections for the 34

crops of this study8 are unfolded into and tested

against what FAO experts think are “feasible” land-

yield combinations by agro-ecological rainfed and

irrigated environment, taking into account what-

ever knowledge is available. Major inputs into this

evaluation are the estimates regarding the avail-

ability of land suitable for growing crops in each

country and each agro-ecological environment,

which come from the FAO agro-ecological zones

work (see Section 4.3.1). In practice they are intro-

duced as constraints to land expansion but they

also act as a guide to what can be grown where. It

is emphasized that the resulting land and yield

projections, although they take into account past

performance, are not mere extrapolations of

historical trends since they take into account all

present knowledge about changes expected in the

future. Box 4.4 shows an example of the results,

tracked against actual outcomes.

The findings of the present study indicate that

in developing countries, as in the past but even

more so in the future, the mainstay of production

Production Harvested area Yield

(million tonnes) (million ha) (tonnes/ha)

1961 1997 2030 1961 1997 1997/99 2030 1961 1997 1997/99 2030
/63 /99 /63 /99 adj.* /63 /99 adj.*

Rice (paddy) 206 560 775 113 148 157 164 1.82 3.77 3.57 4.73

Wheat 64 280 418 74 104 111 118 0.87 2.70 2.53 3.53

Maize 69 268 539 59 92 96 136 1.16 2.92 2.78 3.96

Pulses 32 40 62 52 60 60 57 0.61 0.66 0.67 1.09

Soybeans 8 75 188 12 39 41 72 0.68 1.93 1.84 2.63

Sorghum 30 44 74 41 39 40 45 0.72 1.13 1.11 1.66

Millet  22 26 42 39 35 36 38 0.57 0.76 0.73 1.12

Seed cotton 15 35 66 23 25 26 31 0.67 1.44 1.35 2.17

Groundnuts 14 30 65 16 22 23 39 0.83 1.34 1.28 1.69

Sugar cane 374 1 157 1 936 8 18 19 22 46.14 63.87 61.84 88.08

Cereals 419 1 210 1 901 358 440 464 528 1.17 2.75 2.61 3.60

All 34 crops 580 801 848 1 021

Notes: *  1997/99 adj. For a number of countries for which the data were unreliable, base year data for harvested land and yields were adjusted. Ten
crops selected and ordered according to harvested land use in 1997/99, excluding fruit (31 million ha) and vegetables (29 million ha). “Cereals”
includes other cereals not shown here.

8 For the analysis of production, the commodities sugar and vegetable oil are unfolded into their constituent crops (sugar cane, beet, soybeans,
sunflower, groundnuts, rapeseed, oil palm, coconuts, sesame seed, etc.), so that land-yield combinations are generated for 34 crops.

Table 4.11 Area and yields for the ten major crops in developing countries
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increases will be the intensification of agriculture in

the form of higher yields and more multiple crop-

ping and reduced fallow periods. This situation will

apply particularly in the countries with appropriate

agro-ecological environments and with little or no

potential of bringing new land into cultivation. The

overall result for yields of all the crops covered in

this study (aggregated with standard price weights)

is roughly a halving of the average annual rate of

growth over the projection period as compared 

to the historical period: 1.0 percent p.a. during

1997/99 to 2030 against 2.1 percent p.a. during

1961-99. This slowdown in the yield growth is a

gradual process which has been under way for

some time and is expected to continue in the

future. It reflects the deceleration in crop produc-

tion growth explained earlier.

Discussing yield growth at this level of aggrega-

tion however is not very helpful, but the overall

slowdown is a pattern common to most crops

covered in this study with only a few exceptions

such as pulses, citrus and sesame. These are crops

for which a strong demand is foreseen in the

future or which are grown in land-scarce environ-

ments. The growth in soybean area and produc-

tion in developing countries has been remarkable,

mainly as a result of explosive growth in Brazil

and, more recently, in India (Table 4.11). Soybean

is expected to continue to be one of the most

dynamic crops, albeit with its production increasing

at a more moderate rate than in the past, bringing

by 2030 the developing countries’ share in world

soybean production to 58 percent, with Brazil,

China and India accounting for three-quarters of

their total.

For cereals, which occupy 58 percent of the

world’s harvested area and 55 percent in devel-

oping countries (Table 4.11), the slowdown in yield

growth would be particularly pronounced: down

from 2.1 to 0.9 percent p.a. at the world level and

from 2.5 to 1.0 percent p.a. in developing countries

(Table 4.12). Again this slowdown has been under

way for quite some time. The differences of sources

of growth and some regional aspects of the various

cereal crops have been discussed in Section 4.2.

Suffice it here to note that irrigated land is

expected to play a much more important role in

increasing maize production, almost entirely

because of China which accounts for 45 percent of

the developing countries’ maize production and

Share in Average (weighted) yield Annual growth Annual growth
production excluding China

% tonnes/ha % p.a. % p.a.

1997 2030 1961 1997 1997 2030 1961 1989 1997/99 1961 1989 1997/99 
/99 /63 /99 /99 -99 -99 -2030 -99 -99 -2030

adj.

Wheat total 0.87 2.70 2.53 3.55 3.3 2.0 1.1 2.6 1.7 1.2

rainfed 35 25 1.86 2.26 0.6 0.8

irrigated 65 75 3.11 4.44 1.1 1.2

Rice total 1.82 3.77 3.57 4.73 2.1 1.1 0.9 2.0 1.2 1.1

(paddy) rainfed 24 21 2.20 2.82 0.8 0.8

irrigated 76 79 4.45 5.78 0.8 1.0

Maize total 1.16 2.92 2.78 3.96 2.6 2.6 1.1 1.8 2.5 1.2

rainfed 68 51 2.34 2.99 0.8 1.2

irrigated 32 49 4.52 5.96 0.9 0.8

All cereals total 1.17 2.75 2.61 3.60 2.5 1.7 1.0 2.0 1.7 1.1

rainfed 41 36 1.76 2.29 0.8 1.0

irrigated 59 64 3.93 5.30 0.9 1.1

Note: Historical data are from FAOSTAT; base year data for China have been adjusted.

Table 4.12 Cereal yields in developing countries, rainfed and irrigated
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where irrigated land allocated to maize could more

than double. Part of the continued, if slowing,

growth in yields is a result of a rising share of irri-

gated production, with normally much higher

cereal yields, in total production. This fact alone

would lead to yield increases even if rainfed and

irrigated cereal yields did not grow at all.9

It is often asserted (see, for example, Borlaug,

1999) that thanks to increases in yield, land has

been saved with diminished pressure on the envi-

ronment as a result, such as less deforestation than

otherwise would have taken place. To take cereals

as an example, the reasoning is as follows. If the

average global cereal yield had not grown since

1961/63 when it was 1 405 kg/ha, 1 483 million ha

would have been needed to grow the 2 084 million

tonnes of cereals produced in the world in 1997/99.

This amount was actually obtained on an area 

of only 683 million ha at an average yield of 

3 050 kg/ha. Therefore, 800 million ha (1 483

minus 683) have been saved because of yield

increases for cereals alone. This conclusion should

be qualified, however; had there been no yield

growth, the most probable outcome would have

been much lower production because of lower

demand resulting from higher prices of cereals, and

Box 4.4  Cereal yields and production: actual and as projected in the 1995 study

Since, contrary to the practice in most other projection studies, the projections presented here are not based on

formal analytical methods, it may be of interest to see how well the projections of the preceding study

(Alexandratos, 1995), which were based on a similar approach, tracked actual outcomes to date. The base year

of the preceding study was the three-year average 1988/90 and the final projection year 2010. The detailed

projections for the land-yield combinations for cereals in the 90 developing country sample, excluding China,1

which was not covered in detail in the 1995 study, was as follows. The average yield of cereals was projected

to grow by 1.5 percent p.a., from 1.9 tonnes/ha in 1988/90 to 2.6 tonnes/ha in 2010 (see table below),

compared with 2.2 percent p.a. in the preceding 20 years. Ten years into the projection period, both the actual

average cereal yield and cereal production in 1997/99 were close to the projected values.

Projected
Base year: Interpolated Actual outcome:

average 88/90 2010 average 97/99 average 97/99

Yields (excl. China) kg/ha kg/ha kg/ha kg/ha

Wheat 1 900 2 700 2 209 2 220

Rice (paddy) 2 800 3 800 3 192 3 080

Maize 1 800 2 500 2 072 2 190

All cereals 1 900 2 600 2 173 2 184

Production (incl. China*) million tonnes million tonnes million tonnes million tonnes

Wheat 225 348 271 280

Rice (milled) 321 461 375 375

Maize 199 358 256 269

Other cereals 102 151 121 103

All cereals 847 1 318 1 023 1 027

Source: Base year data and 2010 projections from Alexandratos (1995, p. 145,169).
* China’s production was projected directly, not in terms of areas and yields.

1 Problems with the land and yield data of China (Alexandratos, 1996) made it necessary to project the country’s production directly, not
in terms of land-yield combinations as was done for the other developing countries. The resulting projection of China’s production of
cereals implied a growth rate of 2.0 percent p.a. from 1988/90 to 2010. The actual outcome to 1999 has been 2.2 percent p.a.

9 This is seen most clearly for rice in developing countries, excluding China (Table 4.12) where the growth in the overall average yield of rice exceeds
that of rainfed and irrigated rice. This is because the rainfed rice area is projected to remain about the same but the irrigated area is projected to
increase by about one-third.



146

1961/63 1997/99 2030
tonnes/ as % of tonnes/ as %of tonnes/ as % of 

ha top decile ha top decile ha top decile

Wheat

No. of developing countries 32 32 33

included

Top decile 2.15 100 5.31 100 7.44 100

Bottom decile 0.40 18 0.80 15 1.25 17

Decile of largest producers 0.87 40 2.60 49 3.89 52

(by area)

All countries included 0.97 45 2.15 41 3.11 42

Major developed country 1.59 3.19 4.13

exporters

World 1.23 2.55 3.47

Rice (paddy)

No. of developing 44 52 55

countries included

Top decile 4.51 100 6.57 100 7.93 100

Bottom decile 0.72 16 1.14 17 2.12 27

Decile of largest producers 1.82 40 3.51 53 4.84 61

(by area)

All countries included 1.88 42 3.17 48 4.30 54

World 2.07 3.43 4.52

Notes: Only countries with over 50 000 harvested ha are included. Countries included in the deciles are not necessarily the same for all years. 
Average yields are simple averages, not weighted by area.

Table 4.13 Average wheat and rice yields for selected country groups

somewhat more land under cereals. Furthermore, in

many countries the alternative of land expansion

instead of yield increases does not exist in practice.

4.5.2 Yield gaps 

Despite the increases in land under cultivation in

the land-abundant countries, much of agricultural

production growth has been based on the growth

of yields, and will increasingly need to do so. What

is the potential for a continuation of yield growth?

In countries and localities where the potential 

of existing technology is being exploited fully,

subject to the agro-ecological constraints specific to

each locality, further growth, or even maintenance,

of current yield levels will depend crucially on 

further progress in agricultural research. In places

where yields are already near the ceilings obtained

on research stations, the scope for raising yields 

is widely believed to be much more limited than 

in the past (see, for example, Sinclair, 1998).

However, this has been true for some time now, but

average yields have continued to increase, albeit at

a decelerating rate. For example, wheat yields in

South Asia, which accounts for about a third of the

developing countries’ area under wheat, increased

by 45 kg p.a. in the 1960s, 35 kg in the 1970s, 

55 kg in the 1980s and 45 kg in 1990-99. Yields are

projected to grow by 41 kg per year over 1997/99

to 2030.

Intercountry differences in yields remain very

wide, however. This can be illustrated for wheat

and rice in the developing countries. Current

yields in the 10 percent of countries with the lowest

yields (excluding countries with less than 50 000 ha

under the crop), is less than one-fifth of the yields

of the best performers comprising the top decile

(Table 4.13). If subnational data were available, a

similar pattern would probably be seen for intrana-

tional differences as well. For wheat this gap
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between worst and best performers is projected to

persist until 2030, while for rice the gap between

the top and bottom deciles may be somewhat

narrowed by 2030, with yields in the bottom decile

reaching 27 percent of yields in the top decile. This

may reflect the fact that the scope for raising yields

of top rice performers is more limited than in the

past. However, countries included in the bottom

and top deciles account for only a minor share of

the total production of wheat and rice. Therefore it

is more important to examine what will happen to

the yield levels obtained by the countries which

account for the bulk of wheat and rice production.

Current unweighted average yields of the largest

producers,10 are about half the yields achieved by

the top performers (Table 4.13). In spite of contin-

uing yield growth in these largest producing coun-

tries, this situation will remain essentially unchanged

by 2030 for wheat, with rice yields reaching about 

60 percent of the top performers’ yields.

Based on this analysis, a prima facie case could

be made that there has been and still is, consider-

able slack in the agricultural sectors of the different

countries. This slack could be exploited if economic

incentives so dictated. However, the fact that yield

differences among the major cereal producing

countries are very wide does not necessarily imply

that the lagging countries have scope for yield

increases equal to intercountry yield gaps. Part of

these differences may simply reflect differing agro-

ecological conditions. For example, the low average

yields in Mexico of its basic food crop, maize

(currently 2.4 tonnes/ha), are largely attributable to

agro-ecological constraints that render it unsuited

for widespread use of the major yield-increasing

technology, hybrid seeds, a technology which

underlies the average 8.3 tonnes/ha of the United

States. Hybrids are at present used in Mexico on

about 1.2 million ha, out of a total harvested area

under maize of 7 million ha, while the area suitable

for hybrid seed use is estimated to be about 

3 million ha (see Commission for Environmental

Cooperation, 1999, p.137-138).

However, not all, or perhaps not even the major

part, of yield differences can be ascribed to such

conditions. Wide yield differences are present even

among countries with fairly similar agro-ecological

environments. In such cases, differences in the

socio-economic and policy environments probably

play a major role. The literature on yield gaps (see,

for example, Duwayri, Tran and Nguyen, 1999)

distinguishes two components of yield gaps: one

due to agro-environmental and other non-transfer-

able factors (these gaps cannot be narrowed); and

another component due to differences in crop

management practices such as suboptimal use of

inputs and other cultural practices. This second

component can be narrowed provided that it is

economic to do so and therefore is termed the

“exploitable yield gap”. Duwayri, Tran and

Nguyen (1999) state that the theoretical maximum

yields for both wheat and rice are probably in the

order of 20 tonnes/ha. On experimental stations,

yields of 17 tonnes/ha have been reached in

subtropical climates and of 10 tonnes/ha in the

tropics. FAO (1999c) reports that concerted efforts

in Australia to reduce the exploitable yield gap

increased rice yields from 6.8 tonnes/ha in 1985/89

to 8.4 tonnes/ha in 1995/99, with many individual

farmers obtaining 10 to 12 tonnes/ha.

In order to draw conclusions on the scope for

narrowing the yield gap, one needs to separate its

“non-transferable” part from the “exploitable”

part. One way to do so is to compare yields

obtained from the same crop varieties grown on

different locations of land that are fairly homoge-

neous with respect to their physical characteristics

(climate, soil and terrain), which would eliminate

the “non-transferable” part in the comparison.

One can go some way in that direction by exam-

ining the data on the suitability of land in the

different countries for producing any given crop

under specified technology packages. The

required data comes from the GAEZ analysis

discussed in Section 4.3.1. These data make it

possible to derive a “national maximum obtainable

yield” by weighting the yield obtainable in each of

the suitability classes with the estimated land area

in each suitability class. The derived national

obtainable yield can then be compared with data

on the actual national average yields. This compar-

ison is somewhat distorted since the GAEZ analysis

deals only with rainfed agriculture, while the

national statistics include irrigated agriculture as

10 Top 10 percent of countries ranked according to area allocated to the crop examined: China, India and Turkey for wheat; and India, China,
Indonesia, Bangladesh and Thailand for rice.
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1997/99 1997/99 2015 2030 1997/99-2030
Share (%) in total Nutrients, million tonnes % p.a.

Wheat 18.4 25.3 30.4 34.9 1.0

Rice 17.3 23.8 26.5 28.1 0.5

Maize 16.3 22.5 29.0 34.5 1.3

Fodder 6.2 8.5 9.3 10.0 0.5

Seed cotton 3.5 4.9 6.2 7.1 1.2

Soybeans 3.4 4.6 7.6 11.5 2.9

Vegetables 3.3 4.6 5.3 6.1 0.9

Sugar cane 3.2 4.4 5.5 6.6 1.3

Fruit 2.9 4.1 4.3 7.5 1.9

Barley 2.9 4.0 4.4 4.8 0.6

Other cereals 2.9 3.9 9.2 8.3 2.3

Potato 2.0 2.7 3.3 3.8 1.1

Rapeseed 1.5 2.1 3.5 5.1 2.8

Sweet potato 1.3 1.8 2.0 2.1 0.5

Sugar beet 1.0 1.4 1.6 1.7 0.6

All cereals 79.5 99.5 110.6 1.0

% of total 57.7 57.7 64.8 58.8

All crops above 118.5 148.2 172.1 1.2

% of total 86.0 86.0 89.8 91.5

World total 137.7 165.1 188.0 1.0

Notes: Crops with a 1997/99 share of at least 1 percent, ordered according to their 1997/99 share in fertilizer use.

well. However, the findings seem to confirm the

hypothesis that a good part of the yield gap is of

the second, exploitable type. For a further discus-

sion on this topic, see Section 11.1 in Chapter 11.

4.6 Input use

4.6.1 Fertilizer consumption

As discussed in Section 4.2, the bulk of the

projected increases in crop production will have to

come from higher yields, with the remaining part

coming from an expansion in harvested area. Both

higher yields, which normally demand higher

fertilizer application rates, and land expansion will

lead to an increase in fertilizer use. Increases in

biomass require additional uptake of nutrients

which may come from both organic and mineral

sources. Unfortunately, for most crops there are

not enough data to estimate the relation between

mineral fertilizer consumption and biomass

increases. The historical relationship between

cereal production and mineral fertilizer consump-

tion is better known. One-third of the increase in

cereal production worldwide and half of the

increase in India’s grain production during the

1970s and 1980s have been attributed to increased

fertilizer consumption. The application of mineral

fertilizers needed to obtain higher yields should

complement nutrients available from other

sources and match the needs of individual crop

varieties.

Increased use of fertilizer is becoming even

more crucial in view of other factors, such as the

impact on soil fertility of more intensive cultivation

practices and the shortening of fallow periods.

There is empirical evidence that nutrient budgets11

Table 4.14 Fertilizer consumption by major crops

11 A nutrient budget is defined as the balance of nutrient inputs such as mineral fertilizers, manure, deposition, biological nitrogen fixation and sedi-
mentation, and nutrient outputs (crops harvested, crop residues, leaching, gaseous losses and erosion).



149

CROP PRODUCTION 
AND NATURAL RESOURCE USE

1961 1979 1997 2015 2030 1961 1989- 1997/99
/63 /81 /99 -1999 1999 -2030

Total Nutrients, million tonnes % p.a.

Sub-Saharan Africa 0.2 0.9 1.1 1.8 2.6 5.3 -1.8 2.7

Latin America 1.1 6.8 11.3 13.1 16.3 6.1 4.4 1.2
and the Caribbean

Near East/ North Africa 0.5 3.5 6.1 7.5 9.1 7.3 0.8 1.3

South Asia 0.6 7.3 21.3 24.1 28.9 9.6 4.5 1.0

excl. India 0.2 1.6 4.2 5.4 6.9 9.2 4.6 1.5

East Asia 1.7 18.2 45.0 56.9 63.0 9.3 3.8 1.1

excl. China 0.9 4.1 9.4 13.8 10.3 7.0 3.2 0.3

All above 4.1 36.7 84.8 103.5 119.9 8.5 3.7 1.1

excl. China 3.3 22.6 49.2 60.4 67.3 7.6 3.5 1.0

excl. China and India 2.9 16.9 32.1 41.6 45.3 6.9 3.1 1.1

Industrial countries 24.3 49.1 45.2 52.3 58.0 1.4 0.1 0.8

Transition countries 5.6 28.4 7.6 9.3 10.1 0.7 -14.9 0.9

World 34.1 114.2 137.7 165.1 188.0 3.6 0.2 1.0

Per hectare kg/ha (arable land) % p.a.

Sub-Saharan Africa 1 7 5 7 9 4.5 -2.4 1.9

Latin America 11 50 56 59 67 6.0 0.0 0.6

and the Caribbean

Near East/North Africa 6 38 71 84 99 5.7 3.9 1.0

South Asia 6 36 103 115 134 9.5 4.5 0.8

excl. India 6 48 113 142 178 8.8 4.3 1.4

East Asia 10 100 194 244 266 8.3 3.6 1.0

excl. China 12 50 96 131 92 6.1 3.3 -0.1

All above 6 49 89 102 111 7.7 3.3 0.7

excl. China 6 35 60 68 71 6.9 3.2 0.5

excl. China and India 7 35 49 58 58 6.0 2.6 0.5

Industrial countries 64 124 117 1.3 0.3

Transition countries 19 101 29 0.9 -14.4

World 25 80 92 3.3 0.1

Note: Kg/ha for 1997/99 are for developing countries calculated on the basis of “adjusted” arable land data. For industrial and transition countries no
projections of arable land were made.

Table 4.15 Fertilizer consumption: past and projected
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change over time and that higher yields can be

achieved through reduction of nutrient losses

within cropping systems. That is, increases in food

production can be obtained with a less than

proportional increase in fertilizer nutrient use.

Frink, Waggoner and Ausubel (1998) showed this

situation for maize in North America. Farmers

achieve such increased nutrient use efficiency by

adopting improved and more precise manage-

ment practices. Socolow (1998) suggests that

management techniques such as precision 

agriculture offer abundant opportunities to substi-

tute information for fertilizer. It is expected 

that this trend of increasing efficiency of nutrient

use through better nutrient management, by

improving the efficiency of nutrient balances 

and the timing and placement of fertilizers, will

continue and accelerate in the future.

Projections for fertilizer consumption have

been derived on the basis of the relationship

between yields and fertilizer application rates that

existed during 1995/97. Data on fertilizer use by

crop and fertilizer application rates (kg of fertil-

izer per ha) are available for all major countries

and crops, accounting for 97 percent of global

fertilizer use in 1995/97 (FAO/IFA/IFDC, 1999

and Harris, 1997). This relationship is estimated

on a cross-section basis for the crops for which

data are available and is assumed to hold also over

time as yields increase (see Daberkov et al., 1999).

It provides a basis for estimating future fertilizer

application rates required to obtain the projected

increase in yields for most of the crops covered in

this study. It implicitly assumes that improve-

ments in nutrient use efficiency will continue to

occur as embodied in the relationship between

yields and fertilizer application rates (fertilizer

response coefficients) estimated for 1995/97. For

some crop categories such as citrus, vegetables,

fruit and “other cereals”, fertilizer consumption

growth is assumed to be equal to the growth in

crop production: i.e. for these crops, the base year

input-output relationship between fertilizer use

and crop production is assumed to remain

constant over the projection period. To account

fully for all fertilizer consumption, including its

use for crops not covered in this study, fertilizer

applications on fodder crops were assumed to

grow at the same rate as projected growth for live-

stock (meat and milk) production, and fertilizer

applications on “other crops” is at the average rate

for all crops covered in the study. 

The overall result, aggregated over all crops, 

is that fertilizer consumption will increase by 

1.0 percent p.a., rising from 138 million tonnes in

1997/99 to 188 million tonnes in 2030 (Table 4.14).

This is much slower than in the past for the reasons

explained below. Wheat, rice and maize, which

together at present account for over half of global

fertilizer use, will continue to do so, at least until

2030. By 2015 maize will rival wheat as the top

fertilizer user because of the projected increase in

maize demand for feeding purposes in developing

countries (see Chapter 3). Fertilizer applications to

oilseeds (soybeans and rapeseed) are expected to

grow fastest.

North America, western Europe, East and

South Asia accounted for over 80 percent of all

fertilizer use in 1997/99. Growth in fertilizer use in

the industrial countries, especially in western

Europe, is expected to lag significantly behind

growth in other regions of the world (Table 4.15).

The maturing of fertilizer markets during the

1980s in North America and western Europe, two

of the major fertilizer consuming regions of the

world, account for much of the projected slowdown

in fertilizer consumption growth. In the more

recent past, changes in agricultural policies, in

particular reductions in support measures,

contributed to a slowdown or even decline in fertil-

izer use in this group of countries. Increasing

awareness of and concern about the environmental

impacts of fertilizer use are also likely to hold back

future growth in fertilizer use (see Chapter 12).

Over the past few decades, the use of mineral

fertilizers has been growing rapidly in developing

countries starting, of course, from a low base (Table

4.15). This has been particularly so in East and

South Asia following the introduction of high-

yielding varieties. East Asia (mainly China) is likely to

continue to dwarf the fertilizer consumption of the

other developing regions. For sub-Saharan Africa,

above average growth rates are foreseen, starting

from a very low base, but fertilizer consumption per

hectare is expected to remain at a relatively low

level. The latter probably reflects large areas with no

fertilizer use at all, combined with small areas of

commercial farming with high levels of fertilizer use,

and could be seen as a sign of nutrient mining (see

also Henao and Baanante, 1999).
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Average fertilizer productivity, as measured by

kg of product obtained per kg of nutrient, shows

considerable variation across countries. This

reflects a host of factors such as differences in agro-

ecological resources (soil, terrain and climate), in

management practices and skills and in economic

incentives. Fertilizer productivity is also strongly

related to soil moisture availability. For example,

irrigated wheat production in Zimbabwe and Saudi

Arabia shows a ratio of 40 kg wheat per kg fertilizer

nutrient at yield levels of 4.5 tonnes/ha. Similar

yields in Norway and the Czech Republic require

twice as large fertilizer application rates, reflecting

a considerably different agro-ecological resource

base. Furthermore, a high yield/fertilizer ratio may

also indicate that fertilizer use is not widespread

among farmers (e.g. wheat in Russia, Ethiopia and

Algeria), or that high yields are obtained with

nutrients other than mineral fertilizer (e.g. manure

is estimated to provide almost half of all external

nutrient inputs in the EU). Notwithstanding this

variability, in many cases the scope for raising fertil-

izer productivity is substantial. The degree to

which such productivity gains will be pursued

depends to a great extent on economic incentives.

The projected slowdown in the growth of fertil-

izer consumption is due mainly to the expected

slowdown in crop production growth (Table 4.1).

The reasons for this have been explained in

Chapter 3. Again, this is not a sudden change but

a gradual process already under way for some

time, as illustrated by the annual growth rates for

the last ten years (1989-99) shown in Table 4.15. In

some cases it would even represent a “recovery” as

compared with recent developments. As mentioned,

fertilizer is most productive in the absence of mois-

ture constraints, i.e. when applied to irrigated

crops. For this reason, the expected slowdown in

irrigation expansion (Section 4.4.1) will also slow

the growth of fertilizer consumption. The contin-

uing trend to increase fertilizer use efficiency,

partly driven by new techniques such as biotech-

nology and precision agriculture, will also reduce

mineral fertilizer needs per unit of crop output.

There is an increasing concern about the negative

environmental impact of high rates of mineral

fertilizer use. Finally there is the spread of organic

agriculture, and the increasing availability of non-

mineral nutrient sources such as manure; recycled

human, industrial and agricultural waste; and

crop by-products. All these factors will tend to

reduce growth in fertilizer consumption.

4.6.2 Farm power

Human labour, draught animals and engine-

driven machinery are an integral part of the agri-

cultural production process. They provide the

motive power for land clearance and preparation,

for planting, fertilizing, weeding and irrigation,

and for harvesting, transport and processing.

This section focuses on the use of power for

primary tillage. Land preparation represents one

of the most significant uses of power. Since land

preparation is power intensive (as opposed to

control intensive), it is usually one of the first

operations to benefit from mechanization (Rijk,

1989). Hence any change in the use of different

power sources for land cultivation may act as an

indicator for similar changes in other parts of the

production process. 

Regional estimates of the relative contributions

of different power sources to land cultivation have

been developed from estimates initially generated

at the country level. On the basis of existing data

and expert opinion, individual countries were clas-

sified into one of six farm power categories

according to the proportion of area cultivated by

different power sources, at present and projected

to 2030. The categories range from those where

hand power predominates, through those where

draught animals are the main source of power, to

those where most land is cultivated by tractors. The

figures were subsequently aggregated to estimate

the harvested area cultivated by different power

sources for each region (see Box 4.5 for details of

the methodology).

Overall results. It was estimated that in 1997/99, in

developing countries as a whole, the proportion of

land cultivated by each of the three power sources

was broadly similar. Of the total harvested area in

developing countries (excluding China), 35 percent

was prepared by hand, 30 percent by draught

animals and 35 percent by tractors (Table 4.16). By

2030, 55 percent of the harvested area is expected

to be tilled by tractors. Hand power will account for

approximately 25 percent of the harvested area

and draught animal power (DAP) for approxi-

mately 20 percent. 
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Box 4.5  Methodology to estimate farm power category 

Individual countries were classified by expert opinion into one of six farm power categories according to the

proportion of area cultivated by different power sources. The six categories identified are given in the table

below. The percentages of the area cultivated by different power sources are indicative only and refer to

harvested land, which represents the actual area cultivated in any year, taking into account multiple cropping

and short-term fallow. Upper and lower limits were set for the area cultivated by each power source (bottom

row in the table).

Farm power category at country level Percentage of area cultivated by each power source

Hand Draught animals Tractors

A = humans are the predominant source  >80 < 20 <5
of power, with modest contributions from 

draught animals and tractors

B = significant use is made of draught animals, 45-80 20-40 <20

although humans are still 

the most important power source

C = draught animals are the principal power source 15-45 >40 <20

D = significant use is made of motorized power, 20-50 15-30 20-50

including both two-wheel and 

four-wheel tractors

E = tractors are the dominant power source <5 <25 50-80

F = fully motorized <10 <10 >80

Minimum and maximum percentage 5-90 5-70 2-90

Where possible, country classifications were verified against existing data. Sources included a number of

country farm power assessment studies commissioned by the Agricultural Engineering Branch of FAO and

published reports. The classifications from various sources proved to be fairly consistent. The categories were

converted into the physical area cultivated by each power source by multiplying the estimated percentage

figure for each power source with the data for harvested area for the base year 1997/99 and the projected area

for 2030. The country figures were subsequently aggregated to estimate the harvested area cultivated by

different power sources for subregions and regions. 

This approach has several advantages. First, it highlights the role of humans as a source of power in those

parts of the world where they are responsible for much of the land preparation. This is essential for under-

standing concerns arising from future projections about the size and composition of the agricultural labour

force, particularly in countries where a sizeable share of the population is expected to be affected by HIV/AIDS

within the next 20 years. The significance of humans as a power source can be easily overlooked if their contri-

bution is expressed solely as a percentage of the total power input, rather than the area they cultivate. Second,

when projecting future combinations of farm power inputs at the country level, account can be taken, albeit

by way of expert judgement, of the developments in the overall economy and in the agricultural sector,

competing claims on resource use, and opportunities for substitution between power sources. Third, this

approach is independent of estimates of inventories of draught animals and tractors, data for which are often

unreliable or not readily available. The number of tractors and draught animals working in agriculture may vary

considerably from published data. These numbers depend on several unknown variables, such as the working

life, the proportion working in agriculture as opposed to off-farm activities, and the proportion in an opera-

tional state. Finally, the process of converting different power sources into a common power equivalent is a

process fraught with difficulties and inaccuracies.

Nevertheless, there are also several limitations associated with the methodology. First, only one farm power

category is selected to represent the power use for land cultivation within an entire country. This overlooks the

diversity that exists inside many countries, particularly when the use of a specific power source is highly 

influenced by soil and terrain constraints, by cropping patterns, or is highly differentiated between commercial/

estate and smallholder sectors. A second limitation is the use of a single average percentage figure for each

power source to convert categories to harvested area, rather than actual percentages. 
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Region Percentage of area cultivated by different power sources

Hand Draught animal Tractor

All developing countries 1997/99 35 30 35

2030 25 20 55

Sub-Saharan Africa 1997/99 65 25 10

2030 45 30 25

Near East/North Africa 1997/99 20 20 60

2030 10 15 75

Latin America and the Caribbean 1997/99 25 25 50

2030 15 15 70

South Asia 1997/99 30 35 35

2030 15 15 70

East Asia 1997/99 40 40 20

2030 25 25 50

Notes:Figures have been rounded to the nearest 5 percent. China has been excluded from the analysis because its size and diversity made it 
impossible to estimate a single farm power category for the country.

Table 4.16 Proportion of area cultivated by different power sources, 1997/99 and 2030

There are marked regional differences in the

relative contributions of the power sources, both at

present and in the future. Tractors are already a

significant source of power in the Near East/North

Africa region and in Latin America and the

Caribbean: approximately half of the harvested area

is currently prepared by tractor in these regions.

This is expected to rise to at least 70 percent of

harvested area by 2030. Draught animals are at

present relatively important sources of power in the

rice and mixed farming systems of South and East

Asia, accounting for over one-third of harvested

area. However, the shift to motorized power by 2030

will be substantial. The area cultivated by tractors

will rise in South Asia from 35 percent of harvested

area to 70 percent, and in East Asia (excluding

China) from 20 percent to over 50 percent. This

increase in area cultivated by tractor arises from two

factors: an increase in total harvested area at the

country level, combined with a reduction in the area

cultivated by humans and draught animals as a

result of substitution between power sources.

In contrast, humans are and will continue to be

the main power source in sub-Saharan Africa.

Almost two-thirds of the harvested area is prepared

by hand at present and although this will fall to 50

percent by 2030, the physical area involved will

remain broadly constant. The area cultivated by

draught animals and tractors is expected to

increase (both in physical area and proportional

terms) but they will not offset the dominance of

hand power.

When countries are classified by farm power

category, some common characteristics can be

observed:

! Countries in which humans are the predominant

power source. The agricultural sector typically

employs two-thirds of the workforce and gener-

ates over one-third of the GDP. During the

1990s many of these economies were almost

static with annual average growth rates in total

GDP of less than 1 percent and income per

head below US$500. 

! Countries in which draught animals are a significant

or predominant source of power. The principal

difference between the hand power and

draught animal power countries is in terms of

land use. The intensity of cultivation on both

rainfed and irrigated land is higher and more

area is under irrigation. Indeed, in all regions

the highest cropping intensities occur in DAP

countries. This suggests there are no labour

displacement effects associated with the use of

draught animals. 

! Countries in which tractors are a significant or

predominant source of power. High levels of 
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tractorization are generally associated with 

relatively well-developed economies and the

production of cash crops. Non-agricultural

revenues can facilitate their adoption. The

increased use of tractors is consistently associ-

ated with expanding the area under irrigation,

but cultivating it less intensively than in coun-

tries using hand or animal power. In these

countries agriculture is no longer the dominant

sector, employing less than half of the workforce

and generating less than one quarter of GDP.

Their economies are more buoyant and

incomes per capita are at least three times as

high as those in either hand power or DAP

countries in the same region. The rate of

growth in the agricultural workforce is small

and in some countries the absolute number of

people working in agriculture has started to

fall. This is often considered to be one of the

more significant turning points in the process of

economic development.

Forces changing the composition of farm power

inputs. The stimulus to change the composition of

farm power inputs will come from either changes

in the demand for farm power or from supply-

side changes, or both. Any increase in total agri-

cultural output (be it from area expansion, an

increase in cropping intensity or an increase in

yield) requires additional power, if not for tech-

nology application then for handling and

processing increased volumes. Similarly, land

improvements (such as terracing, drainage or irri-

gation structures), soil conservation and water

harvesting techniques frequently place additional

demands on the power resource. 

In response, farmers can either increase their

inputs of farm power or increase the productivity

of existing inputs through the use of improved

tools and equipment. Alternatively, adopting

different practices or changing cropping patterns

may reduce power requirements. For example, the

use of no-till and direct seeding practices eliminates

the need for conventional land preparation and

tillage; broadcasting rice overcomes the labour-

intensive activity of transplanting seedlings, and

the use of draught animal power, benevolent herbi-

cides or no-tillage with continuous soil cover (see

Chapter 11) can overcome labour bottlenecks asso-

ciated with weeding.

Motivations to mechanize may also arise from

supply-side changes in the availability and produc-

tivity of farm power inputs, as well as a wish to

reduce the drudgery of farm work. The health,

nutritional status and age of the workforce affect

the productivity of labour. The availability of

household members for farm work is influenced by

other claims on their time, such as household tasks,

schooling and opportunities for off-farm work. The

household composition also changes through

rural-urban migration or the death of key house-

hold members. The productivity of draught

animals is affected by their health and nutrition,

the training of animals, operator skills and avail-

ability of appropriate implements. Productive and

sustainable use of motorized inputs is dependent

on operator skills, appropriate equipment and an

infrastructure capable of providing timely and cost-

effective access to repair and maintenance services.

The changing composition of farm power

inputs will also have an impact on the division of

agricultural tasks among household members. The

range of tasks performed by different members of

the household varies according to sex, age, culture,

ethnicity and religion (see Box 4.6). It also varies

according to the specific crop or livestock, sources

of power input and equipment used. 

Patterns of mechanization up to 2030. Most of the

changes in farm power categories during the next

30 years are expected to occur in countries that

already make significant use of tractors. By 2030,

tractors will be the dominant source of power for

land preparation in southern Africa, North

Africa/Near East, South Asia, East Asia and Latin

America and the Caribbean. Southeast Asia is also

expected to shift from draught animals to making

greater use of tractors. The reasons underlying

these shifts are explained below.

In a few countries, it is expected that the

present composition of farm power inputs is not

sustainable. In eastern Africa, for example, the

number of draught animals has been decimated in

some areas through livestock disease and cattle

rustling, thereby removing a principal power

source from certain farming systems. The sustain-

ability of tractor-based systems is highly dependent

on the profitability of agriculture and an infra-

structure capable of providing timely access to fuel

and inputs for repairs and maintenance. The
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failure of government-based initiatives often results

from introducing a level of mechanization that is

inappropriate for the state of economic develop-

ment and political stability. As a result, in the

absence of further government interventions, it is

expected that some countries will revert to

increasing the use of hand or draught animal

power during the next 30 years. 

Persistence of hand and animal power in sub-

Saharan Africa. Human labour is the most signifi-

cant power source throughout sub-Saharan Africa.

The human contribution is most pronounced in

Central and western Africa where it accounts for 

85 and 70 percent of harvested area, respectively.

These areas include the forest-based farming

systems of Central Africa, characterized by shifting

cultivation and the gathering of forest products,

the root crop system stretching across West Africa,

Central Africa and parts of East Africa, and the cash

tree crop system in West Africa (FAO, 2001d). A

relatively high proportion of rainfed land is under

cultivation (45 percent of the potential area) but it

Box 4.6  Gender roles and the feminization of agriculture

Women are key players in both cash and subsistence agriculture. Their daily workload is characterized by long

hours, typically 12- to 14-hour days, with little seasonal variation. The use of their time tends to be fragmented,

mixing farm work with household duties and other off-farm activities. The range of agricultural tasks performed by

different household members varies according to sex, age, culture, ethnicity and religion. It also varies according

to the specific crop or livestock activities, sources of power input and equipment used. Hence gender roles differ

markedly, not only between regions and countries, but also within countries between neighbouring communities. 

In sub-Saharan Africa, women contribute between 60 and 80 percent of the labour in food production.

While there are significant variations in gender roles, women overall play a major role in planting, weeding,

application of fertilizers and pesticides, harvesting, threshing, food processing, transporting and marketing.

Men are largely responsible for clearing and preparing the land, and ploughing. They also participate along-

side women in many of the other activities. In many countries men are responsible for large livestock and

women for smaller animals, such as poultry, sheep and goats. Women are usually most active in collecting

natural products, such as wild foods, fodder and fuelwood. Men are usually associated with the use of draught

animals or tractors. However, with appropriate training and implements, women also prove to be very effec-

tive operators of mechanized inputs.

In Asia, women account for 35 to 60 percent of the agricultural labour force. Women and men often play

complementary roles with a division of labour similar to that found in sub-Saharan Africa. In many Asian coun-

tries women are also very active with livestock, collecting fodder, preparing buffaloes for ploughing, feeding

and cleaning other cattle, and milking. In Southeast Asia they play a major role in rice production, particularly

in sowing, transplanting, harvesting and processing. Women also supply a significant amount of labour to tea,

rubber and fruit plantations.

In the Near East, women contribute up to 50 percent of the agricultural workforce. They are mainly respon-

sible for the more time-consuming and labour-intensive tasks that are carried out manually or with the use of

simple tools. In Latin America and the Caribbean, the rural population has been decreasing in recent decades.

Women are mainly engaged in subsistence farming, particularly horticulture, poultry and raising small livestock

for home consumption.

Gender roles are dynamic, responding to changing economic, social and cultural forces. The rural exodus

in search of income-earning opportunities outside agriculture, usually dominated by men, has resulted in

increasing numbers of female-headed households and the “feminization” of agriculture. Similar patterns arise

from the death of male heads of household. Women are being left to carry out agricultural work on their own,

changing the traditional pattern of farming and the division of tasks among household members. For example,

women in female-headed households without recourse to adult male labour may clear and prepare land,

including ploughing with oxen (tasks which traditionally would have been performed by men). 

The feminization of agriculture, most pronounced in sub-Saharan Africa but also a growing phenomenon in

other parts of the world, has significant implications for the development of agriculture. The needs and priorities

of both rural women and men must be taken into account in any initiative to support and strengthen the sector.

Source: Based on FAO (1998a).
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is not used intensively as reflected in a relatively

low cropping intensity of 60 percent. The presence

of trees, stumps and shrubs makes it difficult to use

ploughs without considerable investment of time

and effort in land clearance (Boserup, 1965;

Pingali, Bigot and Binswanger, 1987). Moreover,

the incidence of tsetse fly (which breeds in tropical

forests and forest margins) makes the area unsuit-

able for many types of draught animals. There is

very little irrigated land.

Draught animals (predominantly work oxen)

are concentrated on rainfed land in the cereal-

based farming systems in the northern parts of

West Africa, throughout the maize mixed systems

of eastern Africa and the highland mixed systems

of Ethiopia. Countries making significant use of

tractors are scattered throughout the region. 

Two-thirds of the countries in sub-Saharan

Africa are not expected to change their power cate-

gory by 2030. Although there will be some move-

ment in the relative contributions of hand, draught

animal and tractor power to land preparation,

much of the region will continue to be cultivated

using hand and animal power. All countries that

are expected to change either from hand power to

draught animal power, or from DAP to tractors,

will experience lower population growth rates,

higher incomes per head and higher income

growth rates than those countries with the same

farm power category at present that are not

expected to change. 

The process of urbanization in this region will

provide some stimulus to switch power sources, as

it not only draws labour away from the agricultural

sector but also has implications for wage levels and

the composition of the remaining labour force.

Typically the young, able-bodied, educated and

skilled migrate. The shift to urbanization is most

pronounced in countries switching from DAP to

tractors or already using tractors as the dominant

power source. In these countries, a growth of

almost 30 percent in the proportion of the popula-

tion living in urban areas is expected by 2030, twice

the rate of urbanization expected in countries not

switching power source or shifting to DAP.

Countries that will continue to use draught animals

as a significant source of power will remain

predominantly rural.

Another factor driving the process of change in

eastern and southern Africa will be the impact of

HIV/AIDS on the workforce (Box 4.7). Those

countries that are expected to switch from hand

power to DAP are projected to lose almost 

20 percent of their agricultural labour to AIDS by

2020, that is, more than twice as much as those

countries continuing to use hand power. Similarly,

those shifting from DAP to tractors are expected 

to experience higher losses in their labour force 

(12 percent by 2020) than countries continuing

with DAP. Some of the highest losses (16 percent by

2020) are projected for countries already making

significant use of tractors. Thus the impact of

HIV/AIDS will make it vital for many countries to

change their source of farm power in order to over-

come serious labour shortages at critical times of

the farming year.

Increasing use of tractors in the Near East/North

Africa and Asia. The development of regional markets

and strong links with Europe are expected to be

important engines of growth for North African

countries. Oil wealth will continue to underpin

development in the Near East. Economic develop-

ment will be coupled with continued growth in

non-agricultural employment and the migration of

people from the land to urban areas. By 2030, over

75 percent of the population in the Near East/

North Africa region will be living in urban areas.

The option of using tractors becomes more viable

with increasing costs of labour and increasing

shortage of land for fodder production for draught

animals.

Prospects for mechanization in Asia are based on

projections of buoyant economies and high rates of

growth in income per capita, but the process of

urbanization would not appear to be so significant.

More than half of the population in South Asia will

continue to be based in rural areas by 2030. Single-

axle tractors will be an increasingly important form

of farm power in irrigated farming systems, which

are suited to their use. The process of mechaniza-

tion will be facilitated in this region by proximity to

sources of manufacture, namely India (the world’s

largest manufacturer of tractors) and China (a

source of low-cost power tillers).

Stable use of tractors in Latin America and the

Caribbean. Projections for economic growth in Latin

America and the Caribbean are on a par with other

regions and per capita incomes are among the

highest in the developing world. However, almost

half of the countries in the region are not expected



157

CROP PRODUCTION 
AND NATURAL RESOURCE USE

to change farm power categories during the next

30 years. Several countries are at the limits of tech-

nical change in terms of farm power. Much of their

agricultural sector is already fully mechanized and

any further expansion in the use of tractors will be

largely constrained by topographical features,

notably the Amazon basin and the mountainous

regions of the Andes. In other countries (such as 

El Salvador, Guatemala, Mexico and Paraguay) the

shift towards no-till farming and conservation agri-

culture may reduce or eliminate the need for the

increased use of tractors. For a few countries,

economic conditions are determining factors and

stagnant incomes in the smallholder sector inhibit

any increase in the use of tractors.

Box 4.7  Household vulnerability to the loss of human and draught animal power

Households reliant on human power, and draught animals to a lesser extent, are extremely vulnerable to the

loss of their principal power source. More than 15 countries in sub-Saharan Africa are projected to lose at least

5 percent of their workforce to HIV/AIDS by 2020. The pandemic will impact heavily in the agricultural sector

where losses will typically account for at least 10 percent of the workforce and, in at least five countries, more

than 20 percent. In a region where people are a significant, and often the dominant, source of power for both

household and farm activities, this loss of labour will have a dramatic impact on rural livelihoods.

HIV/AIDS usually strikes at the heart of the household, killing women and men in their economic prime.

Not only do households lose key family members but they also lose time spent by other household members

caring for the sick. The situation is exacerbated by urban dwellers returning to their villages to be cared for when

they become ill, thereby placing further strain on rural households. In addition to the immediate emotional,

physical and financial stresses, the remaining family members have to take on the long-term care of orphan

children. In some cultures, widows also have to cope with the threat of property-grabbing by the relatives of

the deceased.

In parts of eastern and southern Africa, the vulnerability of rural livelihoods has been worsened by the

decimation of the DAP base caused by the switch from hardy local breeds to cross-breeds, coupled with the

failure to carry out regular healthcare practices and increased livestock susceptibility to disease (such as East

Coast fever). Cattle rustling is also a threat, particularly in areas close to international borders. In the absence

of alternative power sources, such as tractor hire, households have reverted to hand power. Areas under culti-

vation have fallen significantly and households that once were food self-sufficient and producers of surplus for

sale, now regularly experience food shortages. Household transport has become more problematic and the

opportunity to earn additional income from hiring out draught animals has also disappeared. 

Food insecurity, arising from the inability to produce or purchase sufficient food for the household

throughout the year, is a persistent characteristic of subsistence agriculture. Short-term coping strategies include

reducing the number of meals eaten per day, with very poor households spending up to two days between

meals, or by switching to less nutritious foods. The poor may gather and sell natural products (such as wild fruits,

mushrooms, tubers, firewood and grass thatch) or beg for food. Households may also engage in off-farm activ-

ities, trading and making handicrafts, or rely on remittances from family members living elsewhere. Some

survival strategies, such as the sale of assets to buy food, taking out loans to purchase inputs, or hiring out family

labour to work on other farms, invariably place the household at greater risk in subsequent seasons. Longer-

term adaptive strategies to overcome labour shortages include reallocating tasks between household members,

using labour-saving technologies and switching to less labour-intensive cropping patterns and practices.
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5.1  Introduction

Livestock production is the world’s largest user of

land, either directly through grazing or indirectly

through consumption of fodder and feedgrains.

Globally, livestock production currently accounts

for some 40 percent of the gross value of agricul-

tural production. In industrial countries this share

is more than half. In developing countries, where it

accounts for one-third, its share is rising quickly;

livestock production is increasing rapidly as a

result of growth in population and incomes and

changes in lifestyles and dietary habits.

Growth in the livestock sector has consistently

exceeded that of the crop sector. The total demand

for animal products in developing countries is

expected to more than double by 2030. By

contrast, demand for animal products in the indus-

trial world has been growing at low rates, and live-

stock production in this group of countries is

expected to grow only slowly over the projection

period (see Table 5.1).

Satisfying increasing and changing demands

for animal food products, while at the same time

sustaining the natural resource base (soil, water, air

and biodiversity), is one of the major challenges

facing world agriculture today. Global agriculture

as a whole will be increasingly driven by trends in

the livestock subsector, many of which are already

apparent:

! An increasing proportion of livestock produc-

tion will originate in warm, humid and more

disease-prone environments.

! There will be a change in livestock production

practices, from a local multipurpose activity to a

more intensive, market-oriented and increas-

ingly integrated process.

! Pressure on, and competition for, common

property resources such as grazing and water

resources will increase.

! There will be more large-scale industrial

production, located close to urban centres, with

associated environmental and public health

risks.

! Pigs and poultry will increase in importance

compared with ruminants.

! There will be a substantial rise in the use of

cereal-based feeds.

Meeting these challenges raises crucial global and

national public policy issues that must be addressed.

Broadly, these encompass equity and poverty allevia-

tion, the environment and natural resource manage-

ment, and public health and food safety.

The main purpose of this chapter is to discuss

the factors and perspective issues underlying the

Livestock production

5
CHAPTER
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projections for livestock production as presented in

Chapter 3. Developments in demand for livestock

products will be briefly summarized in Section 5.2

and those for production of livestock commodities

in Section 5.3. This latter section also discusses

issues in increasing livestock productivity and

expected changes in livestock production systems.

Some selected livestock-related issues expected to

take on greater importance over the projection

period are dealt with in Section 5.4.

5.2 Consumption of livestock 
products

As incomes increase, demand for greater food

variety grows. Demand for higher-value and quality

foods such as meat, eggs and milk rises, compared

with food of plant origin such as cereals. These

changes in consumption, together with sizeable

population growth, have led to large increases in

the total demand for animal products in many

developing countries, and this trend will continue.

The rising share of animal products in the diet

is evident in developing countries. Even though

calories derived from cereals have increased in

absolute terms, as a share of total calories they

continue to fall, from 60 percent in 1961/63 to an

expected 50 percent in 2030. Similarly, the contri-

bution of other traditional staples (potatoes, sweet

potatoes, cassava, plantains and other roots) fell

from second largest contributor to dietary calories

(10 percent) in 1961/63 to lowest (6.2 percent) by

1997/99. By then, animal products had become the

second major source of calories (10.6 percent) in

developing countries. 

In industrial countries, cereals contribute

significantly less as a share of calories consumed –

around 34 percent – while the contribution of

animal products has remained stable at around

23 percent. In developing countries the per capita

consumption of animal products is still less than a

third of that in industrial countries, so there

remains a significant potential to increase the

contribution of animal products to the diet, both in

absolute and percentage terms. 

In industrial countries, the consumption of

animal proteins increased in the 1960s and 1970s

from 44 to 55 g/capita/day. After this, animal protein

consumption remained fairly stable. In developing

countries, however, although the level of consump-

tion of animal proteins increased steadily from

9 g/capita/day in 1961/63 to 20 g/capita/day in

1997/99, there is still significant potential for

increases.

Between 1997/99 and 2030, annual meat

consumption in developing countries is projected to

increase from 25.5 to 37 kg per person, compared

with an increase from 88 to 100 kg in industrial

countries. Consumption of milk and dairy products

will rise from 45 kg/ person/p.a. to 66 kg in devel-

oping countries, and from 212 to 221 kg in indus-

trial countries. For eggs, consumption will grow

from 6.5 to 8.9 kg in developing countries and from

13.5 to 13.8 kg in industrial countries.

Wide regional and country differences are also

evident in the quantity and type of animal products

consumed, reflecting traditional preferences based

on availability, relative prices and religious and

taste preferences. Some of the more important

aspects include the following:

! In sub-Saharan Africa, low consumption levels of

animal products have changed little over the last

30 years. These contribute about 5 percent to per

capita calorie consumption, about half the

percentage of the developing countries as a whole

and a fifth of that of the industrial countries. Milk

contribution to total calories and protein per

capita has remained constant in recent years,

indicating an increase in total milk availability

equivalent to population increases. Only minor

increases in consumption are projected.

! In the Near East and North Africa, the contribution

of animal products to the relatively high calorie

consumption is small, just 8.7 percent in 1997/99.

The contribution of animal products (primarily

poultry meat and milk) to total calorie intake will

increase to 11.4 percent by 2030. 

! In Latin America and the Caribbean (excluding

Brazil), consumption of animal products (meat)

historically has been higher than in other devel-

oping country groups and is predicted to

increase further. Currently, animal products

provide 16.6 percent of the dietary energy, but

meat consumption per capita is still only about

60 percent of that of industrial countries,

implying that there is scope for further growth.

! Brazil is unusual in terms of its large and

increasing dietary contribution of animal 

products (18.8 percent in 1997/99). The gap

LIVESTOCK PRODUCTION
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between Brazil and the rest of Latin America is

expected to widen. Meat consumption per capita,

at present over three-quarters the level of indus-

trial countries, is projected to reach the level of

the latter by 2030. Per capita milk consumption,

at present just over half the level of industrial

countries, is projected to reach three-quarters of

the industrial countries’ consumption by 2030.

! In South Asia (excluding India), there has been

a slow but steady growth in animal product

consumption. This increase is mostly the result

of an increase in the contribution of milk,

already high at a per capita level 50 percent

above the average for developing countries,

together with an increase in the contribution of

poultry meat. The contribution of eggs is well

below the developing country average. 

! In India, the relative contribution of animal

products to diets is predicted to increase up to

2030 largely as a result of increases in the

consumption of milk and milk products.

! In East Asia (excluding China) there is also a

steady increase in the contribution of animal

products to the diet. However, unlike South

Asia, this increase is a result of the contribution

of meat, predominantly pork.

! In China, the projected rapid rise in the contri-

bution of animal products to dietary energy

from 15 to 20 percent between 1997/99 and

2030 will be mainly on account of a substantial

increase in the contribution of pork and

poultry. Per capita consumption of milk is very

low and projected to remain so (rising from

7 kg p.a. in 1997/99 to 14 kg in 2030). By

contrast, egg consumption in China is very high

– more than double the average for developing

countries and even above the industrial country

average – and will rise from 15 kg/ person/p.a.

in 1997/99 to 20 kg in 2030. 

5.3 Production

Chapter 3 details the production and trade projec-

tions for livestock commodities. This section will

look more at the implications. The location of

production and processing activities is increasingly

determined by factors such as the availability,

quality and cost of inputs and proximity to markets.

With the expected expansion in demand for animal

products, traditional mixed farming practices alone

will no longer be capable of meeting requirements. 

The supply of animal products can be increased

by raising the number of animals, and by improving

productivity and processing and marketing effi-

ciency, and by adopting various combinations of

these factors. In most regions, land availability limits

the expansion of livestock numbers in extensive

production systems, so the bulk of the production

increase will come from increased productivity,

through intensification and wider adoption of better

production and marketing technologies. 

The strongest structural trend in livestock

production has been the growth of intensive, verti-

cally integrated, intensive establishments close to

large urban centres, particularly for pig and

poultry meat production in East Asia and Latin

America, and broiler production in South Asia.

Similar trends are apparent in dairy and beef

production, albeit to a lesser degree. In East Asia

the growth in demand for feedgrains associated

with these production systems has been met by

increased imports, effectively substituting imports

of livestock products by imports of feedgrains. 

In framing public policies, governments and

other stakeholders are confronted with important

trade-offs. For example, many developing countries

favour industrial livestock production in order to

provide affordable animal protein to urban popula-

tions (nutritional and public health benefits). Yet this

may occur at the expense of diminishing the market

opportunities and competitiveness of small rural

producers. Similarly, stricter food safety regulations

to enhance public health constitute barriers that often

prevent poor farmers from entering formal markets.

5.3.1 Livestock production and 
productivity

The projections of total demand for livestock prod-

ucts were reached by taking the projections of food

demand for direct human consumption, and

adding on other demand components, such as the

use of livestock products for non-food industrial

uses, milk consumed by offspring and eggs for

hatching and wastage. Production projections for

each country were arrived at by making a detailed

analysis of past trade in livestock products,

including trade in inputs such as cereals and

oilseeds used for animal feed.
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The overall results are presented in Table 5.1

(unlike Table 3.11 these are aggregated over all

livestock products covered in this study, including

meat, milk and eggs). The main feature is a gradual

slowdown in the growth of global livestock produc-

tion. This will be made up of slow growth in the

industrial countries, a recovery in the transition

countries and a pronounced slowdown from rapid

to moderate growth rates in the developing coun-

tries. This latter trend is heavily dominated by the

expected slowdown in two major countries that

experienced fast growth in livestock production in

the past, China and Brazil. Excluding these two

countries, the slowdown is much more gradual. In

individual countries, developments are much more

varied, with accelerating livestock production

growth in several countries. 

Table 5.2 (a more detailed expansion of part of

Table 3.11) gives details of the livestock production

data and projections for the six livestock products

covered in this study, underlying the overall results

presented in Table 5.1. In developing countries

there has been a continued increase in production.

Annual growth rates for the six commodities ranged

from 3.7 to 9.4 percent for the period 1989-99. By

contrast, over the same period production in the

transition countries actually fell, and grew only

slightly in the industrial countries. 

By 1997/99, the share of the developing coun-

tries in world meat production was 53 percent and

in milk production 39 percent, compared with 40

and 28 percent only ten years earlier. This was in

part a result of the collapse of production in the

transition countries, but it is an ongoing trend even

in the absence of this phenomenon. Annual growth

of meat production in developing countries to 2030

is projected at 2.4 percent and of milk at 2.5 percent.

This would raise developing countries’ share in

world meat production by 2030 to 66 percent 

(247 million tonnes) and in milk production to 

55 percent (484 million tonnes).

The growth in white meat (pork and poultry)

production in developing countries between 1989

to 1999 has been remarkable – more than double

the growth of red meat (cattle, sheep and goats).

There are, however, major regional differences.

Growth in poultry production has been spectacular

in East Asia (11.7 percent p.a.) and South Asia 

(7.2 percent p.a.) and reflects the rapid intensifica-

tion of the poultry industry in these regions. Latin

1969-99 1979-99 1989-99 1997/99 2015 1997/99

-2015 -2030 -2030

Percentage

World 2.2 2.1 2.0 1.7 1.5 1.6

excl. China 1.7 1.3 0.8 1.6 1.5 1.5

Developing countries 4.6 5.0 5.5 2.6 2.1 2.4

excl. China 3.5 3.5 3.6 2.8 2.5 2.7

excl. China and Brazil 3.3 3.3 3.3 2.9 2.6 2.8

Sub-Saharan Africa 2.4 2.0 2.1 3.2 3.3 3.2

Latin America and the Caribbean 3.1 3.0 3.7 2.4 1.9 2.1

excl. Brazil 2.3 2.1 2.7 2.4 2.1 2.3

Near East/North Africa 3.4 3.4 3.4 2.9 2.6 2.7

South Asia 4.2 4.5 4.1 3.3 2.8 3.1

East Asia 7.2 8.0 8.2 2.3 1.6 2.0

excl. China 4.8 4.7 3.7 3.0 2.7 2.8

Industrial countries 1.2 1.0 1.2 0.7 0.4 0.6

Transition countries -0.1 -1.8 -5.7 0.5 0.6 0.5

Note: Total livestock production was derived by aggregating four meats, milk and eggs at 1989/91 international commodity prices used to 
construct the FAO indices of agricultural production.

Table 5.1 Annual growth rates of total livestock production
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1967/69 1987/89 1997/99 2015 2030 1969 1989 1995/97 2015

-1999 -1999 -2015 -2030

Million tonnes % p.a.

Total meat

World 92 166 218 300 376 2.9 2.7 1.9 1.5

excl. China 84 142 162 218 277 2.1 1.3 1.8 1.6

Developing countries 28 66 116 181 247 5.2 5.9 2.7 2.1

excl. China 21 41 60 98 147 3.8 3.9 3.0 2.7

excl. China and Brazil 18 34 47 79 123 3.5 3.3 3.1 2.9

Sub-Saharan Africa 3 4 5 9 16 2.3 2.2 3.3 3.5

Latin America and the Caribbean 10 19 28 43 58 3.5 4.5 2.6 2.1

excl. Brazil 7 11 15 24 33 2.5 3.1 2.7 2.3 

Near East/North Africa 2 5 7 13 19 4.4 3.8 3.5 2.9

South Asia 3 5 7 13 23 3.7 2.8 3.6 3.9

East Asia 10 33 69 103 131 7.1 7.6 2.4 1.6

excl. China 3 8 13 21 32 5.1 4.1 3.0 2.8

Industrial countries 46 71 85 99 107 1.9 1.8 0.9 0.5

Transition countries 17 29 17 20 22 0.0 -6.4 0.8 0.8

Bovine meat

World 38.0 53.7 58.7 74.0 88.4 1.4 0.8 1.4 1.2

Developing countries 11.8 19.3 28.0 41.2 55.0 3.0 3.8 2.3 2.0

excl. China 11.7 18.4 23.2 33.5 44.1 2.5 2.2 2.2 1.8

excl. China and Brazil 10.0 14.4 17.3 25.2 34.1 2.0 1.5 2.3 2.0

Sub-Saharan Africa 1.6 2.2 2.6 4.3 6.7 1.5 1.7 3.0 3.0

Latin America and the Caribbean 6.8 10.4 13.1 18.2 22.5 2.5 2.1 1.9 1.4

excl. Brazil 5.1 6.5 7.2 9.9 12.5 1.4 0.4 1.9 1.6 

Near East/North Africa 0.7 1.3 1.8 2.8 4.1 3.2 3.4 2.4 2.6

South Asia 1.7 3.1 4.0 5.7 7.4 3.1 2.3 2.1 1.7

East Asia 1.0 2.3 6.4 10.1 14.4 6.4 11.5 2.7 2.4

excl. China 0.8 1.4 1.6 2.5 3.5 2.1 2.3 2.6 2.2

Industrial countries 19.1 23.8 25.0 26.6 26.5 0.6 0.6 0.4 0.0

Transition countries 7.0 10.6 5.7 6.3 6.9 -0.3 -7.5 0.5 0.6

Ovine meat

World 6.6 9.1 10.8 15.3 20.1 1.9 1.4 2.1 1.8

Developing countries 3.0 5.0 7.4 11.2 15.4 3.4 3.7 2.5 2.1

Sub-Saharan Africa 0.6 0.9 1.3 2.2 3.4 2.8 3.5 3.1 3.0

Near East/North Africa 0.9 1.5 1.8 2.6 3.5 2.3 1.9 2.2 2.0

South Asia 0.6 1.1 1.3 2.1 3.1 3.5 1.4 2.6 2.6

East Asia 0.4 1.1 2.5 3.8 4.8 7.0 8.1 2.6 1.5

Industrial countries 2.4 2.8 2.7 3.1 3.5 0.6 -0.8 0.9 0.8

Transition countries 1.3 1.3 0.8 0.9 1.1 -1.0 -6.4 1.3 1.1

Table 5.2 Livestock production by commodity: past and projected
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Table 5.2 cont. Livestock production by commodity: past and projected

Pig meat

World 34.1 66.3 86.5 110.2 124.5 3.2 2.7 1.4 0.8

excl. China 28.1 46.2 48.1 57.9 66.2 1.7 0.4 1.1 0.9

Developing countries 9.7 28.0 49.3 69.5 82.8 6.1 5.7 2.0 1.2

excl. China 3.8 7.9 10.9 17.2 24.5 3.7 3.4 2.7 2.4

Latin America and the Caribbean 1.8 3.0 3.9 6.0 7.8 2.1 3.9 2.5 1.8

excl. Brazil 1.1 1.9 2.3 3.4 4.4 1.7 2.8 2.3 1.8 

East Asia 7.6 24.2 44.3 61.6 71.9 6.8 6.0 2.0 1.0

excl. China 1.6 4.0 5.9 9.3 13.6 5.1 3.3 2.8 2.5

Industrial countries 16.6 26.0 29.3 32.3 33.1 1.8 1.4 0.6 0.2

Transition countries 7.7 12.3 7.9 8.4 8.6 -0.1 -5.3 0.4 0.1

Poultry meat

World 12.9 37.2 61.8 100.6 143.3 5.2 5.4 2.9 2.4

excl. China 12.1 34.6 51.2 81.4 117.5 4.8 4.1 2.8 2.5

Developing countries 3.3 13.2 31.3 59.1 93.5 7.9 9.4 3.8 3.1

excl. China 2.5 10.6 20.7 39.9 67.7 7.4 7.2 4.0 3.6

excl. China and Brazil 2.2 8.6 15.6 31.9 56.4 6.9 6.4 4.3 3.9

Sub-Saharan Africa 0.3 0.7 0.9 1.9 4.1 3.8 2.6 4.3 5.1

Latin America and the Caribbean 1.0 4.7 10.5 18.2 27.3 7.8 9.0 3.3 2.7

excl. Brazil 0.7 2.7 5.4 10.2 16.0 6.7 8.4 3.8 3.0 

Near East/North Africa 0.4 2.1 3.2 7.1 11.6 7.7 5.2 4.7 3.3

South Asia 0.2 0.5 1.1 3.9 10.6 7.7 7.2 7.9 6.9

East Asia 1.5 5.3 15.5 27.9 39.9 8.5 11.7 3.5 2.4

excl. China 0.7 2.6 4.9 8.7 14.1 7.3 6.1 3.4 3.2

Industrial countries 8.1 18.8 27.7 37.5 44.1 4.0 3.9 1.8 1.1

Transition countries 1.5 5.2 2.9 4.1 5.7 1.6 -6.7 2.0 2.3

Milk (whole milk eq.)

World 387 528 562 715 874 1.3 0.6 1.4 1.3

Developing countries 78 149 219 346 484 3.6 4.1 2.7 2.3

excl. China and Brazil 69 128 189 301 425 3.5 4.1 2.8 2.3

Sub-Saharan Africa 8 13 16 26 39 2.7 1.9 3.0 2.8

Latin America and the Caribbean 24 40 57 81 105 2.6 3.9 2.1 1.8

excl. Brazil 17 26 36 52 69 2.2 4.0 2.1 1.9 

Near East/North Africa 14 21 28 41 56 2.3 3.1 2.2 2.1

South Asia 30 65 104 174 250 4.5 4.9 3.1 2.4

East Asia 3 10 15  25 34 6.9 4.5 2.9 2.2

excl. China 1 4 5 8 12 7.3 3.2 3.0 2.4

Industrial countries 199 236 246 269 286 0.7 0.5 0.5 0.4

Transition countries 110 144 97 100 104 -0.3 -4.6 0.2 0.2

Eggs

World 18.7 35.6 51.7 70.4 89.9 3.4 4.2 1.8 1.6

Developing countries 4.9 16.2 33.7 50.7 69.0 7.0 8.0 2.4 2.1

excl. China 3.2 9.5 13.5 24.6 37.8 5.0 3.4 3.6 2.9

Sub-Saharan Africa 0.3 0.7 0.9 1.8 3.4 3.7 2.6 4.0 4.1

Latin America and the Caribbean 1.2 3.6 4.6 7.3 10.4 4.5 2.5 2.8 2.3

Near East/North Africa 0.4 1.5 2.2 3.6 5.3 6.0 4.1 3.0 2.6

South Asia 0.3 1.4 2.2 5.7 9.9 6.3 4.7 5.8 3.7

East Asia 2.6 9.1 23.8 32.1 40.0 8.3 10.7 1.8 1.5

excl. China 0.9 2.4 3.6 6.0 8.8 5.0 3.5 3.0 2.6

Industrial countries 10.7 12.8 13.7 14.8 15.5 0.6 0.9 0.5 0.3

Transition countries 3.1 6.5 4.3 5.0 5.5 0.7 -4.7 0.8 0.7
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America saw annual growth rates of 9 percent. Yet

in sub-Saharan Africa the annual growth rate was

only 2.6 percent. Red meat accounted for almost 

37 percent of total meat production in the devel-

oping countries in the late 1980s, but declined to

31 percent in 1997/99 and this proportion is

expected to decline further.

Egg production increased in developing coun-

tries during the last ten years (1989-99) with similar

regional differences. Annual growth rates for East

Asia, South Asia and sub-Saharan Africa were 10.7,

4.7 and 2.6 percent, respectively. Latin America saw

a growth rate of 2.5 percent p.a. and the industrial-

ized countries 0.9 percent p.a., while in the transi-

tion countries production fell by 4.7 percent p.a.

Milk production in developing countries grew at 4.1

percent p.a. over the same period, with the highest

annual growth found in South Asia (4.9 percent)

and the lowest in sub-Saharan Africa (1.9 percent).

Milk production in industrial and transition coun-

tries followed the same trend as egg production.

Productivity can be measured by the amount of

meat or milk produced per animal per year. More

sophisticated productivity analyses – based on unit

of output per unit of biomass or feed input or

based on financial flows – are much more difficult

to undertake. For example, in high-income coun-

tries there is a growing demand for free-range

meat at premium prices, and this might still allow

farmers to make higher net returns despite lower

carcass weight and lower offtake rates. 

Increased production can be achieved by a

combination of expansion in animal numbers and

increased productivity. Higher productivity is a

compound of higher offtake rates (shorter produc-

tion cycles by, for example, faster fattening), and

higher carcass weight or milk or egg yields. The

projections show that the increase in livestock

numbers will remain significant, but less so than in

the past. Higher carcass weights will play a more

important role in beef production, while higher

offtake rates (shorter production cycles) will be more

important in pig and poultry meat production.

There are problems in getting reliable data for

offtake rates and carcass weights. To circumvent

these, meat production can be compared directly

with herd sizes. For example, over the last decade

(1989-99), beef production in developing countries

increased by 3.8 percent p.a., while cattle numbers

increased by only 1.3 percent (Table 5.3), implying

an annual productivity improvement of 2.5 percent.

Small ruminant production increased by 3.7 percent

p.a. while flock size increased by only 1.5 percent,

suggesting a 1.2 percent annual productivity

improvement.

There are substantial differences between

regions and countries, however. In sub-Saharan

Africa the increase in cattle numbers was greater

than the growth in production, indicating a decline

in meat productivity. In Asia, where land is scarce,

growth in herd size for cattle and buffaloes was

much lower than the growth in output, indicating

that intensification and increased productivity were

relatively more important. Increases in productivity

were also responsible for the increases in white

meat and egg production.

Meat or milk output per animal remains higher in

industrial countries than in developing ones. For

example, in 1997/99 the yield of beef per animal

(carcass weight) in developing countries was 163 kg

compared with 284 kg in industrial countries, while

average milk yields were 1.1 and 5.9 tonnes p.a.,

respectively. Pork and poultry productivity levels are

more similar across regions, reflecting the greater ease

of transfer and adoption of production techniques.

5.3.2 Production systems 

The changes in global demand for animal products

and the increasing pressures on resources have

important implications for the principal produc-

tion systems found in developing countries.

Grazing systems. A quarter of the world’s land is

used for grazing, and extensive pasture provides

30 percent of total beef production and 23 percent

for mutton (FAO, 1996e). In developing countries,

extensive grazing systems have typically increased

production by herd expansion rather than by

substantial increases in productivity. However,

globally the market share from these extensive

systems is declining relative to other production

systems. The availability of rangelands is decreasing,

through arable land encroachment, land degrada-

tion, conflict and so on. Hence the scope for

further increasing herd numbers in these systems

remains limited.

Crop-livestock production systems. In developing

countries, most ruminant livestock are found in
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Number of animals Number of animals Carcass weight
(millions) (% p.a.) (kg/animal)

1967/69 1987/89 1997/99 2030 1969 1989 1997/99 1967/ 1997/ 2030
-1999 -1999 -2030 69 99

World
Cattle and buffaloes 1 189 1 418 1 497 1 858 0.8 0.5 0.7 174 198 211
Sheep and goats 1 444 1 708 1 749 2 309 0.9 -0.1 0.9 14 14 17
Pigs 566 838 873 1 062 1.4 0.3 0.6 65 78 84
Poultry 5 585 10 731 15 067 24 804 3.8 3.4 1.6 1.3 1.6 1.8

Developing countries
Cattle and buffaloes 799 1 013 1 156 1 522 1.3 1.3 0.9 150 163 188
Sheep and goats 862 1 121 1 323 1 856 1.6 1.5 1.1 13 13 16
Pigs 297 493 581 761 2.2 1.6 0.8 49 73 82
Poultry 2 512 6 168 10 544 19 193 5.6 5.5 1.9 1.2 1.4 1.8

Sub-Saharan Africa
Cattle and buffaloes 130 159 200 285 1.5 2.4 1.1 137 130 157
Sheep and goats 182 269 346 501 2.4 2.6 1.2 12 12 17
Pigs 6 13 18 27 4.5 2.3 1.4 45 47 63
Poultry 313 555 720 1 459 3.1 2.4 2.2 0.9 1.0 1.4

Latin America and the Caribbean
Cattle and buffaloes 219 317 350 483 1.6 0.9 1.0 191 211 230
Sheep and goats 152 145 119 145 -0.5 -2.5 0.6 15 13 16
Pigs 63 74 76 108 0.6 0.1 1.1 65 72 83
Poultry 558 1 248 2 075 3 815 4.5 5.7 1.9 1.2 1.5 1.9

Near East/North Africa
Cattle and buffaloes 37 37 39 62 0.0 0.7 1.5 107 158 194
Sheep and goats 205 241 256 350 0.9 0.5 1.0 14 16 20
Poultry 215 722 1 101 2 135 6.3 4.9 2.1 1.1 1.1 1.6

South Asia
Cattle and buffaloes 293 348 384 424 1.0 1.0 0.3 95 121 151
Sheep and goats 148 241 289 405 2.5 1.7 1.1 11 12 15
Pigs 6 12 17 23 3.4 3.6 1.0 35 35 55
Poultry 232 472 717 2 256 4.4 4.7 3.6 0.9 0.9 1.6

East Asia
Cattle and buffaloes 121 153 183 268 1.8 2.0 1.2 147 144 176
Sheep and goats 174 226 312 455 2.0 3.1 1.2 12 13 15
Pigs 221 393 470 602 2.4 1.7 0.8 47 75 83
Poultry 1 195 3 171 5 930 9 529 6.5 6.1 1.5 1.3 1.6 1.8

Industrial countries
Cattle and buffaloes 263 253 254 243 -0.5 0.2 -0.1 212 284 308
Sheep and goats 397 394 341 358 -0.1 -2.2 0.2 16 17 20
Pigs 172 206 210 220 0.7 0.4 0.1 75 85 89
Poultry 2 167 2 941 3 612 4 325 1.8 2.2 0.6 1.4 1.8 2.1

Transition countries
Cattle and buffaloes 127 152 87 94 -1.0 -6.4 0.2 144 155 170
Sheep and goats 185 193 85 95 -1.9 -9.3 0.3 14 15 18
Pigs 97 139 81 82 -0.5 -6.2 0.0 77 82 84
Poultry 906 1622 920 1 287 0.4 -6.9 1.1 1.3 1.4 1.6

TABLE 5.3 Meat production: number of animals and carcass weight



166

mixed farming systems. These are estimated to

provide over 65 percent of beef, 69 percent of

mutton and 92 percent of cow milk (FAO, 1996e).

The complementarity between crop and livestock

production is well known. Crops and crop residues

provide feed, while livestock provide animal trac-

tion, manure, food, a form of savings or collateral,

income diversification and risk reduction. Although

short-cycle species, such as chickens and pigs, are

often very important for household food security

and immediate cash needs, only ruminants can

convert highly fibrous material and forages with

little or no alternative use into valuable products.

An estimated 250 million work animals provide

draft power for cultivation of about half the total

cropland in developing countries. 

Intensive industrial livestock production systems.

The trend towards intensification is most

pronounced in Asia, where there is a shortage of

land but an abundance of relatively cheap labour.

This has encouraged small-scale intensive systems

such as “cut and carry” and stall feeding, which

have higher labour but lower land requirements.

Increasing access to capital has allowed for invest-

ment in machinery, housing and inputs such as

improved breeds, concentrate feeds and veterinary

drugs. This has resulted in improved productivity

and has accounted for faster growth in production

of monogastric animals such as pigs and chickens

than of ruminants. The consequence has been a

reduction in the value of livestock’s alternative

uses, as the value of its food products becomes rela-

tively more important.

In sub-Saharan Africa, semi-intensive and

intensive dairying has developed close to urban

centres and, where agro-ecological conditions

permit, on the basis of cultivated fodder and agro-

industrial by-products. In Latin America, intensive

poultry production and, to some extent, dairying

have developed partly in response to the high level

of urbanization and a resumption of economic

growth in the 1990s. 

Large-scale and vertically integrated intensive

industrial poultry and pig production systems have

increased significantly in the developing world,

particularly in East Asia. They make use of improved

genetic material and sophisticated feeding systems,

and require highly skilled technical and business

management. They are also dependent on inputs

of high-energy and protein-rich feeds and animal

health prophylactics, and consume considerable

amounts of fossil fuel, both directly and indirectly.

The wholesale transfer of these types of produc-

tion systems has been facilitated by the relative

ease and speed with which the required infrastruc-

ture and equipment can be operationalized in 

so called “turnkey” operations. In recent years,

industrial livestock production grew at twice the

annual rate of the more traditional, mixed farming

systems (4.3 against 2.2 percent), and at more than

six times the annual growth rate of production

based on grazing (0.7 percent; FAO, 1996e). The

major expansion in industrial systems has been in

the production of pigs and poultry since they have

short reproductive cycles and are more efficient

than ruminants in converting feed concentrates

(cereals) into meat. Industrial enterprises now

account for 74 of the world’s total poultry produc-

tion, 40 percent of pig meat and 68 percent of eggs

(FAO, 1996e).

5.4 Major perspective issues and
possible policy responses 

In this section a number of selected livestock-related

issues that are expected to increase in importance

over the projection period will be discussed.

5.4.1 Livestock, economic development 
and poverty alleviation 

As discussed in Chapter 8, a key challenge for

development and poverty alleviation is the identifi-

cation and promotion of broad-based income

opportunities that may lead to significant pro-poor

growth. The livestock sector appears to present a

major opportunity to enhance the livelihoods of a

large portion of the world’s poor.

Livestock ownership currently supports and

sustains the livelihoods of an estimated 675 million

rural poor (Livestock in Development [LID],

1999). These people depend on livestock fully or

partially for income and subsistence. Livestock can

provide a steady stream of food and income, and

help to raise whole-farm productivity. They are

often the only livelihood option available to the

landless, as they allow the exploitation of common

property resources for private gain. In addition,
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livestock are often the only means of asset accumu-

lation and risk diversification that can prevent the

rural poor in marginal areas from sliding into

poverty. Recent statistics show that an estimated 

70 percent of the poor are women, for whom live-

stock represent one of the most important assets and

sources of income (DFID, 2000a). Livestock owner-

ship also tends to increase consumption of animal

products and create employment opportunities.

In spite of the trend towards increasing scales of

production and vertical integration, the greater

part of the food consumed in developing countries

is still produced by semi-subsistence farmers. The

projected growth in the demand for animal prod-

ucts therefore offers opportunities for the rural

poor since they already have a significant stake in

livestock production. Unfortunately, until now the

large majority of the rural poor have not been able

to take advantage of these opportunities. Thus far,

the main beneficiaries have been processors and

traders, middle-class urban consumers, and a rela-

tively small number of large producers in high-

potential areas with good access to markets. 

A number of handicaps prevent the poor from

taking advantage of the available development

potential. These are summarized below.

Financial and technical barriers. Financial barriers

prevent small farmers from intensifying their

production. The investment required often exceeds

their capital wealth. Policies and institutions must

facilitate forms of targeted small- to medium-scale

credit, based among others on the strengthening of

property rights, to ensure the poor’s future

involvement in increasing livestock production and

processing. Technical barriers prevent small

producers from supplying a safe and relatively

uniform product to the market. The lack of appro-

priate infrastructure to preserve perishable prod-

ucts affects the negotiating power of small

production units, particularly if they are distant

from consumption centres. Technical barriers exist

in the form of sanitary requirements (including

animal welfare) as a prerequisite to trade.

Perceived or real livestock disease incidence may

exclude groups of farmers or whole countries from

international, regional and local markets. Policies

and institutions must facilitate access to technolo-

gies, goods and services, and encourage the estab-

lishment of product standards and safety norms

that do not exclude smaller producers, yet do not

compromise public health.

A combination of higher production and higher

transaction costs can make small producers uncom-

petitive and limit their access to markets. They do not

benefit from the economies of scale available to

large-scale units, so their production costs are

usually higher, outweighing any cost advantages

from the discounted value of family labour. Hidden

and overt subsidies to facilitate the supply of cheap

animal products to the cities may impact on small-

scale producers, public health and the environment,

but there is a lack of objective data to assess this.

Transaction costs can be prohibitively high for

small-scale producers because of the small quanti-

ties of marketable product and the absence of

adequate physical and market infrastructures in

remote areas. Transaction costs are also increased

where producers lack negotiating power or access

to market information, and remain dependent on

intermediaries. Public policies are needed to

develop market infrastructures, including appro-

priate information systems enabling small-scale

producers to make informed marketing decisions.

Producers’ associations or cooperatives enable

producers to benefit from economies of scale by

reducing transaction costs.

Reducing risks and mitigating their effect on

poor livestock-dependent people are prerequisites

for a sustainable reduction in poverty. Small-scale

production is associated with both market and

production risks. Market risks include price fluctu-

ations of both inputs and products and are often

associated with a weak negotiating position. While

subsistence farming often has sound risk-coping

mechanisms, many small-scale producers lack the

assets or strategies to sustain full exposure to

market risks. If the poor are to participate fully in

the market, safety nets are needed to cope with the

economic shocks invariably present in free markets.

Production risks arise from resource degrada-

tion, extreme weather events such as droughts and

floods, and disease outbreaks. Both small-scale and

intensive livestock production systems are at risk

from the ravages of epidemic diseases and

droughts, but the poor are particularly vulnerable

to these types of shocks because of their limited

assets and the lack of insurance schemes. Public

and private services in disaster-prone poor coun-

tries almost invariably lack the capacity to plan for
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such risks, or to respond in a timely manner.

Building up such response capacity of communities

and institutions is important, and drought and

disease preparedness strategies need to be an inte-

gral part of public policy.

Development interventions in the livestock

sector generally have not been very successful.

Many livestock development projects have not

succeeded because of inappropriate technologies

and failure to deliver services to poor farmers.

However, even in cases where the technologies

were appropriately targeted and the focus was

distinctly pro-poor, many technical projects have

failed to improve the livelihoods of the poor

substantially. Clearly, an enabling institutional and

political environment is indispensable if interven-

tions and strategies are to focus on the poor in a

sustainable way (LID, 1999; IFAD, 2001).

5.4.2 Livestock health, welfare and nutrition

Animal health. Infectious and parasitic diseases of

livestock remain important constraints to more

productive and profitable livestock production in

many developing regions. Diseases reduce farm

incomes directly and indirectly: directly, by causing

considerable losses in production and stock as well

as forcing farmers to spend money and labour on

their control; and indirectly by the consequent

restrictions on exports.

Infectious diseases such as rinderpest, foot-and-

mouth disease, contagious bovine pleuropne-

unomia, classical and African swine fever and peste

des petits ruminants are still major threats to live-

stock production in developing countries. Through

increased movements of livestock, livestock prod-

ucts and people, they also threaten production in

industrial countries.

The global eradication of rinderpest by 2010

remains an achievable goal. However, the other

epizootic diseases can be brought under control

only gradually through intensive, internationally

coordinated animal health programmes. There has

been a major shift away from countrywide eradica-

tion programmes towards more flexible control

strategies, where interventions are focused on areas

offering the highest returns. Risk analysis and

animal health economics help determine where

disease control investment will have the greatest

impact and benefit. Because of the large externali-

ties of outbreaks of these diseases, management of

their control remains a public sector responsibility.

However, many developing countries do not have

effective veterinary institutions capable of the task

and public funding for disease control has been on

the decline over the last decades.

Among the parasitic diseases, trypanosomosis

(sleeping sickness) poses an enormous constraint to

cattle production in most of the humid and

subhumid zones of Africa. Flexible combinations of

aerial spraying, adhesive pyrethroid insecticides,

impregnated screens and traps and sterile insect

techniques (SIT), supported by use of trypanocidal

drugs, hold the promise of gradually recovering

infested areas for mixed farming. These strategies

will provide much greater benefits than the

increased livestock output alone. They will raise

crop output, allow the introduction of mixed

farming, and improve human welfare by

preventing sleeping sickness, providing higher and

more stable incomes, and improving nutrition.

From a production viewpoint, helminthosis and

tick-borne diseases are particularly important.

Helminths (worms), while rarely fatal, can seriously

affect productivity and profitability. Although

helminths can be effectively controlled, parasite

resistance to drugs through the inappropriate use

of antihelmintics is a growing problem. Ticks have

the capacity to transmit diseases, notably East Coast

fever in eastern and southern African countries.

But the cost of traditional dipping with acaracides

for tick control is becoming prohibitive, and raises

environmental concerns about disposal of the waste

chemical. As production systems become more

intensive, diseases affecting reproductive perform-

ance, and nutritional imbalances will also assume

greater importance.

Intensification of livestock production is thus

going to face growing constraints both from

epidemic and endemic disease agents. In many

parts of China, for example, high pig and poultry

densities close to high concentrations of human

population are breeding grounds for existing and

emerging diseases, such as avian influenza and

nipah virus in pigs. Foot-and-mouth and other

diseases are endemic in India, with its very high

cattle density. In the Near East, diseases such as

bluetongue and Rift Valley fever occur in the large

populations of sheep. Some livestock diseases

(zoonoses) also cross from animals to humans,
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directly or through an intermediate host (e.g. new

influenza strains through mosquitoes).

In industrial countries, centuries of systematic

eradication efforts have eliminated some livestock

diseases and drastically reduced the incidence of

others. The maintenance of this situation is

becoming more and more difficult with the 

ever-increasing intensity of international travel

and the growing long-distance trade in animals

and livestock products. Veterinary barriers are

part of the response, such as the screwworm

control programme that started in the United

States and Mexico, and is now protecting almost

all of Central America as well, or the foot-and-

mouth disease control programme that is

protecting Australia and Indonesia.

Biotechnology offers the promise of solving

some of the technical constraints through

improved prevention, diagnosis and treatment of

animal disease. Genomics, for example, may well

contribute to the development of new generations

of vaccines using recombinant antigens to patho-

logical agents. A far wider range of effective,

economic vaccines that are easy to use and do not

require a cold chain can be expected in the future.

The development of cost-effective, robust pen-side

diagnostics will enhance the veterinary services

offered in developing countries. However, techno-

logical advances must be matched by enhanced

epidemiological and logistical capacities, and by

greatly improved coordination of all institutions

involved in animal disease control from local up to

international level.

Animal welfare. Unregulated intensification of live-

stock production is associated with animal manage-

ment practices, such as space, light and movement

limitations, which do not allow the animals to

express their natural behaviour. Such practices are

increasingly disliked in more affluent societies.

Similar reservations are also expressed about

animal transportation over large distances, and

about certain feeding and medication practices.

Genetic selection for increased weight in broilers

has also been linked to animal health problems:

skeletal and circulatory systems taxed by the rate of

muscle formation, leading to increased rates of

heart failure and broken limbs. Particularly in the

industrial world, such concerns are likely to have

an increasing influence on production systems over

the projected period. This trend is already reflected

in EU regulations regarding the minimum cage sizes

for battery hens.

Feed quantity and quality. A large majority of the

world’s livestock, particularly ruminants in the

pastoral and low-input mixed farming systems,

suffer from either permanent or seasonal nutri-

tional stress. Finding better ways to use fibrous

plant material is a high priority. A better under-

standing of how the rumen functions has led to

proven techniques for treating crop residues and

other low-quality roughage, and further develop-

ments can be expected. Improving the capacity of

the rumen to digest high-fibre diets could dramat-

ically improve the prospects of ruminant produc-

tion in areas with easy access to roughage with low

feed quality.

Critical dry season feed shortages can be allevi-

ated by techniques for cultivating, collecting,

storing and conserving fodder, forage and

residues. There is considerable potential for incor-

porating a wide range of high-quality products

(e.g. leguminous feeds) into animal rations.

Strategic feeding and supplementation with key

ingredients, such as minerals or nitrogen, can

improve the overall utilization of low-quality diets.

The feed industry has introduced a range of

enzyme additives to enhance the nutritive value

and quality of feeds. For example, silage additives

containing cellulase and hemi-cellulase enzymes

and bacterial inoculates have been shown to

increase digestibility and improve preservation.

Plant genomics and phytochemistry have iden-

tified antinutritional factors (ANFs) in plants, such

as phytic acid in maize. The transfer of a detoxi-

fying (dehalogenase) gene from the soil bacterium

Morexella to rumen bacteria has been successful

under experimental conditions, opening the possi-

bility of enriching the ruminant ecosystems with

microbes with improved ability to detoxify ANFs.

Microbial and ionophoric feed additives have been

shown to increase feed conversion efficiency by up

to 7.5 percent, although the results remain variable

and the precise mechanisms and complex interac-

tion of breed, micro-organism and animal are yet

to be fully understood.

For pigs and poultry, improving feed conver-

sion efficiency will be crucial to profitability. It will

also reduce dependency on feedgrains where
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appropriate. Over the past decade, feed conver-

sion rates for pigs and poultry have improved by

30 to 50 percent, in part through breeding and in

part through the addition of enzymes to feeds.

Still, in monogastrics only 25 to 35 percent of the

nutrients consumed are captured in the final

products. Further understanding of digestive

physiology and biochemistry can be expected to

improve feed utilization.

5.4.3 Livestock and trade

Expanding demand for livestock products, particu-

larly in developing countries, has translated into

rapid growth in trade in meat products over the past

decade (see Chapter 3). This dynamic growth has

been facilitated by a changing policy environment

that has reduced market barriers to trade. It has also

been favoured by technical factors, such as increasing

specialization of production and processing opera-

tions as well as advances in transportation and cold-

chain technology. The growing complexity of global

meat markets, driven by heightened consumer-

related demands about product type, quality and

safety will increasingly dictate the patterns of trade.

The competitiveness of meat exporters will increas-

ingly hinge on their ability to respond to rapidly

changing consumer preferences, and to the myriad

of international regulations related to food safety

and animal health standards.

One of the factors shaping future developments

in the global meat trade is the continuing specializa-

tion of production and processing. Increasing

production specialization, driven by consumer pref-

erences for specific types and cuts of meat, will result

in countries trading different types of meat cuts. For

example, the United States imports manufacturing-

grade beef and exports high-quality grain-fed beef

to China. China in turn imports chicken feet and

wings and exports higher-value processed cuts to

Japan, in some cases using cheaper imported cuts

from other countries as an input. Increasing

product differentiation in response to varying pref-

erences in different markets will accelerate in the

future as consumers become more sophisticated and

demanding, leading to a more complex and diverse

meat economy.

The complexity of the global trading system for

meat products is expected to increase further in

response to consumers’ preoccupation about the

ways in which meat is produced and sold. Another

factor pushing towards increasing complexity is the

increased risk of international spread of animal

diseases, zoonoses and food-borne infections asso-

ciated with increased trade in livestock and live-

stock products. With greater scrutiny of meat

production systems and the “hoof to plate”

approach to food safety and quality, there is a risk

of proliferation of divergent food standards, sani-

tary assurances and certification procedures. This

would disadvantage meat-exporting developing

countries, which would face higher costs in

adhering to these changing requirements.

In response to food safety and animal disease

concerns, countries have encouraged initiatives

towards the establishment of science-based food

safety regulations in terms of the sanitary and

phytosanitary standards (SPS) under the Uruguay

Round global trade agreements. The Agreement on

SPS aims to eliminate the use of unjustified, unsci-

entific regulations to restrict trade. Under the new

rules, countries maintain the right to set their

desired level of protection or “acceptable risk” of

food safety and animal and plant health, but are

obliged to adhere either to international standards

or, when setting their own standards, to provide

scientific backing for the latter. This right has been

used and put to the test mostly by industrial coun-

tries. However, national standards, and some inter-

national standards, may be the subject of difficult

and contentious trade disputes in the future. They

will also exert increasing pressure towards improved

delivery of veterinary and public health services in

both industrial and developing countries.

The SPS notification process should provide a

mechanism for introducing increased transparency

into the system of notification, consultation and

resolution of trade disputes, as also will moves to

harmonize measures based on international stan-

dards of the Codex Alimentarius Commission and

the International Office of Epizootics (OIE).

Perhaps the success of the SPS Committee can be

measured by the fact that to date, only one live-

stock/meat case has involved the formal dispute

settlement body. In 1999, the World Trade

Organization Hormone Case resolved a long-

standing dispute between the EU and the United

States, supported by Canada. Since 1989, the EU

had banned imports of red meat from animals

treated with six different growth promotants.
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WTO arbitrators determined that the United

States and Canada were entitled to suspend tariff

concessions for certain EU products, in compensa-

tion for the EU not opening its market to beef

treated with hormones.

Trade in livestock products has also been facil-

itated by the spread of cold-chain facilities and by

lower costs for constructing, operating and main-

taining this equipment. This has made trans-

portation of fresh livestock products technically

feasible and accessible to a much larger group of

countries and greatly reduced the costs of trans-

portation. Previously, such developments may

have provided an incentive for agribusinesses to

move their production to countries where labour,

environmental and public health regulations are

less stringent. However, consumer concerns and

international regulations are no longer conducive

to such shifts. Stricter food sanitation regulations

and labelling and certification requirements

demand controls and investment in infrastructure

to a level that may be difficult to achieve in most

developing countries in the near future. Additional

factors are the costs and risks related to the trans-

port of animal feed versus transport of livestock

products. Shipment of animal feeds, in livestock

product equivalent units, is still significantly

cheaper than the shipment of livestock products.

In addition, livestock feeds are far less perishable

and thus run less risk during transport than fresh

livestock products.

Technical advances in packaging, transportation

and information will continue to be among the key

determinants in meat trading patterns. They will

allow meat shippers to deliver frozen, fresh and

chilled meat products to buyers thousands of kilo-

metres away, with no substantial loss in quality.

Loading and unloading have always accounted for

a relatively large share of total transportation costs.

The use of containers, however, has radically

reduced these front- and back-end costs. Shorter

delivery times, improvements in pre- and post-ship-

ment handling activities, and advances in technolo-

gies extending shelf-life, including packaging, will

continue to reduce the transaction costs of trade.

Improvements in transportation systems inside

developing countries will influence their consump-

tion and trading patterns. As infrastructure

improves, advances in intermodalism – moving

goods by linking together two or more modes of

transportation – will make it easier to move

imported perishable meat products within the

country. This will be accompanied by advances in

controlled atmosphere (CA) technologies, added

refinements and cold-chain facilities that extend

the shelf-life of meat, thus expanding the types of

meat that can be shipped in refrigerated containers

without spoilage.

Continuing liberalization of meat markets as

well as closer regional integration (in particular the

accession of Eastern European countries to the EU)

will focus attention on individual countries’

comparative advantage and international competi-

tiveness. The cost of capital and labour as well as

industries’ ability to respond to consumer require-

ments in meat processing will increasingly dictate

the patterns of meat trade. The rapid pace in tech-

nology transfer, along with cross-border invest-

ments in meat production and processing, may

accelerate trading changes together with increased

product diversity.

Pressures on the competitiveness of traditional

developed country meat exporters have stemmed

from the increasing stringency of environmental

regulations targeting animal feeding operations

and waste management. In the Netherlands, it is

estimated that strict regulations on phosphate

quotas, regulations on waste treatments, restric-

tions on storage and field applications and, more

recently, direct output controls are costing up to

US$4.05/hog (Metcalfe, 2001). In the United

States, it has been estimated that waste manage-

ment costs vary from US$0.40 to US$3.20 per hog,

or 1 to 8 percent of total hog production costs.

Application of these regulations results in higher

producer costs and a loss of competitiveness for

specific industries, particularly those in the EU.

Social, health and environmental issues related to

animal production are being raised more explicitly

in WTO negotiations. The competitive playing field

for animal industries will change if these issues are

formally incorporated as “trade issues,” and related

international regulations are harmonized (as has

happened with animal diseases, zoonoses and food

safety). In addition, decisions on how to incorporate

animal welfare concerns, traceability and meat

labelling will affect exporter competitiveness.

Specifically, it will disadvantage developing country

exporters who, by the nature of their smaller-scale

export operations, will have higher compliance costs.
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5.4.4 Intensification: public health risks
and consumer choices

Food safety and emerging zoonoses. Access to safe

and healthy food products is an important public

good. Animal products, especially animal fat, are

linked with human health risks, but some of these

risks are associated only with overconsumption. At

low to moderate intakes, meat, milk and egg prod-

ucts are beneficial and provide essential amino

acids, minerals and vitamins. Indeed, an increase

in consumption of animal products in developing

countries will help to combat some forms of under-

nutrition.

Growing densities of livestock, particularly in

peri-urban and urban areas, import of feedstuffs

from distant areas, and shifts in dietary habits have

raised concerns about diseases, microbial contami-

nation of food and general food safety. 

Changes in production systems, changing

feeding practices and the safety of animal feed 

may increase the risk and change the pattern of

disease transmission. The recent upsurge of human

cysticercosis in eastern and southern Africa

following the expansion in pork production is an

example of how a zoonotic disease may become a

significant risk when production systems change

without accompanying changes in veterinary regu-

lations and enforcement. 

Certain livestock diseases (zoonoses) can also

affect humans, e.g. brucellosis and tuberculosis,

and new zoonoses may originate from livestock

populations (e.g. nipah and avian flu). The poten-

tial dangers are clearly demonstrated by the emer-

gence of BSE (bovine spongiform encephalopathy)

in cattle and its ramifications for human health

(variant Creutzfeld-Jakob disease) and the livestock

industry. It is estimated that new diseases have

been detected at the rate of one a year over the last

30 years.

Meat, milk and eggs are perishable products and

susceptible to contamination by microbes. Some of

these, such as salmonella and Escherichia coli, reside

in the intestinal tract of livestock. Thus inappro-

priate handling, slaughter hygiene, processing or

preservation throughout the food chain can result in

contamination and propagation of microbes and

create serious health risks for consumers. Although

many microbial contaminants are of little or no

effect if products are prepared appropriately,

contamination is the leading reason for ever-

increasing sanitary standards imposed on livestock

processing and transport. Stricter regulations –

combined with a growing number of affluent

consumers prepared to pay a premium for organic

or free-range livestock products – are likely to have

a lasting effect on production methods, particularly

in the industrial countries. Changes will include the

application of pre-harvest food safety programmes

through the Hazard Analysis Critical Control Point

(HACCP) concept at farm level, from breeding to

the slaughterhouse, and pathogen reduction or

elimination programmes along the production

chain, such as the elimination of Salmonella enteritidis

from breeder flocks.

Food safety also concerns biological and chem-

ical contaminants. Aflatoxins, for example, are of

major importance in humid and warm environ-

ments, and drug residues are another major cate-

gory of contaminants.

In order to improve food safety from feed

production to the supermarket shelf, basic food

quality control systems are evolving into quality

assurance systems, and these in turn are moving

towards total quality management (TQM) systems.

The costs of compliance with these systems are

high and will lead to further concentration and

integration of the food chain.

Antimicrobials and hormones. Antimicrobials are

widely employed in the livestock sector, and not

just for therapeutic purposes. It is common prac-

tice, in modern farming systems with high animal

density, to supplement feed with subtherapeutic

doses of antimicrobials so as to enhance growth

rates. Constant exposure to antimicrobials,

however, promotes the development of resistant

microbes. Resistance to antimicrobials in farm

animal pathogens can be passed on to bacteria of

humans through the exchange of genetic material

between micro-organisms. This can increase public

health costs by necessitating the use of more 

expensive drugs for treatment, and longer hospital

stays. The problem of antibiotic resistance is

compounded by the fact that no truly novel antibi-

otics have been developed over the last decade.

Most antimicrobial resistance in human pathogens

stems from inappropriate use of these drugs in

human medicine, but the use of antimicrobials in

the livestock sector plays a contributing role.
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The World Health Organization (WHO) has

recently called for a ban on the practice of giving

healthy animals low doses of antibiotics to improve

their productivity, and the EU has implemented a

partial ban on six antibiotics that are also used in

the treatment of humans. Although such moves are

strongly opposed by livestock producers, they are

likely to gain momentum, particularly in the light

of consumer demands. In 1998, the Danish poultry

industry decided voluntarily to discontinue the use

of all antimicrobial growth promoters, despite

concerns that this would result in decreased

productivity and increased mortality. Contrary to

expectations, mortality was not affected and the

feed-conversion ratio increased only marginally.

Similar steps have been taken by the United

Kingdom’s largest poultry producer.

Hormones that increase feed conversion effi-

ciency are used in many parts of the world, partic-

ularly in the beef and pig industry. No negative

impacts on human health as a result of their correct

application have been scientifically proven.

However, the EU, partly in response to consumer

pressure, has taken a strict stand on the use of

hormones in livestock production. This has led to

major trade disputes with the United States. These

examples show that consumer concerns will

increasingly influence not only the quality of the

end product, but also the ways in which it is

produced.

Livestock biotechnology. As defined by the

Convention on Biological Diversity (CBD), biotech-

nology is “any technological application that uses

biological systems, living organisms, or derivatives

thereof, to make or modify products or processes

for specific use”. Much of the debate to date has

been about biotechnology applications to crops, but

many aspects, including intellectual property rights

and biodiversity, are also relevant for animals.

Biotechnology with respect to animals may be

classified into two groups: reproductive interven-

tions, including artificial insemination (AI), embryo

transfer (ET), in vitro maturation, fertilization and

sexing, and cloning; and DNA-based genetic inter-

ventions, including marker-assisted selection, DNA

vaccines, GM marker vaccines, recombinant

vaccines and the development of GM livestock.

AI is an established technology particularly in

the commercial dairy sector in all industrial coun-

tries. In future, widespread use of AI is likely to

occur in the more favoured production environ-

ments of developing countries, where the demand

for milk provides an economic incentive for its

introduction. ET allows cows of high genetic poten-

tial to produce a much larger number of calves

than with normal reproduction. But this tech-

nology is currently limited to only a small part of

commercial herds and breed improvement

programmes in some industrial countries. This and

other advanced reproductive technologies are

unlikely to spread widely in developing countries

within the foreseeable future.

Recent advances in cloning of mammalian cells

could potentially have a very large impact, particu-

larly for dairy cattle in industrial countries. There

is, however, the danger of further narrowing the

genetic base and decreasing disease resilience.

Cloning is a wasteful process (only 2 to 5 percent of

attempts to clone animals currently succeed) and

cloned animals often develop serious health prob-

lems. Cloning is thus an area where a number of

complex ethical and scientific issues still have to be

resolved.

The rapid increase in the understanding of the

genetic make-up of animals is likely to have a major

impact on animal breeding. Genetic improvement

could be accelerated by direct identification of

genes affecting important traits for economic

performance or disease resistance, together with

the use of neutral markers. This technology is

being developed for a large range of traits, and

could provide a short cut to genetic development

in developing countries, not only for productive

traits but also for adaptation to adverse environ-

mental conditions such as climate and diseases.

Existing technologies – including even the more

basic biotechnologies available as listed above – are

underutilized in many developing countries. This

is a result of a number of factors, including under-

investment in education, health, financial, commu-

nication and transport infrastructure that would

reduce the costs and risks of input supply and

product marketing (Thompson, 1997). These limi-

tations are likely to hold back even more the appli-

cation of the new sophisticated technologies, so that

the technology gap between industrial and devel-

oping countries may grow rather than shrink. 

Over 80 percent of research activities in

biotechnology are conducted by large private
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companies for commercial exploitation to meet the

requirements of developed markets and large-scale

commercial producers (Persley and Lantin, 2000).

They are thus unlikely to be very suitable for the

conditions of small-scale farmers in tropical regions

and this may lead to increasing inequality of

income and wealth within countries. In addition,

legal registration requirements can act as barriers

to commercial product introduction, giving relative

advantage to large, mostly international corpora-

tions that have sufficient institutional infrastructure

and financial resources to meet intensive registra-

tion requirements.

GM livestock and feeds. Estimates of the current

number of GM animals being produced are diffi-

cult to establish. The vast majority have been used

for biomedical research, and have been engineered

to produce different products such as human

proteins in their milk. Researchers are currently

planning to modify chickens to express certain

products in their eggs that may have medicinal use.

GM cattle, sheep, pigs and chickens are also

being produced for eventual direct human

consumption, although this is still largely in the

experimental phase. For example, genes are being

transferred to livestock with the aim of increasing

the endogenous production of growth hormones to

speed up growth rates. So far, however, this process

has had negative impacts on animal welfare.

The main risks to animal and human health

and the environment from GM livestock arise from

pleiotropy, i.e. unexpected changes in form and

function resulting from gene insertion, especially

when these take place without sufficient testing

before widespread release.

GM animals and their products themselves are

not at present used for human consumption. But

products are on the market from livestock fed with

GM crops (e.g. corn and soybean feeds used in

poultry meat and egg production and cottonseed

cake in dairy production). In 2001, the Indian

Government commissioned field trials of trans-

genic cotton in various agroclimatic regions of the

country to assess its environmental safety. Parallel

nutritional studies were carried out in buffaloes

and cows to determine whether transgenic cotton-

seed and oil have any effect on animal health, milk

production and quality with regard to human

health and toxicity.

Little impact of GM food and feed has been

seen so far in international markets, but some

biotechnology-related changes in international

trade are expected. Currently, importers wanting

to obtain GM-free food to satisfy strong consumer

demand have had the choice between importing

feed from GM-free regions, or importing segre-

gated non-GM products from GM-producing

regions. Market segmentation in food products is

taking place, in the EU and Japan particularly,

where GM-free soya food products are receiving

price premiums above products made from mixed

GM-free and GM soya products. So far this market

development is reported to have had little impact

on the pattern of global trade in foods, as GM-free

products can be obtained without significant extra

cost. However, consumers are only now beginning

to demand products from animals fed on GM-free

diets, and this trend may have a significant impact

on international bulk-based feed handling and

commodity trade flows.

5.4.5 Livestock, environment and animal
genetic diversity

There can be substantial environmental benefits

from keeping livestock in mixed farming systems.

Historically, mixed crop-livestock systems have

formed the basis for agricultural intensification. In

these systems, livestock not only accelerate nutrient

turnover, but also provide a mechanism to import

and concentrate nutrients, which is key to intensifi-

cation. Livestock can also perform important func-

tions in landscape and ecosystem maintenance. 

However, many contentious issues remain to be

addressed. Widespread poverty-led land degrada-

tion, and associated biodiversity losses, are occur-

ring in semi-arid and humid environments because

of increased population pressure, ill-defined access

to land and other resources, and poor access to

markets and financial services. Degradation rein-

forces poverty by reducing the productivity of

shared resources and by increasing vulnerability.

Pollution of land, water and air from intensive

livestock production and processing in both indus-

trial and developing countries has raised awareness

of the associated environmental problems. This

pollution can directly damage the environment,

and it can also become a major vehicle for disease

transmission. Animals are also associated with
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global warming. Directly and indirectly, domesti-

cated livestock produce greenhouse gases: carbon

dioxide (CO2) and methane (CH4) together with

small quantities of ozone (O3) and nitrous oxide

(N2O). These issues are covered in detail in

Chapter 12. Examples of other livestock-related

environmental impacts are summarized below.

Land degradation is the result of a complex inter-

action involving livestock movement and density,

land tenure, crop encroachment and fuelwood

collection. It is particularly evident in the semi-arid

lands of Africa and the Indian subcontinent.

Changing land tenure, conflicts, and settlement

and incentive policies have undermined traditional

land use practices and exacerbated the situation in

many cases. Earlier reports of widespread irre-

versible degradation may have exaggerated the

extent of the problem, but there is no reason for

complacency and concerted action is needed.

Deforestation. Commercial ranching has been

responsible for the destruction of vast areas of rain

forest, with a serious loss of biodiversity. The

problem arose from policies that promoted inap-

propriate ranching and was largely, but not exclu-

sively, confined to Central and South America.

Animal genetic diversity. Intensification is associ-

ated with the risk of losing farm animal genetic

diversity through a reduction of the gene pool.

Almost 5 000 identified breeds and strains of farm

animals have been identified. Currently some 600

breeds are in danger of extinction, and further

erosion of many traditional and locally adapted

breeds is expected. 

Over the past decades, several new breeds of

farm animal species have been successfully devel-

oped. Such animals produce more meat, milk or

eggs, as long as they receive ample quantities of

high-quality feed and are protected from harsh

weather, pests, diseases and other kinds of environ-

mental stress. But the consequence has been an

increasing dependency on a narrowing genetic

resource base, facilitated by biotechnologies such as

AI, which allows easy transfer of genetic material

across international borders.

The wholesale transfer of breeds suited to high-

input production systems from industrial to devel-

oping countries is one of the greatest threats to

domestic animal diversity. Development policies

favour such introductions, which generally work

against the survival of local breeds. It is estimated,

for example, that while 4000 of the world’s

remaining breeds are still popular with farmers,

only about 400 are the subject of genetic improve-

ment programmes, almost all of them in industrial

countries.

Maintaining animal genetic diversity allows

farmers to select stock or develop breeds in

response to environmental change, disease threats,

consumer demands and changing market and

societal needs. Genetic diversity thus represents a

storehouse of largely untested potential. Breeds

that utilize low-value feeds, survive in harsh 

environments or have tolerance to or resistance

against specific diseases may offer large future

benefits. Wild relatives of common breeds, in

particular, may contain valuable but as yet

unknown qualities that could be useful now or in

the future (FAO, 1999d). The characterization,

conservation and use of tropical animal breeds are

vital if livestock production is to respond to

changing production environments worldwide.

Adapted livestock are more resistant to disease

and environmental challenges, and can remain

productive without the need for high-value

inputs, and thus increase farm income and

contribute to poverty alleviation.

Considerable potential exists for the within-

breed improvement of locally adapted breeds,

given that most indigenous populations have 

not been subject to heavy selection pressure for

particular traits. Such programmes promise signif-

icant returns, but are necessarily long-term in

nature and require substantial commitment and

investment.

5.5 Concluding remarks

Increasing population, urbanization and dispos-

able incomes in developing countries are fuelling a

strong growth in demand for animal food prod-

ucts. This will have a major impact on the location

and organization of livestock production. Changes

in the latter will in turn strongly impinge on animal

and human health, the livelihoods of the poor and

the environment. The following consequences of

these trends are expected: 

! a major increase in the share of the developing

countries in world livestock production and

consumption;
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! a gradual substitution of cereals and other basic

foods by meat and milk in the diets of devel-

oping countries;

! a change, varying in speed between regions,

from multiple production objectives to more

specialized intensive meat, milk and egg

production within an integrated global food

and feed market;

! rapid technological change and a shift to more

industrial production and processing;

! a rapid rise in the use of cereal-based animal

feeds;

! greater pressures on fragile extensive pastoral

areas and on land with very high population

densities and close to urban centres; and

! increasing livestock disease hazards, with public

health consequences, particularly in areas with

high livestock densities near human population

centres.

The future holds both opportunities and

serious pitfalls for animal production in developing

countries. There is a danger that livestock produc-

tion and processing will become dominated by 

integrated large-scale commercial operations,

displacing small-scale livestock farmers and thus

exacerbating rural poverty and malnutrition.

Uncontrolled expansion of highly intensive animal

production could have major environmental conse-

quences. On the other hand, if correctly managed,

a dynamic livestock sector could prove catalytic in

stimulating rural economies. However, if it is to

take on this role, it will require proactive policies

from the private and public sector, such as:

! the removal of policy distortions that artificially

increase economies of scale and disadvantage

small-scale producers;

! building of institutional and infrastructural

capacities to allow small-scale rural producers to

compete and integrate successfully within the

developing livestock industry;

! a conducive environment, through public

sector investment where necessary, to allow

producers to increase production through

improved efficiency and productivity; and

! effective reduction of environmental, animal

and human health threats.

Without such proactive development policies,

the impact of increased demand for livestock prod-

ucts on food security and safety, environmental

protection and poverty reduction will be far less

favourable.
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6.1  Introduction

Globally, forestry, like other sectors, will continue to

face numerous challenges and changes resulting in

an increasingly intense scrutiny of the contribution

of forests to sustainable development. The general

trend during the past 20 years has been an intensi-

fication of demand pressures on a diminishing

forest resource base. The demand for forest prod-

ucts and services has increased in response to

increase in population and income. 

Historically, production of wood and wood

products has been the main objective of forest

management and other functions were not explic-

itly accounted for. However, there has increasingly

been a shift away from this towards assigning a

higher priority to the environmental and social

functions of forests. Conflicting demands and

differing views of the relative importance of various

goods and services provided by forests and alterna-

tive land uses will increasingly have to be recon-

ciled. The complexity of predicting future

developments in forestry is increased by demands

for a more equitable distribution of the benefits

from forests, for safeguarding the rights of forest

dwellers and indigenous people, and for ensuring

widespread participation in decision-making. 

The predecessor to this study, World agriculture:

towards 2010, (Alexandratos, 1995), provided a

general indication of the principal changes occur-

ring in the forestry sector. Many of the changes

outlined in the previous study still persist, but a

number of new issues are also emerging, rein-

forcing or shifting the direction of development of

forestry at all levels. A brief comparison between

the conclusions and projections of the two studies is

useful, both to demonstrate changes in funda-

mental structures in the forestry sector since the

previous study, and also to highlight conceptual

changes in outlook studies. Since the 1995 study,

FAO has markedly strengthened its capacity in

forestry sector outlook work through a variety of

studies including a Global Forest Products Outlook

Study, a Global Fibre Supply Model and a range of

regional outlook studies, commencing with an Asia-

Pacific Forestry Sector Outlook Study and a Forestry

Outlook Study for Africa (in progress). At the same

time, baseline forestry data have been updated and

improved through the Global Forest Resources

Assessment 2000 (FAO, 2001c).

Probably the greatest conceptual shift has been

the development, throughout the 1990s, of a clear

consensus that there is no impending “global

forest crisis”. In part, this recognizes that previous

Forestry

6
CHAPTER
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projections of consumption of wood products have

not adequately taken into account all relevant

factors. Thus, for example, the 1995 study noted

“a nearly tripling of consumption (of forest prod-

ucts) in developing countries over the next two

decades … In the developed countries, the growth

in consumption of forest products is projected to

be lower than the growth of their economies, with

consumption somewhat less than doubling over

the next 20 years”. These projections implied 

an industrial roundwood consumption of around

2.7 billion m3 by 2010. More recent projections

suggest global consumption of roundwood will be

markedly lower, reaching only 2.4 billion m3 by

2030. Similarly, estimates of fuelwood consump-

tion are projected to be lower than the 1995 fore-

cast, while the supply situation looks more

promising. There is evidence of real improve-

ments in forest management and harvesting and

processing technologies, increases in plantation

establishment and a better appreciation of the role

of trees outside forests in wood supplies. At the

same time, the pressure for agricultural expansion

– often achieved at the expense of forest land – is

expected to be less during the next three decades,

suggesting that a more sustainable future may be

at hand for the forestry sector.

This chapter revisits some of the issues dealt with

in the 1995 study, discusses new factors that may

affect the development of the sector, and outlines a

broad scenario to illustrate likely developments

during the next three decades. The following

sections consider, in turn: the forces shaping devel-

opments in the forestry sector; the principal changes

expected over the period to 2015 and 2030; and

major perspectives and issues relating to forestry,

including possible policy responses. A concluding

section summarizes likely scenarios for develop-

ments in the forestry sector to 2015 and 2030. 

6.2 The presente state of forests

Forest area. One of FAO’s major forestry programmes

is the periodic Forest Resources Assessment (FRA),

which produces a statistical snapshot of the global

status of forest resources once in a decade. The

most recent of these, the Global Forest Resources

Assessment 2000 (FRA 2000; see FAO, 2001c) 

estimates the global forest area in 2000 at about

3 870 million ha or about 30 percent of the land

area. Tropical and subtropical forests comprise 

48 percent of the world’s forests, while temperate

and boreal forests account for the remaining 

52 percent. Natural forests are estimated to consti-

tute about 95 percent of global forests, while 

plantation forests constitute around 5 percent.

Developing countries account for 2123 million ha 

(55 percent) of the world’s forests, 1850 million ha

of which in tropical developing countries. FRA

2000 revealed a net annual decline of the forest

area worldwide of about 9.4 million ha between

1990 and 2000. Annual forest clearance was esti-

mated at 14.6 million ha, and annual forest area

increase at 5.2 million ha. Nearly all forest loss is

occurring in the tropics. 

Total forest

Area Share Area Plantation
of land area per capita Area

’000 ha % ha ’000 ha ’000 ha %

Africa 649 866 21.8 0.85 8 036 - 5 262 - 0.78

Asia 547 793 17.8 0.15 115 847 - 364 - 0.07

Oceania 197 623 23.3 6.58 2 848 - 365 - 0.18

North and Central America 549 304 25.7 1.15 17 533 - 570 - 0.10

South America 885 618 50.5 2.60 10 455 - 3 711 - 0.41

Europe 1 039 251 46.0 1.43 32 015 881 0.08

World 3 869 455 29.6 0.65 186 733 - 9 391 - 0.22

Source: FAO (2001c).

Table 6.1 Global forestry at a glance, 2000

1990-2000

Annual cover change
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Supply of wood and wood products. Supplies of

wood are not drawn on all global forests but from a

significantly smaller area. FAO’s Global Fibre

Supply Model (see Bull, Mabee and Scharpenberg,

1998) estimates that only around 48 percent of

global forests are available for wood supply. The

remainder is either legally protected or physically

inaccessible, or otherwise uneconomic for wood

supply.

The greater part of global wood production is

burned as fuel; fuelwood at present accounts for

over 1.7 billion m3 or around 55 percent of the

annual global wood harvest. The vast majority of

wood burning occurs in developing countries

where wood is often the most important source of

energy. Annual global production of industrial

roundwood currently amounts to slightly over

1.5 billion m3, around 45 percent of the global

wood harvest. Two-thirds of industrial wood prod-

ucts are consumed in developed countries, which

account for less than one-fifth of the global 

population. Interestingly, annual per capita wood

consumption in tropical and temperate and boreal

regions is approximately equal (just over 0.5 m3).

In temperate and boreal countries, however, more

than 75 percent of wood consumption is in the

form of industrial wood products while, conversely,

in tropical countries more than 85 percent of wood

consumption is in the form of fuelwood. 

Forest-dependent people. It is estimated that

around 450 million people, or about 8 percent of

the global population, live in forest ecosystems.

Around 350 million of the world’s poorest people

are entirely dependent on forest ecosystems for

their livelihoods. These people are often marginal-

ized in terms of opportunities for development

and, as such, are dependent on forests for their

livelihood. Reducing forest pressures created by

expansion of agriculture, grazing and fuelwood

gathering depends on more general economic and

social development to provide alternative income-

earning opportunities. While development can

reduce the pressures emanating from rural

poverty, it also generates increased demands for a

number of forest products. Direct and indirect

impact of this on forests will largely depend on

technological changes in production and the

pattern of distribution of and access to forest 

products.

Conservation of biodiversity and other values. The

global area of forests in formally protected areas is

estimated to be 479 million ha, or 12.4 percent of

total forest area (FAO, 2001c). On the surface, this

shows considerable progress towards the recom-

mendation of the International Union for the

Conservation of Nature and Natural Resources

(IUCN) of having at least 10 percent of forest area

in protected areas. Significant challenges still

remain, however, in ensuring balanced representa-

tion of all forest types, and in ensuring effective

protection of forests. At present, many countries

still fall well short of having 10 percent of their

forests protected, while in many other countries

the representation of protected forest types is badly

skewed. Furthermore, in many developing coun-

tries, protection is afforded to protected forests on

paper only, while in reality they remain subject to

substantial encroachment including logging, delib-

erate burning and other forms of clearing or

degradation.

6.3 Forces shaping forestry and
areas of change

Statements about what is likely to happen in the

future necessarily include elements of speculation,

increasingly so the longer the projection period. As

explained in Chapter 1 (see also Appendix 2 on the

approach followed in this study), the objective is to

sketch out the “most likely developments” to 2015

and 2030 in the forestry sector, taking into account

foreseeable changes. Projections are not trend

extrapolations – they incorporate an evaluation of

factors, already under way or expected to become

important in the future, which would cause devia-

tions from past trends.

In many countries forestry is a low-priority sector

and what happens to forests and forestry is to a great

extent decided by changes outside the sector. The

multifunctionality of forests, arising from the diverse

values assigned to them, adds to the complexity of

management. The development and future of indi-

vidual forests, and of forests as a whole, will largely

depend on the relative importance assigned to each

of these values and on the strength of political advo-

cacy for each value. The key questions in developing

an outlook for forestry over the next three decades

are the factors that will have an impact on each of
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these demands and how policy environments will

evolve to alleviate and reconcile demand pressures.

Increasing demands for forest products arise

from growing populations, increasing prosperity as

a result of economic development and changes in

consumer preferences. In this latter category, the

most significant changes in preferences include the

explicit recognition of the value of the environ-

mental and social dimensions of forestry. Trends in

each of these central, shaping pressures are exam-

ined below. 

Demographic changes. Population growth, together

with agricultural expansion and agricultural devel-

opment programmes, is a major cause of forest

cover changes (FAO, 2001c). Population growth

results in an increase in demand for food, which is

met through intensification and arable land expan-

sion. As discussed in Chapter 4, a net increase of

120 million ha is projected in developing countries

to expand crop production over the period to

2030. Part of this is expected to come from forest

clearance. Population growth will also increase

demand for wood and wood products, including

fuelwood. Changes in population distribution,

especially urbanization, will change the demand for

fuelwood, especially charcoal, when incomes are

insufficient to procure alternative sources of

energy. Depletion of wood resources from areas

supplying urban centres has been a major problem

in several countries and this is expected to persist

during the next three decades, unless alternative

sources of energy are more widely used.

The overall impact of demographic changes on

forests will vary between countries. In most devel-

oped countries where population has stabilized,

deforestation has been arrested. Indeed the extent

of forest cover is on the increase, primarily because

of reversion of agriculture areas to forests. The

number of countries where this process could

happen is expected to increase. 

Economic changes. Rising incomes and changes in

income distribution are major factors affecting

forestry. With rising incomes, demand for forest

products increases, especially for processed items

(e.g. panel products, furniture, printing and

writing paper, and so on). In countries where

control of access to forests is weak, increased

demand for forest products is likely to exacerbate

problems of poor forest management and excessive

(including illegal) logging. In some countries,

however, increasing prosperity may actually reduce

some of the poverty-driven pressures on forests by

providing alternative sources of livelihood. Growth

of the industrial and services sectors reduces direct

dependence on land. 

Forests have often served as an engine for

economic growth. In the early stages of economic

development many countries have harvested

forests as a means of capital accumulation. Most

developed countries have gone through a phase of

forest depletion during the early years of industrial

development and many developing countries are

currently moving through this phase. The chal-

lenge for developing countries that rely on forestry

as a significant earner of foreign exchange is to

maintain a healthy rate of development without

excessively depleting forests.

The scenario that may emerge by 2015 and

2030 could be as follows:

! More countries in Asia and South America

would have made significant progress in terms

of economic growth, leading to significantly

reduced dependence on land.

! Some countries that have depended on forests

to generate investment funds would have diver-

sified sufficiently, reducing their dependence

on forests and increasing their willingness to

adopt more sustainable management practices.

However, there will still be several countries in

Asia, Africa and South America where economic

development and growth of the non-farm

sectors would be inadequate to facilitate such 

a major shift from land-based activities.

Deforestation and its attendant problems are

likely to persist in these countries.

! In several countries economic progress would

enable substantial increases in investment in

large infrastructure projects, often resulting in

deforestation. This is particularly the case in a

number of countries in Asia and South America.

Forest clearance for infrastructure development

(such as large irrigation and hydroelectric proj-

ects) and expansion of area under industrial

crops could counterbalance the reduction in

forest clearance for arable cropping.

! Even in Asian and Latin American countries that

make significant economic progress, if large areas

of deprivation persist, people will continue to
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depend on land and other natural resources,

exerting direct and indirect pressure on forests.

! While consumption of forest products is

expected to stabilize in the developed economies,

an increase in consumption of all wood products

is expected in most developing countries.

! The demand for forest services such as recre-

ation and ecotourism is expected to increase.

Political, social and institutional changes. The last

two decades have witnessed major changes in the

openness, transparency and decentralization of

governance. Local communities and groups have

achieved an increasing say in the management of

natural resources. 

More pluralistic institutional arrangements for

resource management are expected to emerge

and strengthen. Several countries have revised

their forest policies and changed legislation,

enabling the participation of the private sector in

forest management, including community groups

and farmers. Participatory approaches such as

joint forest management and management by

forest-user groups are becoming more acceptable,

although the area managed under such arrange-

ments is still very small. These efforts are expected

to gain momentum during the next three

decades.

Forestry departments in many developing

countries could change their structure and func-

tions. Their primary responsibility will shift from

direct management of forests to policy develop-

ment and other regulatory functions. Actual

resource management will largely be the responsi-

bility of the private sector, including farmers and

local communities. The proliferation of informa-

tion (and the potential for misinterpretation)

requires proper interpretation and improved

public access to information. This will be another

important emerging function of the public sector

forestry agencies. 

Forests, environment and global initiatives. The

growing concern about the environment encom-

passes a wide range of forest functions, including

protection of watersheds, conservation of biodiver-

sity and the perceived role of forests as carbon

sinks. As water becomes a more critical resource,

the role of forests in flood control, in rainfall inter-

ception and in controlling erosion will assume even

greater importance, requiring better knowledge

and quantification.

These concerns have become a key driving

force in forestry initiatives following the 1992 UN

Conference on Environment and Development

(UNCED). UNCED Agenda 21, in particular

Chapter 11, has formed the basis for several initia-

tives. Three international, legally binding conven-

tions, the Convention on Biodiversity (CBD), the

UN Framework Convention on Climate Change

(UNFCCC), and the Convention to Combat

Desertification in those Countries experiencing

Serious Drought and/or Desertification, particu-

larly in Africa (CCD), are of direct relevance to

forestry. They have highlighted the importance of

forests in providing a range of goods and environ-

mental and social services, and have helped to

widen the focus of international attention from

forests proper to trees in fragile ecosystems such as

drylands and mountains. 

National and international non-governmental

organizations (NGOs) and advocacy groups have

brought forestry and environmental issues to the

forefront of public debate. NGOs and civil society

will continue to have a pioneering role in influ-

encing forestry policies and programmes. Since

UNCED, countries have attempted to make

forestry policy more consistent with the concepts

of sustainability and environmental soundness.

The Ad hoc Intergovernmental Panel on Forests

(IPF), the Intergovernmental Forum on Forests

(IFF) and the United Nations Forum on Forests

(UNFF) have helped to articulate the policy, insti-

tutional, social, environmental and technological

issues relating to forest management, although

commitment to a legally binding mechanism for

conserving and managing forests still remains

elusive.

These developments have not only generated

pressures against the conversion of forests to alter-

native land uses but they have also resulted in a

closer scrutiny of forestry practices, including

logging of natural forests and plantation manage-

ment. These concerns are expected to dominate

the debates at local, national and global level and

would have the following implications:

! increasing concern for protecting the environ-

ment, leading to a better recognition of the

global, national and local significance of forests;

improved mechanisms to determine the trade-
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offs between competing objectives; and appro-

priate arrangements to share costs and benefits;

! recognition of the rights of indigenous and

forest-dependent people and an increasing

concern to protect their livelihood;

! integration of tree cultivation with other land

uses, to reduce environmental problems and to

enhance income opportunities; and

! global and regional initiatives to enhance the

role of forests in mitigating climate change,

especially their potential as carbon sinks.

International trade. A significant proportion of

global production enters international trade,

reflecting the difference between the geographic

distribution of industrial roundwood production

and processing capacity, and of demand for forest

products. Table 6.2 shows that the export share of

more processed products is significantly higher

than that of less-processed products, reflecting

most countries’ efforts to capture foreign exchange

earnings through higher value-added forest

processing. For example, the export share of sawn-

wood and wood-based panels is much higher than

that of its raw material, namely industrial round-

wood, and likewise for paper and wood pulp.

The largest forest product trade flows are

intraregional. Europe, North America and Asia

combined account for 90 percent of the value of

forest product exports and around 95 percent of

imports. Europe accounts for almost a half of the

global trade in forest products, and 80 percent of

European trade is between European countries.

Similarly, trade between the United States and

Canada accounts for around 70 percent of North

and Central American trade, while Japan is a

partner in around 35 percent of trade in the Asia-

Pacific region. 

As further trade liberalization takes place and

barriers to trade diminish, there could be signifi-

cant changes in the composition, volume and direc-

tion of trade during the next three decades.

Countries will continue to develop domestic wood-

processing facilities, and thus the share in trade of

processed and semi-processed products will

increase relative to that of unprocessed products.

Economic growth in Asia is creating new opportu-

nities for trade of processed and unprocessed wood

and this could accelerate the shift in the direction

of trade already evident. Increased demand from

Asia coupled with restrictions or outright bans on

logging of natural forests in some of the Asian

countries have to some extent contributed to

unsustainable (often illegal) logging in Africa and

Latin America.

Developments in science and technology.

Developments in science and technology and their

wider diffusion could lead to the emergence of

more knowledge-based operations and manage-

ment. The ability to take advantage of natural

processes will increase considerably, leading to

Region Industrial Sawnwood Wood-based Pulp Paper and 
roundwood panels paperboard

P E S P E S P E S P E S P E S
mln m3 % mln m3 % mln m3 % mln mt % mln mt %

Africa 69 6 9 8 2 25 2 1 50 3 1 33 3 1 33

Asia 229 11 5 54 7 13 47 15 32 22 2 9 95 12 13

Oceania 47 9 19 8 2 25 4 1 25 3 1 33 4 1 25

North and Central America 624 15 2 194 57 29 60 14 23 86 18 21 112 25 22

South America 153 2 1 30 5 17 11 3 27 11 5 45 10 1 10

Europe 464 71 15 128 56 44 65 23 35 47 11 23 100 58 58

World 1587 114 7 421 128 30 189 56 30 171 38 22 323 98 30

Note: P=production; E=exports; S=exports as share of production (in percentage).
Source: FAOSTAT.

Table 6.2 Trade in forest products as a proportion of production, 2000
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more benign approaches to resource management.

Access to knowledge and information will improve,

and even societies that have historically been

isolated will have access to information. Of partic-

ular interest to forestry are the following probable

developments:

! Better understanding of ecological processes

will improve the ability to fine-tune human

interventions, minimizing the adverse effects of

several forestry practices. 

! Application of improved remote sensing tech-

nologies will allow the state of resource changes

to be assessed on a real-time basis and to be

available to wider groups of people.

! Improved knowledge of the chemical and

genetic make-up of a large number of species

will widen the scope for their use, leading to the

emergence of new processes and products. 

! Significant improvements in processing tech-

nologies will reduce raw material requirements

(for example, see Abramovitz and Mattoon, 1999)

and environmental pollution. 

! Increased use of tree breeding and application

of vegetative propagation technologies will

ensure availability of high-quality planting

materials, especially for establishment of large-

scale plantations.

! Energy sources will probably shift, with wind

and solar power becoming more important and

widely accessible. This may have a significant

impact on forestry, especially on the use of fuel-

wood.

Tree breeding is increasingly drawing on a

range of biotechnological tools. These fall broadly

into three categories: (i) biotechnologies based on

molecular markers that help quantify genetic

diversity and identify promising genotypes and

genes for subsequent use in breeding programmes;

(ii) technologies that enhance vegetative propaga-

tion; and (iii) genetic modification. While the first

two techniques are relatively commonly used to

support existing tree-breeding programmes,

genetic modification is still at an experimental

stage. To be of practical value, genetic modification

must offer unique features that cannot be econom-

ically delivered through selection or more conven-

tional breeding and that are capable of offsetting

the costs and time involved. All new technologies

must be tested and proved to be environmentally

safe before they can be used on a large scale.

Important traits in forest trees, such as growth rate,

adaptability to harsh environmental conditions and

stem and wood quality, are governed by an array of

genes and may not lend themselves readily to

genetic modification. Should genetic modification

be pursued on a large scale in forestry, the charac-

teristics most likely to be targeted are simple inher-

ited traits, such as modified lignin content, insect

and virus resistance and herbicide tolerance. There

are, to date, no reported large-scale or commercial

plantations of genetically modified trees.

Although changes up to 2015 may be slow, by

2030 developments in science and technology are

expected to have more far-reaching impacts. But

the pace of adoption of technological change will

vary enormously between and within countries.

This will depend on investment in human

resources, on providing favourable institutional

arrangements, etc. In the short term, disparities in

access to and ability to use knowledge may widen.

Large areas of underdevelopment may persist in a

number of countries, limiting the participation of a

sizeable section of people in knowledge and tech-

nology-based activities. 

Globalization and its impacts. Economic liberaliza-

tion and increasing interdependence will provide

new opportunities, but will also mean that pertur-

bations in one sector or country could easily affect

other sectors and countries. Environmental inter-

dependence such as in global climate change or the

transboundary effects of deforestation and other

related changes, could affect economic interde-

pendence. The implications of economic and envi-

ronmental integration on forestry could be

far-reaching. Of particular importance could be

the following factors:

! The movement of technologies, processes and

products across countries will increasingly be

based on comparative (competitive) advantages.

Traditional forest-based enterprises that fail to

take advantage of the emerging opportunities

will fade out and be replaced by more efficient

producers.

! Regional and international trade agreements

will continue to alter the pattern of trade in

forest products. While tariff barriers may

become less important, several non-tariff

barriers, such as those relating to certification
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and ecolabelling, could become critical in deter-

mining access to certain markets (Bourke and

Leitch, 1998).

! Global, national and local pressure groups will

play an increasing role in shaping forest

management, each group trying to push their

agenda based on the group’s interests and

objectives.

However, economic integration is not neces-

sarily a benign process conferring benefits to all at

the same time. Disparities in access to knowledge,

resources and markets could widen the economic

gap between countries, and could also accentuate

resource-use conflicts within countries.

6.4 Probable changes up to 2015 
and 2030

In view of these driving forces, what will be the

changes in forestry during the next three decades?

Because of the complexity of factors and their

interaction, it is difficult to provide a clear indica-

tion. However, we can indicate the broad direction

of probable changes.

Forest and tree resources. The key issue for forest

and tree resources is progress towards wider adop-

tion of sustainable forest management (SFM).

There is some evidence of progress, although scat-

tered and disparate. In some areas, excellent forest

management complies with criteria agreed upon

for SFM. Elsewhere, mainly in the tropics, substan-

tial tracts of forests remain unmanaged and are

frequently severely degraded by careless logging,

burning or other destructive practices. Initiatives

to remedy the situation include the development

and implementation of criteria and indicators for

SFM, and subsequent adjustments to forest

management practices; establishment of certifica-

tion processes; implementation of pilot projects

and operations aimed at reduced impact logging;

and extension of improved silvicultural systems.

All these initiatives are helping efforts to manage

forests to meet a range of long-term objectives and

demands. In most developed countries, forest stocks

have been increasing for a number of years, both

because management of existing forests has been

intensified (including the establishment of forest

plantations) and because significant land areas of

marginal farmland have been allowed to regenerate

as secondary natural forest. The challenge for these

countries is to continue to improve forest manage-

ment to encompass the new dimensions of sustain-

ability. Conversely, in a number of developing

countries, even to arrest deforestation and forest

degradation would mean considerable progress.

Shift in the source of wood supplies. During the

next three decades, the shift away from depend-

ence on natural forests for wood production is

expected to strengthen. Increasingly wood is being

obtained from intensively managed plantations,

thus reducing the pressure on natural forests and

woodlands and enabling the latter to fulfil other

functions. Between 1980 and 1990 the area under

forest plantations increased from about 18 million

ha to nearly 44 million ha. By 2000 it had increased

further to a total of 187 million ha. Although plan-

tations account for only 5 percent of forest cover,

they have become a significant source of round-

wood supply.

There is also an increase in tree cultivation on

farms and other land outside forests. In several

countries (e.g. in Bangladesh, India, Kenya and

South Africa) trees from farms are an important

source of industrial roundwood and fuelwood.

Often such efforts are supported by industries

through provision of technical assistance and

assured prices. Stable or increasing prices and

secure tenure are needed to encourage such

efforts. As farmers adopt more integrated land uses

with trees as an important component, an increasing

proportion of local wood supplies is expected to

come from trees outside forests.

Consumption of industrial roundwood. Consumption

of industrial roundwood during the next 30 years

is expected to move modestly upwards. The most

recent projections of FAO’s Global Forest Products

Model estimate that global consumption of 

industrial roundwood in 2030 will be around 

2 400 million m3, an increase of around 60 percent

on current consumption. Much of this increase will

result from an increase in population and income

in developing countries, leading to an increase in

per capita consumption of wood (and particularly

paper) products. Offsetting these trends will be

changes in consumer preferences, changes in tech-
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niques of forest management, more efficient

utilization of wood and residues, and the develop-

ment of new products.

Current indications are that the real prices of

most forest products are unlikely to increase signif-

icantly in the long term. There may be short-term

fluctuations, but these will be evened out through

changes in supplies and shifts in sources of

supplies, including substitution by non-wood prod-

ucts. Similarly, the spread of SFM may reduce

supply and increase costs in the short term, but it is

unlikely to affect supplies in the long term. In fact,

by making supplies sustainable, it is expected to

stabilize long-term supplies and thus help maintain

price stability.

A marked change will take place in the share of

roundwood grown on plantations. Industrial round-

wood production from plantations is expected to at

least double during the next 30 years, from the

current 400 to around 800 million m3. By 2030

plantations will supply about a third of all indus-

trial roundwood. 

Much of the growth in demand for wood during

this period will, consequently, be met from

increased plantation supplies, and this will necessi-

tate some technological changes to match wood

qualities with consumer demands. In parallel,

significant changes in the type of timber produced

in natural forests are likely to induce shifts in the

relative prices of forest products, leading to shifts in

demand. For example, there is an increasing

scarcity of large tropical logs, which will necessarily

constrain the production of hardwood plywoods

and large-dimension sawn timber. Consequently,

demand for softwood, plywood or other reconsti-

tuted panels may increase. Similarly, solid wood

products made from tropical timbers are likely to

become premium products leading to a shift in

demand towards cheaper wood-veneered products.

Changes in forest-based industries. Changes in

prices and demand, together with the development

of new technologies and changes in resource avail-

ability, are affecting the types and volumes of forest

products. The most striking change in the manu-

facturing of forest products during the past 30

years has been the growth in production of wood-

based panels and paper products as compared with

sawn timber. Since 1970, global production of sawn

timber has remained largely static, while produc-

tion and consumption of wood-based panels have

more than doubled and production of paper and

paperboard has almost tripled.

As Table 6.3 shows, output levels of processed

wood products (wood-based panels and paper

products) have been increasing, even though levels

of industrial roundwood production have remained

static or declined. This has been made possible by

improvements in processing efficiencies. This trend

encompasses the effects of utilizing recycled paper

and wood but, more important, the development of

products that minimize waste by making fuller use

of processing residues. A generation ago, solid

wood furniture was the norm, but today much util-

itarian furniture is made from fibreboard with a

veneer covering or from cheap and abundant soft-

woods such as plantation-grown pines. Similarly,

there has been considerable expansion in the types

and range of paper products. The development of

a broader range of reconstituted paper and panel

Five-year period Industrial Sawnwood Wood-based Wood pulp Paper and Recovered
roundwood panels paperboard paper

mln m3 mln m3 mln m3 mln mt mln mt mln mt

1971-75 1 318 428 87 102 131 35

1976-80 1 415 452 102 125 170 51

1981-85 1 457 445 104 136 193 61

1986-90 1 660 503 124 155 240 83

1991-95 1 501 437 130 162 282 104

1996-00 1 523 419 165 171 323 134

Source: FAOSTAT.

Table 6.3 Average annual production of selected forest products
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and board products has also allowed much greater

use of processing residues, enhancing the overall

efficiency of wood use.

One of the key changes that can be expected

over the period to 2015 is the rationalization of

industry capacities. At present there is a significant

global overcapacity in pulp and paper facilities,

panel plants and sawmills, as evidenced by relatively

low returns to forestry sector investments. Much of

this overcapacity is the result of distortions in invest-

ment decisions created by government incentives

(including low stumpage prices, direct investment

incentives and tariff protection). Obsolete processing

technology and inappropriate location of processing

have increased the uncompetitiveness of forest-

processing industries in many countries.

A number of factors are forcing greater competi-

tion in forest product markets. Trade liberalization

is an obvious one. The pressures created by wood

scarcity, widespread adoption of market-based

economies and greater environmental scrutiny are

other factors altering the structure and location of

forest-based industries. The period to 2015 and

2030 will certainly witness a much greater reliance

on competitive advantages in determining patterns

of forestry industry investment.

Wood as a source of energy. As noted above, an esti-

mated 55 percent of global wood production is

used as fuelwood. Tropical countries account for

more than 80 percent of global fuelwood consump-

tion. There is, however, considerable regional and

national variation. Asia and Africa together

consume more than 75 percent of global fuelwood.

The Regional Wood Energy Development

Programme (RWEDP) in Asia estimates that wood

supplies 18 percent of all energy used in its

member countries. In Africa wood is still the most

important source of household energy, used mainly

for cooking, although cottage industries (such as

food drying and brick-making) also consume

significant volumes in some countries.

Fuelwood consumption is mainly determined

by income levels, availability of wood supplies and

availability of alternatives. As consumers become

wealthier they prefer other forms of conventional

energy, particularly electricity and liquid fuels.

Therefore, while overall consumption of fuelwood

is increasing, per capita consumption is declining.

In most countries there is a surplus of fuelwood,

although there is often localized scarcity, especially

in areas adjacent to urban centres, which are some-

times subject to rapid deforestation for charcoal

production. In some cases, increasing electricity

and gas prices (for example because of the privati-

zation of utilities) have resulted in a switch back to

fuelwood.

Dramatic changes in fuelwood consumption are

unlikely over the next 15 years. Access to alterna-

tive fuels will become easier, but the majority of

current wood-using communities are likely to be

still burning wood in 2015. The shift towards 

alternative fuels may accelerate beyond 2015,

depending on developments of infrastructure and

on improvements in the efficiency and cost-effec-

tiveness of generating energy.

Role of forests in mitigating climate change.

Increasing concern over CO2 emissions and their

potential impacts on global climate has focused

attention on the role of forests in regulating atmos-

pheric concentrations of carbon. Forests serve as

carbon reservoirs by storing large amounts of

carbon in trees, understorey vegetation, litter and

soil. Newly planted forests, or degraded forest

areas that are allowed to regenerate, act as carbon

sinks by absorbing and storing carbon as their

biomass increases. Conversely, when forests are

cleared or degraded, their sink potential is reduced

and they can become a substantial source of CO2

emissions. Therefore projects that focus on

afforestation, improved forest management and

forest protection can reduce net volumes of atmos-

pheric carbon dioxide and thus play an important

role in mitigating climate change. 

Estimates of the carbon sink capacity of forests

suggest a potentially highly significant role.

Overall, forests contain just over half of the carbon

in terrestrial vegetation and soil, amounting to 

1 200 Gt of carbon. Boreal forests account for 

more carbon than any other terrestrial ecosystem

(26 percent), while tropical and temperate forests

account for 20 and 7 percent, respectively. The

Intergovernmental Panel on Climate Change

(IPCC) has estimated that, globally, carbon seques-

tration from reduced deforestation, forest regener-

ation and plantation development could equal 12

to 15 percent of the total carbon dioxide emissions

expected to be generated by fossil fuels between

1995 and 2050.
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The Kyoto Protocol is the key framework for

international agreement on stabilization of green-

house gas concentrations in the atmosphere.

Article 3.3 of the Kyoto Protocol clearly states that

“the net change in greenhouse gas emissions by

sources and removals by sinks resulting from direct

human-induced land-use change and forestry

activities, limited to afforestation, reforestation and

deforestation since 1990, measured as verifiable

changes in carbon stocks, shall be used to meet the

commitments under this Article of each party”.

However, the protocol is unclear about the extent

to which forests will be included in the principal

mechanisms for regulating carbon emissions.

There remains considerable debate over rules for

incorporating forestry projects in emission reduc-

tions under the clean development mechanism

(CDM).1 Some efforts are under way to develop

trading in carbon emission permits and some CDM

pilot projects are under implementation, but there

is still uncertainty regarding the future potential of

these arrangements.

Non-wood forest products (NWFPs). Forests

produce many other products besides wood. The

vast majority of these NWFPs are subsistence

goods, used by the household that collects them, or

traded only in local markets (see Table 6.4). There

are, however, a number of products that have been

developed commercially and an estimated 150

NWFPs are traded internationally. Most are traded

in relatively small quantities and supplies are 

typically unstable, with varying quality and unreli-

able supply chains. There are, however, a number

of exceptions to these general trends including, for

example, rattan, bamboo and gum Arabic.

As mass-produced consumer goods become

increasingly accessible to even very remote commu-

nities, the dependence on inferior NWFPs has

declined. The disintegration of many traditional

livelihood systems has exacerbated this trend, as

has the overexploitation of many NWFP stocks. In

the past, the commercialization of NWFPs has been

viewed as a potential development path for forest

dwellers in less developed countries. Increasingly,

however, there is recognition that natural systems

for the production of NWFPs are not intensive

enough and generally too unreliable to provide 

a basis for large-scale industrial development.

Development of NWFP programmes is also

hindered by lack of focus, institutional and policy

neglect, lack of research and development funding

by NWFP producers and lack of capital. The future

is likely to see only a handful of key species being

cultivated on a commercial scale no longer

controlled by forest dwellers. Thus, the opportuni-

ties for poor forest-based communities to profit

substantially from NWFP development are likely to

remain very limited.

Protected areas, biodiversity and environmental

protection. IUCN has established a goal of having

10 percent of each country’s land area under 

some form of protected status. Ideally, this should

End use NWFP examples

Food products and additives Wild meat, edible nuts, fruits, honey, bamboo shoots, birds’ nests,

oilseeds, mushrooms, palm sugar and starch, spices, culinary herbs,

food colorants, gums, caterpillars and insects, fungi

Ornamental plants and parts of plants Wild orchids, bulbs, cycads, palms, tree ferns, succulent plants, 

carnivorous plants

Animals and animal products Plumes, pelts, cage birds, butterflies, lac, cochineal dye, cocoons,

beeswax, snake venom

Non-wood construction materials Bamboo, rattan, grass, palm, leaves, bark fibres

Bio-organic chemicals Phytopharmaceuticals, aromatic chemicals and flavours, fragrances,

agrochemicals/insecticides, biodiesel, tans, colours, dyes

Source: FAO (1998c).

Table 6.4 Classification of non-wood forest products (NWFPs) by end uses

1 The clean development mechanism enables developed countries (with national emission reduction commitments) to undertake emission reduction
projects in less developed countries, and to include the reductions thus achieved in their national commitments.
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include a representative sample of all ecofloristic

zones, so that 10 percent of all types of natural

forests would be protected. At present, it is esti-

mated that some 80 countries have formally

attained the IUCN 10 percent goal, but around

100 countries currently still have less than 5 percent

of their national land area under protection.

Overall, it is estimated that more than 30 thousand

protected areas have been established and that

these cover about 3.7 percent of the global land

area.

Working in collaboration with FAO's Global

Forest Resources Assessment 2000, the World

Conservation Monitoring Centre (WCMC) reported

that the number and extent of protected areas

grew steadily throughout the latter part of the

twentieth century. However, much work needs to

be done to harmonize national and international

data, including data from different agencies in the

same country. In addition, the interpretation of the

concept of protected areas often differs substan-

tially among countries, making aggregation at the

global level unreliable. 

Although the number and extent of protected

areas have increased markedly in most regions

since the 1960s, in many countries there will be

diminishing opportunities to establish protected

areas in their traditional form. In countries where

conservation efforts fall below the IUCN target,

there are often already intense land use pressures,

or strong conflicts between economic and environ-

mental objectives. Consequently, there will be a

need to develop innovative means to combine

conservation objectives with SFM and the creation

of sustainable livelihoods. For the next 30 years,

therefore, it is expected that the total land area

under strict protection will increase only moder-

ately, but greater areas are likely to be placed

under SFM, in which conservation concerns are

among the criteria. 

Biodiversity is important at the level of ecosys-

tems, species, populations, individuals and genes.

There is a need for better management to safe-

guard biodiversity at all these interacting levels.

While some losses in biodiversity over time are

inevitable through both natural and human-

induced causes, diversity can be conserved and

managed through a wide range of actions, from the

establishment of nature reserves and managed

resource areas, to the inclusion of conservation

considerations in improvement and breeding

strategies of species under intensive use. The key to

success will lie in the development of programmes

that include a strong element of active gene

management and that harmonize conservation and

sustainable use of forest genetic resources within a

mosaic of land use options. The sustainability of

programmes will depend on genuine efforts to

meet the needs and aspirations of all interested

parties, and will require close and continuing

collaboration, dialogue and involvement of stake-

holders in planning and executing related

programmes.

Some environmental threats will continue to

require protective actions involving forestry. For

example, combating desertification will remain a

priority for many sub-Saharan countries, as well as

throughout the Near East, and parts of North and

South Asia. Watershed protection and flood control

will continue to be crucial in countries with exten-

sive steep lands and in their downstream neigh-

bours. Weaknesses in institutional arrangements to

mobilize concerted action will remain the principal

constraint, exacerbated by the lack of financial

resources, and difficulties in identifying benefici-

aries and their willingness and ability to pay.

Forest-based recreation and ecotourism. Ecotourism

is a rapidly growing function of forests. It is defined

as ecologically sustainable tourism that fosters

employment and cultural understanding, appreci-

ation and conservation. More generally, it

comprises a symbiotic relationship between the

environment and tourism, and provides an

economic incentive for conservation.

Ecotourism comprises a relatively small part

(about 7 percent) of the world’s travel and tourism

industry. Nonetheless, it constitutes a significant

source of foreign exchange earnings in some coun-

tries. A major question mark is the extent to which

it can serve as a means of financing conservation.

The market for forest- and conservation-based

holidays is limited, and often a few sites with excep-

tional tourism values attract the vast majority of

visitors, such as Yellowstone National Park in the

United States, or the Khumbu region in Nepal.

Paradoxically, this places extreme pressures on

these exceptional sites. Nonetheless, in many

instances, forests contribute to overall landscapes

that are highly valued for tourism or recreational
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Industrial Sawnwood Wood-based Wood pulp Paper and
roundwood panels paperboard

(m3) (m3) (m3) (mt) (mt)

1978 1999 1978 1999 1978 1999 1978 1999 1978 1999

China 168 177 40 31 2 30 3 10 13 71

Brazil 384 502 113 101 17 14 15 27 23 42

India 28 27 14 18 0 0 1 2 2 4

Indonesia 64 152 19 9 3 6 1 7 3 24

Nigeria 91 88 29 18 3 2 0 0 2 3

Sweden 5 562 6 963 522 463 151 128 573 901 180 206

United States 1 470 1 546 529 584 153 187 196 216 272 350

Source: FAOSTAT.

Table 6.5 Apparent consumption of wood products (per thousand persons)

purposes, for example in Switzerland or the

Canadian Rocky Mountains.

Changing consumer preferences are the key

determinant of the future growth of ecotourism. In

developed countries, where leisure activities are

most extensive, recreation markets are becoming

more competitive. It is thus quite conceivable that

actual forest-based recreation may decline over the

next 30 years, even though forests are likely to be

increasingly accessible. If increased recreation does

occur, it is most likely to be where significant other

services are provided. In developing countries,

forest recreation is likely to increase together with

increased affluence and the development of infra-

structure to facilitate access to forests.

Food security and poverty alleviation. There is

increasing discussion about what forests and forestry

could do to alleviate the widespread prevalence of

poverty and food insecurity. In many countries,

forests and forest products are an important source

of livelihood for rural communities. Traditional

approaches to forest management by public sector

agencies or the private sector have failed to consider

this aspect. Forest-based informal activities such as

firewood collection, charcoal production, pit sawing

and collection and trade of NWFPs, including

medicinal plants, will remain important means of

livelihood for a large number of people. In recent

years poverty alleviation has become the focal area

of attention for international organizations (see

Chapter 8), and the role of forests and forestry in

this can be expected to be reconsidered.

6.5 Major perspective issues in
world forestry

Emerging markets and their impacts on the direction

and volume of trade. One of the principal questions

relating to the future development of industrial

forestry is the extent to which new markets will

emerge, and the effects they may have on direc-

tions and volumes of trade. Several demand

growth poles may emerge over the coming 30

years, with significant impacts on global trade. The

largest potential markets are in the populous coun-

tries of Asia, particularly China and India. At

present these two countries, with around 40

percent of world population, consume less than 10

percent of the world’s industrial wood. Other

developing countries such as Indonesia, Brazil,

Bangladesh and Nigeria all have large populations,

but relatively low per capita rates of industrial

wood consumption. If developing countries like

these significantly raise their per capita consump-

tion of industrial wood products, there will be a

significant shift in patterns of trade. 

Table 6.5 shows that in Sweden and the United

States, per capita consumption of wood products is

currently at least tenfold that of the developing

countries shown. Given that most of the world’s

most populous developing countries will continue

to experience per capita incomes far below levels in

developed countries, per capita consumption of

wood products will also continue to lag behind.

The transition countries form another impor-

tant emerging market. Throughout the 1990s most
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of these countries have been in serious recession.

During the next 15 years, there seems little doubt

that major wood producers such as Russia are likely

to regain much of their pre-transition wood supply

capacity. At the same time, wood product consump-

tion in Eastern European countries is also likely to

rise, following increasing consumer affluence. This

improved outlook suggests that marked changes in

patterns of trade, particularly in European and

North Asian markets, might be expected.

Impact of globalization. Continuing globalization

has an impact on markets for forestry and forest

products in four ways: further trade liberalization

in forest product markets; standardization in

production processes, product quality and regula-

tory environments; an increasing role for foreign

investment and investment by multinational corpo-

rations; and wider spread of environmental advo-

cacy and concerns. 

During the past decades there has been signifi-

cant liberalization of trade in forest products. The

liberalization process culminated in the General

Agreement on Tariffs and Trade (GATT) Uruguay

Round, during which the majority of tariff barriers

for forest products were reduced to fairly moderate

levels or completely removed. Similarly, the past

two decades have seen considerable standardiza-

tion in market and regulatory requirements. Most

countries have adopted trade, investment and even

environmental policies, which have reduced

national insulation and promoted a greater level of

standardization. Thus, while there is still room for

further progress towards free trade in forest prod-

ucts and standardization in markets, changes in

trade conditions during the next 30 years are likely

to be less important than other factors in deter-

mining the shape of forestry.

The globalization of environmental advocacy

really came of age at UNCED in 1992. UNCED

witnessed the birth of global acceptance of sustain-

able development, and acceptance of SFM as the

core paradigm for forestry development. At the

same time, throughout the 1990s environmental

advocacy has firmly embraced the concept of

transnational environmentalism. Issues such as

global warming and the role of forests in carbon

sequestration, the development of multicountry

criteria and indicators of SFM, and international

forest certification processes are all indicative of

growing concerns about the environmental impli-

cations of forestry. Perhaps even more important

implications are those related to the globalization

of environmental concerns. The scrutiny and inter-

ventions of environmental NGOs and development

agencies have imposed greater accountability on

multinationals and have forced governments to

write and enforce environmental legislation and

regulations. Governmental decisions relating to

forests are now subjected to wider scrutiny at local,

national and global levels, and there are increasing

pressures to make forestry practices compliant with

widely acceptable environmental standards. 

There is a long history of foreign direct invest-

ment (FDI) in forestry operations. Most FDI in

forests and forest-processing operations is under-

taken by multinational companies. FDI is seen as a

means of developing national economies by gener-

ating employment, income and foreign exchange

earnings. Education, training and technology

transfer also accrue to the “host” country. FDI in

forestry operations, particularly those relating to

forest purchases or harvesting concessions, is often

controversial. Forests are often seen as strategic

national assets, and there has been considerable

resistance in many countries to relinquishing

control of forests to foreign interests. Similarly,

multinational companies operating in countries

with weak regulations have been responsible for

much destructive forest harvesting. Multinational

companies are often perceived to be less account-

able for environmental damage than domestic

companies or government logging agencies.

Privatization of forests remains a significant

vehicle for promoting FDI in forests although, with

the exception of a few countries, it has not

progressed very far. It seems likely that privatiza-

tion will eventually progress in a number of coun-

tries, although this process is likely to be slow and

is more likely to find favour in developed countries.

Eastern Europe, where there are efforts to transfer

formerly centrally controlled forest assets to private

ownership, may be an exception to this rule.

Impact of developments in science on forestry

practices. In simple terms, a central objective of most

forestry science is to improve some part of the

processes that convert sunlight into cellulose or of

those that deliver forest goods and services.

Traditionally, forestry research focused on making the
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production process faster, cheaper and better. Such

research focused on seedling production, tree

growing, harvesting and wood processing as well as

all the intermediate steps. The bulk of forest science

still operates within these parameters, and over the

coming 30 years we should expect improvements

across the broad range of the production process,

making wood production faster and delivering

cheaper and better forest products.

An equally important new trend is to incorporate

social and environmental objectives in forest science,

management and production. In a number of coun-

tries paper production is required to include a

minimum proportion of recycled material. Similarly,

intensive forest harvesting covering large areas is

increasingly considered unacceptable by the public,

even though in many instances it is (in the short

term) the cheapest means of harvesting and may

mimic nature better than alternative systems. 

There are also important changes in the tech-

nology supporting the monitoring of forests. The

increased ease in collecting information (through

satellite imagery, the Geographic Information

System [GIS], etc.), collating it (database tech-

nology), and disseminating it (e-mail and the

Internet) means that countries’ forest management

practices are under far greater international

scrutiny. Thus there is far greater leverage to ensure

that forestry practices are sustainable.

Deforestation and forest degradation. Deforestation

refers to change of forest land cover where tree

crown cover is reduced to less than 10 percent.

Deforestation has the highest profile of all environ-

mental challenges confronting forestry. It has an

impact on the availability of forest goods and services

by reducing the area of forest. High rates of defor-

estation (and forest degradation) may also increase

pressure on forestry policy-makers to place forest

areas in strictly protected areas or to prevent

harvesting in other ways (e.g. through logging bans).

This may increase pressure on accessible areas and

further reduce production that can be harvested

from remaining forest areas.

There is an identifiable relationship between

deforestation and levels of industrial development.

In subsistence economies with slowly growing popu-

lations, forests may absorb the impact of demands for

wood and other forest products. The advent of wide-

spread economic development and rapid population

growth has generally seen a period of rapid defor-

estation in industrializing countries. At a certain level

Figure 6.1 Percentage of deforestation by region, 1990-2000 

Source: FAO (2001c).

Percent
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of development, however, further land clearing and

forest harvesting become uneconomic, and may also

generate increasing criticism related to neglect of

social and environmental dimensions of forest

management. Thus there exists an apparent curve of

changing forest use, which leads from subsistence,

through heavy exploitation, to harmonization of

harvesting with protection and conservation, as well

as social needs and aspirations.

Figure 6.1 shows evidence of this development

path. In most European countries, for example, the

exploitive period is long past, and forest areas are

now gradually expanding. Most developed coun-

tries in other regions, including Japan, Australia,

New Zealand, Canada and the United States also

exhibit either increasing or static total areas of forest. 

On a regional basis, deforestation is most rapid

in Africa and in South America. It also remains a

serious problem in many countries in Asia, Oceania

and Central America. Nonetheless, the experience

of developed countries suggests that a reversal in

deforestation is imminent in a number of devel-

oping countries. In fact, the FAO Global Forest

Resources Assessment 2000 shows that in the past

decade, developing countries such as Bangladesh,

Viet Nam, Algeria and the Gambia have reversed

deforestation, and are expanding net forest area.

For more than a decade, developing countries such

as China, India, the Libyan Arab Jamahariya,

Turkey and Uruguay have had plantation establish-

ment in excess of annual deforestation.

Forest degradation refers to changes between

forest classes (e.g. from closed to open forest) that

negatively affect the stand or site and, in particular,

lower production capacity. Extensive logging, without

corresponding attention to forest management, has

led to large-scale forest degradation, especially where

the extraction of mature trees is not accompanied by

their regeneration, and where the use of heavy

machinery causes soil compaction or loss of produc-

tive forest area. Other causes include overgrazing,

overexploitation (for firewood or timber), repeated

fires and attacks by insects, diseases, plant parasites or

other natural sources such as cyclones.

Forest degradation takes different forms. In

most cases, degradation does not imply a decrease

in the area of woody vegetation, but rather a

change in species composition, loss of soil fertility,

erosion, reduction in biodiversity and fragmenta-

tion of forest areas. One of the most easily identifi-

able and important indicators of degradation is

depletion of standing biomass, particularly mature

trees. Forests may be degraded from virgin

primary status to secondary forests, to scrub or

other wooded land and then perhaps cleared and

reafforested as plantation. Broad measures of

forest area and deforestation do not capture the

changes in values that these shifts encompass. A

shift to principles of SFM and active monitoring of

indicators of SFM are likely to help document and

eventually arrest forest degradation. 

Current policy directions will undoubtedly

result in a decrease in net deforestation in many

countries during the next decade. The rate of

forest degradation is also likely to decrease as

more attention is paid to sustainable harvesting

and utilization practices. In Asia, for example,

countries such as Thailand and the Philippines

have imposed bans on natural forest harvesting.

Although illegal logging and shifting cultivation

continue, it should be expected that ultimately the

profits of plantation establishment and natural

regeneration will outweigh those of defying the

bans. Improved policies, particularly those

encouraging sustainable forest management,

should ensure incremental improvement in forest

management on a global basis, which will gradu-

ally shift the balance of forestry degradation and

clearance to stasis, and then to reforestation and

enhanced quality of forests. 

6.6 Where is forestry heading?

Future directions will be determined by changing

national priorities regarding economic, environ-

mental and social objectives for forestry. At the

same time, countries remain subject to a variety of

pressures that regularly compromise their ability to

invoke rapid change, even when change is clearly

desirable. Each country will, consequently, attempt

to choose a path that best accords with its priorities,

but at the same time will be cognizant of interna-

tional scrutiny and pressures to comply with bench-

mark environmental and social standards. Thus,

the most important changes will occur with regard

to the approaches to meeting demands for a broad

range of goods and services, the ways in which

pressures for better environmental management

are addressed, and the means by which increasing
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demands for social equity are satisfied. Each of

these key dimensions is discussed below.

Through the 1980s and into the early 1990s,

global wood supply projections regularly showed 

a pessimistic slant. Forecasts showed rapid defor-

estation, increasing populations and economic

development, with an apparent prospect of ever-

increasing demand for wood and wood products to

be provided from ever-diminishing forest areas.

There is, however, a general consensus between

recent outlook studies that this rather gloomy

picture was overstated. While forest areas continue

to decline globally and demands increase, it can

also be argued that we have greater wood supply

potential than at any time in history.

The key to increasing wood supplies lies in inno-

vation and technological development. In the past

30 years, as concerns for forests and wood supplies

have mounted, so too have the number of adaptive

measures designed to intensify forest management

and wood production. These trends are already

evident in an acceleration of plantation establish-

ment, introduction of reduced impact logging tech-

niques, development of reconstituted wood

products, increasing emphasis on recycling systems,

and introduction of techniques to promote SFM.

The most recent forestry outlook studies indi-

cate that trade and other market mechanisms will

ensure that, at a global level, wood supplies will be

adequate for the foreseeable future. However,

localized shortages will occur in many countries.

Wood will also remain scarce for impoverished 

or otherwise marginalized people with little

purchasing power. Providing better livelihoods and

living conditions for these people remains a funda-

mental challenge in many countries. In some coun-

tries these problems are being addressed by

implementing systems of community-based forest

management, or by improving regulation of and

rights to forest access.

The question as to whether there is enough

wood is likely to be less important in the future.

Rather, the key questions will be: Where should it

come from? Who will produce it? And how should

it be produced? It seems clear that plantations will

play a relatively greater role in providing wood.

Similarly, trees planted outside the forest, around

the farm or household or on boundaries, roadsides

and embankments will continue to be an extremely

important and underestimated source of wood

supplies. Changing patterns of resource availability

will have profound implications for forestry admin-

istrations in many countries, requiring changes in

technology, processing capacity and location of

processing industries.

The future for many forest services appears

comparatively bright. Environmentally based serv-

ices such as watershed protection, carbon sequestra-

tion, contribution to water quality and maintenance

of biodiversity and genetic resources are in the main-

stream of environmental concerns. Environmental

services of forests have the advantage that their

benefits extend outside the forest and consequently

affect a more affluent constituency – and therefore

more easily attract funding. Other services that are

largely used by the rural poor are less likely to attract

attention, now or in the future.

In the past, the areas of fuelwood and NWFPs

have been generally marginalized in forest policy-

making. While the future is likely to see greater

attention paid to these products, there is little

evidence of rapid progress in their adoption into

the policy mainstream. In many instances there is

an assumption that economic development will

eliminate reliance on these products, and thus they

tend to be treated as less important. While there is

doubtless some truth in this viewpoint, the reality is

that vast numbers of people will remain dependent

on these products and therefore they merit atten-

tion by policy-makers.

The overriding influence on forestry’s future

direction will be the evolution and adoption of prin-

ciples of SFM. Implementation of SFM is likely to

involve a range of measures that will substantially

alter the ways forests are managed in the future.

The two major components of SFM are likely to be

increases in the area of forest within protected area

networks, and changes in forest harvesting and

management to increase the social and environ-

mental acceptability of production forestry.

The most significant change will be the broad-

ening of forest management objectives to incorpo-

rate not only wood production, but also

environmental and social values. Initially this is

likely to encompass significant increases in

protected areas. In the immediate future,

increasing the area of forest in legally protected

areas should be feasible without too much impact

on future wood supplies. Further ahead, identi-

fying additional areas for full conservation will
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become more difficult. It is likely that, by 2030, new

conservation areas will encompass less stringent

preservation aspects, and will adopt multiple-use

dimensions within a framework of sustainable

management. At present, too many conservation

areas are afforded protection only in name. In

future, it will be important to ensure that there is

adequate funding to manage and protect such

areas properly. 

Eventually all types of land uses, including

natural forests and plantations outside the legally

protected areas, will incorporate these objectives.

By 2030, environmental protection is likely to

have become fully integrated into SFM (not just

“boxed-in” in designated areas). The accessibility

of forests for recreational use will also have

improved markedly. 

Deforestation is expected to slow down in a

majority of countries, and efforts to reverse forest

degradation and improve the quality of forests,

including enhancing biodiversity and restoring

natural processes, will have gathered enormous

momentum. It is difficult to project the magnitude

and rate of change. There will be notable inter-

country and interregional differences. In Asia, for

example, rates of agricultural expansion into forest

land are likely to decline, largely because forests

most suitable for arable cultivation have already

been converted. Slow economic growth, continued

dependence of a large share of the population on

subsistence farming and the availability of forest

land suitable for conversion to arable cultivation

are likely, however, to lead to continued deforesta-

tion in sub-Saharan Africa and, to some extent, in

South America.

The likelihood is that moves to collaborative

forest management will make only steady progress

over the medium term after which, depending on

observable success, such moves may accelerate. A

crucial requirement is the strengthening of forestry

institutions, which are generally under-resourced

and weak. Forestry institutions also need to be

proactive in intersectoral discussions, in recogni-

tion of the fact that many of the most important

forces shaping the future of forestry are largely

outside the direct influence of the sector.

Ultimately, the importance of forestry will depend

on how effectively it can be integrated into the

activities of all other sectors and to what extent the

public as a whole will be convinced about forestry’s

current and future role in promoting sustainable

development.
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7.1  Introduction

The future of world fisheries1 will be affected by

fluctuations in the abundance of fish and living

marine resources, along with factors such as tech-

nical developments, scientific discoveries, climate

change and economic progress. But the dominant

factor will be the critical issue of how capture

fishing and aquaculture activities are managed.

The chapter starts by providing a summary of

the status of world fisheries at the end of the 1990s,

covering the main trends in supply (the status of

stocks and fish production), demand (food

consumption and other uses of fisheries) and

employment. There follows a discussion of fisheries

over the period to 2030. 

Clearly, trying to depict world fisheries three

decades from now is subject to many uncertainties.

The discussion in this chapter is necessarily based

on assumptions and analyses that include an

element of subjectivity. The broad picture might be

useful as a sketch of possible developments in

production and consumption, even though fish-

eries in particular parts of the world may not

conform to this picture.

7.2 World fisheries at the end 
of the 1990s

7.2.1 Fisheries production and stocks at
the end of the 1990s

Capture fisheries. During the 1990s, the produc-

tion of capture fisheries fluctuated between 80 and

85 million tonnes p.a. for the marine sector. Fish

from the Pacific Ocean dominated world capture

fisheries, accounting for almost two-thirds of total

world supplies in 1999. 

During the same period, the production from

fisheries in inland waters expanded slightly,

increasing from 6.4 million tonnes in 1990 to

nearly 8.3 million tonnes in 1999. However, inland

fishery catches are believed to be greatly under-

reported (FAO, 1999e). This is because of the

dispersed and informal nature of many inland fish-

eries, and because many inland fish are bartered,

sold or consumed locally without entering into the

formal economy. For example, inland fisheries in

Brazil, Ghana and several Southeast Asian coun-

tries may be twice to six times as productive, in

terms of catch actually taken, as officially reported.

World fisheries

7
CHAPTER

1 The use of the term “fisheries” is in its broadest sense. It includes capture fisheries and aquaculture and sometimes associated handling, preser-
vation, processing, marketing and trading activities, but excludes fishing for, and trade in, ornamental fish.
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In several countries efforts are under way to

improve the data on inland fisheries and on the

range of services inland waters provide. One

preliminary result is that it appears to be more

profitable to use Brazilian floodplains for fisheries

than to use cleared floodplains for cattle grazing.

The gross volume of marine catches has 

fluctuated and does not show any definite trend.

But the species composition of the catch has

changed. High-value species – bottom-dwelling

species (demersal) and large surface-dwelling

species (pelagics) – are gradually being substituted

by shorter-lived pelagic and schooling fish. FAO

studies indicate many causes for this shift. These

include the thinning out of (overfished) top preda-

tors; increases in natural production of small

pelagics through nutrient enrichment of coastal

areas, enclosed and semi-enclosed seas; and changes

in fishing strategy and technology. The main force

underlying such changes, however, is the change in

harvesting costs as fishing technology has advanced

and as various stocks have been depleted, and the

impacts of these changing costs on operations.

During the second half of the twentieth century,

capture technologies evolved rapidly. In the 1950s

the invention of gear handling devices, such as the

power block for purse seines, resulted in major

improvements in the efficiency of fishing methods

such as trawling, gillnetting, purse seining and

lining. The development and introduction of

synthetic fibres in fishing gear during the 1960s

significantly increased the efficiency of such gears,

thereby lowering that cost component of produc-

tion. Also, new vessels were able to remain for

longer periods in the fishing grounds and the

introduction of freezing on board helped increase

the autonomy of vessels.

Modern fishing fleets have also seen continued

growth in efficiency over the last decades, thanks to

improvements in navigation and fish-locating

equipment, increased knowledge of fish behaviour

during the capture process, and development of

gear monitoring instruments. The growth of effi-

ciency has contributed to increased exploitation

rates and overexploitation in some fisheries, as well

as to overcapacity in others.

Status of fish stocks. In order to help organize its

data, FAO distinguishes 16 statistical regions for

the world’s fishing areas. Figure 7.1 shows available

Figure 7.1 Ratio between the 1998 and maximum historical production, by region

Source: FAO (2000b).
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data for these FAO statistical regions2 of the world’s

oceans in 1998. Four regions (the Eastern Indian

Ocean and the Northwest, Southwest and Western

Central Pacific Oceans) were at their maximum

historical level of production. Eight regions (the

Western Indian Ocean, the Mediterranean and

Black Sea, the Northeast and Eastern Central

Pacific, and the Eastern Central, Western Central,

Southwest and Southeast Atlantic) were slightly

below maximum historical levels of production.

The remaining four regions (the Antarctic, the

Southeast and Northwest Atlantic and the

Southeast Pacific) were well below maximum

historical levels of production. While there may be

some natural oscillations in productivity, the main

factor responsible for the declines in production

levels in most of the regions is overfishing.

Another useful indicator is the state of stocks of

various fishery species (Figure 7.2). For the 590

“stock” items for which FAO had some information,

149 were in an unknown state. Among the 441 for

which data were available, 9 percent were depleted,3

18 percent were overfished,4 1 percent recovering,

47 percent appeared fully exploited, 21 percent

were moderately exploited, and only 4 percent were

classified as underexploited, i.e. they could sustain

catches higher than current levels.

A more general assessment of the condition of

world stocks depends on how one categorizes the

stocks that at present are exploited close to the

maximum sustainable yield (MSY) level. If the fully

exploited stocks are accepted as being in good

Figure 7.2 The state of world fish stocks in 1999

Source: FAO (2000b).

2 The Pacific is divided into the northwest (PNW), northeast (PNE), eastern central (PEC), western central (PCW), southwest (PSW) and southeast (PSE)
regions; the Indian Ocean into the eastern (IE) and western (IW) regions; the Atlantic into the northeast (ANE), northwest (ANW), eastern central
(AEC), western central (ACW), southwest (ASW) and southeast (ASE) regions. The last two regions are the Mediterranean and Black Sea (MBS),and

the Antarctic (ANT).
3 A “depleted” stock is one that is driven by fishing to a very low size (compared with historical levels), with dramatically reduced spawning biomass

and reproductive capacity. Such stocks require rebuilding. The recovery time will depend on the current condition of the stock, the level of protec-
tion afforded to the stock, and environmental conditions.

4 A stock is considered “overfished” when exploited beyond the point at which the volume is considered "too low" to ensure safe reproduction.
The term "overfished" is often used when biomass is estimated to be below a specified biological reference level such as the maximum sustain-
able yield (MSY).
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condition because they comply with the United

Nations Convention on the Law of the Sea

(UNCLOS) requirement of being at or above the

MSY level of abundance, then 72 percent of the

stocks appear exploited at sustainable levels.

However, this still implies that 28 percent of stocks

are overfished or even depleted and therefore

need rebuilding.

Similar conclusions arise by analysing the stock

data by FAO statistical region. Comparing the total

of fully, under- and moderately exploited stocks

with the total of overexploited, depleted and recov-

ering stocks, the data suggest that in each region

more than 50 percent of stocks are being sustain-

ably exploited, except in the Pacific Southeast

(Figure 7.3).

Aquaculture. Until the 1950s, aquaculture involved

a limited number of species: oysters, mussels, carp,

trout and shrimps. This was largely because these

were the species for which large volumes of

young/spat could be easily obtained for production

purposes, and such culture systems were generally

extensive. Since the 1950s, scientists gradually

solved the problem of artificial reproduction for

different carp (e.g. common, Chinese and Indian

carp), salmonids, oysters and shrimps, making it

possible to stabilize and expand production of

these species.

The bulk of aquaculture production comes from

species that feed low on the food chain. Among the

finfishes, carp, which generally feed on plankton

and plants, accounted for nearly 70 percent of

world production of cultured finfishes in 1999.

Commanding low to moderate prices, such fish

tend not to be traded internationally. Aquaculture

currently provides a considerable share of the

production of several high-priced species such as

salmon, marine shrimps and oysters. 

In general, efforts to culture other finfish and

crustaceans implied protracted and costly research

and development efforts. This has hampered

greater aquaculture-based production of many of

these types of species. As a result, even by the end

of the 1990s, a relatively small number of species

(less than 40) accounted for 90 percent of the

volume of world aquaculture production.

During the 1990s, aquaculture production

increased at the rapid rate of approximately 

10 percent p.a., rising from a 1990 level of 

13 percent of world fisheries production

(excluding aquatic plants) to 26 percent nine years

later. Currently, aquaculture production already

far exceeds the year 2010 production level
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Figure 7.3 Condition of stocks by FAO statistical region
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projected as recently as in 1995 (Alexandratos,

1995).

Aquaculture’s share of fish used in food

consumption has risen in volume terms from

19 percent in 1990 to 34 percent in 1999. In value

terms, this contribution is 39 percent – the ex-

farm value of aquaculture (fish and shellfish)

production was estimated in 1999 at approxi-

mately US$48 billion, compared with an esti-

mated landed value of capture fisheries at

approximately US$76 billion.

The growth of aquaculture has been unevenly

distributed around the globe. Production has been

heavily concentrated in Asia both in volume and

value terms. At the beginning of the 1990s, Asia

provided 83 percent of the world’s total volume of

aquaculture production, and by 1999 that share

had risen to 89 percent. Most of the increase was

attributable to China, whose share of the world’s

aquaculture production increased from 50 percent

in 1990 to 68 percent in 1999.

There is a growing perception that much of

aquaculture production leads to environmental

damage. This is not correct for many aquaculture

activities. Molluscs, seaweed and most forms of

carp culture, for example, have only a very limited

impact on the aquatic environment, and these

species account for more than half of world aqua-

culture production.

However, it is generally recognized that the

early rapid expansion of shrimp farming in coun-

tries around the Bay of Bengal, elsewhere in Asia,

and in Latin America caused considerable environ-

mental and social damage. This was in large part a

result of unsuitable procedures for site selection,

pond construction and pond management.

Conversely, aquaculture itself has increasingly been

negatively affected by coastal development, habitat

loss, and non-point-source pollution, issues that are

usually beyond the direct jurisdiction or control of

fisheries management authorities.

7.2.2 Demand for fishery products 
at the end of the 1990s

Demand for fishery products consists of two

components: direct consumption of fish as food

and fish used for animal feeding. Increasingly,

fishery resources are also in demand as a source of

leisure activities.

Direct consumption of fish as food. Globally, fish

provide about 16 percent of animal proteins

consumed and are a valuable source of minerals

and essential fatty acids. Regionally, these consump-

tion figures vary, with fish accounting for an

average of 30 percent of consumed animal proteins

in Asia, approximately 20 percent in Africa, and

around 10 percent in Latin America and the

Caribbean.5

During the 1990s, global apparent consumption

of fish increased.6 In 1990, apparent direct food

consumption of fish, crustaceans and molluscs

amounted to 71.2 million tonnes (live-weight equiv-

alent). This figure increased to 97.2 million tonnes

in 1999, an increase of more than a third over a

period of only nine years, faster than the growth of

world population. Thus average apparent consump-

tion of fish increased from 13.4 kg per capita in

1990 to 16.3 kg per capita in 1999.

This development was heavily dominated by

events in China, which emerged as the world’s

largest fish producer during this period.7 Growth

in Chinese fish production was so rapid that it

overshadowed developments elsewhere. In fact,

excluding China, the apparent consumption per

person in the rest of the world actually declined

from 14.4 kg in 1990 to 13.1 kg in 1999.

However, it is important to note that such global

figures mask the very wide differences among

countries in the level of fish used in food consump-

tion. This ranges from less than 1 kg per person

p.a. in some countries to over 100 kg per person in

others. Moreover, in recent years the form in which

fish has been consumed has changed. The volume

of fishery products marketed in their fresh state has

increased not only in absolute terms, but also as a

5 In discussing food uses of fish, the term “fish” refers to fish, crustaceans and molluscs, excluding aquatic mammals and aquatic plants.
6 FAO does not obtain data from countries on consumption. Thus, when the term “consumption” is used it refers to “apparent consumption” which

is the equivalent of domestic fish production plus fish imports minus exports and non-food uses of fish. 
7 The accuracy of the Chinese figures for fish production and the utilization of fish for food and feed has been called into question by some scien-

tists. FAO and China are examining this issue.
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share of all uses of fish. In 1999 slightly more than

a third of all fish was marketed fresh against only

one fifth in 1987.

Fish used for animal feed. During the 1990s,

between 28 and 33 million tonnes of fish were used

each year for the production of fishmeal and oil.

Almost all of this was landed by marine capture fish-

eries. When the capture of pelagic fish off the west

coast of South America contracted as a result of the

El Niño phenomenon, so did the production of fish-

meal in the world: in 1998 only 23.9 million tonnes

of fish were reduced to fishmeal and oil. By 1999

this figure increased again to 30 million tonnes or

almost 24 percent of total world catch of fish, repre-

senting a return to a more normal level as a result

of the recovery of fishing in South America.

Fishing as a source of leisure activities. Two types of

users are increasingly using fisheries for leisure

activities: active users such as recreational and

sports fishers, and so-called non-consumptive and

passive users such as tourists, sport divers and indi-

viduals who want to enjoy the environmental

values of pristine marine environments (including

fisheries). In many parts of the world, the number

Box 7.1  Biodiversity and fisheries 

Over 1 100 species of fishes, molluscs and crustaceans directly contribute to production of the world’s major

fisheries. There are many additional species contributing to smaller-scale fisheries. In aquaculture, although the

majority of production comes from a few species, there are over 300 species, which do contribute.

Biodiversity as defined in the Convention on Biological Diversity – namely, the variability within species,

among species, and of ecosystems, and the ecological complexes of which they are part – is a basic element

necessary for sustainable fisheries and aquaculture. The biodiversity of natural populations provides the resource

base for commercial fisheries and the means to adapt to environmental changes and fishing pressure, and the

biodiversity of farmed fish allows for continued breed improvement to meet production and changing market

demands.

Like most human activities that alter resources and the environment in which they are found, commercial

fishing and aquaculture activities can have negative impacts on the environment and, hence, on biodiversity. For

example, in capture fisheries practices such as the use of poison and dynamite are extremely harmful (especially

in coral reefs) and have been generally banned. Similarly, the use of non-selective fishing gears can have nega-

tive impacts on biodiversity, particularly if the amounts of species harvested and impacted are unsustainable. This

happens, for example, where there is a high bycatch of relatively scarce species, high discard rates, and where

only high-valued catch is kept. There is growing concern that the practice of bottom trawling can have negative

impacts on bottom-dwelling flora and fauna in sensitive areas such as coral reefs, seagrass beds, etc. Similarly,

increased production of so-called reduction fisheries (i.e. fish being reduced to fishmeal and oil) have been

increasingly criticized for their likely impact on the food chains of important aquatic species and birds.

Fishery administrations and Regional Fishery Management Bodies (RFMBs) are responding to stakeholders’

concerns and are working to address the impacts of these activities through better regulations to minimize or

mitigate their impacts on biological diversity. One approach has been the development and use of more selec-

tive fishing gears such as those that reduce the capture of marine mammals, undersized target species and

unwanted bycatch. Additional efforts are being made to ensure that commercial exploitation does not result in

the eradication of species or seriously harm genetic diversity.

Nonetheless, some currently targeted species such as the white abalone, the barn-door skate and large coral

reef fishes are at risk. Genetic diversity and the related ability for species to adapt have been lost by intense

fishing on susceptible populations such as spawning aggregations of the orange roughy in New Zealand, thereby

eliminating this large, slowly reproducing species. In response, some stakeholder groups are working, through

the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), to prohibit inter-

national trade of commercially caught species that may be at risk.

Inappropriate fisheries and aquaculture activities are but some of the threats to aquatic biodiversity.

Additional threats, often more severe, include pollution, loss of habitat, habitat degradation and global

warming. Unfortunately, aquatic biodiversity usually faces several such threats simultaneously, making the solu-

tion to such problems less amenable to relatively simple or quick remedies.
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of stakeholders who want to use fisheries for leisure

purposes exceeds the number of commercial

fishers. Because all stakeholders, commercial or

otherwise, have valid claims for access to living

aquatic resources and have a stake in influencing

the use of world fisheries, the emergence of this

group is an important development. Because of

their numbers and the fact that they are increas-

ingly well represented and organized, these stake-

holders in affluent developed economies have a

growing influence on how fisheries can be used,

including the use of fisheries for food production.

This new category of stakeholders has developed

various strategies for effecting its objectives. In some

instances, stakeholders have moved to prevent or

otherwise modify exploitation of some valued

species, either because the exploitation of these

species had the potential to directly threaten species

(e.g. marine mammals) or because of the effects

capture fisheries could have on associated species,

e.g. seabirds or seals.8 In other instances, they have

asserted particular policy perspectives regarding the

appropriateness of exploitation of certain environ-

ments or species and have worked to establish parks

or protected areas in which certain fisheries activi-

ties are prohibited or limited. In some cases such

efforts have resulted in fishing methods being signif-

icantly modified, restricted and even prohibited as,

for example, under the 1989 UN Resolution 44/225

on Large-Scale Pelagic Driftnet Fishing and its

Impacts on the Living Resources of the World’s

Oceans and Seas and the related 1989 Wellington

Convention for the Prohibition of Fishing with

Large Driftnets (and Protocols).

7.2.3 Trade in fishery products at the end
of the 1990s

The gradual opening up of markets during 

the last decade has expanded international trade

in fish and fish products in both volume and

geographic coverage. Nearly 40 percent of all

fishery production is now internationally traded.

Around 80 percent of fish for human consump-

tion ends up in three main markets (Japan, the

United States and the EU).

Exporting countries increasingly see trade in

fish and fish products as a powerful vehicle for

earning foreign exchange, especially through the

export of high-valued species. For example, in

Indonesia the government is aiming for approxi-

mately three-quarters of all foreign exchange

earned from fish and crustacean exports to come

from high-valued cultured species (Purwanto,

1999). Globally, gross earnings from fish exports 

by developing countries grew rapidly from 

US$5.2 billion in 1985 to US$15.6 billion in 1999,

a level that raised fish export earnings to a 

level on a par with the total value of exports 

of such commodities as bananas, coffee, cocoa 

and rubber.

International trade is particularly important in

fishmeal and oil. Some 65 percent of the volume of

world fishmeal production enters international

trade. This reflects the fact that fishmeal is

produced primarily in South America but is used as

animal feed in feedlots in more wealthy economies

elsewhere in the world. This growth in trade also

reflects the global growth of the aquaculture sector,

where fishmeal and oil are key feed ingredients.

The increase in trade in fish and fish products

in the 1990s has not been without difficulty.

Stringent standards for fish imports have been

introduced, mostly in the markets of developed

countries. Approaches such as HACCP method-

ology aim to ensure that consumers receive safe

and hygienic quality food products. This has forced

exporters to choose between finding new output

markets, or introducing systematic procedures to

meet the requirements of the markets to which

they want to export. One effect has been that some

countries saw their exports halted until they could

introduce HACCP procedures.

7.2.4 Employment in fisheries

Employment policies in the fisheries sector are

seldom explicitly elaborated. Where they are

explicit, they frequently concern the participation

of local fishers as crew in a joint venture or on

foreign flagged, licensed vessels fishing in the

national exclusive economic zones (EEZs).

8 Stakeholder groups were key forces driving international efforts to set up the International Plan of Action for Reducing Incidental Catch of Seabirds
in Longline Fisheries, the International Plan of Action for the Conservation and Management of Sharks, and the International Plan of Action for
the Management of Fishing Capacity.



202

Despite this, other developments in marine

policy have had an impact on fisheries employ-

ment. For example, the introduction of the EEZs

early in the 1980s affected fisheries employment.

Employment in long-distance fishing fleets changed

when countries lost access to fishing grounds. This

affected both those that already existed, and those

developed during the 1950s and 1960s by coun-

tries such as Japan, the former Soviet Union and

several countries in Europe. Some countries,

particularly Spain and Portugal, relocated much of

their activities to other nations’ fishing grounds

through fishing agreements. Other countries,

particularly developing countries in Asia, expanded

employment in fisheries, in part through effective

occupation of their own fishing grounds in their

newly created EEZs, but also by engaging in high

sea fisheries. Still other countries worked directly

to reduce the numbers of those employed in high

seas and other fisheries. For example, from 1980 to

1995, the number of active Japanese marine fishers

was reduced from some 457 to 278 thousand.

Although information on fisheries employment

is only fragmentary, the available data show that

during the 1990s employment in capture fisheries

and aquaculture continued to contract in the devel-

oped economies and to expand in the developing

countries. Already in the early 1990s, more than 

90 percent of those fully employed in the fishery

sector were employed by either developing

economies or economies in transition (FAO, 1997d).

At the same time, fisheries employment in devel-

oped economies fell in capture fisheries, in part

compensated by the slowly expanding employment

in aquaculture. Overall, growth in employment in

fisheries is slowing down significantly.

When fisheries are used as a means for

providing social safety nets or for last-resort

employment opportunities, such employment

policies are rarely explicitly enunciated. For

example, there has been an increasing tendency

to allocate inshore areas with fish resources to

small-scale fishers. This can be seen as an indirect

way of preserving local employment opportunities

and a source of food for local fishing communities.

However, such policies rarely provide legal rules

and mechanisms for controlling the inflow of

fishers from other areas or communities. As a

result, unrestricted catches by unregulated

numbers of fishers mean that inshore fisheries are

increasingly unable to render the benefits they

were intended to provide, particularly when there

are problems in other sectors that drive people

into fisheries as an activity of last resort.

7.3 Plausible developments in 
world fisheries

Developments in the global fisheries picture will 

to a great extent be determined by developments

in fisheries management, which will have to face

problems such as the increasingly contentious issue

of access rights allocation. In this section, develop-

ments in production, demand and trade will be

discussed, leading up to a concluding discussion of

management issues in fisheries.

7.3.1 Developments in fisheries production

Overall, production from wild capture fisheries is

approaching its biologically sustainable limit for

many fish species. The bulk of further production

increases will therefore have to come from aqua-

culture. However, aquaculture is at present also

constrained to the extent that it relies for feeding

purposes on fishmeal and fish oil that come from

capture fisheries. This constraint may be overcome

when cost-effective substitutes for fishmeal and fish

oil emerge. 

Beyond these constraints, future fish produc-

tion increases will depend on further development

of post-harvest utilization technologies, and on

successful resolution of various negative externali-

ties such as habitat destruction, bycatch and pollu-

tion from intensive aquaculture.

The future for the aquaculture sector varies by

region. In Asia aquaculture is long practised and

well established. It is expected that aquaculture will

continue to grow and supply important segments

of fish markets in Asia, increasing its share in total

fish production.

The aquaculture industry will respond to the

growing demand for fish by increasing produc-

tion of already domesticated species, by domesti-

cating additional species, and by expanding

marine ranching. In doing so, the industry will

need to resolve issues such as how to maintain

genetic diversity of domesticated species, how to

develop technologies for new species, how to
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resolve a looming shortage of feed for cultured

fish and shrimps, and how to deal with pollution

issues.

Aquaculture is an ancient activity that was

usually carried out in harmony with other uses of

the environment, but few of the old ways of raising

aquatic animals and plants still prevail. Modernized

technologies have resulted in substantial reduc-

tions in production costs for several species, but

they have also created negative environmental

externalities. Aquaculture will be increasingly

subject to regulations ensuring judicious use of

culture technologies and site selection. The devel-

opment of technologies, and a reduction in the

costs of dealing with the undesirable environ-

mental effects of aquaculture installations and

intensive feed regimes, will allow these problems to

be much reduced, if not overcome. Environmental

considerations may also lead to the shift of aqua-

culture installations away from the coastal zone into

offshore and submergible installations at sea, and

in densely populated areas inland, into intensive

recirculating systems.

There is concern in the aquaculture industry that

the limited availability of feeds could constrain the

expansion of aquaculture production. Aquaculturists

using semi-intensive and intensive culture systems

for fish and marine shrimps are particularly

dependent on feeds that incorporate fish oils.

Fishmeal producers expect that within a decade or

so, the aquaculture industry will use up to 75 to 

80 percent of all fish oil produced, and about half of

the available white fishmeal. Although considerable

research efforts have been undertaken, a satisfactory

replacement for fish oil has still to be found. The

problem of finding new fish feeds will soon become

more pressing, given that semi-intensive and inten-

sive culture systems for shrimps, marine fish and

increasingly for carp and other freshwater fishes 

will expand.

Despite boom-and-bust cycles of overexpansion,

market gluts and falling prices in northern Europe

and North America, it is likely that the culture of

salmon, sea bass, bream and turbot will still

continue to expand, particularly in Europe. But the

rate of expansion is likely to decrease and stabilize,

probably at a few percent per year in terms of the

volume of production. The rate of expansion will

depend on the intensity of market promotion

efforts, particularly in non-traditional markets.

Box 7.2  The use of genetically modified organisms (GMOs) in aquaculture

Traditional animal breeding, chromosome-set manipulation and hybridization have already made significant

contributions to aquaculture production. Their contribution is expected to increase as aquatic species become

more domesticated and as breeding and genetic technology continue to improve.

A relatively new form of genetic modification involves moving genes between species, thus producing

“transgenics”. Experimental and pilot projects on transgenic organisms have demonstrated that commercially

important traits can be greatly improved. Growth hormone genes from a variety of fishes have been put into

other species such as carp, catfish, tilapia and salmon to improve growth rates by increasing the production of

the fishes' own growth hormone. A gene that produces an antifreeze protein in the Arctic flounder, thus

allowing it to survive in subfreezing waters, has been put into Atlantic salmon in the hope of increasing this

species’ tolerance of cold waters.

At the end of the 1990s, no commercial aquaculture producer was marketing transgenic aquaculture

species for human consumption. Consumer resistance and concerns about the protection of intellectual prop-

erty rights are the main reasons for not marketing the animals at present being developed in research

programmes. There is concern that new genetic technologies, and specifically transgenic technology, are

poorly understood and that they may pose risks to the environment and human health. These concerns will

be addressed, inter alia, in the biosafety protocols on the international movement of GMOs now being devel-

oped under the Convention on Biological Diversity. The EU has issued directives for the trade, transport and

release of GMOs.

Many resource managers, aquaculturists and scientists believe that GMOs and transgenics will eventually

become accepted in aquaculture and will contribute to increased production. Clear and accurate information

on the benefits and risks of GMOs, and policy guidelines for their responsible use, are urgently needed in order

to allow the field to progress.



204

However, there are cultured species such as

carp, tilapias and catfishes that have much larger

“natural” markets. For example, carp account for

about 70 percent of world cultured production of

finfish although they are produced in only a few

countries (China, India and Indonesia account for

more than 90 percent of world production; FAO,

2001e). It is plausible to expect continued growth

in traditional markets. Total production may well

double by 2015, with growth slowing thereafter. If

non-Asian markets could be found for Indian and

Asian carp, production could grow more quickly.

After several decades of promotion, the culture

of tilapia (mostly Oreochromis nilotica) took off at the

end of the 1990s, not in its natural home of Africa,

but in Asia, where it has found ready markets. It is

also finding markets in Europe and North

America. It seems most likely that tilapia culture

will expand in Asia, intensify in Latin America and

take off in Africa. The sector has been growing in

volume by over 10 percent p.a. at the end of the

1990s, and it is likely to maintain that rate at least

for the next two decades. Tilapia is a relatively

inexpensive fish, and it can be used as an ingre-

dient in processed products. By 2015, it is plausible

that there will be a production volume in the order

of 3 to 5 million tonnes p.a., increasing to possibly

twice that amount by 2030.

Crustaceans account for about 5 percent of

world production of fish and shellfish. While the

culture of crustaceans has progressed steadily in

volume, this has not always been the case for indi-

vidual species. Given the growing demand for this

luxury product and an increased ability to deal

with disease (a severe problem in the culture of

tropical marine shrimps), it would seem reasonable

to expect that the culture of present domesticated

crustaceans will expand as it did during the last few

years of the 1990s.

Molluscs, foremost among them oysters,

account for about one-third of world production of

fish and shellfish. Recently, the production of

mussels has stagnated. However, efforts are under

way for these products also to find new markets

and these are likely to be successful. Production of

mussels can be expected to grow through new

offshore technologies. Thus mollusc production is

likely to resume its pace of growth.

Because of the high costs and long periods

involved in achieving controlled reproduction and

survival of the offspring of newly domesticated

species, most recent domestications have been

achieved in developed countries, in particular

along the shores of the North Atlantic. This is likely

to continue in the future. Production of species

such as char, cod, halibut, coryphena and possibly

large tunas and turbot is likely to grow and eventu-

ally stabilize. The level at which this will happen is

largely determined by production costs vis-à-vis

those in capture fisheries. For halibut, cod and

tunas, which lately saw relatively high volumes in

capture fisheries, cultured production will eventu-

ally be quite high. For Atlantic cod it may be several

millions of tonnes. The technology is being devel-

oped for some types of halibut, production of

which may increase quickly and reach hundreds of

thousands of tonnes before the industry reaches

serious market problems. Capture fisheries of char

and turbot amount to only a few thousand tonnes

per year. So, in terms of volume and number of

producers, growth of aquaculture may be slow for

these species.

Among the species mentioned above, Atlantic

cod is perhaps the most interesting. Once this

species has been domesticated and a commercially

viable culture technology develops, the impact

could be considerable not only on codfish fisheries

and their markets but on the white fish industry as

a whole. It took about 15 years for the Atlantic

salmon industry to reach a yearly production of

half a million tonnes and, as noted above, the

marketing challenge was considerable. It is likely to

take less time for the cod culture industry to reach

that figure. It will start from a much better market

position. Total capture fishery production of

Atlantic cod is about 1.3 million tonnes p.a. Atlantic

cod has a market also in southern Europe and in

Latin America, and the species can be sold in many

product forms. Thus, assuming that commercially

viable technology for the culture of cod is devel-

oped soon, by 2015 cultured cod production could

be at least 1 to 2 million tonnes p.a.

At present, of the major fishing nations, only

Japan is engaged in sea (or ocean) ranching on a

large scale. Over 80 species are being ranched or

researched for eventual stocking in marine, brackish

and fresh waters (Bartley, 1999) and, as a result, the

population has increased for a number of species.

Many other countries are also active in the enhance-

ment and ranching of aquatic species, but most of
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them stock only a few marine species. Salmonids are

the most widely stocked group of fish.

The future of sea ranching will depend on a

number of crucial issues. One of these is how to

deal with the externalities of ocean ranching and

the potential ecosystem-related imbalances that it

could create (Arnason, 2001). Another is the

ownership of the released animals. As long as

ownership is not legally defined and technically

impossible to defend, the private sector and

governments will be reluctant to spend resources

on maintaining ranching programmes. It is

possible that new technology will permit the identi-

fication of released animals and their separation on

capture. But, before sea ranching can contribute

significantly to world fish supplies it must be inte-

grated into an overall fishery management

approach that includes habitat protection.

In inland fisheries, enhancement of fish stocks

has been practised successfully in Asia, particularly

in China. There is considerable potential for

stocking and harvesting fish in both permanent and

seasonal freshwater bodies in other parts of the

world. The obstacle to rapid development of inland

fish stocking is not technical, but rather financial

and institutional. Most small freshwater bodies have

a large number of users with long-standing tradi-

tional usage rights. Enhancement practices must be

compatible with these rights and include mecha-

nisms for perpetuating them. No doubt the practice

of stocking fish in such bodies will spread, but the

spread will be slow in Africa, and is not likely to

receive priority in Latin America (with some notable

exceptions). In Asia the practice will continue.

In summary, it is unrealistic to expect any

sudden change or marked increase in the rate of

aquaculture growth worldwide over the next

decade or so, unless significant market shocks

destabilize the production of other protein sources

that currently serve as substitutes for fish in general

and aquacultured fish in particular. Nevertheless, it

seems possible that the growth in aquacultured fish

and shellfish production will continue, at least until

2015, at close to the fairly high growth rates

recorded recently (5 to 7 percent p.a.).

Wild capture fisheries production in the longer

term will be influenced by advances in harvesting

technologies and marketing developments. Estimates

of total sustainable production still refer to the

figure of approximately 100 million tonnes p.a.

(National Research Council, 1999). This is higher

than the annual catches of 80 to 85 million tonnes

of the 1990s because it assumes efficient utilization

of the stocks in healthy ecosystems where critical

habitats have been conserved. Moreover, this esti-

mated potential yield includes large quantities of

living marine resources which thus far have been

little exploited. Of these the best known are krill,

mesopelagic fish and oceanic squids. The major

factor affecting wild capture production is whether

fisheries management can ensure that fish are

harvested in a sustainable and economically effi-

cient manner.

Clearly, technical developments will continue to

increase the efficiency of fishing. Navigational tech-

nologies, electronic fish-finding devices, freezing

technologies and gear improvements have already

increased fishing productivity substantially. As

international awareness increases about various

fishing practices, more selective fishing gears that

can reduce the catch of non-target species are

being developed and spread. In addition, social

pressures will continue to drive innovations to

make use of unwanted but unavoidable catch.

Nonetheless, technical gains will probably not fully

compensate for management strategies where

these are increasingly economically inefficient.

Market changes will also drive changes in tech-

nology. There is a growing trend to consume fresh

fish instead of processed fish products. Increased

access to markets, lower costs of the technology for

delivering fresh fish, and price premiums paid for

fresh fish are creating incentives to make this shift.

The advent of labelling schemes further supports

market changes. For example, labelling products

by country of origin, and use of ecolabels recog-

nizing sustainably harvested fish enable producers

to differentiate their products and take advantage

of changing consumer preferences. However, these

developments will not necessarily alter total

production, just the form in which fish are

produced for food.

The increasing competition of fish substitutes

will force wild capture fisheries to deliver products

that enjoy price premiums. For example, at the

beginning of the 1990s, imports of farmed tilapia

(fillets) and supply of pond-cultured catfish were

believed to depress prices of white fish in the

United States market. Similar situations have been

observed in south European countries with respect
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to European sea bass and sea bream. In 1991 some

3 800 tonnes of European sea bass came from

culture, or just under 40 percent of the total

supply. By 1999 aquaculturists produced more

than 41 000 tonnes of the species, accounting for

85 percent of the total supply, and sea bass prices

dropped. Similarly, the sheer volumes of cultured

European sea bass, Channel catfish and Atlantic

salmon that are now available have affected prices

for these and other substitutable food sources.

7.3.2 Developments in demand for 
fishery products

Fish food products. Growth in food demand for fish

will not be uniform, and there will be significant

differences between regions and countries. As

discussed in Chapters 2 and 3, per capita consump-

tion of meat could by 2030 reach 37 and 89 kg per

person in the developing and developed countries

respectively. Delgado et al. (1999) suggest that this

increase in meat consumption is expected to occur

in parallel with a small decline in the real world

market prices of both meat and grains. If these

projections prove correct, fish consumption could

still increase in developing countries where meat is

not a common substitute for fish. Although

consumption of poultry and pig meat is expected

to continue to increase in the developed countries,

this is unlikely to have a major effect on trends in

fish consumption in these countries, where

demand for fish is more influenced by variety and

health considerations than for reasons of economy.

The world average per capita fish consumption

grew from 9.4 kg in 1961/63 to 16.3 kg in 1999, or

by over 70 percent. A study for FAO (Ye, 1999),

Box 7.3  An aquaculture scenario for Africa

Africa’s per capita fish consumption is relatively low (6.8 kg in 1999) and there is therefore ample scope for

increases in per capita fish demand. There are however several reasons to expect at best a stagnation from now

until 2015. Indeed it is not clear at present how per capita fish supply in Africa could be maintained even at its

present low level. 

Assuming that exports and imports remain at the levels of 1999, fish supply would have to expand by 

46 percent over the period to 2015, and by 92 percent to 2030, simply to maintain present per capita supplies.

It is not immediately obvious where the fish will come from. Local wild stocks are close to being fully exploited,

both in inland and marine waters. Thus, it is unlikely that fishers can respond with higher production to an

increase in demand. Export demand is likely to be supplied first, in response to prices that are higher than those

affordable by African consumers. Imports of small pelagic species could grow, but it is all a matter of price.

Supply for domestic consumption will probably decline and prices edge upwards. Consumers will therefore look

for alternatives, which they are likely to find mostly in vegetables and, to a lesser degree, in red meats and

poultry.

Recently aquaculture production has expanded rapidly in Africa, but it is essentially Egypt that has

accounted for the expansion. In 1999 Egypt accounted for 80 percent of total African production, estimated 

at 284 thousand tonnes. Production in Egypt consisted of tilapia (46 percent), carp (33 percent) and mullet 

(19 percent). Conceivably, tilapia and carp could be sold in the rest of Africa, but this is not likely to happen

for two reasons. Egypt depends on imports to keep up fish consumption and the average consumer is wealthier

than most of the potential importers in the rest of Africa. Thus, future increases in aquaculture production of

carp and tilapia are likely to enter the Egyptian market rather than being exported to other African markets. For

Nigeria, the second largest aquaculture producer in Africa, the situation is similar.

Elsewhere in Africa aquaculture for local consumption is still small. The contribution to total fish supplies

is less than 1 percent of apparent supply. Thus, even in the best of circumstances it will take at least a decade

and probably longer before African aquaculture will have a significant impact on African fish supplies. 

During the latter part of the projection period the supply situation might change somewhat in Africa as

commercial aquaculture is likely to be introduced, initially mainly to supply export markets. Also, the

purchasing power of the urban population could be large enough to absorb some of the production of local

aquaculture entrepreneurs. African governments will have to put a number of remedial policies in place. These

should include, but not be limited to, facilitating fish imports, stimulating aquaculture and the production of

short-cycle terrestrial animals (in substitution for fish).
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taking into account per capita income growth and

trend factors, estimates that per capita fish

consumption could reach 22.5 kg by 2030, an

increase of almost 40 percent over 1999 consump-

tion. Total world demand would then reach 

186 million tonnes in 2030, or almost 90 million

tonnes more than in 1999. However, the plausible

developments in capture fisheries and aquaculture

discussed above may limit the growth in fish

supply. In view of this, total demand is more likely

to lie in the range of 150-160 million tonnes by

2030, or between 19 and 20 kg per capita.

Ye (1999) suggests that per capita consumption

in North America, Europe and Oceania will increase

rapidly until 2015. Consumption will continue to

increase thereafter, but at a slightly slower rate,

reaching between 30 and 35 kg per capita in 2030.9

However, in terms of total consumption, this

increase is relatively small because populations in

these regions are expected to grow only marginally.

In Japan, the market is considered to be saturated,

and it is likely that the total volume of fish consump-

tion will decline slightly.

The picture in Asia is mixed. The 1999 average

per capita consumption in the region was 17.4 kg.

China’s per capita consumption was much higher

(25.6 kg). Demand is expected to continue to

increase so that per capita demand in some coun-

tries in this region could reach about 40 kg by

2030. China’s very rapid growth in per capita fish

consumption will continue, as elsewhere in Asia,

although this rate will begin to slow down over the

next 30 years. 

Since South Americans are large consumers of

red meats, and are likely to remain so, per capita

fish consumption is relatively low (9.6 kg in 1999),

especially compared with North and Central

America where per capita consumption is in the

order of 16.5 kg. Furthermore, although per capita

consumption in South America could grow slowly

over the next 30 years, it is not likely to exceed

15 kg by 2030.

Demand for fish for animal feeding purposes. Small

pelagic species and macro-algae have traditionally

been used for animal feeding purposes and also as

fertilizers. The use of fish and algae as fertilizer has

almost ceased but vast quantities of small pelagic

species and small volumes of fish offal are still regu-

larly converted into fishmeal and oil, the bulk of

9 The preliminary long-term projections based on FAO Food Balance Sheets (FAO, 2002b) suggest similar results, with the rate of increase in per
capita consumption declining and per capita consumption in North America, Europe and Oceania reaching between 24 and 33 kg by 2030.

Box 7.4  Krill as a source of human food and animal feed

Krill is a large group of zooplankton found in all oceans, with the Antarctic stocks being the best known. Krill

is the major source of food for large whales in southern oceans. It is estimated that the annual volume of these

stocks is in the order of 300 to 400 million tonnes – four to five times the total present marine harvest of capture

fisheries. Krill has been moderately harvested in the past, reaching a peak catch in 1982 (approximately 

500 thousand tonnes). Annual catches dropped to about 100 thousand tonnes at the end of the 1990s.

Krill are small crustacean organisms dispersed in the water column. At present they can be captured only

with fishing methods that filter water. To date, pelagic trawls with small meshes in the body of the trawl have

been the most successful technology. Further improvement of krill capture technology is possible. Most likely

this will involve increasing the volume of water filtered by the gear through use of stronger and thinner twine.

Also the use of multiple trawls will increase efficiency. Development of technology permitting the easy spotting

of the densest concentrations of krill would be a major advance in krill capturing.

Krill can be used for human food, as animal feed, and as a source of medical products. Such products have

been developed and proven to have a market. In order to ensure quality, most processing of krill is done on

board the fishing vessels. In the industry it is expected that more krill-based products will be developed, which

is likely to spur future demand.

Japan, Poland and Ukraine have been the most active countries in exploiting Antarctic krill, and it is likely

that they will continue this fishery. It is probable that international companies will also take an increased

interest in this resource, and contribute to expansion. If catching efficiency improves significantly, krill

resources in other oceans may also be exploited.



208

which is used as feed ingredient. Fish used as raw

material in the manufacture of fishmeal accounted

in 2000 for about a quarter of total fish production

(30 out of 130 million tonnes). As discussed in

Chapters 3 and 5, livestock production will continue

to increase rapidly over the period to 2030, and

with it demand for animal feeds, hence also for

fishmeal and fish oil. To this should be added a

growing demand for both fishmeal and oil used in

feeds for intensive aquaculture systems.

Thus far, except for small volumes of offal, all

raw material for fishmeal and oil has been supplied

by capture fisheries. In all likelihood this will

continue to be the situation over the projection

period. However, the competition for pelagic fish, a

limited and highly fluctuating resource, will

become more intense, and it is unlikely that the

fishmeal industry will have the economic means to

continue to purchase the 30 million tonnes of fish

p.a. for reduction. The industry will need to find

other raw materials, the most plausible of which

could be zooplankton or krill (see Box 7.4). Finally,

the onboard processing of unavoidable bycatch and

offal into fishmeal may expand.

Demand for fisheries in leisure activities. Recreational

and sports fishers are becoming more numerous

than commercial fishers in North America,

northern Europe and Oceania, and the number of

leisure fishers will continue to grow around the

world. These stakeholders will increasingly obtain

guaranteed access to particular stocks and fishing

grounds, sometimes regulated by managing fish-

eries agencies and sometimes by purchasing access

rights from commercial fishers. Their impact will

be felt in both freshwater and marine fisheries.

Indeed by 2030 the economic importance of recre-

ational and sports fisheries could easily be greater

than that of commercial fisheries for several species

and waterbodies. This is a plausible scenario not

only for developed countries, but also for “big

game fishing” and similar activities occurring in

tropical areas and on high seas. If access is reallo-

cated in particular fisheries there will be an impact

on revenues of the commercial fishing industry,

even if the volumes captured in leisure fisheries are

likely to remain comparatively small.

There is also a growing demand for “non-

consumptive use” of living aquatic resources in

developed countries. This demand for access to

pristine and exotic resources has found indirect

support in a number of United Nations conven-

tions and agreements. The influence of non-

consumptive user groups has also increased in less

developed countries. It seems likely that demand

for non-consumptive uses will continue to grow

gradually. However, this is not expected to result in

any significant reduction of commercial capture

fisheries, particularly in developing countries,

unless switching to such activities creates alterna-

tive livelihood opportunities that address local food

security issues.

7.3.3 Developments in fishery trade. 

In coming decades, the world’s trading system is

likely to be further liberalized under WTO auspices.

Trade barriers for fisheries products will eventually

be lowered or even dismantled. In anticipation of

these developments, fish processors are investing in

low-cost countries (e.g. China and the Baltic States)

to take advantage of cost differences. Regional

specialization in fish production means that some

fish-processing industries will probably remain in

industrialized countries, even if they have to rely on

buying raw material from distant suppliers. 

The expansion of international markets can be

considered as useful but also problematic. For

many communities, especially in developing coun-

tries, fish play a very important role in food secu-

rity and constitute an important part of the diet.

However, if fish producers or processors take

advantage of access to distant markets for their fish

in order to receive a higher net income, the local

availability of fish may be reduced (see Box 7.4).

Thus, increased trade can provide a mechanism for

economic development, but local communities also

need to change to accommodate it.

Carp production in China and India is very

important but is not expected to expand greatly

beyond existing markets in Asia, largely because

the demand is limited by regional consumer pref-

erences. In Africa and Latin America the situation

is somewhat different in the sense that aquaculture

constitutes a very small share of local fish supplies.

In these regions abrupt increases of aquaculture

fish production for local markets are not impos-

sible, but at present seem unlikely. Thus, if a

sudden increase in aquaculture production were to

take place, it would most likely be directed at
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foreign markets. The direct effect on supplies in

local markets would likely be small, with little

competitive impact on local capture fisheries

producing for local consumption.

7.3.4 Developments in fishery management

The management issues that are receiving

increasing attention in the fisheries sector fall

under the headings of maintenance of biodiversity,

ecologically sustainable development and, more

recently, ecosystem management. These are impor-

tant considerations for many stakeholders, all of

whom are increasingly vocal about what constitutes

appropriate practices and acceptable uses of

aquatic living resources.

However, there is a largely unaddressed, yet

fundamental issue underlying these concerns. It is

that in spite of their intrinsic renewable nature,

capture fisheries resources are essentially finite.

And, as finite resources, they can only be exploited

so much in a given period, beyond which overex-

ploitation will cause them to produce less in the

longer term, if not entirely collapse. This simple

fact means that total wild capture fisheries 

production cannot increase infinitely, that these

exhaustible resources have to be treated with care,

and that what is produced must be shared among

those engaged in harvesting. The latter can either

be done on an ad hoc free-for-all basis which prob-

ably is ultimately unsustainable, through adminis-

trative processes, or through the use of rights-based

management systems.10

The single most important development for the

future of wild capture production is how best to

contain total catches at sustainable levels while 

allocating catches. To date, with only few excep-

tions, the matter of allocating resources among

producers and other stakeholders has been

addressed only indirectly, and not very successfully.

To achieve sustainable and equitable use, most

fisheries stakeholders and administrators will even-

tually have to recognize the power of using instru-

ments that create and enhance incentives, rather

than administrative decisions. Fisheries manage-

ment strategies based on explicit and well-defined

access rights will have to become more common, or

otherwise management entities will be over-

whelmed by allocation conflicts. To facilitate deci-

sion-making, management responsibilities will

need to be devolved to fishing interests and

communities, with increased participation by stake-

holder groups. As part of this, frameworks that

control access to capture fisheries need to be

strengthened, and created where they do not exist.

This will not be a matter only for local or artisanal

fisheries – the governance of high seas fisheries will

also need to be more explicitly regulated.

In developing countries, the need to design

management strategies that can cope with exit and

entry issues in small-scale and artisanal fisheries will

become more pressing. Although some countries

Box 7.5  International agreements

The Code of Conduct for Responsible Fisheries (CCRF) was developed to address the management of all aspects

of capture fisheries and aquaculture, fish processing and trade, including environmental issues and fishing on

the high seas. The 1993 FAO Compliance Agreement (the Agreement to Promote Compliance with International

Conservation and Management Measures by Fishing Vessels on the High Seas), which addresses fishing on the

high seas, is an integral part of the CCRF. 

The application of the precautionary approach is a fundamental concept in the CCRF. It requires cautious

aquatic resource management when information is uncertain, unreliable or inadequate, and should lead to

reduced risks to the ecosystem. The precautionary approach has been enshrined in several other international

initiatives, including the UN Convention on Biological Diversity and the UN Fish Stocks Agreement (i.e. the

Agreement for the Implementation of the Provisions of the United Nations Convention of the Law of the Sea of

10 December 1982, relating to the Conservation and Management of Straddling Fish Stocks and Highly

Migratory Fish Stocks).

10 The development of rights-based management systems to create and enhance incentives for sustainability does not equate to or preclude existing
cultural, social and traditional arrangements in fishing communities. In fact, if well designed, rights-based management systems will reinforce
and strengthen community arrangements while also strengthening rights for exploiting fisheries resources.
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(for example, the Philippines and Sri Lanka) are

working to confront this problem, the vast majority

of countries are still struggling with how to do so.

Not being able to cope with issues of mass entry and

exit could have severe implications for the food

security of the people involved. Eventually, it will

become politically and socially imperative that alter-

native social safety nets are developed so that fish-

eries are not the sector of last resort.

Sustainability issues are also important in aqua-

culture. The early experience with modern semi-

intensive and intensive methods showed that access

to and use of water, seed, feed, etc. was perhaps not

as low cost as initially envisioned. During the 1990s

aquaculturists had to accept that access to sites on

land and in water and feeding practices became

increasingly regulated to reduce the negative

externalities of some aquaculture technologies (e.g.

intensive pond or cage culture). In many regions

restrictions on species transfers, site selection and

feed use have become quite severe, and this has

increased production costs. Where profit margins

are large, some of these regulatory changes have

altered, but not eliminated, aquaculture produc-

tion. However, in many developing countries the

application of such regulatory concerns is difficult.

There is little incentive to comply unless the

consumers demand it and are prepared to pay a

higher price for fish products. In addition, the very

limited government budgets and the large number

of aquaculture producers make compliance diffi-

cult to verify and enforce.

7.4 Concluding remarks

The preceding sections discussed many problems

related to the fisheries sector, including how to

increase productivity; how to maintain capture

fisheries at sustainable levels; how to rebuild over-

exploited stocks; how to ensure adequate feed

supplies to aquaculture; how to deal with aquacul-

ture-induced environmental problems; how to

guarantee user rights to various groups with inter-

Box 7.6  Resource sharing

The sustainable harvest of natural resources in high demand is generally possible only if those resources are

subject to explicit and well-defined property rights or rigorous administrative processes to regulate and enforce

harvest levels. By contrast, wild fish stocks are often characterized by weak property rights, inadequate manage-

ment regulations and ineffective enforcement. This situation has made it possible to exploit capture fish stocks

beyond sustainable levels. In some instances, particularly for slow-growing demersal species, stocks have been

reduced so seriously that the commercial fisheries activities causing the decline cease for lack of fish to catch.

Rights-based management systems create positive incentives for the rights holders and clarify their respon-

sibilities. However, the allocation of rights where they have not explicitly existed before is a complicated matter.

Most living aquatic resources are hidden from our view, fluctuate in their abundance, span jurisdictional

boundaries and can occur jointly. One consequence of these characteristics is that creating or setting up rights

systems can be extremely contentious, complex and expensive. This is particularly true in situations where poli-

cies have led to excess fishing capacity and overfishing and where the introduction of rights-based management

includes concurrent reductions in fishing capacity (e.g. vessel buyout programmes and redeployment

programmes for fishers). Finally, the initial enforcement of newly created rights can be difficult. The result is that

rights-based management systems are not being rapidly adopted and implemented. Progress is slow, and excess

fishing capacity continues to exist in many fisheries. The problem is severe and occurs in most parts of the

world, including developing countries.

Because fisheries resources are becoming increasingly scarce, conflicts over the allocation and sharing of

these resources are becoming more frequent. Most conflicts over fisheries resources arise when the resource

is (or is perceived to be) so scarce that sharing it becomes difficult. When rights are well defined, understood

and observed, allocation conflicts tend to be minimized. However, when rights to the use of a stock are not

well defined, understood or upheld, divergent assumptions about what rights users may have often result in

conflicts over scarce fisheries resources. Conflicts can be minimized by clarifying roles, responsibilities and

the general management of a fishery, by following risk-based decision-making strategies and using conflict

mitigation processes.
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ests in inland and marine fisheries; and how to

strengthen the role of fisheries as a source of

employment and foreign exchange earnings. 

Views on what would be the appropriate policy

responses to such problems differ considerably

among the various stakeholder groups and juris-

dictions (be they local, national, regional or global)

and this makes it difficult to reach agreements on

how to solve common concerns in fisheries.

Moreover, the global picture is oversimplified as it

masks the many possible local or regional specific

situations and characteristics.

The most likely scenario to 2030 is that the

management of and production from wild capture

fisheries will continue much as it is today, and that

aquaculture production will continue to grow. Fish

will remain an important source of food and

employment. The ongoing development and expan-

sion of aquaculture and mariculture will likely

continue to be the main source of increased fish-

eries production. Wild capture fisheries will also

certainly remain an important source of food, but

will be subject to production constraints. 

It remains to be seen whether fisheries-related

activities will be managed so as to allow expression

of the full productive, economic and social poten-

tial that both aquaculture and wild capture fish-

eries have to offer. There are signs that the

management of fisheries can address allocation and

sharing issues. But to do so, some major policy and

management challenges must be met. Adequate

administrative processes and fisheries management

capabilities must be developed to cope with issues

of allocation of finite resources, in the absence of

fully defined and explicit property rights in both

the wild capture and aquaculture arenas. Perverse

incentives must be removed, and incentive-

enhancing management strategies must be created

at local, national and international levels. And envi-

ronmental, cultural and socio-economic concerns

related to fisheries must be adequately addressed.
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8.1  Introduction

This chapter deals with some of the most

contentious issues in the field of economic develop-

ment. The first section sets the stage with a discus-

sion of the importance attached to poverty

reduction by the international community. World

leaders have repeatedly proclaimed their commit-

ment to poverty reduction at various summits. In

addition, a set of internationally agreed develop-

ment targets and indicators for measuring progress

have been accepted by the Development Assistance

Committee (DAC) of the Organization for Economic

Co-operation and Development (OECD) and the

United Nations General Assembly. In general these

targets relate to various aspects of poverty. Sections

8.2 and 8.3 describe the international poverty

targets and lay out the main features of the

different strategies proposed by international

organizations for achieving pro-poor growth.

Few people would quarrel with the proposition

that the reduction of hunger should receive

priority in the fight against poverty, since hunger is

surely the most dire manifestation of poverty. What

is often forgotten is that fighting hunger is itself

essential for fighting poverty: hunger reduces

productivity, increases susceptibility to illness,

reduces cognitive ability in children and reduces

the willingness to undertake risky investments, thus

affecting the rate of economic growth. Hunger also

transmits itself from one generation to the next.

Evidence of these effects is presented in Section

8.4. Fighting hunger is thus one of the most effec-

tive ways of promoting pro-poor economic growth.

Section 8.5 takes up the issue of promoting pro-

poor growth. The central theme of this section is

that poverty is still disproportionately concentrated

among the rural population who still rely heavily

on agriculture and on rural off-farm activities for

their livelihood strategies. This observation forms

the basis for the main argument of Section 8.5, that

the best hope of achieving pro-poor growth lies in

the interaction between agricultural development

and the growth of rural off-farm activities,

provided certain conditions are met. 

8.2 Internationally agreed poverty
reduction targets

8.2.1 Setting the targets

Starting in the early 1990s the international commu-

nity has adopted a series of targets for the reduction

Agriculture in poverty alleviation 
and economic development

8
CHAPTER
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Goal Target

1. Eradicate extreme poverty and hunger 1.  Halve, between 1990 and 2015, the proportion of people

whose income is less than US$1 a day

2.  Halve, between 1990 and 2015, the proportion

of people who suffer from hunger

2. Achieve universal primary education 3.  Ensure that, by 2015, children everywhere, boys and girls

alike, will be able to complete a full course of primary

schooling

3. Promote gender equality and empower women 4.  Eliminate gender disparity in primary and secondary  educa-

tion preferably by 2005 and in all levels of education no later

than 2015

4. Reduce child mortality 5.  Reduce by two-thirds, between 1990 and 2015, the under-

five mortality rate

5. Improve maternal health 6.  Reduce by three-quarters, between 1990 and 2015, the

maternal mortality rate

6. Combat HIV/AIDS, malaria and other diseases 7.  Have halted by 2015, and begun to reverse, the spread of

HIV/AIDS

8.  Have halted by 2015, and begun to reverse, the incidence of

malaria and other major diseases

7. Ensure environmental sustainability 9.   Integrate the principles of sustainable development into

country policies and programmes and reverse the loss of

environmental resources

10. Halve, by 2015, the proportion of people without sustainable

access to safe drinking-water

11. By 2020, to have achieved a significant improvement in the

lives of at least 100 million slum dwellers

8. Develop a global partnership for development 12. Develop further an open, rule-based, predictable, non-

discriminatory trading and financial system 

13. Address the special needs of the LDCs

14. Address the special needs of landlocked countries and small

island developing states

15. Deal comprehensively with the debt problems of developing

countries through national and international measures in

order to make debt sustainable in the long term 

16. In cooperation with developing countries, develop and

implement strategies for decent and productive work for

youth

17. In cooperation with pharmaceutical companies, provide

access to affordable, essential drugs in developing countries

18. In cooperation with the private sector, make available the

benefits of new technologies, especially in information and

communication

Source: Adapted from UN (2001b).

Table 8.1   Millennium Development Goals (MDGs)

AGRICULTURE IN POVERTY ALLEVIATION 
AND ECONOMIC DEVELOPMENT
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of poverty in its various dimensions. Goals have been

set for reduction of poverty and hunger; for school

enrolment; gender equality; reduction of infant,

child and maternal mortality; access to reproductive

health services; and the adoption of national strate-

gies for sustainable development.

In 1995, the Copenhagen declaration issued at

the UN World Summit on Sustainable Development

(WSSD) established the general goal of eradicating

poverty and eliminating hunger and malnutrition,

but no date was specified.1 The following year the

members of the DAC of OECD adopted the goal of

halving the proportion of people living in extreme

poverty by 2015, initially with no specific base, later

specifying 1990 as the base year (OECD, 1996). Also

in 1996, the WFS set the goal of halving the number

of undernourished by 2015.

Other UN conferences convened in the 1990s

agreed on targets for education; child health, labour

and nutrition; reproductive health and infant and

maternal mortality; education; gender equality;

employment; housing and access to safe water and

sanitation; and the environment. International

targets have also been agreed for political and civil

rights, crime prevention and drug control. The UN

Millennium Declaration, adopted in September

2000, consolidated most of these goals. 

In 2001, in order to harmonize reporting on

progress towards the goals of the Millennium

Declaration and other International Development

Goals (IDGs), the UN General Assembly adopted a

set of eight Millennium Development Goals

(MDGs), 18 targets (Table 8.1) and 48 indicators.

The MDG on undernourishment differs from that

agreed upon at the WFS. The former is about

halving the proportion of people who suffer from

hunger, while the latter has the more ambitious

aim of reducing the number of undernourished

1 The Copenhagen declaration is frequently claimed to have set the target of halving poverty by 2015. However, no such target is found in the text
of the declaration or the annexed plan of action, which only talk of “eradicating absolute poverty by a target date to be specified by each country
in its national context” (UN, 1995).

Box 8.1  The problems with international poverty data

A discussion on the quality of poverty statistics is beyond the scope of this chapter. Serious doubts do however

exist as to the significance of the widely used global data on poverty (namely the World Bank’s US$1 a day

poverty line) that cannot be ignored. A few major objections are reported here, to warn the reader about impor-

tant caveats that should be borne in mind concerning the global numbers in this section. For a fuller discussion

of the shortcomings behind the international poverty lines the interested reader is referred to Deaton (2001) and

Srinivasan (2000), on which the following list is based.

! Poverty is sensitive to temporal and spatial variations (due partly to cultural norms) that are ignored in

international poverty lines.

! International poverty measures, even for the same country, are highly sensitive to the way purchasing

power parity (PPP) indexes are calculated. Introducing a different PPP data set causes the 1993 poverty

headcount for sub-Saharan Africa to jump from 38.1 to 48.7 percent (Deaton, 2001, p. 5).

! PPP data are available only for a limited, albeit increasing, set of countries and years, and are applied to

the other countries by extrapolation.

! The price indexes used in poverty calculations have several flaws: (i) they are often national averages, not

those actually faced by the poor; (ii) they are seldom updated; (iii) they may have an “urban bias”, in the

sense that price data collection is often more accurate in urban than in rural areas; and (iv) a rural versus

urban breakdown is not always available.

! Survey data also have flaws linked to: (i) coverage (publicly provided goods are not captured); (ii) different

recall periods across countries, which generate data that are not comparable; and (iii) inconsistencies in

the way income survey data are transformed to make them comparable with expenditure survey data.

! There is often a discrepancy between national account data and survey findings (for instance in India).

This makes it impossible to draw any meaningful inference about the relationship between variables

measured on the basis of surveys (such as poverty) and variables measured on the basis of national

accounts (such as GDP growth).
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by half by 2015. There is some discrepancy among

the goals in the choice of base year: 1990/92 for

the WFS goal, 1990 for the MDG on halving

hunger.

Does it make sense to have internationally

agreed development goals? The short answer is yes. 

It is true that internationally agreed develop-

ment goals, and the indicators used to monitor

progress towards their achievement, are prone to

endless critiques. Maxwell (1999) and Gaiha (2001)

wrote specifically on the shortcomings of the IDGs,

while Deaton (2001) and Srinivasan (2000) are two

recent examples of many contributions to the prob-

lems of measuring poverty, and particularly of

arriving at internationally comparable poverty

statistics (see Box 8.1).

Nevertheless, even critics acknowledge that

“simple targets have real value, and that politicians

have a perfectly legitimate need to find simple

messages that will galvanize public opinion”

(Maxwell, 1999); or that “they are ... useful in

drawing attention to pervasive deprivation in

developing countries, and to the need for a deter-

mined and coordinated effort on the part of the

development community to reduce it substantially

in the not-too-distant future” (Gaiha, 2001).

Such targets and indicators should not be seen

as accurate measures of progress, or as finely tuned

criteria to guide policy and to prioritize spending

at the international, national or subnational levels.

They should be judged and used for what they

really are: crude targets and indicators to raise

international consciousness among the public and

within the development community, and to assess

roughly whether progress is being made. However,

seeing indicators as a means to focus attention and

action can only be meaningful as a step towards

some kind of priority setting. 

8.2.2 Measuring progress 

Thus far the discussion has focused on putting

order in the sometimes confusing web of interna-

tionally agreed development commitments. In this

section, the discussion will be centred on the actual

trends towards the achievement of some of these

goals and the prospects up to 2015. 

Table 8.2 presents the latest World Bank esti-

mates and projections of poverty (less than US$1

per day). The data show that progress towards the

2015 target is being made. At the global level,

poverty has declined both in absolute numbers (if

only marginally) and in relative terms. Table 8.2

also presents the baseline scenario for the future as

developed by the World Bank (2001c). These fore-

casts suggest that the world as a whole is roughly

on track to reach by 2015 the MDG of halving the

proportion of poor people. 

The global data hide huge discrepancies

between and within regions. East Asia may achieve

1990 1999 2015 1990 1999 2015

Million persons % of population

Developing countries 1 269 1 134 749 32.0 24.6 13.2

Sub-Saharan Africa 242 300 345 47.7 46.7 39.3

Near East/North Africa 6 7 6 2.4 2.3 1.5

Latin America and the Caribbean 74 77 60 16.8 15.1 9.7

South Asia 495 490 279 44.0 36.9 16.7

East Asia 452 260 59 27.6 14.2 2.8

Transition countries 7 17 4 1.6 3.6 0.8

Total 1 276 1 151 753 29.0 22.7 12.3

idem excl. China 916 936 700 28.1 24.5 14.8

Source: Adapted from World Bank (2001c), Table 1.8. The definition of regions is not always identical to that used in this study, e.g. Turkey is not
included in the developing Near East/North Africa and South Africa is included in developing sub-Saharan Africa.

Table 8.2 World Bank estimates and projections of poverty
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the target early in the new millennium. South Asia

made considerable progress in percentage terms

during the 1990s, and achieving the goal of halving

US$1/day poverty is deemed feasible.

The goals seem much more challenging in the

other regions. In sub-Saharan Africa poverty has in

fact increased between 1990 and 1999. The avail-

able projections suggest that for sub-Saharan Africa

the MDG poverty goal may be beyond reach. Very

little progress will be achieved unless performance

is significantly enhanced in the near future, and

the absolute number of poor may in fact rise

considerably. Should this scenario materialize, close

to half the world's poor will live in sub-Saharan

Africa in 2015.

Latin America and the Near East/North Africa

have made only marginal progress (in relative

terms) during the 1990s. If the forecasts are accu-

rate they should at least come within reach of the

poverty reduction target. 

The transition countries in Eastern Europe and

Central Asia present a different picture. A big surge

in poverty occurred in the region after 1990 (the

base year for the target). Most of these countries

were then on the brink of a recession after the

collapse of the centrally planned regimes and the

beginning of the transition towards market

economies. The first years of the transition recorded

substantial increases in poverty rates across the

region (Milanovic, 1998) that have since been only

partially reversed. Achieving the target would

require faster poverty reduction than at present. 

To summarize, the poverty projections imply

that:

! the goal of halving by 2015 the proportion of

people living in poverty from that prevailing 

in 1990 may be achieved – the proportion falls

from 29.0 percent in 1990 to 12.3 percent in

2015;

! the absolute numbers in poverty may not be

halved, as they decline from 1.27 billion in 1990

to 0.75 billion in 2015;

! much of the decline results from prospective

developments in East Asia and South Asia; 

! in contrast, sub-Saharan Africa’s absolute

numbers in poverty kept increasing in the 1990s

and are projected to continue to do so until

2015.

The World Bank baseline scenario reported in

Table 8.2 is based on the assumption of somewhat

higher economic growth than in the past. In fact,

the World Bank in its penultimate (2001) report

stressed that “if policies are inadequate to achieve

more than the slow growth of the 1990s, then the

number of people living in extreme poverty would

remain near current levels for the next 15 years”

(World Bank, 2001a, p. 42).

Shane et al. (2000) use a world general equilib-

rium model to run alternative poverty scenarios to

2015.2 The broad trends yielded by their projec-

tions are generally consistent with those produced

by the World Bank. Two aspects of their results are

of particular interest. First, they point to the sensi-

tivity of the projections to the income distribution

parameters for China. If China’s income distribu-

tion is forecast to deteriorate significantly over the

time horizon considered, the decrease in the

number of world poor would amount to a mere 

6 percent (against 20 percent in their baseline).

Second, their simulations of different types of

growth patterns show that growth in agricultural

productivity is the most promising avenue to

achieve poverty alleviation. In their model, growth

based on increases in total factor productivity

(TFP) in agriculture is more poverty reducing

than either general TFP growth or labour produc-

tivity growth.

Developments in a few large countries that host

the majority of the world’s poor (China, India,

Indonesia, Brazil, Bangladesh and Nigeria) are

crucial in determining global numbers. It is there-

fore also interesting to look at prospects for indi-

vidual countries. In a recent study, Demery and

Walton (1999) show that if per capita growth

continues along the path recorded during the

1990-95 period the poverty target will be met, as

poverty would be reduced by more than half in

large countries such as India, China, Indonesia

and Brazil. However, 22 out of their sample of 

36 countries will fall short of the poverty reduction

target.3

2 They actually refer to food insecurity rather than poverty, but define food-insecure people as those under a certain income threshold, which is the
common definition of poverty.

3 Demery and Walton (1999) also build two alternative scenarios to account for a change in policy regimes. Not surprisingly, they arrive at the result
that “better” policies would lead to significantly faster poverty reduction.
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It is also recognized that where income is very

unequally distributed, the poor fail to connect to

the growth process (Timmer, 1997). According to

some estimates, high-inequality countries would

need twice as much growth as low-inequality coun-

tries to meet the poverty target (Hammer, Healey

and Naschold, 2000).

A word of caution is needed about such

perspective analyses. While the data definitely

point to the feasibility of achieving the target for

poverty reduction at the global level, even the

pessimistic scenarios assume higher growth rates

than those historically recorded. When past rather

than forecast GDP growth rates are used to predict

future trends, future poverty reduction will fall

short of the 2015 target. The only exception is the

Demery and Walton (1999) study, which is based on

a smaller sample of countries.

Hence, such perspective analyses do not leave

room for unqualified optimism. Business as usual

will not result in achieving the targets: stronger

commitment and faster results are needed. This is

especially true for the two regions that account for

more than half of the world’s poor. Unless current

trends are reversed, South Asia and sub-Saharan

Africa face much less rosy prospects and a possible

increase in the number of poor.

8.3 The main international strategies 
for poverty reduction: 
a summary assessment

The ranking of poverty reduction on the interna-

tional development agenda has probably never

been so high. With the symbolic landmark of the

new millennium, several multilateral and bilateral

donors and agencies felt the urgency to take stock

of their own and others’ experience with poverty

alleviation programmes, and to come up with new

strategic proposals for poverty reduction in the

years to come. The years 2000-2001 have seen a

flurry of strategic poverty reduction documents

and reports. 

This section briefly reviews these reports,

focusing in particular on those by the World 

Bank, the International Fund for Agricultural

Development (IFAD) and the United Nations

Development Programme (UNDP). We shall

consider only selected aspects: the definition of

poverty; the role of growth; the role of inequality

and redistribution; the role of agricultural growth;

and empowerment and participation. The aim is

not to provide a complete review, nor a compara-

tive evaluation of these reports, but to highlight

some major elements of consensus and divergence

that are of particular relevance to this chapter.

8.3.1 Definition and measurement issues:
the multiple dimensions of poverty

Reflecting the recent evolution of thinking about

poverty (Kanbur and Squire, 1999), all agencies

now define poverty as having multiple dimensions.

Poverty is not seen as simply lack of income or

consumption: it includes deprivation in health,

education, nutrition, security, power and more. It

is also widely accepted that these dimensions of

deprivation interact with and reinforce each other.

Some differences persist in the emphasis each

agency places, implicitly or explicitly, on the

various dimensions of poverty, and on the conse-

quences that are drawn in the strategic documents

concerning measures of poverty, and implications

for policy and action.

The World Bank’s World Development Report

2000/1 broadens the World Bank’s earlier defini-

tion of poverty, which included income, education

and health dimensions (World Bank, 1990) to

include vulnerability and exposure to risk, and

voicelessness and powerlessness (World Bank,

2000b, p. 15).

Much of the initial part of the World

Development Report 2000/1 deals with the problems

of measuring poverty in its multiple dimensions.

When it turns to policy discussion, however,

poverty is identified mainly in terms of income

poverty. This reflects the difficulty of building a

good poverty indicator that is both multidimen-

sional and robust to cross-country comparisons.

The problems of constructing such an indicator

are introduced in the report itself (World Bank,

2000b, p. 22).

IFAD’s Rural Poverty Report 2001 (IFAD, 2001)

discusses these problems at greater length. Three

categories of poverty measures are defined (see 

p. 19-20): a scalar approach (using a single 

indicator for a single dimension, e.g. income 

or consumption); a multidimensional-indexed
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approach (several indicators are combined into a

single indicator); and a vector approach in which

several indicators are used to classify people

according to each indicator. The IFAD report

explicitly chooses one indicator (the scalar absolute

poverty line fixed over time) which it finds best

suited for its purpose of international comparison.

UNDP’s approach is different. The multidi-

mensional definition of poverty is key to their

human poverty approach, which focuses “not on

what people do or do not have, but on what they

can or cannot do” (UNDP, 2000b, p. 22). This

approach is reflected in their choice of a poverty

indicator. UNDP’s human poverty index combines

“deprivation in a long and healthy life” (measured

by the percentage of people expected not to

survive to age 40), “deprivation in knowledge”

(measured by adult illiteracy), and “deprivation in

economic provisioning, from private and public

income” (measured by lack of access to health serv-

ices and safe water, and percentage of children

under five who are underweight).

All indexes have advantages and disadvantages.

Some may ignore relevant information (e.g.

income poverty measures). Others may attribute

somewhat arbitrary weights to the different dimen-

sions of poverty (e.g. the human poverty index).

Others again may not be suitable for comparisons

across different groups (e.g. the multidimensional

vector approach).

Of course there is no such thing as a perfect

poverty indicator. Rough poverty indicators such as

the US$1/day poverty line are usually thought to

provide an adequate approximation to the other

dimensions of poverty at the national and regional

level of aggregation (see, for instance, Kanbur and

Squire, 1999). More detailed information on the

other dimensions will normally be needed when

the poverty measure is supposed to inform policy

programmes at the local level, or policies to target

some specific non-income objective.

It is important to stress that the multidimen-

sional definition of poverty adds further complica-

tions to the task of measuring poverty. Poverty

measurement issues form a substantial part of the

existing literature on poverty. The generalized

acceptance of a multidimensional definition is

likely to give new impetus to this debate, as it did in

the past following the introduction of UNDP's

human development index (HDI).

Such a debate may not develop an “ultimate”

indicator of poverty (i.e. one that is both multidi-

mensional and robust to international compar-

isons). Its key contribution may rather be to

develop a consistent framework for choosing

appropriate indicators for each particular need, in

research as well as in policy-making. 

8.3.2 Strategies for poverty reduction: 
the quest for pro-poor growth

Starting from similar definitions of poverty, most of

the documents reviewed here broadly agree on the

basic determinants of poverty, and on the issues

that well-conceived poverty alleviation policies

should tackle. Most strategies now include topics

such as institutions and access to markets, human

and social capital, empowerment, decentralization,

democracy, accountability and governance, inter-

national finance and trade, technology, the envi-

ronment, social policies and aid. 

Although differences of emphasis still remain, it

is tempting to say that a new consensus has

emerged on a poverty reduction recipe. This can

be summarized as follows: foster broad-based, pro-

poor economic growth, favouring poor people’s

access to markets and assets, basic education,

health and sanitation services, safe water, and

power/decision-making. Such access is seen as an

end in itself (in that it addresses some of the dimen-

sions of poverty directly, a “welfare” effect), and as

a means for poverty reduction through increased

economic growth (an “efficiency” effect).

Economic growth is considered central in all the

strategic documents surveyed. This is neither new

nor surprising. What is new, though, is the range of

issues that are now required for achieving sustained

growth. In the World Bank report (World Bank,

2000b, p. 49) divergences in growth rates are said to

depend on the interaction among a range of factors

including initial conditions, policy choices, external

shocks and even “no small measure of good luck”.

The World Bank document also discusses the roles

of education, life expectancy, population growth,

trade openness and sound macro policies, institu-

tions, ethnic fragmentation, geography and envi-

ronmental degradation as determinants of growth

and its sustainability.

IFAD’s approach, partly because of the nature

of the Organization and its mandate, calls much
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more specifically for labour-intensive, food produc-

tion based growth. IFAD’s approach also explicitly

mentions transient and chronic poverty as different

problems requiring quite different approaches to

analysis and action (a point that does not appear to

receive the same attention by the World Bank). The

focus on labour-intensive growth is also empha-

sized in IFAD’s report but not in that of the World

Bank. This is a surprising omission, since it was key

to the World Bank’s strategy in its previous poverty

report (World Bank, 1990).

The UNDP strategy is different in many

respects. The UNDP document does not deny the

role of economic growth in poverty reduction, but

it focuses more on the need to include poverty alle-

viation and empowerment targets and policies in

growth strategies explicitly and consistently, rather

than treating them as largely separate issues.

All agencies seem to accept the qualification

that, to be effective in reducing poverty, growth

needs to be “pro-poor” or “broad-based". While

this may appear to be part of the new consensus,

different participants in the debate may have

different understandings of the meaning and

implications of these terms, which are rarely artic-

ulated in full. To a large extent such understanding

may depend on how the roles of inequality and

redistribution measures are viewed. It may also

depend on two other features that figure promi-

nently in all documents: the role of the agricultural

and rural sector in growth and poverty alleviation,

and the role and importance of the empowerment

and participation of the poor. In what follows these

three aspects are briefly reviewed.

8.3.3 Strategies for poverty reduction: 
the role of inequality

The World Bank’s recipe focuses on win-win meas-

ures that are both growth enhancing and equal-

izing, such as improving the poor’s access to land

(especially through market-based schemes), basic

education and health. However, the World Bank’s

position on policy measures that may involve a

trade-off between a little less but more equal

growth is not spelled out clearly. 

The IFAD strategy stresses even more strongly

the need for redistributive measures for effective

poverty reduction. It points to the overlooked

success of many traditional land reform

programmes (with beneficial efficiency effects), and

to the need to combine redistribution of land assets

with redistribution of water and education assets,

and provision of complementary services. 

UNDP’s main criticism of traditional antipoverty

strategies is that they did not properly link policies

to promote economic growth with social policies

addressing poverty concerns. Although its flagship

report lacks specific policy suggestions on the 

issue, UNDP clearly affirms that “many poverty

programmes do not adequately address inequality”.

In particular, it stresses that they “rarely deal with

inequality in the distribution of land, which

continues to be the most important asset of the

rural poor”, and that “in some regions with high

inequality ... economic growth cannot be acceler-

ated enough to overcome the handicap of too

much income directed to the rich” (UNDP, 2000b,

p. 42-3).

8.3.4 Strategies for poverty reduction: 
does agriculture matter?

The role of agricultural growth in alleviating

poverty has attracted wide attention. This is hardly

surprising as most of the world’s poor still live in

rural areas. This section focuses only on how the

reports reviewed see the role of agricultural growth

in poverty reduction. A more extensive analysis of

this role is provided in Section 8.5 below.

IFAD’s approach explores the issue in greater

detail, and also takes a more distinct position. It

points in particular to food staples production as

the subsector with the greatest potential for rural

poverty reduction. IFAD’s argument is based essen-

tially on (i) the large share of food (and particularly

staple food) in the total consumption of the poor;

(ii) the large share of calories the poor derive from

staple food consumption; and (iii) the large share of

income the poor derive from staple food produc-

tion. The other strategic documents reviewed do

not share this focus on staple food production.4

The World Bank report asserts that growth in

the agricultural sector may benefit the poor dispro-

4 Although IFAD’s report (IFAD, 2001) does not deny the importance of cash crop production, off-farm income and income diversification in general
for the welfare of the rural poor, a “critical role” is assigned to staples (see, for instance, p. 3).
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portionately and may thus be associated with

declining inequality. The World Bank and UNDP

share the view that agricultural growth has a partic-

ular role to play in poverty alleviation, but their

argument is based largely on the more familiar

observation that this is one of the sectors from

which the poor derive much of their income. The

World Bank recommends removing the remaining

biases against agriculture, and seems to put a lot of

faith in this type of intervention when it states that

“the winners (of past reforms) are often those in

rural areas” (World Bank, 2000b, p. 66). 

The UN World Economic and Social Survey 2000

(UN, 2000) makes agricultural growth a central

issue for “escaping the poverty trap”. It states that

agricultural growth can contribute strongly to

poverty reduction, mainly because of its demand

linkages, and because agricultural and related

activities tend to be more labour intensive and less

import intensive than manufacturing activities.

8.3.5 Two new issues: empowerment 
and participation

Issues such as growth, inequality and the role of

agriculture have always featured prominently in

the development debate. What is new in the

current wave of poverty reports is the focus on

empowerment and participation. All three agencies

stress the importance of empowerment of the poor,

and encourage their participation in the poverty

reduction process. A significant feature in the

World Bank’s approach is the inclusion of “voice-

lessness and powerlessness” among the main

dimensions of poverty (World Bank, 2000b, p. 15).

This perspective leads to treating empowerment as

an end of poverty alleviation strategies, rather than

primarily as a means. 

IFAD’s perception is very similar to the World

Bank's. “Lack of power” enters IFAD’s definition of

poverty (IFAD, 2001, p. 2). Empowerment and

participation are seen as essential means for effec-

tive poverty reduction in the rural sector. 

UNDP has a similar understanding of the

matter in that it includes “[not] participating fully

in the life of the community” as one of the dimen-

sions of poverty and “empowering the poor” as one

of the key elements of the “new generation of

poverty programmes” it calls for. Unlike the World

Bank and IFAD, however, UNDP puts more stress

on issues such as governance, fighting corruption

and decentralization than on empowerment per se.

The “means” aspect of empowerment is empha-

sized more than the “goal” aspect. Empowerment

is, for instance, seen as an essential tool for

achieving more effective targeting in poverty allevi-

ation programmes.5

8.3.6 From vision to action: putting 
the strategies to work

An evaluation of the merits of these strategies is far

beyond the scope of this chapter. A few general

remarks are however possible. 

First, the concepts of empowerment and partic-

ipation. As a technique for field-level development

work, participation has a long and well-established

history of successes. It assumes different and new

meanings when it is linked to the concept of

empowerment, and when it is viewed as one of the

main ends of poverty alleviation efforts. However,

such meanings are not always fully spelled out in

terms of operational concepts and policy guidance.

If empowerment and participation are to serve as

powerful tools in the quest for poverty reduction,

considerable efforts will be needed to make them

workable concepts.

By recognizing the multiple dimensions of

poverty, and by opening to a wealth of new

concepts, the recent wave of strategies reviewed

here run the risk of generating an all-inclusive

framework that may lack focus. Hence it may not

serve what should be one of the main tasks of a

poverty report, that is, helping to outline the prior-

ities for concerted international action. It is

certainly true that poverty is a multidimensional

concept, but it does not automatically follow that

each of its dimensions may relate to a specific set of

causes and, hence, of policies.

The most welcome conclusion of this brief

review is that both poverty and inequality are

universally placed at the top of the international

development policy agenda. It was not so a decade

ago. Still, continued efforts are needed to enhance

5 The United Kingdom’s Department for International Development (DFID) seems to have a similar position, viewing the role of the “voices of the
poor” as an element largely embodied in democracy and good governance, rather than a key dimension in itself (DFID, 2000b).
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our understanding of what works in terms of

poverty reduction and increased food security. In

particular, the focus should be partly shifted from

the pursuit of win-win policies, towards policy

options that involve trade-offs, with which policy-

makers are more often confronted. Growth is

certainly good for poverty, but what else is

needed? What kind of growth is more poverty

reducing? How can the related goals of poverty

reduction and enhanced food security be best

pursued? The rest of this chapter explores some of

these questions.

8.4 Micro and macro evidence on
the impact of undernourishment

This section presents arguments in favour of a focus

on fighting hunger as a complement to fighting

poverty. Hunger is a violation of a basic human right,

and also imposes significant economic costs on

society. Hence its reduction and ultimate eradication

are the most urgent tasks facing national govern-

ments, civil society and the international community. 

The plan of this section is as follows. The next

subsection documents the serious economic costs of

widespread hunger for individuals and nations.

This is followed by a discussion of the relationship

between household income growth and nutrition,

showing that income growth alone, at the rates

observed in the recent past, cannot be expected to

remove hunger in a reasonably short period. It

follows that direct public interventions are also

required. However, rapid income growth is needed,

since it is a necessary condition for poverty and

hunger alleviation, and would make it possible to

finance public action against hunger. In Section 8.5

it is argued that agricultural development, coupled

with the development of rural non-farm (RNF)

activities, is one of the most effective means of

promoting income growth.

8.4.1 The economic impact of hunger

It is necessary to define some frequently used

terms. The definitions used here correspond to

those used in FAO (1999a). The term “undernour-

ishment” is used to describe the status of persons

whose food intake does not provide enough calories

to meet their physiological requirements on a

continuing basis.6

An alternative approach is to assess nutritional

status through the physiological outcomes of poor

nutrition. The term “undernutrition” is used here

to describe the status of persons whose heights and

weights lie below the lower limits of the ranges

established for healthy people. It is critical to note

that poor anthropometric status is the outcome not

only of insufficient food intake but also of sickness

spells. Infectious diseases tend to raise nutritional

needs and lower the capacity to absorb nutrients.

Food intakes that are adequate for a healthy

person may be inadequate for someone in poor

health, leading to weight loss in adults and chil-

dren and growth retardation in growing children.

Thus anthropometric measures incorporate infor-

mation about food consumption as well as health

inputs.

Among adults a commonly used measure is the

body mass index (BMI), defined as the ratio of

bodyweight in kg to the square of height in metres.

A BMI in the range of 18.5 to 25 is considered to be

healthy for adults, as recommended by FAO, WHO

and others. BMI can clearly vary over an adult’s

lifetime, but physical stature is determined by the

time an individual reaches adulthood. 

A natural question at this point is whether it

makes sense to collect information on both food

intake and stature. The answer is yes, because data

on heights and weights are expensive to collect and

for that reason are not collected on a regular basis.

This makes it hard to use them for regular moni-

toring.7 Data on dietary energy supply (DES), using

FAO’s methodology, do have the merit of being

relatively easy to collect and can be used for moni-

toring purposes. Another reason for collecting both

types of information is that they are needed to

guide public policy. It is not usually clear simply 

by looking at a country’s undernutrition record

whether this results from inadequate food intakes

or from frequent sickness spells, despite calorie

intake levels that would otherwise be sufficient. The

6 See Box 2.1 in Chapter 2 for a discussion of the data and criteria used to measure undernourishment.
7 On the other hand, since anthropometric data do not change rapidly (except during wars or famines) it is not necessary to collect these data more

often than once every five years.
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implications for public policy are quite different in

these two cases. In the former case the aim should

be to increase food intakes, while in the latter the

emphasis should be on public health, sanitation and

the provision of clean drinking-water, etc. 

What then are the economic costs of under-

nourishment and undernutrition? First, at the most

basic level a person requires adequate nutrition in

order to perform labour. If this nutrition is not

forthcoming, or if the person lives in an unhealthy

environment, the result is poor nutritional status

and the person's ability to do sustained work is

reduced. Furthermore, if the person is shorter or

has a smaller body frame as a result of past nutri-

tional deprivation, he or she may lack the strength

to perform physically demanding but also better

rewarded tasks. Thus one would expect to find

poor nutritional status, as measured by height,

associated with lower wages and earnings. 

Second, there is evidence that poor nutritional

status leaves people more susceptible to illness.

Thus a vicious cycle may exist whereby inadequate

food intakes combined with frequent sickness spells

result in poor nutritional status, which in turn

creates an increased susceptibility to illness.

Evidence on this point is presented below.

Third, there is a risk of intergenerational trans-

mission of poor nutritional status. For example,

women who suffer from poor nutrition are more

likely to give birth to underweight babies. These

babies thus start out with a nutritional handicap. 

Fourth, there is evidence that poor nutrition is

associated with poor school performance in chil-

dren of school age. At its simplest, this is expressed

as “a hungry child cannot learn”. This would not

necessarily imply any impairment in the child’s

cognitive ability, but merely that because of hunger

the child is listless or tired and inattentive and

cannot participate in learning activities.

Unfortunately, it may also be the case that cognitive

ability itself is impaired as a result of prolonged 

and severe malnutrition. In either case, the upshot 

is that children do poorly at school, thereby

damaging their future economic prospects. 

Fifth, people who live on the edge of starvation

can be expected to follow a policy of safety first with

respect to investments. They will avoid taking risks

since the consequences for short-term survival of a

downward fluctuation in income will be cata-

strophic. But less risky investments also tend to

have lower rewards. Once again, the tendency is for

poor nutrition to be associated with lower income.

Finally, there is some evidence that the macro-

economic performance of the whole economy may

suffer as a result of the cumulative impact of these

effects. It has been shown recently that the overall

effect may be to reduce a country’s rate of economic

growth.

Nutrition and productivity. What is the mechanism

by which poor nutrition affects productivity?

Dasgupta (1997, p. 15) explains that a person’s

physical work capacity can be measured by his or

her maximal oxygen uptake. The higher its value,

the greater the capacity of the body to convert

energy in the tissues into work. Here is the crux of

the matter: clinical tests suggest that the maximal

oxygen uptake per unit of muscle cell mass is more

or less constant in well-nourished and mildly

undernourished people. Since lean body mass is

related to muscle cell mass, it follows that a higher

BMI implies a higher maximal oxygen uptake and

hence greater work capacity. Also, if two people

have the same BMI, the taller of the two has more

lean body mass, and hence higher maximal oxygen

uptake and work capacity. Studies also suggest that

maximal oxygen uptake depends on the concen-

tration of haemoglobin in the blood. Since that

depends on iron intakes, the connection between

iron-deficiency anaemia and low productivity is

also explained.

Empirical studies are now available on the

impact of poor nutrition on individual productivity

and wages in ten developing countries in Asia,

Africa and Latin America. The evidence convinc-

ingly bears out the hypotheses advanced above.

Table 8.3 below summarizes the main features of

these studies.

It is useful to distinguish between the effect of

current undernutrition, as expressed in BMI, from

the crystallized effect of past undernutrition, as

expressed in adult height.

As far as the former is concerned, all the studies

referred to above found that increased BMI had a

significant impact on output and wages. For

example, Croppenstedt and Muller (2000) found

that in rural Ethiopia an increase of 1 percent in

BMI increased farm output by about 2.3 percent

and wages by 2.7 percent. Thomas and Strauss

(1997) found that a 1 percent increase in BMI in
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their sample from urban Brazil was associated with

a 2.2 percent increase in wages. 

Another possibility is to measure current nutri-

tion through calorie intakes. Here also Strauss

(1986) and Thomas and Strauss (1997) reported

significant impacts of increased calorie consump-

tion on farm output and wages. For example, the

latter study found that an increase of 1 percent in

calorie intakes increased wages by about 1.6 percent

at calorie intake levels of around 1 700 calories 

per day, but that this effect ceased to operate 

after calorie consumption levels reached around

1 950 calories per day. 

The role of micronutrient deficiencies in

reducing work capacity has also received increased

attention lately. Horton (1999) states that “Studies

suggest that iron deficiency anaemia is associated

with a 17 percent loss of productivity in heavy

manual labour, and 5 percent in light blue-collar

work (studies cited in Ross and Horton [1998])”.

Strauss and Thomas (1998) present a succinct

and illuminating review of the impact of adult

Study authors Country Group studied Main findings

Croppenstedt and Muller (2000) Ethiopia Rural households, Output and wages rise with BMI and 

mainly agricultural WfH. Adult height has positive impact

on wages

Bhargava* (1997) Rwanda Rural households, BMI, energy intake have positive 

mainly agricultural impact on time spent on heavy 

activities for men, but not women

Strauss (1986) Sierra Leone Rural households, Calorie intake has positive impact 

mainly agricultural on productivity

Satyanarayana et al. (1977) India Indian factory workers WfH is significant determinant 

of productivity

Deolalikar (1988) India Southern Indian Significant effect of WfH on farm 

agricultural workers output and wages

Alderman et al. (1996) Pakistan Rural households, Adult height is significant 

mainly agricultural determinant of rural wages

Haddad and Bouis (1991) Philippines Sugar-cane growers Adult height is significant determinant

of rural wage

Strauss and Thomas (1998) Brazil and Adult male Adult stature, BMI have positive 

United States population, impact on wages in Brazil. 

Brazil, United States Only stature has positive effect on

wages in the United States

Thomas and Strauss (1997) Brazil Urban population sample BMI, adult height have strong, positive 

impacts on market wages

Spurr (1990) Colombia Sugar-cane cutters Weight, height are significant 

and loaders determinants of productivity

Immink et al. (1984) Guatemala Coffee and sugar-cane Adult height has positive impact 

growers on productivity

Notes: BMI=body mass index, i.e. weight (kg)/square of height (metre). WfH=weight for height.

* This study is not directly relevant since it focuses on time allocation decisions. However, it could be argued that ceteris paribus the ability to spend
more time on heavy activities enhances one’s productivity and earning capacity in agriculture.

Table 8.3 Summary of studies on the productivity impact of poor nutrition
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stature and BMI on productivity through an

analysis of two data sets from the United States and

Brazil. They found that adult stature is positively

correlated with wages in both countries, but the

effect is strong in Brazil and weak in the United

States. However, stature is also positively correlated

with education. The suspicion naturally arises as to

whether the seeming effect of stature on wages is

simply a reflection of the fact that taller people are

also better educated. Since it is widely accepted that

better education does lead to higher wages, perhaps

that is the underlying cause of the dependence of

wages on stature. However, Strauss and Thomas

(1998) show that this cannot be the explanation

since in Brazil the impact of stature on wages was

strong even in those adults who had no education. 

Low stature and low BMI are also associated

with lower labour force participation – not only do

people with lower stature or BMIs earn less, but

they are less likely to be in a position to earn wages

at all. The probable reason for this is that people

with low BMIs and low stature are also more likely

to fall sick.

This evidence supports the hypothesis that

higher stature and BMI are associated with higher

wages because of their impact on maximal oxygen-

carrying capacity, not because they are proxies for

otherwise unobserved qualities that are attractive

to employers. Even if one were to argue that

stature captures other unobserved investments in

human capital in childhood, it is hard to explain

the finding that people with no education are

likely to earn higher wages if they are taller. Since

manual jobs done by uneducated people typically

involve heavy labour and do not require much

initiative, but rather a willingness to carry out

instructions, it is difficult to see what employers

could be looking for in a tall person other than

sheer physical strength. More evidence for this

hypothesis is provided by the finding that the

impact of higher stature on wages is weaker in the

United States, where mechanization is more preva-

lent, than in Brazil where mechanization is less

prevalent and thus physical strength matters

more. Also note that even in Brazil, the better

educated, who presumably do more sedentary

labour, cannot expect to get higher wages if their

BMI is 26 or higher, while in the United States,

obesity actually lowers one’s chances of getting a

higher wage.

For adults, the arrow of causation seems to

point from stature to wages and not the other way

round. Stature does not vary over a person’s adult

lifetime, so when a correlation between stature and

wages is found, it can safely be assumed that a

change in wages cannot cause stature to vary, yet

variation in stature can cause wages to vary.  

The implications of these findings are profound.

The loss of income to those suffering from under-

nutrition can be large. Thus it seems that in Brazil

people with BMIs of 26 earn wages that are

considerably higher than wages earned by those

with a BMI of 22 (both BMIs are well within the

range of good nutritional status).Furthermore,

people with BMIs of 26 are far more likely to find

work than people with BMIs of 22.

Nutrition and health. Inadequate consumption of

protein and energy as well as deficiencies in key

micronutrients such as iodine, vitamin A and iron

are key factors in the morbidity and mortality of

children and adults. It is estimated that 55 percent

of the nearly 12 million deaths each year among

under five-year-old children in the developing

world are associated with malnutrition (UNICEF,

1998). Similarly, it has been estimated that 

45 percent of all deaths in developing economies

in 1985 can be attributed to infectious and para-

sitic diseases such as diarrhoea and malaria, while

these diseases account for about 4.5 percent of all

deaths in industrial countries (Strauss and

Thomas, 1998, p. 767). Based on research on the

European past, Fogel (1994) finds that improve-

ments in stature and BMI explained “over 

80 percent of the decline in mortality rates in

England, France and Sweden between the last

quarter of the eighteenth century and the third

quarter of the nineteenth”. 

Modern evidence from a number of Asian coun-

tries is presented in Horton (1999). As many as 

2.8 million children and close to 300 000 women die

needless deaths every year because of malnutrition

in these countries. Also noteworthy is the fact that

anaemia is responsible for 20 to 25 percent of

maternal deaths in most of these countries. This last

observation points to the importance of micronu-

trient deficiencies in malnutrition. Iron deficiency is

also associated with malaria, intestinal parasitic

infestations and chronic infections. Chronic iodine

deficiency causes goitre in adults and children,
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besides having an impact on mental health. The

importance of subclinical vitamin A deficiency in

child mortality has only recently been recognized

through meta-analysis of clinical studies (Horton,

1999, p. 249). The relative risk of mortality for 

a child with subclinical vitamin A deficiency is 

1.75 times that for a child who does not suffer from

this deficiency. Thus in the Asian region, if about 

10 percent of children suffer from subclinical defi-

ciency, a conservative estimate, then 300 000 child

deaths could be prevented through a successful

vitamin A supplementation programme. 

Nutrition and school performance. Considering the

importance of nutrition in human development,

there is a relative dearth of studies focusing on the

role of the different malnutrition aspects on cogni-

tive achievement among children in developing

countries. Nevertheless, there is sufficient empir-

ical evidence to indicate that early childhood nutri-

tion plays a key role in cognitive achievement,

learning capacity and ultimately household

welfare. Available studies have shown that low

birth weight, protein energy malnutrition in child-

hood, childhood iron-deficiency anaemia and

iodine deficiency (e.g. being born to a mother with

goitre) are all linked to cognitive deficiencies 

and the effects are more or less irreversible by the

time a child is ready to go to school (Horton, 1999,

p. 249). Childhood anaemia is associated with a

decrease in score of one standard deviation in

cognitive tests. Children are most vulnerable to

malnutrition in utero and before they are three

years of age as growth rates are fastest and they are

most dependent on others for care. 

Nutrition and macroeconomic performance.

Horton (1999) provides a rough measure of the

overall economic costs of malnutrition as a

percentage of GDP for selected Asian countries.

The author presents evidence for India, Pakistan

and Viet Nam on the losses of adult productivity

as a proportion of GDP resulting from stunting,

iodine deficiency and iron deficiency. Estimates

are also presented for losses, including childhood

cognitive impairment associated with iron defi-

ciency, for Bangladesh, India and Pakistan. When

a significant proportion of the population is

undernourished, potential rates of GDP growth

can be curtailed. Adult productivity losses arising

from the combined effect of stunting, iodine 

deficiency and iron deficiency are equivalent to 2

to 4 percent of GDP every year in these countries.

These are very large totals indeed. It should be

noted that these estimates were produced under

conservative assumptions. 

Thus there is evidence that there are consider-

able losses at the national level from malnutrition

and that these losses accumulate over time. A

recent FAO study (Arcand, 2001) indicates a strong

relationship between economic growth and nutri-

tional factors, as measured either by the preva-

lence of food inadequacy (PFI) or the dietary

energy supply (DES) per capita. The impact of

nutrition on economic growth appears to be

strong and to operate directly, through the impact

of nutrition on labour productivity, and indirectly

through improvements in life expectancy.

Based on historical studies of single countries,

Fogel shows that improvements in nutrition and

health explain half the economic growth in the

United Kingdom and France in the eighteenth

and nineteenth centuries (Fogel, 1994). Using an

accounting approach with concepts from demog-

raphy, nutrition and health sciences, he stresses

the physiological contribution to economic growth

over the long term. Reductions in the incidence of

infectious diseases, together with changes in diet,

clothing and shelter, increased the efficiency with

which food energy was converted into work output

and translated into higher economic growth.

8.4.2 Income growth and hunger

Not only is undernutrition an unacceptable viola-

tion of human rights, it also imposes a heavy

economic burden on nations. 

Given that the reduction of undernutrition is

vital, how can it best be tackled? Can income growth

among poor households take care of the problem on

its own, or does it need a helping hand in the form

of direct public interventions? Smith and Haddad

(1999) used data from 63 countries in five regions,

covering 88 percent of the developing world’s popu-

lation over the period from 1970-95, to analyse the

determinants of child malnutrition, as measured by

the percentage of underweight children under five.

One of their principal findings is that growth in per

capita national income contributed to half the

reduction in child malnutrition over this period.
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However, Alderman et al. (2001) show that the

WFS target is unlikely to be met without robust

income growth, and not through income growth

alone. They assert that “a combination of growth

and specific nutrition programs will be needed”.

It is reasonable to say that while income growth

has a substantial impact on undernutrition, taken

alone it will not take care of the problem. The

reasons for this are as follows. Nutritional status is

the outcome of food intakes as well as health

inputs. Therefore the solution to undernutrition is

increased intakes of calories and micronutrients or

better health and sanitation, safe drinking-water,

etc. or both. Private income growth is not guaran-

teed to improve nutrition for several reasons. First,

household income growth does not necessarily lead

to increased calorie intakes. Second, some inputs

into nutrition are public goods. Better health

requires public investments. Third, since private

investments in nutrition have a long-term payoff,

private capital markets are unlikely to finance this

investment if collateral cannot be provided. Fourth,

parents are likely to underinvest in nutrition of

girls, particularly in those countries in Asia where

sons are more highly valued.

Although income growth, certainly at low levels

of per capita income, will lead to growth in calorie

consumption, the magnitude of this effect is

unclear. A vast number of studies have attempted

to measure the elasticity of demand for calories,8

i.e. the percentage increase in calorie consumption

associated with a 1 percent increase in income. In a

seminal study, Reutlinger and Selowsky (1976)

came up with estimates of the income elasticity of

demand for calories that ranged from 0.15 to 0.30

for households at the calorie requirement level.

Subsequent studies produced elasticity estimates

ranging from 1.2 to as low as 0.01. 

There are at least two reasons why this range is

so large. One is the degree of aggregation. Some

degree of aggregation is unavoidable in any house-

hold survey. For example, all cereals may be aggre-

gated into one food group. If incomes rise,

consumers are likely to substitute within the broad

group to foods with a lower or higher calorie

content than the average for the group. But the

income elasticity of demand for calories is calculated

under the assumption that there is no substitution

within the food group. Hence it may be biased

upwards or downwards depending on the foods to

which consumers switch and the degree of aggrega-

tion. Another reason is the use of different func-

tional forms and econometric estimation methods. 

Some of the early calorie elasticity estimates

tended to be on the high side – elasticities of 0.5

were not uncommon. With better recognition of

the problems involved in estimating these elastici-

ties, and improvements in survey techniques 

and econometric estimation techniques, elasticity

estimates have generally decreased in size. In

recent years, with the important exception of

Subramanian and Deaton (1996) who obtained an

estimate of about 0.45, most researchers have

obtained low to very low elasticities, in the range of

0.01 to 0.15. 

Behrman and Deolalikar (1989) provide an

explanation for the finding that these elasticities

are low. Their hypothesis is that there is a strong

demand for more variety in foodstuffs and that this

demand manifests itself even at relatively low

income levels. This hypothesis was tested on the

data set used for the University of Pennsylvania

International Comparison Programme (ICP)

project, which had data on prices, quantities and

purchasing power parity incomes from 34 coun-

tries for 1975 and 60 countries for 1980. Nine food

groups were covered, i.e. the degree of aggregation

was quite high. As food budgets increased from

very low levels, there was a very pronounced

increase in the demand for food variety (Behrman

and Deolalikar, 1989, p. 671). An important impli-

cation of this finding is that since the elasticity of

substitution is higher among poor households, any

increase in food prices will cause the poor to curtail

their food consumption more dramatically than the

rich. Hence food consumption by the poor will

respond strongly to food subsidies that are sharply

targeted on them. 

8.5 Agricultural and rural 
non-farm growth

Pro-poor income growth is thus a necessary but

often insufficient condition to reduce hunger

within a reasonable timespan. Without direct

8 See Bouis (1994) and Strauss and Thomas (1995) for details.
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public measures to alleviate the most pressing and

transient problems, income growth will only grad-

ually solve the problem of hunger. But to finance

direct public measures, income growth is needed.

The question then becomes, under what circum-

stances is income growth pro-poor? This section

attempts to answer the question.

A consensus has now emerged that the struc-

ture of growth matters for its impact on poverty

and on human development generally. The 1996

UNDP Human Development Report shows clearly 

that economic growth, as measured by growth in

per capita GDP, is associated with better human

development. The relationship is quite strong:

countries that achieved higher per capita GDP

growth rates over the period from 1960 to 1992

also generally achieved higher values of the HDI,

restricted to those components that do not rise

automatically with income.

The report also shows that for the same growth

rate, some countries managed to improve the HDI

more than others. For example, why did Egypt not

succeed in increasing its HDI strongly despite

enjoying fast growth in per capita GDP? Why did

other countries with the same per capita GDP

growth rate, such as Lesotho, Indonesia and

Malaysia, do much better at improving their HDI

performance?

The answer lies in the fact that economic

growth, reduction in poverty and inequality

reduction are all outcomes of the same deeper

processes (Srinivasan, 2000, makes this point

forcefully). If these are such as to increase the

returns to the assets possessed by the poor then

economic growth and poverty reduction will be

seen to go together. On the other hand if the

process favours assets possessed by the wealthy

then they will not. Hence the sectoral composition

of growth is important; it matters greatly for

poverty and hunger alleviation, in which sector

overall economic growth originates. 

This section argues that economic growth orig-

inating in agriculture, when coupled with growth

in RNF incomes, is likely to be strongly poverty

reducing, provided that it does not occur against a

backdrop of extreme inequality in asset ownership,

especially of land. Timmer (1997) found that in

countries with highly skewed income distribution,

growth reaches the poor with difficulty, whether it

originates from increases in agricultural or non-

agricultural productivity. According to some esti-

mates, high-inequality countries would need twice

as much growth as low-inequality countries to

achieve the same reduction in poverty levels

(Hammer, Healey and Naschold, 2000).

Why does economic growth originating in the

agricultural sector matter for poverty reduction?

The majority of the world’s poor still live in rural

areas and depend crucially on agriculture for their

livelihoods. Hence an increase in agricultural

productivity should raise incomes in agriculture.

This alone will not necessarily help the poor. The

next step is to ask where the extra income is spent.

There is some evidence that in many countries this

income increment is largely spent on goods such as

the services of merchants, artisans, mechanics, etc.

and on simple agricultural and household goods.

The defining characteristic of most of these goods

and services is that they are effectively non-tradable.

Furthermore, these commodities generally require

low inputs of capital and skills to supply and are

ideally suited to the capabilities of the rural poor.

But because they are effectively non-tradable, their

growth is constrained by the growth of demand in

the local rural market, which is stagnant. Hence, if

this barrier could be removed, these commodities

could grow and help the poor escape poverty. That

is precisely what the extra income from agricultural

growth does: it creates demand for these locally

non-tradable goods, provided this extra income is

not hoarded or spent outside but is spent locally,

which is more likely in a society of smallholders than

in one of large landlords. If all goes well, a virtuous

cycle could be created, with agricultural and RNF

income growing and helping each other to grow.

Four important pieces of evidence are needed to

validate this hypothesis. First, incremental budget

shares of non-tradables out of agricultural income

have to be large; second, income from non-trad-

ables should be important for the poor; third,

poverty reduction should follow agricultural

growth with a lag; and finally, high initial inequality

will short-circuit this process.

The argument presented above will now be

discussed in more detail. The majority of the

world’s poor still live in rural areas and depend

crucially on agriculture for their livelihoods (IFAD,

2001). It seems probable then that raising the prof-

itability of agriculture will be helpful to the poor.

This involves taking steps to increase agricultural
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productivity per hectare, or encouraging a switch

to higher-valued crops. 

The initial impact of increased profitability in

farming is to raise the incomes of those who own

land. This in itself may help reduce poverty if the

poor also own some land and participate in the

productivity increase, but obviously not if the very

poor do not generally own land. But there may also

be an increase in demand for labour because agri-

culture itself, and the construction of the infrastruc-

ture needed to support agricultural development,

are both very labour intensive. Those who were

earlier unemployed may thereby find work while

those already employed may find themselves

working more hours. Either way their incomes go

up. However, for poverty reduction, it is not the

initial rise in incomes that matters. What does

matter is what incomes are spent on.

It is well known that, as incomes rise, the

proportion spent on staples declines, while the

proportion spent on superior foods such as supe-

rior grains, vegetables, fruit, milk, meat, etc.

increases. These commodities are effectively non-

tradable and more likely to be purchased locally,

because they are bulky or perishable. At the same

time the proportion of income spent on the serv-

ices of merchants, artisans, mechanics, etc. is likely

to go up. This is partly because agricultural growth

creates a demand for agricultural implements, but

also because rural consumers start to demand

goods such as bicycles, which need repairs, or start

to eat outside the home so creating a demand for

food stalls. Services are by definition also non-trad-

able. Finally, there is a third category of effectively

non-tradable goods comprising simple agricultural

inputs such as hoes, rakes, spades and so forth,

which may be bought and sold locally, but which

do not have much of a market outside rural areas.

The combined effect of these patterns of rural

spending can be large. Using household consump-

tion data from 1980s surveys in Burkina Faso, the

Niger, Senegal and Zambia (with additional data

from Zimbabwe), Delgado, Hopkins and Kelly

(1998) show that the share of additional income

spent on non-tradables ranges from 32 percent in

Senegal to 67 percent in Burkina Faso and Zambia.

This spending had multiplier effects that were also

calculated. The combined impact on household

incomes turns out to be surprisingly large. For

example, in Burkina Faso, a US$1 increase in

income from farm tradables led to an increase of

US$1.88 in income from non-tradables, while in

Zambia a US$1 increase led to an increase of

US$1.57 in income from non-tradables.

Non-farm income share Non-farm employment share Average2

per capita

GNP 1995 (US$)

Mean1 Coefficient Mean1 Coefficient
Regions and subregions (%) of variation (%) of variation

Sub-Saharan Africa 42 0.45 ... ... 726

Eastern/southern Africa 45 0.47 ... ... 932

West Africa 36 0.36 ... ... 313

Asia 32 0.33 44 0.32 1 847

East Asia 35 0.19 44 0.29 2 889

South Asia 29 0.52 43 0.40 388

Latin America 40 0.20 25 0.33 2 499

1 Mean refers to the mean over the case studies considered for each region and subregion.

2 Average per capita GNP is calculated as the simple average over the countries covered by the case studies and is based on estimates from the World
Bank, World Development Report 1997.

Note: The income shares represent the share of non-farm income in total income of households that are mainly farm households (and the rural land-
less). The employment shares represent the share of households in the rural population (both in rural areas and small rural towns) with non-farm
activity as the primary occupation.

Source: Special chapter on rural non-farm activities in FAO (1998d).

Table 8.4 Non-farm shares in total rural income and employment
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The next step is to show that income from non-

tradables looms large in the incomes of the poor.

Since livestock can easily be raised at little cost on

smallholdings, small animals such as sheep and

goats are often kept by the poor, and livestock

income is generally of more importance to them9

(see Adams and He, 1995, for an example).

Services such as running a food stall or setting up a

simple repair shop do not require much in the way

of either skills or capital. Neither does the manu-

facture of simple agricultural implements. Hence it

is precisely in the provision of these goods and

services that the poor can find gainful employment

and thus raise their incomes. The labour required

to supply these goods and services does not have to

be withdrawn from some other activity, since there

is often a great deal of unemployment, disguised or

open in the rural areas of developing countries.

Tables 8.4 to 8.6 provide evidence as to the impor-

tance of RNF incomes to the poor.

From Table 8.4 it is clear that the mean share 

of non-farm income in household income is

nowhere less than about 30 percent and is as high

as 45 percent in eastern/southern Africa. Shares 

in employment are equally high, ranging from 

25 percent in Latin America to almost 45 percent in

parts of Asia. Table 8.5 provides evidence that in

one large poor country, India, the share of income

from non-farm sources is highest, at 60 percent, for

households in the bottom expenditure quintile. 

It declines as income increases, down to only 

33 percent for the richest quintile. A broadly

similar trend holds in Mexico, as Table 8.6 shows,

although households are classified by the amount

of land farmed, rather than expenditure as in the

case of India. To sum up, non-farm income is

important to all rural households, but is particu-

larly important to poor rural households. 

Hence, for the poor, the RNF sector offers a

relatively easy escape route from poverty. But

anyone who thinks of supplying these goods and

services runs into a demand bottleneck. Because

they are effectively non-tradable in most circum-

stances, they can only be sold locally. There is not

much local demand for them in a stagnant rural

economy and, until the economy is created, there is

no point in expanding output. But if agricultural

productivity and hence the incomes of those who

own land can be increased – and if they spend this

extra income on goods and services provided by

the RNF sector – then the bottleneck to the RNF

sector’s expansion can be cleared and it can grow

and provide important benefits for the poor. Even

landless agricultural labourers and others not

directly employed in this sector benefit since their

power to bargain for higher wages goes up if alter-

native sources of employment are available.

A critical implication is that the impact on

poverty occurs with a lag. Growth in agricultural

income will not initially reduce poverty and may

Per capita consumption expenditure quintile

All Bottom 2nd 3rd 4th Top

(%)

Total farm income 55 38 38 45 50 65

Total off-farm income 43 60 59 53 46 33

Wages 14 43 36 25 14 4

Agricultural wages 8 28 21 13 8 2

Non-agricultural wages 6 16 15 10 6 2

Self-employment 12 11 17 16 15 8

Regular employment 17 4 7 12 19 21

Other income 3 2 2 3 3 3

Source: Lanjouw and Shariff (2001).

Note: Subtotals do not necessarily add up to totals because of rounding.

Table 8.5 Income sources in rural India by expenditure quintile, 1994

9 Another consideration is that livestock are often kept on marginal or degraded land that would otherwise not contribute to income.
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not at first have any impact even on the wages of

unskilled agricultural labour. It is only later, after

incomes have been generated in the RNF sector,

that poverty should begin to decline. Once it does,

however, it should decline very quickly. 

Good econometric evidence of a positive rela-

tionship between agricultural growth and poverty

alleviation is available from India, which has had a

long period of sustained agricultural growth

starting from the early 1970s. The most detailed

study is by Datt and Ravallion (1998), who relate

differences in poverty reduction to differences in

agricultural growth rates for different Indian

states. Since macroeconomic, trade, sectoral and

social policies apply to the whole of India and so

are all held fixed, the “pure” effect of agricultural

growth on poverty reduction can be isolated.

The main point of the Datt and Ravallion

(1998) paper is the following. From the early

1970s, when growth in agricultural yields in India

became strong, poverty as measured by the

squared poverty gap index began to decline. The

squared poverty gap index does not merely count

the number of people whose incomes are below the

poverty line. It also measures how far below the

poverty line their incomes are, and gives progres-

sively higher weights to incomes the further they

are below the poverty line. Not only did the

number of people in poverty decline, as measured

by the headcount index, but poverty also became

less severe, i.e. the consumption of the poorest of

the poor also increased. The claim that agricultural

yield growth bypassed the poorest cannot be

supported on the basis of this finding.

What were the channels through which agricul-

tural growth helped the poor? An important

finding is that rural wages increased, but with a lag:

“Higher average farm-yields benefited poor people

both directly and via higher real wages ... The

benefits to the poor from agricultural growth were

not confined to those near the poverty line” (Datt

and Ravallion, 1998).

The fact that wages do respond to agricultural

growth but with a lag is a critical piece of evidence,

showing that time is required for the RNF sector to

grow after the initial impetus from growth in agri-

culture. When the RNF grows, the demand for

labour goes up. Agricultural workers find that their

bargaining power has gone up and they can start

demanding higher wages. Therefore agricultural

growth should cause wages to go up, but with a lag. 

Thus far the discussion has concentrated on

how the process works if everything goes well.

Under what conditions would the process not

benefit the poor? 

Agricultural growth puts money initially into the

hands of those who own land. Its impact on poverty

depends on whether this income is spent on goods

Farm size in rainfed equivalent hectares

All <2 2-5 5-10 10-18 >=18

Number of households 928 131 244 239 179 135

Shares in total income (%)

Total farm income 45.1 22.9 28.1 41.8 50.3 62.0

Total off-farm income 54.9 77.1 71.9 58.2 48.7 38.0

Wages 25.6 40.3 36.9 30.4 18.2 11.1

Agricultural wages 6.7 10.0 8.5 4.2 5.7 2.2

Non-agricultural wages 18.9 30.3 28.4 26.2 12.5 8.9

Self-employment 8.4 17.1 14.2 4.6 12.1 6.8

Remittances 6.5 2.6 5.4 8.9 6.0 6.0

Other income 14.4 17.1 15.3 14.3 13.3 14.1

Source: de Janvry and Sadoulet (2000).

Table 8.6 Sources of income in the Mexican ejido sector by farm size, 1997
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and services that are supplied locally, or on imports.

The poor will not benefit if it is not spent locally, on

goods and services provided by the RNF sector. But

this is what may happen when there are marked

inequalities in landownership and the initial increase

in agricultural income is concentrated in a few

hands. Wealthy landowners may have metropolitan

tastes and the wealth to indulge them, and will be

unlikely to patronize local suppliers. There may be

gains to the poor arising out of extra agricultural

employment and possibly lower food prices, but the

add-on effect on local employment and industry

arising out of expenditure by farmers on locally

made products will be lacking. 

Bautista's (1995) case study in the Philippines

illuminates these issues. He points out that over the

period 1965-80, crop production in the Philippines

grew at a rate of 5.2 percent p.a. and livestock at a

rate of 6.4 percent, among the highest growth rates

in Asia. The growth of crop production was evenly

shared between rice and non-traditional export

crops. These high growth rates were at least partly a

result of a sevenfold increase in real government

expenditure on agriculture, the bulk of which was

devoted to irrigation that took half of all agricultural

investment by 1980. This was at the cost of invest-

ments in rural roads whose share dropped to barely

2 percent of agricultural expenditure. At the same

time, human development was exceptionally good in

the Philippines, with rates of literacy, infant mortality

and life expectancy all either better or comparable

with its neighbours in Southeast Asia. Despite all this,

there was no significant reduction in poverty. 

The primary reason was that the income gains

from agricultural growth were highly concen-

trated. First, where rice farmers were concerned,

only those who had access to irrigation could

benefit. Despite all the investment in irrigation,

only 18 percent of arable land was irrigated by

1980. Second, subsidies on credit and fertilizers

were pocketed by large farmers who also enjoyed

better access to infrastructure. Large farmers also

enjoyed implicit subsidies – through low tariffs, an

overvalued exchange rate and a low interest rate –

on imported farm machinery that displaced land-

less agricultural labourers. The consequences 

were clear: “Income gains were concentrated in the

already more affluent segment of the rural popula-

tion. As a result, rural consumption favored 

capital-intensive products and imported goods

rather than labor-intensive, locally produced goods

... Accordingly the rate of labor absorption in both

agriculture and industry was very low, and given

the rapid expansion of the labor force, it prevented

real wage rates from moving upward. As a result ...

the incidence of poverty increased over the period”

(Bautista, 1995, p. 144).

A similar situation can arise in countries where

governments place legal and administrative

hurdles in the path of smallholders who wish to

grow commercial crops. The cultivation of these

crops is then in the hands of wealthy farmers who

are likely to spend any increments in their income

on imported goods while spending little on locally

produced goods. Allowing small farmers to share in

the profits from commercial crop cultivation would

have increased the likelihood of these profits being

spent locally, thus creating income-earning oppor-

tunities for others. But if this is not the govern-

ment's policy, the result is that the agriculture

sector registers growth but this growth has little or

no impact on poverty.

Thus, agricultural growth provides opportuni-

ties for the poor to increase their incomes. Whether

the poor can seize these opportunities depends on

their education and health, on their access to credit

and savings services, and on whether they are

excluded by social custom or government fiat from

income-earning activities (such as women shut out

from credit markets). Measures to increase the

capital available to the poor (human, financial,

physical, natural and social) are therefore likely to

pay big dividends in terms of their ability to lift

themselves out of poverty.

To conclude, the key point is that growth in

agricultural incomes, by creating demand for the

output of the RNF non-tradable sector, makes it

possible for that sector to grow. Since the capital

and skill requirements of the sector are well suited

to the capabilities of the poor, its rapid growth can

help eliminate poverty. Thus agricultural growth

ultimately reduces poverty and does so with a lag.

But this benign process cannot work if there are

marked initial inequalities in the agricultural sector

since these act to prevent agricultural incomes

from being spent locally and therefore do not

create the multipliers needed.
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9.1  Introduction

For centuries countries have relied on trade in 

agricultural and food commodities to supplement

and complement their domestic production. The

uneven distribution of land resources and the influ-

ence of climatic zones on the ability to raise plants

and animals have led to trade between and within

continents. Historical patterns of settlement and

colonization contributed to the definition of trade

patterns and to the emergence of an infrastructure

to support such trade. More recently, transnational

firms with global production and distribution

systems have taken over from post-colonial trade

structures as a paradigm for the organization of

world agricultural trade. Changes in consumer taste

have encouraged the emergence of global markets

and added to the significance of trade. Few coun-

tries could survive the elimination of agricultural

trade without a considerable drop in national income,

and none could do so without considerable reduc-

tion in consumer choice and well-being.

The projections presented in Chapter 3 suggest

that the role of trade in meeting global food demand

will further increase over the next 30 years.

Developed countries will provide a growing share of

developing countries’ food needs, and in return will

continue to import larger quantities of other agri-

cultural products, notably tropical beverages,

rubber and fibres. However, the developing coun-

tries are not a homogenous trading bloc. While the

group as a whole will increase its net exports of

tropical products and import more and more

temperate-zone commodities, within the group

there will remain important net exporters of

temperate-zone commodities.

Like all projections, the global trade outlook

presented in this chapter is based on numerous

assumptions about the likely evolution of policies

that will affect trade flows, as well as basic trends in

income, population and productivity. A principal

premise of the quantitative projections is the contin-

uation of existing policies related to the support

and protection of agriculture, including policy

changes that will be implemented in the future, for

example, the EU's Everything but Arms Initiative

(EBA) that foresees a liberal import regime for rice

and sugar from the least developed countries

(LDCs) in the future. If policies differ substantially

in the future, so will the outcomes. If, for instance,

the reform process that began under the Uruguay

Round Agreement on Agriculture were to achieve a

fundamental reform of the sector, and if there were

significant reductions in production-enhancing

subsidies and protection in industrial countries, this

could have an impact on predicted trading

Agricultural trade, trade policies 
and the global food system
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patterns. And if policy reforms extended beyond

the developed countries and led to the removal of

the remaining bias against agriculture in the policy

of several developing countries, this could mobilize

resources to enhance productivity and stimulate

development of the rural economy.1 As a conse-

quence, much of the qualitative discussion in the

chapter is an attempt to indicate how policies might

develop over the next three decades.

This chapter begins with a discussion (Section

9.2) of the evolution of patterns in global agricul-

tural trade. The analysis reviews the changing share

of agricultural trade relative to manufactures in

world trade and identifies the rapidly changing role

of agricultural trade in the developing countries.

This is followed by a discussion of the agricultural

trade balances for developing countries by major

commodity categories. It shows changes in the net

trade balances of these product categories. It also

provides an overview of complementarity and

competition in global agricultural trade and how,

where, and to what extent policies have affected the

current trading patterns between developing and

developed countries. 

Section 9.3 examines the trade policy environ-

ment, focusing on the Agreement on Agriculture. It

assesses the progress made to create a “fair and

market-oriented” trading system for agriculture,

and looks at other trade policy developments in

agriculture, particularly the role of preferential and

regional trade agreements. Section 9.4 addresses

the prospects for and likely impacts of further

reforms in the current and future rounds of negoti-

ations, with particular attention to the ways in which

the new emphasis on non-trade concerns will influ-

ence trade liberalization. This is followed by an

analysis of how different policy options could affect

and alter the baseline projections to 2030. The focus

is on the stake of developing countries in interna-

tional agricultural trade policy reform. The chapter

concludes (Section 9.5) by looking at the emerging

issues that will affect the overall trade policy envi-

ronment and how they may influence agricultural

trade in the coming three decades. 

9.2 Long-term trends in the pattern
of global agricultural trade

9.2.1 From agricultural exports 
to manufactures exports

The last 50 years have witnessed an impressive

growth in international trade. The volume of global

merchandise trade has increased 17-fold, more

than three times faster than the growth in world

economic output. 

A number of factors contributed to this growth.

Average import tariffs on manufactures, for instance,

fell from 40 to 4 percent over the four decades of

trade negotiations under the General Agreement

on Tariffs and Trade (GATT) (Abreu, 1996). Non-

policy factors have also been important, including a

reduction in transport costs and new transporta-

tion facilities as well as cheaper and more efficient

communications. Moreover, growth in manufac-

tures trade has been spurred by the rapid expan-

sion of intra-industry and intrafirm trade,

exploiting a division of labour within companies

operating across various countries or continents.

Much of this trade is an exchange of components

or semi-processed products. Finally, manufactures

benefited from a virtuous circle whereby the gains

from trade translated into higher incomes and in

turn fuelled growth in trade. 

Agricultural trade has also grown during the

last 50 years, but only at about the rate of global

economic output. Notable among the factors that

contributed to this relatively slow growth in trade

was the failure to include agriculture fully in 

the multilateral trade negotiations under GATT

that were so successful in reducing industrial

tariffs. As a result, agricultural tariffs are as high

now, on average, as industrial tariffs were in 

1950. The effects of high border protection have

been compounded by domestic support policies 

in many developed countries and in some devel-

oping countries by policies that promoted 

import substitution at the expense of international

trade.

1 As discussed in Chapter 10, many countries ran policies that were implicitly or explicitly biased against their agricultural sector. While some of this
bias appears to have been removed in the course of domestic policy reforms and structural adjustment programmes, the patterns of government
investment still favour urban areas in many countries.
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Growth in agricultural exports from developing

countries was also held back by the limited absorp-

tion capacity of their export markets. The major

part of their agricultural exports was destined 

for largely saturated developed country markets

without much responsiveness in demand. Tropical

products such as coffee, cocoa, tea or rubber were

most severely affected by these limitations. Rising

output from developing countries met inelastic

demand in developed countries and resulted in a

persistent downward pressure on prices. In fact,

lower prices cancelled out much of the gains in

export volumes with the result that export earn-

ings increased only moderately.

Moreover there has been very little intra-

industry or intrafirm trade in food and agricultural

products. This reflects mainly the nature of agri-

cultural trade, which is often largely determined by

different agro-ecological conditions. But intra-

industry trade has also been held back by tradi-

tional trade and investment barriers that made

international sourcing more difficult than for

manufactures. When and where these barriers

have declined, the exchange of processed and

semi-processed agricultural products has increased

considerably and brought about levels of intra-

industry/intrafirm trade close to levels observed for

non-agricultural products (see Chapter 10). Much

of this trade has been stimulated by the activities of

global food companies and traders, but has also

involved retailers and small food exporters

exploiting niche markets. 

The result of the rapid export growth in manu-

factures and slow growth in agricultural exports

was a dramatic decline in the relative importance of

agricultural exports. The share of developing

countries’ agricultural exports in their overall

exports fell from nearly 50 percent at the begin-

ning of the 1960s to barely more than 5 percent by

20002 (Figure 9.1). Even for the group of the 

49 LDCs, where agriculture is often the largest

sector of the economy, the share of agricultural

exports declined from more than 65 percent in the

early 1960s to less than 15 percent by 2000  (Figure

9.1). Whereas the low shares for developing coun-

tries are, among many other factors, also a reflec-

tion of protectionist policies in OECD countries,

OECD policies have probably contributed to

Figure 9.1 The agricultural trade balance and share of agricultural exports

2 Both for agriculture and total merchandise trade, gross trade data include intradeveloping country trade.

...and even more so the importance of 

agriculture in total merchandise exports
Agricultural net exports from developing 

countries have been declining...
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keeping shares high for the LDCs. The numerous

preference agreements in which they participate

offer the LDCs higher export prices and encourage

them to export more than otherwise. 

9.2.2 From net exporters to net importers
of agricultural commodities

Together with the overall decline in the share of

agriculture in international trade, the structure of

agricultural trade has changed markedly. One

manifestation of this change is the balance in food

trade between developed and developing countries.

In 1961/63 developing countries as a whole had an

overall agricultural trade surplus of US$6.7 billion,

but this gradually disappeared so that by the end of

the 1990s trade was broadly in balance, with peri-

odic minor surpluses and deficits. The outlook to

2030 suggests that the agricultural trade deficit of

developing countries will widen markedly, reaching

an overall net import level of US$31 billion. Net

imports of food will increase to about US$50 billion

(in US$ of 1997/99, for details see Table 9.1). 

The 49 LDCs have been in the forefront of this

shift: their agricultural trade deficit has increased

so rapidly that, already by the end of the 1990s,

imports were more than twice as high as exports

(Figure 9.2). The outlook to 2030 suggests that

this trend will show no sign of abating. The agri-

cultural trade deficit of the group of LDCs is

expected to widen further and will increase

overall by a factor of four over the next 30 years.3

As already discussed in Chapter 3, the evolu-

tion of the overall net agricultural trade balance

per se may not necessarily represent a deteriora-

tion of the overall economic situation in a devel-

oping country. For some countries, a growing

agricultural trade deficit may simply reflect rapid

overall development. This is, for instance, the case

of countries such as the Republic of Korea in

which the growing agricultural deficit has gone

hand in hand with high rates of overall develop-

ment and growing food consumption. Likewise,

rising imports of vegetable oil in China primarily

reflect an improved ability to meet domestic food

needs through imports. A declining agricultural
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Figure 9.2 Least developed countries (LDCs) have become major net importers of 

agricultural products
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trade balance is, however, a negative develop-

mental outcome in countries that continue to

depend to a high degree on export earnings from

agriculture or that have to divert scarce foreign

exchange resources (eventually building up

unsustainable foreign debt) to pay for growing

food imports. It is an even more negative indi-

cator where such food imports are not associated

with rising food consumption per capita but are

necessary just to sustain minimum levels of food

consumption.

Commodity dependence. Notwithstanding the

declining importance of agricultural exports for

developing countries as a whole, some developing

countries still rely heavily on agricultural exports

for their foreign exchange earnings. In more than

40 developing countries, the proceeds from

exports of a single agricultural commodity such as

coffee, cocoa or sugar account for more than 20

percent of total merchandise export revenue and

more than 50 percent of total agricultural export

revenue (Figure 9.3). In Burundi, for example,

coffee exports alone accounted for 75 percent of

the country's foreign exchange earnings in

1997/99. Half of these countries are located in

sub-Saharan Africa, and three-quarters are LDCs

and/or small islands. The heavy reliance on a few

crops is often a reflection of the fact that many of

these economies are very small.

Dependence on a few commodities brought

about numerous problems for these countries

during the period of low prices in 1999/2001.

Particularly low world prices for coffee and sugar

reduced their overall foreign exchange avail-

ability, lowered rural wages, increased rural

poverty and thus underlined the importance of

undistorted agricultural trade for overall

economic development. The sluggish demand for

primary agricultural commodities and the recur-

ring conditions of boom and bust in their exports

created problems for commodity-dependent

economies. Unstable commodity prices and

export earnings are known to make development

planning more difficult and to generate adverse

short-term effects on income, investment and

employment.

9.2.3 Projected shifts in the agricultural 
trade balance of developing 
countries

The outlook is that developing countries will

become significant net importers, with a trade

deficit of almost US$35 billion by 2030 (Table 9.1).4

The following section focuses on the structural

changes within agricultural trade by commodity

group, to identify the main factors that have

brought about these shifts in trade patterns and the

likelihood of their continuation. 

The first category includes temperate-zone

commodities (wheat, coarse grains and livestock

products) of which the developed countries

produce the bulk of world-exportable surpluses.

These commodities are also highly protected in

many countries and the world market price is often

influenced by heavily subsidized export surpluses.

Developing countries are already significant

importers of these commodities and the projections

suggest that by 2030 their net imports will have

increased further, e.g. more than 2.5-fold for wheat

and coarse grains (Table 3.5) and almost fivefold

for meat (Table 3.14). 

One of the most important changes that

affected the overall agricultural trade balance of

developing countries was the rapid growth in

imports of temperate-zone commodities. The net

imports in this product category increased by a

factor of 13 over the last 40 years, rising from a

minor deficit of US$1.7 billion in 1961/63 to US$24

billion in 1997/99 (Table 9.1). These figures are in

current US$. 

A number of factors contributed to this shift.

First, developing countries found it increasingly

difficult to compete with subsidized surpluses of

temperate-zone commodities disposed of by OECD

countries. These subsidies hindered exports from

all developing countries, although some countries

such as Argentina, Brazil and Uruguay managed to

remain net exporters. Subsidies and subsequent

surplus disposal put downward pressure on inter-

national prices, and held back export volumes and

earnings for temperate-zone commodities. Second,

the developing countries themselves added to the

growing trade deficit by taxing their own agricul-

4 All projected trade balances in Table 9.1 are expressed in constant (1997/99) US$, but the historical data are in current US$. Therefore, the rates
of increase of the historical period cannot be compared with those for the projections.
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ture directly through low procurement prices and

quotas or indirectly through overvalued exchange

rates and high protection rates for non-agricultural

goods. In many cases, these policies had been in

place before OECD surplus disposal policies

became a significant factor in world agricultural

trade. Third, overall economic development

contributed to higher imports of temperate-zone

commodities. With higher incomes and more

people to feed, demand for temperate-zone

commodities in developing countries increased

fast, too fast for domestic production to keep pace.

The rise in import requirements was particularly

pronounced in countries where agro-ecological

constraints restrained agricultural production

growth and where urbanization and income

growth brought about rapid increases in demand

(notably in the Near East/North Africa region).5

Within the group of temperate-zone commodi-

ties, there is a discernible shift in trade from cereals

to livestock products, notably to meats. This is the

result of various mutually reinforcing develop-

ments that took place in parallel in developed and

developing countries. In developed countries,

technological and organizational progress in 

livestock production (vertical integration, etc.)

Figure 9.3 Dependence on agricultural export earnings by commodity, 1997/99
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5 The rapid overall increase in temperate-zone commodities over the last 40 years masks the fact that import growth varied considerably during this
period. Imports rose particularly fast during the 1970s and early 1980s when the oil boom afforded many developing countries, particularly in North
Africa and the Near East, with the foreign exchange earnings needed to increase imports of products such as cereals, meats and dairy products,
for which domestic production capacity was limited. Together with the decline in oil prices, however, growth in food imports slowed down to
considerably lower rates in the late 1980s and 1990s.
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Net trade of developing countries Cumulative OECD
(negative values denote net imports) increase support

Commodity category 1961/63 1979/81 1997/99 20151 20301 1997/99 PSE

-2030 1998/00

Billion US$ (current) Billion US$ Percentage Billion 
(in US$ of 1997/99) US$

Total agriculture 6.68 3.87 -0.23 -17.6 -34.6 258.57

Total food 1.14 -11.52 -11.25 -30.7 -50.1 +345 n.a.

1. Temperate-zone -1.72 -18.17 -24.23 -43.8 -61.5 +154 134.22

Cereals (excluding rice) -1.57 -14.25 -17.40 -31.9 -44.6 +156 40.09

Wheat -1.53 -10.45 -10.30 -17.3 -23.5 +128 18.13

Coarse grains -0.04 -3.80 -7.10 -14.7 -21.1 +195 21.97

Meat 0.22 -0.56 -1.18 -3.4 -5.8 +389 49.16

Ruminant 0.27 0.14 -0.93 -2.5 -4.6 +395 32.30

Non-ruminant -0.06 -0.71 -0.25 -0.8 -1.2 +372 16.87

Milk -0.37 -3.36 -5.65 -8.4 -11.1 +97 44.97

2. Competing 3.13 4.29 6.20 6.3 5.9 -4 111.28

Rice -0.07 -1.44 -0.39 -0.5 -0.7 +82 26.38

Vegetable oils and oilseeds 0.81 0.52 -0.57 -0.6 -0.6 +17 5.47

Fruit, vegetables and citrus 0.24 1.67 8.40 9.7 11.2 +33 57.44

Sugar 1.02 3.83 1.30 1.3 0.9 -30 6.73

Tobacco 0.20 0.07 1.26 0.9 0.6 -55 1.92

Cotton lint 0.91 -0.13 -3.46 -4.2 -5.0 +46 6.81

Pulses 0.02 -0.23 -0.34 -0.3 -0.4 +14 6.53

3. Tropical 3.83 17.55 19.16 22.8 26.0 +36 0.92

Bananas 0.28 1.00 2.64 3.5 4.0 +53 0.32

Coffee 1.78 9.49 9.77 11.1 12.4 +27 0.28

Cocoa 0.48 3.30 2.82 3.6 4.2 +49 0.03

Tea 0.48 0.85 1.39 1.5 1.7 +20 0.29

Rubber 0.89 2.91 2.54 3.1 3.7 +45 0.01

4. All other commodities 1.46 0.20 -1.36 -3.0 -5.0 +267 11.15

Other study commodities 0.36 0.83 0.21 0.2 0.2 +10 n.a.

Commodities not covered in this study 1.10 -0.63 -1.57 n.a. n.a. n.a. n.a.

Notes:
1 Based on projected growth in quantities (as in Chapter 3), applied to the 1997/99 trade values from FAOSTAT, rounded numbers; the projected
trade balances in values are implicitly expressed in constant US$ of 1997/99, while the historical values are in current US$. It follows that the implied
rates of change over time are not comparable between past and future. For such comparisons refer to Chapter 3. 
2 "Guesstimates".
3 Pro-rated according to shares in values of production.
n. a.=not available.

Table 9.1 Trade flows between developing and developed countries
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outpaced productivity gains in cereal production.

This made it more profitable to convert cereals into

meat domestically and export meats rather than

cereals (OECD, 1998). In developing countries,

income growth, particularly in Asia, has contributed

to a shift in consumption patterns from grain-based

diets to livestock-based diets with rapidly rising 

per capita consumption levels (Chapter 2). Moreover,

alongside overall economic development and

urbanization, some developing countries that

recorded higher income growth also created the

infrastructure facilities (e.g. cold chains) that were

needed to handle livestock product imports. 

The long-term outlook presented in Chapter 3

suggests that the shift from cereals to the meat

trade will continue. While cereals (excluding rice)

will still account for most of the increase in absolute

terms, meats are expected to exhibit the strongest

relative growth. Developing countries’ imports of

livestock products will increase very rapidly,

although starting from relatively low trade levels in

the base year 1997/99. Also developing countries'

overall imports of temperate-zone products will

continue to rise, albeit at a lower pace. By the year

2030, developing countries are expected to

increase their net imports of temperate-zone

commodities to about US$61 billion (in 1997/99

US$, Table 9.1; for changes in quantities see

Chapter 3, Tables 3.5, 3.14).

One of the crucial issues in this context is

whether and to what extent developing countries

would be able to expand their production and

exports if policy distortions, particularly those

imposed by OECD countries, were to be removed.

Would the removal of distortions change devel-

oping countries' net trade position? Numerous

studies suggest that this is unlikely to be the case.

Instead, there is wide agreement that the limiting

effect of agro-ecological constraints often outweighs

the effects of policy distortions. In fact, a removal of

OECD subsidies would largely result in a shift in

market shares from subsidized to unsubsidized

producers within the group of OECD countries.

Only a few developing countries with additional

production capacity for temperate-zone commodi-

ties, such as Argentina, Brazil, Uruguay or

Thailand would expand their net export positions

(see, for instance, FAO, 2000e, p. 27-28). The

majority of developing countries, however, would

not shift from net importers to net exporters.

Where the responsiveness of agricultural supply is

particularly low (as in many LDCs) and where non-

agricultural protection remains high, countries will

experience higher food import bills and a deterio-

ration of their terms of trade. 

The second category includes primarily

competing commodities, i.e. those commodities that are

produced in both north and south, even though

they may originate from different primary products

(sugar from beets or cane, oil from several oilcrops),

or commodities for which competition is limited to

certain parts of the year (fruit and vegetables).

Overall, there is considerable competition for

export shares in these markets. Subsidies in OECD

countries often offset the comparative advantage of

producers in developing countries. 

Developing countries’ export interests are

adversely affected by OECD policy distortions

affecting competing products. Many developing

countries have a comparative advantage in

producing these commodities, either because their

production is labour intensive (fruit and vegetables)

and/or because they are strongly favoured by the

agro-ecological conditions of tropical or subtropical

regions (tropical fruit, sugar and rice). Developing

countries’ net exports in this product category

amounted to about US$6 billion in 1997/99, about

twice as much as in the early 1960s (in current US$,

Table 9.1). At a net export level of US$8.4 billion,

fruit, vegetables and citrus accounted for the largest

portion under this heading, and exhibited the

highest growth over the past 40 years. 

Yet export growth might have been even 

more rapid had it not been for policy distortions,

particularly OECD subsidies that totalled about

US$111 billion in 1998/2000 (Table 9.1). Fruit and

vegetables, together with rice, accounted for nearly

three-quarters of this OECD subsidy. Developing

countries, at least in aggregate, are likely to benefit

from a cut in OECD subsidies and an increase in

access to developed countries’ markets. 

The third category encompasses tropical

commodities that are mainly produced in developing

countries, but primarily consumed in OECD coun-

tries. These are mostly tropical products such as

coffee, cocoa or rubber for which developing coun-

tries have been increasing output substantially over

the past decades. Developed countries’ import

markets for these commodities have become

increasingly saturated. Demand has become
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inelastic, and prices are subject to a secular decline.

Since developed countries do not produce these

commodities in significant quantities, they do not

support or protect these markets. 

Developing countries have been rather successful

in expanding production and exports of tropical

products. Overall, net exports of tropical products

have increased by a factor of five, from about

US$3.8 billion in 1961/63 to about US$19.2 billion

by the late 1990s at current prices (Table 9.1).

Export growth will continue over the next 30 years,

and in 2030 could be higher by some 36 percent (in

volume terms).

The single most important commodity in this

group is coffee. Net exports of coffee account for

about half of total net exports of tropical products.

They increased by a factor of 5.5 since the early

1960s (in current prices), largely matching the

growth of overall net exports of tropical products.

Production of coffee (green beans) increased by 60

percent from 1961/63 to 1997/99 and, as domestic

consumption in developing countries remained

low, much of the additional produce went into

export markets. Coffee exports rose rapidly over

much of the 1960s and 1970s. But as developed

countries’ markets for coffee became increasingly

saturated, growth in export volumes was no longer

matched by a similar growth in export revenues.

From 1974/76 to 1998/2000, volumes of coffee

exports doubled while export revenues increased

by merely 15 percent (Figure 9.4).

In addition to these demand-related reasons for

a slowdown in export growth, growth in produc-

tion and trade was also affected by policies. In

developing countries, the export taxes of large

exporting countries resulted in periods of attrac-

tive prices and lured more competitive countries

into these markets. In developed countries, tariff

escalation on more processed products kept a 

lid on exports of processed coffee and thus

contributed to the slow growth in export earnings.

Over and above tariff escalation, OECD trade and

support policies play no significant role in these

markets. Overall OECD countries spent less than

US$1 billion, i.e. less than 0.5 percent of total

producer support to subsidize the production of

these commodities in 1998/2000 (Table 9.1).

The country that made the most substantive

inroads into the international coffee market was

Viet Nam. Over the 1990s, the country’s coffee

exports rose by a factor of ten in terms of quantities

and a factor of five in terms of revenues (Figure

9.4). Together with rapidly rising rice production

and exports, Viet Nam’s coffee boom provided a

boost to the country’s overall rural economy.

Fertilizer use increased by about 50 percent and

agricultural GDP grew by about 4.5 percent p.a.

The coffee boom also boosted food production and

thus contributed to a reduction in hunger and

poverty. Rural poverty fell from 66 percent in 1993

to 45 percent in 1998 (World Bank, 2001c) and

from 1990/92 to 1997/99, the share of undernour-
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ished persons declined by 8 percentage points or 

4 million people (FAO, 2001a). 

The coffee production and export boom in Viet

Nam, however, also augmented the downward

pressure on international prices. By the end of

2001, international prices for green coffee had

declined to a 30-year low. Low coffee prices had

serious impacts for many rural poor in those areas

where production was growing less rapidly. Wages

for pickers, for instance, fell along with prices for

coffee and reached levels below US$1-2 per day in

many African and Latin American countries.

Oxfam has documented such impacts on wages and

rural poverty in a number of case studies for the

United Republic of Tanzania and Mexico (Oxfam,

2001). Moreover, the low international prices also

affected average coffee qualities. It rendered some

of the previous efforts to create high-quality coffee

segments unprofitable (for instance in Colombia)

and, as much of the production in the newly

emerging coffee producers such as Viet Nam was of

inferior quality, it lowered both average prices and

average qualities. 

The effects of the coffee boom confirm a

number of general problems that plague producers

and markets for tropical products. First, where

rapidly rising supply is primarily exported to

largely saturated markets, prices tend to decline

rapidly and sharply without necessarily resulting in

the expected contraction in production. The asym-

metry in the supply response is because many of

these crops are perennials, grown on a multiyear

basis with a relatively large share of total invest-

ment requirements locked in at the beginning of

the investment periods. To increase the returns on

the fixed investment, investors have to reduce the

variable costs of production. In plantation produc-

tion systems, this means lower wages for rural

workers (pickers); in smallholder systems, it means

a considerable decline in family incomes. Second,

while the promotion of production in new low-cost

environments (Asia) can be an interesting agricul-

tural development strategy in a given country, the

same policy pursued simultaneously in many coun-

tries can nullify or reverse the advantage for the

original beneficiary. Markets for tropical agricul-

tural products are particularly prone to this fallacy

of composition problem (see also Section 3.6 in

Chapter 3 for a discussion of problems with trop-

ical commodities).

9.3 The trade policy environment
for agriculture

The environment in which agricultural trade

policy is formed includes both the domestic polit-

ical balance between competing ideas and interests

and the international climate for trade rules and

negotiations. This section examines current issues

in the trade policy environment for agriculture and

the extent to which a continuation of present

trends is likely.

9.3.1 Global trends in trade policy reform

At the completion of the Uruguay Round of multi-

lateral trade negotiations, the Agreement on

Agriculture was hailed as an important first step

towards the fundamental reform of the interna-

tional trading system for agriculture. Since then,

however, many countries have been disappointed

by the modest benefits deriving from it. Indeed,

some observers argue that the Agreement on

Agriculture may have “institutionalized” the

production- and trade-distorting policies of the

OECD countries without addressing the funda-

mental concerns of developing countries (Green

and Priyadarshi, 2002). Negotiations on the contin-

uation of the reform process began in March 2000,

as mandated under Article 20 of the Agreement on

Agriculture, but the progress that can be achieved

will depend, in part, on the experience of World

Trade Organization (WTO) Members with the

reform process thus far.

The Doha Round of multilateral trade negotiations.

Article 20 of the Agreement on Agriculture declares

Members’ “long-term objective of substantial

progressive reductions in support and protection

resulting in fundamental reform” and pledges to

continue the reform process, “taking into account:

! the experience ... from implementing the

reduction commitments; 

! the effects of the reduction commitments on

world trade in agriculture; 

! non-trade concerns, Special and Differential

Treatment (SDT) to developing country Members,

the objective to establish a fair and market-

oriented agricultural trading system; and other

objectives and concerns mentioned in the

Agreement; and 
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! what further commitments are necessary to

achieve the above-mentioned long-term objectives.”

The negotiations on agriculture were subsumed

in a broader round of multilateral trade negotia-

tions launched by WTO at its Fourth Ministerial

Conference held in Doha, Qatar in November 2001

(WTO, 2001e).6 The round will consider agricul-

ture as part of a “single undertaking”, and the

negotiations are scheduled to conclude not later

than 1 January 2005. Modalities for further

commitments on agriculture are to be established

no later than 31 March 2003 and comprehensive

draft schedules based on these modalities should be

submitted no later than the date of the Fifth

Session of the WTO Ministerial Conference to be

held in September 2003 in Cancún, Mexico. 

During the first phase of the negotiations on

agriculture, which ended in March 2001, WTO

Members submitted their proposals and other

papers reflecting their positions and concerns. A

total of 44 negotiating proposals were submitted,

sponsored by 125 countries either individually or

in groups. The proposals address the range of

issues mandated for the negotiations, including the

three pillars of the Agreement on Agriculture

(market access, domestic support and export

competition), as well as the cross-cutting issues of

SDT for various groups of countries and non-trade

concerns ranging from food security to animal

welfare. They span a broad range of possible

outcomes, from the rapid elimination of all trade-

distorting barriers and subsidies to a slowing or

even reversal of the reforms undertaken in the

Uruguay Round. 

The Ministers made a commitment to under-

take negotiations on agriculture that, without pre-

judging the outcome, would aim at substantial

improvements in market access, the reduction of all

forms of export subsidies with a view to phasing

them out, and substantial reductions in trade-

distorting domestic support. It was agreed that

SDT should be applied to developing countries to

reflect their development needs, including food

security and rural development. Non-trade

concerns will also be taken into account in the

negotiations. Given the wide divergence of the

initial positions, radical reform seems unlikely in

the near term. Nevertheless, successive rounds of

gradual liberalization implemented over the next

30 years could result in “fundamental reform of the

sector” within the timespan of this study.

Market access. Bound tariffs remain high in the

OECD countries, especially for temperate-zone basic

food commodities and products that compete with

them. Developing countries typically also have high

bound tariffs on agricultural goods, at 68 percent on

average, but their applied tariffs are often much

lower. Some countries bound tariffs for certain sensi-

tive staple products at very low levels, often because

they had previously relied on other means to control

imports, such as quota exemptions under GATT

Article XII for balance of payments purposes (Green

and Priyadarshi, 2002). Many agricultural goods do,

however, enter industrial countries duty free or at

low tariffs. OECD tariffs on unprocessed tropical

products are typically quite low, but tariff escalation

is a problem in some of these commodities. In the

EU and Japan, for example, bound tariffs on coffee

escalate from zero percent on green beans to 7.5 and

12 percent, respectively, on roasted beans; while in

India, this escalation goes from 100 to 150 percent

(WTO, 1994).

Tariff schedules also reflect the prevalence of

tariff rate quotas (TRQs),7 with both in-quota and

over-quota tariffs listed, and the proliferation 

of complex duties that combine elements of specific

and ad valorem duties (UNCTAD, 1999b). 

Thirty-eight WTO Members have tariff quota

commitments in their schedules, for a total of 

1 379 individual quotas. But TRQs have done little

to improve market access. Many countries allocated

the quotas to traditional suppliers and counted

pre-existing preferential access quotas as part of

their minimum access commitments.8 New access

6 The subject areas for negotiations will include the following: agriculture, services, market access for non-agricultural products, aspects of TRIPS,
antidumping, subsidies and countervailing measures, dispute settlement, trade and environment, trade and investment, trade and competition
policy, government procurement and trade facilitation.

7 A TRQ is a specified quantity that can be imported at tariff rates (in-quota rates) well below the “normal” (over-quota) ones. The TRQ quantities
and in-quota rates should be set at levels allowing for imports no smaller than the market access opportunities that existed in the Agreement on
Agriculture base year 1986-88 or in any case to allow for a “minimum access”, whichever is higher. 

8 Examples are sugar imports in the EU and sugar and beef imports in the United States.
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volumes created by TRQs were typically less than 

2 percent of world trade, and TRQ utilization rates

or fill rates – the amount of trade that actually takes

place relative to the TRQ level – have averaged

about 60-65 percent (see OECD, 2001g). Unlike

simple tariffs, TRQs generate market rents that

may be captured by various groups (producer,

exporting government, importing government,

trader) depending on the administrative mecha-

nism and the degree of market competition

(ABARE, 1999). Thus, even if new market access is

created, the producer may not capture the benefits,

and there may be vested interests arguing against

further expansion of these quotas.

Thirty-eight Members have the right to invoke

special agricultural safeguards (SSGs) on a total of

6 072 individual tariff items. During the imple-

mentation of the Agreement on Agriculture, a total

of 649 tariff items have been subject to special safe-

guard notification, with more than half of the

price-based actions being taken by the United

States, and more than half of the volume-based

actions taken by the EU (WTO, 2000a).9 Most

developing countries do not have access to SSGs

because they did not use the tariffication proce-

dure. Their only practical means of stabilizing

domestic markets in the face of import surges or

fluctuating world prices is by varying their applied

tariffs (within their bound rates), although such

“price bands” could yet be challenged under the

rules of WTO.

Domestic support. The Agreement on Agriculture

included rules and disciplines on domestic support

in recognition of the potential these policies have to

distort trade. The specific provisions aim to ease

trade conflicts between developed countries, to

reform policies that resulted in overproduction in

the past, and to ensure that commitments on

market access and export competition are not

undermined through domestic support measures.

Although the Agreement on Agriculture began

the process of disciplining domestic support meas-

ures, the rules thus far have done little to restrain

the subsidies provided by OECD countries.

Furthermore, the types of policies available to

developing countries under the Agreement may

not be appropriate to the conditions of their agri-

cultural sectors or sufficient to enable them to over-

come the handicaps they face in international

markets (Green and Priyadarshi, 2002). 

The major portion of domestic support expen-

ditures is provided by three WTO Members: the

EU, Japan and the United States (Table 9.2).

Although several OECD countries have reformu-

lated their agricultural policies towards less

distorting instruments, the overall level of support

to OECD agriculture has not declined since the

Agreement on Agriculture came into force.

Support to agricultural producers in OECD coun-

tries, as measured by the producer support esti-

mate (PSE)10 increased relative to the Uruguay

Round base period to US$258 billion in 1998-2000

(OECD, 2001e). The aggregate measurement of

support (AMS) limits have not been constraining

thus far: few developed countries used more than

80 percent of their commitment level in 1996.

Only four WTO Members have reported that they

are using or have used blue box11 policies (the EU,

Japan, Norway and the Slovak Republic). 

The maximum permitted domestic support in

most developing countries12 is set by the de

minimis level and the Agreement on Agriculture

provisions for product-specific support. This is

because only a few developing countries reported

AMS figures and only 12 set them at levels above

the de minimis. In theory, domestic support could

total 20 percent of the total value of agricultural

production (10 percent product-specific plus 

10 percent non-product-specific support). In fact,

very few developing countries have provided

support to agriculture (exempt and non-exempt)

in excess of 2-3 percent of the value of production,

and many have reduced support since the

Agreement on Agriculture base period because of

budgetary and administrative constraints. Indeed

some countries still tax the agricultural sector or

specific commodities, although they are not

9 Two product categories were responsible for more than half of all SSG actions: dairy and sugar and sugar confectionery.
10 Defined by the OECD as the annual monetary value of gross transfers from consumers and taxpayers to support agricultural producers, measured

at farmgate level, arising from policy measures that support agriculture, regardless of their nature, objectives or impacts on farm production or
income. The PSE includes the effects of border measures and thus captures both support and protection.

11 Direct payments under production-limiting programmes. They belong to the “blue box”, i.e. they are not subject to reduction commitments if they
meet certain criteria.

12 For support measures included in the AMS and subject to reduction commitments.
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allowed to offset such negative product-specific

supports with positive non-product-specific

support.13

Export competition. The third main pillar of the

Agreement on Agriculture dealt with export

competition. Although the original GATT 1947

prohibited export subsidies in most sectors, an

exception had been made for primary products,

including agriculture. The Agreement on Agriculture

sought to redress this omission by establishing disci-

plines on the use of export subsidies. 

Only eight of the 25 WTO Members that have

export subsidy commitments are developing coun-

tries, as defined by WTO (Brazil, Colombia,

Cyprus, Indonesia, Mexico, South Africa, Turkey

and Uruguay), and only one (Colombia) reported

using export subsidies in 1998. The majority of

direct export subsidies are used by the EU, which

in 1998 accounted for more than 90 percent of all

direct export subsidies under the Agreement on

Agriculture (Table 9.3).

The terms of the Agreement on Agriculture also

commit Members to negotiate disciplines on the

use of export credit guarantees or food aid 

shipments, which might be used to circumvent the

disciplines on direct subsidies. The United States 

is by far the biggest user of officially supported

export credit guarantees, having provided 

46 percent of all export credits used from 1995 to

1998. Three other exporters (Australia, the EU

and Canada) were responsible for almost all the

remainder. The subsidy element in export credits is

fairly small compared with direct export subsidies

(OECD, 2000b). 

Food aid has also received attention as a

possible means of circumventing disciplines on

export subsidies. The Agreement on Agriculture

stipulates only that food aid should be provided in

accordance with FAO Principles on Surplus

Disposal and, to the extent possible, fully in grant

form. While most food aid is made in grant form,

some donors provide food aid in kind, and there

has been an apparent countercyclical relationship

13 Many developing countries reported that all their support to agriculture met the green box and/or SDT criteria for exemption, without specifying
the measures or providing budgetary outlays. The conformity of these policies with the Agreement on Agriculture will remain uncertain unless
assessed, perhaps in the context of dispute settlement.

Member AMS % of AMS Measures exempt from reduction Total

commitment commitments expenditures

used

De minimis Blue box Green box SDT

Australia 113 26 2 0 740 - 855

Brazil 0 0 363 0 2 600 269 3 232

EU 61 264 67 915 25 848 26 598 - 114 625

India (1995) -23 847 -31 5 956 0 2 196 254 8 406

Japan 29 562 72 331 0 25 020 - 54 913

Kenya 0

Korea, Rep. 2 446 93 427 0 6 443 38 9 354

Morocco 0

New Zealand 0 0 0 0 151 - 151

Norway 1 633 79 0 638 520 - 2 791

Pakistan -193 - - - 440 - 247

South Africa 451 82 203 0 544 - 1 198

Switzerland 2 962 74 0 0 2 128 - 5 090

United States 5 898 26 1 153 0 51 246 - 58 297

Source: WTO (2001a) and FAO (2000e).

Table 9.2 Domestic support expenditures 1996, US$ million 
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between such aid and international commodity

prices, suggesting that aid is increased when prices

are low and withdrawn when prices rise.

Non-trade concerns. The Agreement on Agriculture

allows significant scope for governments to pursue

important “non-trade” concerns – such as food

security, environmental protection, rural develop-

ment and poverty alleviation – through the use 

of domestic support measures that are exempt

under the green box (Agreement on Agriculture,

Annex 2), the de minimis or SDT provisions for

developing countries (Agreement on Agriculture,

Article 6). Furthermore, Article 20 of the Agreement

requires that non-trade concerns be taken into

account in the mandated negotiations on the

continuation of the reform process in agriculture. 

However, many countries feel that the

Agreement on Agriculture does not provide suffi-

cient policy flexibility for the pursuit of their non-

trade concerns. They argue that agriculture has

specific characteristics not shared by other sectors,

and should not be subject to the same types of disci-

pline on the use of subsidies and border protection. 

Thirty-eight countries submitted a note in the

ongoing WTO negotiations in which they address

the “specific and multifunctional” characteristics of

agriculture such as its contribution to rural devel-

opment, food security, environment and cultural

diversity (WTO, 2000b).14 Several formal negoti-

ating proposals have elaborated on these themes.

Norway, for example, used the non-trade concerns

argument to justify its proposal that certain basic

food commodities be exempt from further market

access commitments and that production-

distorting supports for commodities destined for

the domestic market be subject to less stringent

AMS disciplines (WTO, 2001a). Similarly, Japan

uses the multifunctionality of agriculture to justify

its call for discretion in setting tariffs and providing

domestic support (WTO, 2000c).

Most WTO Members have agreed that agricul-

ture is multifunctional, although several have

argued that it is not unique in this regard. The

Members have also agreed that each country has

the right to pursue its non-trade concerns. The

question being debated in the WTO is whether

“trade-distorting” subsidies, or other subsidies not

currently exempt from disciplines, are needed in

order to help agriculture perform its many roles.

Where Members differ sharply is in their views

regarding the appropriate policy response to non-

trade concerns. Many countries, particularly the

members of the Cairns Group, have argued that

non-trade concerns do not justify the use of produc-

tion- or trade-distorting support and protection.

South Africa, for example, insists that the non-trade

concerns of some countries should not become trade

concerns for others (WTO, 2000d). Furthermore,

many developing countries have sought to distin-

guish their concerns regarding food security and

sustainable development from the non-trade

concerns of developed countries. India in particular

has argued that the food security and livelihood

concerns of low-income countries with large

agrarian populations “should not be confused or

equated with the non-trade concerns advocated

under ‘Multifunctionality of Agriculture’ by a few

developed countries” (WTO, 2001b).

Member 1998 % of commitment

Australia 1 6

Brazil 0 0

Canada 0 0

Colombia 23 22

EU 5 843 69

Indonesia 0 0

New Zealand 0 0

Norway 77 65

South Africa 3 28

Switzerland 292 65

Source: WTO (2001a).

Table 9.3 Export subsidy use (million US$)

14 The economic debate surrounding the multifunctionality of agriculture is generally framed in terms of public goods and externalities. Economists
generally agree that agriculture can be a source of public goods. These are goods that are non-rival (one individual’s consumption of the good does
not reduce the quantity available to others) and non-exclusive (once the good becomes available it is not possible to prevent someone from
consuming it). The non-rival and non-exclusive nature of public goods means that they are not properly priced in a market system. Agriculture may
also be a source of positive externalities. Externalities impose social costs or generate social benefits jointly with the production of a good, beyond
the private costs or benefits deriving from the good. Positive externalities are consumable but are not priced in the market. For public goods and
positive externalities associated with agriculture, it can be argued that producers should be rewarded in order to ensure a sufficient supply of the
desired goods (Blandford, 2001).
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Developing countries and the Agreement on

Agriculture. Clearly, the Agreement on Agriculture

does not in itself help developing countries to

strengthen their agriculture. It expects essentially

the same type of commitments by developing coun-

tries, including the least developed, as by developed

countries. Measures for SDT for developing coun-

tries were generally in the form of lower reduction

commitments or longer implementation periods

that did not recognize the fundamental differences

between the agricultural sectors of developed and

developing countries. Many SDT provisions were of

little use to developing countries. A longer time

period to reduce subsidies on domestic support or

exports is meaningless for a country that does not

provide such subsidies. But, by binding subsidies at

their de minimis or base levels, the future ability of

developing countries to invest in the agricultural

sector may have been constrained. 

Another issue of interest to many developing

countries is the full implementation of the

Marrakesh Decision on Measures Concerning the

Possible Negative Effects of the Reform Programme

on Least Developed and Net Food-Importing

Developing Countries. This issue will be addressed

in the current negotiations on agriculture. Trade

Ministers have approved the recommendations of

the Committee on Agriculture that the delivery of

food aid to Least Developed Countries (LDCs) be

fully in grant form and, to the extent possible, that

levels of food aid be maintained during periods of

rising world prices. The Ministers have also

endorsed the recommendation that a multilateral

facility be explored to assist LDCs and Net Food-

Importing Developing Countries (NFIDCs) with

short-term difficulties in financing normal levels of

commercial imports, including the feasibility of

creating a revolving fund (FAO, 2001j).

9.3.2 Regional and preferential agreements

Although the WTO rules apply generally to inter-

national trade, almost all WTO Members also

participate in regional trade agreements. Moreover,

many developing countries are granted preferential

access into industrial markets for tropical products.

The terms under which trade takes place within

these agreements is important to the development

of agriculture and the future of the food system.

Thus a discussion of the long-term outlook for agri-

culture must include the role of regional trade

agreements (RTAs) and the future of non-reciprocal

preferential trade agreements (PTAs).

Regional trade agreements. The past decade has

seen a proliferation of regional agreements

involving agriculture, and this trend is likely to

continue and intensify, particularly if the WTO

multilateral negotiations stall. At the same time,

PTAs that have so far characterized much of the

trade between developing and developed countries

are set to change significantly. 

Nearly all WTO Members are parties to at least

one RTA, some belonging to ten or more. Since

1948, more than 225 RTAs have been notified to

GATT/WTO, of which about 150 are considered

active, and more than two-thirds of these have

been formed since the WTO entered into force in

1995 (WTO, 2001d). About 60 percent of these

new agreements were formed by countries in

Europe: among countries of Central and Eastern

Europe, between those countries and the EU or

between the EU and countries in other regions

such as North Africa. In addition, many others,

particularly in Africa, have been declared but not

yet notified to WTO.

Countries have many reasons for joining RTAs.

The economic benefits can be significant if lower-

cost imports from the partner country displace

higher-cost domestic goods (trade creation) or if

access to a larger market allows producers to

achieve greater economies of scale. Regional agree-

ments may also stimulate foreign investment and

technology transfer among members. RTAs may

provide a forum in which trade liberalization can

be pursued at a different pace, faster or slower,

than in the multilateral system. But the benefits

may extend beyond pure economics. For example,

regional integration may be a useful strategy for

improving regional security, managing immigra-

tion flows or locking in domestic reforms. 

Against these potential gains, regionalism is not

without costs. The classic trade diversion effect occurs

when lower-cost imports from non-members are

displaced by higher-cost products from a member,

raising consumer costs and exacerbating inefficient

production patterns. In addition to diverting trade

away from efficient suppliers, complicated rules of

origin and sourcing requirements may create diffi-

culties for members themselves. Other costs are
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largely related to the administrative burdens associ-

ated with negotiating and operating RTAs. These can

be particularly severe for small countries with scarce

negotiating capacity and for countries involved in

numerous agreements. 

Is regionalism a threat to the multilateral

system or a response to its failure? As noted above,

about two-thirds of the RTAs that are currently in

force have been notified since the creation of WTO,

and a large share of them are association agree-

ments with the EU. Since agriculture is typically

given special treatment in these agreements (i.e.

less integration and longer transition times than

other sectors), it is difficult to argue that they are

responding to a failure of the Agreement on

Agriculture to liberalize fast enough. For many of

these RTAs, it is likely that the agricultural sector

was less important than other sectors and that non-

economic considerations have greater importance

than the potential economic benefits. 

Other RTAs, such as the North American Free

Trade Agreement (NAFTA) among Canada,

Mexico and the United States, and the Mercado

Común del Sur (Mercosur) among Argentina,

Brazil, Paraguay and Uruguay, have liberalized

agriculture at a considerably faster pace than in

the Agreement on Agriculture, albeit more slowly

than other sectors. Some of the agreements that

are currently being negotiated, such as the Free

Trade Area of the Americas and the Caribbean,

and the African Union, envision a more aggressive

pace of agricultural liberalization and integration

than the multilateral system seems capable of

delivering. If the WTO negotiations stall, it seems

likely that these countries would put greater

efforts into their regional integration plans.

Bilateral, regional and plurilateral institutions

also play a role in global food regulation (Josling,

Roberts and Orden, 2002). There is the potential

for bilateral or regional standards to become de

facto international norms without the full participa-

tion of all trading countries. When nations try to

harmonize their respective technical regulations to

permit the free movement of goods within a

region, their external trading partners may face

new technical requirements for gaining entry to the

unified market. These external regulatory changes,

or even proposed regulatory changes, can lead to

market disruptions for the private sector, which in

turn can produce trade conflicts for the public

sector to resolve. New regional trade alliances, as

well as the enlargement and deeper integration of

older alliances, have been factors in the increase in

technical barriers brought to the attention of

policy-makers by exporters.

Regional agreements can, however, also point

the way towards global standards. An early

example of the regional “test bed” function was the

provision in the United States-Canada Free Trade

Agreement for the mutual recognition of testing

and inspection facilities for livestock destined for

sales across the mutual border. An early version 

of what eventually became the Sanitary and

Phytosanitary (SPS) Agreement was inserted into

NAFTA.15 The three partners agreed to incorpo-

rate the use of scientific evidence in domestic regu-

lations and to set up a mechanism for examining

cases where one country (typically the exporter of

a particular product) considered that the importer

was using sanitary and phytosanitary regulations to

protect domestic production. The main impetus

for such a provision was the view that market access

negotiated under NAFTA could be severely jeop-

ardized if arbitrary health and safety rules were to

be allowed to go unchallenged. 

A more recent example of a bilateral agreement

to handle food regulatory issues is that between

Australia and New Zealand. These two countries

regulate food safety jointly through the Australia

New Zealand Food Authority (ANZFA) and admin-

ister standards through the Australia New Zealand

Food Standards Council (ANZFSC). Such a close

working agreement is made easier, and more

necessary, by the existence of a fairly complete 

free trade area between the two countries, the

Australia-New Zealand Closer Economic Relations

Agreement (CER). As two exporters of food prod-

ucts, relatively remote from other landmasses, both

countries are anxious to keep out plant pests and

animal diseases where possible and to maintain

their reputation as suppliers of disease-free, quality

foods (Josling, Roberts and Orden, 2002).

15 The negotiations were progressing in parallel in the period 1991-93, with the NAFTA negotiations a little ahead. However, much of the work in the
GATT negotiations on the SPS Agreement had been conducted in a subcommittee of the agriculture negotiating group and had made progress
before the NAFTA process was initiated. 
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At the other end of the spectrum of bilateral

approaches to food regulations is the attempt to

use the transatlantic partnership between the

United States and the EU. Several agreements of

potential significance have been negotiated,

although not without considerable time and effort.

These tend to be agreements for the mutual recog-

nition of testing and certification, rather than the

recognition of the standards of the transatlantic

partner. On the most contentious issue, however,

that of the introduction of genetically modified

(GM) foods, fundamental differences in approach

still remain unsolved (Patterson and Josling, 2001). 

Among the more ambitious regional initiatives in

the area of plurilateral coordination of food regula-

tions is the one discussed in the Asia-Pacific

Economic Cooperation Council (APEC) process.

APEC debated establishing an APEC Food System,

which would have included both food safety and

trade liberalization instruments. The food safety

part of the programme has yielded a framework for

mutual recognition agreements (MRAs) in the area

of conformity assessments. Building on the SPS

Agreement and the CODEX guidelines for such

MRAs, the APEC Food MRA system allows countries

to negotiate agreements that will facilitate trade in

foodstuffs in the Asia-Pacific region. Whether this is

the start of a more substantial cooperation in the

food regulations area will in part determine the

attraction of such plurilateral schemes.

Preferential agreements. Developing countries

often depend on PTAs for access to the protected

developed country markets in Europe, North

America and Japan, particularly so for agricul-

tural exports. But some of the existing and

proposed preferential schemes may be incompat-

ible with the terms of WTO or with regional inte-

gration agreements. Even when compatibility is

not a concern, the value of these preferences is

likely to shrink as general tariffs decline. Thus,

many of the developing countries that currently

depend on trade preferences may face difficult

adjustments in the coming decades (Tangermann,

2001). Four non-reciprocal preferential arrange-

ments are of particular relevance: the Generalized

System of Preferences (GSP) under WTO, the

ACP-EU Cotonou Agreement, the United States

Trade and Development Act of 2000, and the

Everything But Arms Initiative to provide duty-

free and quota-free market access to the EU for

the products of LDCs. 

Generalized System of Preferences. The broadest of

the existing non-reciprocal preferential arrange-

ments is the GSP. Within the GSP, the preference-

granting country has unilateral discretion over

product coverage, preference margins and benefi-

ciary countries. Many developing countries have

complained that the product coverage of GSP

schemes is not consistent from year to year, making

it difficult for them to attract the necessary invest-

ment to develop the supply-side capacity to take

advantage of the preferences. Others have noted

that the GSP schemes granted by different coun-

tries vary considerably, making it difficult for

exporters to know what tariffs their products will

face in various markets. 

Several proposals in the WTO negotiations on

agriculture address these problems, calling for

preferences to be made more transparent, stable

and reliable. Some countries have argued that, in

addition to the two main categories of countries

that currently receive preferences under GSP

(developing and least developed countries), other

subgroups of countries should be eligible for non-

reciprocal preferences. These subgroups comprise

countries that are particularly disadvantaged in

global markets by factors such as their size or

geographical remoteness.

ACP-EU Cotonou Agreement. The EU historically

granted trade preferences to the ACP countries

under the Lomé Conventions that, in their later

years, operated under a waiver from the

GATT/WTO principle of non-discrimination that

expired in 2000. The Lomé preferences have been

extended for seven years under the ACP-EU

Cotonou Agreement (which has also been given a

WTO waiver), during which time the parties will

negotiate new WTO-compatible trade arrange-

ments, to come into force on 1 January 2008.

These negotiations are envisaged to result in

regional economic partnership agreements

(REPAs), in effect, fully reciprocal free-trade areas

with the EU. Agriculture will play a major role in

these new agreements. 

As the REPAs will have to be fully consistent

with GATT Article XXIV and include “substan-

tially all trade”, it will be more difficult for the EU

to restrict access for agricultural products from

REPA partners, although some quantitative



249

AGRICULTURAL TRADE, TRADE POLICIES
AND THE GLOBAL FOOD SYSTEM

constraints can presumably continue in cases where

domestic production is also curtailed. One would

expect pressure from developing countries that are

not signatories to the Cotonou Agreement to make

sure that those countries negotiating REPAs do not

perpetuate preferential access for particular

commodities that would be inconsistent with WTO

rules. But, on the other hand, within the REPAs

there may well be scope for agricultural policies

that benefit ACP countries as they continue to

supply the EU market.

United States Trade and Development Act of 2000.

The US Trade and Development Act of 2000

extends certain trade benefits to selected groups of

developing countries, including those covered by

the Caribbean Basin Initiative and the Africa

Growth and Opportunity Act. The US Trade and

Development Act of 2000 is somewhat less compre-

hensive than the Cotonou Agreement, and some of

its provisions could prove problematic in the context

of regional economic agreements among developing

countries. The main difficulty will likely relate to

eligibility requirements and rules of origin. 

For the African initiative, eligibility for the

programme is to be determined annually by the

United States Government on the basis of

numerous criteria spelled out in the legislation.

Rules of origin are quite detailed and strict, and

penalties for transshipment are severe. Generally

speaking, eligible products may receive preferen-

tial treatment only if they are produced almost

entirely in one or more beneficiary countries or the

United States. Origin rules for certain textile prod-

ucts, for example, allow no more than 7 percent of

the fibre content by weight to originate outside the

United States or one of the beneficiary countries,

while for other products, no more than 25 percent

of the final value may originate from outside. No

provision is made for the regional agreements that

may exist between eligible and non-eligible coun-

tries (OAU/AEC, 2000). 

Everything But Arms Initiative (EBA) and LDCs. The

conditions of access for LDCs appear to be one area

where trade liberalization is making some headway.

Agricultural products are included in the schemes

that have been discussed in this regard. In 2001 the

EU granted duty-free and quota-free market

access, under the EBA, to all products originating

from the 49 LDCs except armaments and, after

2006-2009, bananas, rice and sugar. Since the 

EU announcement, some other countries have

declared their intention to extend similar prefer-

ential access for LDCs. Several proposals have been

tabled in the WTO agriculture negotiations that

would make this a permanent obligation of devel-

oped country members, a commitment that was

taken up by all WTO Members in the Doha

Ministerial Statement. These preferences could

mark a significant improvement in the market

access enjoyed by LDCs, although some have ques-

tioned the degree to which developing countries as

a group would benefit, since the economic gains for

LDCs under this initiative would come largely at

the expense of other developing countries, some of

them only slightly better off than the beneficiaries.

Of course, this holds for all preferential schemes

that cover some, but not all, developing countries

(including those mentioned above).

9.4 Towards freer trade in agriculture:
what is important from a 30-year
perspective?

As discussed earlier, both market and policy factors

have affected the evolution of volumes and patterns

of trade. While some indications of the relative

importance of the two factors have been given, no

quantitative assessment has been provided. This

section will attempt to distinguish policy factors from

non-policy factors and give some guidance as to what

would happen if trade policy distortion were to be

removed. The removal of these policy distortions will

again affect trade patterns and bring about benefits

and costs for all countries, particularly those that are

participating in the reform process. This gives rise to

questions such as: How important are policy and

non-policy factors in developing and developed

countries? What will happen if some, or all, distor-

tions are removed? What differential impacts can be

expected from specific reform packages? What

would help or harm developing countries and what

should be the priority areas for developing countries

in the trade liberalization process? 

9.4.1 How significant are the expected 
overall benefits from freer trade?

The basic case for multilateral trade liberalization

rests on the potential for large global welfare gains.
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Estimates for the magnitude of these welfare gains

vary considerably depending on the base year for

the model simulations and the comprehensiveness

of the reforms over sectors and participating 

countries. A recent study (Brown, Deardorff and

Stern, 2001) estimated global cumulative welfare

gains from comprehensive trade liberalization

(agriculture, manufactures, services) at about

US$1 900 billion over a period of ten years.16 The

World Bank estimates that global gains from

comprehensive trade reform could amount to

about US$830 billion and that low- and middle-

income countries would be able to share in benefits

of about US$540 billion. All estimates include both

static and various forms of dynamic gains17 (World

Bank, 2001c). 

The likely impacts of further liberalization in

the agricultural sector have been the subject of

several detailed analyses. While such analyses differ

significantly in model structure and assumptions,

they agree roughly in terms of the likely magnitude

of impacts on agricultural commodity prices, trade

volumes and economic welfare. In general, the

results suggest that the expected benefits of agri-

cultural trade liberalization are less important for

developing countries than for developed countries. 

ABARE, for example, has analysed the impacts

of agricultural trade liberalization using a

computable general equilibrium (CGE) model

(ABARE, 2001). This analysis found that a further

50 percent reduction in agricultural support levels

alone would create a static US$53 billion increase in

global GDP in 2010. Some US$40 billion of this

would accrue to developed countries. Full liberal-

ization of agriculture and manufacturing would

boost global GDP by US$94 billion, with developing

countries capturing most of the increment and

about half the total (because they have relatively

high levels of industrial protection). If dynamic

gains are incorporated, global GDP would increase

by US$123 billion relative to the base case, with

more than half these gains going to developing

countries (because they have greater potential for

productivity improvements). In the agricultural

sector, the gains for developing countries would be

greatest in those that are either producing or are

capable of producing the commodities that are

currently most heavily supported in the developed

countries such as livestock products, grains,

oilseeds, sugar, fruit and vegetables.

The results of a study by Anderson (Anderson et

al., 2000) are summarized in Table 9.4. The study

suggests that if all agricultural protection and trade

barriers were removed globally, the world as a whole

could expect an annual welfare gain of about

US$165 billion (in constant 1995 US$). The gains

could be significantly higher if reforms were

extended to include freer trade in services and

manufacturing as well as a liberalization of invest-

ment flows. But the results also show that the bene-

fits of freer trade in agriculture would largely accrue

to the developed countries. In fact, if reforms are

limited to the developed countries, more than 

90 percent of the additional welfare gains will

remain within the group of high-income (OECD)

countries. This reflects largely the fact that subsidies

and other distortions in OECD agriculture are

extraordinarily high. Their removal would create an

increase in welfare for consumers in OECD coun-

tries (through lower consumption prices) and an

increase in welfare for producers in non-subsidizing

OECD countries (through higher farm prices). 

16 Serious doubts have been raised about the plausibility of these estimates. For example, an analysis by Dorman suggests that the estimates only
measure the benefits, without fully accounting for the costs associated with the reallocation of resources, etc. (Dorman, 2001).

17 The dynamic gains often account for the major part of all welfare gains. Estimates for these gains are particularly high when they are based on
additional productivity gains that are assumed to emerge when firms start to penetrate world markets and they are forced to adopt new tech-
nologies. In addition, firms can benefit from scale economies and a larger market. The assumed underlying relationship between openness and
productivity growth applied in these models is econometrically estimated. It should be noted that even the authors of these studies underline that
"much more work needs to be done in this area" (World Bank, 2001c, p. 167).

Liberalizing region Benefiting region Welfare gain

(billion US$)

High income High income 110.5

Low income 11.6

Total 122.1

Low income High income 11.2

Low income 31.4

Total 42.6

All countries High income 121.7

Low income 43.0

Total 164.7

Source: Anderson et al. (2000).

Table 9.4 Welfare gains from agricultural 
trade liberalization 
(per year, in 1995 US$)
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USDA has analysed the potential impacts of

further liberalization of agriculture (USDA, 2001d).

This report uses a combination of static and

dynamic CGE models and other analytical tools to

assess the economic costs of the current distortions

in global agricultural markets and the potential

effects of trade liberalization on global welfare and

on various countries, commodities and economic

agents. For a complete removal of subsidies and

tariff barriers, the USDA study assesses global

welfare gains at US$56 billion annually. This total

entails both static (US$31 billion) and dynamic

welfare gains (US$25 billion). The static benefit

would accrue almost entirely to developed countries

(US$28.5 billion of the total of US$31 billion) while

developing countries are expected to share in a

larger part of the dynamic gains (US$21 billion out

of the total of US$25 billion).18 The USDA study

also finds that world commodity prices would be an

estimated 12 percent higher on average, with the

biggest gains for livestock and products, wheat,

other grains and sugar. There are interaction effects

among policy categories, but about half of the

impact on prices would derive from the elimination

of tariffs and other border measures, about a third

from elimination of domestic supports, and the

remainder from the elimination of export subsidies.

Despite the evidence of aggregate welfare

gains, the USDA study found that some countries

may lose from agricultural trade liberalization.

Within countries, there will be both winners and

losers as resources are reallocated according to

their comparative advantage. Exporting countries

stand to gain from improved terms of trade, rela-

tive to those they would obtain in the absence of

reform. Importers may benefit from improved

domestic resource allocation but losses in

consumer welfare outweigh gains in producer

welfare in exporting countries. Also, net exporters

with preferential arrangements are likely to lose,

as well as food importers where there is no poten-

tial improvement in domestic efficiency to offset

the effect of higher world prices. In the case of the

former, it is questionable, however, whether the

dependency fostered by preferential agreements is

of long-term benefit. 

9.4.2 What if all OECD countries dismantle
their agricultural subsidies?

The results from the various impact studies

provide useful information about the general

changes that are likely to emerge from trade 

liberalization for global agricultural markets. All of

these results refer to baseline scenarios that

describe a situation or an outlook without policy

reforms. These baseline scenarios may differ in

many important aspects from the projections

presented in this study (Chapter 3). Below, the

results of a policy reform scenario will be discussed,

which takes the baseline scenario projections of this

study as a starting-point.19

The current levels of farm support form the

starting-point for two different policy reform

scenarios. In a first step, all market price support is

phased out in equal annual steps over a period 

of 30 years.20 These price support measures are

commonly regarded as the most distorting kinds of

subsidies and form a subset of the so-called amber

box measures of the Uruguay Round. They stimu-

late production in a direct and immediate way

(Figure 9.5, 2nd diagram). In a second step, the

gradual elimination of price support is accompa-

nied by a complete phase-out of all non-price-

related subsidies. This second scenario reflects a

comprehensive removal of agricultural policy

interventions in all OECD countries, i.e. a removal

of subsidies to the tune of US$266 billion (OECD,

2001e). Both the gradual elimination of market

price support and the phase-out of other subsidies

are implemented at the level of individual

commodity markets and countries or country

groups (Figure 9.5, 3rd diagram).

For countries where producer support esti-

mates are not available, i.e. non-OECD and non-

transition economies,21 domestic and international

prices are linked via simple price transmission

equations that translate, at varying degrees,

18 These additional gains are assumed to emerge from "increased savings and investment as policy distortions are removed, and from the opportu-
nities for increased productivity that are linked to more open economies" (USDA, 2001d, p. 6). This means that the gains would only be forth-
coming if developing countries embark on domestic policy reform as well.

19 A detailed description of the underlying model is provided in Schmidhuber and Britz (2002).
20 No allowance is made for possible de minimis provisions that would afford individual countries a subsidy limit of up to 5 and 10 percent of the

value of production for developed and developing countries, respectively.
21 The scenario also assumes the removal of some US$2 billion of agricultural subsidies (OECD, 2001f) in economies in transition.
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changes in international prices into changes in

domestic prices. These varying degrees of price

transmission are encapsulated in a price transmis-

sion elasticity, which represents both tariff-based

protection and “natural” protection. The elasticity

can range from 0 to 1, where a value of 1 repre-

sents full transmission of price signals from the

world market, while a value of 0 denotes complete

insulation. In the scenario runs, these elasticities

are increased year by year. In the first scenario, all

price transmission elasticities are gradually

increased to reach a value of 0.8 by 2030, wherever

they are below this value in the baseline projec-

tions. In the second scenario, all price transmission

elasticities are gradually increased from 0.8 to a

level of 1 by 2030 which, together with a complete

elimination of support policies in OECD and tran-

sition countries, represents the comprehensive

policy reform scenario.

Impacts by commodity group.The most significant

changes are expected to occur for temperate-zone

commodities that account for the major portion of

OECD policy distortions. OECD countries would

also be most affected by these policy reforms. There

would be a shift in market shares from currently

highly protected and supported producers to coun-

tries that have relatively liberal agricultural policy

regimes. In general, production in Japan, Norway,

Switzerland and, to a lesser extent, the EU would

decrease and production in Australia, New Zealand,

the United States and Canada would increase. 

Some developing countries would also gain.

The main beneficiaries would be Argentina (wheat,

maize and beef) and Brazil (poultry). The majority

of developing countries would reduce somewhat

their imports of temperate-zone commodities but

the price effects that emerge from international

markets are mostly too small to change the net

trade picture significantly, either for the majority of

individual developing countries or for developing

countries as a whole. This reflects their low supply

responsiveness for temperate-zone commodities,

particularly compared with developed countries. It

is also a reflection of low and declining demand

elasticities, which are assumed to fall with rising

income levels (for details, see Schmidhuber and

Britz, 2002). 

Figure 9.5 Policy wedges, prices and reforms 

PSE: Producer support estimate
PSE-M: Market price support of the PSE
PSE-R: Non-price related support (PSE minus PSE-M)
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Developing countries are estimated to gain more

from OECD policy reform for competing products.

OECD producer support for competing products

accounts for about 40 percent of total PSE support.

Many developing countries could step up their

production of these commodities and increase

exports. Examples are Thailand (rice and sugar),

China (fruit and vegetables), Brazil (sugar), Malaysia,

Indonesia and Argentina (vegetable oils), Zimbabwe

(tobacco) and Pakistan (cotton). However, the

majority of developing countries would remain net

importers: they would import lower volumes at

higher prices. 

Prices and markets for tropical products would

not be affected substantially. There is no significant

production in OECD countries and, hence, no

producer support to be removed. Developing

countries might be able to reap more significant

gains if OECD policy reforms were extended to

include a reduction in protection of processed

products (tariff escalation) or the abolition of

commodity-specific consumer taxes. 

Impacts by country group. The impacts of OECD

policy reform would be felt most strongly in those

OECD countries where producer support has been

highest. Consumers would gain significantly from

lower prices while producers would reduce output

and lose market share. OECD producers in coun-

tries where support is small (e.g. beef and dairy in

Australia or New Zealand) would benefit and gain

market share at the expense of producers in

protected markets. This outcome is consistent with

the results from the above-mentioned USDA and

ABARE studies that suggest that the major part of

all welfare gains would accrue to developed coun-

tries, more specifically to consumers in protected

and producers in unprotected markets. 

A number of developing countries would also

stand to gain from OECD policy reform. In general

they are already net exporters of temperate or

competing products. However, they are very few in

number and belong largely to the group of the

most advanced developing countries. The group of

the least developed countries would in general be

worse off. Very few of them are net exporters of

temperate-zone or competing products. 

Impacts on prices. In general, the results suggest

that even a comprehensive policy reform package

would have only a moderate impact on the level of

world market prices (border prices). Supply for

temperate-zone commodities in OECD countries is

relatively responsive to price incentives, particu-

larly in countries with substantial production

potential and where farmers have traditionally

been producing at world market price levels (in

Oceania and, to a lesser extent, in North America).

As prices increase, farmers in these countries would

swiftly expand production. A significant impact on

world prices occurs only for products where distor-

tions are particularly high and the responsiveness

of producers to higher prices is generally low,

notably milk, for which prices are expected to

increase by about 17 percent (Table 9.5).

Partial policy reform Complete policy reform

(phase-out of market price support) (phase-out of all support)

Changes in real prices relative to the baseline (baseline=100)

Cereals 103 111

Wheat 104 119

Rice 104 111

Maize 99 106

Milk and dairy products 111 117

Beef 106 108

Sheep and goat meat 104 105

Pig meat 102 103

Poultry meat 103 104

Table 9.5 Impacts of partial and comprehensive policy reform on world commodity prices 
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Some developing country producers would also

be responsive to higher prices, notably those in

Brazil, Argentina, Malaysia or Thailand. There is

even an additional production potential in those

developed countries in which support would

decline (e.g. in Europe). Many have put in place

policy programmes that offset the output-

enhancing effects of support and hold production

below “normal” output levels (such as production

quotas, extensification programmes and set-aside

schemes). Policy reforms are assumed not only to

remove subsidies, but also to lift these production

constraints.

A further dampening effect on prices would

occur because a removal of subsidies for all

commodities would be likely to result in mutually

offsetting effects for interlinked markets. The

expected price changes for cereals are a case in

point. While a removal of subsidies for cereals

would put a brake on production and underpin

international prices, the removal of support for

livestock production would lower demand for feed-

grains. This would offset much of the potential

international price boost to cereals from lower

subsidies given to cereal producers.

Although producer prices for the world as a whole

would not be affected strongly, this small average

impact masks more significant, but mutually offset-

ting, price effects in individual countries or

regions. For example, the world average producer

incentive prices for rice are expected to fall by only

about 10 percent, but those in Japan would be as

much as 85 percent below the levels assumed in the

baseline scenario. At the same time, producer price

changes could be very substantial for farmers in

non-protected markets, such as dairy farmers in

New Zealand.

Changes in consumer prices are also expected to

be small, especially in OECD countries. For many

commodities, the price of the primary product (e.g.

cereals) accounts for only a small share of the total

costs for the final consumer good (e.g. bread,

noodles). The effect of liberalization would be

significantly diluted by substantial processing and

distribution margins, which can account for up to

90 percent of the value of the final product. In

developing countries, the processing and distribu-

tion margins are smaller and thus the changes in

the price of the primary product translate into

more pronounced increases in consumer prices.

9.4.3 What makes it difficult for farmers 
in developing countries to reap 
the benefits from lower OECD 
distortions?

First, a look at protection and support levels by

country and commodity suggests that agricultural

trade distortions are concentrated in a few devel-

oped countries and the most distorted markets are

those for temperate-zone commodities. Particularly

high subsidies are provided to farmers in Japan,

Norway, Switzerland and the EU, while other

OECD countries such as Australia and New Zealand

are producing at low costs without major subsidies

(OECD, 2001e). In addition, these countries have

the infrastructure in place that will allow them to

capture the market shares that become available

when subsidies are removed in the high support

countries. Only a few developing countries have a

comparative advantage in producing temperate-

zone commodities such as milk and meat, wheat

and coarse grains. As a result, a cut in OECD subsi-

dies may primarily result in an exchange of market

shares between OECD countries.

Second, even if and when trade liberalization

results in higher and more stable international

prices, it is unclear whether and to what extent

these signals will be transmitted to farmers in

developing countries. Inadequate infrastructure

and inefficient marketing systems effectively insu-

late many farmers from world markets. In these

cases, much of the price incentive that farmers

would receive from world markets can be absorbed

by the inefficiencies in their marketing and trans-

portation systems.

Third, for products where the developing

countries have a comparative advantage and even

LDCs could benefit, e.g. coffee, cocoa, tea, spices

and tropical fruit, developed countries' import

tariffs have already been reduced and the effects of

further liberalization are likely to be small. Tariff

escalation remains a serious problem, but it is

unclear how many LDCs could develop significant

export-oriented processing industries even if tariff

escalation were eliminated. The biggest distortions

for these products are in developing countries

themselves (USDA, 2001c). Their bound import

tariffs for these products are higher than those in

developed countries, both for the raw commodi-

ties as well as for the processed products (USDA,
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2001c). Even for these countries, applied tariffs

are generally much lower than bound rates, so

further reductions in bound rates will have little

effect unless they constrain the applied rates. 

Finally, farmers in developing countries may

not gain so long as their own domestic policies

offset much of the price incentives from interna-

tional markets. Most developing countries heavily

taxed their agriculture throughout the 1970s and

1980s (through direct and indirect measures).

Many have continued to do so over the 1990s.

India, for instance, has submitted an AMS notifi-

cation with an overall support level of about 

US$-24 billion, equivalent to a tax of 31 percent of

the value of production (FAO, 2000e). Also

farmers in Pakistan are producing under a net tax

burden, although at a lower level. For China, PSE

calculations suggest that its agricultural sector

faced massive taxation for much of the 1980s and

1990s, at rates of 18 to 65 percent (OECD, 2001f).

Particularly high rates were reported for rice

(Webb, 1989) and pork (USDA, 1998b), farm

products that are typically produced by China's

smallholders.22

Over and above these direct burdens on agri-

culture, farmers in almost all developing countries

have been handicapped by even higher effective

rates of taxation caused by considerable non-agri-

cultural tariffs. These tariffs make their inputs

more expensive and bring them into a competitive

disadvantage particularly vis-à-vis farmers in indus-

trial countries who benefit from very low tariffs for

manufactures (on average 4 percent). The non-

agricultural tariffs make the effective burden for

farmers even higher than the negative AMS or PSE

calculations would suggest. The high effective

burden from non-agricultural protection also

explains why developing countries' agriculture

stands to benefit the most from comprehensive

trade liberalization. Out of the US$832 million of

welfare gains from comprehensive trade liberaliza-

tion as estimated by the World Bank (see above),

agriculture would account for US$587 billion. Of

this latter amount, US$390 billion would accrue to

low- and middle-income countries, where much of

this would come from a liberalization of the non-

agricultural sectors in developing countries (World

Bank, 2001c, p. 171). 

9.5 Beyond the traditional trade
agenda: emerging long-term
trade policy issues

9.5.1 The new trade policy environment

The main focus of international trade policy has

traditionally been on the conditions of access to

markets. In the recent and emerging trade policy

environment, the scope of the rules governing

trade continues to expand. These include the

health, safety and environmental rules that ensure

quality and acceptability in discriminating markets,

codes for the treatment of foreign direct invest-

ment, the regulation of conditions of competition

and the codification of intellectual property rights. 

Agricultural trade policy used to be dominated

by farm-level issues, with the active participation of

farm and commodity groups and those arguing for

more protection. One major shift in the 1980s was

the involvement of multinational food firms in the

trade negotiations. This trend is likely to continue

with the structural changes apparent in the food

sector. First, the processing sector has a strong

incentive to look for low-cost supplies. It therefore

has the incentive to lobby governments for the

ability to import those supplies from world

markets, so as to remain competitive with firms

located in countries where prices are lower. In

many cases the low-cost food suppliers are in the

Americas, as are the main competitors in the global

marketplace. Hence one would expect continued

pressure from the food industry to allow raw mate-

rial prices to fall to roughly United States levels

over a period of years. Given the disinclination of

governments to support these prices indefinitely,

the pressures from the food industry may well

come to prevail in the end.

The tendency for international food companies

to search for low-cost supplies will be reinforced by

22 Negative support is not subject to reductions in multilateral trade negotiations. In fact, there are proposals to maintain negative support and receive
credit for negative support in the calculations for the total AMS. In practice this could be implemented by adding up negative non-commodity-
specific support with positive commodity-specific AMS and vice versa. The easiest way to remove the bias against agriculture, however, would be
to remove taxation on agriculture. It may also be the cost-effective way for many developing countries. Taxation often works through procurement
price systems that are easy to administer. Keeping both taxes and subsidies would also add to the administrative burden of policy implementation,
an important advantage for many developing countries that often lack the necessary administrative system for more targeted policy measures. 
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pressure from those firms that are already 

operating in several countries. For these firms,

including those in the distribution and retailing

business, international trade is often intrafirm

trade. Any restriction on the movement of food

items within the firm will tend to cause problems

for the firm, and hence will be resisted. But just as

intrafirm movement of goods can be thwarted by

government regulations, so too can the contractual

obligations of firms that have come together in

other forms of alliance. One would expect that

those firms that have been pioneering supply

chains, linking producers in one country to whole-

sale and retail outlets in another, would also find

government restrictions on trade irksome. Thus

one might expect these supply chains to add their

voice to pressures for trade liberalization. 

Many future changes in the global food system

are in the direction of a more sophisticated agricul-

tural industry, aware that future success depends on

satisfying a variety of consumer tastes, and

competing for a share of consumer spending with

other goods and services (Moyer and Josling, 2002).

As more actors become involved in the political

process, the centre of gravity will shift perceptibly

away from the primary producer. Policy will become

less focused on unprocessed commodities, and the

emphasis will switch to adding value to the raw

material and marketing the final product. These

changes will be crucial to the future of agricultural

trade policy reform. In a world where farmers

produce for the market, improvement in access to

overseas markets can compensate in part for less

domestic support. For those developing countries

that can take advantage of the opportunities

provided by the changing food habits of middle-

class consumers, this could offer a way to use the

food trade system as an engine of development.

9.5.2 The need for a consistent regulatory 
framework in global food trade

The process of globalization will increasingly

require a consistent regulatory framework within

which national regulations can be developed. At

one level this is a technical task. National regulators

need to iron out arbitrary differences that unnec-

essarily impede trade. But domestic bureaucratic

and political pressures often complicate the tech-

nical task of avoiding incompatible regulations.

Some vested interests exploit regulatory differ-

ences for the sake of furthering protectionist inter-

ests. Others, in the name of reducing costs, push

for a degree of harmonization that may be inap-

propriate. Complicating the task of devising tech-

nical regulations for global markets is the tendency

to see such issues as touching upon national sover-

eignty. Politicians are not keen to cede authority to

regulate their domestic food supplies to outside

agencies or other governments. Domestic regula-

tory agencies also cling to accepted practices and

standards, in part out of inertia and in part as a way

of ensuring bureaucratic survival.

The debate about the regulation of food

supplies has been given increased prominence in

recent years by a wide range of public-interest

groups. Some have focused on issues of consumer

health, both the prevention of diseases and the

promotion of better nutritional habits. Others

focus on social and political implications of food

production systems or identify food consumption

with lifestyle choices. Food issues have thus

become part of a broader social discourse among

groups with different objectives, particularly in the

debate over globalization.

Coherence in global food regulations can be

achieved more easily if national food regulations

are reformed in a way that reduces the scope for

trade conflicts. Technical trade barriers will play an

increasing role in this context. Agricultural

exporters may be required to demonstrate that

native species or human health are not endangered

by their products, while simultaneously complying

with standards that stipulate everything from

ingredients to packaging materials. The regulatory

environment for agricultural and agro-industrial

producers is likely to become more complex in

coming years, even though reform initiatives are

currently under way in many countries to reduce

the number and the rigidity of regulations faced by

the private sector. With rising per capita incomes,

demands for food safety, environmental amenities,

product differentiation and product information

increase among developed and developing coun-

tries alike. More and more, regulators are being

asked to provide these services when markets fail to

do so (Josling, Roberts and Orden, 2002).

Measures that regulate imports of new agricul-

tural products, ranging from new animal genetics

to new disease-resistant seeds, have also spawned
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disagreements between trading partners. New

products, particularly GM commodities, have

been at the centre of the most prominent recent

debates over technical barriers to trade, as some

importing countries consider genetic modifica-

tions to pose a risk to consumers or to biodiversity,

or to violate ethical norms. Trade officials are

drawn into the debate when exporters believe that

lengthy regulatory review of new products is

motivated by a desire to protect the commercial

interests of domestic producers in importing

countries, rather than by concerns about the

safety of consumers or quality of the environment.

There is reason to expect that in the near future

the number of agricultural product and tech-

nology innovations, and the number of measures

to regulate their entry into importing countries,

will increase. Technical barriers will therefore

remain an important topic of discussion in the

international regulatory and trade policy arena

well into the foreseeable future.

Food trade regulation is also becoming a major

issue for developing countries and their role in

the global economy. In particular, trade in

processed food products will be of growing

interest to developing countries. Exporters are

finding the increase in value added a useful way of

avoiding the “raw-material” trap, while importers

need processed food products to meet the

increasing demand for them. Decisions about the

use of agricultural biotechnology to increase

productivity, and the provision of technical assis-

tance to permit developing countries to meet the

high food standards in developed countries can

have a major effect on their opportunities for

trade and development.

9.5.3 Trade and international standards

As traditional market access barriers such as tariffs

and quotas are reduced, the restrictions caused by

safety and quality standards will become more

apparent and important in determining an

exporter’s ability to gain access to markets. The

WTO SPS Agreement governs the use of safety

regulations in agricultural trade. Other quality

attributes are covered under the Agreement on

Technical Barriers to Trade (TBT) and the

Agreement on Trade-Related Aspects of Intellectual

Property Rights (TRIPS). Environmental protec-

tion measures, which were given the same status in

the Doha Declaration as the protection of the life

and health of animals, plants and humans, may be

proposed during the negotiations as a basis for

restricting trade. The SPS and TBT Agreements

will not be renegotiated in the current talks (see

Box 9.1 for an explanation of the SPS and TBT

Agreements), but implementation issues related to

these Agreements will be taken up, such as the need

for longer transition periods and technical and

financial assistance for developing countries.

These Agreements attempt to strike a balance

between the concerns of importers and exporters.

Importers wish to enforce quality and safety stan-

dards to protect the life and health of their

people, plants and animals. Exporters have the

right to expect such standards to be transparent,

science-based and no more trade restrictive than

necessary to meet the stated objective. In practice,

balancing these concerns is very difficult. Science

is not static, since knowledge evolves. Moreover,

even where risk levels are known with scientific

accuracy, their acceptability varies over time and

between societies. 

Since the WTO Agreements came into force, 18

separate cases involving safety or quality attributes

of agricultural products have been filed under

WTO dispute settlement procedures. Of these, five

were settled bilaterally, three have been resolved

through dispute settlement Panel and Appellate

Body decisions, and the remaining ten are

awaiting final resolution. Of the three “resolved”

cases, the most contentious was the one launched

by the United States and Canada over the EU’s

ban on the use of hormones in beef production

(both for imported beef and beef produced within

the EU). The Panel and Appellate Bodies found

that the EU’s ban on imports of beef produced

using artificial growth-promoting hormones was

not justified under the SPS Agreement because it

was not based on a scientific risk assessment and

there was not enough scientific evidence to

support the ban. Since the EU has continued to

ban such imports despite the results of the dispute

settlement process, the complainants have the

right to seek compensation by imposing higher

tariffs on their imports from the EU equal to the

value of the trade impairment suffered as a result

of the ban. Thus, while this case has officially been

resolved, it clearly has not resulted in a satisfactory
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solution either from the point of view of the parties

to the dispute or from the institutional perspective

of promoting a fair and transparent trading

system.

Considerable time and cost are involved in

pursuing a case through the WTO dispute settle-

ment procedures and, as the beef hormone case

illustrates, the final result of the process may be

unsatisfactory. A number of countries have

suggested that importers are increasingly using

SPS and TBT measures as disguised protectionism.

This point was raised in several FAO country case

studies (FAO, 2000e) and has been mentioned in

proposals submitted to the ongoing agriculture

negotiations (WTO, 2000f and 2001c). On the

other hand, a number of countries have indicated

that consumer safety and the protection of tradi-

tional food applications are increasingly important

for them (WTO, 2000c and 2000e). This suggests

that issues related to food safety and quality will

become a source of increasing tensions in the agri-

cultural trading system.

Box 9.1  The SPS and TBT Agreements

The two pillars on which the multilateral rules for food safety are built are the Sanitary and Phytosanitary (SPS)
Measures Agreement and the Technical Barriers to Trade (TBT) Agreement. The SPS Agreement rests on two
premises: that basing national standards on international norms would reduce conflicts and lower transaction
costs; and that requiring scientific justification for standards that deviated from these international norms would
make it more difficult for countries to shelter domestic industries behind unnecessarily restrictive health and
safety regulations. In addition to setting out the rights and obligations of WTO Members, the SPS Agreement
also establishes enforcement mechanisms. These mechanisms include notification procedures for informing
other WTO Members of changes in SPS measures, the establishment of an SPS committee to discuss these issues
on a continuing basis, and the use of WTO dispute resolution mechanisms for resolving conflicts between coun-
tries in a timely manner. These mechanisms include formal consultations between the parties to a dispute,
followed by adjudication by a WTO panel and the WTO Appellate Body if required. Regulations that aim at
protecting people, animals or plants from direct and definable health risks, such as the spread of disease, poten-
tially allergic reactions or pest infestations, are covered by the SPS Agreement. 

The TBT Agreement covers all other technical regulations. Like the SPS Agreement, the TBT Agreement aims
to distinguish measures that are necessary for achieving some regulatory objective from disguised trade protec-
tion. Specifically, the TBT Agreement extends the GATT principles of national treatment and most favoured
nation obligations. As under the SPS Agreement, the TBT Agreement also stipulates that countries avoid unnec-
essary trade impediments. Beyond these general trade-promoting provisions, the TBT Agreement is on the face
of it more permissive than the SPS Agreement. The TBT Agreement does not limit a government’s right to impose
domestic trade restrictions when pursuing a legitimate goal in a non-protectionist way. The key provisions of
the TBT Agreement define the basic concepts of “legitimate goals” and “non-protectionist actions” related to
technical regulations promulgated by central government bodies. According to these provisions, an import
regulation has to meet two conditions. First, the regulation should aim to fulfil a legitimate objective and,
second, there should be no other less trade-restrictive measure available to fulfil the legitimate objective. The
combination of “legitimate objective” and “least trade-restrictive” conditions form the core of the disciplines on
domestic regulations imposed by the TBT Agreement. But whereas the SPS Agreement clearly requires a suffi-
cient scientific basis for the measure in question, the TBT Agreement appears to set less strict standards and
allows more discretion. However, technical regulations that refer in their objective to issues of a scientific
nature are subject to evaluation based on the scientific knowledge available (Heumueller and Josling, 2001). 

The TBT Agreement includes food regulations. Although it has played less of a role in food-related technical
barrier trade disputes than the SPS Agreement, many of the current controversies have to do with the product
and process attributes of food and not directly their safety. In the area of food quality, the TBT Agreement is
most germane. Moreover, as countries find that their controversial food regulations are subject to successful
challenge under the SPS Agreement, they may frame their objectives in a way that brings the measure under
the TBT Agreement. The nature of the global food sector suggests there are rents to be attained from labelling
and origin-identification regulations. Trade conflicts may well shift towards issues of the labelling of quality
attributes and away from the more traditional health and safety issues.
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Health and safety standards. All governments

accept responsibility for guarding the safety of the

nation’s food supply and the health of its plant and

animal populations, and many also undertake to

ensure food quality and to provide information to

consumers as they make food-purchase choices. Yet

countries face very different circumstances in their

markets for food, and consumers can have vastly

different concerns and susceptibilities. As a result,

countries have developed quite diverse systems of

regulations to safeguard plant, animal and human

health, to ensure food product quality, and to

provide consumer information (for a more

comprehensive discussion, see Josling, Roberts and

Orden, 2002). 

As economies open up to trade there is

increasing potential for conflicts to arise from the

different ways of providing for food-related

health and safety and from the differing levels of

health protection afforded by food systems

among countries. Trade conflicts can also arise

from those aspects of food regulations that are

not directly related to health. Firms selling

processed farm products are motivated to seek

protection for their trademarks and the image of

their products, setting up potential conflicts with

new entrants in the market. Many consumers

expect basic nutritional or other information to

be readily available, although this again can lead

to charges of protection for domestic producers.

Affluent consumers have also begun to take a

greater interest in how their food is produced, i.e.

whether the farms use environmentally sound

practices, whether pesticides and other chemicals

are used, and how animals are treated. Demands

for regulations that impose standards in these

areas add to the pressures on governments and

increase the potential for trade conflicts. The

emergence of new methods of production, such

as the use of advances in biotechnology to

“design” plants and animals, poses further regu-

latory challenges. 

Trade conflicts over health, safety and quality

standards are not new, but increased globalization

of the food and agricultural sector has made these

conflicts more visible. Governments need to handle

these conflicts in a way that both upholds public

confidence in food safety and product standards

and preserves the framework for trade and the

benefits of an open food system.

Environmental and labour standards. As noted in

previous chapters, the production increases in

prospect at the world level for the period to 2030

are significant. Thus, almost another billion tonnes

of cereals must be produced annually by 2030,

another 160 million tonnes of meat, and so on.

This also means that pressure on resources and the

environment will continue to mount. The chal-

lenge is how to produce the required increases of

food in sustainable ways, while keeping adverse

effects on the wider environment within acceptable

limits.

The agro-ecological environments of individual

countries differ in their ability to withstand adverse

effects associated with increasing production,

either because they are inherently more or less

resilient or have more or less abundant resources

or because such resources at present are more or

less stretched from the past accumulation of

stresses. Countries also differ as to their technolog-

ical and policy capacity for finding solutions and

responding to emerging problems.

Trade can help to minimize adverse effects on

the global resource system, if it spreads pressures

in accordance with the capabilities of the different

countries to withstand and respond to them.

Whether it will do so depends largely on how well

the prices of each country reflect its “environ-

mental” comparative advantage. This requires

that, in addition to the absence of policy distor-

tions that affect trade, the environmental “bads”

generated by production be embodied in the

costs and prices of the traded products. If all

countries meet these conditions, then trade will

contribute to minimizing the environmental

“bads” globally as these are perceived and valued

by the different societies, although not necessarily

in terms of some objective physical measure, e.g.

soil erosion, loss of biodiversity, etc. This latter

qualification is important, because different soci-

eties can attach widely differing values to the

same environmental resources relative to those of

other things, such as export earnings, employ-

ment, etc. In the end, the values of environmental

resources relative to those of other things are

anthropocentric concepts and countries at

different levels of development, of different

cultural backgrounds and resource endowments

are bound to have differing priorities and relative

valuations.
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Attempts to impose uniform environmental

standards can stand in the way of countries prof-

iting from trade based on their relative endow-

ments of environmental resources. This may

happen as agricultural policies are “greened”, and

pressure increases for multilateral rules that

constrain countries with less restrictive environ-

mental standards. This could act as a further

hindrance to developing country exports, many

of which might not face the same environmental

pressures that agriculture in, say, northern

Europe may have to contend. 

Environmental regulations are likely to have 

the strongest impact on those agricultural activities

that have the closest links with broad transnational

environmental objectives, such as mitigating climate

change and conserving oceanic resources. Thus

fisheries and forestry may be more directly affected

than agriculture. But more localized pollution

issues such as pesticide runoff and water quality

could still be important issues for crop and livestock

agriculture in the future. Intensive livestock rearing

may well have to absorb significant extra costs as

countries strengthen their environmental regula-

tions, and attempt to restrict trade from those coun-

tries without such regulations. And if the

environmental impact of GMOs turns out to be

more serious a problem than many scientists now

assume, the next two decades could see a raft of

new restrictions on the use of this technology that

may prevent its spread and adoption.

At present it looks unlikely that the Doha

Round of trade talks will establish any significant

new rules on environment and trade. More likely

is an agreement that clarifies the relationship

between disciplines under WTO and those that

might be undertaken in the context of a multilat-

eral environmental agreement (MEA). The poten-

tial conflicts have been increased by the attraction

of trade sanctions as ways of enforcing MEAs.

Eventually one of these conflicts could have a

damaging impact on the credibility of WTO and

the trade system. Attempts to agree on the areas of

overlap, such as allowable sanctions, are likely in

the next few years.

The Doha Round has not included the

contentious issue of labour rights on its agenda.

Countries have been reluctant to do so since the

Seattle Ministerial meeting, at which labour stan-

dards played a role in the collapse of the talks.

The likelihood is, however, that a closer relation-

ship between the International Labour Office

(ILO), with its “core labour standards”, and WTO

will be established. One would expect the debate

on the extension of the ILO core standards away

from human rights towards economic rights to be

contentious, and it is possible that agriculture

could be caught up in this debate. Currently there

have been few conflicts that have emerged on the

international agenda (as opposed to the domestic

political landscape) on the issue of labour stan-

dards in agriculture.23 But this situation may not

last for the next three decades.

Trade and the conditions of competition. A new area

on the Doha agenda is the issue of trade and

competition. With increasing globalization it is clear

that pressures will continue for some degree of

harmonization in these policy areas. If the Doha

Round were to establish some basic rules in this

area, it could take another ten years thereafter to

have them in place. Thus, within the timeframe of

this study, the emergence of a set of rules governing

the competitive behaviour of governments and

firms is quite possible. Intellectual property protec-

tion was introduced in the Uruguay Round. 

A global trade system may need global competi-

tion rules. But the way in which those rules will

develop is not clear at present. While some are

calling for full-scale negotiations on international

competition policy, others maintain that the most

that can be done is to make sure that each trading

country has its own antitrust policy in place. But

the minimalist approach is unlikely to be satisfac-

tory for very long. The best policy for curbing

misuse of market power in any one country is an

open trade system. But the very openness of the

trade system allows large firms to develop market

power in the world market. Global competition

policy should be more about market power in

world markets than about enforcing competition

policy in each national market.

An emerging competition issue is the concen-

tration of market power in the agrofood distribu-

23 One recent example is that of the use of child labour in the harvesting of cocoa in Africa. Firms are instituting voluntary schemes to avoid such
practices, in large part to avoid the consumer reaction that took place in the footwear and clothing industries. 
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tion chain. This has two separate but related

aspects. One is the use of market power by public

agencies or by parastatals, given their ability to act

in a restrictive way. This issue of “state trading” is

coming to the fore in trade talks. It represents a

concern among those countries that do not practise

state trading that those that do can gain an “unfair”

advantage through hidden export subsidies and

import barriers. The issue of competition is also at

the heart of another potential problem facing the

agrofood system. Concentration of economic

power is not only confined to public agencies that

have monopoly rights in importing or exporting.

Private firms can have significant market power to

influence prices and the pattern of trade through

restrictive business practices. Should there be any

rules relating to the use of market power in inter-

national markets? What dangers should such rules

try to prevent? Is the problem the withholding of

supplies to raise the price of commodities? This

seems relatively unlikely in the case of basic foods,

but could happen with vital supply components.

Or is the problem one of dumping and market

disruption? The incorporation of antidumping

rules in a set of more comprehensive competition

regulations is the object of many trade economists.

Whatever is agreed will have significant implica-

tions for global agriculture.

Trade-related aspects of intellectual property. Less

central than the SPS and TBT Agreements but 

still important in the framework of multilateral

food regulations is the TRIPS Agreement. The

Agreement imposes on member countries an obli-

gation to provide a minimum standard of protec-

tion to a range of intellectual property (IP) rights,

including copyrights, patents and trademarks.24

Two aspects are particularly important in the global

food regulatory framework, namely the require-

ment to respect geographic indications, which are

widely used in the wine and spirit sector as well as

in cheese and other processed food industries, and

the obligation to provide protection to new plant

varieties (although not necessarily by patents) and

to innovations in the area of microbiology. 

The issue of the patentability of plant and

animal varieties, as well as of GMOs, raises ques-

tions beyond the mere protection of IPR, such as

questions concerning the rights of local communi-

ties and indigenous peoples, and the sovereign

rights over natural genetic resources, biosafety and

food security.25

The TRIPS Agreement is having a marked effect

on the shape of domestic IP regulations, as it was

designed to do. Although it is not harmonizing these

regulations, it is establishing a template into which

domestic regulations must fit. The objective is to

avoid trade conflicts that inevitably arise if different

countries have different coverage and use different

instruments for IP protection. The provision of IP

protection does not always facilitate trade since, by

providing protection to existing rights holders, new

entrants are discouraged. Overprotection can be a

problem in this area of food regulation as well as in

health and safety issues (see Box 9.2). In addition,

IP protection holds significant implications for

access to and transfer of technology, particularly to

the developing countries. Access to most protected

technologies and products, particularly in the seed

and biotechnology area, is subject to the terms of

licensing agreements dictated by a very small

number of enterprises. 

Multilateral disciplines for labelling regimes are

set out in both the SPS and TBT Agreements of

WTO. The TBT rules apply to all safety and quality

labelling regimes, except those defined as an 

SPS measure, i.e. “labelling requirements that are

directly related to food safety”. Article IX of GATT

establishes rules for marks of origin. The interna-

tional rules for protection of IPR in the form of

geographic indicators are also germane to under-

standing the WTO framework for the governance

of information provision. The TRIPS Agreement

sets out importers’ obligations to protect geographic

indicators, which are increasingly used to differen-

tiate agricultural products in domestic and interna-

tional markets. Resolution of conflicts under the

TRIPS Agreement is subject to the WTO Dispute

Settlement Mechanism.

24 The three main intellectual property instruments are copyright, for artistic and literary works; patents and similar devices for inventions, industrial
designs and trade secrets; and trademarks, signs and geographic indications for commercial identification. The rights holder is given exclusive
ownership or user rights for a specified (in some cases indefinite) period of time. The TRIPS Agreement incorporates and extends previous intel-
lectual property arrangements including the Berne Convention and the Paris Convention, as well as those administered by the World Intellectual
Property Organization (WIPO).

25 The Convention on Biological Diversity deals with most of these issues. In addition, the International Treaty on Plant Genetic Resources for Food
and Agriculture provides for the conservation and sustainable use of genetic resources for food and agriculture as well as for the fair and equi-
table sharing of benefits arising from their use, in harmony with the Convention on Biological Diversity. 
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9.6 Summary and conclusions

The agricultural trade of developing countries has

seen a number of important changes. Agricultural

exports grew much more moderately than exports

of manufactures, resulting in a dramatic decline 

in the share of agricultural exports from about 

50 percent of total exports in the early 1960s to less

than 7 percent by 2000. Despite this overall decline

in importance, some countries continued to rely

heavily on agricultural exports whereby single

commodities such as coffee, cocoa or sugar can

account for more than half of total foreign

exchange earnings.

The surplus in the overall agricultural trade

balance of developing countries has virtually disap-

peared over the past 40 years, and the outlook to

2030 suggests that, as a group, they will increas-

ingly become net importers of agricultural

commodities. The group of LDCs already under-

went this shift 15 years ago. Their agricultural

imports are already twice as high as their agricul-

tural exports. The trade balance of the LDCs will

further deteriorate, and their current trade deficit

will quadruple by 2030. Within agricultural trade,

developing countries recorded a growing trade

deficit for temperate-zone commodities, while their

trade surplus for tropical products grew only

Box 9.2  Overprotection of intellectual property can present a threat to trade

The basic idea behind the Agreement on Trade-related Aspects of Intellectual Property Rights (TRIPS) is to avoid

trade conflicts that can arise when countries rely on different instruments for the protection of intellectual prop-

erty rights (IPR). To accomplish this goal, the TRIPS Agreement provides common guidelines for national legis-

lators to design domestic rules and regulations for the protection of IPR, which are largely comparable and thus

compatible with the legislation of trading partners. 

In practice, however, there are a number of factors that impede rather than facilitate trade, particularly in

the case of agricultural trade between developed and developing countries. First, obtaining IPR is a costly

process, too costly for many developing countries, particularly for internationally recognized patents.

Moreover, many developing countries fail to establish and protect their IPR simply because they are unaware

as to what innovations are patentable. Similarly, as the number of patents and cross-patents held in countries

abroad rises, many developing countries may simply not be aware of possible infringements of IPR that are held

by trading partners abroad. Finally, the ability to obtain IPR and to earn royalties from these rights has created

incentives to obtain patents for hitherto unprotected germplasm, including by private players from countries

abroad. This practice is often referred to as biopiracy, particularly when patents are acquired after only marginal

alterations of the original germplasm.

An interesting case in point is the trade conflict that has emerged out of a United States patent on a dry bean

variety (the so-called Enola bean) that originated from Mexico. The conflict started when a United States plant

breeder bought a small amount of dry bean seed in Mexico in 1994 and brought it back to the United States.

He selected the yellow-coloured beans and multiplied them over several generations until he obtained a

“uniform and stable” population. In 1999, the United States Patent and Trademark Office (PTO) granted a patent

on the yellow beans, and a United States Plant Variety Protection Certificate followed shortly afterwards. Soon

after the patent and Plant Variety Protection Certificate were issued, the plant breeder brought legal suits against

United States trading companies that imported yellow beans from Mexico. He now asks for royalties to be paid

on all yellow bean imports to the United States or otherwise to block yellow bean imports. 

This controversy also illustrates that the current practice of IPR protection can have rather serious effects on

trade flows. Similar controversies in other areas, notably over South Asian basmati rice, Bolivian quinoa and

Amazonian ayahuasca (Indian chickpeas), suggest that agricultural exports from developing countries could be

particularly strongly affected. The potential for future trade conflicts is significant. An increasing number of

patents and cross-patents in the new transgenic plant varieties and the rapid growth in trade in transgenic organ-

isms mean that IPR protection could have massive impacts on future agricultural trade flows. Given the fact that

the IPR for most modern GM varieties are in the hands of developed-country companies, a large share of devel-

oping countries’ agricultural exports could be subject to royalty surcharges or face import barriers in markets

where these rights are protected. 
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moderately. The trade balance for competing prod-

ucts remained largely unchanged. 

These shifts in trade flows have been brought

about by market factors and policy influences. On

the market side, income and population growth

have fuelled robust growth in demand, which could

not fully be matched by domestic supply. On the

policy front, subsidies and protection in developed

countries as well as taxation and industrial protec-

tion in developing countries augmented the effects

that arose from the market side. Numerous studies

suggest that the importance of policy effects is small

relative to the effects of market forces and that policy

reforms, at least if limited to the developed countries

only, would not significantly alter the overall trade

picture. These studies also show that the largest

portion of welfare effects from freer trade and policy

reform in developed countries would accrue to the

developed countries themselves. 

An analysis of the impacts of OECD policy

reform confirms the rather limited impacts of

policy factors, at least if policy changes are limited

to the agricultural sector of developed countries. If

developing countries also embarked on compre-

hensive reforms reaching beyond agriculture, the

benefits could be more significant, with the major

part of the additional gains going to developing

countries. Farmers in developing countries could

benefit the most from domestic reforms that

encompassed a removal both of the direct bias

against agriculture through taxation, and of indi-

rect bias caused by macroeconomic distortions and

industrial protection.

The reduction of OECD farm support may not

be sufficient and may perhaps be of only limited

benefit to developing countries. However, devel-

oping countries are likely to gain substantially from

other reform measures, like a move towards a “de-

escalation” of tariffs; abolition of consumer taxes;

further reduction of the bias against agriculture in

their own countries; more and deeper preferential

access for the poorest of the poor (LDCs); and open

borders for foreign direct investments (FDIs) to

enable developing countries to compete more effi-

ciently in international markets (see Chapter 10). 

High priority should be given to investments in

infrastructure to lower transaction costs for exports,

and to investments that help enhance the quality of

goods and allow developing countries to meet rising

quality standards in international markets. Such

investments could be most beneficial for products

where developing countries have a comparative

advantage, such as fruit and vegetables.

Future developments in the international

trade policy agenda will be strongly affected by

the speed and extent of farm policy reform in

OECD countries. Most developed countries are

currently modifying the method of giving protec-

tion to farmers in the direction of less trade distor-

tion, although overall support levels remain high.

But the crucial questions are to ascertain to what

extent the reforms will be permanent, and

whether they are the manifestation of a new para-

digm, which takes government out of the game 

of supporting commodity prices and making

farming decisions.

The next 30 years may also see a shift in focus

within the overall trade agenda. As traditional

market access barriers such as tariffs and quotas are

reduced, the trade agenda is likely to shift away

from traditional issues such as export competition

or enhancing market access towards trade restric-

tions caused by safety, quality or environmental

standards. Moreover, as a growing share of trade

will be handled through ever larger and more

transnationally active companies, there will be a

growing need to establish global competition rules.

A global marketplace will also augment pressures

to work on global rules for the protection of IPR

and of geographic indications. In parallel with the

shift towards these new trade issues, the impor-

tance of the various WTO agreements is likely to

change. Future trade negotiations will focus more

on details in the SPS, TBT or TRIPS Agreements,

and less on the rules and regulations set out by the

Agreement on Agriculture. 

This shift in the focus of the trade agenda will

be accompanied by a change in the relative impor-

tance of countries within the multilateral trade

negotiation process. Hitherto, the importance of

new and emerging issues was largely confined to

developed countries and thus the agenda has

mainly reflected developed countries’ trade

concerns. Now developing countries are having an

increasing influence on WTO and its deliberations.

But at the same time the cohesion among devel-

oping countries is itself being weakened. Some see

advantages in firm rules on intellectual property

protection, while others fear that they will lose the

ability to pursue traditional farming practices.
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Splits have also arisen over traditional trade issues,

notably between those countries that import agri-

cultural goods and those whose main interest is in

expanding export markets. Some developing

countries wish to retain preferential access to devel-

oped country markets, while others see such

arrangements as mainly harming other developing

countries. Over the next 30 years there is a danger

that these divisions may become more pronounced.

Countries that are not integrating within the main-

stream of the world economy may find themselves

poorly served by the global trade system. By

contrast, those that play a full role in the global

economy will increasingly make use of trade facili-

tation in such areas as services, intellectual prop-

erty and investment rules.
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The preceding chapter focused on the role of trade

and trade policies as driving factors for increasingly

integrated markets. This chapter on globalization

will expand the analysis by identifying the other

main factors that drive global economic integration

and analyse their main effects on food and agricul-

ture. These are presented in three major sections.

The first part provides a definition of the process of

globalization, placed in its historical context.

Emphasis is given to the importance of factors that

reduce transaction costs, notably on the impacts of

new transportation and communication technolo-

gies. The second section presents the main features

of globalization in agriculture, and discusses why

some countries have been successful in integrating

their food and agricultural economies into the

rapidly growing world markets, but also why others

have largely failed to do so. This includes factors

such as openness to trade and capital flows, ability

to adopt external expertise and technologies, but

also the importance of factors relating to a

country’s geographic location or its infrastructure

endowment. The third part presents the options,

the potential and the limits that developing coun-

tries are facing for future integration into global

food and agriculture.

10.1 Globalization as an ongoing
process

Globalization refers to the ongoing process of rapid

global economic integration facilitated by lower

transaction costs and lower barriers to movements

in capital and goods. It has shown itself in a

growing interdependence of the world’s economies,

rapidly rising trade flows, increases in capital

movements and an increasing internationalization

of production, often organized within and between

multinational corporations. To a large extent, glob-

alization has been brought about by a massive

reduction in transaction costs, which in turn was

made possible through more efficient transporta-

tion and communication facilities as well as innova-

tions in organizing complex logistical processes.

Trade and capital flows have also been boosted by a

systematic reduction in trade and investment

barriers. This process has brought about massive

income gains for those who participated. Broadly,

the integration into a larger and more competitive

market has increased the returns to investment for

producers and provided consumers with a greater

variety of products at lower prices. 

This process of growing integration of the

world economy has also given rise to numerous

Globalization in food 
and agriculture

10
CHAPTER
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concerns. Most prominent is the concern about the

growing marginalization of entire countries or soci-

etal groups within countries. There are in fact

many countries that have been left out of the

overall economic integration and growth process,

in some cases, despite sincere efforts to open up to

foreign trade and capital flows. Over the 1990s,

rapidly integrating economies recorded a per

capita income growth rate of more than 4 percent

p.a. while the income available per person in less

integrated countries shrank by 1 percent annually

(World Bank, 2001e). The rapid growth in agricul-

tural trade has given rise to concerns that diseases

and pests will be hard to control and contain at the

local level. Moreover, there are sociocultural

concerns that globalization could destroy the

cultural heritage (including dietary habits) as well

as traditional societal and social links that have

evolved over centuries. Finally, there is widespread

concern about a growing economic, social and

cultural dependence on a few dominant countries

or corporations, which are seen to have the poten-

tial of disempowering entire societies.

While the term “globalization” has been coined

only recently, its driving forces and its principal

impacts are of older date. Similar developments,

albeit of a more limited scope, have characterized

global economic development in the past. In

particular, innovations that reduce transaction

costs (better transportation and communication

technologies) have always had a strong accelerating

impact on global integration. A look back also

suggests that the process of economic integration is

a non-continuous one. It is often a process of waves

that occur when new technologies are widely

adopted around the world. Similarly, trade and

investment liberalization is being negotiated and

implemented in rounds. The two developments,

technological change and liberalization, can be

mutually reinforcing and create particularly notice-

able waves of globalization. The current wave of

globalization is driven by major technological

breakthroughs in transportation and communica-

tion technologies (notably the Internet, mobile tele-

phone technology and just-in-time systems) in

tandem with various efforts to liberalize interna-

tional trade and investment flows.

The first wave of globalization during the second

half of the nineteenth century. The first wave of

rapid global integration began in the second half of

the nineteenth century and was brought about by a

combination of breakthroughs in transportation

and communication technologies. Trade between

continents was boosted by the shift from sail to

steamships, which resulted in a tremendous decline

in transatlantic transportation costs as well as faster

and more reliable connections. Trade in agricul-

tural commodities, typically bulky, perishable or

both, enjoyed a particular boost. Transatlantic

trade in grains and oilseeds – previously circum-

scribed by high transaction costs – shot up sharply.

This brought new land into production, most

notably in the Midwest United States and some

parts of Australia.

Agricultural trade was further accelerated by

the advent of the railways, which resulted in a

further and sharp reduction of transportation costs

within continents. Lower transaction costs height-

ened competition and brought about not only a

significant downward pressure on prices, but also a

growing convergence of commodity prices across

continents. For example, in 1870, a bushel of wheat

sold for 60 cents in Chicago but for double that

price in London. The difference was largely a

result of high transportation costs from Chicago to

London. With railroads and steamships,1 transport

rates between Chicago and London fell to 10 cents

a bushel between 1865 and 1900 and the price

differentials for wheat declined accordingly

(Henderson, Handy and Neff, 1996). 

The decline in transaction costs also had signif-

icant impacts on the overall volume of interconti-

nental trade, market shares and income. United

States exports of grain and meat to Europe, for

instance, increased from US$68 million in 1870 to

US$226 million in 1880, which boosted farmers’

incomes in the United States and the welfare of

consumers in Europe. The new transportation

facilities also reduced costs for internal shipments

and, together with cheaper food supplies from

abroad, increased food security at the local and

regional level. For the first time in history, this

brought about years of “lower agricultural produc-

tion without famine” in Europe (Tilly, 1981). 

1 Between 1850 and 1913, global overseas transportation capacity increased by more than 500 percent. At the same time, tankers
and vessels with cooling facilities vastly expanded the range of products exchanged within and across countries and continents.
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Lower transportation costs also affected labour

mobility and labour costs. Sixty million people

migrated from Europe to North America and

Australia to farm the newly available land. As land

was abundant, it created an opportunity for many

immigrants to earn an income that exceeded by far

the wages they used to earn in Europe. In Europe

itself, in turn, it created a relative labour shortage

and an upward pressure on wages both in absolute

terms and relative to land prices. Overall, immi-

gration led to a narrowing of differences in wages

in all globalizing regions. “Emigration is estimated

to have raised Irish wages by 32 percent, Italian 

by 28 percent and Norwegian by 10 percent.

Immigration is estimated to have lowered Argentine

wages by 22 percent, Australian by 15 percent,

Canadian by 16 percent and American by 8 percent”

(Lindert and Williamson, 2001). Indeed, migration

was probably more important than either trade or

capital movements.

The backlash after 1914. With the end of the First

World War, trade policy went into reverse and

many nations stepped up border protection. The

increase in tariffs was built on the notion that

higher protection would help rebuild the domestic

industries that had suffered or were destroyed

during the war. The process started in Europe.

France, Germany, Spain, Italy, Yugoslavia, Hungary,

Czechoslovakia, Bulgaria, Romania, Belgium and

the Netherlands all raised their import tariffs to

levels comparable to those before the war. Even the

United Kingdom, a free trade nation, declared that

“new industries since 1915 would need careful

nurturing and protection if foreign competition

were not again to reduce Britain to a technological

colony”.

In June 1930, when the United States Congress

passed the Hawley-Smoot Tariff Act, the United

States joined in the new protectionist wave.

Agricultural tariffs were increased particularly

sharply, both in absolute terms and relative to

industrial ones. In reaction to the sharp increase in

United States tariffs, other countries enacted retal-

iatory trade laws. The spiralling tariff increases put

a brake on global trade and reversed much of the

liberalization that resulted from the first wave of

globalization. Between 1929 and 1933, United

States imports fell by 30 percent and, more signifi-

cantly, exports fell by almost 40 percent. The sharp

decline in trade aggravated the internal economic

situation, and the depression in the United States

intensified and engulfed much of the rest of the

then economically integrated world.

The second wave of globalization, 1945-80. The

experience gathered from the reversal to protec-

tionist policies during the interwar period gave an

impetus to a new wave of internationalism after the

Second World War. The new wave of trade liberal-

ization was, however, more selective both in terms

of countries participating and products included.

By 1980, developed countries’ barriers to trade 

in manufactured goods had been substantially

removed, but barriers for developing countries'

agricultural products had been lowered only for

those primary commodities that did not compete

with agriculture in the developed countries. By

contrast, most developing countries had erected

trade barriers against imports from each other and

from developed countries. 

The resulting effect on trade flows was very

uneven. For developed countries, the second wave

of globalization was a spectacular success. Freer

trade between them greatly expanded the

exchange of goods. For the first time, international

specialization within manufacturing became

important, allowing scale economies to be realized.

This helped to drive up the incomes of the devel-

oped countries relative to the rest of the world

(World Bank, 2001e). For developing countries, it

perpetuated the North-South pattern of trade, i.e.

the exchange of manufactures for land-intensive

primary commodities, and this impeded them in

exploiting their comparative advantage in labour-

intensive manufactures. In addition, as discussed

below, many developing countries adopted a policy

approach that was not conducive to a greater inte-

gration into the globalizing world economy.

The economic policy approach adopted in many

developing countries during the 1950s and 1960s

was strongly influenced by the work of Raul Prebish.

Under the assumption of balanced trade and price

stability, Prebish established the following relation-

ship between the relative growth rates of an

economy vis-à-vis its trade partners and the income

elasticities for its exports and imports: gi / gw = ex /

em, where gi and gw are the trend growth rates of

the economy and the rest of the world, and ex and

em the export and import income elasticities. 
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The policy message from this relationship was

straightforward: if a country wants to grow more

rapidly than the rest of the world, its export elas-

ticity needs to be higher than its import elasticity.

The actual situation in developing countries,

however, was precisely the reverse. Typically, they

exported primary goods with low income elasticities

and imported manufactured products with high

income elasticities. As a result, growth without a

balance-of-payment constraint was assumed to be

impossible without a continuous depreciation of the

real exchange rate or the steady accumulation of

foreign debt. This so-called “elasticity pessimism”

was the main rationale behind the import substitu-

tion policies of this period.

For much of the 1950s and 1960s, import-

substituting industrialization (ISI) was seen as a

way out of this deadlock. ISI was based on the idea

that domestic investment and technological capa-

bilities can be spurred on by providing home

producers with (temporary) protection against

imports. Whether and to what extent ISI helped

or hindered development remains controversial.

On the one hand, the so-called “‘consensus view”

emphasizes that ISI policies were at the heart of

the problems that many of their adopters encoun-

tered in the subsequent decades when they

opened up their economies (for example, see

OECD, 2001c). On the other hand, there are

claims (Rodrik, 1997; Hausmann and Rodrik,

2002) that ISI worked reasonably well, notably in

raising domestic investment and productivity. It

has been stressed that numerous economies in

Latin America and the Near East recorded robust

growth under ISI policy regimes.

There is, however, a broad consensus that ISI

was an ineffective response to weather the

economic turbulence of the 1970s, which witnessed

the abandonment of the Bretton Woods system of

fixed exchange rates, two major oil shocks and

other commodity boom-and-bust cycles. For agri-

culture, ISI strategies meant higher input costs and

therefore negative effective protection, i.e. implicit

taxation. In conjunction with explicit taxes on

output and exports, ISI strategies created a consid-

erable burden for agriculture in many developing

countries, put a brake on agricultural export growth

and slowed their integration into global agricul-

tural markets. On average, for the period from

1960 to 1984, the bias against agriculture

depressed the domestic terms of trade for agricul-

ture by 30 percent. In the extreme cases of Côte

d’Ivoire, Ghana and Zambia, the average bias

against agriculture reached levels of 52, 49 and 

60 percent, respectively (Schiff and Valdes, 1997).

The current wave of globalization. The last two

decades of the twentieth century marked the begin-

ning of a new wave of globalization. Like the first

wave about a hundred years earlier, it was brought

about by a combination of lower trade barriers and

numerous technological innovations that strongly

reduced transaction costs for movements not only

of goods but also of people and capital. This is

particularly apparent from the substantial increase

in international migration and capital movements,

which were of less importance during the second

wave of globalization. Unlike its predecessors, this

wave of globalization included many more devel-

oping countries, even though not all of them were

able to harness globalization to their benefit.

Particularly countries in sub-Saharan Africa failed

to participate, resulting in a further widening of

their income gap with both integrating Asian

economies and, even more so, the fully globalized

economies of the North. 

Most countries in East Asia were able to reap

substantial benefits by exploiting their compara-

tive advantage of cheap and abundant labour.

Some countries in Latin America and the Near

East/North Africa region were also able to inte-

grate fast. A common feature of successful 

integrators is an above-average shift towards

exports of manufactures. Countries such as

China, Bangladesh and Sri Lanka already have

shares of manufactures in their exports that are

above the world average of 81 percent. Others,

such as India, Turkey, Morocco and Indonesia are

swiftly approaching the world average. Another

important change in the exports of successfully

globalizing developing countries has been their

substantial increase in exports of services. In 

the early 1980s, commercial services made up 

17 percent of the exports of developed countries,

but only 9 percent of the exports of developing

countries. During the third wave of globalization,

the export share of services in the former 

group increased slightly, to 20 percent, but for

developing countries the share almost doubled to

17 percent (World Bank, 2001e).
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10.2 The main features 
of globalization and 
the correlates of success

10.2.1 Freer trade and outward-oriented
policies

Chapter 9 has already dealt with the main devel-

opments in global agricultural trade, its impor-

tance within overall trade and the structural

changes that have taken place over the past 

40 years. It also provided an overview of likely

trade developments for the next 30 years and the

trade policy issues that are expected to arise from

the projected shifts in trade flows. In this section,

emphasis is placed on the potential role of trade for

development and poverty alleviation.

The links between trade, development and

poverty have been subject to an extensive and

heated debate. While proponents and opponents

agree on the central importance of freer trade for

increasing global welfare, there is considerable

disagreement as to whether and to what extent

freer trade can be harnessed by individual coun-

tries as a means to promote development and fight

poverty. There is also considerable disagreement as

to how the transition towards freer trade, i.e. the

speed, timing and sequencing of liberalization

measures, should evolve. Some of these issues will

be addressed in the following section. 

The consensus view. Economists have been asserting

for a long time that trade liberalization is good for

economic development, particularly in developing

countries. The benefits from openness are assumed

to arise from the efficiency gains that flow from

superior resource-allocation decisions in more open

markets (Bhagwati and Srinivasan, 1999). The

result is an increase in economic growth. More

recently there have also been numerous empirical

studies that suggest that openness to trade and

investment flows has had a positive effect not only

on economic growth but also in helping to fight

poverty. Among the most influential empirical

studies are those by Edwards (1998) and by the

World Bank (Dollar and Kraay, 2000, 2001). Wolf

(2000) summarizes much of this literature. 

In view of its importance for the ongoing policy

debate, the main conclusions of the World Bank

study are summarized below. The first concerns the

link between growth and openness. Dollar and

Kraay examine this relationship using an econo-

metric study covering a sample of 72 developing

countries. Avoiding some of the pitfalls of earlier

studies by using a single indicator of openness (the

ratio of trade to GDP), the authors arrive at a

number of important conclusions:

! Weighted for population, the per capita income

of the group of “globalizers” grew at 5 percent

a year in the 1990s, compared with 1.4 percent

for the “non-globalizer” group.

! Growth rates for the globalizers have been

steadily increasing since the mid-1970s, while

those for the non-globalizers fell sharply in

the 1980s and recovered only marginally in

the 1990s.

! Per capita income among the globalizers is

rising more than twice as fast as in industrial-

ized countries, while the non-globalizers are

falling further behind. On a population-

weighted basis, countries that are open are

growing 3.6 percent a year faster than others.

On this basis, average income in a globalizing

economy would double every 14 years,

compared with 50 years in a non-globalizing

economy: a growth gap that would have

profound implications for poverty reduction.

The second conclusion concerns the relation-

ship between economic growth and poverty reduc-

tion. On the basis of an econometric exercise

analysing economic growth in 80 countries over a

period of four decades, it is argued that, on average,

the income of the poor rises on a one-to-one basis

with overall growth. In other words, poor people

capture a share of any income increment that

reflects their existing share of income distribution.

As the authors say: “It is almost always the case that

the income of the poor rises during periods of

significant growth” (Dollar and Kraay, 2001). 

On closer inspection, however, some of the

numbers look less impressive. One reason for this

is that averages have the effect of obscuring impor-

tant differences between countries, especially when

samples are weighted for population (since this

means that large countries such as China have a

disproportionate influence). Using an unweighted

average, the per capita growth rate for the global-

izers in the 1990s falls to 1.5 percent. Moreover, ten

of the 24 countries in the group have growth rates
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of 1 percent or less. Further disaggregation reveals

that one-third of the “globalizing” countries have

lower average growth rates for the 1990s than the

“non-globalizing” group.

The critique of the consensus view. The basic

critique of the consensus view is that the link

between openness and growth is one of correlation

but not, or at least not necessarily, one of causation.

Simply put, openness is essentially an economic

outcome, captured (in the case of the World Bank

study) by the ratio of trade to GDP, but not an

input, i.e. a policy tool to arrive at higher growth.2

When focusing on the causal relationship

between trade policy, growth and poverty reduc-

tion, the critics of the consensus view claim that it

appears to be an upside-down version of reality

(Rodrik, 2001 and Oxfam, 2002). In fact, they

stress that some of the most successful globalizers

are anything but radical liberalizers, while many of

the most radical liberalizers have actually achieved

very little in terms of economic growth and poverty

reduction. They claim that no country has ever

developed simply by opening itself up to foreign

trade and investment and that practically all of

today’s developed countries embarked on their

growth behind tariff barriers, and reduced protec-

tion only subsequently (Rodrik, 2001).3

There are also many examples in agriculture,

where appropriate domestic policy settings and the

timing and sequencing of liberalization steps have

proved to be more important than a complete and

immediate reduction of border protection. Some of

today’s most successful agricultural exporters (e.g.

China and Viet Nam) established their international

competitiveness under protection and import substi-

tution regimes and embarked subsequently on

“policy reforms”.4 In many cases, success was built

on a promotion of export-led growth combined with

a domestic investment and institution-building

strategy to stimulate entrepreneurship and the will-

ingness to assume risks. Another important factor

has been that mechanisms are put in place to ensure

that excess capacities are cut back, and to create exit

possibilities for non-performing sectors or actors,

and that the opening-up process to international

competition is phased in a determined manner (for

examples, see below).

Notwithstanding the importance of temporary

trade protection measures, the proponents of fast

and full liberalization stress that no country has

developed successfully by turning its back on inter-

national trade and long-term capital flows. Very

few countries have grown over long periods of time

without experiencing an increase in the share of

foreign trade in their national product. In practice,

it is hard to imagine that a country can create and

sustain growth if it remains shut off from the forces

of competition that help to innovate and upgrade

its productivity. Moreover, it is equally hard to

imagine that developing countries would not

benefit from imported capital goods that are likely

to be significantly cheaper than those manufac-

tured at home. Policies that restrict imports of

capital equipment raise the price of capital goods at

home and thereby reduce real investment levels.

Exports, in turn, are important since they permit

the purchase of imported capital equipment. 

The agricultural sector in many developing

countries has been particularly adversely affected by

the inward-oriented industrial development strate-

gies of the 1950s and 1960s. In some countries the

anti-agriculture bias remained a policy feature

throughout the 1970s and 1980s (Schiff and Valdes,

1997). Import substitution policies for manufac-

tures restricted capital good imports for agriculture,

raised input costs and resulted in often significant

negative effective rates of protection. This held back

real investment levels in agriculture and slowed

export performance in many developing countries.

In some developing countries, industrial protection

and restrictions on capital good imports for agricul-

ture were accompanied by direct taxation of 

agricultural exports, placing agriculture at a disad-

vantage both relative to other sectors and vis-à-vis

developed country competitors. 

2 Dollar and Kraay acknowledge this possibility, when declaring that “we use decade-over-decade changes in the volume of trade as an imperfect
proxy for changes in trade policy” (Dollar and Kraay, 2001). 

3 Bussolo and Lecomte (1999) also stress that trade policy theory does not unambiguously suggest that protection has a negative impact on growth
in developing countries. However, they emphasize that those countries that apply more open trade regimes, together with fiscal discipline and good
governance, have enjoyed higher growth rates than those implementing restrictive policies. An open and simple trade policy can foster some
external discipline, helping to reduce distortions on domestic markets, and to narrow the scope for wrong or unbalanced policies in other areas,
as well as for rent-seeking and corruption that do not normally favour the poor.

4 For much of the 1970s and 1980s, developing countries’ agriculture was heavily discriminated against (see Chapter 9). Wherever and as long as
agriculture was taxed, either directly or through macroeconomic measures, development slowed and international integration suffered.
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Openness and development in agriculture – some

country examples. Viet Nam’s rapid economic and

agricultural development over the 1990s is now

commonly regarded as one of the most successful

development stories of the last decade. Annual

GDP growth has been consistently high throughout

the 1990s, averaging 7.6 percent. Over the same

period, agricultural output has been growing at

almost 5 percent per year, far outstripping demand

in local markets (Government of Viet Nam, 2001).

Poverty has declined substantially and the number

of undernourished has dropped by 3 million

people (FAO, 2001a). 

Export markets provided an important source

of demand to sustain growth. Over the 1990s, the

value of agricultural exports shot up by a factor of

3.5 and, for a number of commodities such as

coffee and rice, Viet Nam emerged as a leading

exporter in world markets. By the end of the

1990s, rice and coffee exports combined generated

about US$2 billion in foreign exchange earnings

(1997/99 average), accounting for nearly 20 percent

of the country’s total merchandise exports. 

The foundations for Viet Nam’s rapid integra-

tion into the global market were laid in 1986 with

the introduction of Doi Moi, Viet Nam’s economic

renovation programme. At the heart of the reform

was a decollectivization process, through which

farming families received most of the land. In

tandem, farmers were allowed to increase sales to

the market and agricultural taxes were reduced.

Agriculture also benefited from other fiscal

reforms, the creation of a Treasury system, and the

reform of the banking system, which created a

secure deposit base and allowed fiscal operations

deep into the country’s rural areas. These meas-

ures had a profound effect on society, encouraging

entrepreneurship and willingness to take risk.

Finally, Doi Moi offered “return” options to workers

in the new factories, thereby reducing risk for

internal migrants and further accelerating the fast

development of rural areas.

There is no doubt that the success of the 1990s

was also promoted by a growing openness in the

global trading environment, in which Viet Nam’s

export performance benefited from declining

tariffs and non-tariff barriers. As in many coun-

tries, Viet Nam’s economy also enjoyed all other

benefits of globalization, such as cheaper and faster

transportation and communications. However,

while benefiting from improved market access

abroad, Viet Nam was slow in removing its own

border protection or its trade-distorting subsidies.

Particularly, agricultural import tariffs have been

raised repeatedly over the 1990s (see, for example,

USDA, 1999c, 1999d and 2001b)5 and subsidies

have been provided with the aim of increasing agri-

cultural production and exports. Fforde (2002)

even maintains that the initial fast liberalization

process in the early 1990s did not allow the country

to build up enough expertise and competitiveness

and put a brake on overall growth. 

Policies also played an important role in

managing the 2000/02 coffee crisis that severely

affected large parts of Viet Nam's thriving 

agricultural sector. For example, a sizeable 

support programme was launched to help coffee

growers regain international competitiveness. The

programme includes subsidies to upgrade coffee

quality and to reduce production costs. It promotes

smaller, less centralized processing factories and

warehouses suitable for the many different coffee-

producing regions (USDA, 2001b) and supports

the creation of overall and agricultural infrastruc-

ture and the shift towards improved coffee vari-

eties. But the new policy package also initiated a

rationalization process within Viet Nam’s coffee

economy. Changes in eligibility for the existing soft

loan programme are probably the most important

efforts in this context. Under the revised scheme,

credit subsidies will not be offered to low-yield

producers or inefficient operations, but only to

potentially profitable farmers. In parallel, special

preferences have been given to participating

farmers to switch to arabica coffee or to improve

their operation’s effectiveness (USDA, 2001b).

Overall there are probably three important

features that have contributed to the success of the

coffee policy. First, policies play an active role in

promoting production, particularly production for

exports. Second, support is not an open-ended

government commitment but is limited to kick-

starting the process and helping the sector discover

where its comparative advantage lies. And third,

5 Viet Nam undertook, for instance, a far-reaching tariffication exercise in 1999 (effective December 1999), converting many non-tariff barriers into
tariffs, in line with World Bank prescriptions. This process was in general accompanied by an increase in effective border protection, with tariff
rates between 30 and 100 percent. Detailed tariff schedules are, for instance, available from USDA (1999c, 1999d). 
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once competitiveness is established, policies focus

on the competitive producers and decline support

to non-competitive ones. In doing so, competitive

producers are helped through the price troughs

while the non-competitive ones are encouraged to

exit from the sector.6

A fairly similar set of reforms in China in the

late 1970s set the stage for the impressive economic

performance that has been the envy of poor coun-

tries since. Per capita GDP (at current prices)

increased by a factor of nine and the value of

exports by a factor of ten. Agricultural output

tripled, as did agricultural exports, while the

number of undernourished declined by 76 million

people (from 1990/92 to 1997/99). In fact, China

was the single largest contributor to the reduction

of undernourishment during the 1990s, accounting

for two-thirds of the progress made in fighting

hunger (FAO, 2001a). 

This rapid development process started with

fairly simple initial reforms in the agricultural

sector. The communal farming system was loos-

ened and the so-called household responsibility

system was introduced, allowing farmers to sell

their crops on the free market once they had

fulfilled their quota obligations to the state. The

government remained actively involved in agricul-

tural policy formulation and implementation. The

overall process can be best described as one of

active experimentation, in which production

expanded rapidly under administrative pressure to

fulfil production quotas, as well as under produc-

tion incentives through input subsidies (water,

fertilizer).7 In tandem, policies were put in place

that promoted the adaptation of new technologies

from abroad to the domestic production environ-

ment (particularly the high-yielding varieties of the

green revolution) which, over time, even enabled

domestic researchers to take the lead in developing

new applications (hybrid rice, etc.).8 The impor-

tance of adopting external knowledge and tech-

nologies is discussed in Section 10.2.3 below.

Finally, domestic policies also encouraged the exit

from agriculture of unproductive farmers. These

measures include the creation and promotion of

township and village enterprises (TVEs) that

helped absorb the excess labour of rural areas or,

more recently, massive investments in rural infra-

structure to reduce transaction costs and increase

competitiveness of farmers and food processors in

China’s hinterland. 

Unlike Viet Nam and China, sub-Saharan Africa

largely failed to take advantage of the growing trade

opportunities in global markets. Its share in global

exports, for instance, dropped from 3.1 percent in

the mid-1950s to 1.2 percent in 1990. This corre-

sponded to an annual loss in export earnings of

about US$65 billion. In trying to identify the

contributing factors to this decline, a World Bank

study (Amjadi, Reinke and Yeats, 1996) found that

trade barriers abroad have not had a significant

influence. On the contrary, once preferences were

taken into account, tariffs conveyed significant

competitive advantages over competing goods

shipped from some other regions, and were even a

positive factor for the location of commodity

processing in Africa as opposed to some other

foreign locations.9 Similarly, non-tariff barriers

(NTBs) of markets abroad did not account for

Africa's poor export performance. In fact, the share

of Africa's exports subject to NTBs (11 percent) is

less than half the average for the group of devel-

oping countries. 

To draw general lessons from a few success

stories is difficult. Nonetheless, there are a few

commonalities that characterize successful global-

izers. To begin with, all of them have both

outward-oriented policies and domestic produc-

6 Viet Nam’s active policy engagement in promoting and disciplining production may also be regarded as a special case of policies that have been
pursued elsewhere in East Asia. “Where Korea differs from other developing countries in promoting big business, was the discipline the state exer-
cised over these chaebols by penalizing poor performance and rewarding only good ones … The government as the controller of commercial banks
was in a powerful position to punish poorly managed firms by freezing bank credit. As a result only three of the largest 10 chaebols in 1965 –
Samsung, Lucky-Goldstar and Ssangyong – remained on the same list 10 years later. Similarly, seven of the largest 10 in 1975 remained on the
same list in 1985” (Kim, in Nelson, 2000). The Korean Government was quick to shelve its plans for supporting particular firms or industries when
new information suggested that productivity would lag (Westphal, 1981, p. 34).

7 It should be noted that the system of incentives to increase or slow output, and even to leave or stay in agriculture, was accompanied by a rigid
system of administrative measures that may not be at the disposal of policy-makers in market economies.

8 Agricultural policies were accompanied by non-agricultural policy measures that aimed to facilitate structural change and gradually to liberalize the
non-agricultural sector. The most important measures were the creation of township and village enterprises (TVEs), the extension of the “market
track” into the urban and industrial sectors, and the creation of special economic zones to attract foreign investment.

9 The authors warn that Africa may experience some losses through the Uruguay Round erosion of these preferences, although such losses should
not be large.
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tion incentives. Moreover, freer trade regimes are

adopted after or in parallel with domestic policy

reforms. The country examples also suggest that

openness per se is unlikely to be a sufficient condi-

tion for a successful integration into the global

economy. More important seems to be (i) that

farmers can operate in the appropriate domestic

incentive system; (ii) that the incentives are

reduced where unproductive excess capacity is

created and exit policies are in place; and (iii) that

adjustment and reallocation costs are minimized,

e.g. through appropriate timing, sequencing and

pacing of policy measures.

10.2.2 Freer movement of capital and the
emergence of transnational companies

Alongside the expansion of trade flows, another

feature of globalization has been the rapid growth

in international capital flows. Transnational corpo-

rations (TNCs) have been the driving force behind

this rapid development and foreign direct invest-

ment (FDI) is the main instrument through which

TNCs expand their reach beyond national bound-

aries. Through FDI, TNCs affect production levels

and composition, production technologies, labour

markets and standards, and eventually also trade

and consumption patterns. Through their control

over resources, access to markets and development

of new technologies, TNCs have the potential to

integrate countries into global markets. 

Foreign direct investment: level, flows, and 

distribution. Between 1989/94 and 2000, annual

global FDI inflows increased more than sixfold,

from US$200 billion to US$1 270 billion (UN,

2001c). The growth in FDI exceeded by far the

growth in trade flows. Between 1991 and 1995 the

average annual growth rate of FDI was 21 percent

compared with 9 percent for exports of goods and

non-factor services. Between 1996 and 1999, the

difference increased, with FDI growing at an

average rate of 41 percent and exports growing at 

2 percent. In 2000, total sales of foreign affiliates

amounted to US$16 trillion, compared with world

exports of goods and non-factor services of 

US$7 trillion. Developed countries absorbed the

major part (80 percent) of the FDI inflows but also

accounted for a similar proportion of outflows.

As an increasing number of countries integrated

into the global economy, FDI flows also became

more evenly distributed and reached more countries

in a substantial manner (UN, 2001c). By 2000, more

than 50 countries (24 of which were developing) had

accumulated an inward FDI stock of more than

US$10 billion, compared with only 17 countries 

15 years earlier (seven of them developing coun-

tries). The picture for outward FDI is similar: the

FDI inflows FDI outflows

1989/1994 2000 1989/1994 2000

Developed countries 137.1 1 005.2 203.2 1 046.3

EU 76.6 617.3 105.2 772.9

Japan 1.0 15.8 9.0 32.9

United States 42.5 8.2 49 139.3

Other 17.0 363.9 40.0 101.2

Developing countries 59.6 240.2 24.9 99.5

Africa 4 8.2 0.9 0.7

Latin America and the Caribbean 17.5 86.2 3.7 13.4

Asia 37.9 143.8 20.3 85.3

Other 0.2 2.0 0.0 0.1

Central and Eastern Europe 3.4 25.4 0.1 4.0

World 200.1 1 270.8 228.3 1 149.9

Source: UN (2001c).

Table 10.1 Regional distribution of FDI inflows and outflows (billion US$) 
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number of countries with stocks exceeding 

US$10 billion rose from ten to 33 (now including 12

developing countries, compared with eight in 1985)

over the same period. In terms of flows, the number

of countries receiving an annual average of more

than US$1 billion rose from 17 (six of which were

developing countries) in the mid-1980s to 51 (23 of

which were developing countries) at the end of the

1990s. In the case of outflows, 33 countries (11 devel-

oping countries) invested more than US$1 billion at

the end of the 1990s, compared with 13 countries

(only one developing country) in the mid-1980s.

A closer look at the regional distribution,

however, reveals that there is still a high concentra-

tion of FDI flows within developing Asia (Table

10.1). More than half of all FDI went to Asian

economies, and within Asia, East and South Asia

accounted for almost the entire inflow. At the other

end of the scale, FDI inflows to Africa have remained

minimal. While doubling in absolute terms, the

continent’s share in total inflows to developing coun-

tries fell by half, between 1989-94 and 2000, from

6.8 to 3.4 percent (Table 10.1). 

TNCs and FDI in food and agriculture. The basis for

the large TNCs that dominate today’s global food

economy was laid with the market concentration

process in developed countries. In the United

States, for instance, four meat-packing firms have

traditionally controlled about two-thirds of the beef

supply, and by the mid-1990s over 80 percent of the

beef supply was controlled by four firms (OECD,

2001d). High levels of firm concentration also char-

acterize the retail food distribution system in other

OECD countries. For example, in Australia, over 

75 percent of the retail food distribution system is

controlled by three firms. 

As the domestic markets for their products

became increasingly limited, these large food

processors extended their operations in two prin-

cipal directions. First, they extended their reach

“vertically” by taking over the principal operations

along the food chain. The final result of this process

is often a fully vertically integrated company with

operations that cover the entire food chain from the

“farmgate to the dinner plate”. Second, they

expanded horizontally, i.e. they extended their

reach by branching into foreign markets. The

combined process of horizontal expansion across

countries and vertical integration within the

company created the typical TNC in food and agri-

culture. These TNCs are frequently referred to as

“food chain complexes” or “food chain clusters”. 

The three most advanced food chain clusters are

Cargill/Monsanto, ConAgra and Novartis/ADM.10

ConAgra, for example, one of the three largest flour

millers in North America, ranks fourth in corn

milling. It produces its own livestock feed and ranks

third in cattle feeding, second in slaughtering, third

in pork processing and fourth in broiler produc-

tion. United AgriProducts is part of ConAgra and

sells agrochemicals and biotechnology products

(seeds) around the world. The conglomerate also

owns its own grain trading company (Peavey). At

the retail level it widely distributed processed foods

through such brands as Armour, Swift and Hunt’s,

and is second only to Philip Morris as a leading food

processor. The Novartis/ADM cluster also connects

the different stages of food production from

genes/seeds (Novartis and Land O’lakes) to grain

collection (ADM) to processing across the globe

from Mexico, the Netherlands, France, China and

the United Kingdom. Alliances with IBP, the largest

United States beef packer and second largest pork

packer, extend its influence down the food chain

(Heffernan, 1999). 

A more recent feature within the process of

vertical integration is that the food chain

complexes have extended ownership and control

from the agricultural downstream sector (food

processing and marketing) into strategic parts of

the upstream system. For instance, it is estimated

that only three firms control over 80 percent of US

maize exports and 65 percent of US soybean

exports; only four firms control 60 percent of

domestic grain handling and 25 percent of

compound feed production (Hendrickson and

Heffernan, 2002). While market concentration in

certain parts of a country’s food system is a well-

established feature in many countries, these

complexes have extended their influence across

country borders and have created vertically inte-

grated or coordinated production chains across the

globe (OECD, 2001d). 

10 All of them are located in, and operate globally from, the United States. They control, through joint ventures and strategic alliances, important parts
of the food industry that range from seeds to processed products such as meats, seafood and other foods (OECD, 2001d).
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Table 10.2 shows the implantation of agrofood

TNC subsidiaries from different home regions of

the parent company arranged by host region of the

subsidiary, i.e. how much and where TNCs have

spread out their activities. It shows that most TNCs

in the food industry operate from a western

European or United States home base. Together

they account for about 84 percent of all TNCs that

have invested in markets abroad. Those from Asia

are largely found in Asia, although there are signif-

icant numbers located in the EU and North

America, and those from Latin America are

predominantly in other Latin American countries.

Europe and North America are both the home and

the hosts to the vast majority of TNC subsidiaries,

their stage of development acting both as push and

pull forces. TNCs from the EU and the United

States have, to a significant extent, also established

foreign affiliates in developing countries. In both

cases, Asia and Latin America are the most impor-

tant destinations. TNCs from western Europe, for

instance, have nearly as many foreign affiliates in

Asia or Latin America as they have in North

America. By contrast, Africa is home to very few

subsidiaries, and those it has are almost entirely

located within other African countries.

TNCs in food and agriculture: help or hurdle for

rural development? The general view among

experts – in developed and developing countries

alike – is that FDI is a powerful catalyst for overall

economic development. A number of recent publi-

cations (World Bank, 2001e and UN, 1999b) have

documented the benefits that FDI can create for

development. The 1999 issue of the World

Investment Report (UN, 1999b) identifies five major

advantages that are carried along to the host

country alongside inflows of FDI: access to

capital,11 access to technology, access to markets,

enhanced skills and management techniques and

help to protect the environment

The UN report stresses that developing coun-

tries have vastly benefited from the rapid increase

in FDI inflows during the 1990s, particularly

through added productivity growth. Several other

sources underline and quantify the potential that

TNCs have in generating productivity gains (e.g.

Sachs and Warner, 1995; Baily and Gersbach,

1995).12 Baily and Gersbach (1995) stress that the

potential for productivity gains is particularly large

where TNCs reinvest profits in the host countries,

create forward and backward linkages with local

firms, upgrade the performance of a country’s firms

11 The catalyst for the East Asian financial crisis in 1996 was a huge outflow of funds, as commercial banks and institutional investors called in loans.
The resulting losses were equivalent to more than 10 percent of GDP for some countries (based on data in IMF, 1999). By contrast, FDI remained
constant throughout this period.

12 This is partly because of increased competition, partly a demonstration effect “…when companies based in one country set up operations in
another, they carry with them the production processes and productivity levels of their home country” (Baily and Gersbach, 1995, p. 309).

Host region

Africa Latin America North Asia Eastern and  Western Total
and America central Europe Europe 

Home region the Caribbean

Africa 58 0 0 1 3 2 64

Latin America 8 45 14 5 0 49 121

North America 52 390 1 295 234 114 818 2 903

Asia 9 37 103 587 1 90 827

Western Europe 84 233 312 268 104 1 948 2 949

Australasia 1 8 5 25 0 46 85

Total 212 713 1 729 1 120 222 2 953 6 949

Source: Agrodata (2000).

Table 10.2 Number of subsidiaries of the 100 largest TNCs by region (1996)
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through the provision of superior expertise and

technologies and hence boost growth (Box 10.1).

Also to be remembered is that TNCs are the world’s

chief repository of economically useful skills and

knowledge and that technology flows are increas-

ingly important components of FDI (UN, 1999b). 

Despite the vast potential of FDI for rural

development, there are a number of reasons to

suggest that simply opening up a country’s border

to FDI may not be the best way to reap the benefits.

There are substantial differences in the “quality” of

FDI flows and governments may have to intervene

in the process of channelling FDI. Furthermore,

the complexity of the FDI package means that

governments face trade-offs between different

benefits and objectives. For instance, they may have

to choose between investments that offer short- as

opposed to long-term benefits; the former may

lead to static gains, but not necessarily to dynamic

ones. Moreover, the level of FDI inflows to devel-

oping countries can easily be overstated. TNCs can

repatriate much of the profits that they produce

from their investments in developing countries. In

sub-Saharan Africa, for instance, an average of 

75 percent of the profits have been repatriated

annually between 1991 and 1997 (IMF, 1999). Also

the costs of attracting FDI through tax revenues

foregone in the host country can be substantial13–

costs that need to be counted against the benefits

these inflows bring.

There are also concerns that TNCs abuse their

market power, add downward pressure on rural

wages and disempower farmers through unfair

contractual arrangements. These concerns often

arise from the notion that the linkages between

farmers and TNCs are based on contracts between

unequal parties, one party consisting of a mass 

of unorganized small-scale farmers with little

bargaining power and few of the resources needed

to raise productivity and compete commercially,

and the other party being a powerful agribusiness,

offering production and supply contracts which –

in exchange for inputs and technical advice – allow

it to exploit cheap labour and transfer most risks to

the primary producers. This imbalance in negoti-

ating power has been described extensively for the

international cocoa and coffee markets where

smallholder farmers are at the starting-point of

“buyer-driven supply chains” (e.g. Ponte, 2001; see

also Box 10.2). Such an imbalance in negotiating

power can affect the distribution of benefits along

the food chain (Talbot, 1997; see also Ponte, 2001;

Gibbon, 2000; and Gereffi, 1994). For example, the

share of income retained by coffee producers

dropped from 20 percent in the 1970s to 13 percent

in the 1990s and is likely to have dropped further

with the dramatic price decline for green coffee in

2001/02.

But it should also be noted that there have been

important domestic factors that have squeezed the

profit margins for producers. Some developing

countries have creamed off farmers’ profits through

export taxes, export controls and mandatory sales.

For instance, for much of the 1970s and early 1980s

13 For example, in the second half of the 1990s, the governments of Rio Grande do Sul and Bahia in Brazil gave General Motors and Ford financial
packages worth US$3 billion to locate factories in their states (Hanson, 2001).

Box 10.1  TNCs can be the source of major productivity gains

Baily and Gersbach (1995) carried out a comparison of labour productivity in Japan, Germany and the United
States for a number of manufacturing sectors, including food and beer. The United States was most productive
in both of these sectors, food productivity in Germany reaching 76 percent of the United States level while in
Japan it was only 33 percent. For beer the comparable figures were Germany 44 percent, and Japan 69 percent.
They relate relative productivity to a globalization index and find a significant positive relationship – high glob-
alization leads to high relative productivity. The globalization index is a complex construct that takes into
account the extent of the exposure of a country’s firms in a particular industry to the productivity leader’s firms,
through trade, production by the productivity leader’s subsidiaries in the country, or ownership. For food, the
globalization index is very low in Japan, but at a medium level in Germany, and rising. 

The authors conclude that the entrance of foreign firms is the most significant impetus to productivity
upgrading in an industry and that the indirect effects (on local firms and the supply chain) may be more 
significant than the direct effects.
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Box 10.2  The global coffee chain: changing market structures and power

The 1990s saw a number of major changes in the structure of the international coffee market. The main
changes include a growing market concentration of trading and roasting companies; a growing product differ-
entiation in high- and low-quality brands; and a redistribution of the value added along the marketing and
processing chain.

Growing market concentration. The general deregulation of the international coffee market that followed the
end of the International Coffee Agreement (ICA) in 1989 opened the way for a growing consolidation of the
market. This process was particularly pronounced for roasting and trading, where a declining number of compa-
nies control an increasing part of the market. In 1998, the two largest coffee traders (Neumann and Volcafé)
accounted for 29 percent of the total market, and the top six companies controlled 50 percent (Figure 10.1).
Amid growing market concentration, some smaller and specialized companies have emerged, focusing on trade
in the speciality coffee market (high-quality and specific origins).

Concentration within the group of coffee traders was promoted by higher international price volatility, which
increased after the end of the ICA (Gilbert, 1995). Mid-sized traders with unhedged positions suffered consid-
erable losses or found themselves too small to compete with larger traders. As a result, they either went bank-
rupt, merged with others, or were taken over by the majors. Within the exporting countries, the bureaucracy that
was needed to monitor exports and ensure compliance with the quota restrictions of the ICA was no longer
needed. Coffee boards and other parastatals that regulated export sales have been dismantled, the capability of
producing countries to control exports disappeared and their ability to build up stocks decreased. Despite very
low prices, current producer-held stocks are close to their lowest levels in 30 years.

Product differentiation. Despite the overall increase in market concentration there was a product differentia-
tion into a system of first-line and second-line supply, subject to price premia and discounts. The differentiation
was created by roasters who declined shipments from countries that could not guarantee a reliable minimum
amount of supply. In the case of arabica, this minimum is around 60 000 tonnes a year (Raikes and Gibbon,
2000). Minimum supply requirements have created concerns that minor producers may become increasingly
marginalized in the future. In addition, product segmentation will further encourage international traders to
engage in major producing markets such as Uganda in order to satisfy their major roaster clients (Ponte, 2001).

Redistribution of the value added. Increased consolidation in the coffee industry has also affected the distri-
bution of total income generated along the coffee chain. Talbot (1997) estimates that in the 1970s an average of
20 percent of total income was retained by producers, while the average proportion retained in consuming
countries was almost 53 percent. Between 1980/81 and 1988/89, producers still controlled almost 20 percent
of total income, while 55 percent was retained in consuming countries. In the 1990s, the situation changed
dramatically. Between 1989/90 and 1994/95, the proportion of total income gained by producers dropped to
13 percent, and the proportion retained in consuming countries surged to 78 percent. The share of income
retained by producers in the last three to four years is likely to have dropped further as a result of the current
situation of oversupply and low prices for green coffee and the ability of roasters to maintain retail prices at 
relatively stable levels. 

Figure 10.1  Market concentration in the coffee chain

Source: van Dijk et al., 1998
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cocoa farmers in Ghana were obliged to sell their

crop to the government for as little as a twentieth of

the world price (The Economist, 2002a, p. 44).

Likewise, profit margins have also been squeezed

for Ecuador’s banana growers, largely in the

absence of TNC activities. Ecuador’s government

has currently fixed the local price for bananas at

US$2.90 per box, whereas the export price is as

high as US$17 per box. The low farmgate price

“has squeezed farmers’ profits to almost nothing”

(The Economist, 2002b, p. 54). Unlike Central

America, where TNCs own almost all banana plan-

tations, Ecuador’s banana economy is dominated by

some 6 000 small family farm producers. 

Some experience with successful FDI in food and

agriculture. The links created between TNCs and

domestic firms are crucial factors that determine

whether and to what extent a host country benefits

from FDI. In the food industry, these linkages are

forged between the TNC and the farmers or the

local procurement company. The potential for

linkage-intensive FDI is particularly substantial in

food and agriculture. Linkage-intensive FDI is

often the result of the need to process perishable

inputs such as milk or fruit and vegetables (UN,

2001c). It can also be forced by logistical bottlenecks

or by tariff barriers that make imported goods less

competitive. Moreover, TNCs may face restrictions

on landownership in many developing countries

which can make it necessary for foreign affiliates to

rely on domestic producers and to engage in efforts

to develop new and upgrade existing suppliers. 

These linkages from the foreign affiliate to the

national farm sector can provide enormous bene-

fits for farmers and their cooperatives and thus

have considerable potential to stimulate rural

development. Field research conducted in India

(UN, 2001c) provides a number of interesting

insights as to how these benefits are generated. It

reveals that the four leading TNCs (i.e. Pepsi Foods

Ltd, GlaxoSmithKline Beecham Ltd, Nestlé India

Ltd and Cadbury India Ltd) on average sourced

locally 93 percent of their raw material (tomatoes,

potatoes, basmati rice, groundnuts, cocoa, fresh

milk, sugar, wheat flour, etc.) and 74 percent of

other inputs (such as plastic crates, glass bottles,

refrigerators, ice chests, corrugated boxes, craft

paper, etc.). Through these linkages the TNCs

promoted overall development by means of the

following methods. 

! Collaboration in product development. All four

TNCs are engaged in product development

with local research institutes or universities, to

develop hybrid varieties of crops and vegetables

and new agricultural implements, to alter crop-

ping patterns and to raise productivity. For

example, Pepsi Foods has evaluated more than

215 varieties/hybrids of chili, probably the

largest scientific evaluation of chilies anywhere.

Pepsi’s technology in chili cultivation has raised

its yield three times. In addition, Pepsi has

developed 15 new agricultural implements to

facilitate planting and harvesting in India.

! Technology transfer and training. New hybrid vari-

eties, implements and practices have been trans-

ferred to suppliers (primarily farmers) through

farmer training camps. Pepsi provides its

contract farmers, free of charge, with various

agricultural implements and hybrid seeds/

plantlets, as well as process expertise. Cadbury

India has a procurement and extension services

team that imparts training to potential and

existing suppliers in new techniques in planting,

harvesting, quality control and post-transplanta-

tion care of cocoa crops through technical

bulletins, video demonstrations, slides and

charts and live demonstrations on the use of

various agricultural implements.

! Introduction of contract farming. Farmers are

contracted to plant the processors’ crops on

their lands and to deliver to the processors, at

pre-agreed prices and quantities of output

based upon anticipated yields and contracted

area. Towards this end, a processor usually

provides the farmers with selected inputs such

as seeds/seedlings, information on agricultural

practices, regular inspection of the crop and

advisory services on crops. Farmers have the

choice to leave some part of the output free

from the contract arrangement to sell on the

open market (see also Box 10.3).

! Financial assistance is provided to growers through

the involvement of agricultural development

banks. For example, GlaxoSmithKlineBeecham

acts as a guarantor, enabling its suppliers to take

bank loans.

Technology transfer to local farmers has had a

positive impact on farm productivity. Tomato
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yields of local suppliers for Pepsi in Punjab, for

example, rose from 16 tonnes/ha in 1989 to 

52 tonnes/ha by 1999. In general, foreign affiliates

may have contributed to better farming practices

(e.g. hybrid seeds, transportation innovation)

resulting in increased incomes and yields

(McKinsey &Company, 1997).

10.2.3 International flows of knowledge
and technological innovations

Probably the single most important transfer of

external technology to developing countries’ agri-

culture took place during the green revolution.

The literature documents where the new technolo-

gies have been adopted, to what extent, and how

Box 10.3  Formalizing the linkages in agriculture: the importance of contract farming

An extensive study by FAO (FAO, 2001i) brings together numerous examples from many developing countries
that confirm the generally positive influence of TNCs on the agriculture of these countries. But the FAO study
also shows that policies play an important role in promoting the benefits that TNCs or the local processors can
provide for a country’s agriculture. Most important, it shows that the underlying contracts between farmers and
the company are crucial for success or failure. Numerous examples demonstrate how well-managed contract
farming works as an effective tool to link the small-farm sector to sources of extension, mechanization, seeds,
fertilizer and credit, and to guaranteed and profitable markets for produce. When efficiently organized and
managed, contract farming reduces risk and uncertainty for both parties. The principal benefits laid out in the
study are the following.

Increased productivity. In northern India, Hindustan Lever, a food processor, issued contracts to 400 farmers
to grow hybrid tomatoes for processing. A study of the project confirmed that production yields and farmers’
incomes increased as a result of the use of hybrid seeds and the availability of an assured market. An analysis
of the yields and incomes of the contracted farmers compared with farmers who grew tomatoes for the open
market showed that yields of the farmers under contract were 64 percent higher than those outside the project.
In Sri Lanka, a flourishing export trade in gherkins has been built on contracts between companies and more
than 15 000 growers with plots of around 0.5 ha each. On a much larger scale, more than 200 000 farmers in
Thailand grow sugar cane for the country's 46 mills under a government-sponsored system that assigns growers
70 percent and millers 30 percent of total net revenue (FAO, 2001i).

Introduction of superior technologies. Small-scale farmers are frequently reluctant to adopt new technologies
because of the possible risks and costs involved. In contract farming, private agribusiness will usually offer tech-
nology more effectively than government agricultural extension services, because it has a direct economic
interest in improving farmers' production. Indeed, most of the larger corporations prefer to provide their own
extension. In Kenya, for example, the South Nyanza Sugar Company (SONY) places strong emphasis on field
extension services to its 1 800 contracted farmers, at a ratio of one field officer to 65 sugar-cane growers. The
extension staff’s prime responsibilities are focused on the managerial skills required when new techniques are
introduced to SONY’s farmers. These include transplanting, spacing, fertilizer application, cultivation and
harvesting practices. Also, SONY promotes farmer training programmes and organizes field days to demonstrate
the latest sugar-cane production methods to farmers. 

Risks and problems. In addition, the FAO study emphasizes that contract farming can be a major tool for trans-
ferring skills and providing access to credit – features that are particularly important for smallholders. But the
study also underlines that certain risks and problems can be associated with contract farming. Considerable
problems can result if farmers perceive that the company is unwilling to share any of the risk, even if it is partly
responsible for the losses. In Thailand, a company that contracted farmers to rear chickens charged a levy on
farmers' incomes in order to offset the possibility of a high chicken mortality rate. This was much resented by
the farmers, as they believed that the poor quality of the chicks supplied by the company was one cause of the
problem. Inefficient management can lead to overproduction, and in some cases processors may be tempted to
manipulate quality standards in order to reduce purchases. One of the biggest risks for farmers is debt caused
by production problems, poor technical advice, significant changes in market conditions, or a processor’s
failure to honour contracts.
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swiftly this has been the case. This section will focus

on why some countries managed to adopt, exploit

and further enhance the new technologies, while

others failed to do so. It will try to identify the poli-

cies that allowed some countries to embrace global

technological innovations, but also describe why

other countries are still struggling to adopt the

technologies that developed country farmers have

been using for many decades.

One of the most influential studies in this

context (Griliches, 1957) underlines the importance

of inventive adaptation. Griliches shows that

farmers in Iowa and Illinois had long adopted high-

yielding hybrid maize varieties suited to the Corn

Belt states, while farmers outside the Corn Belt (e.g.

in Alabama) continued to grow inferior traditional

varieties. This had little to do with the farmers’

capabilities. Instead, differences in the agro-ecolog-

ical conditions between the Corn Belt and Alabama,

together with the sensitivity of hybrid maize to these

differences, resulted in the lack of adoption and the

continuous technological distance between these

maize-growing areas. As Griliches noted, “farmers

outside the Corn Belt could not reap the benefits of

the new technologies until the adaptive research

had taken place to make the technologies available

to the new environment”. 

In general, the same holds for the transfer of

new technologies to developing countries. Farmers

in the Philippines got no direct benefit from many

decades of United States hybrid maize research

that produced a tripling of United States maize

yields. They indirectly benefited from previous

hybrid research in the United States only after the

research capacity was created to adapt the hybrid

varieties to local conditions in the Philippines. In

many African countries, farmers are still cut off

from the benefits of hybrid maize varieties, not

because they are unwilling to import the tech-

nology but simply because the technology has not

been adapted to their local growing environ-

ments.

Perhaps even more important, much of the

success of the green revolution was not or not

primarily based on the fact that new technologies

were made available to countries from outside.

While the new “foreign” technologies, i.e. high-

yielding varieties, played an important role, there

is ample evidence that the superiority of these new

varieties was largely limited to the areas to which

these new technologies were adapted. Evenson

and Westphal (1994) documented how important

the adaptation process to tropical environments

was for the success of high-yielding rice varieties

outside their subtropical homes.14 “It was in the

1950s, after an Indica-Japonica crossing programme

sponsored by the FAO and IRRI gave major

impetus to rice improvement for tropical 

conditions, that the new technologies became

available where they were needed. By 1965, many

national rice breeding programs had been estab-

lished in tropical conditions. India, for example

had 23 programs in various locations. Around 200

rice breeding programs existed in some 40 coun-

tries by 1970. Most had, and have maintained, a

close association with IRRI, which has served as a

nodal point in the transfer of new germplasm.”

Evenson and Gollin (1994) quantified the

importance of adaptive research in the spread of

high-yielding rice varieties during the green revo-

lution. They show that national research centres

played a crucial role in the adoption and spread 

of the new “technology”. The International Rice

Research Institute (IRRI), as the central and

exogenous provider of the new technology,

accounted for only 17 percent of all new varietal

releases since 1965. IRRI played, however, a

crucial role in generating the basic technology: it

accounted for 65 percent of all new releases of

parental varieties. 

In the future, the very same factors will likely

determine the extent to which the new agrobiotech-

nologies will be adapted and diffused to the economic

and agro-ecological environments of developing

countries, even though the issue is complicated by the

fact that many of the new technologies are propri-

etary ones. Countries that put in place the basic infra-

structure that promotes the adaptation to local

environments are likely to gain the most. Again, Asian

countries are likely to come first, followed by Latin

America, while there is a danger that African coun-

tries will, once again, be left behind. 

14 Evenson and Westphal also provide an extensive documentation of the events that kick-started the spread of high-yielding rice varieties in the
1950s. Inter alia, they explain that: “The earliest rice improvement research activities were in Japan, where major gains were made in this century
through improving Japonica landraces suited to subtropical regions. It was not until World War II that concerted efforts were made to improve the
Indica landraces. As of that time, rice producers in Japan, Korea, Taiwan and parts of mainland China had achieved a 50-year technological lead
over the tropical rice producing areas”.
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The factors that determine the success in

reaping the benefits of new technologies have

much in common with those that enable countries

to reap the benefits of open markets. The experi-

ence of the green revolution suggests that the exis-

tence of new productivity- enhancing technologies

alone is not a guarantor for a successful adaptation

of these technologies. Likewise, opening up to

international markets and reduction of border

measures will not, on their own, ensure that the

potential of freer trade can be fully exploited. Both

openness to trade and to technological change are

important, but what seem to be more important are

the policies and institutions that allow countries to

exploit the opportunities offered by openness.

These factors can help to acquire the often tacit

knowledge that enables countries to adapt new

technologies to the domestic market environment,

help them to exploit the demand potential of large

international markets and employ trading rules to

their advantage. Taken alone, access to markets is

unlikely to create an exportable surplus. If not

locally adapted, new technologies will not substan-

tially increase productivity. 

10.2.4 Greater mobility of people within
and across national borders: 
migration and urbanization

International migration. Massive movements of

labour have been a feature of all three waves of

globalization. During the first great wave of

modern globalization, from 1870 to 1910, about 

10 percent of the world’s population relocated

permanently (World Bank, 2001e). International

migration was much more modest and geographi-

cally limited during the second wave. The main

reason was that only a limited number of countries

were involved in the second wave of globalization,

and where intense migration pressures occurred,

strict immigration controls helped to put a brake

on labour flows. These controls were somewhat

relaxed during the third wave of globalization and

had a powerful effect on transnational migration.

By 1995, about 150 million people or 2.3 percent

of the world’s population lived in foreign countries

(Taylor, 2000). Roughly half of this stock of

migrants was in the industrial countries and half in

the developing world. However, because the popu-

lation of developing countries is about five times

greater than the population of the developed coun-

tries, migrants account for a much larger share 

of the population in developed countries (about 

6 percent) than in poor countries (about 1 percent).

The freer movement of people has always had

powerful effects on wages in poor and rich coun-

tries alike. Initially, different speeds of growth

within and across countries promote inequality in

wages and wealth, which in turn creates the

economic pressure to migrate. Then migration

itself, in addition to increased trade and capital

flows, helps arrest or even reverse a growing wage

inequality. The influx of low-wage labour puts

downward pressure on wages in immigrant

regions, while raising wages in the emigrant

nations. Moreover, wealth is also redistributed

when and to the extent that emigrants send back

remittances to their countries of origin. As already

mentioned in Section 10.1, Lindert and Williamson

(2001) conclude that migration was overall a more

important equalizing factor than either trade or

capital movements.

Globalization also affects international migra-

tion in agriculture. During the first wave of 

globalization, migration was almost exclusively

determined by different speeds of agricultural

development. But even today many developed

countries turn to foreign-born migrants as an

important source of agricultural labour. Most rural

migrants are attracted by higher wages in devel-

oped countries’ fruit, vegetable and horticultural

sectors. In the United States, for example, an esti-

mated 69 percent of the 1996 seasonal agricultural

workforce was foreign-born (Mines, Gabbard and

Steirman, 1997). In California, by far the nation's

largest agricultural producer, more than 90 percent

of the seasonal agricultural workforce was foreign

(Taylor, 2000). The majority (65 percent) of United

States migrant farm workers originated from

households in rural Mexico. Despite the high

concentration of foreign-born workers in farm jobs,

the vast majority of immigrants are employed

outside agriculture, most in low-skill service and

manufacturing jobs. 

Agricultural migration is primarily a movement

of low-skill labour from developing countries to the

higher wage environments of developed countries.

As such, it is unlikely to be associated with many of

the typical concerns that emigration would lead to

a “brain drain” in developing countries and
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deprive them of their most important capital for

future development. In fact, empirical studies

show that migrants seldom sever their ties with

their source households after they migrate and

family members who remain behind (often

parents and siblings) reorganize both their

consumption and production activities in

response to the migrant’s departure. Migrants

(often children) typically share part of their earn-

ings with their household of origin through remit-

tances (Taylor, 2000). Remittances or savings

accumulated abroad can even create the basis for

future investments in the rural economies of their

home countries. 

The impacts in the countries of immigration

are often more ambiguous. While an inflow of

unskilled workers from developing countries

benefits the highly skilled workers in host coun-

tries (their jobs are not threatened by these immi-

grants, and the presence of immigrants will lower

prices for many things that the skilled workers

consume, including food, restaurant and hotel

services, and personal services), the same inflow

will reduce the real wages of unskilled workers.

Such competition in the low-wage sector has

brought about political tensions within many host

countries and has often resulted in increasingly

restrictive immigration rules.

As immigration rules tightened and the economic

incentives to immigrate remained unabated, illegal

immigration and trafficking in human beings

increased rapidly. The World Bank estimates that

there is an annual inflow of about 300 000 illegal

workers to the United States alone (World Bank,

2001e). Many more cross temporarily into the

United States. In 1999 United States authorities

apprehended 1.5 million illegal immigrants along

the Mexican border. The great majority sent back to

Mexico attempt to cross again within 24 hours.

Illegal migration into the EU soared in the 1990s,

from an estimated 50 000 p.a. in 1993 to half a

million in 1999 (World Bank, 2001e). 

Intranational migration and urbanization. As

discussed in the preceding section, international

migration has affected rural populations and agri-

cultural labour forces in developed and developing

countries alike. However, despite its importance 

for certain regions or countries (notably North

America), international migration has become

negligible compared with migration within national

boundaries.

A look at the United Nations population projec-

tions by urban and rural areas reveals that a signif-

icant proportion of the world's population growth

expected between 2000 and 2030 will be concen-

trated in urban areas. Urban population was esti-

mated at about 2.9 billion in 2000, and is projected

to be about 4.9 billion by 2030 (Figure 10.2). 

Most of the future increase will be in the cities of

developing countries. The urban population in

developing countries is projected to increase from 

1.9 billion people in 2000 to about 3.9 billion people

by 2030, thus accounting for almost the entire

increment in developing countries’ population

growth. But only a part of it is caused by increased

rural-urban migration. Also important will be the

transformation of rural settlements into urban areas

and, most important, natural urban population

growth.

These shifts in population distribution are

considerable. At the beginning of the 1960s, only

about 20 percent of the developing countries’

population lived in urban areas. By 2000 the

share had risen to nearly 40 percent and is

expected to rise to 56 percent by 2030. The rural-

urban population ratio declined from about 3:1 

in the 1960s to almost 3:2 in 2000 and will be close

to 3:4 in 2030. Within the group of developing

regions, urbanization will be most pronounced in

developing Asia and sub-Saharan Africa. In other

developing regions, notably Latin America,

urbanization has already progressed to an extent

that leaves little room for further growth in urban

populations, at least relative to rural ones. 

Numerous factors have promoted and will

continue to promote urbanization in developing

countries. These factors are often classified as

push and pull factors, i.e. factors that either incite

people to leave their rural homes or attract them

to urban areas. Typical push factors include low

and declining profitability of agricultural produc-

tion, lack of non-agricultural employment oppor-

tunities and a general lack of services such as

schools, medical treatment and entertainment.

They have resulted from a general neglect of, or

even an outright bias against, agriculture.

On the pull side, expectations for better serv-

ices, housing, higher wages and more reliable

sources of food are the main factors that attract
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migrants to urban areas. The typical drivers of

globalization, notably better information facilities

(television, etc.) have been instrumental in

creating these expectations. There is, however, a

large and widening gap between the expectations

and the realities of urban areas in developing

countries. Access to food, jobs and services is

becoming more limited and other amenities that

are often associated with “urbane” or “civilized”

city life are entirely missing. This so-called prema-

ture urbanization is associated with numerous

externalities. These include huge social costs

caused by health and sanitation problems, urban

poverty, crime, etc. 

Despite these problems, it is widely accepted

that urbanization is unstoppable, let alone reversible

(The Economist, 2002c). Moreover, while it may

not even be economically desirable to stop or

reverse urbanization, it can be very profitable to

slow the trend and mitigate or avoid the externali-

ties associated with premature urbanization. The

most important factor is a revival of rural areas in

developing countries, which would amount to a

reversal of the internal and external policy bias

against agriculture in developing countries (as

discussed in Chapter 8). 

10.2.5 How important are geographic
location and infrastructure?

Geographic location. Economists have long noted

the crucial role of geographic location for economic

development. Adam Smith, who is most remem-

bered for his prescription of free market forces for

economic development, emphasized that the phys-

ical geography of a region can influence crucially

its economic performance (Smith, 1976). He

contended that the economies of coastal regions,

with their easy access to sea trade, usually outper-

form the economies of inland areas. Smith's

rationale for the importance of geographic location

is that productivity gains depend on specialization,

and that specialization depends on the size of the

market. The size of the market in turn depends on

both the openness of markets and the costs of

transport. Geography is a crucial factor in deter-

mining transport costs.

Empirical studies based on geographic informa-

tion systems (GIS) have drawn renewed attention

to the importance of the physical location for

economic development. A frequent point of depar-

ture for the GIS-based analyses of location-based

development questions is a map of income density,
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a measure of how much GDP is produced within a

given area of land.15

Figure 10.3 provides such a map. The map

underlines two principal geographic factors that

affect economic well-being. First, almost all high-

income countries are in the mid- and high lati-

tudes, while nearly all countries in the geographic

tropics are poor. Second, coastal economies have

generally higher incomes than landlocked coun-

tries and coastal, temperate, northern hemisphere

economies have the highest economic densities in

the world. Indeed, outside Europe, there is not a

single high-income landlocked country, although

there are 29 non-European landlocked countries

(Gallup, Sachs and Mellinger, 1999). Four areas –

western Europe, Northeast Asia (coastal China,

Japan and the Republic of Korea), and the eastern

and western seaboards of the United States and

Canada – are the core economic zones of the

modern world. These regions are the over-

whelming providers of capital goods in global

trade, the world’s financial centres, and the gener-

ators of a large proportion of global production.

A look at the regions within the United States,

western Europe and temperate-zone East Asia that

lie within 100 km of the coastline reveals that these

areas account for a mere 3 percent of the world’s

inhabited land area, 13 percent of the world’s

population and at least 32 percent of the world’s

GDP measured at purchasing power parity. If

coastal China is excluded from the calculations

(since it lags far behind the other economies in this

group), then the core coastal region has a mere 

9 percent of the world’s population but produces at

least 30 percent of world GDP. According to WTO

data (1995), just 11 countries in North America,

western Europe and East Asia, with 14 percent of

the world’s population, account for 88 percent of

global exports of capital goods (machinery and

transport equipment).

Moreover, nearly all landlocked countries in

the world are poor, except for a few in western

and central Europe that are deeply integrated

into the regional European market and connected

by low-cost trade. Even mountainous Switzerland

has the vast bulk of its population in the low-eleva-

tion cantons north of the Alps, and these popula-

tion centres are easily accessible to the North

Atlantic by land and river-based traffic. There are

35 landlocked countries in the world with a popu-

lation greater than 1 million, of which 29 are

outside western and central Europe. The differ-

ence in the average GDP per capita is striking: the

landlocked countries outside western and central

Europe have an average income of about

US$1 771, compared with the non-European

coastal countries, which have an average income

of US$5 567. The difference in economic density

is even greater, since the landlocked countries

tend to be very sparsely populated16 (Gallup,

Sachs and Mellinger, 1999).

The most important points that arise from the

inspection of GIS-based information can be

summarized as follows:

! Coastal regions, and regions linked to coasts 

by ocean-navigable waterways, are strongly

favoured in development relative to the hinter-

lands.

! Landlocked economies may be particularly

disadvantaged by their lack of access to the sea,

even when they are no farther than the interior

parts of coastal economies.17

! Location advantages are particularly important

for successful economic integration of agricul-

ture and the food industry. Many agricultural

commodities are either bulky, perishable or

both, which leads to high transportation costs

per unit value of product. High transportation

costs mean that countries with poor market

access conditions and inadequate infrastructure

might remain effectively insulated, even if all

trade barriers were removed.

Endowment with, and importance of, infrastruc-

ture. Infrastructure can offset much of the disad-

vantage that may arise from an unfavourable

geographic location. In fact, in many developed

countries and regions, access to infrastructure

offsets possible disadvantages caused by unfavourable

locations. The extensive and efficient transporta-

15 Ideally, such an income density map depicts information about population density and the spatial distribution of income. In the absence of the

latter, Figure 10.3 simply combines population density with average per capita income levels (1997/99) for a given country.
16 Fifty-nine people per km2 in landlocked countries compared with 207 people per km2 in coastal countries.
17 Obvious reasons for this are: cross-border migration of labour is more difficult than internal migration; infrastructure development across national

borders is much more difficult to arrange than similar investments within a country; and coastal economies may have military or economic incen-
tives to impose costs on interior landlocked economies.
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tion and communication systems in landlocked

parts of Europe or North America effectively link

these regions to one another and integrate them

into world markets. A look across other regions of

the world provides a more mixed picture. While

parts of East Asia and Latin America hold relatively

high stocks of infrastructure, Africa and many

countries in sub-Saharan Africa in particular suffer

from both unfavourable location and a lack of

infrastructure.

The case of sub-Saharan Africa. Numerous

studies (e.g. Finger and Yeats, 1976; Amjadi, Reinke

and Yeats, 1996) have analysed and quantified the

importance of infrastructure as a factor for the

successful integration into international markets.

Amjadi, Reinke and Yeats focus on sub-Saharan

Africa and how the region’s inadequate endow-

ment with infrastructure weighs on its export

performance. The study also documents the 

importance of insufficient infrastructure and related

policies relative to other factors such as tariffs and

non-tariff barriers. 

The importance of the region’s infrastructure

relative to its competitors is also underlined by a

comparison of the barriers that sub-Saharan African

exporters face in markets abroad, relative to those its

competitors faced when they embarked on export-

oriented policies. For example, pre-Uruguay Round

tariffs facing African exports to the EU, Japan and

the United States averaged three-quarters of a

percent (about 18 points lower than those the Asian

newly industrializing countries [NICs] faced when

they began their sustained export-oriented industri-

alization drive), and preferences give Africa an edge

over some competitors (Amjadi, Reinke and Yeats,

1996). As long as transport is expensive, electricity

unavailable or unreliable and access to phones

restricted, the costs and risks of doing business

remain high and the possibilities of reaping the

benefits of globalization remain limited. But global-

ization also offers new opportunities to leapfrog

traditional constraints. These new options will be

discussed in Section 10.3 of this chapter.

10.2.6 What are the impacts on food
consumption patterns?

The effects of freer trade in agriculture, the oper-

ations of TNCs in the global food sector as well as

urbanization and migration become visible in

Figure 10.3 GDP density map of the world
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changes in food consumption patterns. In general,

these factors promote a convergence of food

consumption patterns across different countries

and regions. The channels through which these

factors operate are either direct or indirect via the

link of income growth in poorer countries. Rising

incomes have an equalizing effect on food

consumption patterns as they promote a shift of

poorer consumers to higher-value food items,

while higher-income segments are constrained by

natural consumption limits even for higher-value

food items.

A number of concerns revolve around the

growing convergence in food consumption patterns.

Some analysts see convergence as an indicator of a

loss of cultural identity that reflects in part the

growing market power of transnationally operating

food enterprises (“McDonaldization”). Moreover,

there are concerns that a fast convergence in food

consumption patterns may have unexpected

resource implications. A growing global conver-

gence on, say, a typical United States diet is associ-

ated with rapid growth in feedgrain needs and thus

with an extra burden on the available agricultural

resource base. Another concern associated with a

convergence in food consumption patterns is that

food would have to travel over ever longer distances

and that the externalities associated with these extra

“food kilometres” are not, or not fully, reflected in

the price of food. This section examines to what

extent food consumption patterns have already

converged and what the projections to 2015 and

2030 imply for future convergence.

Measuring convergence in consumption patterns.

The comparison of food consumption patterns

was undertaken on the basis of 29 primary

product groups.18 The need to compare diets of

some 150 countries over a period of 70 years

(1961 to 2030) strongly favoured the use of a

single indicator, namely the consumption simi-

larity index (CSI). This index measures the

overlap in the diets of two countries by comparing

how many calories consumed in two given coun-

tries originate in the same primary products. The

CSI is expressed as: 

A CSIj,k of 1 means that the diets of country j

and country k are identical, i.e. that consumers

draw the same number of calories from each of the

29 food categories distinguished in this study,

while a CSIj,k of 0 means that the diets of the two

countries are entirely different, i.e. that consumers

in country j and k draw their calorie consumption

from completely different food categories. In prin-

ciple, the CSI allows the food consumption pattern

of any country j to be compared with the one of

any other country k.19 It is important to stress that

the CSI only captures the similarities in the struc-

tures of the diet in terms of primary products as

defined in this study, but does not necessarily

capture similarities in the final processed products

that are actually consumed. This means that it

measures to what extent consumers in two coun-

tries rely on a wheat-based or meat-based diet 

but not whether the wheat-based calories are

consumed in the form of noodles or bread, or that

meat is consumed in the form of hamburgers or

traditional meat products. It is also important to

note that the CSI measures similarities in diet

structures, regardless of the absolute calorie intake

levels. This can result in surprisingly high similar-

ities in diets that are indeed very similar as far 

as the overall structures are concerned but very

different regarding their respective levels of

calorie intake (e.g. high shares of meat consump-

tion in pastoral societies with low overall calorie

consumption generate a high similarity with meat-

intensive OECD diets).

The CSI has been used to compare the food

consumption patterns across countries and over

years. While CSI calculations have been under-

taken for all combinations of countries, the results

are only reported for the United States as a

“comparator” country. All CSI coefficients are

based on a comparison of any given country’s diet

with the one of the United States. Convergence

over time is convergence towards the United States

consumption patterns. The convergence in food

18 The 28 food commodities given in Annex 1 of this study and a commodity, “other calories”, i.e. all calories consumed and not covered by the 
28 commodities of this study.

19 Note that a CSI of 0.5 between country 1 and country 2 and a CSI of 0.5 between country 1 and country 3 do not mean that the overlap/simi-
larity in the diets between country 2 and 3 has to be 0.5 as well.
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consumption reported here may thus be regarded

an “Americanization” rather than a globalization of

food consumption patterns. 

Evidence for convergence. A look at CSI develop-

ments suggests that diets have indeed become

increasingly similar over time. The speed of

convergence, however, differs markedly across

countries. The traditional OECD countries form a

cluster with consumption patterns that are very

close to the United States diet. About 75 percent of

the calories in many OECD countries originate

from the same sources as in the United States.

These countries are fully integrated into the global

food economy and their food economies are tied to

one another through effective and efficient trans-

portation and communication infrastructures,

similar food distribution systems, cold chains, etc.

One of the striking features in the group of OECD

countries is the high similarity in consumption

patterns within the cluster of English-speaking

countries (Australia, New Zealand and the United

Kingdom) where 80 percent and more of all calo-

ries stem from the same foodstuffs. 

Many of these countries share not only the same

language, but have also a common food and

cooking culture. The absence of language barriers

and the similarity in food culture are important

parameters for an effective and low-cost operation

of transnational food enterprises. These similarities

allow them to employ the same or similar adver-

tising and marketing strategies and thus reap

economies of scale in their market penetration

strategies. Finally, there is also a geographic

element that plays a role in explaining similarities

in diets. For instance, 85 percent of all calories

consumed in Canada stem from the same primary

commodities as in the United States. Similarly high

values exist when diets of North African or western

European countries are compared among each

other (not with the United States). 

Outside the group of the well-integrated western

countries, the similarity with the United States

consumption pattern is often considerably smaller.

Again, there are a number of different groups of

countries that exhibit different levels of overlap and

different dynamics in moving towards United States

food consumption patterns. Very dynamic change

can be observed within the group of East and

Southeast Asian countries. Japan's consumers are

among the most dynamic adapters of a United

States-type food consumption pattern. Starting from

an overlap of only 45 percent in 1961, similarity had

increased to about 70 percent in 1999 and is

expected to reach a level of 75 percent in 2030

(Figure 10.4). 

Outside the group of OECD countries, a number

of different clusters can be identified across conti-
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nents and regions. Within Africa, three major trends

in consumption patterns emerge. First there is the

group of North African countries, where consump-

tion patterns are characterized by a grain-rich diet

and where often more than 70 percent of the calorie

intake stems from cereals, notably from wheat.

Within this group, food consumption similarity

reaches levels of more than 90 percent. Compared to

a United States diet, however, similarity has reached

a level of about 60 percent (Figure 10.5) and is, even

by 2030, not expected to exceed about 65 percent.

This could seem surprising at first sight, given the

geographic vicinity to, and increasingly important

economic integration with OECD markets. However,

other factors override the integrating forces of glob-

alization/Americanization on food consumption

patterns. These are rooted in (i) the traditional food

culture characterized by high consumption levels of

wheat-based staples (bread, couscous); and (ii) the

non-consumption of pork that limits the potential for

shifts towards meat consumption. 

In summary, the forces of globalization have had

a significant impact on food consumption patterns

and have resulted in a growing convergence of

consumption patterns. Even though the relative

importance of the various driving forces of globaliza-

tion is difficult to gauge, openness to trade and

investments, geographic location, income levels and

growth and TNC activity are almost always associated

with a rapid convergence in food consumption

patterns. Many of these factors are interrelated. Well-

integrated countries also often enjoy higher income

growth that works, within the boundaries of income

responsiveness and overall calorie intake levels, as a

force for convergence. There are, however, factors of

a longer-term nature that put a cap on the conver-

gence of food consumption patterns. They include

cultural and religious constraints as well as deeply

rooted traditions in food consumption and prepara-

tion. As a result they limit convergence, even in the

most integrated OECD markets, to a level of about 80

percent, a level that is not expected to be topped over

the next 30 years. Outside the OECD area, conver-

gence levels off at about 60 percent overlap.

10.3 Some options to integrate 
developing countries better

Multimodal transportation systems. The smart

combination of various transportation modes

(sea, air, rail and road) can help to overcome the

financing constraints that many developing coun-

tries face in building up traditional infrastructure

components. So-called multimodal transporta-

tion systems have gained a considerable

momentum in integrating hitherto remote areas

of Asia and Latin America (Box 10.4). 

Figure 10.5 Food consumption convergence in Africa and Asia
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The new transportation systems can be 

particularly efficient if combined with new

communication tools. These new technologies

offer considerable potential to overcome the loca-

tion handicap that many remote areas in the

developing world face; they could provide new

trade opportunities for bulky or perishable goods

that were previously excluded because of prohib-

itively high transaction costs. This in turn could

help integrate agricultural producers and

provide a stimulus to rural areas, perhaps compa-

rable to the rapid expansion of agricultural

production in the United States Midwest during

the first wave of globalization.

Leapfrog traditional communication constraints: the

Internet for trade facilitation. As during the first

wave of globalization, the availability of more effi-

cient transportation systems has been accompanied

by the advent of more efficient communication

systems. These new communication technologies

enabled shippers to tailor volumes and delivery

dates of goods to the precise needs of importers.

The Internet now allows even smaller-sized compa-

nies to compete with their larger counterparts, who

had gained a competitive advantage through the

dedicated but more expensive electronic data

interchange (EDI) systems. For the low initial cost

of a personal computer, a modem and an Internet

connection, anyone can now access the Internet.

More and more shippers and carriers choose to do

business through the Internet because of the lower

administrative costs involved in conducting trans-

actions. This means significant savings because

carriers and shippers depend less on third-party

value-added networks that are normally required

to run EDI transactions.

There is also a growing expectation that the

Internet will soon provide all the advantages that

had previously been restricted to expensive EDI

systems. Most important, Internet data transfer will

become increasingly safe. Moreover, it is available

24 hours a day, allowing business deals to be made

at the shipper’s and carrier’s convenience. It could

provide niche markets for smaller carriers, enabling

them to capture a greater market for small package

deliveries.

Economic agglomeration and special economic zones.

Despite the possibilities of exploiting further effi-

ciencies in the existing infrastructure, investments in

a uniform expansion of infrastructure in every loca-

tion may be neither an efficient nor an affordable

option for most developing countries, particularly in

Box 10.4  Multimodal transport offers new opportunities for developing countries

The advent of multimodal transportation systems adds to numerous new opportunities for developing countries
to integrate faster and more easily into the global economy. In China, for instance, a new service has been estab-
lished connecting the country’s hitherto isolated hinterland with Europe. Multimodal Logistics, a Rotterdam-
based company, is now offering rail transport for containers from Rotterdam to northwest China. The Marco Polo
Rail Express, as the service is commonly called, has two connecting points at Almaty and Druzhba. The transit
time is between two and three weeks depending on its destination in China, which could be Alataw-Shankou,
Jinghe, Wusu, Ürümchi, Turpan, Korla or Hami/Yumen (UNCTAD, 1999a). 

There is also an effort to connect Singapore and Europe by rail. So far, India, the Islamic Republic of Iran,
Pakistan and Turkey have been active in the project. Each participating country must bear the cost of completing
the link within its national boundary. The aim is to reduce the transit time for deliveries from Singapore to
Europe and vice versa by two weeks. There is also a proposal to construct a tunnel that will link Taiwan Province
of China and mainland China in order to accommodate the increase in goods traded and transported between
the two countries. The Taiwanese private sector has already responded by investing in new depots in Shanghai
and Shenzen in China.

There are also plans to create a land bridge that would connect Latin America’s Atlantic side with its Pacific
coast. These plans have grown out of the anticipated congestion of the Panama Canal, which is projected to face
serious capacity constraints within the next 15 years. The proposal is to integrate Bolivia’s eastern and Andean
railways to form a link to and from the Chilean port of Arica and the Brazilian port of Santos. The increase in
traffic from such a link is expected to be between 2 and 20 million tonnes with a cut in transport costs of about
US$16 per tonne (UNCTAD, 1999a).
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areas where income and population densities are

low. As an alternative, a number of manufacturing/

service agglomerations could be developed. Large

areas with low population densities (sub-Saharan

Africa and Central Asia) would still require several

such locations and a considerable labour mobility to

populate these places. Of particular interest from the

perspective of globalization is the formation of

dynamic economic regions and export processing

zones (EPZs), which often thrive in the open trading

environment (Scott, 1998). These zones can become

centres of industry, producer services and urban

amenities. Their growth derives from trade, the

capacity to attract financing and skills, and the use of

agglomeration effects to create networking relation-

ships yielding the maximum of synergy. Recent

research also suggests that advances in telecommuni-

cations, by increasing the frequency of contact

between people, can motivate greater face-to-face

interaction and make it more desirable to live in

cities (Gaspar and Gleaser, 1999).

In most developing countries, a small number of

cities – with the capital city in the lead – generate half

or more of the country’s GDP. These interlocking

metropolitan areas comprising an economic region

could become the principal “growth pole” for coun-

tries (Simmie and Sennet, 1999). These regions

could be located in a single country as in Brazil,

India and China or straddle two or three countries as

they do in Southeast Asia. 

Box 10.5  The benefits and limits of economic agglomeration

China’s special economic zones are a well-known example of a successful formation of spatial agglomerations.
These zones have attracted substantive but spatially limited public investments in infrastructure. They have
offered free trade with otherwise protected countries and have thus been particularly successful in attracting
foreign investment. Alongside foreign investment, skills, production techniques and management knowledge
in private companies improved while domestic policy-makers gathered institutional knowledge and practical
policy experience. This hands-on experience then helped to attract additional foreign capital and is now
helping to develop China’s hinterland. 

Mauritius’ export processing zone (EPZ) provides another example of a successful spatial agglomeration
strategy. Operating under free-trade principles, it enabled an export boom in garments to European markets and
an accompanying investment boom at home. The Mauritian EPZ was created as part of an overall development
strategy in the 1970s. Given the small size of the home market, it was not surprising that Mauritius would
benefit from an outward-oriented strategy. The challenge, however, was to smooth the adjustment process for
the existing domestic garment sector that had been long protected under the country’s ISI regimes. The EPZ
scheme also provided a way around political difficulties. The EPZ generated new opportunities of trade and
employment, without taking protection away from the import-substituting groups and from the male workers
who dominated the established industries. The segmentation of labour markets early on between male and
female workers, with the latter predominantly employed in the EPZ, was particularly crucial, as it prevented
the expansion of the EPZ from driving wages up in the rest of the economy, thereby disadvantaging import-
substituting industries. New employment and profit opportunities were created at the margin, while leaving old
opportunities undisturbed. This in turn paved the way for the more substantial liberalization that took place in
the mid-1980s and 1990s. 

Where these linkages to the domestic sector are not developed, the success of the EPZ model is often less
sustainable. For example, during the 1980s the Dominican Republic was able to diversify out of its depend-
ence on agricultural commodity exports by expanding its production of garments for the United States market.
However, the country’s increasing share of the North American market owed less to domestic competitiveness
than to the arrival of United States subsidiaries and their subcontractors in the country’s EPZ. When wages
increased, foreign investors relocated to lower-wage economies in Central America. Because the export
industry never established domestic linkages or generated a national supply base, export growth did little to
raise long-term capacity (Vincens, Martínez and Mortimore, 1998). Problems can also arise out of the exten-
sive tax inducements granted in EPZs. EPZs typically offer tax concessions for five to ten years and, in some
cases, as in Honduras, they are granted on a permanent basis (Agosin, Bloom and Gitli, 2000). The resulting
revenue losses for the national governments can be substantial. For Bangladesh, the revenue losses associated
with tax concessions in the EPZ amount to around US$84 million p.a.
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Most developed countries have vastly benefited

from the productivity gains that economic agglom-

erations and clusters provide. Agglomeration gains

were probably most pervasive during the second

wave of globalization, when trade between devel-

oped countries became determined not so much by

comparative advantage based on differences in

factor endowments but by cost savings from

agglomeration and scale. Because such cost savings

are quite specific to each activity, although each

individual industry became more and more

concentrated geographically, the industry as a

whole remained very widely dispersed to avoid

costs of congestion.

However, while agglomeration economies are

good news for those in the clusters, they are bad

news for those left out. A region may be uncom-

petitive simply because not enough firms have

chosen to locate there. As a result “a ‘divided

world’ may emerge, in which a network of manu-

facturing firms is clustered in some ‘high wage’

region, while wages in the remaining regions

stay low” (Yussuf, 2001).

Intra-industry trade in agriculture. Classical trade

theory suggests that countries specialize in inter-

national trade according to differentials in

production costs for different goods. These cost

differentials can result either from efficiency

differences in the use of production factors

(Ricardian trade specialization) or from differen-

tials in factor endowment (Heckscher/Ohlin).

When developing countries specialized in

producing and exporting agricultural products

for which they seem to have a classical “compara-

tive advantage”, they were facing increasingly

binding constraints for their potential to grow

(relative to world markets). This was not neces-

Box 10.6 Why and when is two-way trade in agriculture important 
for developing countries?

There is growing recognition that developing countries can reap important benefits from two-way trade (TWT)
and there is evidence that TWT can provide an avenue for successful globalization strategies. 

First, a shift towards TWT is typically associated with a shift in trade to processed products and thus higher-
value goods. Within a given infrastructure, a shift in trade towards higher-value goods reduces the share of trans-
action costs per unit of merchandise and thus helps overcome the geographic and infrastructure constraints
faced by many developing countries. Second, TWT helps to cope with adjustments in factor markets arising
from the large swings in international commodity prices witnessed over the last decades. As trade is largely the
exchange of similar and processed products, shocks result in a reallocation of production factors within an
industry, rather than between industries. The latter is typically a process that involves the discontinuation of
activities in one sector and the loss of jobs, in order to move factors to other industries or sectors. This type of
resilience against international shocks can be an important argument for policy-makers in developing countries
to integrate their economies faster and more fully into international markets. 

Third, TWT in food and agriculture offers economies of scale in the food industry. It enables domestic
producers and processors to sell products that are homogeneous with respect to factor requirements but hetero-
geneous with respect to utilization and marketing to both domestic and foreign markets. Like increased natural
protection, scale economies are particularly important when countries want or have to integrate their domestic
economy into international markets and expose their domestic sectors to greater competition from abroad. This
is a particular benefit for small developing countries, notably small islands, for which TWT could provide an
interesting avenue to reap economies of scale, diversify trade and escape the volatility of price swings that they
would face otherwise. Fourth, if intra-industry adjustments dominate, commitments towards freer trade are
likely to be more comprehensive and to last longer. Empirical studies (Caves, 1981) suggest that increasing IIT
following trade liberalization keeps pressures from import competition low. As a consequence, politicians are
more likely to press ahead with the process of trade liberalization since the high political cost associated with
resources shifting between industries is limited. Finally, IIT in food and agriculture enables those developing
countries that are scarcely endowed with productive natural resources (land, water, climate, etc.), to create and
foster trade opportunities independent of the ability to produce primary agricultural products. TWT in food and
agriculture has boosted the food processing sector in many Asian economies and created a trade surplus for
countries that lack the climatic and agronomic conditions for a flourishing agricultural export economy.
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sarily as a result of limits in domestic factor

endowments or as a result of trade barriers in

markets abroad (see Chapter 9), but simply because

the export markets they produced for exhibited

low and declining demand elasticities, while their

own import demand remained elastic.20 This

created the so-called “elasticity pessimism” and

the economic rationale for the import-substituting

industrialization (ISI) strategies pursued by many

developing countries in the 1950s and 1960s (see

Section 10.2.1 above).

Krugman (1986) showed how a country could

overcome the elasticity constraint by embarking on

intra-industry trade (IIT) or two-way trade (TWT)

in differentiated products. The principle is as

follows: if consumers have a certain taste for

variety, each new differentiated product creates a

niche and the corresponding demand. If the

number of products produced in a given country is

related to the size of the economy, then the coun-

tries with the fastest growth also tend to produce

more products. Contrary to the traditional view,

this mechanism does not need a price (exchange

rate) or demand adjustment to equilibrate the

trade balance. Instead, the mechanism works

endogenously. The country with higher growth

produces more product variety, which in turn

generates its own export markets. 

These microeconomic effects play a role in the

growth process and interact with macroeconomic

policies, notably with the exchange rate. For

example, there is evidence from a comparison

between the Republic of Korea and Taiwan

Province of China that the latter was able to

generate more product variety than the Republic

of Korea and rely less on a continuous competitive

devaluation to gain a market share (Oliveira

Martins, 1992 and Feenstra, Yang and Hamilton,

1999). More recent work has also shown a positive

and significant impact of product variety on rela-

tive export intensity and growth (Funke and

Ruhwedel, 2001).

In practice, however, TWT in food and agricul-

ture was largely limited to trade within developed

countries. In developing countries, trade patterns

in food and agriculture remained biased towards a

traditional (inter-industry) trade specialization,

which broadly reflected two major factors. First, a

great number of developing countries experienced

low GDP growth rates and failed to attain the GDP

20 Even for the development of a competitive food processing sector, most developing countries are simply too small to reach the necessary economies
of scale. Where developing countries have made significant inroads into food processing – for example, orange juice production in Brazil, canned
pineapples in Thailand and soluble coffee production in Colombia and Brazil – the scale required for efficient production means that upstream access
to raw materials and downstream access to markets must also be secured on a large scale. Many developing countries lack the raw materials, capital
and market access to make processing viable (UNCTAD, 2000).

Box 10.7  How has two-way trade been quantified?

To measure the order of magnitude and the development in IIT specialization, a modified Grubel-Lloyd (GL)
index of two-way trade (TWT) has been computed. The modification of the GL index was necessary to account
for the overall trade imbalance in food and agriculture that is characteristic of many developing countries. The
TWT index for n products (i) and a given country j is computed as follows:

where Xij, Mij are export and import values in current US$.

In general the TWT index measures the proportion of total trade (sum of values of imports and exports) that
is composed of trade in “similar products”. A value of the index close to one indicates that there is predomi-
nantly IIT (i.e. in differentiated products), while a TWT value close to zero suggests that trade is primarily inter-
industry trade, i.e. in different products. The computations reported are made at the highest possible
disaggregation level that is allowed by the data (the FAO trade database for food and agriculture comprises a
maximum of 521 different products). 
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levels required to stimulate a greater diversification

of demand and eventually rising IIT. Second,

growing TWT goes hand in hand with the devel-

opment of an internationally competitive food

processing industry, a process for which most

developing countries faced major constraints. Food

processing industries are well established in the

industrialized countries. 

But indicators for trade diversification and

specialization (Table 10.3) also show that the 

difference in the levels of TWT between developed

and developing countries was not always as

pronounced as in the 1990s. Throughout the 1960s

and 1970s, IIT in agriculture has been low when

compared to manufactures, in developed and

developing countries alike. However, while TWT

remained at low levels in developing countries,

many developed countries recorded a rapid

growth in TWT trade over the 1980s and 1990s.

For the United States and the EU, for instance, the

level of TWT in agriculture increased rapidly 

since the early 1970s, while the TWT coefficients

remained largely unchanged throughout the devel-

oping world. In sub-Saharan Africa, TWT accounts

for merely 16 percent of total agricultural trade

and this share has remained unchanged since

1970. The level is higher in the Near East/North

Africa and South Asia but there too IIT in food and

agriculture stagnated.

A closer inspection of country-specific informa-

tion suggests that the level of TWT in agriculture

increases rapidly when trade barriers are reduced

and even more so when countries integrate their

economy into a common economic market (Figure

10.6). Such a change is accompanied not only by

the increasing amount of IIT, i.e. by the volume of

exports and imports of similar products, but also

by a rapid increase in the number of products

traded. For countries that are firmly integrated

into a common market (the Netherlands, Belgium),

TWT in food and agriculture has reached levels

that are comparable to those attained in manufac-

tures. Country-specific data also reveal that a rising

TWT is often associated with a growing trade

surplus in food and agriculture and vice versa. This

suggests that the ability to generate a trade surplus

in food and agriculture does not so much depend

on the ability of a country to produce a certain

amount of raw material as on the country’s capacity

to produce differentiated products and to cater for

specific markets, including market niches. 

Region TWT (percentage) Number of products traded

1969/71 1984/86 1997/99 1969/71 1984/86 1997/99

Developed countries 25.2 30.2 34.6 252 297 279

EU 28.4 33.4 45.3 278 329 395

North America 31.0 33.8 44.8 280 315 390

Other countries 18.5 21.3 26.8 199 236 332

Developing countries 17.4 17.6 20.4 98 119 194

East Asia 13.9 17.5 16.0 101 136 186

Latin America and the Caribbean 14.0 15.3 18.1 122 139 234

Near East/North Africa 29.2 28.2 29.5 120 146 200

South Asia 17.7 17.6 13.5 96 167 227

Sub-Saharan Africa 16.4 15.7 16.8 77 79 142

Transition economies 26.3 19.0 28.9 118 121 269

Eastern Europe 25.2 19.3 28.0 117 119 278

Source: own calculations.

Table 10.3 Two-way trade in food and agriculture, by region
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10.4 Concluding remarks

Globalization – the growing integration of economies

and societies around the world – is a complex

process that affects the world’s food and agricul-

tural economy in numerous ways. Cheaper and

faster transportation, easier communication and

the development of the Internet are important

drivers. Also important are a growing number of

international agreements that have codified and

liberalized the flow of goods and capital. These

factors have resulted in a rapid expansion of trade

and FDI but also in the rise and growing influence

of transnational companies. The impacts of these

new factors have been very positive overall, even

though the benefits are distributed unevenly. For

example, globalization has helped to fight poverty

and undernourishment in China, Viet Nam and

Thailand, but has done little so far to integrate the

poorest in sub-Saharan Africa, to improve their

food security, or to enable the region’s farmers to

make significant inroads into markets abroad.

This raises the question as to what factors deter-

mine success or failure, integration or marginaliza-

tion. Why have some countries been able to take

advantage of the great development potential that

globalization offers while others have failed to do so? 

Some of the correlates of success or failure have

been identified in this chapter. To begin with,

openness to trade and capital flows, and the ability

to adopt and to adapt technological innovations are

undoubtedly among the important factors for

success. Also geographic location and endowment

with infrastructure can play a crucial role in deter-

mining whether a country thrives or falls further

behind in an increasingly globalized economic

environment. But probably most important are the

domestic incentive system and the companion poli-

cies that facilitate the integration process.

A number of examples have been presented to

document success and failure in the process of

globalization. No claim is being made that these

examples are representative or comprehensive.

Nonetheless, the examples suggest that a number

Figure 10.6 Two-way trade in food and agriculture, the effects of economic integration 
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of common features are associated with success or

failure in the process of global integration. 

First, while openness to trade and investment

flows is an important contributor to a successful

global integration process, openness alone is not a

guarantor for success. In many cases, openness has

emerged gradually alongside overall economic and

agricultural development. At the same time, no

country has recorded high growth in the long term

on the back of infant-industry protection and

import substitution policies. Nowhere have insula-

tion and protection spurred on agricultural growth

and overall development in a sustainable manner. 

Second, successful globalizers are masters in

managing adjustment. They succeed in rational-

izing excess capacities and create exit possibilities

for farmers and new employment opportunities at

minimal cost. The creation of township and village

enterprises in China, the pruning of excess

capacity in Viet Nam’s coffee sector and credit

restrictions imposed on unproductive chaebols in

the Republic of Korea have been mentioned.

Gradual adjustment is particularly important for

agriculture, as a large part of the human and finan-

cial capital of the sector is fairly immobile in the

short term. Managed transition provides an oppor-

tunity to reallocate resources or gradually depre-

ciate them. Active adjustment management also

helps to mitigate adverse impacts for the poor. 

While the process of structural change often

creates greater opportunities for the poor in the

medium term, it also means that they have to bear

short- to medium-term transitional costs that they

are ill positioned to absorb. This is particularly true

of trade reforms, where the adjustment costs often

come upfront, while the benefits are seen only over

a longer period of time. The policy measures to

manage adjustment entail an appropriate mix,

sequencing and phasing of trade reforms; they also

include measures that prepare farmers and proces-

sors for international competition, e.g. through

training and technical assistance. Even where and

when border protection is largely removed,

farmers can vastly benefit from measures that

protect them from excessive price swings (e.g.

China and Viet Nam).

Successful integration is also a process of

learning and experimenting and there are meas-

ures that promote this learning process. The two-

track system in China’s agriculture (both in terms

of export orientation and in terms of free market

plus government control) seems to work. It has

allowed policy-makers to gather experience as to

what system works and what does not, as to what

farmers can do best and what not. Two-track

systems have also proved useful in opening up to

international competition without facing the costs

of massive and rapid adjustments for a whole

economy. Probably the most prominent examples

for successful two-track systems are China’s special

economic zones and Mauritius’ EPZ. There are

various channels through which these two-track

systems facilitate transition towards freer environ-

ments. They allow, for example, a country to

provide foreign investors with special conditions

that may be difficult to guarantee for the whole

economy. They also help domestic companies to

prepare for growing competition from abroad and

allow policy-makers to adjust the domestic frame-

work of competition policies to an environment of

freer trade and capital flows.

Globalization has generated growth in FDI that

exceeded growth in trade flows. FDI inflows can

play a catalytic role for development. FDI provides

not only an important source of finance. More

important, it is a carrier of technology, skills and

management techniques. But, as with trade, success

rests not only on the degree of openness. As impor-

tant as the quantity of inflows is the quality of FDI.

High-quality FDI is characterized by low repatria-

tion levels and intensive linkages to domestic

farmers. Experience from FDI in India’s food

industry, in particular, has demonstrated its poten-

tial for promoting agriculture and overall rural

development. TNCs provided farmers with better

seeds, enhanced technologies and more stable

prices and thus boosted crop yields and farm

incomes. The contracts that forge these linkages are

crucial for success. But there are also examples

where FDI largely failed to create linkages with

local farmers and even instances where TNCs have

added to the marginalization of whole farm popula-

tions. Developments in the global coffee markets

illustrate this point. There is evidence for a growing

concentration in trading and processing of coffee

and there is also evidence that TNCs managed to

reap a growing share in the total value created in

the coffee marketing chain. It is however less clear

to what extent these developments reflect the abuse

of market power and the absence of an appropriate
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competition policy framework that can address the

new competition policies in a globalized market. 

Globalization in agriculture has also been

brought about by an internationalization of

production technologies. The green revolution was

the single most important vehicle in this process.

Again, while some countries have been phenome-

nally successful in adopting these new technologies,

others have largely failed to do so. As with trade

and investment flows, the correlates of success are

not merely openness to innovation. Numerous

studies suggest that it is more important to create

the appropriate domestic environment that allows

local producers to employ the new technologies

gainfully. In short, adoption has to be accompanied

by adaptation to provide success. Similarly, success

or failure in reaping the benefits of biotechnologies

will depend less on availability than on the capacity

to adapt the new technologies to the agronomic

and economic environments that prevail in a

specific location. Finally, geographic location and

infrastructure endowment play a crucial role in

successfully tapping potential world markets.

There is ample evidence that the lack of infrastruc-

ture (not the existence of trade barriers) has been

the crucial impediment that hindered sub-Saharan

Africa’s farmers from making significant inroads

into OECD markets. 

But there is also evidence that globalization can

offer new opportunities to leapfrog old obstacles

resulting from unfavourable locations or inade-

quate infrastructure. In general, new technologies

are cheaper and faster and can bring the most

remote areas to the heart of the markets. These

include Internet-based business communication

systems as well as multimodal transportation

systems. In sparsely populated regions, transaction

costs can be reduced by promoting economic

agglomeration.

In summary, globalization offers a great poten-

tial for farmers and the entire food sector of devel-

oping countries. Many developing countries are

successfully tapping this potential, but not all of

them are able to take full advantage of the new

opportunities. The ability of a country to reap the

benefits of globalization depends on factors such as

openness to trade and capital flows, ability to adopt

technological innovations, and also geographic

location or infrastructure endowment. The various

examples suggest that openness and outward-

oriented policies characterize many successful 

globalizers but per se they are not guarantors for

success. More important are the companion poli-

cies on the domestic front that facilitate integration

into global markets. These are policies that provide

appropriate transition periods towards freer trade;

help adapt new, external technologies to the

domestic environment; and provide competition

policy settings and design contracts that also allow

small-scale agriculture to thrive within the opera-

tions of TNCs. 
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This chapter discusses selected issues in agricul-
tural technology. First, it continues the evaluation
started in Chapter 4 (Section 4.5.2) of the room for
further yield improvements. It then discusses some
technologies that could contribute to making agri-
culture more sustainable, such as integrated pest
and nutrient management, conservation agricul-
ture and organic agriculture. It continues with an
assessment of prospects for agricultural biotech-
nology and concludes with some observations on
the future agenda for agricultural research.

11.1 The scope for yield increases

As discussed in Chapter 4, world agriculture has
derived more of its growth from an increased
intensive use of land already under crops than
from expansion of agricultural areas, even though
area expansion has been and still is the main force
in a number of countries, mainly in sub-Saharan
Africa. Improved farming practices, irrigation,
improved varieties, modern inputs, etc. all
contributed to the growth of yields that under-
pinned many of the increases in agricultural
production. This trend is expected to continue.

How far can this process go? Intensification and
yield growth are subject to limits for reasons of
plant physiology (see, for example, Sinclair, 1998)

and because of environmental stresses associated
with intensification (see Murgai, Ali and Byerlee,
2001 and Chapter 12). Moreover, in many circum-
stances it is simply uneconomical to attempt to raise
yields above a certain percentage of the maximum
attainable. In considering the prospects and poten-
tials for further growth in world agriculture, we
address below the question: what are the gaps
between the actual yields of any given crop in the
different countries and those that are agronomi-
cally attainable given the countries’ specific agro-
ecological endowments for that crop? Naturally,
what is agronomically attainable changes over time
as agricultural research produces higher-yielding
varieties and farming practices improve.

As discussed in Chapter 4, intercountry differ-
ences in average yields can be very large, but they
do not always denote potential for growth in coun-
tries with low yields. As an example, Figure 11.1
shows the wheat yields (five-year averages
1996/2000) in the major wheat producers of the
world. Yields vary from a high range of 6.0-7.8
tonnes/ha in four EU producers (the United
Kingdom, Denmark, Germany and France) plus
Egypt; through an upper-middle range of 3.0 to
4.0 tonnes/ha (China, Hungary, Poland and Italy)
and a lower-middle range of 2.4-2.7 tonnes/ha of
the United States, Spain, India, Romania, Ukraine,

Selected issues 
in agricultural technology
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Argentina and Canada; down to the low-yield
range of 1.0-2.2 tonnes/ha of Pakistan, Turkey,
Australia, the Islamic Republic of Iran, Russia and
Kazakhstan. Analogous wide yield differentials
exist for all crops: those for maize in the major
producers are shown in Figure 11.2.

The reasons why country average yields differ
from one another are many. Some are agro-ecolog-
ical, others socio-economic. Irrigation is important
in the achievement of high yields in several coun-
tries, e.g. Egypt. In addition, agro-ecological and
demand factors influence the mix of varieties of the
same crop grown in each country, for example, low-
yielding durum wheat versus common or soft wheat
with higher yields. Given that we are interested in
the physical/agronomic potential for yield growth,
we need to separate out the part of these inter-
country yield gaps that is caused by agro-ecological
diversity from the part caused by other factors.

The results of the global agro-ecological zones
(GAEZ) analysis (see Chapter 4) provide a way of
controlling agro-ecological diversity in such inter-
country comparisons. In a nutshell, GAEZ describe
at a fairly detailed geographic grid the agro-ecolog-
ical conditions prevailing in each country. GAEZ
also have models defining the agro-ecological
requirements for the growth of each crop. Based
on this, GAEZ derive estimates for attainable yields
for each crop and in each grid cell in the different
countries under three technology (input use and

management) variants. A summary description of
the procedure is given in Box 4.1. More detailed
explanations are to be found in Fischer, van
Velthuizen and Nachtergaele (2000). 

The agro-ecologically attainable yields can be
used to draw inferences about the scope for raising
yields in countries where actual yields are “low” in
relation to what is attainable for their agro-ecolo-
gies. Actual yield data in the agricultural statistics
are normally available only as country national
averages, not by agro-ecological environments.
Therefore, for comparison purposes, the estimates
of the agro-ecologically attainable yields for any
given crop must also be cast in terms of national
averages specific to each country’s agro-ecological
endowments in relation to that crop. Also, since we
compare agro-ecologically attainable yields under
rainfed conditions, the remainder of this section
will focus on countries with predominantly rainfed
agriculture to minimize the distortion caused by
the unknown contribution of the normally higher
irrigated yields. 

For each crop, averaging out over the whole
country, the yields for each grid cell give an esti-
mate of “attainable” national average yield for that
crop. These yields can be compared with actual
national average yields to form an idea of the phys-
ical/agronomic scope for yield growth compatible
with the country's agro-ecological endowments. In
principle, countries with similar attainable averages

Figure 11.1 Wheat yields (average 1996/2000)

Note: Twenty-two countries with a production of over 4 million tonnes in 1996/2000 accounting for about 90 percent of world wheat output in
1996/2000
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for any given crop and technology level may be
considered to be agro-ecologically similar for that
crop. Naturally, any two countries can have similar
attainable yields but for very different reasons, 
e.g. in some countries the limiting factors may be
temperature and radiation, in others soil and
terrain characteristics or moisture availability.
Nevertheless, the GAEZ average attainable yields
for any crop can be taken as a rough index of agro-
ecological similarity of countries for producing that
crop under specified conditions.

For example, France and Finland have actual
wheat yields of 7.1 tonnes/ha and 3.2 tonnes/ha,
respectively (averages 1996/2000). This gap does not
indicate that Finland has considerable scope for
raising yields towards those achieved in France,
because Finland's agro-ecology is much less suitable
for growing wheat than France’s. The GAEZ evalua-
tion suggests that the agro-ecologically attainable
yields in the two countries (i.e. controlling for 
agro-ecological differences) are 6.6 tonnes/ha and
3.7 tonnes/ha, respectively (rainfed wheat yields
under high inputs). By contrast, France and
Hungary are very similar as to their agro-ecological
environments for wheat growing since both have
agro-ecologically attainable yields of around 6.5
tonnes/ha. However, Hungary’s actual yield is only
3.9 tonnes/ha, compared with France’s 7.1 tonnes/ha.
The gap indicates that there is considerable agro-
nomic potential for yield growth in Hungary if a

host of other conditions (economic, marketing, etc.)
were to become closer to those of France. However,
this does not mean that it would be economically
efficient for Hungary to emulate France's overall
economic and policy environments in relation to
wheat, e.g. the high support and protection
afforded by the Common Agricultural Policy (CAP). 

Table 11.1 shows the agro-ecologically attain-
able national average wheat yields for more coun-
tries and compares them with actual prevailing
yields. These countries span a wide range of 
agro-ecological endowments for wheat production,
with some countries having a high proportion of
their “wheat land” in the very suitable category
(Uruguay) and others having high proportions in
the suitable and moderately suitable categories, 
e.g. Brazil, Paraguay and Sweden. Attainable
average yields in these countries range from 
7-7.5 tonnes/ha in Germany and Poland, through
5.0-5.8 tonnes/ha in the United States, Uruguay
and Sweden and 4.0-4.8 tonnes/ha in Turkey,
Russia, Canada, Australia, Argentina and Ethiopia,
to 3.0-3.4 tonnes/ha in Paraguay, Brazil and the
United Republic of Tanzania.

The divergence between economically efficient
and agro-ecologically attainable yields can be very
wide. For example, Uruguay and Sweden have
nearly equal agro-ecologically attainable yields
(5.0-5.3 tonnes/ha, although Uruguay has more
land suitable for wheat growing than Sweden) but

Figure 11.2 Maize yields (average 1996/2000)
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actual yields are 6 tonnes/ha in Sweden (in practice
exceeding what the GAEZ evaluation suggests as
attainable on the average) and 2.3 tonnes/ha in
Uruguay. In spite of Uruguay’s yields being a frac-
tion of those that are agro-ecologically attainable
and of those prevailing in Sweden, it is not neces-
sarily a less efficient wheat producer than Sweden
in terms of production costs. Other examples of
economically efficient wheat producers with low
yields in relation to their agronomic potential

include Australia (2.0 tonnes/ha actual versus 
4.2 tonnes/ha agro-ecologically attainable) and the
United States (2.7 tonnes/ha versus 5.8 tonnes/ha). 

The yield gap in relation to agronomic poten-
tial is an important element when discussing agro-
nomic potentials for yield growth. For the
countries in which we find large differences
between actual and attainable, it seems probable
that factors other than agro-ecology are respon-
sible. Yields in these countries could grow some

Area suitable for rainfed wheat Yields attainable Actual

Total % of area  Tonnes/ha Average 
by suitability class 1996/2000

Average Area Yield
mln ha VS S M VS S M all classes (mln ha) (tonnes/

ha)

Germany 16.9 42.5 39.2 18.3 9.0 7.1 5.2 7.6 2.7 7.3

Poland 17.6 26.6 51.0 22.5 8.7 7.2 5.1 7.1 2.5 3.4

Japan 6.4 31.0 39.7 29.3 8.9 7.0 5.1 7.1 0.2 3.4

Lithuania 5.5 1.3 72.1 26.7 8.2 7.3 5.3 6.8 0.3 2.8

Belarus 16.5 1.2 64.8 34.0 8.2 7.4 5.4 6.7 0.3 2.5

United Kingdom 11.9 4.0 70.6 25.4 8.4 7.2 4.8 6.7 2.0 7.8

France 24.6 26.0 45.6 28.4 8.4 6.7 4.7 6.6 5.2 7.1

Italy 7.6 31.0 46.9 22.2 8.6 6.2 4.0 6.5 2.4 3.2

Hungary 6.1 11.6 51.5 36.9 8.5 6.8 5.2 6.4 1.1 3.9

Romania 8.4 14.6 50.8 34.5 9.1 6.8 4.5 6.3 2.0 2.5

Latvia 5.4 5.8 64.1 30.1 6.6 6.8 4.9 6.2 0.2 2.5

Ukraine 30.8 15.3 40.5 44.2 8.9 6.9 4.6 6.2 5.9 2.5

United States 230.4 18.8 54.1 27.1 6.5 6.1 4.6 5.8 23.7 2.7

Uruguay 13.8 66.7 28.8 4.5 5.8 4.5 3.2 5.3 0.2 2.3

Sweden 4.3 0.0 54.8 45.2 0.0 5.7 4.2 5.0 0.4 6.0

Turkey 7.6 8.2 31.3 60.4 5.7 5.9 4.0 4.8 9.1 2.1

Russia 167.4 7.5 36.5 56.0 6.2 5.5 3.5 4.4 24.8 1.4

Canada 42.2 10.7 35.0 54.3 6.3 5.6 3.1 4.3 10.9 2.4

Australia 24.3 17.5 38.0 44.5 6.2 4.5 3.2 4.2 11.1 2.0

Argentina 61.1 22.7 45.5 31.8 5.3 4.3 3.1 4.2 6.0 2.4

Ethiopia 10.5 26.3 43.0 30.7 5.1 4.1 3.0 4.0 0.9 1.2

Paraguay 6.9 0.0 39.8 60.3 0.0 4.2 2.9 3.4 0.2 1.4

Brazil 24.4 8.8 32.6 58.6 4.5 3.7 2.9 3.3 1.4 1.8

Tanzania, 5.5 24.4 41.2 34.4 4.0 3.1 2.1 3.0 0.1 1.5
United Rep.

Myanmar 5.4 2.6 38.8 58.5 3.2 2.8 2.3 2.5 0.1 0.9

Table 11.1 Agro-ecological similarity for rainfed wheat production, selected countries

Note: Countries with predominantly rainfed wheat with over 5 million ha of land in the wheat suitability classes VS (very suitable), S (suitable) and MS
(moderately suitable) under high input. See Box 4.1 for an explanation of classes. All data on potentials exclude marginally suitable land which in the
GAEZ analysis is not considered appropriate for high-input farming.
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way towards bridging the gap between actual and
attainable if some of these factors could be
changed, e.g. if prices rose. We could then take the
countries with a sizeable “bridgeable” gap and see
their aggregate weight in world production of a
particular crop. If the weight is significant, then the
world almost certainly has significant potential for
increasing production through yield growth, even
on the basis of existing knowledge and technology
(varieties, farming practices, etc.).

Among the major wheat producers, only the
EU countries (the United Kingdom, Denmark,
France and Germany) have actual yields close to, or
even higher than, those attainable for their agro-
ecological endowments under rainfed high-input
farming. In all other major producers with
predominantly rainfed wheat production (11 coun-
tries) the gaps between actual and attainable yields
are significant. This is shown in Figure 11.3. These
11 countries account for 37 percent of world wheat
production. If we assumed that half of their yield
gap (attainable minus actual) were “bridgeable”,
their collective production could increase by some
60 percent without any increase in their area under
wheat – an increment equal to 23 percent of
current world output. Yield growth would also
occur in the other countries accounting for the 
rest of world production, including the major
producers with irrigated wheat not included in

those shown in Figure 11.3, such as China, India,
Pakistan and Egypt. All this is without counting the
potential yield gains that could come from further
improvement in varieties, since the agro-ecologi-
cally attainable yields of the GAEZ reflect the yield
potential of existing varieties.

Some states in India, such as the Punjab, are
often quoted as examples of areas where wheat and
rice yields have been slowing down or are even
reaching a plateau. Fortunately, India is one of the
few countries for which data at subnational level
and distinguished by rainfed and irrigated area are
available. Table 11.2 compares wheat and rice
yields by major growing state with the agro-ecolog-
ically attainable yields, taking into account irriga-
tion. It shows that, although yield growth has
indeed been slowing down, in most cases actual
yields are still far from agro-ecologically attainable
yields (with a few exceptions such as wheat in
Haryana). This suggests that there are still consid-
erable bridgeable yield gaps in India.

The discussion above gives an idea of the scope
for wheat production increases through the adop-
tion of improved technologies and practices to
bridge some of the gap that separates actual yields
from obtainable yields. The broad lesson of expe-
rience seems to be that if scarcities develop and
prices rise, farmers quickly respond by adopting
such technologies and increasing production, at

Figure 11.3 Wheat: actual and agro-ecologically attainable yields (rainfed, high input)

Note: Fifteen countries with a predominantly rainfed wheat production of over 4 million tonnes in 1996/2000.
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Yield Area Land Prod. Actual Maximum
under yield attainable

irrigation yield (AEZ)

Wheat 1972 1984 1993 1972 1986 1997 1995 1997 1997 Rainfed Irrigated  Weighted
/74 /86 /95 -85 -95 /98 /98 /98

kg/ha % p.a. mln % mln kg/ha
ha tonnes

India total 1 260 1 947 2 477 3.9 2.9 27.1 86 68.6 2 534 1 786 4 352 3 998

All states below 25.8 85 66.4 2 571

Uttar Pradesh 1 123 1 933 2 423 4.8 2.6 9.4 93 23.0 2 503 2 932 5 143 4 990

Punjab 2 280 3 263 3 993 3.4 2.5 3.3 97 13.6 4 093 1 994 5 661 5 544

Haryana 1 683 2 840 3 663 4.3 3.1 2.1 49 8.1 3 788 2 634 5 481 4 020

Madhya 773 1 147 1 660 3.6 3.9 4.6 71 7.8 1 684 1 008 3 824 2 996

Pradesh

Rajasthan 1 200 1 900 2 213 4.0 2.1 2.7 96 6.8 2 494 1 940 4 279 4 192

Bihar 875 1 593 2 060 6.6 3.5 2.1 88 4.5 2 165 1 401 4 113 3 798

Gujarat 1 673 2 000 2 280 2.2 1.9 0.7 81 1.7 2 400 877 3 173 2 737

Maharashtra 580 777 1 377 3.2 6.1 0.9 65 1.0 1 094 1 356 3 144 2 520

Rice (paddy) 1973 1984 1994 1973 1986 1998 1997 1998 1998 Rainfed Irrigated  Weighted
/75 /86 /96 -85 -96 /99 /99 /99

kg/ha % p.a. mln % mln kg/ha
ha tonnes

India total 1 630 2 215 2 830 2.2 2.6 44.0 51 126.4 2 871 2 516 8 161 5 395

All states below 40.5 50 116.1 2 867

West Bengal 1 725 2 305 3 090 1.5 3.0 5.9 26 19.9 3 374 4 105 8 051 5 147

Uttar Pradesh 1 195 2 030 2 815 3.7 3.2 5.8 64 17.8 3 080 2 133 8 322 6 088

Andra Pradesh 2 350 3 150 3 875 3.2 2.1 3.8 96 15.0 3 909 1 638 8 182 7 894

Tamil Nadu 2 810 3 205 4 855 0.6 2.7 2.3 93 11.3 4 870 2 066 8 188 7 741

Punjab 3 185 4 655 5 011 3.4 0.6 2.4 99 11.9 4 963 1 463 8 914 8 847

Bihar 1 310 1 590 1 980 0.1 1.4 5.1 41 10.3 2 022 3 611 8 214 5 489

Orissa 1 265 1 670 2 125 1.2 3.0 4.5 37 8.7 1 944 2 180 7 457 4 132

Madhya 1 000 1 405 1 725 1.2 2.5 5.4 24 7.4 1 385 1 450 7 905 2 973

Pradesh

Karnataka 2 635 2 850 3 570 1.2 3.2 1.4 68 5.1 3 678 1 916 8 131 6 136

Assam 1 500 1 650 2 015 0.7 2.5 2.5 21 5.0 2 028 6 426 7 733 6 700

Maharashtra 1 415 2 155 2 425 4.0 2.3 1.5 28 3.6 2 464 1 330 8 150 3 246

Note: 1 States in descending order of latest year production. Agro-ecological zone (AEZ) yields: rainfed under mixed inputs and irrigated under high
inputs. The weighted AEZ yield (last column) was derived by applying the percentage of land under irrigation as a weighting factor.

Source for data: India Department of Agriculture Cooperation: Statistics at a glance, March 2001.

Table 11.2 Wheat and rice yields in India, by state1
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least those living in an environment of not too diffi-
cult access to improved technology, transport infra-
structure and supportive policies. However, in
countries with land expansion possibilities, the
quickest response comes from increasing land
under cultivation, including shifting land among
crops towards the most profitable ones. Argentina’s
example is instructive: mostly from land expansion,
it increased wheat production by 68 percent in 1996
and maize production by 48 percent in 1997 and
another 25 percent in 1998, following price rises in
the immediately preceding years.

Countries use only part of the land that is suit-
able for any given crop. This does not mean that
land lies bare or fallow waiting to be used for
increasing production of that particular crop. In
most cases the land is also suitable for other crops
and in practice is used for other crops (see Box
4.2). The point made here is that the gap existing
between yields actually achieved and those obtain-
able under high-input technology packages affords
significant scope for production increases through
yield growth, given conducive socio-economic
conditions, incentives and policies. The point is not
that production increases can be obtained by
expanding cultivation into land suitable for a
particular crop, because such land may not be
available if it is used for other crops. 

Moreover, even if there probably is sufficient
slack in world agriculture to support further
increases in global production, this is small consola-
tion to food-insecure people who depend for their
nutrition on what they themselves produce. Such
people often live in semi-arid agricultural environ-
ments where the slack for increasing production
can be very limited or non-existent. The fact that
the world as a whole may have ample potential to
produce more food is of little help to them.

The preceding discussion may create the
impression that all is well from the standpoint of
potential for further production growth based on
the use of existing varieties and technologies to
increase yields. Nothing is further from the truth,
for two main reasons:
! Exploitation of the yield gaps as defined in the

preceding discussion means further spread of
the conventional high external input technolo-
gies, which is precisely what we should be trying
to mitigate if we are to avoid aggravation of the
related environmental problems.

! Perhaps more important from the standpoint of
meeting future demand, ready potential for
yield growth does not necessarily exist in the
countries where the additional demand will be,
e.g. in the mature green revolution areas of
India and other developing countries. When
potential demand is in countries with limited
import capacity, as is the case in many devel-
oping countries, such potential can be expressed
as effective demand only if it can be predomi-
nantly matched by local production. As noted in
Chapters 2 and 8, increases in local production
in these countries, in addition to adding to food
supplies, stimulate the demand for food because
they create employment and incomes and stim-
ulate the wider rural economy. In such circum-
stances, the existence of large exploitable yield
gaps elsewhere (e.g. in Argentina or Ukraine) is
less important than it appears for the evaluation
of potential contributions of yield growth to
meeting future demand.

It follows that continued and intensified efforts
are needed on the part of the agricultural research
community to raise yields (including through
maintenance and adaptive research) in the often
unfavourable agro-ecological and socio-economic
environments of the countries where the additional
demand will be. It is thought (see below) that
biotechnology will play an important role here, as
it has the potential to be a more efficient instru-
ment than conventional plant breeding for over-
coming constraints inherent in such environments
(semi-aridity, susceptibility to pest infestations, etc.;
see Lipton, 1999).

11.2 Technologies in support of
sustainable agriculture

Various approaches have been developed in the
past few decades to minimize the environmentally
detrimental effects of agricultural production.
Among the foremost of these are integrated pest
management (IPM), Integrated Plant Nutrient
Systems (IPNS) and no-till/conservation agricul-
ture (NT/CA). Rather than as isolated technologies
they should be seen as complementary elements of
sustainable agriculture. 

The conventional model of agricultural devel-
opment stresses increased production and intensi-
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fication through progressively specialized opera-
tions. By contrast, the approaches discussed in this
section seek to meet the dual goals of increased
productivity and reduced environmental impact.
They do this through diversification and selection
of inputs and management practices that foster
positive ecological relationships and biological
processes within the entire agro-ecosystem. With
the help of participatory research and extension
approaches, the principles of these technologies
can be developed further into location-specific
sustainable resource management systems. Even
though each of these three approaches has some
distinct features, many of the specific technologies
used are, to various degrees, found in all of the
approaches discussed in this section. 

Sustainable agriculture is not a concretely
defined set of technologies, nor is it a simple model
or package that can be widely applied or is fixed
over time. The lack of information on agro-ecology
and the high demand for management skills are
major barriers to the adoption of sustainable agri-
culture. For example, much less is known about
these organic and resource-conserving technolo-
gies than about the use of external inputs in
modernized systems.

11.2.1 Integrated pest management

Crop, forestry and livestock production systems
throughout the world suffer losses caused by
diseases, weeds, insects, mites, nematodes and other
pests. The intensification of farming, forestry and
livestock production favours pest buildup, and the
high-yielding varieties and breeds utilized are often
more susceptible to pests than traditional ones. The
impact of many of these problems can be reduced
with the help of pesticides but at a cost, including
negative health and environmental effects. Because
most chemical pesticides are hazardous to human
health and toxic to many non-target organisms,
there are potential hazards associated with their
manufacture, distribution and application, particu-
larly if pesticides are misused (GTZ, 1993). These
hazards include exposure during handling or appli-
cation, pesticide residues in or on foodstuffs, pollu-
tion of the environment (soil, groundwater, surface
waters and air) and killing of non-target organisms.
Because of the disruption of natural enemies, there
has been a resurgence of existing pests and an

outbreak of new ones. Almost all economically
significant pests are already resistant to at least one
chemical pesticide. 

The goal of IPM is to avoid or reduce yield
losses by pests while minimizing the negative
impacts of pest control. The term IPM was origi-
nally used to describe an approach to pest control
with the primary aim of reducing the excessive use
of pesticides while achieving zero pest incidence.
The concept has broadened over time. Today IPM
can best be described as a decision-making and
action-oriented process that applies the most
appropriate pest control methods and strategy to
each situation. To ensure the success of this
process, the presence and density of pests and their
predators and the degree of pest damage are
systematically monitored. No action is taken as long
as the level of the pest population is expected to
remain within specified limits. 

IPM promotes primarily biological, cultural and
physical pest management techniques, and uses
chemical ones only when essential. Naturally occur-
ring biological control is encouraged, for example
through the use of alternate plant species or vari-
eties that resist pests, as is the adoption of land
management, fertilization and irrigation practices
that reduce pest problems. If pesticides are to be
used, those with the lowest toxicity to humans and
non-target organisms should be the primary option.
Precise timing and application of pesticides are
essential. Broad spectrum pesticides are used only
as a last resort when careful monitoring indicates
they are needed according to pre-established guide-
lines. This broader focus, in which judicious fertil-
izer use is also receiving attention (see the next
section), is also referred to as integrated production
and pest management (IPPM).

The Centre for Research and Information on
Low External Input for Sustainable Agriculture
distinguishes three stages in the development of
IPM (IPMEurope Web site, 2002). In the first stage,
the concept of pest population thresholds and
targeted pests was introduced. Later, diseases and
weeds were added to address more comprehen-
sively the many crop protection problems that
farmers face. In the second stage, crop protection
was integrated with farm and natural resource
management. Indigenous knowledge and tradi-
tional cropping practices were studied and adapted,
while proper natural resource management became
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important because of the role of biodiversity in
biological control. A whole-farm approach was thus
adopted and integrated crop management prac-
tised to solve the conflicting needs of agricultural
production and the environment. 

In the third stage came the integration of the
natural and social sciences. Most IPM projects now
develop around a dynamic extension model, the
farmer field school (FFS), which emphasizes
farmers’ ability to experiment and draw conclu-
sions, and enhances their ability to make decisions.
The knowledge base has been expanded for a wide
range of crops both in terms of new technologies
and ecological aspects. Much of this IPM knowledge
has still not reached the farm level and lacks site-
specific adaptation.

Experience shows that IPM has economic and
other benefits for farmers and farm households.
However, national policy frameworks in many
developing countries have tended to strongly
favour pesticide use through subsidies that
distorted prices. Because of this, alternative pest
control measures, even where successful techni-
cally, are often not financially competitive and
farmers are reluctant to adopt them. In addition,
generally weak extension services lack the capacity
for the intensive educational programmes needed
to familiarize and train farmers in the use of IPM
practices.

In spite of these problems, IPM has been intro-
duced successfully in many countries and for many
different crops such as rice, cotton and vegetables.
In Cuba, IPM has been integrated successfully into
organic farming. Where farmers have had no
previous access to chemical pesticides, the intro-
duction of plant protection based on IPM is the
preferred option to avoid financially and environ-
mentally costly overdependence on pesticides. 

IPM applied to rice has shown good to dramatic
improvements in production, in some cases simulta-
neously reducing costs. Human capacities and
networks developed for rice will continue to provide
support for new initiatives. Combined with the
proven successes, they will promote the introduction
of IPM in other crops or cropping systems, particu-
larly vegetables and cotton. Unfortunately, a quanti-
tative evaluation of the uptake in terms of hectares
covered and reduced pesticide use is only available
for a few projects, making a global or regional esti-
mate of its present and future use impossible.

11.2.2 Integrated Plant Nutrient Systems 

Any agricultural crop production – extensive or
intensive, conventional or organic – removes plant
nutrients from the soil. Nutrient uptake varies
according to soil types and the intensity of produc-
tion. An increase in biomass production results in a
higher plant nutrient uptake. Imbalance in the
availability of nutrients can lead to mining of soil
reserves of nutrients in short supply and to losses of
plant nutrients supplied in excess. Insufficiency of
one plant nutrient can limit the efficiency with
which other plant nutrients are taken up, reducing
crop yields. For a farming system to be sustainable,
plant nutrients have to be replenished. The
nutrient mining that is occurring in many devel-
oping countries is a major but often hidden form of
land degradation, making agricultural production
unsustainable.

IPNS aim to maximize plant nutrient use effi-
ciency by recycling all plant nutrient sources within
the farm and by using nitrogen fixation by legumes
to the extent possible. This is complemented by the
use of external plant nutrient sources, including
manufactured fertilizers, to enhance soil produc-
tivity through a balanced use of local and external
sources of plant nutrients in a way that maintains
or improves soil fertility (FAO, 1998e). At the same
time IPNS aim at minimizing plant nutrient losses
to avoid pollution of soils and water and financial
losses to the farmer. 

At the plot level, IPNS are designed to optimize
the uptake of plant nutrients by the crop and
increase the productivity of that uptake. At the farm
level, IPNS aim to optimize the productivity of the
flows of nutrients passing through the farming
system during a crop rotation. The decision to
apply external plant nutrients is generally based on
financial considerations but is also conditioned by
availability and perceived production risks.

Advice on quantities of nutrients to be applied
may be based on empirical results from experi-
ments in farmers' fields, which provide information
on the impact of combined nutrient applications,
timing of nutrient supply and sources of nutrients
on crop yields. In the absence of such detailed
information, knowledge of the quantities of nutri-
ents removed by crops at the desired yield level
provides a starting-point for estimating nutrient
requirements.
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Improved plant nutrition management will be
important for environmentally and economically
sustainable crop production, be it conventional or
organic. However, the rate of spread of IPNS and
their implications for the use of mineral fertilizers in
agricultural production cannot be predicted in isola-
tion. Precise management of fertilizer use can raise
efficiency by 10 to 30 percent and should therefore
be included in all production systems aiming for
sustainability, even if they do not emphasize IPNS. 

11.2.3 No-till/conservation agriculture

By far the largest extent of agricultural land
continues to be ploughed, harrowed or hoed
before every crop. These conventional tillage
practices aim to destroy weeds and loosen the
topsoil to facilitate water infiltration and crop
establishment. This recurring disturbance of the
topsoil buries any soil cover and may destabilize
the soil structure so that rainfall can cause soil
dispersion, sealing and crusting of the surface. An
additional problem of conventional tillage is that
it often results in compacted soils, which nega-
tively affect productivity.

This negative impact of soil tillage on farm
productivity and sustainability, as well as on environ-
mental processes, has been increasingly recognized.
In response to the problem, no-till/conservation agri-
culture (NT/CA) has been developed. NT/CA main-
tains and improves crop yields and resilience against
drought and other hazards, while at the same time
protecting and stimulating the biological functioning
of the soil. Various terms are used for variants of
NT/CA in different countries, depending on the
perceived importance of one or another aspect of the
approach: zero tillage; minimum or low tillage;
plantio directo na palha (direct planting in straw);
siembra directo permanente (permanent direct seeding);
and conservation tillage. 

The essential features of NT/CA are: minimal
soil disturbance restricted to planting and drilling;
maintenance of a permanent cover of live or dead
vegetal material on the soil surface; direct sowing;
crop rotation combining different plant families
(e.g. cereals and legumes); adequate biomass
generation; and continuous cropland use. In some
countries the above-mentioned systems might lack
some essential features of NT/CA and will therefore
not have the same beneficial effects.

Soil cover is needed to protect the soil from the
impact of rainfall, which would destroy the porosity
of the soil surface, leading to runoff and erosion.
Crops are seeded or planted through this cover
with special equipment or in narrow cleared strips.
Direct planting or seeding is linked with NT/CA,
since any more general tillage would bury most 
or all of the vegetal cover. Crop sequences are
planned over several seasons to minimize the
buildup of pests or diseases and to optimize plant
nutrient use by synergy among different crop types
and by alternating shallow-rooting crops with
deep-rooting ones. When the same crop or cover
crops are repeated on the same piece of land each
year, NT/CA is an imperfect and incomplete
system, because diseases, weeds and pests tend to
increase and profits tend to decrease (Derpsch,
2000). The cropland is being used continuously
and no burning of residues is allowed. 

Besides protecting the soil against erosion and
water loss by runoff or evaporation, the soil cover
also inhibits the germination of many weed seeds,
minimizing weed competition with the crop. After
the first couple of years of NT/CA on a field, the
stock of viable weed seeds near the soil surface
usually declines, often to the point where weed
incidence becomes minor, with remnant popula-
tions at scattered spots in the field. In the first few
years, however, herbicides may still need to be
applied. Systems without continuous soil cover or
crop rotation may not even reduce the incidence of
weed in the long term (e.g. wheat monoculture in
the United States). 

After a number of years, yields have often risen
to some 20 to 50 percent higher than what they
were before under conventional procedures. The
yields also become less variable from year to year.
Labour costs can be significantly lower, and labour
demand is distributed much more evenly over the
year. Input costs are lower as well, particularly for
machinery once the initial investments have been
made. In mechanized farming less fuel is needed
and smaller tractors can be used or fewer draft
animals are needed for a given area; in areas
without these power sources, the heavy manual
work preparatory to crop establishment is drasti-
cally reduced (see also Section 4.6.2). 

There are several reasons, however, for the
continued dominance of conventional tillage-based
agriculture. There is a natural reluctance to change
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approaches that have been working in past years or
for decades. Conventional wisdom on the benefits of
ploughing and a lack of knowledge on the resulting
damage to the soil system tend to maintain plough-
based agriculture. Also, the transition to NT/CA is
not free of cost, nor particularly simple. During the

transition years, there are extra costs for tools and
equipment. Higher weed incidence may increase
herbicide costs initially and the yields and resilience
against drought will improve only gradually. 

A more important impediment to the successful
introduction of NT/CA is probably the required

Box 11.1  No-till development support strategy: the Brazil experience

Large-scale expansion in Brazil to the current more than 10 million ha started in about 1980, after small and
local initiatives during the 1960s. Large farmers used methods and equipment first from the United States and
later from local manufacturers. Small farmers, with animal or small mechanical draught power, followed more
than a decade later. During this period, small manufacturers together with innovative farmers designed smaller
prototypes and started producing and marketing equipment adapted to small farms, including knife rollers to
manage crop residues and combined direct seeders/fertilizer applicators.

The success of NT/CA in Brazil cannot be attributed to technical parameters alone. In conjunction with
technical innovation, an effective participatory approach to adaptive research and technology transfer was
adopted that tied farmers into a development strategy suited to their specific requirements. Institutional support
was demand driven and concentrated on training and education that equipped participating farmers with the
skills to adapt and refine NT/CA on their own farms. The cornerstones of the development support strategy were:

! close collaboration between researchers, extensionists, the private sector and farmers for the develop-
ment, adoption and improvement of NT systems;

! onfarm trials and participatory technology development;

! strengthening of farmers’ organizations; creation of local “Friends of the Land Clubs” where farmers
exchange information and experiences and improve their access to extension and other advisory services
as well as input and output marketing;

! close cooperation with existing and new cooperatives concentrating primarily on marketing and training
for vertical diversification into livestock and processing;

! aggressive dissemination strategy of technical, economic and environmental information through the
media, written documents, meetings and conferences – controlled and managed by producers’ organi-
zations (Friends of the Land Clubs) with emphasis on farmer-to-farmer exchange of experiences;

! the national NT farmers’ organization FEBRAPDP played a significant role in advocating and supporting
the promotion of NT/CA on large and small farms. As NT systems are complex to manage and require
efficient farm management, training in record-keeping and a holistic understanding of farming systems’
dynamics have been an integral aspect of support to small farmers;

! private-public partnerships; agro-input companies (Zeneca and Monsanto) supported demonstration
projects in large and small farms through the provision of inputs and extension services;

! targeted subsidies; short-term subsidies played a significant part in supporting small farmer adoption of
NT practices. In Paraná much of the hand-held or animal-drawn equipment was acquired with financial
support from the state in the context of development programmes (mainly World Bank). Subsidized or
free equipment is still made available to groups of farmers. Apart from economic constraints to adoption,
the rationale for public subsidies has been the generation of offsite benefits from NT adoption. In some
instances, private companies provided equipment for small farmers;

! integration of crops and livestock; special attention has been paid to the incorporation of crops and live-
stock (including poultry, hog and fish farming). A particular challenge is the development of rotational
grazing patterns on cover crops, which do not jeopardize the sustainability of NT systems;

! incorporation of environmental considerations; correcting watershed degradation (e.g. soil erosion,
pollution of streams and lakes and road damage) was a key reason for the adoption of NT farming prac-
tices. Environmental awareness raising among farmers also resulted in central facilities for the disposal of
pesticide containers, household sanitation and recovery of gallery forests.

Source: Evers and Agostini (2001).
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complex management skills. Any production
system that includes crop rotation (see also Section
11.3 on organic agriculture) is more complex as it
calls for coherent management over more than one
or two crop seasons. Farmers will need to under-
stand the new system and the reasons for the various
procedures, and adapt them to their specific needs
and conditions to balance crop rotation with 
market requirements. In mixed agriculture-live-
stock systems, practices such as stall-feeding or
controlled grazing will need to replace free grazing
on harvested fields.

NT/CA farmers appear to be keen to learn and
embrace new developments (Derpsch, 2000).
Being acquainted with more holistic management
approaches to farming, many NT/CA farmers have
introduced aspects of organic agriculture or
converted entirely to organic agriculture where a
market for organic products exists. On the other
hand, some organic farmers have successfully
adopted NT farming. Moreover, NT/CA farmers
have also been faster adopters of IPM approaches
than conventional ones (Pieri et al., 2002).

The initial introduction of NT/CA in a new
area, its adaptation to the environmental, social
and economic conditions and its validation and
demonstration in representative farms depend
partly on the people involved. They require the
determined and sustained efforts of competent,
innovative governmental or non-governmental
organizations and an active learning attitude of
some of the most change-minded farmers and
farmers’ groups as well as the extension staff. Once
NT/CA has been shown to work well on several
farms in a given environment, the practices tend to
spread spontaneously over large areas. Farmers
need professional contacts with each other and
local manufacturers need to be in a position to
supply the necessary tools and equipment. During
the initial phase many farmers will need some
financial support in the form of loans or grants.

Some or all elements of NT/CA have been
applied by farmers so far on between 50 and 
60 million ha worldwide. Almost half of this is in
the United States, where the area under zero tillage
tripled over the last decade to about 23 million ha
(USDA, 2001e), responding to government conser-
vation requirements and to reduce fuel costs. But a
considerable share of this is under monoculture
and misses two essential features, namely full soil

cover and adequate crop rotation, and cannot
therefore be classified as NT/CA. In Paraguay
about half of all the cropped land is under
elements of NT/CA, mainly zero tillage. The area
increased from about 20 000 to almost 800 000 ha
between 1992 and 1999 because the government
assisted by sharing part of the initial costs of
conversion.

The spread of NT/CA approaches in the next
three decades is expected to be considerable but, in
addition to the constraints mentioned above,
expansion will for several reasons vary widely
across countries. Investment is needed to restore
nutrient-depleted soils before crop residues can be
produced in adequate amounts to satisfy the needs
of livestock and maintain a soil cover. In arid areas
without irrigation, the amounts of crop residues
generally will not be sufficient for effective NT/CA
systems. In some countries, established extension
services or staff have been actively discouraging
farmers from converting to NT/CA, while in others
the scientific or extension institutes are not able to
initiate the onfarm experiments needed to adapt
and validate NT/CA systems locally. Even under
favourable circumstances, it can take years before
the new production system is widely known,
understood and appreciated. A further ten years
might be needed for its practical application over a
large part of the country or a major farming system
area (for example, the South Asian rice-wheat area,
or the Brazilian cerrados).

11.3 Organic agriculture

Organic agriculture is a production management
system that aims to promote and enhance
ecosystem health, including biological cycles and
soil biological activity (Box 11.2). It is based on
minimizing the use of external inputs, and repre-
sents a deliberate attempt to make the best use of
local natural resources. Methods are used to mini-
mize pollution of air, soil and water (FAO/WHO,
1999), although they cannot ensure that products
are completely free of residues, because of general
environmental pollution. Organic agriculture
comprises a range of land, crop and animal
management procedures. Unlike food labelled as
“environmentally friendly”, “natural” or “free-
range”, organic agriculture is circumscribed by a
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set of rules and limits, usually enforced by inspec-
tion and certification mechanisms. Other terms
used, depending on the language, are “biological”
or “ecological”. “Biodynamic” refers to commodi-
ties that are produced according to organic and
other additional requirements. 

Synthetic pesticides, mineral fertilizers, synthetic
preservatives, pharmaceuticals, GMOs, sewage
sludge and irradiation are prohibited in all organic
standards. Plant nutrient or pesticide inputs
derived directly from natural sources are generally
allowed, as is a minimum of pretreatment before
use (water extraction, grinding, etc.). Industrially
produced pesticides, for example, may not be
applied in organic agriculture, but an extract of
neem (Azadirachta indica) leaves, which have
biocidal properties, is currently allowed. 

Most industrial countries, but few developing
countries, have national organic standards, regula-
tions and inspection and certification systems that
govern the production and sale of foods labelled as
“organic”. At the international level, the general
principles and requirements applying to organic
agriculture are defined in the Codex guidelines
(FAO/WHO, 1999) adopted in 1999. The growing
interest in organic crop, livestock and fish products
is mainly driven by health and food quality
concerns. However, organic agriculture is not a
product claim that organic food is healthier or
safer, but rather a process claim intending to 

make food production and processing methods
respectful of the environment. 

Organic agriculture, broadly defined, is not
limited to certified organic farms and products
only. It also includes non-certified ones, as long as
they fully meet the requirements of organic agri-
culture. This is the case for many non-certified
organic agricultural systems in both developing
and industrial countries where produce is
consumed locally or sold directly on the farm or
without labels. The extent of these systems is diffi-
cult to estimate since they operate outside the certi-
fication and market systems (El-Hage Scialabba and
Hattam, 2002).

Organic practices that encourage soil biological
activity and nutrient cycling include: manipulation
of crop rotations and strip cropping; green
manuring and organic fertilization (animal manure,
compost, crop residues); minimum tillage or zero
tillage; and avoidance of pesticide and herbicide
use. Research indicates that organic agriculture
significantly increases the density of beneficial
invertebrates, earthworms, root symbionts and
other micro-organisms (fungi, bacteria) (FiBL,
2000). Properly managed organic agriculture
reduces or eliminates water pollution and helps
conserve water and soil on the farm. Some coun-
tries (e.g. France and Germany) compel or subsi-
dize farmers to use organic techniques as a solution
to nitrate contamination in groundwater. 

Box 11.2  What is an organic production system designed to do?

! Enhance biological diversity within the whole system.

! Increase soil biological activity.

! Maintain long-term soil fertility.

! Recycle wastes of plant and animal origin in order to return nutrients to the land, thus minimizing the use

of non-renewable resources.

! Rely on renewable resources in locally organized agricultural systems.

! Promote the healthy use of soil, water and air as well as minimize all forms of pollution that may result from

agricultural practices.

! Handle agricultural products with emphasis on careful processing methods in order to maintain the organic

integrity and vital qualities of the product at all stages.

! Become established on any existing farm through a period of conversion, the appropriate length of which

is determined by site-specific factors such as the history of the land and the type of crops and livestock to

be produced.

Source: FAO/WHO (1999).
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11.3.1 Land under organic management

Growth rates of land under organic management are
impressive in western Europe, Latin America and
the United States. Between 1995 and 2000, the total
area of organic land tripled in western Europe and
the United States. In the United States, land under
certified organic agriculture has been growing by 
20 percent p.a. since 1989, while in western Europe
average annual growth rates have been around 
26 percent since 1985 (with greatest increases since
1993). In 1999 alone, the United Kingdom experi-
enced a 125 percent growth of its organic land area.
However, these dramatic increases must be viewed
against the small starting base levels. In some cases
they may reflect a reclassification of land rather than
an actual switch in farming systems.

Policy measures were instrumental in persuading
small farmers to convert to organic farming by
providing financial compensation for any losses
incurred during conversion. The guidelines estab-
lished by the organic agriculture community in the
1970s were formalized by national and suprana-
tional legislation and control systems (e.g. first in
Denmark in 1987, followed in 1992 by Australia
and the EU: Reg. no. 2092/91). The role of organic
agriculture in reaching environmental policy objec-
tives, including sustainable use of land set-aside
(Lampkin and Padel, 1994), led to the adoption of
agri-environmental measures that encourage
organic agriculture (e.g. the 1992 reform of the
Common Agricultural Policy and accompanying
EU Reg. no. 2078/92). 

The estimates given below are derived from a
compilation of available information by the
Foundation Ecology and Agriculture (SÖL) in
Germany. In the absence of a statistical database on
organic agriculture in FAO, this is the most
comprehensive source available (Willer and
Yussefi, 2002). SÖL reports a global area of land
under certified organic agriculture of 15.8 million
ha of which 48.5 percent are located in Oceania
(Australia 7.7 million ha); 23.5 percent in Europe
(with Italy having the highest area, nearly 1 million
ha); 20 percent in Latin America (with Argentina
having 3 million ha); 7.4 percent in North America
(United States nearly 1 million ha); 0.3 percent in
Asia; and 0.1 percent in Africa. 

With 3 million ha, Argentina accounts for
more than 90 percent of the certified organic land

in Latin American countries and has the second
largest area of organically managed land in the
world after Australia. In both countries, however,
most of this is grassland. Because of the large size
of organic ranches in the pampas, the average size
of organic farms is 3000 ha in Argentina. Some 
85 percent of Argentina’s organic production is
exported.

In 2000, agricultural land under certified
organic management averaged 2.4 percent of total
agricultural land in western Europe, 1.7 percent
in Australia, 0.25 percent in Canada and 0.22
percent in the United States. In most developing
countries, agricultural land reported under certi-
fied organic production is minimal (less than 
0.5 percent of agricultural lands). However, some
traditional farms in developing countries have
adopted modern organic management to improve
their productivity, especially in areas where pesti-
cides and fertilizers are inaccessible. The extent of
such non-market organic agriculture is difficult 
to quantify but some attempts have been made.
The Ghanaian Organic Agriculture Network, for
example, estimates that there are around 250 000
families in South and East Africa farming around
60 million ha on an organic basis. Anobah (2000)
estimates that over one-third of West African agri-
cultural produce is produced organically. 

A number of industrial countries have action
plans for the development of organic agriculture.
Targets are set for the sector’s growth and
resources are allocated to compensate farmers
during, and sometimes after, the conversion
period, and to support research and extension in
organic agriculture. For example, the United
Kingdom increased the budget of the Organic
Farming Scheme to support conversion to organic
agriculture by 50 percent for 2001-02 (£20 million
per year) and allocations in the United States for
the organic sector include US$5 million for
research in 2001. India and Thailand have estab-
lished their own organic standards to facilitate
exports and to satisfy domestic demand. China,
Malaysia and the Philippines are at present
working towards establishing national standards.

11.3.2 Yields and profitability

Typically, farmers experience some loss in yields
after discarding synthetic inputs and converting



their operations from conventional, intensive
systems to organic production. Before restoration
of full biological activity (e.g. growth of soil biota,
improved nitrogen fixation and establishment of
natural pest predators), pest suppression and
fertility problems are common. The degree of yield
loss varies and depends on inherent biological
attributes of the farm, farmer expertise, the extent
to which synthetic inputs were used under
previous management and the state of natural
resources (FAO, 1999h). It may take years to
restore the ecosystem to the point where organic
production is economically viable. 

Transition to organic management is difficult
for farmers to survive without financial compensa-
tion, especially in high intensive input agriculture
and in degraded environments. After the conver-
sion period, organic agriculture achieves lower
yields than high external input systems.
Depending on the previous management level of
specialization, yields can be 10 to 30 percent lower
in organic systems, with a few exceptions where
yields are comparable in both systems. In the
medium term, and depending on new knowledge,
yields improve and the systems’ stability increases.
In the longer term, performance of organic agri-
culture increases in parallel with improvements in
ecosystem functions and management skills. 

Yields do not usually fall, however, when conver-
sion to organic agriculture starts from low-input

systems (often traditional) that do not apply soil-
building practices. A study from Kenya indicates
that, contrary to general belief, organic agriculture
in the tropics is not constrained by insufficient
organic material (to compensate for the non-use or
reduced use of external inputs), but instead shows a
good performance (ETC/KIOF, 1998).

As discussed in Chapter 4, average fertilizer
consumption will rise in developing countries. The
average figure masks, however, that for many (espe-
cially small) farmers the purchase of manufactured
fertilizers and pesticides is and will continue to be
constrained by their high costs relative to output
prices or simply by unavailability. Organic agricul-
ture emphasizes understanding and management of
naturally occurring production inputs (such as farm-
yard manure, indirect plant protection and own seed
production) as an alternative to enhance yields. It
will not be possible for organic agriculture to attain
the high yields achieved with the use of synthetic
inputs in high-potential areas. But organic manage-
ment offers good prospects for raising yields and 
the sustainability of farming in resource-poor and
marginal areas, and can raise the productivity of
traditional systems while relying on local resources
(Pretty and Hine, 2000).

For example, India is collecting nationwide
information regarding the experiments being
carried out in organic agriculture, with a view to
reintroducing it as part of its traditional “rishi
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Figure 11.4 Farm area under certified organic management

Source: Willer and Yussefi (2002).
Note: Australia (7.7 million ha) and Argentina (3 million ha) are not included in this graph because most of the organic land is extensive grassland
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agriculture”. In Latin America, hundreds of 
thousands of indigenous farmers along the Andes
have turned to the organic movement to reinstate
sophisticated agricultural practices developed by
the Incas. Individual small family vegetable plots
and groups/associations managing organic
produce for domestic urban markets and small
informal fairs are widespread. Cuba adopted
organic agriculture as part of its official agricul-
tural policy, with investments in research and
extension, to compensate for shortages in
external inputs. In 1999 (non-certified) organic
urban agriculture (in self-provision gardens,
raised container beds and intensive gardens)
produced 65 percent of the country’s rice, 46 percent
of fresh vegetables, 38 percent of non-citrus fruit,
13 percent of roots, tubers and plantains and 
6 percent of eggs (Murphy, 2000).

In organic systems, external inputs such as
fertilizers, herbicides and machinery are replaced
by labour, most often increasing women’s work.
Labour can either be a major constraint to organic
conversion, or an employment provider to rural
communities. Often the introduction of organic
agriculture shifts gender distribution of labour as
men prefer to be involved with mechanized agri-
culture. Women rarely own land and are
dependent on access to common property. Since
access to credit frequently requires land as collat-
eral, women (and landless people) are largely
excluded from the formal credit market. As a
result, women seek methods that require little
external inputs. Organic agriculture facilitates
women’s participation as it does not rely on finan-
cial inputs and access to credit. 

The economic performance of organic agricul-
ture in industrial countries (mainly in Europe) is
determined by financial support from govern-
ments, premium prices for produce and high
labour costs. An extensive analysis of European
farm economics in terms of labour use, yields,
prices, costs and support payments, concludes that
profits on organic farms are, on average, compa-
rable to those on conventional farms (Hohenheim,
2000). However, only a few studies have assessed
the long-term profitability of organic agriculture.
Profitability of organic systems relates to whole-
farm production (total production of a variety of
species and not single crop yields) over the entire
rotation period. This includes both marketed

products and non-food production (to feed
animals and soils). Incomes achieved over a given
season may appear high because of price
premiums when excluding the low profits over
rotational seasons. Supply constraints faced by
organic farmers, which are expected to increase if
the sector expands, include the provision of
adequate organic inputs such as organic seeds (e.g.
GMO-free), natural pest enemies and mineral
rocks (e.g. rock phosphate). 

An increased organic food supply above a
certain level would lead to a decline in premium
prices. A study for Denmark (SJFI, 1998) concludes
that the primary agricultural sector income may
not fall if fewer than 25 percent of Danish farmers
were to adopt organic methods. Most countries are
far below such a threshold. 

11.3.3 Demand for organic products

On the demand side, promotion and marketing
strategies of retailers and supermarkets, in partic-
ular of major food-retailing chains, have created
new market opportunities for organic agriculture in
industrial countries. Food-retailing chains, which
also stock and promote organic foods as a tool to
improve their public image, account for a major
share of the retail markets for fresh as well as
processed organic foods. Concerns about growth-
stimulating substances, GM food, dioxin-contami-
nated food and livestock epidemics (such as bovine
spongiform encephalopathy) have given further
impetus to organic food demand as consumers
increasingly question the safety of conventional
foods. The most recent outbreak of foot-and-mouth
disease has added to concerns over the soundness of
industrial agriculture. Several governments have
responded with declarations of targets for the
expansion of organic production. Many consumers
perceive organic products as safer and of higher
quality than conventional ones. These perceptions,
rather than “science”, drive the market.

The market opportunities arising from these
concerns have also opened possible niche markets
for developing country exporters. Major industrial
countries’ markets offer good prospects for
suppliers of organic products that are not produced
domestically (e.g. coffee, tea, cocoa, spices, sugar
cane and tropical fruit) as well as off-season prod-
ucts (such as fruit and vegetables) and processed
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foods. Liberalization and privatization policies in
developing countries open the way for a greater
role for organic entrepreneurs and producers’
organizations. Markets for value-added products
such as organic commodities can help counterbal-
ance falling commodity prices and withdrawal of
government support for agricultural inputs and
other services. Price premiums range from 10 to 
50 percent over prices for non-organic products.
There is also government support for organic
exports. Examples include the organic coffee
programme of the Coffee Development Authority
in Uganda; the promotion of organic exports by
India’s Ministry of Commerce; and support by the
Argentinean government for the export of over 
80 percent of the country’s organic produce.

The size of domestic organic production is not
necessarily related to the importance of organic
markets. Australia, which has the world’s largest
area of organic land, most of which is grassland, has
a market of US$170 million of organic food retails.
Japan, on the other hand, which has only 5 000 ha
of organic lands, is the second largest world organic
market (US$2.5 billion of retail sales in 2000). The
largest markets of organic foods are in western
European countries (Germany being the most
important market at present), Japan and the United
States. The UNCTAD/WTO International Trade
Centre (ITC, 1999) estimated retail sales of organic
foods in the largest markets at US$20 billion in
2000, of which US$8 billion in Europe and the
United States each, and US$2.5 billion in Japan.

In spite of dramatic growth rates, sales of
organic agricultural products in industrial coun-
tries in 2000 represented less than 2 percent of
total food sales at the retail level. However, in
particular countries and for particular products,
the market share of organic agricultural products
can be appreciably larger. Organic food sales in
Germany are 3 to 4 percent of total sales, while
individual commodities such as organic milk prod-
ucts have over a 10 percent market share, with the
figure for organic ingredients in baby foods in the
range of 80 to 90 percent. Organic coffee, which
accounts for 0.2 percent of world coffee consump-
tion, accounts for 5 percent of the United States
coffee market (Vieira, 2001). Some 100 developing
countries produce organic commodities in
commercial quantities, most of which are exported
to industrial countries. Where they exist, devel-

oping countries’ organic markets are still very
limited and food is sold mainly in specialized stores
in large cities. ITC (1999) estimates an annual sales
growth of organic food between 10 and 40 percent
over the medium term, depending on the market.
Thus, organic food retail sales could grow from an
average of 2 percent of total sales in 2000 to a share
of 10 percent in major markets in a few years.

11.3.4 Long-term prospects for organic
agriculture 

The future growth of organic agriculture will
depend more on supply constraints than on devel-
opments in demand, at least over the medium
term. The tendency so far has been for the rate of
demand growth to outstrip the rate of growth in
available supplies. Developing countries are just
starting to benefit from organic market opportuni-
ties but present conditions benefit primarily large
producers and operators. 

The supply and quality of organic raw material
and rules governing organic production and
processing might limit the extent to which devel-
oping countries could satisfy the demand for
organic food in industrial countries. Organic food
trade might be discouraged by difficulties in
complying with foreign standards and costly control
systems, especially if international equivalency is not
established. Access to inspection and certification, as
well as the need to develop new methods of
processing organic food, are major challenges that
are likely to be taken up by large and established
food companies (Kristensen and Nielsen, 1997).
Multinational food companies are expected to
contract for and certify organic foods. In particular,
the growth of processed organic foods will be facili-
tated by these companies’ capacities to assemble
ingredients from different parts of the world and to
guide production to meet their specific needs. At
the same time there are numerous opportunities for
developing country producers and exporters to
enter the markets for value-added organic products
using simple technology. 

Further long-term impetus towards adoption of
environmentally friendly farming systems, including
organic agriculture, will stem from moves towards
decoupling agricultural support from purely
production-oriented goals. There will be increasing
emphasis on support to agriculture’s role in
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providing public goods. Agricultural and environ-
mental policies, including those responding to food
safety concerns, will play a large role in facilitating
or hindering the adoption of organic agriculture. 

Besides financial support for conversion and
regulations to protect the claim of organic
producers, public investment in research and
training is fundamental for such a knowledge- and
management-intensive production system. It is still
difficult for farmers and extension services to draw
on a wide selection of well-researched methods and
approaches. This often limits adoption to the most
innovative farmers. Organic agricultural research
receives only a fraction of the funds going to
biotechnology research. 

In developing countries, non-market organic
agriculture and domestic certified organic agricul-
ture are expected to increase in the long term. In
particular, areas where economic growth is lagging
(e.g. sub-Saharan Africa) and external inputs are
unavailable or unaffordable, non-market organic
agriculture could contribute to achieving local food
security. 

By about 2015, some organically produced trop-
ical commodities (e.g. coffee, cocoa, cotton and tea)
should have a moderate market share. The current
tendency towards organic convenience food in
industrial countries will increase, in particular for
tropical beverages, baby food and frozen vegetables. 

The oilcrops trade (especially soybeans and
rape) is subject to major changes as oilcrops are 
the focus of biotechnology development. Future
evidence on the safety of GM oilcrops might either
increase their production or create new markets
(and exports) for organic oilcrops. Cases are
emerging where, because of the advent of GM
crops, organic production will be constrained or no
longer feasible; for example, organic farmers in
Canada can no longer grow organic canola because
of GM canola contamination in west Canada.

European governments’ year 2010 targets for
conversion of agricultural land to organic agriculture
are ambitious: some countries (the Netherlands and
Norway) aim to have 10 percent of agricultural land
converted to organic agriculture. Germany has set a
target of 20 percent. The United Kingdom Organic
Food and Farming Targets Bill aims to increase total
organic area to 30 percent (and domestic organic
food retails to 20 percent). Denmark and Italy each
aim at 10 percent and Sweden at 20 percent, as early

as 2005. In view of the present levels and these
targets, the EU, on average, might possibly have a
quarter of its total agricultural land under organic
management by 2030.

It is hard to make estimates on future expansion
of area under organic management in developing
countries. Expansion will depend on technological
innovations and unforeseen factors that challenge
agricultural development as a whole, similar to the
development of organic agriculture in Europe.
Here it took 30 years for organic agriculture to
occupy 1 percent of agricultural land and food
markets, but food safety concerns resulted in its
recent spectacular and unforeseen increase.

11.4 Agricultural biotechnology

This section focuses on the potential, risks and
likely benefits of agricultural biotechnology to
2030. The benefits of agricultural biotechnology
arise from its potentially large contribution to
productivity gains and quality improvements.
Productivity gains encompass essentially all factors
of agricultural production: higher returns on land
and livestock, labour and capital or simply lower
input requirements per unit of outputs. This may
mean higher crop and livestock yields, lower pesti-
cide and fertilizer applications, less demanding
production techniques, higher product quality,
better storage and easier processing, or enhanced
methods to monitor the health of plants and
animals. Ultimately, higher productivity will result
in lower prices for food and fibre, a benefit for all
consumers but particularly important for the poor
who spend a relatively large share of their incomes
on food and fibre. 

Higher productivity also holds the key in the
fight against rural poverty. The underlying mech-
anisms of the productivity-poverty nexus have
been discussed in Chapter 8. Biotechnology holds
the promise of boosting productivity and thus
raising rural incomes, in much the same way as the
green revolution did in large parts of Asia during
the 1960s to 1980s. It could kick-start a new
virtuous cycle of productivity growth, increased
output and revenues. 

But there are also numerous risks and uncer-
tainties associated with these new technologies that
have given rise to a host of concerns and questions.
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The most important of these is whether and how
developing countries can actually harness the
potential of biotechnology to promote production
and the productivity of the poor. This in turn raises
other questions. Whether and to what extent are
the needs of developing countries being taken into
account in current research efforts? How fast and
to what extent have GM crops been adopted by
developing countries? Which crops took the lead?
Are the products developed by and for developed
countries suited to the economic and ecological
environments of developing countries and to what
extent will developing countries develop their own
biotechnology applications? More specifically, will
“orphan” crops such as millet or bananas, which
often play a vital role in the livelihoods of the poor,
receive sufficient attention by new research? Will
farmers in developing countries be trained and
equipped to reap the benefits of the new technolo-
gies? Will the proliferation of GM-based crops and
livestock further weigh on biological diversity?
How can consumer concerns about environmental
safety and potential human health hazards be
taken into account, at low costs and without unduly
distorting international trade? The parameters that
determine the answers to these questions are
changing quickly and it is therefore impossible to
provide definite answers, particularly in view of the
long-term perspective of this study. Instead, the
following section will discuss some of the factors
that are likely to affect the development and adop-
tion of these new technologies in the future. 

11.4.1 What is agricultural biotechnology?

Many traditional forms of biotechnology continue
to be used and adapted. Some biotechnologies,
such as manipulating micro-organisms in fermenta-
tion to make bread, wine or fish paste, or applying
rennin to make cheese, have been documented for
millennia.

Modern biotechnology takes various forms.
These include: (i) tissue culture, in which new
plants are grown from individual cells or clusters of
cells, often bypassing traditional cross-fertilization

and seed production; (ii) marker-assisted selection
(MAS), in which DNA segments are used to mark
the presence of useful genes, which can then be
transferred to future generations through tradi-
tional breeding using the markers to follow inheri-
tance; (iii) genomics, which aims to describe and
decipher the location and function of all genes of
an organism; and (iv) genetic engineering, in which
one or more genes are eliminated or transferred
from one organism to another without sexual
crossing. A GMO, also referred to as a living modi-
fied organism (LMO) or transgenic organism,
means any living organism that possesses a novel
combination of genetic material obtained through
the use of modern biotechnology.1

Marker-assisted selection. Traditionally, plant
breeders have selected plants based on their visible
or measurable traits (phenotype). But this process
was often difficult, slow and thus financially costly.
MAS helps shorten this process by directly identi-
fying DNA segments (genes) that influence the
expression of a particular trait. The markers are a
string or sequence of nucleic acid that makes up a
segment of DNA.2 As more and more markers
become known on a chromosome, it is possible to
create a detailed map of the markers and correspon-
ding genes that codify certain traits. Using detailed
genetic maps and better knowledge of the molecular
structure of a plant, it is possible to analyse even small
bits of tissue from a newly germinated seedling. Once
the tissue is analysed, it is possible to check whether
the new seedling contains the specific trait. 

These new techniques are also important
because they are not stigmatized by the negative
attributes associated with GMOs, which have
resulted in growing concerns about the safety of
these new products for consumers and the envi-
ronment (see below). They have revolutionized
conventional breeding and help accomplish signif-
icant genetic improvements across almost all crops
and livestock. And, should consumers’ concerns
vis-à-vis GMOs become more important, they
could become the most crucial biotechnological
application in the future.

1 This definition of LMO is taken from the Cartagena Protocol on Biosafety, Article 3(g). In Article 3(i), “modern biotechnology" is defined as “the
application of: a. In vitro nucleic acid techniques, including recombinant deoxyribonucleic acid (DNA) and direct injection of nucleic acid into cells
or organelles, or b. Fusion of cells beyond the taxonomic family, that overcome natural physiological reproductive or recombination barriers and
that are not techniques used in traditional breeding and selection”.

2 Of particular importance are the so-called quantitative trait loci that represent economically significant expressions of traits such as higher yields,
improved quality or better resistance to diseases or various forms of abiotic stress.
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Genomics. Genomics is the science of deciphering
the sequence structure, the variation and the func-
tion of DNA in totality. More important than
merely discovering and describing all genes of an
organism is to describe the functions of the genes
and the interactions between them. So-called func-
tional genomics will help to discover the function-
ality of all genes, their functional diversity and the
interactions between them. Functional genomics is
expected to accelerate genetic improvement, the
discovery of traits and to help solve intractable
problems in crop production.

Recent progress in the mapping of the entire
rice genome sequence, with the complete sequence
expected to be delivered in 2004, represents a first
important step towards understanding the overall
architecture of the crop and provides valuable
information for other techniques such as MAS or
genetic transformation. But this would not yet
include a full description of the biological functions
of the various DNA sequences and their interac-
tions, which would be a much more important step
towards improved varieties. Many more years are
likely to pass before all functions of all rice genes
will be fully understood. 

Genetically modified organisms. Current trends and

applications. The first GMOs became commercially
available in the mid-1990s. Since then, their impor-
tance has grown at an astounding pace. The
number of GM varieties and species has increased
rapidly and the area sown to GM crops has multi-
plied (some illustrative examples are given in Table
11.3). But the adoption across countries has been
very uneven, with almost the entire expansion
taking place in developed countries. Similarly,
despite the rising variety of GM products available,
commercial success has been concentrated on a few
varieties or traits, notably herbicide-tolerant (Ht)
maize and soybeans as well as Bacillus thuringiensis

(Bt) cotton and maize. In 2001, Ht soybeans
accounted for 63 percent of the area under trans-
genic crops, followed by Bt maize with a share of 
19 percent (ISAAA, 2001).

Insect resistant traits. “Pest-protected” varieties
were among the first GM crops to be developed, for
the purpose of reducing production costs for
farmers. Insect-resistant GMOs have been
promoted both as a way of killing certain pests and
of reducing the application of conventional

synthetic insecticides. For more than 50 years,
formulations of the toxin-producing bacteria
Bacillus thuringiensis (Bt) have been applied by
spraying, in the same way as conventional agricul-
tural insecticides, to kill leaf-feeding insects.
Studies on the safety of Bt for humans have not
revealed any adverse effects on health. 

In the late 1980s, scientists began to transfer the
genes that produce the insect-killing toxins in
bacteria Bacillus thuringiensis into crop plants. The
intention was to ensure that all cells in these GMOs
produced the toxin. Although no efforts were
made to increase the growth rates or yield potential
of the GM crops with these innovations, farmers
have welcomed Bt crops because of the promise of
better insect control and reduced costs. However,
in the United States, the impact of Bt GMOs on
crop yields and the number of conventional insec-
ticide applications have varied widely by location
and year. This is partly because of differences
between the intended potential impact of the GM
crops on target pests and their actual field perform-
ance. Some of these differences were a result of the
uneven distribution of the toxin within the plants
as they grew, some resulted from variations in
target and non-target pest populations, and others
were the result of toxins accumulating in plant-
feeding insect pests, causing mortality of predators
and parasites that ate those pests. 

Herbicide-tolerant traits. The insertion of a herbi-
cide-tolerant gene into a plant enables farmers to
spray wide-spectrum herbicides on their fields
killing all plants but GM ones. For that reason, the
new GM seeds opened new markets for themselves
and for herbicides. In fact, these crops contain a
slightly modified growth-regulating enzyme that is
immune to the effects of the active ingredient and
allows it to be applied directly on the crops and kill
all plants not possessing this gene.

Virus resistance. Virus-resistant genes have been
introduced in tobacco, potatoes and tomatoes. The
insertion of a resistance gene against potato leaf
roll virus protects the potatoes from a virus usually
transmitted through aphids. For that reason, it is
expected that there will be a significant decrease in
the amount of insecticide used. The introduction of
a virus resistance gene in tobacco may offer similar
benefits

Stacked traits. The so-called stacked traits embody
a combination of properties introduced through
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GM technologies. The most important applications
at present are combinations of herbicide tolerance
(Ht) and insect resistance (Bt). A number of other
combinations have already become commercially
available, such as herbicide-resistant maize varieties
with higher oil contents. In the future, the addition
of more traits with specific value will be added with
combinations of stacked traits that provide insect
tolerance, herbicide resistance and various quality
improvements such as high lysine and/or low
phytate content, possibly even in conjunction with
higher oil content.

GM farm animals and fish. While there was
considerable growth in the development and
commercialization of GM crops, GM livestock
have largely remained outside commercial food
production systems. At the experimental level,
more than 50 different genes have been inserted
into farm animals, but these efforts still require
substantial skill and are not as routine as those 
for plants. Early research in the development of
transgenic farm animals has also been accompa-
nied by manifestations of perturbed physiology,
including impaired reproductive performance.
These experiences raised ethical problems of
animal welfare.

So far, the prospect of foods from transgenic
farm animals has not been well received by
consumers. Surveys consistently show that the public
accepts transgenic plants more easily than trans-
genic animals. Experimenting with and altering
animals are less acceptable prospects and have
broader implications. Various cultures and religions
restrict or prohibit the consumption of certain foods
derived from animals. The use of certain pharma-

ceutical products from transgenic animals, however,
seems more acceptable to the public.

Highly successful research has been carried out
on GM fish, but no GM fish have entered the
market as yet (see Chapter 7). Most GM fish are
aquaculture species that have received genes
controlling the production of growth hormones,
which raises the growth rate and yield of farmed
fish. Ethical questions on the welfare and environ-
mental impact of these GM fish have been raised,
but it is also argued that GM fish share many attrib-
utes of conventionally selected alien fish species
and genotypes, both of which are proven and
accepted means of increasing production from the
aquatic environment (FAO, 2000f).

How important are GMOs for agriculture? Current

trends. The importance of GM crops has risen
dramatically following the first endeavours of
larger-scale commercialization in the mid-1990s.
The six-year period from 1996 to 2001 witnessed
a 30-fold increase in the global area grown with
GM crops. With more than 52 million ha in the
year 2001 (Table 11.4), the area planted with GM
crops has reached a level that is twice the surface
of the United Kingdom. At the same time, the
number of countries growing GM crops has more
than doubled. 

This impressive growth notwithstanding, the
annual increments in GM crop area have been
levelling off both in absolute terms and in terms of
percentage growth. This reflects to a large degree a
saturation effect, as certain GM traits (soybeans)
account already for a considerable share of the
overall area. In addition, there was an actual decline

GMO Genetic modification Source of gene Purpose of genetic Primary

modification beneficiaries

Maize Insect resistance Bacillus thuringiensis Reduced insect damage Farmers

Soybean Herbicide tolerance Streptomyces spp. Greater weed control Farmers

Cotton Insect resistance Bacillus thuringiensis Reduced insect damage Farmers

Escherichia coli K 12 Production of chymosin Cows Use in Processors 
or rennin cheese-making and consumers

Carnations Alteration of colour Freesia Produce different Retailers 
varieties of flowers and consumers

Source: FAO (2000f).

Table 11.3 A selection of commercially available and important GMOs 
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in the area planted to GM canola, which is attrib-
uted to lower canola prices and the introduction 
of non-GM herbicide-tolerant varieties in Canada.
But this slowdown also coincided with growing
consumer concerns in developed countries that the
new crops could jeopardize biosafety and pose a
serious risk to human health. These fears have led
to a growing pressure for legislation to label GM
food, to increase the stringency of requirements for
their approval and release or even to outright active
resistance (Graff, Zilberman and Yarkin, 2000).
These concerns were particularly forcefully voiced
by consumers in developed countries. As a result,
nearly all the additional area grown with GM crops
came from developing countries, while area used
for GM crops virtually stagnated in developed
countries (Table 11.5). Canada’s GM area even
declined, leaving the United States and Argentina
as the principal growers of GM crops with an overall
share of 91 percent. 

Which GM crops are important? Soybeans, maize,
canola and cotton represent almost 100 percent of
area grown with GM crops globally in 2001
(Figure 11.5). Ht soybeans alone account for 
58 percent of all GM crops. Ht soybeans are not
only the most important transgenic crop but, after
Bt cotton, also the most rapidly growing one. The
rapid market penetration of these first GM crops is
impressive, particularly when compared with the
introduction of similar technologies, such as
hybridized varieties of maize and sorghum. In
2001, GM soybeans accounted for 63 percent of 
all area under GM crops. GM varieties of maize,
cotton and canola accounted for 19, 13 and 
5 percent, respectively.

What is in the pipeline? Input-oriented technologies. The
next important improvement is likely to result from
a further market penetration of so-called stacked
traits, combining the benefits from two or more
genetic modifications. The first stacked traits of
cotton and maize (Bt/Ht cotton and maize) have
already been released, offering both herbicide toler-
ance and insect resistance. In parallel, herbicide
tolerance and insect resistance are planned to be
extended to other varieties, notably sugar beet, rice,
potatoes and wheat, while new releases of virus-
resistant varieties are expected for fruit, vegetables
and wheat. Fungus-resistant crops are in the pipeline
for fruit, vegetables, potatoes and wheat. In addition,
efforts are being made to create new traits with
greater tolerance to drought, moisture, soil acidity or
extreme temperatures. Chinese researchers claim to
have developed salt-tolerant varieties of rice, which
could help mitigate water scarcity and allow land lost
to salinization problems to be recovered. The poten-
tial to cultivate marginal land appears to be particu-
larly interesting for poorer farmers who are often
more dependent on these environments. However,
the ability of poor farmers to pay for these new tech-
nologies may be much more limited. This suggests
that both speed of research and speed of introduc-
tion in the field are likely to be less impressive than
for the first generation of GM crops. 

Output-oriented technologies. A shift in focus is
expected with the transition from the first to the
second generation of GM crops. The new generation
of GM crops is expected to offer higher output and
better quality of the produce. Many of these new
traits have already been developed but have not yet
been released on the market. They include a great
variety of different crops, notably soybeans with

Number of countries Million ha Change in area over previous year

% Million ha

1996 6 1.7

1997 11.0 550 9.3

1998 9 27.8 153 16.8

1999 12 39.9 44 12.1

2000 13 44.2 11 4.3

2001 13 52.6 19 8.4

Source: ISAAA (2001).

Table 11.4 Area under GM crops, globally, from 1996 to 2001
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higher and better protein content or crops with
modified oils, fats and starches to improve processing
and digestibility, such as high-stearate canola, low
phytate or low phytic acid maize. Another promising
application is cotton with built-in colours that would
spare the need for chemical dyes. 

First efforts have been made to develop crops
that produce nutraceuticals or “functional foods”:
medicines or food supplements directly within the
plants. As these applications can provide immu-
nity to disease or improve the health characteris-
tics of traditional foods, they could become of
critical importance for improving the nutritional
status of the poor.

In the pipeline are also a number of non-food
applications of GM technology. These include
speciality oils (e.g. jet engine lubricants), biodegrad-
able thermoplastics, hormones, “plantibodies” (e.g.
human antibodies for treatment of infectious and
auto-immune disease), vaccines or pharmaceuticals
(e.g. anticancer drugs such as taxol) (Thomashow,
1999). Non-food applications that have already
reached practical importance include a transgenic
variety of Cynara cardunculus thistle, which is grown in
Spain for electricity generation and GM poplars
grown in France for paper production which demand
less energy and produce less waste during processing.

The success of the second generation of GM

crops will ultimately depend on their profitability at
the farm level and their acceptance by consumers.
Unlike the first-generation products, quality-
focused products such as functional foods provide a
higher perceived benefit for the consumer. This
may increase the risk that consumers are willing to
assume, suggesting a high market potential for the
second generation of GM crops. 

Specific products in the pipeline

Soybeans

! High oleic soybeans contain less saturated fat
than that in conventional soybean oil. The oil
produced is more stable and requires no hydro-
genation for use in frying or spraying. For that
reason, this variety has a “health” image. 

! Soybeans with improved nutritional traits for
animal feeding contain higher levels of two
amino-acids (lysine and methionine) which will
reduce the need for higher-cost protein meals
in the preparation of feed mixes. 

! High-sucrose soybeans have better taste and
greater digestibility.

Rapeseed and canola 

! High-lauric variety produces an oil containing
40 percent of lauric acid for chemical and
cosmetic purposes. 

1999 2001 1999-2001

Area Share in Area Share in Change in area
global area global area

Million ha Percentage Million ha Percentage Million ha Percentage

Developed countries 32.8 82 39.1 75 6.3 19.2

United States 28.7 72 35.7 68 7 24.4

Canada 4 10 3.2 7 -0.8 -20.0

Australia 0.1 <1 0.2 <1 0.1 100.0

Others <0.1 <1 <0.1 <1 n.a. n.a.

Developing countries 7.1 18 13.5 24 3.6 90.1

Argentina 6.7 17 11.8 23 3.3 76.1

China 0.3 1 1.5 1 0.2 400.0

South Africa 0.1 <1 0.2 <1 0.1 100.0

Others <0.1 <1 <0.1 <1 n.a. n.a.

Total 39.9 100 52.6 100 12.7 31.8

Source: ISAAA (2001) and own calculations.

Table 11.5 Area under GM crops by country, 1999 and 2001
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! High-stearate variety produces oil high in
stearic acid, solid at room temperature without
hydrogenation. This oil could be used for
baking, margarine and confectionery foods that
cannot use liquid oils.

Maize

! Several researches, both conventional and
biotechnological, aim to produce value-enhanced
maize that will offer improved nutritional traits
for livestock. Since grain is fed primarily as a
source of energy, many of the new value-
enhanced varieties aim to increase the content or
availability of energy. But some new varieties will
also include more protein and better amino-acid
balances, which would reduce the need to buy
supplemental feed ingredients.

Cotton

! Coloured cotton is already available on a niche
market basis. This trait would reduce the need
for chemical dyes. Fibre quality improvement,
such as polyester-type traits, would make stur-
dier fabrics. 

! Chinese researchers are breeding a new strain
of cotton that includes rabbit keratin. Fibres of
this cotton are longer and more resilient and
they have an increased ability to maintain
warmth. Research is also being carried out to
develop wrinkle-resistant cotton and even fire-
retardant qualities.

Prospects for the nearer term. Given the enormous
speed of progress in generating and adopting 
new biotechnology applications, any longer-term
outlook is necessarily speculative. Somewhat
greater confidence, however, can be attached to
forecasts of possible developments over the nearer
term. The following short-term developments are
discernible.

First, adoption rates for GM crops are likely to
increase in developing countries. With the rapid
adoption of Bt cotton in China, GM crops have
made an important inroad into a potentially
important market. China’s GM potential rests not
only on the sheer size of its agriculture but also on
the particular importance for China of soybeans,
maize, and tobacco – crops in which GM traits have
been introduced successfully elsewhere. Moreover,
an approval of the respective GM traits in China
may have important knock-on effects in other
developing countries. The significant catch-up
potential in some developing countries, however,
masks limiting factors and constraints that prevail
elsewhere. To the extent that the new GM products
favour capital-intensive and labour-extensive envi-
ronments, the incentives to adopt these technolo-
gies are limited in other developing countries. 

Second, growth of the area under traditional
GM crops such as Ht soybeans and Bt maize is
likely to slow down. This is in part a reflection of
the impressive growth in the past, which limits the

USA
69%

Canada
6%

China
3%

South Africa
0%

Australia
0%

Argentina
22%

Source: ISAAA (2001).

Figure 11.5 GMO crops by country and crop
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remaining potential. GM soybeans, for instance,
already account for two-thirds of soybean area
worldwide and for an even larger share of devel-
oped countries’ soybean area. An expansion of GM
soybeans must therefore come from an overall
growth in soybean area rather than from a shift out
of non-GM soybean production. Growth may also
be curbed because of food safety and environ-
mental concerns that have received particular
attention in Europe. 

Third, there is a considerable growth potential
for new GM applications in developed countries.
Examples include GM fish varieties or GM crops
for renewable energy. Other possibilities are GM-
based nutraceuticals or GM applications for health
and cosmetic applications. As these new applica-
tions are likely to produce much wider benefits
than just cheaper food and feedstuffs, consumers
in developed countries are also more likely to
accept greater risks and thus to adopt these non-
traditional applications at faster rates. 

Prospects for the medium and longer term.

Substantial progress has been made over the last
five years, both in terms of theoretical advances
and practical importance of biotechnology. These
advances over such a short timespan make it

impossible to identify specific products that are
likely to dominate developments in biotechnology
over the next 30 years. It is, however, easier to
identify the overall parameters that are likely to
affect future trends. 

The overall direction of research and develop-
ment is likely to be determined by economic incen-
tives. Developments in prices of production factors
and products are critical in the context of a 30-year
outlook. These, in turn, will be crucially affected by
future changes in the relative abundance/scarcity of
production factors, notably land, capital and
labour. In developed countries, costs of labour may
increase relative to land, which would favour the
further development of labour-saving technolo-
gies. In developing countries, by contrast, factor
proportions may change in the opposite direction
with increasingly abundant labour and increasingly
scarce land. This would favour labour-intensive
and land-saving technologies. The critical question
in this regard is whether and to what extent the
private sector will cater for diverging needs and to
what extent investments from the public sector are
needed to reconcile these needs.

Many of the currently available technologies
have catered for land-intensive and labour-exten-
sive environments. This is particularly noticeable

Box 11.3  Golden rice: a polarized debate

There is still considerable uncertainty as to how much of the potential of GM crops can be harnessed for the

benefit of the poor. The most prominent example in this context is the so-called “golden rice”, a betacarotene-

enriched variety that was developed with the help of free-of-charge licences from a number of life science

companies. The proponents of the technology claim that “golden rice” provides a low-cost means to alleviate

one of the gravest health problems of the developing world. The main goal of this development was the creation

of a tool to help combat vitamin A deficiency (VAD), a public health problem that affects 118 countries and

more than 400 million people worldwide, especially in Africa and Southeast Asia, and that most affects young

children and pregnant women. As betacarotene is provided through rice which is the main staple food in many

developing countries, the distribution is largely self-targeting. 

Opponents, however, underline that these new varieties include too little betacarotene and that it would be

impossible to cover needs through golden rice alone. They claim that the returns on the investment of US$300

million are relatively small and that the same effects could be achieved by a combination of existing tools.

Critics also argue that VAD is not best characterized as a problem, but rather as a symptom of broader dietary

inadequacies associated with both poverty and agricultural transition from diverse cropping systems to rice

monoculture. It would therefore be more important to have a more varied diet rather than relying too heavily

on “a magic-bullet solution” while leaving poverty, poor diets and extensive monoculture intact. Moreover,

opponents suggest that golden rice could have counterproductive impacts on nutritional problems by curtailing

the progress made in educating people to diversify their diet and increase the diversification of agriculture

production. Finally, if only a limited number of varieties were genetically modified and widely cultivated, this

would have a negative impact on crop biodiversity. 
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3 In fact, these environments are available to the poor because only the poor are willing to accept the low factor returns (wages) for the inputs they
can provide (low-skill labour).

for GM crops, where productivity gains are based
on savings in input needs (labour, capital) even
when output (yields) is stagnant or declining. This
was one of the main factors that contributed to the
high adoption rates for GM crops in developed
countries. If today’s relative factor proportions are
a guide to the future, the incentives to adopt these
new technologies in developing countries are likely
to be subdued. Moreover, private investors have
little incentive to provide proprietary technologies
where the chances of recouping investments in
research and development are small. This suggests
that the public sector will have to play a significant
role in providing the technologies to cater for the
specific needs of developing countries. 

11.4.2 Why agricultural biotechnology
matters to developing countries

The principal benefits. Productivity gains. Biotechnology
has the potential to increase crop and livestock
yields. The first generation of GM crops was largely
input-oriented and provided the same or only
marginally increased yield potential. The fact that
some GM crops rendered higher yields in practice
largely resulted from the effect that “built-in” inputs
such as pesticides have reduced output losses that
are typically caused by inappropriate or inadequate
input applications. Moreover, the fact that GM tech-
nology embodies this expertise directly into the
seeds is particularly important for environments
where sophisticated production techniques are 
difficult to implement or where farmers do not
command the management skills to apply inputs at
the right time, sequence and amount. This suggests
a much larger potential for GM crops (stacked traits
of Bt/Ht cotton or Bt/Ht maize) in developing coun-
tries even for the first generation. The second
generation of GM crops is expected to raise both the
volume of output and the quality of the produce.
These technologies are currently being tested but
only a few traits are available in practice. 

More, cheaper and better food. A second factor
arises from the prospects for lower prices for better
food. Higher productivity lowers production costs
and will ultimately result in lower food prices.
While this is not in itself a guarantor of improved
food security or reduced poverty, more and better

food at lower prices is particularly important for
poor consumers. They would particularly benefit
where GM products offer less expensive and
nutrient-enriched food staples, which account for a
large share of their food expenditure. 

A higher capacity to feed a more populous world. The
capacity that GM crops offer to produce more and
better food is even more important when the future
food needs of growing populations are considered.
Much of the incremental food production in the
future has to come from higher yields, yet the
potential to raise actual yields through more tradi-
tional agronomic improvements such as earlier
ploughing, scotch carts, higher fertilizer and pesti-
cide applications is declining. A slowdown in yield
growth has already been observed in some high-
intensity systems in Asia, where the gap between
yields attained by farmers and the economic
maximum yield has narrowed noticeably. 

The potential to save and improve resources or recoup

marginalized land. A fourth factor is the potential to
save resources or recoup marginalized land.
Empirical studies suggest that the poor are culti-
vating the most marginal agronomic environments,
and that they are more often dependent on these
marginal growing environments than other
groups.3 These marginal production environments
are often characterized by drought or moisture
stress, extreme temperatures, soil salinity or acidity.
The potential to grow food in such environments is
therefore doubly important in the fight against
hunger and poverty: the potential to produce food
where food is needed most helps ease the food
problems of the poor directly. Moreover, to recoup
land that was lost through environmental stress
(e.g. soil salinity or acidity) could help contain
further encroachments on areas with high environ-
mental value or high sensitivity. 

More and better non-food products. GM crops could
also offer a more attractive way to produce non-
food products. Plants with higher energy conver-
sion and storage capacities could be bred and make
a more meaningful contribution to alternative
energy use in the future. If successfully imple-
mented on a large scale, this could boost agricul-
ture’s role as a carbon sink. Transgenic plants and
animals could significantly extend the possibilities
of various areas of technology and overcome some
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of the traditional constraints that medical research
and applications face today.

The principal concerns. Notwithstanding the
potentially large benefits of GM technology for
developing countries, there are growing concerns
that these new technologies are associated with
significant costs, risks and problems.

Market concentration in the seed industry. Some
concerns have arisen out of the significant market
concentration in the seed industry. In 1998, 
60 percent of the world market for seeds was
controlled by just 35 companies. One company
alone controlled over 80 percent of the market for
GM cotton, 33 percent of the market for GM
soybeans and 15 percent of the GM maize market
(Then, 2000). This growing horizontal concentra-
tion is accompanied by an increasing vertical
concentration between seed producers and agro-
chemical companies whereby larger agrochemical
companies have been absorbing the few large seed
companies that resulted from the horizontal

consolidation process within the seed industry. The
trend towards larger and more integrated opera-
tions (the so-called life science companies) was
largely driven by the chemical industry. Chemical
firms were looking for partners in the seed
industry to protect the value of their intellectual
property rights (IPR) in patented herbicides (Just
and Hueth, 1999). The consolidation process
between the agrochemical and the seed industry is
currently being extended to a third stage, as the
life science companies broaden their reach through
strategic alliances with major trading companies
such as Cargill or ADM. While this concentration
process has offered new possibilities to reap scale
effects and to overcome barriers in creating and
commercializing GM products, it has also given rise
to concerns that these non-competitive market
structures may impose significant social and private
costs (Phillips and Stovin, 2000). These are only
now being considered.

Intellectual Property Rights (IPR). The impact of
the application of IPR, the mechanisms for their

Box 11.4  GURTs: technical aspects and possible impacts

What are GURTS? 
The acronym GURTs stands for genetic use restriction technologies and refers to biotechnology-based switch

mechanisms to restrict the unauthorized use of genetic material. Two types of GURTs can be distinguished:

variety use restriction (V-GURTs), rendering the subsequent generation sterile (the so-called “terminator” 

technologies), and use restriction of a specific trait (T-GURTs), requiring the external application of inducers to

activate the trait’s expression.

… and what are their principal impacts? 
Agricultural biodiversity. Impacts on agricultural biodiversity will vary across different farming systems. In low-

and medium-intensity farming systems a change from local to GURT varieties may imply a loss of agricultural

biodiversity while in high-intensity farming systems the impact may be minor.

The environment. While the environmental containment aspect of GURTs may reduce potential risk asso-

ciated with eventual outcrossing, there remains a possibility of pollination of neighbours with GURTs pollen,

leading to yield drops in cultivated areas, as well as to alteration of wild ecosystems. 

Research and development. By stimulating further investment, GURTS may increase agricultural produc-

tivity in certain farming systems. However, restricted introgression of genes from GURTs into local gene pools

may reduce incentives for farm-level breeding, if desirable traits in introduced GURTs varieties cannot be

accessed, widening the technological and income gap between resource-poor and better-off farmers. 

Market structure. While strengthened control over the use of GURTs products may likely increase invest-

ment in further breeding, GURTs may well reinforce the concentration and integration trends in the breeding

sector in such a way as to lead to possibilities for misuse of monopoly power, rendering farmers fully dependent

on formal seed supply systems. 

Food security. GURTs could also increase the seed insecurity of resource-poor farmers who cannot afford

to purchase seed and who depend on the local grain market for their seed needs. This may generate a low level

of acceptance by low-income farmers in developing countries. 

Source: FAO (2001k)
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enforcement and the excludability that is associated
with them is another source of concern. In general,
the excludability is of critical importance in encour-
aging private research in all sectors. Without it,
innovators would not be able to recoup their invest-
ments, private research would languish, produc-
tivity gains would slow down and social welfare
would suffer. Recognition of the importance of IPR
has brought about a strengthening of legal protec-
tion for biotechnology processes and products and
spurred on significant private investment in biotech-
nology. But the strengthening of IPR has also given
rise to concern. First, the scope of intellectual prop-
erty protection may be too wide, thereby choking off
spillovers, follow-on innovations and diffusion.
Second, IPR afford private companies the possibility
of protecting the alteration of a single gene derived
from freely accessible germplasm that has been
generated by farmers and public research efforts
over centuries. Developing countries in particular
believe that they should be compensated for their
contributions to existing genetic resources. The
International Treaty on Plant Genetic Resources for
Food and Agriculture (PGRFA), adopted in
November 2001, addresses these concerns (Box
11.5). It could assume a pivotal role in facilitating
access to plant genetic resources in the future and in
safeguarding traditional indigenous contributions to
the breeding process (farmers’ rights). 

Biosecurity. A third area of public concern
revolves around the risk that biotechnology appli-
cations in food and agriculture pose to human
health and the environment. Consumers in all
countries would like assurances that GM products
reaching the market have been adequately tested,
and that these products are being monitored to
ensure safety and to identify problems as soon as
they emerge. Because of the complexity of food
products, research on the safety of GM foods is
thought to be more difficult than carrying out
studies on components such as pesticides, pharma-
ceuticals, industrial chemicals and food additives.
Through the Codex Alimentarius Commission
and other fora, countries discuss standards for
GMOs and ways to ensure their safety. One

approach, which is being used in assessing the
risks of GMOs, derives from the concept of
substantial equivalence.4 If the GMO-derived food
is judged to be substantially equivalent to its tradi-
tional counterpart, then it is considered as safe as
its conventional counterpart. If it is not, further
tests are conducted. 

Critics claim that only 1 percent of public
research funds has been allocated to assess the risks
associated with the introduction of GM technolo-
gies. It is suggested that the experience with tradi-
tional counterparts cannot be applied to products
based on GM technology, as the substantial equiva-
lence approach implies, and that the new technolo-
gies require a new risk assessment approach.
Underestimating or ignoring the risks means that
external costs associated with the technology are
not fully accounted for and that the welfare gains of
the new technology may be overstated. The recent
accidental use for human food consumption of GM
maize that contains a potentially allergen protein
has reinforced such concerns.

Genes can end up in unexpected places. The artifi-
cially inserted genes might be passed on to other
members of the same species, and perhaps to other
species. Antibiotic-resistance genes are often
inserted into GMOs as markers so that researchers
can tell whether gene transfer has succeeded or not.
These genes may be transferred to bacteria within
the human body with yet unclear impacts. While
this technique is now being replaced, other prob-
lems may remain. There is even a possibility that
the gene for herbicide resistance may transfer to
weeds, with potentially disastrous impacts for agri-
culture and food security. 

Genes can mutate. It is still unclear what impact
the artificially inserted gene has on the stability of
the genome. There are claims that it may cause
more unexpected mutations. While mutations
could be neither new nor necessarily bad, GMOs
may cause unexpected and undesirable instability.

“Sleeper” genes could accidentally be switched on.

Organisms can contain genes that are not activated
except under certain conditions, for example under
the influence of pathogens or as a result of certain

4 Substantial equivalence acknowledges that the goal of the assessment is not to establish absolute safety but to consider whether the GM food is
as safe as its traditional counterpart, where such a counterpart exists. It is generally agreed that such an assessment requires an integrated and
stepwise, case-by-case approach. Factors taken into account when comparing a GM food with its conventional counterpart include: (i) identity,
source and composition; (ii) effects of processing and cooking; (iii) the transformation process, the DNA itself and protein expression products of
the introduced DNA, and effects on function; and (iv) potential toxicity, potential allergenicity and possible secondary effects; potential intake and
dietary impact of the introduction of the GM food.
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weather conditions. The “promoter” gene that is
used to insert the new gene could activate “sleeper”
genes, potentially in inappropriate circumstances.

Allergens can be transferred. Genes that cause aller-
gies could be transferred into another species. The
problem is twofold: it extends the range of poten-
tially allergen products and creates uncertainty as 
to what products are potentially allergens. For
example, an allergenic Brazil-nut gene was trans-
ferred into a transgenic soybean variety. It was
found in testing, and the soybean was not released.

Sterility could be transferred. There is the theo-
retical risk that a dominant gene from a GURT
plant could be passed on through cross-pollina-
tion to non-GURT plants, thereby reducing their
fertility rate. However, this risk would be rela-
tively small and, even if it were to happen, the
inherited dominant non-germination gene would
anyway be self-eliminating. 

Controls over GM releases are inadequate. In 2000,
a maize variety intended only for animal feed was
accidentally used in products for human consump-
tion. There is no evidence that this variety was
dangerous to humans, but it could have been.

Animal welfare is at risk. There is evidence of
abnormal physiology in some transgenic animals.
Some effects on animals are unpredictable and could
range from benign to distressful to dangerous.

Unintended effects on the resource base. Unusual
traits in a plant could have unintended effects on
the farming system. For example, a wheat variety
capable of extracting more nutrients from the soil
may exhaust the soil. Plants bred for land that has
been made saline by unsuitable irrigation may
enable a farmer to use even more brackish water,
destroying the land completely.

Loss of biodiversity. GM plants could compete
with traditional farmers’ varieties, causing loss of

Box 11.5  The International Treaty on Plant Genetic Resources for Food and Agriculture 

A new International Treaty on Plant Genetic Resources for Food and Agriculture (PGRFA) was adopted by the
FAO Conference in November 2001. The main areas covered by the treaty include: (i) a multilateral system of
access and benefit sharing of plant genetic resources for major food crops; (ii) an agreement on access to ex situ
genetic resources not covered by the Convention on Biological Diversity (CBD); and (iii) a recognition of the
contributions of local and indigenous communities and farmers to PGRFA (farmers’ rights). The PGRFA covered
by the treaty include most major food crops (cereals such as rice, wheat, maize, sorghum and millet; grain
legumes such as beans, peas, lentils, chickpeas and cowpeas; roots and tubers such as potatoes, sweet potatoes,
cassava and yams), plus a list of forages (32 genera). The treaty will enter into force once it has been ratified by
40 or more countries. This is expected to be in 2003 or 2004. 

Provision of access and benefit sharing. The treaty provides for facilitated access to material in the multilat-
eral system for the purposes of food and agriculture research, breeding and training in this area. It obliges signa-
tories to provide access to PGRFA listed in the multilateral system for the purposes listed above. The treaty also
provides that benefits arising from the use, including commercial use, of PGRFA under the multilateral system
shall be shared fairly and equitably through exchange of information, access to and transfer of technology,
capacity building and the sharing of the benefits arising from commercialization. It includes special provisions
for monetary benefit sharing in the case of commercialization of products that are PGRFA and that incorporate
material accessed from the multilateral system. 

Conservation of PGRFA. The treaty also calls for an integrated approach to the exploration, conservation and
sustainable use of PGRFA and includes specific provisions on surveying, inventorying and collecting PGRFA, as
well as on in situ and ex situ conservation. Explicit reference is given to “onfarm” conservation by farmers, as
distinct from in situ conservation of wild PGRFA. It requires parties to develop and maintain appropriate policy
and legal measures that promote the sustainable use of PGRFA. 

Farmers’ rights. The treaty also addresses the need to “recognize the enormous contribution that the local and
indigenous communities and farmers of all regions of the world, particularly those in the centres of origin and
crop diversity, have made and will continue to make for the conservation and development of plant genetic
resources which constitute the basis of food and agriculture production throughout the world”. Three substantive
elements of farmers’ rights are included: (i) protection of traditional knowledge relevant to PGRFA; (ii) the right
to participate equitably in sharing benefits arising from the utilization of PGRFA; and (iii) the right to participate
in making decisions, at the national level, on matters related to the conservation and sustainable use of PGRFA. 

Source: Cooper and Anishetty (2002)
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crops that have been bred for millennia to cope
with local stresses. For example, the existence of
traditional potato varieties in Latin America
permitted a recovery from the catastrophic potato
blight in Ireland in the 1840s. Today, traits from
farmers’ varieties and wild relatives are often used
to improve climate tolerance and disease resist-
ance. GM crop varieties might also cross, and thus
compete, with wild relatives of crops such as wheat
and barley. This is especially risky in the developing
world, where wild relatives may be found growing
close to farmed crops. 

11.4.3 Who benefits and who bears risks
and costs? 

The principal problem: disjoint risks and benefits.

As with any new technology, there are winners and
losers associated with the use of GMOs and biotech-
nology. At country level, the costs and benefits
accrue to different stakeholders and cause concerns
about, or even the outright rejection of, the new
technology. Addressing and reconciling these prob-
lems are part of the policy response of the respective
country. A second, less common source of concern
emerges when risks and benefits accrue to stake-
holders in different countries. This either requires
international policy coordination or leaves external-
ities unaddressed. The introduction of GM tech-
nology is associated with both dimensions of the
problem, i.e. there are disjoint risk and benefits
within and across countries. An analysis of these
disjoint costs and benefits may help identify appro-
priate policies. It may also provide insights as to
what directions the new technologies will take. 

Rich versus poor countries. The risks and benefits
associated with an innovation are the principal
determinants for the degree of adoption by a
country. The willingness to assume risks may there-
fore be disconnected from the extent and possibility
of capturing the benefits of GM technologies. The
disconnection of risks and benefits affects numerous
stakeholders: consumers versus producers, devel-
oped versus developing countries and private
companies versus public research institutions. For
example, the benefits of GM maize – and thus the
willingness of rich societies to assume the associated
risks – may be too small to pursue the technology.
The benefits of the same technology for poor soci-
eties may be large, but their ability to pay for it is too

small to develop it. If left unaddressed, such disjoint
interests can result in a situation that neglects the
interests of the poor. Bridging these gaps calls for
appropriate policy action and for international
policy coordination. 

High-value versus low-value goods. The willingness
of a society to bear the risks of a new technology is
positively related to the benefits drawn and
expected from it. The benefit from cheaper food
staples such as rice, maize or soybeans is likely to be
small for rich consumers in the north and high for
poor consumers in the south. Rich consumers are
therefore unlikely to assume the same risks as 
poor consumers and, if the benefits are sufficiently
small, they are rational to reject the new technology
altogether.

Consumers in the developed countries accept
the higher risks for functional food, medical appli-
cations or cosmetics as the (perceived) benefits from
these applications exceed the risks that they carry.
But given the small benefits from less expensive
food staples for the same consumers, staples such as
rice, wheat or coarse grains are likely to be most
affected by a decline in research expenditure. Even
more so are tropical staples such as some roots and
tubers. But such food staples are of critical impor-
tance for consumers in developing countries, partic-
ularly for the rural poor. 

What does it mean for the direction of research? The
different perception and importance of risks and
benefits in developed and developing countries
could reduce the speed of progress and change the
direction of GM research and development. In the
north, which has the funds to afford research,
consumers perceive the risks associated with these
technologies to be high and their benefits to be
small. Yet the greatest need and the greatest benefits
are in the south, where the ability to pay for the
development of the technologies is small. The allo-
cation of risks and benefits could mean that the
north may reduce investments in these technologies,
as the consumers in the north are unwilling to
accept their products, while the consumers in the
south, in need of the products, are unable to pay for
the technology. 

Where the south can afford to develop and
import the technology, this may adversely affect
trade in the final products. GM-based food and fibre
may be faced with growing non-tariff barriers, which
reflect the lower willingness to accept risks in the
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north or an added form of protecting domestic agri-
culture. A smaller market volume for GM crops in
turn may adversely affect the profitability of devel-
oping the new technology. A lack of market access
may render research and development non-viable
for the south. 

What policies could help to reconcile risks and bene-

fits? Appropriate policy action could help reconcile
some of the conflicting interests of the various stake-
holders.

Addressing the concerns of consumers in developed

countries: more transparency. Part of the risk that makes
consumers in developed countries reluctant to
accept GM products is not actual risk but perceived
risk. In part, this risk perception reflects a lack 
of transparency and calls for measures that help 
to maximize transparency for the consumer.
Appropriate labelling is an important step towards
higher transparency and thus towards lower risk. It
would also help facilitate trade since labels help
products to comply with international standards.
However, excessive labelling requirements may
result in “regulatory capture”, which in itself is
detrimental to trade. Moreover, labelling of GM
food requires segregation of GM from non-GM
products and can generate substantial additional
costs and incentives for fraud. The higher costs of
segregation are a particular problem for poorer
countries that often lack the necessary regulatory
capacity.

The second part of the risk that consumers in
developed countries face is real. It is a reflection of
insufficient testing and premature releases of GM
crops for field applications. This calls for better risk
assessment procedures and commensurate rules
and regulations to minimize the risks associated with
applying GM technology. 

Addressing the concerns of developing countries:

lowering seed costs. A crucial factor that limits access to
the new technologies in developing countries is the
high cost of GM seeds. To the extent that high seed
costs reflect the monopoly rents from a lack of
competition in the life science industry, antitrust
measures could provide a remedy. In addition,
national and international research institutions
themselves could charge royalties for the germplasm
that has traditionally been provided free of charge
to the private sector. These payments could then be
used to promote targeted GM research for devel-

oping countries. This, of course, may reduce the
overall incentive for the private sector to invest in
crop research and could result in an overall loss in
productivity.

Private-public partnerships in GM research. The
public sector could explore a number of routes to
collaborate with the private sector to target devel-
oping countries’ specific needs, such as poverty
reduction, public goods provision and the capture
of spillover effects. National and international
research institutions could define specific breeding
tasks, or the development of field-proven varieties
with certain characteristics and put them out for
competitive tender. Companies could use their
patented germplasm as an input into work under
such tenders, but the final product would have to be
made available free of IPR charges or genetic tech-
nical use restrictions (Lipton, 1999). 

11.5 Directions for agricultural 
research

Agricultural research has been crucial in meeting
the challenge of increasing food production faster
than population growth over the past 50 years. A
main characteristic of research efforts was the focus
on increasing productivity through a set of tech-
nologies in what has come to be known as the green
revolution. The impressive global achievements
mask considerable regional differences. Asia
received most attention while sub-Saharan Africa
was largely bypassed, as were, within many coun-
tries, the remote and poorest communities that did
not have the resources, physical and financial, to
capitalize on the potential of the new high-input
demanding technologies (Conway, 1997). Also, the
impacts of the new technologies on the environment
(see Chapter 12) were largely ignored in the early
years of the green revolution.

What has emerged most strongly in various
reviews of the green revolution is that development
of technologies by themselves is not enough. Relevant
and sustainable technology innovation must be
planned, developed, tested and delivered within a
broad-based agricultural and rural development
framework. Nor can productivity be the sole criterion
to guide technology development; the potential
implications of technologies for agro-ecological
stability and for sustainability and equitability must be
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fully addressed at the “drawing board” stage. This
has fundamental implications for the planning of
future agricultural research strategies. 

To meet the food security needs of an expanding
global population in the decades ahead and to
reduce poverty, there is a need to maintain and
increase significantly agricultural productivity on
land at present available across the developing
world and at the same time to conserve the natural
resource base. This will require (i) increasing
productivity of the most important food crops both
on the more fertile soils and on marginal lands; 
(ii) exploring possibilities for limiting the use of
chemical inputs and substituting these inputs with
biologically based inputs; (iii) more precise use of
soil, water and nutrients in optimized integrated
management systems; and (iv) increasing produc-
tion efficiency and disease tolerance in livestock. 

These challenges call for a comprehensive and
complex research agenda that must integrate
current advances in the molecular sciences, biotech-
nology and plant and pest ecology with a more
fundamental understanding of plant and animal
production in the context of optimizing soil, water
and nutrient-use efficiencies and synergies. Effective
exploitation of advances in information and
communication technology will be necessary not
only to facilitate the necessary interactions across
this broad spectrum of scientific disciplines but also
to document and integrate traditional wisdom and
knowledge in the planning of the research agenda
and to disseminate the research results more widely.
This agenda calls for a three-dimensional research
paradigm that integrates scientific investigation
across genetics and biotechnology, ecology and
natural resources and not least socio-economics to
keep in focus the development environment that
characterizes the livelihoods and food security of 
the poor. 

The first dimension (genetics and biotechnology)
has been discussed in the preceding section. The
following section will focus on the other two dimen-
sions.

Ecology and natural resources management research.

A comprehensive understanding of the ecology of
all life forms within the farming system is a prereq-
uisite to the development of sustainable agriculture
in the context of sound knowledge-driven use and
management of the natural resources with which the

farming system interacts. Recent advances in
ecology have been described alongside molecular
genetics as the second great revolution in modern
biology. The past decade or so has seen the use of
mathematical modelling, the articulation of compre-
hensive hypotheses and advances in experimental
design in support of more precise laboratory and
field experiments. These trends have transformed
the study of ecology into a rapidly developing
science (Begon, Harper and Townsend, 1990),
which should lead to a better understanding of the
complex dynamics that are at work within agricul-
tural systems. Increasingly, natural resource
management calls for closer collaboration between
ecologists and agricultural scientists whether they
are addressing technical (biotic or abiotic), social or
economic dimensions of agricultural development.
By definition, agro-ecosystem research embraces the
“ecological and socio-economic system, comprising
domesticated plants and/or animals and the people
who husband them, intended for the purpose of
producing food, fibre or other agricultural prod-
ucts” (Conway, 1987).

Within the biophysical boundaries of the
ecosystem, ecological research has much to
contribute at three levels: (i) at the level of the plant,
its pests and predators; (ii) at the level of the plant
and its competition from weeds; and (iii) at the level
of the plant rooting system and the roles of benefi-
cial and competing micro-organisms in the capture
and utilization of soil nutrients. Research at the
plant-pest-predator level is opening up new insights
in pest control, in one measure through the genetic
development of pest-resistant plant varieties and, at
the other end, in the refinement of IPM.

At the level of plant-weed competition, the
geneticist’s approach has been to develop herbicide-
resistant crops, while the ecology-based approach
has been to develop crop rotations and intercrop-
ping and high-density systems that minimize weed
damage. Both approaches require still further
research, particularly with greater focus on marginal
lands and food crops that are mostly grown by the
poor. More fundamentally, a better understanding
of plant genetics and of plants’ relation to other
competing plants may offer new insights to stable
cropping systems. This would provide a more
informed basis on which to design cropping systems
and rotations that can sustain higher and more
stable yields. 
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At the plant rooting levels, there is a need for
much more fundamental research at the physical,
biochemical/physiological and genetic bases of 
plant-micro-organism interactions and symbiosis
(Cocking, 2001). Nutrient utilization and biological
nitrogen fixation lie at the heart of this research,
which can have enormous benefits for low-input
agriculture and the poor. The benefits to sustainable
agriculture and the environment are obvious in the
reduction of dependence on chemically produced
nitrogenous fertilizer and associated greenhouse gas
emissions. Future ecosystem research must also
address soil nutrient availability and utilization more
comprehensively within alternative cropping
systems in the context of NT/CA, integrated crop-
ping and crop-livestock systems. 

At the community and watershed levels, agro-
ecology, ecosystem and natural resources manage-
ment research must address the biophysical and
socio-economic dimensions of resources use and
their potential enhancement and/or depletion. In
this context, CGIAR has recently articulated a
comprehensive agenda of integrated natural
resources management research that embraces the
more important topics that need to be addressed
(CGIAR, 2000):
! Water: model system flows (river-basin level) 

allocated across multiple users, with particular
attention to onsite and offsite effects, develop
recharge balance models for aquifers at risk of
excessive drawdown.

! Forests: characterize the complexity of forest
systems and the range of stakeholders who
interact with them, and develop strategies to
influence the global policy agenda.

! Fisheries: identify the types of farming systems
and agro-ecologies into which integrated aqua-
culture-agriculture can be sustainably incorpo-
rated.

! Livestock: develop databases, models and
methods for analysing livestock-based systems to
help identify priorities for research and develop-
ment interventions.

! Soils: develop soil erosion models for various
multifunctional land use systems, and nutrient
balance and flow models.

! Carbon stocks: document and model alternatives
for above and below ground carbon stocks and
relate changes in those stocks to global climate
change impact.

! Pest and disease incidence: describe, define and
track key insect pests using GIS and develop
models that relate incidence to agroclimatic
conditions.

! Biodiversity: project alternative scenarios of 
functional biodiversity under different land
management systems.

Research priorities for the poor. Defining research
priorities (and the development of stakeholder-
specific research agendas) is becoming a complex
and increasingly sophisticated process. It demands
the interactive interpretation of information flows
between the scientist and the end-user of research
outputs. The criteria for making strategic choices
among alternative research programmes vary
depending on the stakeholder. In private-sector-
funded research, the ultimate criterion is profit in
one form or another. In academic research the goal
is often loosely defined around scientific advance-
ment and knowledge. And in national and interna-
tional research institutions the broad objective is
primarily the production of information and prod-
ucts for the “public”, usually termed “public goods”.

Establishing research priorities that specifically
address the needs of the poor or multidimensional
goals such as food security, sustainability, conserva-
tion of biodiversity and natural resources, becomes
increasingly difficult as the distance (socio-economic
as well as spatial) between the research planners and
the target beneficiaries widens. In essence, bridging
this gap is the challenge of the new research agenda,
not only at the research planning stage but also at
the interpretation and field-testing stage of the tech-
nologies and other research outputs.

In determining research priorities, it is also vitally
important to understand how new technologies may
influence the lives and livelihoods of the poor. New
technologies can lead to increased productivity on
the family farm, resulting in increased food
consumption and family incomes. Such technologies
can result in lower food prices, benefiting a wide
range of the urban and rural poor. Growth in agri-
cultural output generally leads to increased employ-
ment opportunities for the landless and the poor in
both the rural and urban non-farm economy.
Perhaps not emphasized adequately in research
programmes is that new technologies can lead to the
production of food crops rich in specific micronutri-
ents that are often deficient in the diets of the poor. 
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Research to underpin a new technology revolu-
tion with greater focus on the poor must put special
emphasis on those crop varieties and livestock
breeds that are specifically adapted to local ecosys-
tems and that were largely ignored throughout the
green revolution. These include crops such as
cassava and the minor root crops, bananas, ground-
nuts, millet, some oilcrops, sorghum and sweet pota-
toes. Indigenous breeds of cattle, sheep, goats, pigs
and poultry and locally adapted fish species must
also receive much greater priority. A particular focus
in the new research agenda should be on plant toler-
ance to drought, salinity and low soil fertility as
nearly half of the world’s poor live in dryland
regions with fragile soils and irregular rainfall
(Lipton, 1999). 

Research modalities and dialogue. Research that
addresses only one component in the development
chain, for example crop yield potential, will not
result in an equitable or sustainable increase in food
production. New research efforts should address a
minimum of four critical questions at key salient
points along the research continuum, from the
conception/planning stage to the stage of application
of the outputs by the targeted beneficiary. The key
questions are: (i) whether the technology will lead to
higher productivity across all farms, soil types and
regions; (ii) how the technology will affect the
seasonal stability of production; (iii) how the tech-
nology will impinge on the sustainability of the
targeted farming system; and (iv) what are the
sectors that will benefit most (or lose out) as a result
of the widespread adoption of the technology. It is
comparatively easy to tailor these questions to
specific research programmes depending on the
nature of the research to be undertaken, but it is
much more difficult to arrive at well-supported
answers, in particular at the research planning
stage. This research challenge needs scientists from
a range of disciplines and from different agencies,
both public and private, to engage in close collabo-
ration, not only among themselves but also with the
intended beneficiaries – the farmers – either directly
or through the extension services. 

Effective dialogue among all scientists and exten-
sion workers in this research development
continuum also calls for a new information-sharing
mechanism that embraces transparent interactive
dialogue and easily accessible information. Modern

information and communication technology can
provide the vehicle for this information sharing and
dialogue, opening up the possibility of a global
knowledge system through which the sharing of
global knowledge on all emerging technologies
relating to food and agriculture can be effectively
realized (Alberts, 1999). This in turn will lead to the
strengthening of the research process at all stages.

National government and international donor
support for research has declined significantly over
the past decade, despite compelling evidence on
very high rates of return to investment in agricul-
tural research and in particular in genetic improve-
ment programmes for crops and livestock. This is
particularly worrying at a time when there is a
widely shared consensus on the absolute need and
importance of strengthening agricultural research.
While more and more funds go into biotechnology
research, the other areas mentioned above are
trailing behind. This is especially true for research
focusing on marginal areas and crops. The private
sector can and must contribute more than just
funding. As outlined above, its expertise, technolo-
gies and products are essential to the development
and growth of tropical agriculture based on rapidly
advancing biotechnologies and genetically engi-
neered products. It is argued by some that incen-
tives (e.g. in the form of tax concessions) should be
offered to induce private sector participation. It is
also argued that collaborative partnerships with
private sector companies or foundations in well-
articulated and mutually beneficial agreements can
mobilize the required cooperation and make signifi-
cant contributions to agricultural research in the
developing countries.

To conclude, the scientific community bears a
responsibility to address ethical concerns. On the
one hand, it must ensure that the technologies and
products of research do not adversely affect food
safety or risk damage to the environment. In this
context, timely and transparent communication of
relevant research findings and their interpretation
(risk analysis) to all pertinent audiences including
the general public is required. On the other hand,
scientists, together with public servants, politicians
and private sector leaders, bear a more profound
humanitarian responsibility to ensure that all people
can realize their most fundamental right – the right
to food. 
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12.1  Introduction

Agriculture places a serious burden on the envi-

ronment in the process of providing humanity

with food and fibres. It is the largest consumer of

water and the main source of nitrate pollution of

groundwater and surface water, as well as the prin-

cipal source of ammonia pollution. It is a major

contributor to the phosphate pollution of water-

ways (OECD, 2001a) and to the release of the

powerful greenhouse gases (GHGs) methane and

nitrous oxide into the atmosphere (IPCC, 2001a).

Increasingly, however, it is recognized that agricul-

ture and forestry can also have positive externali-

ties such as the provision of environmental services

and amenities, for example through water storage

and purification, carbon sequestration and the

maintenance of rural landscapes. Moreover,

research-driven intensification is saving vast areas

of natural forest and grassland, which would have

been developed in the absence of higher crop,

meat and milk yields. But conversely, intensifica-

tion has contributed to the air and water pollution

mentioned above (Nelson and Mareida, 2001;

Mareida and Pingali, 2001), and in some instances

reduced productivity growth because of soil 

and water degradation (Murgai, Ali and 

Byerlee, 2001).

Quantification of the agro-environmental impacts

is not an exact science. First, there is considerable

debate on their spatial extent, and on the magni-

tude of the current and long-term biophysical

effects and economic consequences of the impact of

agriculture. Much of the literature is concerned

with land degradation, especially water erosion.

Moreover, most of the assessments are of physical

damage, although a few attempts have been made

to estimate the economic costs of degradation as a

proportion of agricultural GDP. Scherr (1999)

quotes estimates of annual losses in agricultural

GDP caused by soil erosion for a number of 

African countries, which can be considerable.

Unfortunately these aggregate estimates can be

misleading, and policy priorities for limiting

impacts based on physical damage may not truly

reflect the costs to the economy at large. Second,

the relative importance of different impacts may

change with time, as point sources of pollution are

increasingly brought under control and non-point

sources become the major problem. Lastly, offsite

costs can be considerably greater than onsite costs.

These important analytical limitations are

apparent from recent estimates of the external

environmental costs of agriculture in various devel-

oped countries given in Pretty et al. (2001). These

estimates suggest that in developing countries over
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the next 30 years greater consideration should be

given to air pollution and offsite damage because

their costs may exceed those of land and water

pollution, loss of biodiversity and onsite damage. It

should be noted that a large proportion of these

environmental costs stems from climate change

and its impacts, which are still very uncertain (see

Chapter 13). 

It is generally accepted that most developing

countries will increasingly face the type of agro-

environmental impacts that have become so serious

in developed countries over the past 30 years or

more. The commodity production and input use

projections presented in Chapters 3 and 4 provide

an overall framework for assessing the likely

impacts of agricultural activities on the environ-

ment over the next 30 years in developing coun-

tries. Several large developing countries already

have average fertilizer and pesticide application

rates exceeding those causing major environmental

problems in developed countries. Similarly, some

developing countries have intensive livestock units

as large as those in Europe and North America that

are regarded as serious threats to waterbodies

(OECD, 2001a). 

Moreover, the experience of agro-environ-

mental impacts in developed countries can give

advance warning to developing countries where

agro-ecological conditions are similar to those in

OECD countries. Developing countries are likely to

face similar problems when adopting similar

patterns of intensification. They can use the expe-

rience of developed countries to identify some of

the policy and technological solutions to limit or

avoid negative agro-environmental impacts, and to

identify the trade-offs. They can also estimate the

economic costs (externalities) of the agro-environ-

mental impacts of intensive agriculture that are not

currently reflected in agricultural commodity

prices, and these costs can provide a basis for policy

and technology priority setting.

It will be argued that higher priority than is

currently the case should be given to lowering agri-

culture’s impact on air and water. The remainder

of this chapter assesses the changing pressures on

the environment from agriculture, using the

projections for land, water, agrochemical input and

technological change given in earlier chapters. It

examines the main technology and policy options

for limiting agriculture’s negative impacts on the

environment and widening its positive ones.

Finally, it considers the range of situations and

trade-offs that may influence the uptake of these

options. The important issue of climate change is

examined both here and in Chapter 13. This

chapter examines the role of agriculture as a

driving force for climate change, while Chapter 13

examines the impact of climate change on agricul-

tural production and food security.

12.2 Major trends and forces

It is clear from the crop production projections

presented in Chapter 4 that the key issue for the

future is the environmental pressure from intensi-

fication of land use, rather than land cover or land

use changes alone. Some 80 percent of the incre-

mental crop production in developing countries

will come from intensification and the remainder

from arable land expansion (Table 4.2). Thus the

dominant agro-environmental costs and benefits

over the projection period will continue to be those

stemming from the use of improved cultivars and

higher inputs of plant nutrients and livestock feeds,

together with better nutrient management and

tillage practices, pest management and irrigation.

Nonetheless, extensification of agriculture in envi-

ronmentally fragile “hot spots” or areas high in

biodiversity will also remain of continuing concern.

The positive benefits of these changes will

include a slowdown of soil erosion and at least a

slower increase in pollution from fertilizers and

pesticides. Likely outcomes on the negative side are

a continuing rise in groundwater nitrate levels

from poor fertilizer management, further land and

yield losses through salinization, and growing air

and water pollution from livestock.

The main agro-environmental problems fall into

two groups. First, there are those that are global in

scale such as, for example, the increase in atmos-

pheric concentrations of the GHGs carbon dioxide

(CO2) through deforestation, and nitrous oxide

(N2O) arising from crop production (Houghton et

al., 1995; Mosier and Kroeze, 1998). The second

group of problems is found in discrete locations of

the major continents and most countries, but at

present has no substantive impact at the global

level. Examples are the salinization of irrigated

lands and the buildup of nitrate fertilizer residues
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in groundwater and surface water. These problems

first emerged in the developed countries in the

1970s as a consequence of agricultural intensifica-

tion. However, they have become of increasing

importance in some developing countries during

the past decade or so, and are destined to become

more widespread and more intense unless there is a

break from current policy and technological trends.

Most of the negative impacts from agriculture

on the environment can be reduced or prevented

by an appropriate mix of policies and technological

changes (see, for example, UN, 1993; Alexandratos,

1995; Pretty, 1995; and Conway, 1997). There is

growing public pressure for a more environmen-

tally benign agriculture. Countries also have to

comply with the WTO Agreement on Agriculture

and the UNCED Conventions (particularly the

Framework Convention on Climate Change). This

forces countries to reduce commodity price distor-

tions and input subsidies, and encourages them to

remove other policy interventions that tend to

worsen agro-environmental impacts, and to inte-

grate environmental considerations explicitly into

agricultural policies. 

At the national level, there is now a range of

policy options available to correct past agro-envi-

ronmental mistakes and to prevent or limit future

ones. The main problems were first recognized in

those developed countries that embarked on agri-

cultural intensification in the 1940s and 1950s, e.g.

France, the United Kingdom and the United States.

These countries started to formulate corrective

measures soon afterwards. Their experience can

help other countries embarking on intensification

to avoid or moderate some of the problems. Some

developing countries, for example, have introduced

institutional mechanisms to promote environmen-

tally benign technologies more rapidly than the

developed countries at a comparable point of

economic development. Moreover, the responses

have not been only at the public sector level.

Farmers in both developed and developing coun-

tries have also made a significant contribution by

spontaneously creating or adopting environmen-

tally benign technologies or management practices.

At the international level, there is now wide

endorsement of the precautionary principle, under

which countries accept the need to introduce correc-

tive actions at an early stage and possibly before all

of the scientific justification is in place (UN, 1993).

International action has also been taken to

strengthen research on the biophysical changes that

agriculture is causing (Walker and Steffen, 1999),

and to monitor the key indicators of agro-ecosystem

health (ICSU/UNEP/FAO/UNESCO/WMO, 1998;

OECD, 1991, 2001b) so as to understand and give

advance warning of any threats to agricultural

sustainability.

12.3 Changing pressures on 
the environment

12.3.1 Agriculture’s contribution to air
pollution and climate change

Public attention tends to focus on the more visible

signs of agriculture’s impact on the environment,

whereas it seems likely that the non-visible or less

obvious impacts of air pollution cause the greatest

economic costs (Pretty et al., 2001). Agriculture

affects air quality and the atmosphere in four main

ways: particulate matter and GHGs from land clear-

ance by fire (mainly rangeland and forest) and the

burning of rice residues; methane from rice and

livestock production; nitrous oxide from fertilizers

and manure; and ammonia from manure and urine. 

Pollution from biomass burning. Soot, dust and

trace gases are released by biomass burning during

forest, bush or rangeland clearance for agriculture.

Burning is traditionally practised in “slash and

burn” tropical farming, in firing of savannah

regions by pastoralists to stimulate forage growth

and in clearing of fallow land and disposing of crop

residues, particularly rice. This burning has had

major global impacts and has caused air pollution

in tropical regions far away from the source of 

the fires.

Two developments should result in an appre-

ciable fall in air pollution from biomass burning.

Deforestation is often achieved by burning, or fire

is used after timber extraction to remove the

remaining vegetation (Chapter 6). The projected

reduction in the rate of deforestation will slow

down the growth in air pollution. The shift from

extensive to intensive livestock production systems

(Chapter 5) will reduce the practice of rangeland

burning under extensive grazing systems, although

the latter systems seem likely to remain dominant
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in parts of sub-Saharan Africa. The growth in the

contribution of crop residues may also slow down

because of the projected very slow growth in rice

production (Chapters 3 and 4). Climate change

itself, however, may cause temperatures to rise in

the dry season, increasing fire risks and thus

increasing pollution from biomass burning in some

areas (Lavorel et al., 2001).

Greenhouse gas emissions. For some countries, the

contribution from agriculture to GHG emissions is

a substantial share of the national total emissions,

although it is seldom the dominant source. Its

share may increase in importance as energy and

industrial emissions grow less rapidly than in the

past while some agricultural emissions continue to

grow (Table 12.1). There is increasing concern not

just with carbon dioxide but also with the growth of

agricultural emissions of other gases such as

methane, nitrous oxide and ammonia arising from

crop and livestock production. In some countries

these can account for more than 80 percent of

GHG emissions from agriculture.

The conversion of tropical forests to agricul-

tural land, the expansion of rice and livestock

production and the increased use of nitrogen fertil-

izers have all been significant contributors to GHG

emissions. Agriculture now contributes about 30

percent of total global anthropogenic emissions of

GHGs, although large seasonal and annual varia-

tions make a precise assessment difficult

(Bouwman, 2001). Tropical forest clearance and

land use change were major factors in the past for

carbon dioxide emissions, but are likely to play a

smaller role in the future (see Chapters 4 and 6).

More attention is now being given to methane

(CH4) and nitrous oxide (N2O), since agriculture is

responsible for half or more of total global anthro-

pogenic emissions of these GHGs (Table 12.1).

Methane from ruminant and rice production.

Methane is a principal GHG driving climate

Gas Carbon dioxide Methane Nitrous oxide Nitric oxides Ammonia

Main effects Climate change Climate change Climate change Acidification Acidification
Eutrophication

Agricultural Land use change, Ruminants (15) Livestock Biomass Livestock (including

source especially (including burning (13) manure applied to 

deforestation manure applied farmland (44)

(estimated % to farmland) (17)

contribution to

total global Rice production Mineral Manure and Mineral fertilizers 

emissions (11) fertilizers (8) mineral (17)

fertilizers (2)

Biomass Biomass Biomass

burning (7) burning (3) burning (11) 

Agricultural 15 49 66 27 93

emissionsas % of 

total anthropogenic

sources

Expected changes Stable or From rice: stable 35-60% From livestock:

in agricultural declining or declining increase rising by 60%

emissions to 2030

From livestock:

rising by 60%

Main sources: Column 2: IPCC (2001a); column 3: Lassey, Lowe and Manning (2000); columns 4, 5 and 6: Bouwman (2001); FAO estimates.

Table 12.1 Agriculture’s contribution to global greenhouse gas and other emissions
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change. Its warming potential is about 20 times

more powerful than carbon dioxide.1 Global

methane emissions amount at present to about 

540 million tonnes p.a., increasing at an annual

rate of 20-30 million tonnes. Rice production

currently contributes about 11 percent of global

methane emissions. Around 15 percent comes from

livestock (from enteric fermentation by cattle,

sheep and goats and from animal excreta). The

livestock contribution can be higher or lower at the

national level depending on the extent and level of

intensification. In the United Kingdom and

Canada the share is over 35 percent.

The production structure for ruminants in

developing countries is expected to increasingly

shift towards that prevalent in the industrial coun-

tries. The major share of cattle and dairy produc-

tion will come from feedlot, stall-fed or other

restricted grazing systems and by 2030 nearly all

pig and poultry production will also be concen-

trated in appropriate housings. Much of it will be

on an industrial scale with potentially severe local

impacts on air and water pollution.

The livestock projections in this report

(Chapter 5) entail both positive and negative impli-

cations for methane emissions. The projected

increase in livestock productivity, in part related to

improvements in feed intake and feed digestibility,

should reduce emissions per animal. Factors

tending to increase emissions are the projected

increase in cattle, sheep and goat numbers and the

projected shift in production systems from grazing

to stall-feeding. The latter is important because

storage of manure in a liquid or waterlogged state

is the principal source of methane emissions from

manure, and these conditions are typical of the

lagoons, pits and storage tanks used by intensive

stall-feeding systems. When appropriate technolo-

gies are introduced to use methane in local power

production, as has been done in some South and

East Asian countries, the changes can be beneficial.

If emissions grow in direct proportion to the

projected increase in livestock numbers and in

carcass weight or milk output (see Chapter 5),

global methane emissions could be 60 percent

higher by 2030. Growth in the developed regions

will be slow, but in East and South Asia emissions

could more than double, largely because of the

rapid growth of pig and poultry production in

these regions.

Rice cultivation is the other major agricultural

source of methane. The harvested area of rice is

projected to expand by only about 4.5 percent by

2030 (Table 4.11) depending on yield growth

rates, and possibly on the ability of technological

improvements to compensate for climate-change-

induced productivity loss if this becomes serious

(Wassmann, Moya and Lantin, 1998). Total

methane emissions from rice production will prob-

ably not increase much in the longer term and

could even decrease, for two reasons. First, about

half of rice is grown using almost continuous

flooding, which maintains anaerobic conditions in

the soil and hence results in high methane emis-

sions. However, because of water scarcity, labour

shortages and better water pricing, an increasing

proportion of rice is expected to be grown under

controlled irrigation and better nutrient manage-

ment, causing methane emissions to fall. Second,

up to 90 percent of the methane from rice fields is

emitted through the rice plant. New high-yielding

varieties exist that emit considerably less methane

than some of the widely used traditional and

modern cultivars, and this property could be

widely exploited over the next ten to 20 years

(Wang, Neue and Samonte, 1997).

Nitrous oxide. Nitrous oxide (N2O) is the other

powerful GHG for which agriculture is the domi-

nant anthropogenic source (Table 12.2). Mineral

fertilizer use and cattle production are the main

culprits. N2O is generated by natural biogenic

processes, but output is enhanced by agriculture

through nitrogen fertilizers, the creation of crop

residues, animal urine and faeces, and nitrogen

leaching and runoff. N2O formation is sensitive to

climate, soil type, tillage practices and type and

placement of fertilizer. It is also linked to the

release of nitric oxide and ammonia, which

contribute to acid rain and the acidification of

soils and drainage systems (Mosier and Kroeze,

1998). The current agricultural contribution 

to total global nitrogen emissions is estimated at

4.7 million tonnes p.a., but there is great uncer-

1 Power is measured in terms of the global warming potential (GWP) of a gas, taking account of the ability of a gas to absorb infrared radiation and
its lifetime in the atmosphere. 
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tainty about the magnitude because of the wide

range in estimates of different agricultural

sources (Table 12.2).

Nitrogen fertilizer is one major source of nitrous

oxide emissions. The crop projections to 2030 imply

slower growth of nitrogen fertilizer use compared

with the past (Table 4.15 and Daberkov et al., 1999).

Depending on progress in raising fertilizer-use effi-

ciency, the increase between 1997/99 and 2030 in

total fertilizer use could be as low as 37 percent. This

would entail similar or even smaller increases in the

direct and indirect N2O emissions from fertilizer

and from nitrogen leaching and runoff. Current

nitrogen fertilizer use in many developing countries

is very inefficient. In China, for example, which is

the world’s largest consumer of nitrogen fertilizer, it

is not uncommon for half to be lost by volatilization

and 5 to 10 percent by leaching. Better onfarm

fertilizer management, wider regulatory measures

and economic incentives for balanced fertilizer use

and reduced GHG emissions, together with techno-

logical improvements such as more cost-effective

slow-release formulations should reduce these losses

in the future.

Livestock are the other major source of anthro-

pogenic nitrous oxide emissions (Mosier et al.,

1996; Bouwman, 2001). These emissions arise in

three ways. 

First, from the breakdown of manure applied as

fertilizer, primarily to crops but also to pastures.

The proportion of manure thus used is difficult to

estimate, but it is probably less than 50 percent.

Moreover, there are opposite trends in its use. In

the developed countries, growing demand for

organic foods, better soil nutrition management

and greater recycling is favouring the increased use

of manure. In the developing countries, with a

strong growth in industrial-scale livestock produc-

tion separate from crop production, and with

decreasing labour availability, there is a trend to

rely more on mineral fertilizers to maintain or raise

crop yields. The second source is dung and urine

deposited by grazing animals. The emissions from

this source are higher for intensively managed

grasslands than for extensive systems (Mosier et al.,

1996). Similarly, emissions from animals receiving

low-quality feeds are likely to be less than with

higher-quality feeds. Since shifts are expected from

Million tonnes N p.a. Mean value Range

Natural sources

Oceans 3.0 1-5

Soils total, of which: 6.0 3.3-9.7

Tropical soils Wet forest 3.0 2.2-3.7

Dry savannahs 1.0 0.5-2.0

Temperate soils Forests 1.0 0.1-2.0

Grasslands 1.0 0.5-2.0

Subtotal natural sources 9.0 4.3-14.7

Anthropogenic sources

Agriculture total, of which: 4.7 1.2-7.9

Agricultural soils, manure, fertilizer 2.1 0.4-3.8

Cattle and feedlots 2.1 0.6-3.1

Biomass burning 0.5 0.2-1.0

Industry 1.3 0.7-1.8

Subtotal anthropogenic sources 6.0 1.9-9.6

Total all sources 15.0 6.2-24.3

Source: Mosier and Kroeze (1998), modified using Mosier et al. (1996).

Table 12.2 Global N2O emissions
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extensive to intensive production systems and from

low- to higher-quality feeds, it can be assumed that

there will be an increase in N2O emissions from

deposited dung and urine. The third source is

from the storage of excreta produced in stall-

feeding or in intensive production units. This may

produce a reduction in emissions since, on average,

stored excreta produce about half as much N2O as

excreta deposited on pastures (Mosier et al., 1996).

Changes in manure production over time have

been estimated using the projected growth in live-

stock populations (allowing for differences between

cattle, dairy, sheep and goats, pigs and poultry).

The amounts per head have been adjusted on a

regional basis to allow for projected changes in

carcass weight and milk output. Emission rates have

been adjusted for the assumed shifts from extensive

to stall-fed systems. Based on these assumptions and

estimates, the total production of manure is

projected to rise by about 60 percent between

1997/99 and 2030. However, N2O emissions are

projected to rise slightly more slowly (i.e. by about

50 percent) because of the switch from extensive to

stall-fed systems. This relative environmental gain

from intensification has to be seen against the rise in

ammonia and methane emissions and the probable

growth in point-source pollution that the intensive

livestock units will generate. This latter cannot be

quantified but is a very serious problem in a

number of developed and developing countries (de

Haan, Steinfeld and Blackburn, 1998). 

Ammonia. Agriculture is the dominant source of

anthropogenic ammonia emissions, which are

around four times greater than natural emissions.

Livestock production, particularly cattle, accounts

for about 44 percent, mineral fertilizers for 

17 percent and biomass burning and crop residues

for about 11 percent of the global total (Bouwman

et al., 1997; Bouwman, 2001). Volatilization rates

from mineral fertilizers in developing countries are

about four times greater than in developed coun-

tries because of higher temperatures and lower-

quality fertilizers. Losses are even higher from

manure (about 22 percent of the nitrogen applied). 

Ammonia emissions are potentially even more

acidifying than emissions of sulphur dioxide and

nitrogen oxides (Galloway, 1995). Moreover, future

emissions of sulphur dioxide are likely to be lower

as efforts continue to reduce industrial and

domestic emissions and improve energy-use 

efficiency, whereas there is little action on 

reducing agriculture-related emissions. The

ammonia released from intensive livestock systems

contributes to both local (Pitcairn et al., 1998) and

longer-distance deposition of nitrogen (Asman,

1994). This causes damage to trees and acidifica-

tion and eutrophication of terrestrial and aquatic

ecosystems, leading to decreased nutrient avail-

ability, disruption of nitrogen fixation and other

microbiological processes, and declining species

richness (UNEP/RIVM, 1999).

The livestock projections of this study are based

on changes in both animal numbers and in produc-

tivity, as determined by changes in carcass weight or

milk output per animal. It is assumed that the

volume of excreta per animal, which is the main

source of the ammonia, increases over time in

proportion to carcass weight, which in turn is a

reflection of the increase in the use of feed concen-

trates. Table 12.3 gives estimates of ammonia emis-

sions in 1997/99 and 2030 using these assumptions.

The projected increase for the developing countries

(80 percent) is significantly higher than the increase

(50 percent) given in Bouwman et al. (1997).

These projections have three main environ-

mental implications. First, all the developing

regions potentially face ammonia emission levels

that have caused serious ecosystem damage in the

developed countries. Second, emissions may

continue to rise in the developed countries, adding

to the already serious damage in some areas. And

third, in East Asia and Latin America, a high

proportion of the emissions will come from inten-

sive pig production systems, in which emission

reduction is more difficult. Since many of these

intensive production units are located where there

is a large demand, the downwind and downstream

effects are likely to be concentrated near large

urban populations, often on river plains and

coastal plains that are already subject to a high

chemical and particulate pollution load.

12.3.2 Agriculture’s impact on land

In recent decades the most important environ-

mental issues concerning land have been land

cover change, particularly deforestation, and land

use intensification, especially its impact on land

degradation. The future picture concerning land
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Number of animals Emissions NH3
1997/99 2030 1997/99 2030

(in millions) (’000 tonnes N p.a.)

World

Total 30.34 48.60

Cattle and buffalo 1 497 1 858 13.09 19.51

Dairy 278 391 5.35 9.98

Sheep and goats 1 749 2 309 2.02 3.50

Pigs 871 1 062 6.62 9.25

Poultry 15 119 24 804 3.27 6.35

Developing countries

Total 21.35 38.55

Cattle and buffalo 1 156 1 522 9.33 15.34

Dairy 198 312 3.63 8.08

Sheep and goats 1 323 1 856 1.59 3.02

Pigs 579 760 4.52 7.02

Poultry 10 587 19 193 2.29 5.09

Industrial countries

Total 6.67 7.24

Cattle and buffalo 254 243 3.03 3.18

Dairy 41 44 1.02 1.21

Sheep and goats 341 358 0.33 0.34

Pigs 210 220 1.51 1.58

Poultry 3 612 4 325 0.78 0.93

Transition countries

Total 2.32 2.80

Cattle and buffalo 87 94 0.74 1.00

Dairy 39 35 0.69 0.69

Sheep and goats 85 95 0.10 0.14

Pigs 81 82 0.59 0.65

Poultry 920 1 287 0.20 0.32

Note: Figures for the base year are from Mosier and Kroeze (1998).

Table 12.3 Ammonia emissions implied by the livestock projections

cover change is a continuing slowing down of the

conversion of forests to areas for crop or livestock

production; no appreciable change in grazing 

area; and continued growth of protected areas.

However, in the case of land degradation, there are

still widely differing opinions about future trends,

and the empirical basis for making firm projections

remains weak.

Land cover change. In the past much of the pres-

sure for land cover change came from deforesta-

tion, but this is likely to slow down in future. The

process of deforestation will continue in the tropics

but at a decelerating rate, and in a number of

major developing countries the extent of forest will

actually increase. In Latin America, for example,

governments have removed some of the policy

distortions that encouraged large farmers and
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companies to create pastures on deforested land.

However, deforestation by smallholders has not

been reduced. In West Africa, almost no primary

rain forest is left, and over 80 percent of the popu-

lation is still rural and growing at 2.5-3 percent p.a.

– a situation that is likely to continue until non-

agricultural employment opportunities are found. 

The total extent of grassland is likely to

decrease. In most developing regions the general

trend is away from extensive grazing towards

mixed farming and improved pastures or inten-

sive feedlot and stall-fed systems. It is assumed

that there will be no substantial development of

new grassland. Some of the more marginal range-

lands and pastures are likely to be abandoned as

herders and other livestock producers leave the

land for better-paid jobs outside agriculture, as

happened in parts of Europe after about 1950

(CEC, 1980). In the absence of grazing pressure

these areas will revert to forest or scrub. Some of

the better grazing land will be converted to crop-

land or urban land, with the loss being compen-

sated by improving productivity on the remaining

land rather than by clearing new land. At the

national level some countries will diverge from

this global picture. Countries such as China, some

Commonwealth of Independent States countries

and parts of South America still have the potential

for major increases in the use of natural grass-

lands (Fan Jiangwen, 1998).

Net arable land expansion in developing coun-

tries is projected to fall from about 5 million ha p. a.

over the past four decades to less than 3.8 million ha

p.a. over the period to 2030 (Table 4.7). This net

increase takes into account the area of cropland

going out of use because of degradation, which some

argue is in the order of 5 to 6 million ha p.a. (UNEP,

1997). It also takes into account land abandoned

because it is no longer economically attractive to

farm or as a result of changes in government policy,

and land taken up by urbanization. It does not,

however, take account of the area that is restored to

use for reasons other than crop production, e.g. as

part of agricultural carbon sequestration policies. In

the future such areas could be substantial.

Even though an overall slowdown in the expan-

sion of agricultural land is expected, there are

three areas of concern. First, the frequency or

intensity of cultivation of formerly forested slope

lands will probably increase. Second, further

drainage of wetlands will result in loss of biodiver-

sity and of fish spawning grounds, with increased

carbon dioxide but lower methane emissions.

Third, high-quality cropland will continue to be

lost to urban and industrial development.

Cultivation of slope lands. Uplands are particularly

prone to water erosion where cultivated slopes are

steeper than 10 to 30 percent, lack appropriate 

soil conservation measures and rainfall is heavy.

Substantial areas of land are at risk (Bot,

Nachtergaele and Young, 2000), although it is not

possible to make global or even regional estimates

of how much of this is currently cropped land. In

Southeast Asia, land pressure caused by increasing

population has extended the use of steep hill

slopes particularly for maize production. This has

led to a very significant increase in erosion on

lands with slopes of over 20 percent (Huizing and

Bronsveld, 1991). 

There are two main environmental concerns

for the future. First, more forest may be cleared for

cultivation, resulting in the loss of biodiversity and

increased soil erosion. Second, existing cultivated

slopes may be cropped more intensively, leading to

greater soil erosion and other forms of land degra-

dation (Shaxson, 1998).

In countries such as Bhutan and Nepal with

limited flat land left to develop, almost all of the

additional land brought into cultivation in the

future will be steep lands prone to erosion unless

well terraced, or protected by grass strips, conserva-

tion tillage, etc. In Nepal, for example, soil erosion

rates in the hills and mountains are in the range 

of 20 to 50 tonnes/ha/p.a. in agriculture fields and 

200 tonnes/ha/p.a. in some highly degraded water-

sheds (Carson, 1992). Crop yields in these areas

declined by 8 to 21 percent over the period 1970-

1995. Such losses seem likely to continue, unless

there are substantial changes in farmer incentives

for soil conservation and wider knowledge at all

levels of the economic and environmental benefits

that conservation provides. In countries with less

acute land pressure there may be a slowing down in

the expansion of cropped slope lands, but there will

still be pressures for the intensification of cultivation

and hence the risk of greater erosion.

Deforestation of slope lands was a serious

concern in the past but may slow down over the

projection period. On the one hand, a good part of
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the 3.8 million ha annual net new cropland over

the period to 2030 will probably come from forest

conversion. A high proportion will have steep

slopes and will be in zones with high rainfall, so the

water erosion risk will be high unless suitable

management techniques are adopted (Fischer, van

Velthuizen and Nachtergaele, 2000). On the other

hand, large areas of existing crop and grazing land

– much of which is likely to be slope land – could

revert to forest and scrub because of land aban-

donment and outmigration. 

Reclamation of wetlands. Historically, the reclama-

tion of wetlands has made a major contribution to

agricultural growth and food security. Significant

parts of the rich croplands of the Mississippi basin

in the United States, the Po Valley in Italy and the

Nile Delta in Egypt are reclaimed wetlands. The

developing countries have over 300 million ha of

natural wetlands that are potentially suitable for

crop production. Some of the wetlands will

inevitably be drained for crop production. Part will

be in countries with relatively large land areas per

capita but limited areas with adequate rainfall or

irrigation potential, e.g. Senegal. Part will be in

countries where much of the potential arable land

is not well suited for sustainable agriculture

because of steep slopes or thin, fragile soils, so the

development of wetlands is therefore a more

attractive option, e.g. Indonesia. 

Wetlands are flat, and by definition well

watered. In the case of some Sahelian countries

they are potentially important contributors to food

security (Juo and Lowe, 1986). Past experience in

the inland valleys of the Sahelian belt suggest,

however, that reclamation for agriculture has been

of doubtful benefit despite huge international

investments. Many irrigation schemes have failed

through mismanagement and inadequate infra-

structure maintenance, civil unrest and weak

market development. The soils in this region are

potentially productive once certain constraints are

overcome, e.g. acid sulphate, aluminium and iron

toxicity and waterlogging. 

Assuming that the present rate of drainage of

wetlands declines, the total conversion over the

projection period will amount to a relatively small

part of the 300 million ha they currently cover, but

even this would carry some environmental risks.

There may be damage to the hydrological functions

of wetlands, such as groundwater recharge and

natural flood relief, and disruption of migration

routes and overwintering grounds of certain birds.

In central China, for example, around half a

million ha of wetlands have been reclaimed for

crop production since about 1950, contributing to

a reduction of floodwater storage capacity of

approximately 50 billion m3 (Cai, Zhao and Du,

1999). There is strong evidence that wetland recla-

mation is responsible for about two-thirds of this

loss in storage capacity, and thus for about two-

thirds of the US$20 billion flood damage in 1998

(Norse et al., 2001). Similar links have been estab-

lished for the severe 1993 floods in the United

States (IFMRC, 1994). Therefore it is important to

introduce appropriate planning and regulatory

mechanisms to ensure that any future wetland

development is undertaken with the necessary safe-

guards, as is the case in the United States and a

number of other developed countries (Wiebe,

Tegene and Kuhn, 1995).

Loss of and competition for good arable land. As

populations grow, much good cropland is lost to

urban and industrial development, roads and

reservoirs. For sound historic and strategic reasons,

most urban areas are sited on flat coastal plains or

river valleys with fertile soils. Given that much

future urban expansion will be centred on such

areas, the loss of good-quality cropland seems likely

to continue. In fact the losses seem inevitable, given

the low economic returns to farm capital and

labour compared with non-agricultural uses. Such

losses are essentially irreversible and in land-scarce

countries the implications for food security could

be serious. 

Estimates of non-agricultural use of land per

thousand persons range from 22 ha in India

(Katyal et al., 1997), to 15-28 ha in China (Ash and

Edmunds, 1998) and to 60 ha in the United States

(Waggoner, 1994). The magnitude of future

conversions of land for urban uses is not certain,

nor how much of it will be good arable land. There

is no doubt, however, that losses could be substan-

tial. In China, for example, the losses between 1985

and 1995 were over 2 million ha, and the rate of

loss to industrial construction has increased since

1980 (Ash and Edmunds, 1998). 

The projected increase in world population

between 2000 and 2030 is some 2.2 billion.
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Assuming that the conversion of land for non-agri-

cultural purposes is an average of 40 ha per thou-

sand persons, the projected loss on this account

would be almost 90 million ha. Even assuming that

all of this would be land with crop production

potential, this would be only a fraction of the global

balance of potential cropland that is as yet unused

(see Chapter 4). However, in heavily populated

countries such as China and India which have very

limited potential for cropland expansion, even

small losses could be serious. In China, this issue

has been of growing concern for a number of years.

Land loss to urban and industrial development in

central and southern China has been partially

compensated by the conversion of grasslands in the

northeast to crop production (Ash and Edmunds,

1998). But although this new land is very fertile,

the growing season is short and allows only one

crop per year, compared with the two to three

crops per year possible on the land lost in the

central and southern areas. However, it seems

likely that the global trading system will be able 

to meet China’s potential food import needs to

2030 and beyond (Alexandratos, Bruinsma and

Schmidhuber, 2000). 

Land degradation.3 The assessment of land degra-

dation is greatly hindered by serious weaknesses in

our knowledge of the current situation (Pagiola,

1999; Branca, 2001). According to some analysts,

land degradation is a major threat to food security,

it has negated many of the productivity improve-

ments of the past, and it is getting worse (Pimentel

et al., 1995; UNEP, 1999; Bremen, Groot and van

Keulen, 2001). Others believe that the seriousness

of the situation has been overestimated at the

global and local level (Crosson, 1997; Scherr, 1999;

Lindert, 2000; Mazzucato and Niemeijer, 2001). 

Area of degraded land. The most comprehensive

global assessment is still the Global Assessment of

Human-induced Soil Degradation (GLASOD)

mapping exercise (Oldeman, Hakkeling and

Sombroek, 1991; Table 12.4). 

The results are subject to a number of uncer-

tainties, particularly regarding the impact on

productivity and the rates of change in the area and

severity of degradation. A follow-up study for South

Asia addressed some of the weaknesses of GLASOD.

It introduced more information from national

studies and greater detail on the different forms of

degradation (FAO/UNDP/UNEP, 1994). The broad

picture for South Asia remains similar in the two

studies: 30-40 percent of the agricultural land is

degraded to some degree, and water erosion is the

most widespread problem (Table 12.5).

Region Total land affected (million ha) Percentage of region degraded

Moderate Strong and extreme

Africa 494 39 26

Asia 747 46 15

Australasia 103 4 2

South America 243 47 10

Central America 63 56 41

Europe 219 66 6

North America 96 81 1

Total 1 964 46 16

Source: Oldeman, Hakkeling and Sombroek (1991).

Table 12.4 Global Assessment of Human-induced Soil Degradation (GLASOD)2

2 GLASOD defines four levels of degradation: light = somewhat reduced agricultural productivity; moderate = greatly reduced agricultural
productivity; strong = unreclaimable at the farm level; extreme = unreclaimable and unrestorable with current technology.

3 Defined as a process that lowers the current or potential capabilities of the soil to produce goods or services, through chemical, physical or 
biological changes that lower productivity (Branca, 2001).
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Despite these improvements in techniques of

assessment, a number of serious difficulties remain

in using them for perspective analysis. They are still

heavily based on expert judgement, for entirely

justified reasons. There is no clear consensus as to

the area of degraded land, even at the national level.

In India, for example, estimates by different public

authorities vary from 53 to 239 million ha (Katyal 

et al., 1997). Land degradation is very variable over

small areas, e.g. as a consequence of differences in

soil type, topography, crop type and management

practice, so impacts are highly site specific. They

can also be time specific: soil erosion impacts can

vary in the short term because of interannual

differences in rainfall, with no yield reductions in

high rainfall years but appreciable losses in dry

years (Moyo, 1998). Some forms of degradation are

not readily visible, for example, soil compaction,

acidification and reduced biological activity. Lack

of data and analytical tools for measuring such

differences prevents or limits estimation of their

impact on productivity, and makes scaling up to the

national or regional level problematic. There are

no internationally agreed criteria or procedures for

estimating the severity of degradation and most

surveys do not make reliable assessments. Few if

any countries make systematic assessments at

regular intervals that permit estimation of rates of

change. Finally, major changes in socio-economic

conditions, improved market opportunities, infra-

structure and technology over the medium to long

term can induce farmers to overcome degradation

(Tiffen, Mortimore and Gichuki, 1994). 

Impact of degradation on productivity. Does degra-

dation have a serious impact on onfarm produc-

tivity, and on offsite environments through wind

and water dispersal of soil? Because degradation is

normally a slow and almost invisible process, rising

yields caused by higher inputs can mask the impact

of degradation until yields are close to their ceiling.

They thus hide the costs to farmers of falling input

efficiency (Walker and Young, 1986; Bremen,

Groot and van Keulen, 2001). In Pakistan’s Punjab,

for example, Murgai, Ali and Byerlee (2001) ques-

tion whether technological gains can be sustained

because of the severe degradation of land and

water resources.

Moreover, the experimental methods commonly

used to determine impacts on yields have a number

of weaknesses (Stocking and Tengberg, 1999).

Estimation of the economic costs can be equally

complex. First, there may be impacts not just on

yield levels, but on grain quality (e.g. drop in

protein quality), yield stability or production costs or

any combination of these (Lipper, 2000). Second, it

is necessary to separate out the effect of the different

factors involved in total factor productivity growth

(Murgai, Ali and Byerlee, 2001). There are also

offsite impacts such as siltation of streams and reser-

voirs, loss of fish productivity, raising water storage

costs and the incidence of flood damage, and these

are normally more serious than the onfarm impacts.

Given the above estimation difficulties, it is not

surprising that there is little correspondence

between global assessments of productivity loss and

national or local realities. According to GLASOD,

most areas in six states of the United States were

classified as moderately degraded. According to the

definition, this should result in reduced agricultural

productivity. In reality, however, crop yields in these

areas have been rising steadily for the past 40 years.

Type of land degradation Percentage of agricultural land affected

Water erosion 25

Wind erosion 18

Soil fertility decline 13

Salinization 9

Lowering of the water table 6

Waterlogging 2

Source: FAO/UNDP/UNEP (1994), p. 50-51.

Table 12.5 Shares of agricultural land in South Asia affected by different forms of degradation
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Crosson (1997) suggests that recent rates of land

degradation and particularly soil erosion have had

only a small impact on productivity, and argues that

the annual average loss for cropland productivity

since the mid-1950s was lower than 0.3 percent.

Similarly, according to GLASOD there is almost no

cultivated land in China that is not degraded in one

way or another. Almost all the areas of rice cultiva-

tion in south and southeast China are classified as

being affected by high or very high water erosion,

and large wheat-growing areas southeast of Beijing

are classified as suffering from medium levels of

chemical deterioration (salinization). Yet, in spite of

this, China was able to increase its wheat production

between the early 1960s and mid-1990s from about

16 to 110 million tonnes, and its paddy production

from 63 to 194 million tonnes. Moreover, more

detailed assessments suggest that there has been

little deterioration in China’s (and Indonesia’s) soils

since the 1950s and they may have actually

improved up to the 1980s (Lindert, 2000.) Water

erosion from most rice fields is very low (Norse et al.,

2001). Nonetheless, rising yields may have masked

productivity losses.

Oldeman (1998) estimates the global cumulative

loss of cropland productivity at about 13 percent,

but there are large regional differences. Africa and

Central America may have suffered declines of 25

and 38 percent respectively since 1945. Asia and

South America, on the other hand, may have lost

only about 13 percent, while Europe and North

America have lost only 8 percent. UNEP (1999)

does not accept Crosson’s assessment and argues

that land degradation is so bad that it has negated

many of the gains in land productivity of recent

decades. Support for this view comes from detailed

analysis of resource degradation under intensive

crop production systems in the Pakistan and Indian

Punjab (Murgai, Ali and Byerlee, 2001).

Three issues arise here. First, these estimates

are global and regional averages, whereas the

implications of degradation for agricultural

production and food security are primarily local

and national. On the one hand, there are complex

trade-offs and compensatory mechanisms involved

in some forms of degradation. A high proportion of

eroded soil is redeposited elsewhere in the catch-

ment area, where it tends to boost productivity, but

it may also silt up reservoirs and irrigation canals.

For example, in the United States some 45 percent

is redeposited locally, and some 46 percent in lakes,

reservoirs and other impoundments (Smith et al.,

2001). On the other hand, there are also a number

of so-called hot spots where the degradation is

already serious and could get worse (Scherr and

Yadav, 1996). These hot spots include some of the

developing countries’ most fertile river basins

(Table 12.6), which play a vital role in food security.

Second, the most visible degradation tends to

be on marginal lands, whereas the bulk of food

production occurs on more favourable lands,

particularly irrigated areas (Norse, 1988). On such

favoured lands relatively low rates of degradation

could have large impacts on productivity and

yields, although there are some grounds for

concluding that this will not be the case. There is

Region Salinization Erosion

South and West Asia Indus, Tigris and Foothills of the Himalayas

Euphrates river basins

East and Southeast Asia Northeast Thailand and Unterraced slopes of China and 

North China Plain Southeast Asia

Africa Nile Delta Southeast Nigeria, the Sahel, 

mechanized farming areas of North 

and West Africa

Latin America and the Caribbean Northern Mexico, Slopes of Central America, the semi-arid 

Andean highlands Andean Valley and the cerrados of Brazil

Source: Scherr and Yadav (1996).

Table 12.6 Regional hot spots of land degradation
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growing evidence that farmers are able to adapt to

environmental stress in ways that limit degradation

(Mortimore and Adams, 2001; Mazzucato and

Niemeijer, 2001). 

Third, there are factors at work that may

reduce degradation in the coming decades. These

include the wider use of direct measures to prevent

or reverse degradation (Branca, 2001), and indi-

rect measures such as improved irrigation tech-

niques and water pricing to reduce salinization.

The spread of NT/CA will limit the damage caused

by conventional tillage. Nonetheless the results

from the Punjab show no grounds for complacency

regarding the sustainability of some high-input

crop production systems, and point to the need for

increased fertilizer-use efficiency and reduced

salinization.

Future areas of degraded land and loss of produc-

tivity. Will the area of degraded arable and pastoral

land expand in the future, or deteriorate further,

e.g. because of population pressure or the

projected intensification of production? 

Although the projections presented in 

Chapter 4 do not directly address the issue of land

degradation, they do contain a number of features

that can be used to assess how some forms of 

degradation may decline or become more serious

in the future.

First, about one-third of the harvested area in

developing countries in 2030 is projected to be irri-

gated land (Table 4.8), up from 29 percent in

1997/99. This is generally flat or well-terraced land

with little erosion. However, parts may be at risk

from salinization, particularly in more arid zones

(Norse et al., 2001). In addition, a quarter of the

harvested rainfed land is estimated to have slopes of

less than 5 percent, which are generally not prone

to heavy water erosion. Their annual soil losses of

around 10 tonnes per ha should be reduced where

it is economically feasible to do so, but such rates

could be tolerated for several hundred years before

they have an appreciable impact on crop produc-

tion. In all, around half of the cropland will not be

markedly prone to soil erosion, although it may be

subject to other forms of land degradation

including salinization, nutrient mining, soil acidifi-

cation and compaction. 

Second, the global area of rainfed land under

NT/CA could grow considerably, bringing benefits

such as reduced soil erosion, reduced loss of plant

nutrients, higher rainfall infiltration and better soil

moisture-holding capacity (see Chapter 11 and

Section 12.4.3 below). NT/CA will have positive

effects on the physical, chemical and biological

status of soils. Organic matter levels of soils, for

example, are likely to rise. Organic matter is a

major source of plant nutrients and is the glue that

holds soil particles together and stabilizes the pore

structure. Organic matter makes soils less vulner-

able to wind erosion and functions as a sponge for

holding water and slowing down its loss from the

crop root zone by drainage or evaporation.

Moreover, the nutrients added to the soil as organic

residues are released more gradually than those

from mineral fertilizers and are therefore less prone

to leaching, volatilization or fixation (Avnimelech,

1986). In addition, higher soil organic matter levels

are commonly associated with greater levels of

humic acid, which increases phosphate availability

and thus can be very beneficial in those areas with

strongly phosphate-fixing soils found in sub-

Saharan Africa and Latin America. 

Third, fertilizer consumption and fertilizer-use

efficiency are projected to rise. This will bring

benefits in terms of higher soil fertility and soil

organic matter levels. Soil erosion will diminish

because of the positive impact on root prolifera-

tion, plant growth and ground cover of increased

phosphate and potassium (associated with more

balanced fertilizer inputs).

These conclusions are broadly consistent with

projections made by the International Food Policy

Research Institute (IFPRI) (Agcaoili, Perez and

Rosegrant, 1995; Scherr and Yadav, 1996). That is,

global losses to degradation are likely to be small,

but losses could be significant in some localities

and regions. However, soil productivity loss from

land degradation could be much more serious if

the above gains from NT/CA, greater fertilizer use

and fertilizer-use efficiency, and other forms of soil

and water conservation are less than we estimate,

and crop yield growth slows appreciably, as

projected in Chapter 4.

On the other hand, there are sound reasons 

to believe that some of the fragile lands most prone

to degradation will be abandoned. This will not

necessarily result in additional pressures for defor-

estation and cropland development, because high

rates of urbanization and rural-urban migration
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are projected for the future. This outmigration

could, for example, reduce degradation stemming

from the cultivation of slope lands, and lower some

of the pressure on grazing land in the Sahel and

other semi-arid and arid areas. 

This is likely to have similar effects to those expe-

rienced in western European countries from the

1950s and 1960s onwards (CEC, 1980; Baldock et al.,

1996), and in Eastern European countries since the

1990s. Here rural outmigration and the restruc-

turing of agriculture led to the abandonment of

steep slopes and other marginal land and reduced

pressure to develop any more land. Substantial areas

of marginal land were abandoned and reverted to

forest or scrub. In France this amounted to around

3 percent p.a. in the 1960s and early 1970s (Faudry

and Tauveron, 1975). In Italy around 1.5 million ha

were abandoned in the 1960s, of which some 

70 percent was slope land, with decreases of 

20 percent in some provinces (CEC, 1980). The

decline was very rapid, and closely related to sharp

falls in agricultural employment. 

Rural outmigration and agricultural restruc-

turing have also been occurring in many devel-

oping countries and are projected to continue.

This trend is most noticeable in countries such as

China, where urbanization is accompanied by a

shift to alternative income sources. It follows,

therefore, that a significant percentage of the

slope land cultivated at present could be aban-

doned over the next three decades in many devel-

oping countries, with a substantial proportion

reverting to forest. However, in densely popu-

lated rural economies, such as Indonesia, where

the rate of population growth is still over 

2 percent p.a., population drift to cities has not

significantly reduced the density of rural settle-

ment, or improved the economic livelihoods of

the majority of the rural population.

Desertification is a serious form of dryland degra-

dation, given priority by the international commu-

nity in the form of the United Nations Convention

to Combat Desertification (UNCCD). In the 1970s

and 1980s it was argued that the Sahara was

spreading rapidly southwards as part of an irre-

versible expansion of the world’s deserts. Since

then, counter-arguments have been growing in

force, backed up by strong empirical evidence from

remote-sensing activities (Nicholson and Tucker,

1998; Prince, Brown de Colstoun and Kravitz,

1998). This has shown that the desert margins are

quite dynamic because of natural climate variation.

The problem is more one of localized dryland

degradation because of overgrazing, excessive fuel

collection, bad tillage practices and inappropriate

cropping systems. 

Nonetheless, there has been some expansion of

the deserts and dryland degradation (Dregne and

Chou, 1992). Degradation of vegetation and native

habitat is the major reason for species extinction in

many semi-arid and subhumid environments.

Rapid rates of species loss, particularly of beneficial

insects, birds and other predators may reduce the

capacity for natural suppression of the pests,

diseases and weeds that are among the greatest

threats to current levels of agricultural production.

However, quantification is not precise (Dregne and

Chou, 1992). The most extreme estimates suggest

that about 70 percent of the 3.6 billion ha of

drylands are degraded, although this is likely to 

be an overestimate. More probing analysis is 

highlighting the resilience and adaptability of crop

and livestock systems in vulnerable areas such as

the Sahel (Behnke, Scoones and Kerven, 1993;

Mortimore and Adams, 2001). 

Looking to the future, there seem to be several

ongoing positive forces that could have a significant

effect. First, the contraction in extensive livestock

production should take the pressure off some

drylands and reduce dryland degradation. Second,

gains in productivity on favourable lands should

allow some of the marginal drylands to revert to

range or scrub. Third, the spread of irrigation,

water-harvesting techniques and measures to avoid

or overcome salinization should improve the

sustainability of dryland agriculture. Fourth, the

continued adoption of NT/CA permits greater

rainfall infiltration and improves soil moisture-

holding capacity. Fifth, better drought- and

grazing-tolerant crops and grasses will be created

through gene transfer, although this is unlikely to

have much impact before 2015. Sixth, countries

such as China and India are making major efforts

to restore degraded land in arid areas (Sinha,

1997). Finally, there are widespread efforts to

restore saline and other degraded soils that have

gone out of production. In the view of some

analysts, restored lands could total 200-300 million

ha by 2025 (GCSI, 1999). On the negative side, at

least in the medium term, are the expansion or
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intensification of cropping in semi-arid areas and

further losses from salinization. 

Overgrazing has been one of the central environ-

mental concerns related to livestock activities. It can

lead to the degradation of grasslands and desertifi-

cation in semi-arid areas, while on steep slopes it can

cause serious soil erosion. Scherr and Yadav (1996)

highlight overgrazing in parts of the Caribbean and

North Africa, and the grazing of slopes in mid-alti-

tude areas of Asia as areas of concern. UNEP’s Global

Environment Outlook (UNEP, 1997) also lays emphasis

on devegetation and land degradation from over-

grazing. However, gaseous emissions and water

pollution from livestock systems could be of greater

global and more widespread national concern than

overgrazing, although the latter will remain a

serious threat in some areas. This is consistent with

the detailed analysis of the impact of livestock on the

environment given in de Haan, Steinfeld and

Blackburn (1998).

There is a growing consensus that the impor-

tance of overgrazing has been misjudged in the

past, particularly in sub-Saharan Africa. This was in

part caused by poor understanding of rangeland

ecology, and in part by the lack of appreciation of

traditional range management practices in arid

and semi-arid areas (Behnke, Scoones and Kerven,

1993). The alleged overgrazing in the Sahel, for

example, is mainly a consequence of natural

climate variability, i.e. low rainfall in some years,

and poor stock management rather than over-

stocking per se (Fleischhauer, Bayer and Lossau,

1998). There is very little lasting impact on the

vegetation, which is more robust than once

thought. In recent decades, however, the establish-

ment of permanent watering-points and the

restrictions placed on traditional migratory routes

through border checks have led to greater impact

in drought periods than probably occurred in the

past. In Australia, for example, poor planning and

management of water-holes have led to serious

overgrazing and reductions in pasture species. The

periodic overstocking that does occur is often the

consequence of institutional and infrastructural

problems constraining the marketing of livestock. 

Looking ahead to 2030, it is reasonable to

assume that overgrazing will not cause major

increases in land degradation globally. Pastoralists

will continue to move their livestock around to

exploit spatial differences in growing conditions if

they are allowed to. The lack of opportunities 

to raise the productivity of extensive livestock

systems, and changing income sources and aspira-

tions among livestock producers will continue to

cause shifts to more intensive systems on the better

lands closer to urban markets, or out of agriculture

altogether. Finally, some of the institutional and

infrastructural constraints that have encouraged

overgrazing in the past will be reduced as growing

urbanization and income growth stimulate market

improvements.

12.3.3 Environmental dimensions of 
water use and water pollution 
by agriculture

Many water management and pollution issues have

grown in importance in recent decades, such as

growing competition with the urban and industrial

sectors for the available water supply; poor irriga-

tion water-use efficiency; overextraction of ground-

water; reduced infiltration of rainwater into soils

and reduced water recharge because of deforesta-

tion and land degradation; declining crop yields

and water quality related to waterlogging and

salinization; contamination of groundwater and

surface water from fertilizers, pesticides and animal

wastes; and the risk of greater aridity and soil mois-

ture deficits towards the end of the projection

period in some areas of sub-Saharan Africa and

South Asia because of climate change.

Overextraction of groundwater. Overextraction of

groundwater is widespread in both developed and

developing countries. It arises when industrial and

domestic and agricultural withdrawals of water

exceed the rate of natural recharge. In some areas,

particularly in the Near East/North Africa region,

irrigation draws on fossil aquifers that receive little

or no recharge at a level that is not sustainable

(Gleick, 1994). In substantial areas of China and

India groundwater levels are falling by 1-3 metres

p.a. The economic and environmental conse-

quences are serious and will get worse in the

absence of appropriate responses. Irreversible land

subsidence, especially in urban and peri-urban

areas, causes serious structural damage to build-

ings, drainage systems, etc. Overextraction in

coastal areas causes saltwater to intrude into fresh-

water aquifers, making them unfit for irrigation or
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drinking-water without costly treatment. Lowering

of the water table increases pumping costs. It will

take many years to achieve the investments and

other changes required to limit overextraction, so

several million ha of irrigated land may either go

out of production or be faced with unsustainable

operating costs.

Waterlogging and salinization. Both these problems

are commonly related to irrigation mismanage-

ment. Waterlogging restricts plant growth. It arises

from overirrigation and inadequate drainage, and

in many cases precedes salinization. Over 10

million ha are estimated to be affected by waterlog-

ging (Oldeman, Hakkeling and Sombroek, 1991).

Salinization results from the buildup of

dissolved solids in soil and soil water, and can occur

in rainfed areas with inherently susceptible soils (as

in parts of Australia) as well as in irrigated areas.

UNEP considers that salinization is the second

largest cause of land loss, but there are wide differ-

ences in the estimates of the area affected and of the

area going out of production. Oldeman, Hakkeling

and Sombroek (1991) estimate the total affected

area to be over 76 million ha but do not differen-

tiate between irrigated and rainfed areas. It seems

possible that some 20 percent of the total irrigated

area is affected and some 12 million ha of irrigated

land may have gone out of production (Nelson and

Mareida, 2001). The problem can be very serious at

the subregional and national level. India, for

example, has lost about 7 million ha (Umali, 1993;

FAO/UNDP/UNEP, 1994; FAO, 1999b). In some

semi-arid countries, 10 to 50 percent of the irri-

gated area is affected to a greater or lesser degree

(Umali, 1993; FAO, 1997b, 1997e), with average

yield decreases of 10 to 25 percent for many crops

(FAO, 1993a; Umali, 1993). Unfortunately there are

little or no time series data to allow reliable esti-

mates of the rates of change in the salinized area. It

could be 1-1.5 million ha p.a. and increasing

(Umali, 1993) but it is difficult to quantify. Of partic-

ular concern are those irrigated areas in semi-arid

regions that support large rural populations, such

as the western Punjab and Indus valley where large

areas of waterlogged saline land are spreading

through the intensively irrigated plains. 

Pollution by fertilizers. Since the 1970s extensive

leaching of nitrate from soils into surface water and

groundwater has become an issue in almost all

industrial countries (OECD, 2001a). In large areas

of the EU, for example, concentrations are near to

or exceed the maximum permitted concentration

of 50 mg per litre or 50 ppm (parts per million).

This nitrate poses a risk to human health and

contributes to eutrophication of rivers, lakes and

coastal waters. The bulk comes from diffuse

sources arising from mineral fertilizer and manure

use on both crops and grasslands. The problem is

now serious in parts of China and India and a

number of other developing countries, and will get

worse (Zhang et al., 1996).

The problem occurs primarily when N applica-

tion rates exceed crop nutrient uptake. The risk

depends on crop type and yield, soil type and

underlying rocks (Goulding, 2000). The risk of

high nitrogen (and some phosphate) losses

through leaching and runoff can become serious

unless there is good fertilizer management (Hydro,

1995; MAFF, 1999). There are large regional and

crop differences in fertilizer application rates per

hectare (Daberkov et al., 1999), and large spatial

and temporal differences in nutrient levels and

fertilizer-use efficiency on similar soil types. Hence

the projected changes in average application rates

given in Table 4.15 are not a good indicator of the

risk of nitrate losses. In the United Kingdom, the

present average application rate for all arable crops

is about 150 kg N/ha, but the range is 25-275 kg

N/ha with application rates of more than 150 kg on

over 35 percent of arable land. In parts of China

the situation is even more extreme with some rice

farmers applying over 870 kg N/ha, almost four

times the national average. As stated above, high

application rates as such should not be a problem

as long as crop yields are commensurate, but they

become problematic when application rates exceed

crop nutrient uptake. In contrast, most crop

production in sub-Saharan Africa takes place

without the benefit of mineral fertilizers and soil

fertility remains very low or declining (Chapter 4).

Chapter 4 assumes substantial gains in fertilizer-

use efficiency and hence a relatively modest aggre-

gate growth rate in N fertilizer demand, projected to

decline to less than 1 percent p.a. by 2030. However,

extensive areas in both developed and developing

countries already receive large nitrogen fertilizer

applications that are not commensurate with the

availability of adequate soil moisture, other nutrients
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and management practices needed to attain high

yields. Even modest increases in nitrogen fertilizer

application could cause problems when yield growth

stagnates, leading to nutrient-use inefficiencies and

severe pollution. Four difficulties arise here. First,

these losses can occur at N application rates below

the economic optimum, since current fertilizer

prices do not include the cost of environmental

externalities (Pretty et al., 2001). Second, maxi-

mizing the efficiency of N use is complex and diffi-

cult (Goulding, 2000). Third, it may take many years

for improvements in fertilizer-use efficiency to result

in reductions in nitrate losses and decades for

groundwaters to recover from nitrate contamina-

tion. Fourth, the situation could be particularly

serious for the production of vegetables, because

they are often grown in or close to urban areas so

that there is fairly direct contamination of the

drinking-water sources for large numbers of people.

Water pollution arising from agriculture has

other dimensions. Nitrogen and phosphate enrich-

ment of lakes, reservoirs and ponds can lead to

eutrophication, resulting in high fish mortality and

algae blooms. This is important because of the

growing importance of aquaculture (Chapter 7).

Algae blooms release toxins that are poisonous to

fish and humans. The human risks are a growing

problem in some developed countries and poten-

tially even more serious in warmer developing

countries with more intense sunshine (Gross, 1998).

Further intensification of fertilizer use may also

add to the widespread problem of soil acidification

(Scherr, 1999). A combination of improved nutrient

management and liming could limit this but

ammonia emissions from livestock and nitrogen

fertilizers, discussed above, also add to soil acidifi-

cation through acid rain. The conjunction is

causing serious ecosystem damage in some devel-

oped countries, and this could also occur in devel-

oping countries, particularly in East Asia with the

rise of industrial-scale pig and poultry production.

Pesticide pollution. Pesticide use has increased

considerably over the past 35 years. Recent

regional growth rates have ranged between 4.0 and

5.4 percent (Yudelman, Ratta and Nygaard, 1998).

This has led to serious water pollution in OECD

countries (OECD, 2001a). Pesticide pollution is

now appearing in developing countries as well,

exacerbated in some instances by the availability of

cheap, out-of-patent, locally produced chemicals.

Future pesticide consumption is likely to grow

more rapidly in developing countries than in

developed ones (Morrod, 1995), although the

introduction and spread of new pesticides may

occur more rapidly in the latter. The environ-

mental implications of this growth are difficult to

assess. For example, application rates per hectare

have gone down, but the new pesticides are biolog-

ically more active. Improved screening methods

for pesticide safety and environmental health legis-

lation have helped to reduce the mammalian toxi-

city of pesticides and to assess other potential

environmental damage. On the other hand, the

adoption of improved application techniques has

not progressed sufficiently in the past decade,

particularly in the case of sprayers, so that a high

proportion of pesticide still fails to reach the target

plant or organism (Backmann, 1997). This situa-

tion is unlikely to change in the near future.

Over the period to 2030 several factors could

create significant breaks from recent trends in

pesticide use, and could reduce pesticide contami-

nation of groundwater and surface water, soil and

food products. Developed countries are increas-

ingly using taxes and regulatory measures to

reduce pesticide use (DME, 1999; DETR, 1999).

The rapid growth in demand for organically grown

food will continue to reduce the use of pesticides.

Research in “smart” pesticides using advances in

biotechnology, knowledge of insect hormones and

insight into the ecological basis of pest control, etc.

is likely to result in safer control methods within

the next decade or so (Thomas, 1998). There will

be further development of IPM for crops other

than rice, which should help to reduce the use of

insecticides and, to a lesser extent, fungicides and

herbicides (Yudelman, Ratta and Nygaard, 1998).

However, shortages of farm labour, the reduced

use of flood irrigation for rice and the spread of

minimal tillage systems could lead to major

increases in the use of herbicides and herbicide-

resistant crops.

Pollution from livestock wastes. Water pollution

also arises from intensive dairying and from the

landless rearing of pigs and poultry, particularly in

East Asia. Here peri-urban industrial-scale pig and

poultry production has caused serious environ-

mental damage, especially water pollution, unpar-
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alleled in the industrialized world (de Haan,

Steinfeld and Blackburn, 1998). The problem

arises from discharges or runoff of nitrogen and

other nutrients into surface waters because of bad

waste management and from environmental

impacts of feed and fodder production (Hendy,

Nolan and Leng, 1995; de Haan, Steinfeld and

Blackburn, 1998). In the medium term these prob-

lems seem bound to increase, although the techno-

logical means of overcoming them are neither

complex nor very costly.

12.3.4 Loss of biological 
and ecological diversity

In the main, recent land cover changes have

reduced the spatial distribution of species rather

than causing their extinction, although this has

happened and will continue to happen on a more

limited scale. The loss of wild relatives of crops and

of native crop varieties that are better adapted to

unfavourable or changing environmental condi-

tions could be particularly serious for crop intro-

duction or breeding programmes to adapt to

climate change.

The projections of land cover and land use

change do not explicitly examine changes in biodi-

versity,4 but they do provide some proxy indica-

tors. These can help in assessing how the impacts of

agriculture on biodiversity might evolve over the

projection period. The focus of this chapter is on

the environmental and ecosystem impacts of the

changes, rather than on plant genetic resource

issues. Pressures on non-agricultural biodiversity

from land clearance and the inappropriate use of

agrochemicals may in future grow more slowly

because of the increase in protected areas and land

restoration.

However, there will be increasing pressures on

biodiversity within agricultural production systems.

This will stem primarily from the intensification of

production. Together with economic forces, intensi-

fication will lead to farm and field consolidation;

reduction of field margins; clearance and levelling

of adjacent wastelands so that they can be culti-

vated; further expansion in the use of modern vari-

eties; greater use of pesticides; and higher stocking

rates for grazing animals. These trends can lead to

the destruction of the habitats of beneficial insects

and birds that help to keep crop pest populations

under control, and to other losses in biodiversity.

However, assessment of these losses in developing

countries is severely limited by lack of data on quan-

titative and qualitative changes in pesticide use, live-

stock densities and wildlife populations.

The effects of agriculture on non-agricultural

biodiversity can be positive as well as negative,

depending upon the situation. In the United

Kingdom, for example, the intensification of

pastoral systems has been an important factor

behind the decline in bird populations. On the

other hand, in Norway around half of the threat-

ened species depend on agricultural landscapes

and therefore the conservation of biodiversity is

closely related to the protection of such landscapes

(Dånmark, 1998), including grazing systems that

prevent pastures from reverting to scrub or wood-

land.

Nonetheless, intensification will have a major

positive impact by reducing the need to convert new

land to agriculture. CGIAR has estimated that land

saved through yield gains over the past 30 years

from CGIAR research on seven major crops is equiv-

alent to 230-340 million ha of forest and grassland

that would have been converted to cropland in the

absence of these gains (Nelson and Mareida, 2001).

Their estimate excludes the land savings that

stemmed from research on other crops, from

national and private research systems and from

farmers’ own research and development. Some esti-

mates of land savings resulting from all past research

efforts and agricultural intensification amount to

more than 400 million ha (Goklany, 1999).

Agriculture’s main impacts on wild biodiversity

fall into four groups. First, there is the loss of natural

wildlife habitat caused by the expansion of agricul-

ture. This has been a major force in the past, and

will continue in the future, although much more

slowly. The projections of Chapter 4 suggest that an

additional 120 million ha of arable land will be

required over the next 30 years. Inevitably these will

involve a reduction in the area of natural forests,

wetlands and so on, with attendant loss of species.

Second, there is the general decline in species

richness in managed forests, pastures and field

margins, and the reduction of wild genetic

4 Biodiversity includes genetic differences within each species, diversity of species and variety of ecosystems.
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resources related to domesticated crops and live-

stock. There are comprehensive and well-main-

tained ex situ germplasm stocks for the major crops,

and gene transfer and other advanced plant

breeding tools have opened up new possibilities for

genetic improvement. Nevertheless, these losses in

the wild could be serious for future crop and 

livestock breeding. They cannot be quantified at

present, although advances in molecular biology

may provide the tools needed for more robust

monitoring.

Third, there is the reduction of wild species,

including micro-organisms, which help to sustain

food and agricultural production, for example

through soil nutrient recycling, pest control and

pollination of flowering crops. This can be regarded

as damage to the life support system for agriculture,

given the vital role some of these species play in soil

fertility maintenance through nitrogen and carbon

cycling. Such losses are of increasing importance

with the shift to integrated farming and the growing

emphasis on IPM. The intensive use of mineral

fertilizers is known to change soil microbe popula-

tions (Paoletti, 1997), but does not appear to disrupt

nutrient recycling. Intensive grazing lowers plant

species richness in pastures but the long-term

consequences of this are not known. In developed

countries, loss of insect-eating bird species, as a

result of reduction or removal of field margins or

pesticide use, has been firmly linked with increases

in crop pest damage. This problem may arise

increasingly in developing countries.

Lastly, there is the reduction in wild species that

depend for habitat, food, etc. on agriculture and the

landscapes it maintains – the habitats, flora and

fauna that would not exist without agriculture.

Richly diverse chalk grasslands, for example, would

revert to scrub or woodland without grazing pres-

sures, with the loss of ground-nesting bird species,

butterflies and herbaceous plants. The reduction of

wild species is most apparent in those EU countries

that have lost large areas of hedges, ditches, shrubs

and trees through field and farm consolidation.

Losses have also arisen from extensive use of insec-

ticide and herbicide sprays with consequent spray

drift on to field margins and other adjacent ecolog-

ical niches. Increased stocking rates on extensive

pastoral systems have led to a decline in birds that

either nest on such land or are predators of rodents,

etc. living on these lands.

The impact of livestock production on biodiver-

sity takes two main forms: high grazing pressures

and reseeding of pastures. Grazing pressures are

likely to rise with time in some areas, particularly

where marketing infrastructure is weak and there

are few alternative livelihoods, even though there is

a continuing shift to limited or zero grazing such as

feedlots and stall-feeding systems. In other areas,

however, the area of grazing land and pastures will

probably decline as the more marginal areas are

abandoned. Some pastures will be converted into

cropland and urban and industrial land. Such 

land use changes can be appreciable. In western

Europe, for example, the area of meadows and

pastures declined by 10 percent between 1970 and

1988 (OECD, 1991). This decline was associated

with the rise in stocking rates. On rough pastures

these commonly increased by 50 to 100 percent

between 1970 and 1990 (Pain, Hill and McCracken,

1997) and they have risen even more on improved

pastures. Such increases in stocking rates have

been linked to the loss of certain bird species from

large areas of the United Kingdom and Europe

and lower populations elsewhere (Pain and

Pienkowski, 1996). Similar stocking rate increases

are projected for parts of sub-Saharan Africa and

Asia, so they are also likely to suffer losses in bird

and other wildlife populations. It is also likely that

there will be a shift to more intensive pasture

systems. This will most probably involve some

reseeding of natural meadows, and hence loss of

native grassland plants. Intensification of pastures

normally also involves the application of high levels

of organic or mineral fertilizers, leading to nitrate

or phosphate loss to water systems. The experience

of the developed countries indicates that these

impacts can be substantial. 

12.3.5 Perturbation of global 
biogeochemical cycles

Agriculture plays a significant role in the anthro-

pogenic perturbation of several biogeochemical

cycles, notably the nitrogen, phosphate and sulphur

cycles. In the nitrogen (N) cycle, ammonia and

nitrous oxide emissions from agriculture are signifi-

cant, but there is also perturbation of N fixation.

The manufacture of nitrogenous fertilizers, burning

of fossil fuels and cultivation of leguminous 

crops have resulted in anthropogenic N fixation
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exceeding natural N fixation since about 1980, by an

increasing margin. Some analysts suggest that “over

the next few decades this alteration (of the N fixa-

tion cycle) will undoubtedly become even more

severe” (Walker and Steffen, 1999), for example, if

the use of nitrogen fertilizer more than doubles

between 1990 and 2050, thereby causing a pro rata

increase in direct and indirect N2O emissions

(Smith, 1999). However, the projections of N fertil-

izer use and leguminous crop cultivation given in

Chapter 4 and of manure production discussed

earlier in this chapter all point to a slowing down in

the growth of agriculture’s contribution to this

perturbation. Moreover, there are a number of

other changes, e.g. in land use management, which

should also reduce perturbations of the N cycle. For

example, the expected increase in the area under

NT/CA and other measures to counter soil erosion

should reduce the loss of nitrogen in eroded organic

matter from arable land. But in contrast, other land

management practices such as burning may result in

increased nitrogen losses, particularly if climate

change results in increased summer maximum

temperatures and greater fire risk in savannah and

other fire-prone ecosystems (Lavorel et al., 2001).

12.4 Current and emerging 
solutions

It is clear from Section 12.3 that some of the most

serious environmental pressures stem from agri-

cultural intensification. This process started in the

developed countries over 50 years ago and some of

the environmental problems became clear in the

1960s (Alexandratos, 1988). A number of them

have been overcome while others remain and seem

likely to grow in severity for the next decade or so

(OECD, 2001a). The policy and technological

successes and failures of developed countries can

be of great help to those developing countries that

are now suffering the environmental damages of

intensification. They may even help those countries

and farmers who have yet to intensify production

to avoid some of the environmental problems that

could arise. Many of the required policy, regulatory

and technological actions are known. If pursued,

such actions could result in a more favourable

agro-environmental future than that outlined in

the preceding section. 

Reduction of pollution by fertilizer. The EU and

North America have used a number of research

and regulatory measures to limit pollution from

fertilizers, such as research on slow release and

other less polluting formulations; tighter emission

and discharge standards for fertilizer factories and

higher fines; public and private advisory (exten-

sion) services; physical limits on the use of manure

and mineral fertilizers; and application of the

nutrient budget approach.

These actions have not been enough to

prevent serious buildup of nitrate in drinking-

water sources and the eutrophication of rivers,

lakes and estuaries (OECD, 2001a, 2001b; EEA,

2001). Since the early 1990s an increasing number

of countries have been introducing economic

measures in the form of pollution taxes on

mineral fertilizers. 

All of these actions are or will be relevant to

developing countries. They can be formulated in

the framework of a strategy for integrated plant

nutrition (see Chapter 11). Some countries will

have to remove a number of other distortions, such

as direct and indirect subsidies to mineral fertilizer

production or sales (e.g. energy subsidies to

nitrogen fertilizer). They will also need to phase

out low-efficiency fertilizers such as ammonium

carbonate, and provide adequate funding to exten-

sion services so that they are not even partially

dependent on the sale of fertilizer.

The consumer-led drive towards organic agri-

culture will limit fertilizer pollution in some areas,

as will the adoption of NT/CA over a much larger

area.

Reducing pesticide pollution. A number of impor-

tant lessons can be drawn from past experience.

First, rigorous testing procedures must be in place

to determine the safety of pesticides before they are

allowed on the market. The developed countries

have suffered in the past from weaknesses in this

regard, and have had to tighten their procedures.

It is important that pesticide safety information is

shared with developing countries through the

International Plant Protection Convention (IPPC)

and other mechanisms. In addition, as more devel-

oping countries become pesticide producers and

develop their own products, it is essential that they

implement their own testing, licensing and control

procedures.
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Second, even where the above measures are in

place, environmental problems can arise from the

accumulation of pesticide residues along the food

chain, in soils and in water, e.g. the buildup of

atrazine in water supplies in Europe and the

United States. There must be comprehensive and

precise monitoring systems to give early warning of

residue buildup. The international sharing of

information, e.g. through the Codex Alimentarius,

provides valuable support to developing countries

that lack adequate monitoring and testing facilities.

Moreover, in the context of consumer safety and

the WTO agreements, rigorous procedures must

be in place to ensure food safety and enable agri-

cultural exports.

Third, pest control measures should be imple-

mented in a strategic framework for IPM (Chapter

11), which aims to avoid or minimize the use of pesti-

cides. In recent years a number of developed coun-

tries have concluded that even with the above

measures some farmers are still applying too much

pesticide, or pesticide accumulation in the environ-

ment has not been reduced. They have decided,

therefore, to use economic as well as regulatory

measures, and to impose pollution taxes on pesti-

cides so as to create economic incentives to reduce

their use. Such taxes appear to be a valid option for

a wider range of countries and situations, although it

may be some time before many developing countries

have the institutional capacity to implement them.

Development and expansion of no-till/conservation

agriculture. The biological, environmental and

economic advantages of NT/CA have been described

in Chapter 11. The wider adoption of NT/CA

depends on raising awareness among politicians and

farmers of the benefits of conservation agriculture.

Government policies need to be directed towards

creating the appropriate conditions for its uptake.

Farmers need to see how it meets their specific

needs. The lessons learned from the farmer-to-

farmer training approach used successfully for IPM

in Asia could be of help. For example, Brazilian

farmers who have benefited greatly from NT/CA

could share their experience with farmers in Africa

and help them to adapt the technique to their own

conditions. Greater national research and develop-

ment efforts and international assistance will be

needed to develop the technique for other agricul-

tural environments and production systems.

Improving water management. Water scarcity and

intersectoral competition for water are major prob-

lems. Reduced groundwater recharge because of

deforestation and soil degradation is also an impor-

tant issue. The most serious direct environmental

problem is salinization. Three main actions could

be used to limit salinization: (i) greater investment

in better drainage and distribution canals, even

though planners have been slow to act on this

option in the past; (ii) better water management,

for example through the increasing involvement of

farmers in water users’ associations and similar

bodies; and (iii) stronger economic incentives for

water conservation, which are growing as govern-

ments increasingly implement water-pricing poli-

cies and as competition from other sectors drives

up the price.

Promotion of organic farming. While the techno-

logical approaches described above are measures to

reduce the negative effects of conventional agricul-

ture on the environment, organic agriculture (for

environmental reasons) does not use any industrial

fertilizer or pesticide inputs at all. The use of such

inputs commonly has negative effects on the envi-

ronment; however, their non-use does not neces-

sarily make agricultural production sustainable.

Soil mining and erosion, for example, can be prob-

lems in organic agriculture. Organic farming can

also cause serious air and water pollution – for

example, the overuse of manure or badly managed

applications can increase ammonia in the air and

nitrate in groundwater.

The rapid expansion of organic production

during the past decade has already made an appre-

ciable contribution to pollution reduction and agri-

cultural sustainability in Europe (FAO/COAG, 1999).

Three aspects need to be clarified. First, badly

managed organic agriculture can result in some of

the same pollution problems that arise from conven-

tional agriculture, but not in others such as those

associated with the use of industrial inputs and

production systems described in the preceding

sections. Second, although the rate of expansion has

been fast, the proportion of agricultural land

involved is small. Current policies in many EU coun-

tries aim at a considerable increase in the agricultural

land under organic farming (see Chapter 11). Third,

most of the pressure for the switch to organic farming

is in the developed countries (FAO/COAG, 1999).
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The environmental and economic benefits of

organic farming can be increased in a number of

ways. These include introduction of policies that

bring prices of industrial inputs in line with their

full economic costs, including externalities;

improvements in product standards, certification

and labelling to give consumers confidence that

they are buying genuine organic foods (FAO,

1999f); establishment of an internationally agreed

accreditation mechanism, particularly procedures

to gain international equivalence of organic

product standards; greater government assistance

to farmers wishing to switch to organic farming;

regulations to enforce or encourage the use of

organic farming as a means of overcoming or

reducing problems such as the buildup of nitrate in

groundwater; increased research to widen the

range of organic agricultural techniques; improve-

ments in the availability of or access to organic

inputs, e.g. GMO-free seed, rock phosphate and

manure; and capacity building in extension

systems, farmers’ cooperatives and national accred-

itation bodies to remove barriers to the expansion

of organic farming, particularly in extension serv-

ices that still promote approaches centred on the

intensive use of mineral fertilizers and pesticides.

Improving livestock waste management. The

main actions required here are the following.

Development of national strategies for livestock

waste management to provide the general frame-

work for local action; improved policy and 

regulatory framework, with clearly defined and

enforceable discharge and emission standards and

effective waste disposal charges; meaningful penal-

ties for breaches in regulations, and an expanded

range of economic instruments to discourage poor

livestock waste management, e.g. pollution taxes to

limit waste discharges from livestock farms and

fisheries; well-targeted programmes to disseminate

best practices; strengthened guidelines to optimize

the location of livestock production units and to

prohibit the development of certain types of inten-

sive livestock units in unsuitable areas; increased

support for the adoption and dissemination of

appropriate technological measures, with emphasis

on introducing better techniques for livestock

waste management already available in developed

countries; drawing lessons from North America

and the EU on the failure of regulatory approaches

alone to achieve adequate livestock waste manage-

ment; and improved donor coordination and envi-

ronmental impact assessment (EIA) to ensure that

international projects have adequate provision for

sound livestock waste management.

12.5 Physical and economic 
trade-offs

Earlier sections have shown that agriculture is an

industry with substantial environmental conse-

quences upstream and downstream as well as

onfarm. It is evident that crop production and food

security cannot be achieved at zero environmental

cost. The issue therefore is whether environmental

costs can be minimized so that future food security

is not at risk. 

The trade-offs involved are multidimensional.

They vary over time and space, between different

environmental goods and services, and between

different developmental goals. It is for society to

decide which trade-offs are acceptable and which

ones can be mimimized, but this raises the question

of whose society, and who in society should decide.

A few examples of the various types of trade-offs are

mentioned below.

Between countries and regions. The increasing

switch in developing countries to intensive, grain-

fed livestock production systems close to urban

markets has reduced or prevented overgrazing of

rangeland. But it has transferred part of the envi-

ronmental burden to developed country exporters

of feedgrains, because row crops such as maize are

more susceptible to soil erosion and nitrate leaching

(although improvements in farming practices have

been reducing this damage in recent years). The

past high rates of growth for dairy, pigs and poultry

in some major developing countries were only

possible through the use of large quantities of feed

concentrates imported from North America and

other developed countries. 

Spatially within countries. This expansion of inten-

sive livestock production has also led to a number of

environmental trade-offs within countries. First, it

tends to shift the environmental burden from non-

point to point pollution, with greater discharges of

concentrated liquid and solid wastes, causing

serious water pollution. Second, it reduces the

grazing pressures on vulnerable semi-arid pastures
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and steep slopes, but it separates arable and live-

stock production. This limits or prevents the

return of livestock manure to cropland, which is

often vital in raising crop yields and maintaining

soil fertility. Hence some countries, notably the

Netherlands, have introduced regulations on

stocking rates or manure recycling. Moreover, the

production of large quantities of feedgrain and

fodder crops can lead to serious soil erosion, and

to environmental problems stemming from fertil-

izer and pesticide use. The higher stocking rates of

intensive systems lead to loss of biodiversity from

trampling and reseeding (Pain, Hill and

McCracken, 1997), and more concentrated emis-

sions from manure and urine, causing ecosystem

acidification locally and GHG accumulation glob-

ally (Bouwman et al., 1997). 

Over time within countries. The European experi-

ence shows how forest clearance for food produc-

tion can buy time while technology and

international trade catch up with population

growth, allowing marginal cropland eventually to

be reforested (Norse, 1988). Most European coun-

tries converted forests to cropland prior to the

application of mineral fertilizers and modern crop

breeding techniques. However, the loss of biodiver-

sity from such deforestation may be permanent,

and it may be impossible to re-establish the original

forest ecosystem.

Over space and time. Erosion from steep slopes

that are difficult to cultivate and inherently

unstable is commonly followed by the redeposition

of sediments in reservoirs, in river valleys and estu-

aries up to 1 000 km or more away. The result with

time is the creation of flat lands that are easy to

cultivate. In South and East Asia such lands have

been able to sustain crop production for thousands

of years. On the other hand, by reducing the

storage capacity of drainage systems this erosion

can contribute to severe flooding, loss of human life

and serious economic losses (FAO, 1999g), and it

may be impossible to restore eroded slopes to their

original vegetation.

Between food security and the environment. Poor

farmers in various parts of the world are mining

soil nutrients because they lack access to sufficient

organic manure or mineral fertilizer (Bremen,

Groot and van Keulen, 2001). They know that

their land use practices cause environmental

damage that may ultimately endanger future food

security but immediate food needs take priority

(Mortimore and Adams, 2001).

Greater intensification of cropland use versus greater

loss of biodiversity and GHG emissions from deforesta-

tion. The introduction of new technologies that

lead to higher yields or returns on existing land

reduces the need for further land development.

This can save a considerable amount of forest and

rangeland (Nelson and Mareida, 2001) and even-

tually allow marginal cropland to be taken out of

production and used for more sustainable systems,

e.g. agroforestry, forestry, pastures and recreation.

However, even under well-managed sustainable

systems such as IPNS and IPM, intensification can

lead to more fertilizer and pesticide pollution

(Goulding, 2000), greater GHG emissions from

nitrogen fertilizer and loss of biodiversity on inten-

sively grazed pastures.

Reduction of soil erosion and water pollution versus

greater pesticide use. NT/CA, minimum tillage and

related approaches to land management have

multiple environmental and farm income benefits,

yet may require greater use of herbicides. However,

initial fears that NT/CA would lead to greater use of

herbicides have not been fully confirmed, as herbi-

cide use can be reduced or eliminated in systems

following all the principles of NT/CA, once a new

agro-ecosystem equilibrium has been established.

Using green cover crops to reduce nitrate leaching

during the autumn and winter may increase carry-

over of weeds, pests and diseases and lead to greater

pesticide use.

The potential environmental benefits versus risks of

GM crops. As discussed in Chapter 11, GM crops can

have a number of environmental benefits such as (i)

reduced need for pesticides, particularly insecti-

cides (e.g. Bt maize and cotton) and herbicides (e.g.

Ht soybeans), although these gains are not neces-

sarily permanent as pests can overcome the resist-

ance of GM crops; (ii) lower pressures for cropland

development and deforestation because of higher

yields from existing land; and (iii) increased oppor-

tunities to take marginal land out of production for

set-aside or to cultivate some crops less intensively.

The technologies involved can produce cultivars

that can tolerate saline soils and thereby help to

reclaim degraded land. On the other hand, there

are a number of possible environmental impacts

and risks, such as the overuse of herbicides with

herbicide-tolerant varieties and accumulation of
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herbicides in drinking-water sources; herbicide

drift from cropped areas, killing plants in field

margins, and hence leading to the death of insects

and birds in or dependent on field margins; death

of beneficial insects feeding on GM crops; and

crossing of GM crops with wild relatives and partic-

ularly with related weed species, e.g. red rice,

possibly leading to the development of herbicide-

resistant weeds. 

The most vocal concerns about agricultural

pollution and ecosystem damage tend to come from

environmentalists in developed countries. But in a

number of respects an improved environment is 

a luxury good that these countries can now afford.

In earlier times they had different priorities

(Alexandratos, 1995). Until the 1960s, when most

people were concerned with improving their

incomes, diversifying their diets and general

welfare, protection of the environment was a low

priority for all but a small minority (Reich, 1970;

Nicholson, 1976), and some serious environmental

problems arose. Since then income growth, educa-

tion and better understanding of the environmental

consequences of different agricultural practices 

and lifestyles have led to a growing consensus 

that governments should do more to protect the 

environment and that the public should pay more

for environmental protection and food safety. 

Industrial countries have the economic and

technical capacity to introduce additional measures

to protect the environment, and can afford the

higher food costs that may follow as a consequence

of these actions. In short, they are more able to pay

for trade-offs between environment and develop-

ment, although current actions seem unlikely to

prevent some growth in agricultural pollution over

the next 20 years or so (OECD, 2001a).

Environmentalists and government officials in

developing countries are no less aware of the nega-

tive environmental consequences of agricultural

growth. However, their responses are constrained

by inadequate finance for the necessary research,

particularly in sub-Saharan Africa; lack of institu-

tions and support services that could raise aware-

ness of potential ways to minimize or eliminate

trade-offs; and the need to avoid measures that

raise food prices because a high proportion of

people are unable to buy adequate food even at

current prices.

12.6 Concluding remarks

It has been argued that during the next decades

environmental trade-offs will be more difficult than

in the last few decades, with fewer win-win situa-

tions and more obvious losers than winners

(OECD, 2001a). This is not necessarily the case for

agriculture in many developing countries if market

signals are corrected so that they include the value

of environmental goods, services and costs; give

farmers everywhere the incentive to produce in a

sustainable way; overcome the negative impacts of

intensive production technologies; give resource-

poor farmers the support they need to react to

environmental and market signals (Mortimore and

Adams, 2001); and North and South work together

to remove production and trade distortions

(McCalla, 2001).

There are many opportunities for placing agri-

culture on a more sustainable path over the next

decades, with benefits for both farmers and

consumers. For example, measures resulting in

higher nitrogen fertilizer-use efficiency and IPM

reduce production costs for the farmer and

provide safer food, and at the same time they 

are cheaper than drinking-water treatment in

reducing nitrate and pesticide residues. 

Future agro-environmental impacts will be

shaped primarily by two countervailing forces.

Environmental pressures will tend to rise as a result

of the continuing increase in demand for food and

agricultural products, mainly caused by population

and income growth. They will tend to be reduced

by technological change and institutional responses

to environmental degradation caused by agricul-

ture. The early implementation of available policy

and technological responses could reduce negative

agro-environmental impacts or slow their growth,

and speed up the growth of positive impacts. 

Agricultural intensification is required for food

security and for the conservation of tropical forests

and wetlands. The main priority is to decouple

intensification from the environmental degrada-

tion caused by some current approaches to intensi-

fication, by reshaping institutional structures and

market signals. Research and farming practices

must also be redirected towards greater use of

biological and ecological approaches to nutrient

recycling, pest management and land husbandry

(including soil and water conservation). 
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This decoupling has already started in some

countries, but it will take time before it has appre-

ciable effects. Hence agro-environmental impacts

in the nearer future will be largely a continuation

or acceleration of present trends. In particular,

there will be a further slowdown in deforestation

and rangeland clearance for crop production.

Thus the main quantitative impacts on the envi-

ronment will stem from the intensification of

production on existing cropland, rather than from

expansion of cropland. There will be increasing

pressure on some marginal lands, but progress in

research and better off-farm employment opportu-

nities seem likely to lead to the abandonment and

natural recovery of some marginal lands in Asia

and Latin America. There will also be moderate

increases in the area under irrigation. Drainage

development and better irrigation water manage-

ment will help to limit or reduce soil damage from

waterlogging and salinization. Lastly, increased

intensification of production on existing arable

land will have two main characteristics. There will

be enhanced use of precision farming and other

advanced technologies, for example sophisticated

plant breeding and controlled release of mineral

fertilizers. And the growth of fertilizer and pesti-

cide use will slow down because of regulatory meas-

ures and consumer demand for organically grown

produce.

The focus of concern is likely to shift from the

onfarm impacts of physical land degradation

towards chemical and biological impacts, and from

onsite towards offsite and downstream impacts of

air and water pollution. Soil erosion may be

reduced in important crop production areas by 

the projected shifts in technology. However, air 

and water pollution from mineral fertilizers and

intensive livestock production will increase, with

more widespread nitrate contamination of water

resources, eutrophication of surface waters and

ammonia damage to ecosystems.

The slowing down of deforestation will reduce

the rate of loss of biodiversity, but the intensifica-

tion of cropland and pasture use seems likely to

increase such losses. The general picture for deser-

tification is less certain, but the abandonment or

reduced use of extensive semi-arid grazing lands

should lower the risk of desertification. 

The overall pattern of future agro-environ-

mental impacts is one of trade-offs between

increased agricultural production and reduced

pressures on the environment. Intensification of

crop production on existing cropland reduces the

pressure to deforest, but tends to increase water

pollution by fertilizers and pesticides. Similarly, the

switch from extensive to intensive livestock lowers

grazing damage to rangelands but, for example,

may increase water pollution from poorly managed

manure storage. 

On the other hand, intensification of produc-

tion on the better lands allows the abandonment of

erosion-prone marginal lands, and improvements

in fertilizer-use efficiency and IPM together with

the expansion of organic farming are projected to

slow down the growth in use of mineral fertilizers

and pesticides. Similarly, the concentration of live-

stock into feedlots or stalls makes it more feasible to

collect and recycle manure and to use advanced

systems for water purification and biogas produc-

tion.

In an increasing number of situations the trade-

offs are becoming less serious. Thus, for example,

NT/CA may reduce overall pesticide use; reduce

soil erosion, fossil energy inputs and drought

vulnerability; and raise carbon sequestration,

natural soil nutrient recycling and farm incomes.

Factors such as these lead to the overall conclusion

that agro-environmental impacts need not be a

barrier to the projected production path because

they can be reduced considerably through the

adoption of proven policies and technologies.

It is one thing to project the potential for a

reversal or slowdown in the growth of agriculture’s

negative impacts on the environment. It is quite

another matter to make such a future a reality. This

will need a multidimensional approach and the

integration of environmental concerns into all

aspects of agricultural policy. Such actions were

first proposed more than a decade ago (FAO, 1988)

but are only now being pursued in a partial manner

by some developed countries. Governments need to

exploit the complementary roles of regulatory,

economic and technological measures. Actions are

needed at the global, regional, national and local

level. None of these actions will be easy, but the real

achievements of some countries and local commu-

nities over the past 30 years in promoting sustain-

able agricultural development show what could be

achieved over the next 30 years, given more

coherent efforts. 
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13.1  Introduction 

There is a wide scientific consensus that global

climate is changing in part as a result of human

activities (IPCC, 2001b), and that the social and

economic costs of slowing it down and of

responding to its impacts will be large (OECD,

2001a). In the past there has been a steady rise in

average global temperature: the 1990s were

around 0.6°C warmer than the late 1890s. The

1990s were the warmest decade since the begin-

ning of instrumental record-keeping in 1860, and

the warmest in the past thousand years on the basis

of tree rings and other proxy measurements.

Moreover, there has been an increase in the

number of heat waves and a reduction in the

frequency and duration of frosts in many parts of

the world. It is now generally accepted that this

climate change is the result of increasing concen-

trations of carbon dioxide, methane, nitrous oxide

and other greenhouse gases (GHGs) in the atmos-

phere (IPCC, 2001a). 

However, there are large uncertainties as to

when and where climate change will impact on

agriculture production and food security. Climate

models can now simulate part of the natural

climate variability well enough to give confidence

in their projections of future changes outside the

natural range (IPCC, 2001b). The latest predic-

tions for the year 2100 are slightly higher than

earlier ones and suggest that global average

temperatures could progressively rise by up to 6°C

under the business-as-usual scenario of the

Intergovernmental Panel on Climate Change

(IPCC). These predictions are less clear as to the

magnitude and timing of the changes and impacts

at the regional, subregional and national level, and

this uncertainty will remain for some time to come

(IPCC, 2001c). Continuing development of global

circulation models (GCMs) since the IPCC’s 1995

report has resulted in some markedly different

conclusions regarding spatial and temporal shifts

in climate. In some regions at least, e.g. in Europe,

climate change impacts until 2050 seem likely to be

less than those arising from natural variability

(Hulme et al., 1999), but there will be substantial

differences within Europe (Parry, 2000). 

It is generally agreed that agricultural impacts

will be more adverse in tropical areas than in

temperate areas. Developed countries will largely

be beneficiaries: cereal productivity is projected to

be higher in Canada, northern Europe and parts of

the former Soviet Union compared with what it

would have been in the absence of climate change.

By contrast a number of today’s poorest devel-

oping countries are likely to be negatively affected

Climate change and agriculture: 
physical and human dimensions
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(IPCC, 2001c). Here the next 50-100 years will see

widespread declines in the extent and potential

productivity of cropland (Fischer et al., 2001)

particularly in sub-Saharan Africa and southern

Europe (Parry, 2000; Parry et al., 1999). Some of

the severest impacts seem likely to be in the

currently food-insecure areas of sub-Saharan Africa

with the least ability to adapt to climate change or

to compensate for it through greater food imports. 

Around the rising trend in average temperature

and rainfall, interannual and seasonal variation will

increase. This will result in more frequent and more

intense extreme events, and in greater crop and

livestock production losses. Climate variation is

already the major cause of year-to-year fluctuations

in production in both developed and developing

countries, and of food insecurity in developing

countries (FAO, 2001f). For the period up to 2030,

alterations in the patterns of extreme events will

have much more serious consequences for chronic

and transitory food insecurity than shifts in the

patterns of average temperature and precipitation.

There is evidence that extreme events were already

becoming worse towards the end of the 1990s, and

there is rising confidence in projections that they

will increase in frequency and severity well before

2030 (Easterling et al., 2000; IPCC, 2001b, 2001c).

These extreme events have a disproportionately

large impact on the poor because their crops, live-

stock, homes, food stores and livelihoods are at risk

from floods and droughts and they have few or no

savings to carry them through bad periods. Such

impacts can be missed by GCMs operating at broad

spatial and temporal scales, since extreme events

commonly result in short-term and relatively local-

ized food shortages that are masked by shifts in

national production stemming from normal climate

variability. 

This chapter is devoted primarily to a review of

climate change and food security issues and inter-

actions. It examines how climate change may alter

the agriculture and food security outcomes

expected in the absence of climate change. The

chapter’s assessment of the possible impacts of

climate change on food security should be consid-

ered in the context of the following limitations and

assumptions. The time horizon of this study is

2030. This chapter therefore does not cover the

2050-2080 period during which the IPCC and

others project increasingly serious climate-change-

induced shifts in food production potential in

currently food-insecure areas (IPCC, 2001a,

2001b; Fischer et al., 2001). Thus, the modest

impacts on aggregate food production proposed

here are a reflection of the shorter time frame,

rather than of any undue optimism about the

longer-term situation. 

The emission of GHGs by agriculture is

discussed in Chapter 12. In this chapter, four other

dimensions of the interaction between agriculture

and climate change will be considered. First, agri-

culture's role as an important moderator of climate

change through the sequestration of carbon in the

soil and in long-lived products, and through the

growing of biofuels to replace fossil fuels. Second,

the positive and negative impacts of climate change

on agricultural production and on natural ecosys-

tems. Third, the implications for food security.

Household and national incomes will generally be

rising, allowing people to be less reliant on subsis-

tence agriculture and more able to buy their food

needs, and allowing countries to compensate for

domestic food deficits through greater imports.

However, a significant number of countries and

communities may continue to be bypassed by

development. Fourth, the clear need for changes to

agricultural policies and technologies which in the

short term could combat climate variability and

natural resource degradation, but would also

reduce or avoid possible food security impacts of

future climate change, for example, NT/CA (see

Chapter 11). Such measures have gained in impor-

tance now that carbon sink projects will qualify for

credits under the clean development mechanism

(CDM) of the Kyoto Protocol. 

13.2 Agriculture as a moderator 
of climate change

Chapter 12 (Section 12.3.1) discussed the impor-

tant role of agricultural activities as a driving force

for climate change through the emission of GHGs.

At the same time there is a growing appreciation 

of agriculture’s positive contribution to climate

change mitigation through carbon sequestration

and the substitution of biofuels for fossil fuels.

These contributions are likely to be of growing

economic and environmental importance in the

context of the Kyoto Protocol.
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The benefits of carbon sequestration. In the past,

attention has been focused on the role of forestry in

carbon sequestration. This role will remain impor-

tant in the future (see Chapter 6). In addition,

however, crop and livestock production can also

play a significant role through the sequestration of

substantial amounts of carbon as soil organic matter

(SOM) derived from crop residues, manure and

better-managed grasslands. The additional benefits

of this sequestration will diminish with time.

Global estimates of the potential contribution of

cropland to carbon sequestration are in the range

of 450-610 million tonnes of carbon p.a. (equiva-

lent to some 1 640-2 220 million tonnes of carbon

dioxide) for the next 20-30 years (GCSI, 1999).

There is, however, considerable uncertainty about

the potential gains from improved crop and live-

stock management practices (Lal and Bruce, 1999).

In the United States changes in cropping practices

(particularly conservation tillage and crop residue

management, improved cropping systems and land

restoration) could sequester about 140 million

tonnes of carbon p.a. – nearly 10 percent of total

United States emissions of all GHGs (Lal et al.,

1999). United States and United Kingdom studies

show that permanent set-aside could sequester

large amounts of carbon if it is forested or unman-

aged (Cole et al., 1996; Cannell et al., 1999). Thus

improved land management can enhance the role

of agricultural soils as a major sink for carbon

dioxide (CO2) and as a compensating mechanism

for agriculture’s contribution to GHG emissions

(Lal, Kimble and Follet, 1998) although it may be a

decade or more before cultivated land is trans-

formed from a net source to a net sink of carbon.

Improved land management can therefore help

countries to meet their obligations under interna-

tional agreements to reduce net emissions of

GHGs. Moreover, under the provisions of the CDM

of the Kyoto Protocol, international support for

improved land management to sequester carbon

could also further sustainable agriculture and rural

development (SARD) by providing other environ-

mental and economic benefits (FAO, 2000c). The

latter include reduced soil erosion and nitrate

leaching, greater rainfall infiltration, higher soil

moisture levels and lower energy costs.

Many of the required technological and land

management changes could take place over the

period to 2030. These could include shifts in land

use, for example reversion of cropland in indus-

trial countries to managed forests and pastures or

to natural ecosystems as part of permanent set-

aside; changes in cropping patterns, e.g. biomass

cropping; adoption of NT/CA with improvements

in tillage practices and residue management (see

Chapter 11); better soil fertility and water manage-

ment; and erosion control. All of these land

management changes are based on known tech-

nologies and husbandry practices that have other

benefits, including improved soil moisture avail-

ability to crops and higher yields, or reduced fossil

fuel use as in the case of NT systems.

The crop production projections of this study,

together with earlier FAO work on the biomass

yield of different crops (FAO, 1978), give an esti-

mate of the biomass of crop residues left in the

field. Total global non-harvested residues (prima-

rily crop stalks and roots) for 15 of the most impor-

tant crops were around 4.7 billion tonnes p.a. in

1997/99 and are projected to rise to 7.4 billion

tonnes by 2030. Depending on the region, these

residues amount to between 2.4 and 6.2 tonnes per

harvested hectare. These values are higher than

those used for other global estimations (Lal and

Bruce, 1999), but similar to those found in studies

for Australia, Canada and the United States (Dalal

and Mayer, 1986; Douglas et al., 1980; Voroney, van

Veen and Paul, 1981). Under tropical conditions,

residues can be much higher. Cowpeas, for

example, produce up to 24 tonnes of residues per

ha (Diels et al., 1999).

There are significant crop and regional differ-

ences in the proportion of crop residues that are

left on the soil surface or incorporated in it. For

most crops it is assumed that 25-50 percent of

residues are returned to the soil as organic matter,

and that half of this biomass is carbon. With these

assumptions, gross carbon sequestration by the 15

crops could rise from 620-1 240 million tonnes p.a.

to 960-1 910 million tonnes p.a. by 2030 (Table

13.1). If this is scaled up to include the harvested

area for the remaining crops, the global estimate

for 2030 rises to 1 170-2 330 million tonnes of

carbon. Taking into account that these estimates

refer to gross carbon sequestration, they are fairly

close to other recent estimates (GCSI, 1999; Lal

and Bruce, 1999; Batjes, 1999). 

These estimates do not take account of the

potential gains from NT/CA or from improved soil
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erosion control. However, the switch to NT/CA

systems, which started in the late 1960s in devel-

oped countries and in various developing countries

in the 1970s, could add to the amount of carbon

sequestered (Friedrich, 1996; Derpsch, 1998). The

gains vary according to agroclimatic conditions:

0.5-1.0 tonnes of carbon/ha/p.a. in the humid

temperate areas, 0.2-0.5 in the humid tropics and

0.1-0.2 in the semi-arid zones (Lal and Bruce,

1999). The NT/CA area grew very rapidly over the

last few years, but compared to total arable land the

area is still small. There are large areas of South

and East Asia where NT/CA could be applied but as

yet it is hardly used. On the Loess Plateau of China,

for example, its use is barely out of the experi-

mental stage, yet it could help to sequester some 

4 million tonnes of carbon p.a. (CCICED, 1999).

Assuming that another 150 million ha of

rainfed cropland will be using NT/CA by 2030,

sequestering 200-400 kg carbon/ha/p.a. (Lal et al.,

1999), this would represent a further 30-60 million

tonnes carbon/p.a. There would also be other envi-

ronmental benefits in the form of reduced soil

erosion and better water retention, plus savings in

fossil fuel use (Frye, 1984). Even greater gains of

500-800 kg carbon/ha/p.a. could be achieved where

marginal cultivated land is taken out of crop

production and replaced by grass or legume

forages (Lindwall and Norse, 2000). Moreover,

degraded land that has gone out of production 

or contributes little to food security, e.g. saline 

soils, could be restored to sequester carbon at 

the rate of 100 kg/ha/year in temperate areas and

200-300 kg/ha/p.a. in tropical and subtropical areas

(Lal, Kimble and Follet, 1998; GCSI, 1999). The

total area of saline soils that could be restored to

boost carbon sequestration is over 126 million ha

(GCSI, 1999). Assuming that 2 million ha of saline

lands are restored each year over the next 30 years,

the total carbon sequestered each year could be

about 12 million tonnes by 2030.

The rates of carbon sequestration presented

above are only order of magnitudes. Potential rates

of carbon sequestration in response to improved

management vary widely as a function of land use,

climate, soil and many other factors. The rate of

sequestration gradually declines before reaching a

limit and can be especially high during the first few

years. As a result, short-term studies tend to overes-

timate the rate of carbon sequestration. For some of

the activities sequestering carbon it may take 40 to

100 years before saturation levels are reached.

However, the IPCC considers the estimates for most

of these to be less reliable than estimates about

many of the activities sequestering carbon over

shorter periods. For NT/CA sequestration is partic-

ularly high during the early years. Should conven-

tional tillage be reintroduced though, the

sequestered carbon will be rapidly released (FAO,

2001h). Nonetheless, agricultural carbon sinks are

needed to “buy time” in coping with CO2 emissions.

Potential contribution of biofuels. Biofuels used for

cooking and heating already make a significant

contribution to GHG reduction. However, there is

considerable uncertainty about the future rate of

Total carbon (million tonnes) Carbon (tonnes/ha)

1997/99 2030 1997/99 2030

Sub-Saharan Africa 34-67 74-147 0.30-0.60 0.47-0.95

Latin America and the Caribbean 62-124 110-220 0.66-1.33 0.83-1.65

Near East/North Africa 27-54 46-91 0.52-1.04 0.75-1.50

South Asia 97-194 168-337 0.53-1.07 0.87-1.73

East Asia 182-363 267-534 0.84-1.69 1.17-2.34

Industrial countries 168-336 227-455 0.90-1.80 1.16-2.32

Transition countries 49-97 64-128 0.45-0.90 0.53-1.05

World 618-1 236 956-1 912 0.65-1.30 0.88-1.76

Source: FAO calculations.

Table 13.1 Estimated gross carbon sequestration per year by cropland soils



361

CLIMATE CHANGE AND AGRICULTURE:
PHYSICAL AND HUMAN DIMENSIONS

substitution of renewable biofuels for fossil fuels.

The technological potential and environmental

benefits are clear, and some modelling exercises

have projected large increases in the area under

biofuel crops. The uncertainty stems from

economic and political factors. For the foreseeable

future, the energy from biofuel crops will continue

to be more expensive than that from fossil fuels. If,

however, carbon taxes were imposed on fossil fuels

so that their cost to consumers included the

external costs of their use, including the costs of

climate change, then biofuels would be much more

competitive. In addition, if more governments

introduced positive discrimination for biofuels,

then their production could expand rapidly and

make a significant contribution by 2030.

13.3 Climate change impacts
on agriculture

13.3.1 Climate change to 2030

Global average temperatures are projected to rise

by about 1°C by 2030 (i.e. well outside the natural

range). Higher latitudes will warm more rapidly

than lower ones, land areas will warm more

rapidly than the oceans, and polar sea ice will

decrease more in the Arctic than in the Antarctic.

Consequently, average temperatures in the higher

latitudes may rise by 2°C, possibly double the

increase in the tropics. Projected changes in

precipitation show even greater regional differ-

ences, with major grain-producing areas of South

America showing increases and parts of Central

America and South Asia suffering from decreased

precipitation and higher soil moisture deficits

(IPCC, 2001b).

Broadly speaking, climate change is projected

to increase global mean precipitation and runoff by

about 1.5 to 3 percent by 2030 (IPCC, 2001b).

There will be greater gains in the higher latitudes

and the equatorial region but potentially serious

reductions in the middle latitudes. Parts of Central

America, South Asia, northern and southern Africa

and Europe could suffer appreciable falls in avail-

able water resources. Moreover, there could be

significant subregional differences, e.g. northern

and southern Europe are projected to undergo

significant shifts in climate-change-induced runoff

but not western and central Europe (Hulme et al.,

1999). Estimation of the impact of changes in

precipitation is further complicated by the inter-

play of two effects: changes in precipitation and

rises in water-use efficiency associated with the CO2

fertilization effect. 

13.3.2 Impacts on agriculture

Climate change will have a range of positive and

negative impacts on agriculture. Up to 2030 the

greatest impacts could come from increased

frequency and intensity of extreme events. Climate

variability is currently the dominant cause of short-

term fluctuation in rainfed agricultural production

of sub-Saharan Africa and South Asia, and substan-

tial areas of other developing regions. The most

serious form is drought, when rainfall drops

substantially below the long-term mean or fails at

critical points in crop development. In semi-arid

and subhumid areas, these rainfall deficits can

dramatically reduce crop yields and livestock

numbers and productivity. Such fluctuations can be

countered by investment in irrigation or by food

imports, but these options are not always open to

low-income countries or remote regions. Indeed,

the availability of water for irrigation may be

reduced by the increased frequency and intensity

of droughts together with long-term changes in

surface water runoff or evapotranspiration, and

this may reduce irrigated food production.

Although semi-arid and subhumid areas are

generally the ones given the most attention in

climate impact studies, humid areas are also

vulnerable to climate variability. They can suffer

from changes in the length of the growing season

(Wilkie et al., 1999) and from extreme events,

notably tropical cyclones causing damage from

high winds and floods. Such disasters are shorter-

lived and more localized than those associated with

droughts and other forms of climate variability and

so fewer people may be affected. However, the

consequences for their food security can be equally

severe. Not only do they lose current crops and

livestock, but in cases where perennial trees are lost

or spawning grounds seriously damaged, they also

lose future crops and fish catches. They may lose

their stored food, homes and possessions,

including irrigation infrastructure, livestock and

tools, so that the negative consequences on food
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security may be felt for several years after the

event. On the other hand, since these extreme

events are relatively localized, other crop-

producing areas within the same country can often

provide the food needed in affected areas.

Recent research has suggested that some

impacts of climate change are occurring more

rapidly than previously anticipated (IPCC, 2001c).

The impacts will stem primarily from:

! regional temperature rises at high northern

latitudes and in the centre of some continents; 

! increased heat stress to crops and livestock, e.g.

higher night-time temperatures, which could

adversely affect grain formation and other

aspects of crop development;

! possible decline in precipitation in some food-

insecure areas, such as southern Africa and the

northern region of Latin America, although the

main impacts will occur after 2030;

! increased evapotranspiration rates caused by

higher temperatures, with lowering of soil mois-

ture levels;

! concentration of rainfall into a smaller number

of rainy events with increases in the number of

days with heavy rain, increasing erosion and

flood risks – a trend that is already apparent

(Easterling et al., 2000);

! changes in seasonal distribution of rainfall, with

less falling in the main crop growing season;

! sea level rise, aggravated by subsidence in parts

of some densely populated flood-prone coun-

tries;

! food production and supply disruption through

more frequent and severe extreme events.

These impacts fall into three main groups, i.e.

direct and indirect impacts of climate change per se,

and impacts from enhanced climate variation

(extreme events), though with a degree of overlap. 

13.3.3 Direct impacts – changes in 
temperature and precipitation

Crops. Changes in temperature and precipitation

will bring changes in land suitability and in crop

growth. The projected net effect will be an increase

in the area of land in higher latitudes suitable for

crop production, because of milder and shorter

winters, but a decrease in land suitability in arid

and semi-arid areas. The changes will be qualitative

as well as quantitative. In the East African high-

lands, higher temperatures may result in land

becoming unsuitable for wheat but more suitable

for other grains. The effects on potential yields will

follow the same pattern as land suitability, with

yield gains in middle to higher latitudes and losses

in the lower latitudes. There may be some gains in

tropical highlands where at present there are cold

temperature constraints.

The overall effects of climate-induced changes in

land and crop suitability and yields are small

compared with those stemming from economic and

technological growth. By 2020 world cereal produc-

tion might be only about 0.5 percent less than what

it would have been in the absence of climate change

(IPCC, 2001c; Parry et al., 1999), although this

decline might be much greater by 2050 or later. The

largest regional reduction would be in Africa 

where cereal production is projected to decline by 

2-3 percent. This potential fall could be compen-

sated by a relatively small increase in yields or

imports. But this regional picture hides important

subregional differences. Parts of central and

northern Africa may experience small increases in

cereal yields.

The rise in atmospheric concentrations of carbon

dioxide not only drives global warming but can also

be a positive factor in tree and crop growth and

biomass production. It stimulates photosynthesis

(the so-called CO2 fertilizer effect) and improves

water-use efficiency (Bazzaz and Sombroek, 1996).

Up to 2030 this effect could compensate for much or

all of the yield reduction coming from temperature

and rainfall changes. Recent work for the United

States suggests that the benefits from CO2-induced

gains in water-use efficiency could continue until

2095 (Rosenberg et al., 2001). 

Forestry. As with crop production, CO2 fertilization

effects will combine with those of climate change.

This will make it difficult to determine net impacts

on forestry, but these effects are likely to be small

before 2030. The developed countries seem likely to

be the major beneficiaries. Given the higher temper-

atures at high latitudes and the CO2 fertilization

effect, boreal and north temperate forests in North

America, northern Asia and Europe and parts of

China are likely to grow more rapidly before 2030.

Tropical forests may decline in area and produc-

tivity, because of decreased rainfall and higher
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temperatures, with some loss of biodiversity.

However, dieback of tropical forests, i.e. progressive

death from environmental or pest causes, could be a

concern in parts of northern South America and

central southern Africa (Hadley Centre, 1999).

Livestock. Some grasslands in developing countries

are projected to deteriorate progressively as a result

of increased temperature and reduced rainfall but

this is unlikely to occur until after 2030 (DETR,

1997). Much of this grassland is of moderate or low

productivity and is in any case projected to decline

in importance with the continued shift to intensive

livestock production systems in more humid areas

(see Chapter 5). Of more significance to livestock

production is the rise in temperature over the

period to 2030, and the CO2 fertilization effect.

These will favour more temperate areas (i.e. prima-

rily the developed countries but also Argentina and

China) through reduced need for winter housing

and for feed concentrates (because of higher

pasture growth). Many developing countries, by

contrast, are likely to suffer production losses

through greater heat stress to livestock. Fodder and

forage yields may be lower because of reduced

precipitation but this may be compensated by the

CO2 fertilization effect.

Fisheries. Some of the earliest negative impacts may

be on fisheries rather than on crops. There are three

impacts of concern: higher sea temperatures,

changes in ocean currents and sea level rise

(discussed below). Most of the effects will occur after

2030 or even 2050, but may intensify greatly there-

after (IPCC, 2001c). 

Average sea temperatures in northern latitudes

are already rising rapidly (in particular in the North

Sea). Sea temperature rise can disrupt ocean

currents and fish breeding patterns. It can reduce

surface plankton growth or change its distribution,

thereby lowering the food supply for fish, and cause

the migration of mid-latitude species to northern

waters (Reid et al., 2000).

The net effect may not be serious at the global

level but could severely disrupt national and

regional fishing industries and food supplies. It is

already a serious issue in Europe, where climate-

change-induced impacts on cod populations could

compound the effect of current overfishing in the

North Sea, causing permanent damage to fish stocks

if no action is taken (O’Brien et al., 2000). In middle

and southern latitudes coral bleaching and destruc-

tion through higher water temperatures could

damage important fish breeding grounds.

13.3.4 Direct impacts – sea level rise

Sea level rise induced by global warming could lead

to loss of land through flooding and saltwater intru-

sion, and damage to mangrove swamps and

spawning grounds. Sea levels are rising at about half

a centimetre p.a., and are likely to continue at this

rate for several decades even if there is rapid imple-

mentation of international agreements to limit

climate change. Thus sea levels could be 15-20 cm

higher by 2030 and 50 cm by 2100 (IPCC, 2001b),

increasing the flood risk in large parts of South and

East Asia and placing populations and agriculture at

risk (Gommes et al., 1998). Three valuable produc-

tion systems will be most affected: vegetable produc-

tion that tends to be irrigated and heavily

concentrated around urban areas threatened by salt-

water intrusions; aquaculture systems sited in areas

at or below sea level; and coastal fisheries dependent

on spawning grounds in mangrove swamps and

other coastal wetlands threatened by sea level rise,

although some adjustment might take place through

sediment deposition and the accumulation of

organic matter.

Because tropical cyclones will increase in

frequency and intensity, there will be more

extreme high-water events and more severe storm

surges penetrating further inland (IPCC, 2001a;

Nicholls, Hoozemans and Marchand, 1999).

Although most impact assessments have been on

gradual sea level rise, these sea surges may pose the

greatest risk to food security. Nicholls, Hoozemans

and Marchand (1999) conclude that by 2080 the

number of people vulnerable to flooding from sea

surges in a typical year will be five times greater

than those vulnerable to sea level rise. Earlier work

suggests that 90 percent of these vulnerable people

would experience flooding on an annual basis

(Baarse, 1995). Migration to coastal zones because

of the better employment opportunities associated

with urbanization and industrialization and the

overextraction of groundwater in urban areas will

compound the problem. In Bangkok, for example,

these trends have led to marked subsidence (up to

several metres in the last century). 
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Even without climate change, population growth

and urbanization will increase the number of people

at risk from coastal flooding, possibly from about

200 million in 1990 to nearly 500 million by 2030

(Nicholls, Hoozemans and Marchand, 1999). Sea

level rise alone will not raise this number substan-

tially by 2030, but other expected developments,

involving serious interactions between river flooding

and sea level rise, could do so. These include greater

river runoff because of increased precipitation

inland, reduction of river width through siltation

and urban and industrial development, and an

increase in storm surges penetrating further inland

(Arnell, 1999).

13.3.5 Indirect impacts

Indirect impacts operate primarily through effects

on resource availability, notably water resources, and

on ecosystems as they respond to shifts in tempera-

ture and precipitation; and through the loss of

biodiversity, although the latter will have little

impact by 2030. 

Large changes are predicted in the availability of

water resources because of reductions in runoff and

groundwater recharge. Substantial decreases are

projected for Australia, India, southern Africa, the

Near East/North Africa, much of Latin America and

parts of Europe (Hadley Centre, 1999). The main

decrease will be after 2030 but there could be nega-

tive effects on irrigation in the shorter term.

Moreover, the greater frequency of summer

droughts in the interior of mid-latitude continents

could raise the incidence of wildfires.

There will be changes in the distribution and

dynamics of major pests. Although only small

average temperature changes are projected to 2030,

they are nonetheless large enough to bring about

substantial shifts. In addition, fewer cold waves and

frost days could extend the range of some pests and

disease vectors, and favour the more rapid buildup

of their populations to damaging levels. 

Much of central and northern Europe could

become more vulnerable to important pests and

diseases such as Colorado beetle of potatoes and

Karnal bunt of wheat (Baker et al., 1999) as they

expand their range north. Although control meas-

ures are known for these diseases there will still be

some yield loss and associated production input and

environmental costs. However, this is not just an

issue for temperate areas. In subtropical Australia

temperature rises up to 2°C could favour the spread

of the Queensland fruit fly and force production to

shift substantially southwards (Sutherst, Collyer and

Yonow, 1999).

The important changes in pest dynamics are

increases in pest carryover (particularly overwin-

tering in temperate regions) and population

dynamics, since the life cycles of some major pests

are extremely dependent upon temperature

(Gommes and Fresco, 1998). Higher temperatures

may foster larger pest populations, and may extend

the reach of insect carriers of plant viruses, as in the

case of aphids carrying cereal viruses, which are

currently held in check by low winter or night

temperatures. No attempt has been made to quan-

tify these losses but they could be appreciable in

terms of lower yields and higher production costs.

Finally, greater temperature extremes seem

likely to give rise to higher wind speeds, and there

may be increases in the occurrence of hurricanes.

This will result in greater mechanical damage to soil,

plants and animals; impacts on plant growth from

greater wind erosion and sandblast damage; and

drowning of livestock. Natural resource manage-

ment decisions, both on the farm and at national

level, could reduce or intensify the impacts of these

factors on food security. For example, concerted

efforts to promote IPM could lessen the impact of

pest and disease outbreaks. Conversely, poor land

management practices and inadequate protection

for the diversity and stability of ecosystems could

aggravate soil erosion and other damage.1

13.4 Implications of climate change
for food security

13.4.1 Introduction

Up to 2030 the impact of climate change on global

food production may be small, within the range

1 In the case of hurricane Mitch in Honduras in 1998, where over 50 percent of agricultural infrastructure and production was reportedly severely
affected or completely destroyed, human factors such as large-scale deforestation, the cultivation of marginal lands without soil conservation prac-
tices and a lack of adequate watershed management were largely blamed for severely compounding the effects of the hurricane. The Lempira Sur
region, utilizing a diverse agroforestry farming system, suffered less damage than the rest of Honduras and was able to provide food aid for other
parts of the country.
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that normal carryover stocks, food aid and interna-

tional trade can accommodate. During the 1992/93

drought in southern Africa, for example, crop

production in some countries was reduced by as

much as 50 percent. Yet there was no famine (Chen

and Kates, 1996), and the negative food security

impacts were relatively short-lived, although

serious for some communities. National and inter-

national action was able to limit the increase in the

numbers of undernourished. Nonetheless, Parry 

et al. (1999) consider that the 2-3 percent reduction

in African cereal production they project for 2020

is sufficient to raise the numbers at risk from

hunger by some 10 million people. 

However, food security depends more on socio-

economic conditions than on agroclimatic ones,

and on access to food rather than the production

or physical availability of food (FAO, 2001c; Smith,

El Obeid and Jensen, 2000). Therefore, the impli-

cations of climate change for food security are

more complex than the relations used by most of

the current impact assessments. Future food secu-

rity will be determined largely by the interplay of a

number of factors such as political and socio-

economic stability, technological progress, agricul-

tural policies, growth of per capita and national

incomes, poverty reduction, women’s education,

drinking-water quality (Smith and Haddad, 2001),

and increased climate variation. 

It is important to be clear about the respective

roles and relative contributions to food security of

these factors, and how they interact. For example,

poverty is a major factor in food insecurity (FAO,

2001a), and urbanization can play an important

role in improving physical access to food during

serious droughts, although there are a number of

positive and negative factors involved (FAO,

2000d). Urban wages are generally above rural

wages, but urban food and housing costs can be

higher, so actual food purchasing power in urban

areas might in some cases be lower. Up to 2030 or

even 2050, projected growth in incomes, urbaniza-

tion and crop production for developing countries

are likely to have a much greater impact on food

security than the effect of climate change in

reducing average cereal yields or the area suitable

for grain production (Fischer et al., 2001). 

However, there will be problems arising from

increased climate variability. Climate change may

affect, for example, the physical availability of food

from production by shifts in temperature and rain-

fall; people’s access to food by lowering their

incomes from coastal fishing because of damage 

to fish spawning areas from sea level; or lowering 

a country’s foreign exchange earnings by the

destruction of its export crops because of the rising

frequency and intensity of tropical cyclones.

In food-insecure countries, there is often a large

seasonal as well as interannual variation in the

ability of people to grow or purchase food. In parts

of Africa, there is the so-called “hungry season”

prior to the new harvest, when grain prices tend to

rise substantially as stocks fall and lead to tempo-

rary food insecurity. Such features are lost in the

annual or seasonal averages of most analyses of

long-term food production and climate change

impacts on agriculture, but they are important in

determining people’s ability to purchase food.

There is also the question of spatial variation of

climate impacts, and the level of countries' ability

or inability to exploit this to overcome local food

production deficits. Inability generally stems from

weaknesses in infrastructure or institutions,

although it is reasonable to project improvements

in these respects over the next 30 years. These

features are not captured in climate impact assess-

ment models, yet they are very important since

quite large negative impacts on production from

climate change will not necessarily result in dimin-

ished food security. Large countries such as India

and China contain a range of agroclimatic situa-

tions, and droughts and floods in one area can be

compensated by production from unaffected areas

and carryover stocks. Thus, when parts of north-

east and central China were seriously flooded in

1998, local food production losses were readily

replaced by food from elsewhere. In countries in

which agriculture is a small proportion of GDP, any

food deficits from extreme events can normally be

covered by imports, and by 2030 it is expected that

more countries will be in a position to compensate

for climate change impacts on domestic food

production by imports from elsewhere.

13.4.2 Socio-economic developments and
vulnerability to climate change

Given the above, it is necessary to examine food

security in the context of the future agricultural

and wider economic situation, which is likely to be
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quite different from today’s in a number of

respects. One only has to look back 30 years to see

the need for this. For example, in the 1970s

Bangladesh was being classified as incapable of

functioning properly and with little hope of

survival, and South Asia, particularly India, was

considered to be the most food-insecure region,

whereas sub-Saharan Africa was thought to have

better food prospects (IFPRI, 1977). In reality,

during the last decades sound agricultural policies,

investment in irrigation, etc. have enabled

Bangladesh and India to overcome their large

food production deficits, whereas sub-Saharan

Africa suffered from poor agricultural perform-

ance and prolonged food shortages for much of

the same period.

Looking ahead 30 years, a number of today’s

food-insecure countries seem likely to have over-

come their food production or food access prob-

lems, with much of the remaining food security

problem concentrated in sub-Saharan Africa (see

Chapter 2). Given the relatively high economic

growth projected for most Latin American and

Asian countries, they should be able to overcome

any negative impacts of climate change on food

production by increasing food imports. This

demonstrates that it is not enough to assess the

impacts of climate change on domestic production

in food-insecure countries. One also needs to (i)

assess climate change impacts on foreign exchange

earnings; (ii) determine the ability of food-surplus

countries to increase their commercial exports or

food aid; and (iii) analyse how the incomes of the

poor will be affected by climate change. 

No matter how the climate changes, any

impacts will be on a food security situation very

different from the present. The structure of most

developing economies will have shifted closer to

that of today’s developed countries. Food produc-

tion will have changed in response to new tech-

nologies and changes in comparative advantage.

Food consumption and food security will have

changed because of shifts in consumer preferences

and higher per capita incomes.

Economic growth in non-agricultural sectors

and an increase in urbanization and non-agricul-

tural employment will make people's incomes less

dependent on agriculture. People may have easier

and more reliable access to food during extreme

events and thus become less vulnerable to climate

change. The increasing role of home remittances in

raising the food purchasing power of the rural

poor has reduced seasonal and long-term food

insecurity. This has been particularly the case in

sub-Saharan Africa, where 20-50 percent of rural

incomes now commonly come from off-farm

sources, and increasing amounts of food are

purchased rather than home produced (FAO,

1998d; Reardon, Matlon and Delgado, 1994;

UNSO, 1994; Turner, 2000). This situation is likely

to continue for the next 30 years. Provided govern-

ment policies and infrastructural improvements

allow food imports to flow readily to drought-

affected and other natural disaster areas, their food

security situation will become less dependent on

local production. Fewer people will be vulnerable,

as long as prices do not go up (although this is

unlikely, as discussed in Section 13.4.5).

13.4.3 Climate change and crop 
production 

Cereal yields play a key role in the food security of

the poor. Recent estimates suggest that, relative to

the no climate change situation, yields could

change by -5 to +2.5 percent depending on the

region (Table 13.2). In many but not all countries it

may be possible to overcome this by expanding

cultivated land, because there are still substantial

suitable areas that could be brought into cultivation

(Chapter 4). Furthermore, very small and quite

feasible annual improvements in yields could

compensate for a potential 5 percent yield reduc-

tion from climate change (Chapters 4 and 11),

although in the regions facing the most negative

potential impacts, yield increases were hard to

realize in the past. 

The regions and countries where food security

is most at risk from sea level rise include South

Asia, parts of West and East Africa, and the island

states of the Caribbean and Indian and Pacific

Oceans. They include deltaic areas that are difficult

and costly to protect, yet play an important role in

food production, e.g. in Bangladesh, Myanmar,

Egypt, India, Thailand and Viet Nam. The

concerns for food security are particularly great

where farm sizes are already too small to provide

adequate subsistence and where conversion of

uplands to food production cannot compensate for

the loss of coastal land. A number of the areas at
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risk are in low-income countries that may not

undergo appreciable economic development over

the projection period, and so might find it difficult

to undertake the necessary protective investments

(Nicholls, Hoozemans and Marchand, 1999).

Three factors will affect food security: the loss of

cropland and nursery areas for fisheries by inun-

dation and coastal erosion; saltwater intrusion; and

flood damage to crops and food stores. Each of

these will eliminate livelihoods and lower agricul-

tural production and incomes.

The loss of cropland could be substantial. India,

for example, has more than 6 500 km2 of low-lying

coastal land, much of which is cultivated. Asthana

(1993) estimated that a 1-metre sea level rise in

India would result in the loss of some 5 500 km2.

Rises of this magnitude are not foreseen before

2100 according to the IPCC’s latest estimates.

Losses by 2030 could be from 1 000 to 2 000 km2.

Assuming an average farm size of 1.5 ha this could

represent the loss of some 70 000 to 150 000 liveli-

hoods. In the case of Bangladesh a similar rate of

sea level rise by 2030 could result in the loss of 

0.8-2.9 million tonnes of rice p.a., offsetting yield

gains arising from changes in temperature, precip-

itation and atmospheric CO2 concentration (Asian

Development Bank, 1994).

The inland movement of saltwater into the

aquifers used for irrigation, with negative impacts

on crop yields, is already of significant proportions

in some North African countries because of exces-

sive extraction of groundwater, and it will be inten-

sified by sea level rise. Yet over the next 30 years

much could be done to overcome this problem, e.g.

by the introduction of new GM varieties of wheat,

rice, oilcrops and green vegetables that are tolerant

to saline conditions (see Section 13.5). However,

yield losses may also occur through physical-chem-

ical damage to the soil by salinization, so other

measures will be required. Nonetheless, the food

security impacts of saltwater intrusions could be

quite small if appropriate policy and technology

changes are made.

Flood damage to crops and food stores could be

important at the national, local and household level:

at the national level, in cases where agriculture is the

main source of export revenues to pay for the

imports of the development goods essential for

economic growth, and of food to cover shortfalls in

domestic production; locally, if public or private

food stores are destroyed, shortages and higher

prices can be expected; and at the household level,

where season-to-season storage of food is essential to

insulate families from pre-harvest price rises.

13.4.4 Implications for livelihoods 
and incomes

Food insecurity is in most cases caused by poverty.

Food purchasing power depends on a person’s

income level and on food prices. For farmers,

incomes depend mainly on the quantity and quality

2020 2050

Sub-Saharan Africa

Sahel and southern Africa -2.5 to 0 -5 to +5

Central and East Africa 0 to +2.5 -5 to +2.5

Latin America and the Caribbean 

Tropics and subtropics -2.5 to 0 -5 to -2.5

Temperate 0 to +2.5 0 to +2.5

Near East/North Africa -2.5 to +2.5 -5 to +2.5

South Asia -2.5 to 0 0 to -5

East Asia -2.5 to +2.5 -2.5 to +2.5

Canada and the United States -5 to +2.5 -10 to 0

Source: Parry et al. (1999).

Table 13.2 Potential changes in cereal yields (percentage range, by region)
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of the natural resources they have to produce food.

Consequently, any impact of climate change on

land and water resources, on agricultural and non-

agricultural livelihoods, and on the prices of food

or of other agricultural commodities sold to

purchase food could have an important impact on

food security. With the possible exception of sub-

Saharan Africa, it seems doubtful that climate

change will have an appreciable impact on agricul-

tural livelihoods and incomes over the period to

2030. The wide range of domestic and interna-

tional factors governing national economic

performance could swamp any small effects

resulting from climate change. 

However, climate change will have some adverse

effects on incomes and income distribution. A

number of groups are particularly vulnerable,

namely: low-income groups in drought-prone areas

with poor food distribution infrastructure; low- to

medium-income groups in flood-prone areas who

may lose stored food and possessions; farmers

whose land is submerged or damaged by sea level

rise or saltwater intrusions; fishers who suffer falling

catches from shifts in ocean currents, or flooding of

spawning areas or fish ponds; and food or export

crop producers at risk from high winds.

On the other hand, some of the short- to

medium-term negative impacts on food security

may lead to positive outcomes in the longer term.

For example, increasing aridity may accelerate the

migration of low-wage agricultural workers to

urban centres where wages are higher and there is

more secure access to food markets.

Increased frequency of extreme events could

have substantial impacts on the economic perform-

ance of some countries and regions, and on transi-

tory food insecurity. The Mozambique floods of

2000, for example, have been estimated by the

World Bank to have reduced economic growth by

2 to 3 percentage points, and caused damage in

excess of total export earnings. The 1998 floods in

China caused over US$100 billion damage, and for

the main provinces affected, the damage amounted

to the equivalent of 3 to 4 percent of their GDP.

Cambodia suffered similar economic losses from

floods in 2000. In each case the number of people

considered to be transitory food insecure increased

ten to 100-fold or more. However, their recovery

normally took place within months (FAO/GIEWS,

2000a) and the overall impact on national food

production was quite small because of good

harvests in other areas or seasons.

Finally, it is important to consider how policy

responses to climate change could affect livelihoods

and incomes. This aspect could become of

increasing importance through the CDM and

efforts to substitute fossil fuels by renewable ones,

opening up new opportunities for job creation and

income improvements. First, carbon sequestration

and trading in carbon emission permits could

improve the overall sustainability of agriculture

(see Section 13.2). They could raise farm incomes

and create new agricultural livelihoods. There

could be growing competition for land and labour

resources in some areas between biofuel produc-

tion, carbon mitigation activities and food produc-

tion, but such impacts are likely to be small over the

next 20-30 years. Second, new non-fossil energy

systems, particularly wind power, could provide

marginal areas such as the slope lands of southwest

India with new livelihoods and lower energy prices

for rural electrification. 

13.4.5 Implications for food prices

The analysis in Chapters 3 and 9 suggests that,

independently of climate change, real world market

agricultural prices will remain more or less constant

or decline slightly over the projection period. 

Climate change to 2030 may reduce the costs of

crop and livestock production in some temperate

areas, according to IPCC projections (IPCC,

2001b), for example, from milder winters, longer

growing seasons and the reduced need for winter

concentrate feeds for livestock. In contrast, some

humid tropical and semi-arid areas of developing

regions may face rising production costs, e.g.

because of rice yield declines from higher night

temperatures, higher irrigation costs and saliniza-

tion induced by sea level rise. 

The net effect of these regional differences

could be downward price pressures in developed

countries and upward pressures on prices in devel-

oping countries, but in both cases the movements

in real prices would be relatively small to 2030.

Parry et al. (1999) conclude that (other factors

remaining equal) climate-induced cereal yield

declines could push up global prices in 2020 by

about 5 percent (and by implication much more in

parts of Africa), with substantially greater rises by
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2050-2080. Cereals tend to be more sensitive to

climate change than other food crops, and many

developing countries are growing net importers of

cereals. Therefore they could become more vulner-

able to climate-induced increases in grain prices. 

However, most studies suggest that in the short

term the net impact of climate change on current

cereal areas is likely to be positive and in the longer

term the area suitable for cereal production could

expand considerably (IPCC, 2001c; Fischer et al.,

2001). Hence, even in the context of climate

change, world market prices for cereals are likely to

remain relatively stable. In addition, price develop-

ments may be partly offset through the implemen-

tation of present and future WTO Agreements on

Agriculture. The gap between international and

national prices should narrow, so that movements

in national prices should follow movements in

world market prices more closely. National and

local prices, however, will still be perturbed by

extreme events and more direct international to

domestic price links will moderate these fluctua-

tions but not eliminate them. 

Technological change and infrastructural

improvements allowing better flows of food from

surplus to deficit areas could also offset some of the

pressure on national and local prices. Given the

slow progress of the last decades, however, there is

great uncertainty whether all of the required

national and regional infrastructural improve-

ments will take place over the next 30 years. In

south Mozambique, for example, maize prices in

the spring of 2000 increased rapidly because of

food shortages following the floods. At the same

time, however, maize prices in north Mozambique

were about half those in the south and declining.

Yet the high transport costs from the north to the

south made it cheaper to import maize from South

Africa (FAO/GIEWS, 2000b).

Extreme events affect food prices in character-

istic ways: price increases can be very rapid and

large, particularly where both household and

commercial stocks are lost, and transport is

disrupted; price changes can be very localized, with

appreciable differences between urban and rural

areas with restricted access to outside supplies; and

price increases can be short-lived, i.e. weeks rather

than months. These points show how critical general

economic development will be in reducing the

vulnerability of countries to climate change and to

increased frequency and intensity of extreme events. 

It is important to bear in mind that changes in

international commodity prices estimated by the

models used for climate change impact studies do

not necessarily relate closely to the food prices actu-

ally paid by consumers and hence to the ability of

low-income groups to purchase their food needs.

For example, bread is increasingly a purchased

good rather than a home-baked food even for the

rural poor, and the cost of the cereal may be less

than 25 percent of the purchase price, with the 

rest coming from processing, distribution and

marketing costs (Norse, 1976). Hence, even if

climate change increases farmgate or international

food prices over the next 30 years, this increase

may have a much smaller impact on consumer

prices, and limited effects on the food security of

those low-income groups that purchase most of

their food from the retail sector.

13.5 Technology and policy options

Many of the actions required to mitigate or to

adapt to climate change can also be justified in

terms of present needs. Many do not require large

capital investments, and can be appropriate for

poor smallholders as well as large farmers. They do

not have to be justified on the basis of the uncertain

economic benefits of lowering some climate change

impacts. For example, improved water conserva-

tion would help to overcome current aridity as well

as reduce the impact of any future deterioration in

rainfall. Most of the actions would also contribute

to the wider objective of alleviating poverty and

improving access to food rather than just safe-

guarding the production of food. 

13.5.1 Greenhouse gas reduction 
and abatement

The priority actions to lower agriculture’s role as a

driving force for climate change are clear from

Section 12.3.1 in Chapter 12: reduction of methane

and nitrous oxide emissions from mineral fertil-

izers, manure, livestock wastes and rice production.

The wider benefits are also clear, e.g. lower

production costs through greater fertilizer-use effi-

ciency and better waste recycling, and reduced air

and water pollution. The policy response options
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in the agrochemical sector include removing any

subsidies on energy inputs and introducing carbon

taxes to promote energy-use efficiency in fertilizer

and pesticide production. 

Other policy options include general actions to

promote sustainability through conservation agri-

culture, together with specific measures such as

environmental taxes on nitrogen fertilizers;

promotion of precision placement and better

timing of fertilizer and manure applications;

development of rice cultivars emitting less

methane; adoption of direct seeding and better

water management for rice to reduce methane

emissions; better feed quality for livestock;

improved livestock waste management; promo-

tion of biofuel crops to replace fossil fuels; and

expansion of agroforestry.

13.5.2 Climate change impact mitigation
and adaptation

Several actions need to be taken to mitigate and

adapt to climate change. First, comprehensive

support mechanisms must be formulated to help

farmers adapt to climate change and to increase

production under more variable conditions. Such

mechanisms could include approaches to crop

production which improve the resilience of

farming systems. 

Second, given the probability of higher inci-

dence of drought, aridity, salinity and extreme

events, greater priority will need to be given to the

following measures:

! maintenance, both onsite and offsite, of a broad

genetic base for crops and development and

distribution of more drought-tolerant crop vari-

eties and livestock breeds;

! breeding for greater tolerance of crops, live-

stock and fish to higher temperatures;

! development of salt-tolerant varieties of wheat,

rice and oilcrops;

! improving the resilience of agricultural ecosys-

tems by promoting NT/CA and practices such

as agroforestry that utilize and maintain biolog-

ical diversity;

! raising the efficiency of rainwater use and

groundwater recharge by conservation agricul-

ture, etc. and that of irrigation water by appro-

priate pricing policies, management systems

and technologies;

! supporting pastoral and other livestock produc-

tion systems, many of which are already food

insecure. Activities should be centred on main-

taining livestock mobility and providing loca-

tion-specific investment in supplementary feed

production, veterinary services and water

supply (Sandford, 1995), and on improving the

marketing of livestock during droughts and

making it easier to restock after droughts or

floods; and

! developing improved sea defence and flood

management systems in sea level rise and storm

surge situations, where these are economically

viable.

All these actions have the benefit of helping to

ameliorate the impact of current climate variation

as well as countering future adverse effects of

climate change.

13.5.3 Reducing or avoiding
food security impacts

The IPCC now expresses high confidence in the

projected increase in the frequency and intensity of

relatively localized extreme events including those

associated with El Niño, notably droughts, floods,

tropical cyclones and hailstorms (IPCC, 2001b).

The impacts of these increases will fall dispropor-

tionately on the poor (see Box 13.1).

All developing regions are considered by the

IPCC to be vulnerable to increased droughts and

floods. These extreme events could pose signifi-

cant threats to food security, requiring policy

action and investment both outside and within the

agricultural sector. 

For many countries the key to reducing food

insecurity will be better disaster preparedness

planning, although actions to lower the sensitivity

of food and agricultural production to climate

change will clearly be important to cope with the

longer-term impacts of climate change. Many of

the actions in response to drought and sea level

rise should be conceived on the pattern of disaster

management strategies being developed to reduce

agricultural vulnerability to tropical storms (FAO,

2001g). The objectives of such strategies include

avoiding or minimizing death, injury, lack of

shelter and food shortages, loss of property or

livelihoods of poor households, and preparing

funding and procedures for large-scale relief and
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rehabilitation. Such strategies may be imple-

mented through:

! the development of early warning and drought,

flood- and storm-forecasting systems;

! preparedness plans for relief and rehabilitation;

! introducing more storm-resistant, drought-

tolerant and salt-tolerant crops;

! land use systems that stabilize slopes and reduce

the risk of soil erosion and mudslides;

! constructing livestock shelters and food stores

above likely flood levels;

! equipping fishers with communication systems

and safety devices so that they can benefit from

early storm warnings, and credit systems so

they can quickly replace any lost boats or equip-

ment.

13.6 Conclusions

The projections of this study point to the likelihood

of an appreciable increase in carbon sequestration

by agricultural soils. Although the gains will 

eventually level off, they will extend the time 

available to introduce other measures with longer-

term benefits. Thus, agriculture’s role as a driving

force for climate change could still increase, but 

its contribution to climate change mitigation will

rise through greater carbon sequestration and

increased resilience to climate variation. 

The main impacts of climate change on global

food production are not projected to occur until

after 2030, but thereafter they could become

increasingly serious. Up to 2030 the impact may be

broadly neutral or even positive at the global level.

Food production in higher latitudes will generally

benefit from climate change, whereas it may suffer

in large areas of the tropics. However, there could

be large intraregional disparities in the medium

term, e.g. western, central and eastern Africa could

experience a reduction in cereal production and

southern Africa an increase. 

Up to 2030 these potential decreases in food

production are relatively small and most countries

should be able to compensate for climate change

impacts by improving agricultural practices.

Box 13.1  Food-insecure regions and countries at risk

The IPCC and the other assessments considered in this chapter conclude that the main regions and countries

at risk from climate change are the following:

Climate change
! Countries of arid, semi-arid and subtropical Asia, sub-Saharan Africa, Near East/North Africa and Latin

America where temperatures are above the optimum for crop growth or even close to their maximum

temperature tolerance, and already result in heat stress in livestock and fish.

! Water-scarce countries of arid, semi-arid and subtropical Asia, sub-Saharan Africa, Near East/North Africa

and Latin America (northeast Brazil) where reduced stream flow and water recharge, higher transmission

losses from irrigation systems and greater evapotranspiration from crops may lower irrigation and increase

water stress in crops and livestock.

Sea level rise
! West Africa (Gulf of Guinea, Senegal and the Gambia), southern Mediterranean (Egypt), East Africa

(Mozambique), South and Southeast Asia (Bay of Bengal), the Caribbean and island states of the Indian and

Pacific Oceans.

Extreme events
! Droughts for much of semi-arid and subhumid Africa (particularly the Sahel, Horn of Africa and southern

Africa), South Asia and northeast Brazil.

! Floods in deltas and their immediate hinterland during storm surges.

! Floods in river valleys and lake basins of all regions, including temperate ones, during abnormally long or

intense rainfall events.

! High winds associated with tropical cyclones in Central America and the Caribbean, South and East Asia.
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Priority should be given to raising the resilience of

agricultural ecosystems, increasing the cropped

area, and raising and diversifying yields through

improved access to genetic resources and technolo-

gies. Moreover, with the exception of sub-Saharan

Africa, the growing income of developing countries

should make it possible for many of them to choose

between greater food imports and greater mitiga-

tion and adaptation by their agricultural sector to

overcome climate change impacts. The world's

traditional cereal exporters should be able to meet

any increase in demand, either because their

production potential will be boosted by climate

change, or because they will have the capacity to

adapt to climate change and overcome any nega-

tive impacts.

Up to 2030, the most serious and widespread

agricultural and food security problems related to

climate change are likely to arise from the impact

on climate variation, and not from progressive

climate change, although the latter will be impor-

tant where it compounds existing agroclimatic

constraints. However, the more frequent extreme

events will not necessarily increase food insecurity

in all situations, given the other economic and

social changes taking place. Given the likely struc-

tural change in the sectoral composition of the

economy and of employment in developing coun-

tries, access to food will increasingly be determined

by urbanization and non-agricultural incomes. As a

result, food security in some countries will improve

and they will become less vulnerable to climate

change. Developed countries will also experience

more frequent extreme events but it seems possible

that these will not have a sustained impact on their

food export potential.

Nonetheless, low-income groups in many

countries will remain vulnerable to short- to

medium-term supply constraints arising from

climate change. The basic food security issue will

remain that of poverty and the lack of food

purchasing power. 

Although the impacts of climate change on food

production and food security up to 2030 may be

relatively small and uncertain, those projected for

the remainder of the century are larger and more

widespread. By 2100 climate change could pose a

serious threat to global and local food security. It is

therefore vital that action be taken now to counter

this threat. Actions should include measures to

reduce agriculture’s role as a driving force for

climate change, through the reduction of GHG

emissions, as well as measures to mitigate and

adapt to climate change.

Institutional changes are going to be as impor-

tant as or more important than technological ones.

Institutional actions will be needed to raise national

preparedness and reduce rural and urban poverty

to enable vulnerable low-income groups to

purchase all of their basic food requirements.

Policies for agricultural development will need to

emphasize the importance of improving not just

the production capacity of agricultural ecosystems

but also their diversity and resilience. It is vitally

important to initiate the institutional and techno-

logical changes now, because of the long lead times

for the development of new technologies and for

the improvement of road and rail links between

food-deficit and surplus areas, and between ports

or railheads and isolated rural areas.
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Appendixes

1. COUNTRIES AND COMMODITIES

2. SUMMARY METHODOLOGY OF THE

QUANTITATIVE ANALYSIS AND PROJECTIONS

3. STATISTICAL TABLES

Table A1 Total population 

Table A2 Per capita food supplies for direct 

human consumption

Table A3 Cereal sector data

Table A4.1 Wheat: area, yield and production

Table A4.2 Rice: area, yield and production 

Table A4.3 Maize: area, yield and production 

Table A4.4 Barley: area, yield and production 

Table A4.5 Millet: area, yield and production 

Table A4.6 Sorghum: area, yield and production



Africa, sub-Saharan

Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Central African Republic
Chad
Congo
Congo, Dem. Rep.
Côte d'Ivoire
Eritrea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Senegal
Sierra Leone
Somalia
Sudan
Swaziland
Tanzania, United Rep.
Togo
Uganda
Zambia
Zimbabwe
Sub-Saharan Africa,
other1

Latin America and the
Caribbean

Argentina
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominican Republic
Ecuador
El Salvador
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Suriname
Trinidad and Tobago
Uruguay
Venezuela
Latin America, other2

Near East/North Africa

Afghanistan
Algeria
Egypt
Iran, Islamic Rep.
Iraq
Jordan
Lebanon
Libyan Arab Yamahiriya
Morocco
Saudi Arabia
Syrian Arab Republic
Tunisia
Turkey
Yemen
Near East, other3

South Asia

Bangladesh
India
Maldives
Nepal
Pakistan
Sri Lanka

East Asia
Cambodia
China
Indonesia
Korea, Dem. Rep.
Korea, Rep.  
Lao PDR
Malaysia
Mongolia
Myanmar
Philippines
Thailand
Viet Nam
East Asia, other4

APPENDIX 1

Countries and commodities

Developing countries

Note: Data on land with rainfed production potential as well as estimates of land in use by agro-ecological class are available for all countries 
except Namibia, Maldives, Mongolia and the groups "other" in sub-Saharan Africa, Latin America, Near East/North Africa and East Asia.

1 Cape Verde, the Comoros, Djibouti, Guinea-Bissau, Sao Tome and Principe, Seychelles.
2 Antigua, Bahamas, Barbados, Belize, Dominica, Grenada, Netherland Antilles, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Bermuda.
3 Cyprus, Kuwait, United Arab Emirates.
4 Brunei, Macau, Solomon Islands, Fiji, French Polynesia, New Caledonia, Vanuatu, Papua New Guinea, Kiribati.
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European Union*

Austria

Belgium

Denmark

Finland

France

Germany

Greece

Ireland

Italy

Luxembourg

Netherlands

Portugal

Spain

Sweden

United Kingdom

Other western
Europe

Iceland

Malta

Norway

Switzerland

North America

Canada

United States

Oceania

Australia

New Zealand

Other developed
countries

Israel

Japan

South Africa

Industrial countries

* In the analysis the European Union was treated as one country group (EU-15).

Eastern Europe and the former
Yugoslavia SFR

Albania

Bosnia and Herzegovina

Bulgaria

Croatia

Czech Republic

Hungary

Poland

Romania

Slovakia 

Slovenia

The Former Yugoslav Republic 
of Macedonia

Yugoslavia 

Commonwealth of Independent
States

Armenia

Azerbaijan

Belarus

Georgia

Kazakhstan

Kyrgyzstan

Moldova, Republic

Russian Federation

Tajikistan

Turkmenistan

Ukraine

Uzbekistan

Baltic states

Estonia

Latvia

Lithuania

Transition countries



Crops

Wheat

Rice, paddy

Maize

Barley

Millet

Sorghum

Other cereals

Potatoes

Sweet potatoes and yams

Cassava

Other roots

Plantains

Sugar, raw1

Pulses

Vegetables

Bananas

Citrus fruit

Other fruit

Vegetable oil and oilseeds (in vegetable oil equivalent)2

Cocoa beans

Coffee

Tea

Tobacco

Cotton lint

Jute and hard fibres

Rubber

Livestock

Beef, veal and buffalo meat

Mutton, lamb and goat meat

Pig meat

Poultry meat

Milk and dairy products (in whole milk equivalent)

Eggs

Commodities covered

Note on commodities
All commodity data and projections in this report are expressed in terms of primary product equivalent unless stated

otherwise. Historical commodity balances (supply utilization accounts – SUAs) are available for about 160 primary

and 170 processed crop and livestock commodities. To reduce this amount of information to manageable propor-

tions, all the SUA data were converted to the commodity specification given above in the list of commodities,

applying appropriate conversion factors (and ignoring joint products to avoid double counting, e.g. wheat flour is

converted back into wheat while wheat bran is ignored). In this way, one supply utilization account in homogeneous

units is derived for each of the commodities of the study. Meat production refers to indigenous meat production, i.e.

production from slaughtered animals plus the meat equivalent of live animal exports minus the meat equivalent of

all live animal imports. Cereal demand and trade data include the grain equivalent of beer consumption and trade.

The commodities for which SUAs were constructed are the 26 crops and six livestock products given in the list

above. The production analysis for the developing countries was, however, carried out for 34 crops because sugar

and vegetable oils are analysed separately (for production analysis only) for the ten crops shown in the footnote to

the list.

1 Sugar production in the developing countries analysed separately for sugar cane and sugar beet.
2 Vegetable oil production in the developing countries analysed separately for soybeans, groundnuts, sesame seed, coconuts, sunflower seed, palm 

oil/palm-kernel oil, rapeseed and all other oilseeds.
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This appendix gives a very brief account of the

approach followed in this study. For a more exten-

sive treatment, the reader is referred to Appendix

2 in Alexandratos (1995). The final part of this

appendix discusses briefly some of the problems

with the data and the assumptions, and explains

why only one scenario was designed for this study.

Summary methodology

In projecting the likely evolution of the key food

and agricultural variables, a "positive" approach

has been followed, aiming at describing the future

as it is likely to be (to the best of our knowledge at

the time of carrying out this study), and not as it

ought to be from a normative point of view. The

study therefore does not attempt to spell out

actions that need to be taken to reach a certain

target (for example the World Food Summit target

of halving the number of chronically undernour-

ished persons by no later than 2015) or some other

desirable outcome sometime in the future. The

second overriding principle of the approach

followed in this study was to draw to the maximum

extent possible on FAO’s in-house knowledge avail-

able in the various disciplines present in FAO, so as

to make the study results represent FAO’s “collec-

tive wisdom” concerning the future of food, nutri-

tion and agriculture.

The quantitative analysis and projections were

carried out in considerable detail in order to

provide a basis for making statements about the

future concerning individual commodities and

groups of commodities as well as agriculture as a

whole, and for any desired group of countries. For

this reason the analysis was carried out for as large

a number of individual commodities and countries

as practicable (see Appendix 1). Another reason for

the high degree of detail has to do with the inter-

disciplinary nature of the study and its heavy

dependence on contributions provided by FAO

specialists in the different disciplines. Such contri-

butions can find expression only if the relevant

questions are formulated at a meaningful level of

detail. For example, a useful contribution can only

be obtained from crop production experts, if ques-

tions of yield growth potential are addressed sepa-

rately for maize, barley, millet and sorghum, not

for coarse grains as a group, and preferably disag-

gregated in terms of agro-ecological conditions

because, say, irrigated barley and rainfed semi-arid

barley are practically different commodities for

assessing yield growth prospects. Moreover, state-

ments on, and projections of, land and water use

cannot be made unless all the major crops are

accounted for. For example, cereals account for

about 55 percent of the total harvested area of the

developing countries. An analysis limited to cereals

would not provide a sufficient basis for exploring

issues of land scarcities and possibilities of expan-

sion in the future.

The variables projected in the study are (i) the

demand (different final and intermediate uses),

production and net trade balances for each

commodity and country; and (ii) key agro-

economic variables, i.e. for crops: area, yield and

production by country and, for the developing

countries only, by agro-ecological zone (irrigated

and rainfed with the latter subdivided into dry

semi-arid, moist semi-arid, subhumid, humid land

and fluvisols/gleysols); and for livestock products:

animal numbers (total stock and offtake rates) and

yields per animal. 

A significant part of the total effort is devoted to

the work needed to create a consistent set of histor-

ical and base year data. For the demand-supply

analysis, the overall quantitative framework for the

projections is based on supply utilization accounts

(SUAs). The SUA is an accounting identity, showing

for any year the sources and uses of agricultural

commodities in homogeneous physical units, as

follows:

APPENDIX 2

Summary methodology of the quantitative 
analysis and projections
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The database has one such SUA for each

commodity, country and year (1961 to 1999). The

data preparation work for the demand-supply

analysis consists of the conversion of the approxi-

mately 330 commodities for which the primary

production, utilization and trade data are available

into the 32 commodities covered in this study,

while respecting SUA identities (see the Note on

commodities in Appendix 1). The different

commodities are aggregated into commodity

groups and into “total agriculture” using as weights

world average producer prices of 1989/91

expressed in “international dollars” derived from

the Geary-Khamis formula as explained in Rao

(1993). The growth rates for heterogeneous

commodity groups or total agriculture shown in

this study are computed from the value aggregates

thus obtained.

A major part of the data preparation work,

undertaken only for the developing countries, is

the unfolding of the SUA element “production”

(for the base year only, in this case the three-year

average 1997/99) into its constituent components

of area, yield and production that are required for

projecting production. For crops, the standard

data in the SUAs contain, for most crops, also the

areas (harvested) and average yields for each crop

and country. These national averages are not

considered by agronomists to provide a good

enough basis for projections because of the widely

differing agro-ecological conditions in which any

single crop is grown, even within the same country.

An attempt was therefore made to break down the

base year production data from total area under a

crop and an average yield into areas and yields for

rainfed and irrigated categories. The problem is

that such detailed data are not generally available

in any standard database. It became necessary to

piece them together from fragmentary informa-

tion, from both published and unpublished docu-

ments giving, for example, areas and yields by

irrigated and rainfed land at the national level or

by administrative districts, supplemented by a good

deal of guesstimates.

No data exist on total harvested land, but this

can be obtained by summing up the harvested

areas reported for the different crops. Data are

available for total arable land in agricultural use

(physical area, called in the statistics "arable land

and land in permanent crops"). It is not known

whether these two sets of data are compatible with

each other, but this can be evaluated indirectly by

computing the cropping intensity, i.e. the ratio of

harvested area to arable land. This is an important

parameter that can signal defects in the land use

data. Indeed, for several countries the implicit

values of the cropping intensities did not seem to

make sense. In such cases the harvested area data

resulting from the crop statistics were accepted as

being the more robust (or the less questionable)

ones and those for arable area were adjusted in

consultation with the country and land use special-

ists (see Alexandratos [1995] for a discussion of

these problems).

The bulk of the projection work concerns the

drawing up of SUAs (by commodity and country)

for the years 2015 and 2030, and the unfolding of

the projected SUA item “production” into area and

yield combinations for rainfed and irrigated land

and, likewise, for livestock commodities into the

underlying parameters (number of animals, offtake

rates and yields).

The overall approach is to start with projections

of demand, using Engel demand functions and

exogenous assumptions on population and GDP

growth.1 Subsequently, the entry point for the

projections of production is to start with provi-

sional projections for production for each

commodity and country derived from simple

assumptions about future self-sufficiency and trade

levels. There follow several rounds of iterations

and adjustments in consultation with specialists on

APPENDIX 2

Food (direct consumption) + Industrial non-food uses + Feed + Seed + Waste = Total domestic use = 

Production + (Imports - Exports) + (Opening stocks - Closing stocks)

1 Population data and projections are from the United Nations (UN, 2001a; medium variant) and GDP projections are largely based on the World

Bank (2001c), extended to 2030.



380

the different countries and disciplines, with partic-

ular reference to what are considered to be “accept-

able” or “feasible” levels of calorie intakes, diet

composition, land use, (crop and livestock) yields

and trade. Accounting consistency controls at the

commodity, land resources (developing countries

only), country and world levels have to be

respected throughout. In addition, but only for the

cereal, livestock and oilseeds sectors, a formal flex-

price model was used (FAO World Food Model;

FAO, 1993b) to provide starting levels for the iter-

ations and to keep track of the implications for all

variables of the changes in any one variable intro-

duced in the successive rounds of inspection and

adjustment. The model is a partial equilibrium

model, composed of single commodity modules

and world market feedbacks leading to national

and world market clearing through price adjust-

ments. It is emphasized that the results of the

model projections (whether the single Engel

demand functions or the flex-price model) were

subjected to many rounds of iterative adjustments

by specialists on countries and of many disciplines,

particularly during the phase of analysing the

scope for production growth and trade. The end

product may be described as a set of projections

that meet conditions of accounting consistency and

to a large extent respect constraints and views

expressed by the specialists in the different disci-

plines and countries.

It should be emphasized here that the projec-

tions presented in this study are definitely not

“trend extrapolations”, whether the term is used to

denote the derivation of a future value of any vari-

able by simple application of its historical growth

rate to the base year value (exponential trend) or

the less crude notion of using time as the single

explanatory variable in functional forms other than

exponential, e.g. linear, semi-log, sigmoid, etc. For

one thing, projecting all interlinked variables on

the basis of estimated functions of time is a practical

impossibility; for another, projecting any single

variable at its historical growth rate (which could be

negative, zero or very high) often leads to absurd

results. Therefore, the term “trend” or “trend

extrapolation” is not appropriate for describing

these projections.

Summary statements of the methodologies of

supporting and complementing analyses are given

in the main body of this report: for example, the

approaches followed for estimating the number of

chronically undernourished people (Box 2.1), for

deriving estimates of land with potential for rainfed

agriculture (Box 4.1), for estimating water require-

ments in irrigated agriculture (Box 4.3), and for

deriving projections of fertilizer consumption

(Section 4.6).

Data problems

The significant commodity and country detail

underlying the analysis requires the handling of

huge quantities of data. Inevitably, data problems

that would remain hidden and go unnoticed in

work conducted at the level of large country and

commodity aggregates come to the fore all the

time. Examples of typical data problems are given

below.

Data reliability. When revised numbers become

available in the successive rounds of updating and

revision of the historical data, it is not uncommon

to discover that some of the data were off the mark,

sometimes by a very large margin. It may happen

therefore that changes projected to occur in the

future have already occurred in the past. A typical

case is presented in Chapter 2, Box 2.2. There the

point is made that the revisions of the population

(downwards) and food production data (upwards)

in Nigeria implied that in the previous (1995)

edition of this study, the projections were based on

a food security situation in Nigeria that was worse

than the one actually prevailing, assuming the new

revised data are nearer reality. Another example: at

the time of writing of this report (mid-2002), the

latest available revised trade data for Namibia show

significant rice imports that were not present in the

previous data. They lead to an increase by 50 kg of

the per capita food consumption of cereals for the

base year 1997/99 of this study. The revised total

food consumption is 2 600 kcal/person/day, up

from the 2 090 kcal/person/day before the revi-

sions. As a result, the revised estimate of under-

nourishment for 1997/99 is 9.5 percent of the

population, down from the 33 percent before the

data revisions.

Obviously, there is not much that can be done

about this problem as errors in historical data

become apparent after completing the projections.

Such changes in the historical data also bedevil



attempts to compare in any degree of detail the

projections of earlier editions of this study with the

actual outcomes for the latest year for which data

are available. The comparisons occasionally shown

in Chapters 3 and 4 are for the developing coun-

tries as a whole: net cereal imports (Figure 3.7) and

production and yields of wheat, rice, maize and

other coarse grains (Figure 3.12 and Box 4.4). As

such, they are not greatly influenced by significant

revisions in the historical data of individual 

countries.

Unbalanced world trade. A second data problem

relates to the large discrepancies often encountered

in the trade statistics, i.e. world imports are not

equal to world exports. Small discrepancies are

inevitable and can be ignored but large ones pose

serious problems since in the projections exporting

countries must produce export surpluses equal to

the net imports of other countries. For example,

the sugar exporters had net exports of 32.3 million

tonnes in 1997/99 while importers had net imports

of only 28.5 million tonnes, leaving a world imbal-

ance of 3.7 million tonnes. In the projections, the

importers are estimated to need net imports of 

35.2 million tonnes in 2015, an increase of 

23 percent. If the discrepancy in the base year 

were to be ignored, the export surplus of the

exporters should also be 35.2 million tonnes, 

i.e. only 9 percent above the 32.5 million they

exported in 1997/99, thus greatly distorting the

analysis of their export prospects. By necessity, the

unsatisfactory solution of assuming that a discrep-

ancy of roughly equal magnitude to that of the base

year will also prevail in the future had to be

adopted (see Table 3.23, Chapter 3). 

There are good reasons why discrepancies arise

in the trade statistics, e.g. differences in the timing

of recording of movement of goods in the

exporting and importing country, although this

can hardly explain some very large discrepancies,

e.g. world exports of refined sugar are 20 percent

higher than world imports, while for concentrated

orange juice world exports (85 percent of them

from Brazil) are double world imports. At the same

time, world imports of single strength orange juice

exceed world exports by an almost equal amount. 

Some problems with the exogenous assumptions. As

an example, the impossibility of foreseeing which

countries may face extraordinary events leading to

their being worse off in the future than at present

is mentioned. In Chapter 2 it was noted that

several countries suffered declining levels of food

consumption, some of them in the form of collapses

within the span of a few years, e.g. the Democratic

People’s Republic of Korea, Iraq, Cuba, Afghanistan,

the Democratic Republic of the Congo and many

transition economies. In most cases such collapses

result from the occurrence of difficult to predict

systemic changes or crises, or from outright unpre-

dictable events, such as war or civil strife. It is

impossible to predict which countries may be in

that class in the future. Therefore, in the projec-

tions each and every country is shown with a

higher food consumption per person than at

present, some significantly better, others less so and

several remaining with critically low levels. This is

the result, in the first place, of the exogenous

income growth assumptions that allow only rarely

for the eventuality that per capita income of indi-

vidual countries might in 30 years be lower than at

present.

The prospect that only few countries may suffer

income declines is, of course, at variance with the

empirical evidence that shows quite a few countries

having lower incomes today than three decades

ago. The World Bank has data for 80 of the devel-

oping countries covered individually in this study

(World Bank, 2001b; Table 1.4). No fewer than 

28 of them have had negative growth rates in per

capita GDP in the period 1965-99 (the number is

larger if the transition economies are included).

They include many of the countries devastated by

war or civil strife at some period from 1965 to

1999. As noted, it would be foolhardy to predict or

assume which countries may have similar experi-

ences in the future. For example, in the 1988

edition of this study (Alexandratos, 1988) with

projections to 2000, the collapse of food and agri-

culture in the formerly centrally planned

economies of Europe and their virtual disappear-

ance as large net importers of cereals had not been

predicted.

Why only one scenario. In this study, only one

possible outcome for the future based on a positive,

rather than normative, assessment is presented.

Alternative scenarios have not been explored for a

number of reasons, some conceptual, some practical,
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and usually a mix of both. Producing an alternative

scenario is essentially a remake of the projections

with a different set of assumptions. On the practical

side, the major constraint is the time-consuming

nature of estimating alternative scenarios with the

methodology of expert-based inspection, evaluation

and iterative adjustments of the projections. On the

conceptual side, defining an alternative set of exoge-

nous assumptions that are internally consistent

represents a challenge of no easy resolution. For

example, among the major exogenous variables are

the projections of population and income (GDP). As

discussed, for population the medium variant demo-

graphic projections of the United Nations were used.

There are also high and low variants. In estimating

an alternative scenario with, say, the high variant, it

would not be known how the exogenous GDP

projections should be modified so as to be internally

consistent with the high population variant. If the

GDP growth rates were retained unchanged,

projected per capita incomes would be lower, and

this would mean implicitly accepting that population

growth is detrimental to economic welfare. If the

GDP growth rates were raised to keep projected per

capita incomes unchanged, it would mean accepting

that population growth made no difference. Neither

of the two views can be correct for all countries. In

actual life, some countries would be better off with

higher population growth and some worse off (see

more discussion in Box 2.3, Chapter 2). It would be

impossible to define in an empirically valid manner

what the relationships could be for each of the more

than one hundred countries analysed individually in

this study. 

The one alternative scenario that it would be

highly desirable to have is one that would intro-

duce feedbacks from agriculture to the overall

economy, at least for the countries in which agri-

culture is a substantial component of the economy.

The methodology used in this study is of the partial

equilibrium type, that is, interdependence is

accounted for among, and balance is brought about

in, the demand and supply of the individual agri-

cultural commodities, at the country and world

levels. Other aspects of interdependence and

balance in the wider economy are ignored, e.g.

how a more robust agricultural performance would

eventually contribute to a higher GDP growth rate

than originally assumed and how the latter would

in turn stimulate demand for food and agriculture

itself. To introduce such general equilibrium

elements in the analysis, rather sophisticated

economy-wide models would have to be built and

validated for the individual countries. This is a

quasi impossible task, partly because of the time

and resources required and partly because the data

available for many of the countries for which such

analyses would be most appropriate (low-income

ones with high dependence on agriculture) are

generally not adequate to support such an under-

taking. Circumventing the problem by assuming

arbitrarily the existence of linkages between agri-

culture and the rest of the economy (e.g. that a 

1 percent increase in agricultural GDP causes the

rest of the economy to grow by x percent) would

not do. As noted above, in a number of countries

robust agricultural growth was associated with

meagre or declining growth for the rest of the

economy, implying a negative link if this simplistic

approach were followed. Obviously, rather sophis-

ticated economy-wide analysis would reveal the

reasons why such “perverse” relationships exist in

the data, and could even lead to the conclusion that

some of the data are outright wrong. 

In conclusion, alternative scenarios would be

certainly useful for exploring the future in the face

of uncertainties about how key variables of the

system may evolve. In this study, an attempt was

made to contain this uncertainty by bringing to

bear the expert judgement of the discipline and

country specialists on the future values of the rele-

vant variables (e.g. rates of growth of yields, land,

irrigation, etc.). Running a scenario with alterna-

tive values for one or more of these variables would

mean repeating this process. Much of the work for

a new scenario would be devoted to the definition

of plausible alternative values. It is just not a ques-

tion of assuming that, for example, irrigation

would expand at a higher rate than in the baseline

projection in each and every country. This would

be impossible for some countries because of 

physical water constraints. The same holds for

higher yield growth rates: the potential exists in

some countries and crops but not in others. If real-

istic alternative paths for such values cannot be

defined, the results of estimating alternative

scenarios with blanket assumptions about uniform

changes in the values of some variables in each and

every country would certainly be misleading rather

than illuminating. 
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Million Annual growth rates (% p.a.)
1997/99 2015 2030 2050 1980-99 1997/99- 2015-30 2030-50

2015

World 5 900.0 7 207.4 8 270.1 9 322.3 1.6 1.2 0.9 0.6
All developing countries 4 572.6 5 827.3 6 869.1 7 935.3 1.9 1.4 1.1 0.7

Sub-Saharan Africa 574.2 882.7 1 229.0 1 704.3 2.9 2.6 2.2 1.6
Angola 12.4 20.8 32.6 53.3 3.1 3.1 3.1 2.5
Benin 6.0 9.4 13.3 18.1 3.1 2.8 2.3 1.5
Botswana 1.5 1.7 1.9 2.1 2.9 0.7 0.7 0.6
Burkina Faso 11.0 18.5 29.2 46.3 2.6 3.1 3.1 2.3
Burundi 6.2 9.8 13.8 20.2 2.3 2.7 2.3 1.9
Cameroon 14.2 20.2 25.8 32.3 2.8 2.1 1.6 1.1
Central African Republic 3.6 4.9 6.4 8.2 2.4 1.8 1.8 1.2
Chad 7.4 12.4 18.7 27.7 2.9 3.1 2.8 2.0
Congo 2.8 4.7 7.2 10.7 3.0 3.0 2.8 2.0
Congo, Dem. Republic 48.4 84.0 132.6 203.5 3.4 3.3 3.1 2.2
Côte d'Ivoire 15.4 21.5 26.5 32.2 3.3 2.0 1.4 1.0
Eritrea 3.4 5.7 7.7 10.0 n.a 3.1 2.0 1.3
Ethiopia 59.9 89.8 127.0 186.5 n.a 2.4 2.3 1.9
Gabon 1.2 1.8 2.4 3.2 3.0 2.4 2.1 1.4
Gambia 1.2 1.8 2.2 2.6 3.8 2.2 1.4 0.8
Ghana 18.5 26.4 32.8 40.1 2.9 2.1 1.5 1.0
Guinea 7.9 11.3 15.6 20.7 3.0 2.2 2.2 1.4
Kenya 29.4 40.0 46.9 55.4 3.3 1.8 1.1 0.8
Lesotho 2.0 2.1 2.3 2.5 2.1 0.5 0.4 0.4
Liberia 2.5 5.6 8.9 14.4 0.8 4.8 3.2 2.4
Madagascar 15.1 24.1 34.3 47.0 2.9 2.8 2.4 1.6
Malawi 10.7 15.7 21.8 31.1 3.2 2.2 2.2 1.8
Mali 10.7 17.7 26.9 41.7 2.6 3.0 2.8 2.2
Mauritania 2.5 4.1 6.0 8.5 2.6 3.0 2.6 1.7
Mauritius 1.1 1.3 1.4 1.4 0.9 0.8 0.5 0.1
Mozambique 17.6 23.5 30.4 38.8 2.2 1.7 1.7 1.2
Namibia 1.7 2.3 3.0 3.7 3.3 1.9 1.7 1.0
Niger 10.1 18.5 30.1 51.9 3.3 3.6 3.3 2.8
Nigeria 107.9 165.3 220.4 278.8 2.9 2.5 1.9 1.2
Rwanda 6.4 10.5 14.2 18.5 0.4 2.9 2.0 1.4
Senegal 9.0 13.5 17.9 22.7 2.7 2.5 1.9 1.2
Sierra Leone 4.2 7.1 10.1 14.4 1.4 3.2 2.4 1.7
Somalia 6.8 13.0 20.8 34.6 0.4 3.9 3.2 2.6
Sudan 29.8 42.4 52.6 63.5 2.3 2.1 1.4 1.0
Swaziland 0.9 1.0 1.2 1.4 2.6 0.8 1.0 0.8
Tanzania, United Rep. 33.5 49.3 65.6 82.7 3.3 2.3 1.9 1.2
Togo 4.2 6.6 9.1 11.8 2.8 2.6 2.2 1.3
Uganda 22.0 38.7 62.7 101.5 3.2 3.4 3.3 2.4
Zambia 9.9 14.8 21.3 29.3 3.0 2.4 2.5 1.6
Zimbabwe 12.2 16.4 19.6 23.5 3.0 1.8 1.2 0.9
Sub-Saharan Africa, other 3.0 4.3 5.8 7.5 2.7 2.1 1.9 1.3

Near East/North Africa 377.5 520.0 651.3 809.3 2.6 1.9 1.5 1.1
Afghanistan 20.8 35.6 50.5 72.3 2.4 3.2 2.4 1.8
Algeria 29.2 38.0 44.9 51.2 2.4 1.6 1.1 0.7
Egypt 65.5 84.4 99.5 113.8 2.3 1.5 1.1 0.7
Iran, Islamic Rep. 68.1 87.1 104.5 121.4 3.0 1.5 1.2 0.8
Iraq 21.8 33.5 43.1 53.6 2.9 2.6 1.7 1.1
Jordan 4.7 7.2 9.3 11.7 4.3 2.6 1.8 1.1

TABLE A1 Total population
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Lebanon 3.4 4.2 4.7 5.0 1.5 1.3 0.8 0.3
Libyan Arab Jamahiriya 5.1 7.1 8.4 10.0 2.6 2.0 1.2 0.8
Morocco 28.8 37.7 44.1 50.4 2.2 1.6 1.1 0.7
Saudi Arabia 18.9 31.7 44.8 59.7 3.7 3.1 2.3 1.4
Syrian Arab Republic 15.4 23.2 29.3 36.3 3.2 2.4 1.6 1.1
Tunisia 9.3 11.3 12.8 14.1 2.0 1.2 0.8 0.5
Turkey 64.6 79.0 89.9 98.8 2.1 1.2 0.9 0.5
Yemen 16.9 33.1 57.5 102.4 4.2 4.0 3.7 2.9
Near East, other 5.1 6.9 7.8 8.6 2.4 1.8 0.9 0.5

Latin America and 498.2 624.2 716.7 798.8 1.8 1.3 0.9 0.5
the Caribbean
Argentina 36.1 43.5 48.9 54.5 1.4 1.1 0.8 0.5
Bolivia 8.0 11.2 14.0 17.0 2.3 2.0 1.5 1.0
Brazil 166.1 201.4 226.5 247.2 1.7 1.1 0.8 0.4
Chile 14.8 17.9 20.2 22.2 1.6 1.1 0.8 0.5
Colombia 40.7 52.6 62.1 70.9 2.0 1.5 1.1 0.7
Costa Rica 3.8 5.2 6.2 7.2 2.9 1.8 1.2 0.7
Cuba 11.1 11.6 11.7 10.8 0.8 0.3 0.0 -0.4
Dominican Republic 8.1 10.1 11.2 12.0 1.9 1.3 0.7 0.3
Ecuador 12.2 15.9 18.6 21.2 2.4 1.6 1.1 0.6
El Salvador 6.0 8.0 9.4 10.9 1.6 1.7 1.1 0.7
Guatemala 10.8 16.3 21.2 26.6 2.6 2.5 1.7 1.1
Guyana 0.8 0.7 0.7 0.5 -0.1 0.0 -0.7 -1.4
Haiti 7.9 10.2 12.1 14.0 2.1 1.5 1.2 0.7
Honduras 6.1 8.7 10.7 12.8 3.0 2.1 1.4 0.9
Jamaica 2.5 3.0 3.4 3.8 0.9 0.9 0.9 0.6
Mexico 95.8 119.2 134.9 146.7 1.9 1.3 0.8 0.4
Nicaragua 4.8 7.2 9.3 11.5 2.7 2.4 1.7 1.1
Panama 2.8 3.5 3.9 4.3 2.0 1.3 0.8 0.4
Paraguay 5.2 7.8 10.1 12.6 2.9 2.4 1.8 1.1
Peru 24.8 31.9 37.2 42.1 2.0 1.5 1.0 0.6
Suriname 0.4 0.4 0.4 0.4 0.8 0.3 0.1 -0.3
Trinidad and Tobago 1.3 1.4 1.4 1.4 0.8 0.5 0.2 -0.2
Uruguay 3.3 3.7 4.0 4.2 0.7 0.6 0.5 0.3
Venezuela 23.2 30.9 36.5 42.2 2.4 1.7 1.1 0.7
Latin America, other 1.6 1.8 2.0 2.1 0.8 0.8 0.6 0.2

South Asia 1 282.9 1 672.0 1 969.5 2 258.0 2.1 1.6 1.1 0.7
Bangladesh 131.8 183.2 222.6 265.4 2.4 2.0 1.3 0.9
India 976.3 1 230.5 1 408.9 1 572.1 2.0 1.4 0.9 0.5
Maldives 0.3 0.5 0.6 0.9 3.1 3.0 2.4 1.5
Nepal 22.0 32.1 41.7 52.4 2.3 2.3 1.8 1.1
Pakistan 133.9 204.3 272.7 344.2 2.8 2.5 1.9 1.2
Sri Lanka 18.6 21.5 22.9 23.1 1.4 0.9 0.4 0.0

East Asia 1 839.8 2 128.4 2 302.8 2 365.0 1.5 0.9 0.5 0.1
Cambodia 12.4 18.6 23.8 29.9 3.6 2.4 1.7 1.1
China 1 260.4 1 418.2 1 493.6 1 471.7 1.3 0.7 0.3 -0.1
Indonesia 206.4 250.1 282.9 311.3 1.8 1.1 0.8 0.5
Korea, DPR 21.9 24.4 26.5 28.0 1.4 0.6 0.5 0.3
Korea, Republic 46.1 50.6 52.5 51.6 1.0 0.6 0.2 -0.1
Lao PDR 5.0 7.3 9.3 11.4 2.6 2.2 1.6 1.0
Malaysia 21.4 27.9 33.0 37.9 2.5 1.6 1.1 0.7
Mongolia 2.5 3.1 3.6 4.1 2.3 1.3 1.1 0.6
Myanmar 46.5 55.3 62.5 68.5 1.8 1.0 0.8 0.5

Million Annual growth rates (% p.a.)
1997/99 2015 2030 2050 1980-99 1997/99- 2015-30 2030-50

2015
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Philippines 72.7 95.9 112.6 128.4 2.3 1.6 1.1 0.7
Thailand 61.2 72.5 79.5 82.5 1.6 1.0 0.6 0.2
Viet Nam 76.1 94.4 110.1 123.8 2.1 1.3 1.0 0.6
East Asia, other 7.3 10.1 12.9 15.8 2.4 2.0 1.6 1.0

Industrial countries 892.4 950.7 978.5 985.7 0.7 0.4 0.2 0.0
Australia 18.7 21.9 24.2 26.5 1.4 0.9 0.7 0.4
Canada 30.2 34.4 37.7 40.4 1.2 0.8 0.6 0.3
European Union 375.5 376.8 367.5 339.5 0.3 0.0 -0.2 -0.4
Iceland 0.3 0.3 0.3 0.3 1.0 0.6 0.4 0.1
Israel 5.8 7.7 8.9 10.1 2.5 1.7 0.9 0.6
Japan 126.5 127.5 121.3 109.2 0.4 0.0 -0.3 -0.5
Malta 0.4 0.4 0.4 0.4 0.9 0.4 0.1 -0.2
New Zealand 3.7 4.1 4.4 4.4 1.0 0.6 0.4 0.1
Norway 4.4 4.7 4.9 4.9 0.5 0.3 0.3 0.0
South Africa 42.1 44.6 43.9 47.3 2.1 0.3 -0.1 0.4
Switzerland 7.2 7.0 6.6 5.6 0.8 -0.2 -0.4 -0.8
United States 277.5 321.2 358.5 397.1 1.0 0.9 0.7 0.5

Transition countries 413.2 397.9 381.4 349.0 0.4 -0.2 -0.3 -0.4
Albania 3.1 3.4 3.8 3.9 0.9 0.5 0.6 0.2
Armenia 3.8 3.8 3.7 3.2 n.a. 0.0 -0.3 -0.7
Azerbaijan 7.9 8.7 9.1 8.9 n.a. 0.6 0.3 -0.1
Belarus 10.3 9.7 9.1 8.3 n.a. -0.4 -0.4 -0.5
Bosnia and Herzegovina 3.7 4.3 4.1 3.5 n.a. 0.9 -0.4 -0.8
Bulgaria 8.1 6.8 5.8 4.5 -0.5 -1.0 -1.1 -1.2
Croatia 4.7 4.6 4.5 4.2 n.a. 0.0 -0.2 -0.3
Czech Republic 10.3 10.0 9.5 8.4 n.a. -0.2 -0.4 -0.6
Estonia 1.4 1.2 1.0 0.8 n.a. -1.1 -1.2 -1.4
Georgia 5.3 4.8 4.2 3.2 n.a. -0.6 -0.9 -1.3
Hungary 10.1 9.3 8.5 7.5 -0.4 -0.5 -0.5 -0.7
Kazakhstan 16.3 16.0 16.0 15.3 n.a. -0.1 0.0 -0.2
Kyrgyzstan 4.8 5.8 6.7 7.5 n.a. 1.2 0.9 0.6
Latvia 2.5 2.2 2.0 1.7 n.a. -0.6 -0.7 -0.7
Lithuania 3.7 3.5 3.3 3.0 n.a. -0.3 -0.4 -0.6
Macedonia, The Former 2.0 2.1 2.0 1.9 n.a. 0.2 -0.1 -0.4

Yugoslav Rep.
Moldova, Republic 4.3 4.2 4.0 3.6 n.a. -0.2 -0.3 -0.5
Poland 38.6 38.0 36.6 33.4 0.4 -0.1 -0.3 -0.5
Romania 22.5 21.4 20.1 18.1 0.0 -0.3 -0.4 -0.5
Russian Federation 146.8 133.3 121.4 104.3 n.a. -0.6 -0.6 -0.8
Slovakia 5.4 5.4 5.2 4.7 n.a. 0.0 -0.2 -0.6
Slovenia 2.0 1.9 1.8 1.5 n.a. -0.2 -0.5 -0.8
Tajikistan 6.0 7.1 8.5 9.8 n.a. 1.0 1.2 0.7
Turkmenistan 4.5 6.1 7.2 8.4 n.a. 1.7 1.2 0.8
Ukraine 50.5 43.3 37.6 30.0 n.a. -0.9 -0.9 -1.1
Uzbekistan 24.1 30.6 35.7 40.5 n.a. 1.4 1.0 0.6
Yugoslavia 10.6 10.3 9.9 9.0 n.a. -0.2 -0.3 -0.4

Million Annual growth rates (% p.a.)
1997/99 2015 2030 2050 1980-99 1997/99- 2015-30 2030-50

2015
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Calories/day All cereals, including milled rice (kg/p.a.)
1969/71 1979/81 1989/91 1997/99 1969/71 1979/81 1989/91 1997/99

World 2 413 2 552 2 709 2 803 149 160 171 171
All developing countries 2 113 2 312 2 525 2 681 146 162 174 173

Sub-Saharan Africa 2 108 2 089 2 109 2 195 116 115 119 123
Angola 2 105 2 109 1 726 1 879 78 88 56 76
Benin 1 996 2 044 2 338 2 498 82 96 116 115
Botswana 2 144 2 124 2 386 2 278 165 148 152 143
Burkina Faso 1 763 1 683 2 096 2 294 173 156 202 220
Burundi 2 105 2 027 1 850 1 660 46 53 50 43
Cameroon 2 308 2 326 2 170 2 260 115 110 106 107
Central African Republic 2 353 2 319 1 912 1 969 49 42 48 49
Chad 2 076 1 642 1 735 2 120 153 107 109 133
Congo 2 062 2 221 2 152 2 174 30 49 58 75
Congo, Dem. Republic 2 144 2 082 2 119 1 712 41 43 43 40
Côte d'Ivoire 2 512 2 830 2 437 2 566 95 122 102 120
Eritrea n.a n.a n.a 1 709 n.a n.a n.a 147
Ethiopia n.a n.a n.a 1 809 n.a n.a n.a 134
Gabon 2 198 2 422 2 447 2 517 47 85 93 101
Gambia 2 180 1 805 2 421 2 574 167 132 159 163
Ghana 2 289 1 710 2 032 2 547 76 64 78 85
Guinea 2 203 2 213 2 012 2 197 98 109 106 103
Kenya 2 218 2 179 1 915 1 933 155 149 112 121
Lesotho 1 937 2 220 2 267 2 308 197 206 206 213
Liberia 2 387 2 543 2 286 2 084 115 134 114 91
Madagascar 2 432 2 372 2 105 2 004 143 136 113 107
Malawi 2 358 2 273 1 936 2 116 196 174 157 153
Mali 2 018 1 765 2 319 2 239 169 146 203 193
Mauritania 1 938 2 123 2 584 2 690 107 122 166 171
Mauritius 2 333 2 671 2 844 2 951 144 153 158 161
Mozambique 1 912 1 907 1 767 1 924 74 77 72 98
Namibia 2 191 2 295 2 175 2 091 101 117 126 136
Niger 2 039 2 129 2 044 2 010 224 210 221 205
Nigeria 2 232 2 026 2 410 2 814 122 110 144 154
Rwanda 2 210 2 287 2 054 2 018 51 51 45 55
Senegal 2 282 2 276 2 276 2 284 179 180 185 158
Sierra Leone 2 236 2 109 1 987 2 079 124 123 119 118
Somalia 1 824 1 831 1 761 1 554 78 89 94 56
Sudan 2 055 2 192 2 159 2 366 133 128 150 158
Swaziland 2 312 2 458 2 603 2 551 171 169 168 157
Tanzania, United Rep. 1 733 2 245 2 168 1 926 74 136 126 115
Togo 2 328 2 266 2 324 2 512 114 114 139 154
Uganda 2 388 2 108 2 299 2 185 102 79 72 73
Zambia 2 261 2 271 2 031 1 937 193 199 166 161
Zimbabwe 2 270 2 272 2 115 2 084 202 192 170 163
Sub-Saharan Africa, other 1 852 2 042 2 284 2 268 104 124 136 132

Near East/North Africa 2 371 2 839 3 024 3 006 177 199 212 209
Afghanistan 2 203 2 132 1 890 1 800 211 196 156 144
Algeria 1 841 2 639 2 901 2 934 151 196 214 228
Egypt 2 348 2 915 3 158 3 317 176 212 239 251
Iran, Islamic Rep. 2 094 2 740 2 856 2 928 146 182 194 191
Iraq 2 274 2 849 3 051 2 417 157 198 227 166
Jordan 2 246 2 616 2 815 2 812 151 158 169 174
Lebanon 2 352 2 731 3 182 3 231 135 134 136 136

TABLE A2 Per capita food supplies for direct human consumption
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Libyan Arab Jamahiriya 2 459 3 452 3 252 3 291 148 197 193 197
Morocco 2 474 2 749 3 050 3 031 225 232 253 250
Saudi Arabia 1 898 2 842 2 912 2 957 132 155 166 173
Syrian Arab Republic 2 346 2 974 3 191 3 327 161 175 223 221
Tunisia 2 361 2 833 3 156 3 342 173 204 223 222
Turkey 3 038 3 302 3 547 3 487 210 225 229 222
Yemen 1 769 1 949 2 051 2 040 151 151 166 165
Near East, other 2 901 3 112 2 906 3 201 134 128 119 124

Latin America and 2 475 2 702 2 699 2 824 119 130 131 132
the Caribbean
Argentina 3 271 3 207 2 962 3 166 138 132 144 144
Bolivia 1 999 2 133 2 162 2 223 98 104 113 109
Brazil 2 427 2 677 2 783 2 972 100 117 115 114
Chile 2 659 2 665 2 541 2 856 159 156 145 141
Colombia 1 948 2 294 2 410 2 578 76 84 92 102
Costa Rica 2 373 2 587 2 717 2 767 107 112 113 119
Cuba 2 661 2 884 3 027 2 453 123 131 124 100
Dominican Republic 2 022 2 273 2 273 2 322 59 86 83 86
Ecuador 2 160 2 359 2 492 2 702 82 91 108 112
El Salvador 1 848 2 296 2 446 2 492 117 141 153 152
Guatemala 2 082 2 291 2 418 2 230 142 152 156 142
Guyana 2 283 2 504 2 374 2 558 123 146 150 144
Haiti 1 947 2 042 1 778 1 926 91 91 87 100
Honduras 2 145 2 120 2 307 2 367 135 129 133 124
Jamaica 2 524 2 647 2 594 2 740 115 113 110 108
Mexico 2 697 3 136 3 101 3 148 173 183 187 188
Nicaragua 2 334 2 272 2 226 2 235 127 119 129 128
Panama 2 333 2 273 2 305 2 464 128 102 117 124
Paraguay 2 571 2 545 2 452 2 575 96 85 86 95
Peru 2 250 2 131 2 026 2 552 90 106 102 127
Suriname 2 240 2 397 2 487 2 611 141 141 157 142
Trinidad and Tobago 2 507 2 957 2 712 2 696 136 145 139 130
Uruguay 2 964 2 866 2 576 2 844 137 144 136 134
Venezuela 2 342 2 760 2 391 2 280 131 150 134 132
Latin America, other 2 448 2 683 2 735 2 766 100 110 109 109

South Asia 2 067 2 084 2 334 2 403 151 151 165 163
Bangladesh 2 122 1 975 2 065 2 123 173 167 177 181
India 2 041 2 083 2 367 2 434 147 150 164 160
Maldives 1 624 2 165 2 366 2 365 92 152 143 125
Nepal 1 848 1 892 2 443 2 292 165 163 208 190
Pakistan 2 240 2 194 2 352 2 477 161 147 153 159
Sri Lanka 2 289 2 348 2 217 2 351 141 139 141 142

East Asia 2 016 2 321 2 628 2 921 152 181 199 199
Cambodia 2 089 1 714 1 836 1 975 182 157 165 170
China 1 995 2 327 2 684 3 040 153 189 211 208
Indonesia 1 860 2 215 2 642 2 903 123 153 185 202
Korea, DPR 2 200 2 442 2 518 2 083 171 186 181 164
Korea, Republic 2 761 2 960 3 008 3 051 228 229 218 214
Lao PDR 2 079 2 074 2 106 2 149 209 200 198 203
Malaysia 2 530 2 723 2 721 2 925 160 151 125 142
Mongolia 2 225 2 379 2 204 2 004 140 154 136 125
Myanmar 2 040 2 327 2 620 2 788 163 191 217 216
Philippines 1 808 2 229 2 329 2 332 115 133 147 138

Calories/day All cereals, including milled rice (kg/p.a.)
1969/71 1979/81 1989/91 1997/99 1969/71 1979/81 1989/91 1997/99



Thailand 2 146 2 268 2 176 2 414 156 155 122 121
Viet Nam 2 130 2 128 2 218 2 503 175 158 166 186
East Asia, other 2 132 2 337 2 368 2 375 63 78 84 98

Industrial countries 3 043 3 135 3 293 3 380 132 139 154 159
Australia 3 239 3 059 3 212 3 141 129 116 114 109
Canada 2 893 2 899 3 004 3 145 123 115 118 143
European Union 3 168 3 275 3 396 3 431 133 133 132 132
Iceland 2 952 3 286 3 115 3 260 93 91 102 107
Israel 3 141 3 147 3 377 3 561 153 158 156 152
Japan 2 697 2 709 2 821 2 779 157 142 142 139
Malta 3 158 3 276 3 264 3 475 171 165 153 170
New Zealand 2 974 3 100 3 191 3 130 101 106 106 105
Norway 3 028 3 315 3 172 3 386 101 117 130 137
South Africa 2 760 2 822 2 864 2 837 185 192 193 191
Switzerland 3 440 3 457 3 308 3 279 130 125 132 131
United States 3 034 3 193 3 475 3 711 115 145 194 207

Transition countries 3 323 3 389 3 285 2 906 201 189 179 173
Albania 2 400 2 695 2 565 2 683 203 224 199 169
Armenia n.a n.a n.a 2 158 n.a n.a n.a 159
Azerbaijan n.a n.a n.a 2 133 n.a n.a n.a 182
Belarus n.a n.a n.a 3 206 n.a n.a n.a 166
Bosnia and Herzegovina n.a n.a n.a 2 934 n.a n.a n.a 301
Bulgaria 3 501 3 616 3 462 2 795 267 253 229 173
Croatia n.a n.a n.a 2 539 n.a n.a n.a 121
Czech Republic n.a n.a n.a 3 242 n.a n.a n.a 164
Estonia n.a n.a n.a 3 075 n.a n.a n.a 200
Georgia n.a n.a n.a 2 399 n.a n.a n.a 182
Hungary 3 318 3 448 3 670 3 414 185 172 178 143
Kazakhstan n.a n.a n.a 2 610 n.a n.a n.a 194
Kyrgyzstan n.a n.a n.a 2 734 n.a n.a n.a 217
Latvia n.a n.a n.a 2 930 n.a n.a n.a 170
Lithuania n.a n.a n.a 3 013 n.a n.a n.a 196
Macedonia, The Former n.a n.a n.a 2 858 n.a n.a n.a 175

Yugoslav Rep.
Moldova, Republic n.a n.a n.a 2 719 n.a n.a n.a 252
Poland 3 426 3 528 3 379 3 343 201 190 166 170
Romania 2 973 3 205 3 016 3 258 203 188 185 220
Russian Federation n.a n.a n.a 2 862 n.a n.a n.a 158
Slovakia n.a n.a n.a 3 079 n.a n.a n.a 158
Slovenia n.a n.a n.a 3 019 n.a n.a n.a 153
Tajikistan n.a n.a n.a 1 975 n.a n.a n.a 169
Turkmenistan n.a n.a n.a 2 660 n.a n.a n.a 212
Ukraine n.a n.a n.a 2 829 n.a n.a n.a 165
Uzbekistan n.a n.a n.a 2 912 n.a n.a n.a 232
Yugoslavia n.a n.a n.a 2 910 n.a n.a n.a 129

APPENDIX 3

Calories/day All cereals, including milled rice (kg/p.a.)
1969/71 1979/81 1989/91 1997/99 1969/71 1979/81 1989/91 1997/99
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Production Net trade
(’000 tonnes) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 1 441 855 1 732 115 1 888 558 3 017 3 878 9 107
All developing countries 649 212 868 214 1 025 962 -66 458 -89 120 -102 543

Sub-Saharan Africa 40 698 58 255 70 855 -7 974 -8 410 -13 670
Angola 367 297 536 -363 -318 -461
Benin 362 563 876 -68 -205 -164
Botswana 35 60 21 -122 -125 -194
Burkina Faso 1 152 1 961 2 442 -98 -177 -236
Burundi 216 283 258 -28 -29 -27
Cameroon 850 885 1 261 -199 -380 -405
Central African Republic 99 100 147 -18 -39 -45
Chad 495 645 1 124 -24 -48 -51
Congo 14 11 3 -74 -103 -225
Congo, Dem. Republic 821 1 343 1 540 -446 -371 -491
Côte d'Ivoire 716 1 021 1 480 -531 -584 -848
Eritrea n.a n.a 288 n.a n.a -237
Ethiopia n.a n.a 8 359 n.a n.a -487
Gabon 10 23 32 -49 -80 -112
Gambia 57 92 113 -47 -88 -150
Ghana 697 1 121 1 648 -209 -352 -314
Guinea 532 490 714 -138 -291 -283
Kenya 2 268 2 878 2 808 -137 -175 -1 028
Lesotho 198 170 184 -168 -212 -283
Liberia 169 128 129 -108 -134 -179
Madagascar 1 494 1 748 1 879 -209 -95 -151
Malawi 1 328 1 543 1 944 -39 -190 -277
Mali 1 026 1 995 2 316 -98 -76 -126
Mauritania 44 114 147 -150 -249 -543
Mauritius 1 2 0 -169 -208 -244
Mozambique 625 602 1 618 -360 -521 -455
Namibia 73 103 100 -55 -98 -152
Niger 1 692 2 095 2 473 -68 -117 -187
Nigeria 7 085 17 098 21 009 -2 073 -616 -2 064
Rwanda 270 286 196 -20 -30 -191
Senegal 818 939 762 -500 -632 -801
Sierra Leone 374 396 264 -106 -168 -308
Somalia 299 492 241 -258 -216 -158
Sudan 2 928 2 771 4 306 3 -676 -578
Swaziland 91 126 117 -74 -108 -68
Tanzania, United Rep. 2 927 3 907 3 728 -211 -69 -437
Togo 296 495 682 -60 -89 -201
Uganda 1 166 1 580 1 758 -36 -7 -145
Zambia 990 1 463 994 -342 -107 -245
Zimbabwe 2 273 2 391 2 180 139 458 190
Sub-Saharan Africa, other 104 152 183 -166 -244 -311

Near East/North Africa 57 921 76 871 83 494 -23 922 -39 088 -48 518
Afghanistan 3 922 2 645 3 511 -91 -239 -228
Algeria 1 957 2 481 1 812 -2 979 -5 854 -5 865
Egypt 7 343 11 641 16 723 -5 949 -7 916 -9 761
Iran, Islamic Rep. 8 391 12 285 15 502 -2 702 -6 272 -7 191
Iraq 1 749 2 469 2 025 -2 687 -3 324 -3 169

TABLE A3 Cereal sector data (including rice in milled form)
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Self-sufficiency ratio Domestic use Food Feed
(%) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1997/99 1997/99

100 100 101 1 437 144 1 728 298 1 864 356 54 35
91 91 91 711 956 951 675 1 128 746 70 20

85 87 82 47 838 67 297 86 256 82 5
52 49 51 707 608 1 044 90 2
81 74 87 445 757 1 013 68 3
23 28 9 153 211 240 90 2
94 96 91 1 221 2 048 2 680 90 0
89 91 89 244 312 292 91 0
80 66 77 1 066 1 332 1 645 92 0
87 65 77 113 155 192 91 0
87 86 96 569 749 1 174 84 2
17 8 1 84 132 216 98 0
68 80 75 1 213 1 690 2 041 95 0
58 65 66 1 245 1 577 2 245 82 3
n.a n.a 53 n.a n.a 541 93 0
n.a n.a 94 n.a n.a 8 872 91 1
15 22 21 68 105 154 77 18
59 50 45 97 184 253 79 3
81 77 84 864 1 457 1 962 80 3
82 63 72 653 780 997 81 0
83 99 73 2 720 2 922 3 863 92 3
59 43 38 337 395 490 86 5
61 49 41 277 262 313 73 15
88 95 92 1 704 1 843 2 037 79 5

100 90 92 1 330 1 720 2 121 78 10
90 98 94 1 144 2 032 2 459 84 0
22 31 21 203 371 689 62 6
1 1 0 162 201 239 77 22

63 54 80 985 1 106 2 020 85 9
57 53 36 128 195 281 81 9

107 93 91 1 576 2 248 2 724 76 4
77 97 91 9 154 17 716 23 073 72 8
93 87 49 289 328 397 90 0
61 60 48 1 336 1 561 1 606 88 1
74 71 43 505 559 610 81 0
52 70 56 571 708 432 88 0

104 69 83 2 816 4 008 5 195 90 3
57 59 58 160 212 202 69 15
96 101 85 3 050 3 883 4 405 88 3
85 83 79 350 597 860 76 2
94 99 88 1 245 1 597 1 994 80 9
77 99 58 1 286 1 483 1 723 93 2

120 116 88 1 892 2 069 2 471 80 12
39 38 37 270 401 497 81 7

72 69 63 80 342 111 934 132 743 59 26
98 92 94 4 013 2 883 3 739 80 5
40 33 21 4 865 7 638 8 655 77 14
55 60 69 13 330 19 286 24 305 68 21
74 65 69 11 314 18 939 22 425 58 33
42 40 40 4 206 6 238 5 061 71 18

% of domestic use



392

Jordan 88 105 72 -494 -1 114 -1 684
Lebanon 41 80 92 -580 -607 -759
Libyan Arab Jamahiriya 225 284 232 -713 -2 127 -2 029
Morocco 3 575 7 453 4 853 -2 044 -1 637 -3 692
Saudi Arabia 303 4 214 2 331 -3 219 -3 919 -6 417
Syrian Arab Republic 3 069 2 601 4 292 -675 -1 700 -390
Tunisia 1 146 1 611 1 514 -890 -1 336 -1 851
Turkey 25 127 28 198 29 726 648 -515 -517
Yemen 897 693 726 -656 -1 405 -2 370
Near East, other 88 111 83 -891 -1 124 -2 595

Latin America and 86 648 96 664 125 499 -8 456 -11 631 -14 254
the Caribbean
Argentina 24 323 19 775 35 597 14 371 9 758 22 297
Bolivia 632 804 1 083 -322 -241 -202
Brazil 27 964 34 601 41 279 -6 295 -4 424 -9 292
Chile 1 700 2 949 2 753 -1 144 -212 -1 432
Colombia 2 729 3 429 2 486 -662 -794 -3 365
Costa Rica 262 199 208 -123 -378 -688
Cuba 399 388 379 -2 146 -2 256 -1 456
Dominican Republic 320 379 396 -377 -703 -1 206
Ecuador 560 1 138 1 360 -333 -458 -697
El Salvador 700 764 796 -130 -281 -347
Guatemala 1 109 1 398 1 092 -216 -330 -725
Guyana 179 146 381 31 -1 219
Haiti 380 363 407 -193 -291 -492
Honduras 481 648 627 -111 -199 -397
Jamaica 6 3 3 -394 -389 -512
Mexico 20 208 23 412 28 390 -5 893 -6 735 -10 996
Nicaragua 349 415 515 -129 -154 -215
Panama 194 266 232 -95 -158 -364
Paraguay 456 789 1 222 -74 19 206
Peru 1 234 1 664 2 383 -1 468 -1 557 -2 706
Suriname 172 153 130 56 -1 29
Trinidad and Tobago 10 12 10 -251 -259 -209
Uruguay 916 1 077 1 733 181 523 973
Venezuela 1 338 1 862 1 988 -2 536 -1 888 -2 432
Latin America, other 28 32 50 -207 -224 -248

South Asia 147 495 203 035 239 380 -1 764 -3 221 -3 412
Bangladesh 14 281 19 047 22 332 -1 375 -1 801 -2 857
India 113 354 158 418 185 762 383 416 1 642
Maldives 0 0 0 -26 -36 -34
Nepal 2 853 4 557 5 187 -5 -11 -7
Pakistan 15 574 19 419 24 332 109 -808 -913
Sri Lanka 1 433 1 594 1 767 -850 -983 -1 243

East Asia 316 452 433 393 506 738 -24 344 -26 776 -22 696
Cambodia 918 1 751 2 487 -187 -15 -69
China 238 016 328 034 386 157 -16 783 -15 471 -2 657
Indonesia 23 758 36 319 42 608 -2 810 -2 130 -6 585
Korea, DPR 5 033 7 002 3 073 -280 -830 -1 374
Korea, Republic 6 194 5 847 5 132 -5 742 -9 904 -11 482
Lao PDR 715 984 1 304 -80 -15 -34

Production Net trade
(’000 tonnes) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99
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16 9 4 548 1 155 1 788 45 49
7 12 10 634 671 943 49 39

23 13 10 961 2 170 2 375 42 40
60 90 55 5 958 8 293 8 879 81 5
11 68 23 2 793 6 173 10 044 33 64
93 54 77 3 312 4 845 5 608 61 25
58 56 45 1 978 2 885 3 366 61 30

104 104 99 24 100 27 218 30 177 48 22
64 33 24 1 412 2 130 3 035 92 5
10 8 4 921 1 412 2 346 27 47

93 86 88 93 645 112 365 141 977 46 42

223 176 243 10 892 11 220 14 624 36 44
70 76 83 908 1 057 1 312 66 22
84 86 81 33 487 40 197 51 059 37 53
61 90 66 2 812 3 272 4 149 50 44
83 80 42 3 299 4 270 5 914 70 28
66 36 23 398 556 910 50 45
16 15 21 2 545 2 643 1 845 60 34
47 34 26 685 1 107 1 497 47 49
65 72 66 868 1 588 2 057 66 22
84 75 69 834 1 016 1 155 79 16
82 85 57 1 357 1 647 1 902 80 16

126 98 248 142 150 154 71 23
68 55 45 560 662 906 88 6
82 79 61 587 826 1 037 73 18
2 1 1 413 411 470 58 38

81 75 72 24 839 31 064 39 416 46 40
80 70 71 436 593 730 84 5
71 67 39 272 398 595 57 37
93 98 109 490 803 1 126 44 36
45 51 47 2 721 3 255 5 028 62 32

144 102 115 120 149 112 52 25
4 4 5 264 277 210 79 30

130 156 204 703 692 849 52 34
35 44 43 3 786 4 259 4 625 66 23
12 12 17 229 257 300 58 29

98 100 102 150 728 203 503 233 800 89 1
91 90 87 15 670 21 115 25 661 93 0
98 102 106 116 147 156 091 175 526 89 1
0 0 0 25 34 36 96 0

102 100 101 2 798 4 557 5 159 81 5
112 102 99 13 931 19 131 24 501 87 5
66 62 61 2 158 2 577 2 917 90 3

93 95 95 339 409 456 583 534 020 68 22
78 95 100 1 174 1 848 2 482 85 2
93 97 98 255 143 339 323 394 727 66 24
92 95 88 25 785 38 449 48 577 86 4
92 92 69 5 459 7 603 4 479 80 4
53 38 30 11 693 15 402 17 136 57 44
97 103 108 740 954 1 204 85 6

Self-sufficiency ratio Domestic use Food Feed
(%) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1997/99 1997/99

% of domestic use
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Malaysia 1 378 1 270 1 408 -1 529 -2 833 -4 325
Mongolia 320 719 202 -133 -48 -138
Myanmar 8 778 9 562 11 846 650 200 111
Philippines 8 362 11 129 11 274 -926 -2 191 -4 171
Thailand 14 666 17 165 19 974 5 193 5 870 5 564
Viet Nam 8 286 13 588 21 251 -1 328 1 162 3 240
East Asia, other 31 27 25 -390 -571 -777

Industrial countries 550 609 581 479 652 495 110 787 129 505 110 746
Australia 20 921 21 110 32 479 14 612 14 973 22 676
Canada 42 727 52 915 5 444 20 063 22 883 20 730
European Union 160 790 191 289 207 627 -8 391 29 643 23 741
Iceland 0 0 0 -50 -62 -79
Israel 239 331 166 -1 686 -2 167 -3 101
Japan 9 883 9 721 8 605 -24 465 -28 105 -28 149
Malta 8 8 11 -120 -147 -194
New Zealand 789 783 908 5 -150 -210
Norway 1 130 1 410 1 333 -780 -491 -591
South Africa 14 188 12 733 11 117 3 308 1 386 -110
Switzerland 843 1 331 1 181 -1 407 -814 -653
United States 299 095 289 850 337 625 109 702 92 559 76 688

Transition countries 242 070 282 483 210 207 -41 309 -36 501 904
Albania 912 790 583 -23 -172 -328
Armenia n.a. n.a. 291 n.a. n.a. -400
Azerbaijan n.a. n.a. 1 018 n.a. n.a. -663
Belarus n.a. n.a. 4 609 n.a. n.a. -1 202
Bosnia and Herzegovina n.a. n.a. 1 281 n.a. n.a. -579
Bulgaria 8 105 8 863 5 540 -375 -491 446
Croatia n.a. n.a. 3 091 n.a. n.a. -38
Czech Republic n.a. n.a. 6 869 n.a. n.a. 212
Estonia n.a. n.a. 543 n.a. n.a. -179
Georgia n.a. n.a. 750 n.a. n.a. -380
Hungary 12 989 14 594 12 858 769 1 296 3 344
Kazakhstan n.a. n.a. 10 919 n.a. n.a. 3 653
Kyrgyzstan n.a. n.a. 1 609 n.a. n.a. -127
Latvia n.a. n.a. 928 n.a. n.a. -85
Lithuania n.a. n.a. 2 570 n.a. n.a. 98
Macedonia, The Former n.a. n.a. 662 n.a. n.a. -320

Yugoslav Rep.
Moldova, Republic n.a. n.a. 2 670 n.a. n.a. 161
Poland 18 466 27 594 26 103 -7 340 -1 473 -1 194
Romania 18 093 18 268 18 196 -910 -884 599
Russian Federation n.a. n.a. 62 407 n.a. n.a. -3 588
Slovakia n.a. n.a. 3 373 n.a. n.a. 395
Slovenia n.a. n.a. 523 n.a. n.a. -551
Tajikistan n.a. n.a. 479 n.a. n.a. -443
Turkmenistan n.a. n.a. 1 193 n.a. n.a. -159
Ukraine n.a. n.a. 27 991 n.a. n.a. 3 965
Uzbekistan n.a. n.a. 3 942 n.a. n.a. -2 039
Yugoslavia n.a. n.a. 9 212 n.a. n.a. 306

Production Net trade
(’000 tonnes) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99
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48 32 25 2 893 3 988 5 726 53 43
70 99 56 456 730 359 86 1

117 94 101 7 520 10 186 11 755 85 6
90 86 75 9 267 13 006 15 041 67 28

155 144 142 9 475 11 891 14 054 53 37
88 108 120 9 392 12 634 17 701 80 8
7 5 3 414 571 780 91 2

129 127 124 428 028 459 763 524 961 27 63
340 287 335 6 161 7 365 9 701 21 59
184 218 164 23 202 24 321 31 447 14 77
95 123 115 168 642 155 831 180 333 27 62
0 0 0 50 62 79 37 47

12 13 6 1 935 2 470 2 854 31 57
28 25 24 35 215 38 310 36 646 48 46
6 5 5 133 158 205 32 58

103 85 92 765 916 992 39 53
59 81 70 1 920 1 747 1 903 32 64

150 110 88 9 465 11 601 12 583 64 31
37 62 62 2 255 2 150 1 897 50 46

168 135 137 178 287 214 834 246 321 23 66

81 89 100 297 258 316 972 210 729 34 50
96 81 61 951 980 954 55 26

n.a. n.a. 40 n.a. n.a. 734 82 9
n.a. n.a. 61 n.a. n.a. 1 681 86 7
n.a. n.a. 79 n.a. n.a. 5 802 29 55
n.a. n.a. 69 n.a. n.a. 1 860 60 16
99 96 111 8 169 9 230 4 988 28 56

n.a. n.a. 100 n.a. n.a. 3 086 18 74
n.a. n.a. 103 n.a. n.a. 6 655 25 63
n.a. n.a. 70 n.a. n.a. 775 37 51
n.a. n.a. 66 n.a. n.a. 1 130 86 7
107 114 136 12 134 12 804 9 475 15 73
n.a. n.a. 167 n.a. n.a. 6 527 49 15
n.a. n.a. 93 n.a. n.a. 1 736 60 28
n.a. n.a. 92 n.a. n.a. 1 013 41 44
n.a. n.a. 97 n.a. n.a. 2 662 27 51
n.a. n.a. 67 n.a. n.a. 993 35 26

n.a. n.a. 106 n.a. n.a. 2 511 43 45
72 98 93 25 612 28 196 28 058 23 63
94 103 102 19 338 17 736 17 765 28 64

n.a. n.a. 94 n.a. n.a. 66 515 35 44
n.a. n.a. 112 n.a. n.a. 3 024 28 60
n.a. n.a. 49 n.a. n.a. 1 064 29 59
n.a. n.a. 44 n.a. n.a. 1 084 93 3
n.a. n.a. 87 n.a. n.a. 1 369 70 24
n.a. n.a. 116 n.a. n.a. 24 242 34 51
n.a. n.a. 64 n.a. n.a. 6 125 91 4
n.a. n.a. 103 n.a. n.a. 8 907 15 67

Self-sufficiency ratio Domestic use Food Feed
(%) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1997/99 1997/99

% of domestic use
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Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 234 836 227 060 226 426 1 863 2 462 2 637 437 442 558 997 596 973
All developing countries 96 032 102 379 111 027 1 633 2 284 2 524 156 803 233 798 280 235

Sub-Saharan Africa 1 030 1 278 1 557 1 304 1 591 1 619 1 343 2 033 2 521
Burundi 9 11 11 674 764 782 6 9 9
Eritrea n.a. n.a. 19 n.a. n.a. 822 n.a. n.a. 16
Ethiopia n.a. n.a. 903 n.a. n.a. 1 250 n.a. n.a. 1 129
Kenya 106 120 130 2 011 1 746 1 794 212 210 234
Lesotho 28 40 22 936 584 1 183 26 23 26
Togo 10 53 41 2 400 1 063 2 134 24 57 88
Sudan 205 295 249 998 1 515 1 888 205 447 470
Tanzania, United Rep. 57 49 70 1 605 1 738 1 526 91 85 108
Zambia 3 12 11 3 473 4 477 6 608 9 56 75
Zimbabwe 37 51 56 4 785 5 717 5 389 179 290 300

Near East/North Africa 25 353 26 786 27 217 1 346 1 703 1 830 34 122 45 628 49 795
Afghanistan 2 065 1 623 2 112 1 240 1 063 1 270 2 561 1 725 2 681
Algeria 1 943 1 463 1 592 654 859 847 1 270 1 257 1 347
Egypt 577 799 1 021 3 193 4 980 5 973 1 844 3 978 6 096
Iran, Islamic Rep. 5 858 6 364 5 739 997 1 195 1 782 5 843 7 605 10 224
Iraq 1 215 1 200 1 521 703 879 674 854 1 055 1 026
Jordan 110 54 36 606 1 224 808 67 66 29
Lebanon 26 26 28 1 260 2 117 2 102 32 56 58
Libyan Arab Jamahiriya 251 146 160 497 1 013 1 020 125 148 163
Morocco 1 673 2 663 2 757 897 1 562 1 070 1 500 4 160 2 950
Saudi Arabia 71 816 423 2 254 4 523 4 390 160 3 689 1 858
Syrian Arab Republic 1 383 1 283 1 695 1 358 1 359 1 934 1 878 1 743 3 278
Tunisia 887 830 896 944 1 337 1 349 837 1 109 1 210
Turkey 9 208 9 419 9 130 1 853 2 005 2 050 17 058 18 887 18 717
Yemen 77 93 100 1 066 1 497 1 441 82 139 145

Latin America and 10 080 10 115 8 885 1 495 2 076 2 529 15 073 21 001 22 469
the Caribbean
Argentina 5 245 5 210 5 650 1 537 1 976 2 508 8 060 10 292 14 167
Bolivia 98 92 169 661 793 886 65 73 149
Brazil 2 958 2 671 1 395 883 1 443 1 720 2 613 3 855 2 399
Chile 513 530 380 1 721 3 191 3 996 882 1 691 1 519
Colombia 36 50 20 1 397 1 851 2 113 50 93 42
Ecuador 33 38 28 1 042 709 696 35 27 20
Mexico 723 1 020 727 3 813 4 040 4 571 2 755 4 122 3 321
Paraguay 59 196 172 1 368 1 633 1 240 80 320 214
Peru 98 100 123 1 012 1 113 1 194 99 112 147
Uruguay 281 190 215 1 341 2 018 2 237 377 383 480

South Asia 30 030 32 937 36 339 1 550 2 103 2 459 46 558 69 277 89 370
Bangladesh 430 584 798 1 869 1 665 2 190 803 972 1 748
India 22 364 23 926 26 660 1 545 2 217 2 582 34 550 53 031 68 825
Nepal 372 599 649 1 195 1 404 1 637 444 840 1 063
Pakistan 6 865 7 829 8 231 1 568 1 844 2 155 10 760 14 433 17 734

East Asia 29 539 31 263 37 030 2 021 3 066 3 135 59 707 95 860 116 081
China 28 930 30 515 36 569 2 046 3 113 3 162 59 196 94 998 115 632
Korea, DPR 85 87 69 1 286 1 462 2 182 109 127 151

TABLE A4.1 Wheat: area, yield and production (countries with more than 10 000 ha in 1997/99)



Mongolia 414 531 296 617 1 144 673 255 607 199
Myanmar 90 129 93 923 974 986 83 126 92

Industrial countries 70 721 67 600 64 553 2 377 2 928 3 345 168 121 197 963 215 947
Australia 11 440 8 468 11 441 1 265 1 568 1 914 14 468 13 279 21 901
Canada 11 386 13 992 10 819 1 794 2 116 2 319 20 430 29 613 25 087
European Union 16 744 17 485 17 223 3 790 5 137 5 728 63 468 89 810 98 655
Israel 96 89 59 2 095 2 519 1 493 201 224 89
Japan 188 261 163 3 032 3 442 3 533 571 898 575
New Zealand 85 37 50 3 643 4 579 6 302 309 168 313
Norway 15 46 60 4 230 4 383 4 755 63 203 287
South Africa 1 781 1 614 949 1 107 1 210 2 086 1 972 1 954 1 981
Switzerland 88 99 96 4 655 6 113 5 938 409 604 572
United States 28 898 25 508 23 691 2 292 2 399 2 806 66 229 61 204 66 477

Transition countries 68 083 57 082 50 848 1 653 2 229 1 982 112 518 127 236 100 792
Albania 196 185 129 2 514 2 741 2 734 492 508 352
Armenia n.a. n.a. 113 n.a. n.a. 1 869 n.a. n.a. 211
Azerbaijan n.a. n.a. 488 n.a. n.a. 1 755 n.a. n.a. 857
Belarus n.a. n.a. 359 n.a. n.a. 2 085 n.a. n.a. 748
Bosnia and Herzegovina n.a. n.a. 95 n.a. n.a. 3 124 n.a. n.a. 295
Bulgaria 986 1 167 1 107 3 937 4 346 2 836 3 881 5 071 3 138
Croatia n.a. n.a. 207 n.a. n.a. 3 894 n.a. n.a. 804
Czech Republic n.a. n.a. 868 n.a. n.a. 4 420 n.a. n.a. 3 838
Estonia n.a. n.a. 61 n.a. n.a. 1 728 n.a. n.a. 106
Georgia n.a. n.a. 139 n.a. n.a. 1 584 n.a. n.a. 221
Hungary 1 187 1 207 1 055 4 043 5 177 4 044 4 800 6 249 4 265
Kazakhstan n.a. n.a. 9 508 n.a. n.a. 875 n.a. n.a. 8 314
Kyrgyzstan n.a. n.a. 494 n.a. n.a. 2 420 n.a. n.a. 1 196
Latvia n.a. n.a. 150 n.a. n.a. 2 520 n.a. n.a. 377
Lithuania n.a. n.a. 356 n.a. n.a. 2 834 n.a. n.a. 1 010
Macedonia, The Former n.a. n.a. 115 n.a. n.a. 2 928 n.a. n.a. 336

Yugoslav Rep.
Moldova, Republic n.a. n.a. 370 n.a. n.a. 2 759 n.a. n.a. 1 020
Poland 1 525 2 305 2 590 2 746 3 870 3 447 4 189 8 919 8 927
Romania 2 154 2 242 2 022 2 494 3 063 2 802 5 371 6 868 5 665
Russian Federation n.a. n.a. 21 211 n.a. n.a. 1 607 n.a. n.a. 34 088
Slovakia n.a. n.a. 380 n.a. n.a. 4 286 n.a. n.a. 1 627
Slovenia n.a. n.a. 33 n.a. n.a. 4 250 n.a. n.a. 142
Tajikistan n.a. n.a. 340 n.a. n.a. 1 155 n.a. n.a. 393
Turkmenistan n.a. n.a. 490 n.a. n.a. 2 351 n.a. n.a. 1 153
Ukraine n.a. n.a. 6 027 n.a. n.a. 2 595 n.a. n.a. 15 642
Uzbekistan n.a. n.a. 1 404 n.a. n.a. 2 442 n.a. n.a. 3 428
Yugoslavia n.a. n.a. 739 n.a. n.a. 3 573 n.a. n.a. 2 641
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Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 143 662 147 403 161 398 2 742 3 513 3 640 393 930 517 894 587 408

All developing countries 138 818 143 062 157 190 2 656 3 445 3 575 368 692 492 848 561 877

Sub-Saharan Africa 4 537 5 879 7 164 1 347 1 659 1 629 6 112 9 750 11 667

Angola 12 4 22 919 833 871 11 3 19

Benin 8 7 16 1 172 1 371 2 075 10 10 34

Burkina Faso 39 21 50 1 141 2 090 1 853 44 43 92

Burundi 4 12 17 2 367 3 249 3 186 10 40 55

Cameroon 21 14 21 2 273 4 888 3 249 48 69 69

Central African Republic 14 7 13 996 1 517 1 449 14 10 19

Chad 43 41 85 895 2 349 1 425 39 97 121

Congo, Dem. Republic 293 479 481 806 805 740 236 385 356

Côte d'Ivoire 383 581 767 1 171 1 138 1 584 448 661 1 215

Gambia 22 14 16 1 676 1 501 1 523 37 21 24

Ghana 107 70 126 838 1 451 1 588 89 102 200

Guinea 486 377 494 900 1 136 1 505 438 428 743

Kenya 8 13 18 4 654 3 456 2 742 39 45 50

Liberia 203 179 151 1 252 1 069 1 277 254 191 193

Madagascar 1 182 1 150 1 202 1 738 2 070 2 119 2 055 2 381 2 547

Malawi 37 29 42 1 074 1 740 1 788 39 51 76

Mali 165 230 337 1 026 1 556 2 093 169 358 706

Mauritania 3 15 22 3 681 3 375 4 233 12 50 94

Mozambique 92 109 172 811 758 1 080 74 83 186

Niger 20 22 30 1 535 3 367 1 890 31 75 57

Nigeria 517 1 504 2 051 1 988 2 001 1 596 1 027 3 010 3 273

Senegal 74 75 72 1 300 2 312 2 486 96 173 179

Sierra Leone 403 390 271 1 250 1 305 1 212 504 508 329

Tanzania, United Rep. 262 380 469 959 1 830 1 450 251 694 679

Togo 18 22 46 800 1 437 1 826 15 31 85

Uganda 12 39 64 1 343 1 379 1 380 16 53 88

Zambia 5 12 13 497 993 893 2 12 11

Sub-Saharan Africa, other 82 72 83 817 1 868 1 797 67 134 150

Near East/North Africa 1 170 1 285 1 554 4 005 4 648 5 633 4 686 5 974 8 751

Afghanistan 190 173 167 2 179 1 907 2 540 415 329 423

Egypt 416 437 607 5 708 7 086 8 661 2 377 3 098 5 257

Iran, Islamic Rep. 434 542 588 3 211 3 809 4 231 1 394 2 064 2 490

Iraq 56 79 126 2 887 2 731 1 910 162 217 241

Turkey 67 51 58 4 722 4 976 5 314 314 253 310

Latin America and 7 983 6 685 5 951 1 945 2 633 3 466 15 525 17 597 20 629
the Caribbean

Argentina 89 103 243 3 244 4 112 5 356 288 422 1 300

Bolivia 60 111 132 1 506 2 098 1 879 91 232 248

Brazil 5 932 4 441 3 320 1 438 2 097 2 796 8 533 9 313 9 284

Chile 40 35 22 3 154 4 161 3 862 125 146 84

Colombia 428 491 409 4 277 4 047 4 713 1 831 1 986 1 929

Costa Rica 73 53 67 3 058 3 591 4 068 224 192 273

Cuba 146 158 127 3 105 3 030 2 800 455 479 356

Dominican Republic 111 95 111 3 534 4 783 4 674 392 456 519

TABLE A4.2 Rice: area, yield and production (countries with more than 10 000 ha in 1997/99)



Ecuador 123 277 336 3 074 3 077 3 377 378 852 1 135

El Salvador 15 15 12 3 725 4 039 5 370 56 62 65

Guatemala 14 15 14 2 772 2 979 2 256 37 46 30

Guyana 91 65 139 2 924 3 303 4 077 266 215 567

Haiti 51 59 57 2 322 2 106 2 111 119 125 120

Honduras 20 19 11 1 736 2 613 2 778 35 48 30

Mexico 151 114 99 3 636 3 714 4 442 550 423 441

Nicaragua 37 42 71 3 545 2 737 3 359 130 115 239

Panama 96 94 79 1 834 2 257 2 588 175 211 203

Paraguay 26 33 28 1 836 2 606 3 744 47 87 105

Peru 132 186 273 4 462 5 161 6 061 587 957 1 655

Suriname 65 61 55 3 977 3 771 3 504 258 229 194

Uruguay 63 92 181 4 566 4 983 6 047 289 459 1 092

Venezuela 214 120 158 2 985 4 378 4 700 638 525 742

South Asia 54 477 57 195 59 314 1 910 2 602 2 917 104 021 148 833 173 044

Bangladesh 10 310 10 386 10 362 1 952 2 598 2 969 20 125 26 980 30 762

India 40 091 42 501 44 225 1 860 2 619 2 915 74 557 111 290 128 921

Nepal 1 275 1 433 1 511 1 852 2 352 2 438 2 361 3 372 3 683

Pakistan 1 981 2 106 2 419 2 465 2 309 2 928 4 884 4 862 7 081

Sri Lanka 819 770 797 2 557 3 028 3 258 2 093 2 330 2 596

East Asia 70 652 72 019 83 209 3 374 4 314 4 180 238 348 310 693 347 787

Cambodia 1 154 1 763 1 990 1 081 1 432 1 838 1 248 2 524 3 657

China 34 323 33 238 40 042 4 241 5 614 5 026 145 561 186 597 201 249

Indonesia 9 064 10 438 11 607 3 263 4 298 4 292 29 570 44 864 49 814

Korea, DPR 660 629 590 4 420 5 927 3 490 2 917 3 730 2 059

Korea, Republic 1 230 1 237 1 056 5 512 6 231 6 746 6 780 7 705 7 121

Lao PDR 722 606 645 1 419 2 276 2 810 1 025 1 379 1 812

Malaysia 722 676 686 2 844 2 739 2 964 2 053 1 852 2 034

Myanmar 4 684 4 689 5 556 2 698 2 913 3 043 12 637 13 661 16 909

Philippines 3 513 3 414 3 694 2 205 2 833 2 852 7 747 9 672 10 536

Thailand 8 986 9 241 9 964 1 888 2 099 2 331 16 967 19 398 23 226

Viet Nam 5 579 6 075 7 370 2 117 3 174 3 983 11 809 19 281 29 354

Industrial countries 4 141 3 649 3 732 5 469 6 238 6 517 22 650 22 760 24 321

Australia 111 97 141 6 210 8 649 8 794 688 839 1 243

European Union 300 359 410 5 570 5 919 6 514 1 671 2 124 2 671

Japan 2 384 2 073 1 847 5 587 6 119 6 352 13 320 12 688 11 733

United States 1 345 1 118 1 332 5 179 6 354 6 511 6 968 7 106 8 670

Transition countries 703 692 477 3 683 3 306 2 542 2 588 2 287 1 211

Kazakhstan n.a. n.a. 76 n.a. n.a. 3 040 n.a. n.a. 230

Russian Federation n.a. n.a. 146 n.a. n.a. 2 702 n.a. n.a. 395

Tajikistan n.a. n.a. 15 n.a. n.a. 2 655 n.a. n.a. 41

Turkmenistan n.a. n.a. 27 n.a. n.a. 901 n.a. n.a. 25

Ukraine n.a. n.a. 22 n.a. n.a. 2 939 n.a. n.a. 64

Uzbekistan n.a. n.a. 169 n.a. n.a. 2 276 n.a. n.a. 385

Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99
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Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 125 731 132 343 144 365 3 347 3 663 4 168 420 814 484 769 601 667
All developing countries 75 617 86 028 96 606 1 964 2 402 2 775 148 484 206 615 268 110

Sub-Saharan Africa 12 195 19 610 20 775 1 137 1 193 1 253 13 862 23 393 26 023

Angola 600 756 659 506 301 659 303 228 434

Benin 407 467 594 709 903 1 162 289 422 690

Botswana 42 43 19 278 355 306 12 15 6

Burkina Faso 123 195 254 876 1 420 1 435 108 277 365

Burundi 127 124 115 1 109 1 369 1 175 141 170 135

Cameroon 495 219 366 844 1 905 2 005 418 417 733

Central African Republic 108 69 90 373 856 984 40 59 89

Chad 32 33 122 842 982 1 025 27 32 125

Congo, Dem. Republic 745 1 225 1 463 811 814 816 604 997 1 194

Côte d'Ivoire 514 683 700 684 730 819 352 499 573

Eritrea n.a n.a 28 n.a n.a 664 n.a n.a 19

Ethiopia n.a n.a 1 606 n.a n.a 1 696 n.a n.a 2 724

Gabon 6 14 18 1 674 1 583 1 722 10 22 31

Gambia 6 13 10 1 344 1 232 1 382 9 16 14

Ghana 390 547 683 974 1 339 1 487 380 733 1 015

Guinea 87 73 86 1 000 1 010 1 028 87 74 88

Kenya 1 273 1 447 1 502 1 346 1 673 1 530 1 714 2 420 2 298

Lesotho 116 126 134 968 948 959 112 119 128

Madagascar 124 153 192 982 1 004 889 122 154 170

Malawi 1 077 1 336 1 342 1 184 1 109 1 361 1 275 1 481 1 826

Mali 52 177 231 1 173 1 280 1 684 61 226 389

Mauritania 8 4 13 573 648 782 5 2 10

Mozambique 674 1 007 1 185 569 368 960 383 370 1 137

Namibia 25 27 31 1 253 1 281 867 31 35 27

Nigeria 443 4 612 4 016 1 371 1 199 1 316 607 5 529 5 286

Rwanda 73 90 73 1 160 1 117 899 84 100 66

Senegal 75 100 61 885 1 223 931 66 122 57

Somalia 151 213 200 794 1 116 702 120 238 140

Sudan 67 80 69 585 492 632 39 39 44

Swaziland 66 90 63 1 292 1 358 1 842 85 122 116

Tanzania, United Rep. 1 350 1 820 1 786 1 305 1 448 1 323 1 762 2 635 2 362

Togo 147 273 409 1 020 982 1 056 150 268 432

Uganda 263 417 607 1 368 1 433 1 202 360 598 730

Zambia 523 808 553 1 799 1 665 1 481 941 1 345 818

Zimbabwe 1 097 1 143 1 437 1 667 1 626 1 190 1 829 1 859 1 710

Sub-Saharan Africa, other 31 49 44 721 586 559 23 28 25

Near East/North Africa 2 349 2 230 2 218 2 392 3 719 4 658 5 619 8 295 10 332

Afghanistan 447 264 187 1 649 1 713 1 554 738 453 290

Egypt 800 847 795 3 949 5 687 7 671 3 159 4 817 6 095

Iran, Islamic Rep. 35 32 158 1 500 3 905 6 345 52 126 1 004

Iraq 22 75 60 2 431 2 289 2 022 53 171 122

Morocco 396 389 327 618 1 006 725 245 391 237

Syrian Arab Republic 21 59 65 2 080 2 909 3 794 43 171 248

Turkey 583 512 582 2 168 4 087 3 885 1 263 2 093 2 260

Yemen 37 47 38 1 642 1 273 1 420 61 60 54

TABLE A4.3 Maize: area, yield and production (countries with more than 10 000 ha in 1997/99)



Latin America and 25 185 25 819 26 779 1 839 1 994 2 790 46 326 51 473 74 711
the Caribbean

Argentina 2 895 1 715 3 067 3 224 3 496 5 260 9 333 5 995 16 132

Bolivia 295 270 283 1 430 1 629 2 023 422 439 572

Brazil 11 430 12 459 11 585 1 686 1 915 2 721 19 265 23 854 31 529

Chile 124 109 94 3 796 7 983 8 728 471 866 816

Colombia 620 806 528 1 401 1 460 1 709 868 1 177 902

Costa Rica 43 40 15 1 779 1 700 1 787 77 68 26

Cuba 77 74 92 1 239 909 1 529 95 67 141

Dominican Republic 32 28 27 1 276 1 617 1 195 41 45 32

Ecuador 230 452 456 1 075 1 082 1 198 247 490 546

El Salvador 281 288 288 1 840 1 961 1 974 517 565 569

Guatemala 627 635 611 1 511 1 971 1 659 947 1 251 1 013

Haiti 207 228 283 868 802 808 179 183 229

Honduras 339 383 409 1 201 1 424 1 270 407 545 520

Mexico 6 675 6 919 7 479 1 739 1 920 2 426 11 607 13 280 18 142

Nicaragua 179 215 245 1 022 1 230 1 163 183 265 285

Panama 62 75 53 953 1 327 1 485 59 99 78

Paraguay 216 206 365 1 553 1 921 2 506 335 396 916

Peru 341 384 440 1 665 1 999 2 136 569 767 940

Uruguay 124 62 60 1 016 1 657 3 360 126 102 203

Venezuela 372 451 373 1 471 2 180 2 863 547 983 1 069

Latin America, other 13 17 20 1 730 1 668 2 116 23 29 42

South Asia 7 101 7 532 8 012 1 144 1 504 1 685 8 124 11 330 13 499

India 5 887 5 893 6 301 1 102 1 509 1 718 6 486 8 893 10 822

Nepal 455 754 798 1 516 1 607 1 683 690 1 212 1 343

Pakistan 736 852 882 1 257 1 396 1 475 925 1 189 1 301

Sri Lanka 21 29 28 1 018 1 121 1 078 21 33 30

East Asia 28 787 30 836 38 822 2 590 36 363 3 698 74 553 112 125 143 547

Cambodia 87 48 44 981 1 403 1 094 85 67 48

China 19 986 21 188 29 869 3 038 4 337 4 086 60 720 91 891 122 044

Indonesia 2 761 3 004 3 549 1 461 2 129 2 644 4 035 6 394 9 382

Korea, DPR 690 674 576 3 865 5 932 2 324 2 667 4 000 1 338

Korea, Republic 34 24 21 4 441 4 341 4 013 150 105 82

Lao PDR 29 38 42 1 062 1 725 2 272 31 65 95

Malaysia 7 20 27 1 143 1 763 1 938 8 35 52

Myanmar 128 124 170 1 295 1 538 1 762 166 191 299

Philippines 3 267 3 699 2 594 972 1 264 1 637 3 174 4 677 4 247

Thailand 1 412 1 551 1 263 2 198 2 559 3 389 3 103 3 969 4 280

Viet Nam 383 463 667 1 071 1 570 2 508 410 727 1 672

Industrial countries 39 408 36 280 38 307 5 898 6 600 7 731 232 426 239 452 296 143

Australia 54 51 63 3 067 4 125 5 362 164 210 336

Canada 1 039 1 057 1 101 5 685 6 642 7 656 5 904 7 017 8 431

European Union 3 987 3 942 4 277 5 575 6 950 8 859 22 229 27 395 37 892

New Zealand 20 17 19 8 280 9 400 10 045 163 161 189

South Africa 4 539 4 124 3 717 2 525 2 447 2 312 11 462 10 092 8 592

Switzerland 17 28 21 7 230 8 602 9 334 121 239 196

United States 29 749 27 054 29 103 6 466 7 180 8 261 192 366 194 239 240 433

Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99
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Transition countries 10 707 10 037 9 453 3 727 3 856 3 958 39 904 38 703 37 416

Albania 100 57 58 3 175 3 892 3 415 318 221 197

Azerbaijan n.a n.a 15 n.a n.a 3 197 n.a n.a 49

Bosnia and Herzegovina n.a n.a 218 n.a n.a 3 919 n.a n.a 855

Bulgaria 605 516 465 4 344 4 046 3 354 2 627 2 087 1 561

Croatia n.a n.a 378 n.a n.a 5 560 n.a n.a 2 100

Czech Republic n.a n.a 38 n.a n.a 6 573 n.a n.a 249

Georgia n.a n.a 210 n.a n.a 2 309 n.a n.a 486

Hungary 1 270 1 114 1 065 5 528 5 757 6 295 7 022 6 414 6 707

Kazakhstan n.a n.a 63 n.a n.a 2 515 n.a n.a 159

Kyrgyzstan n.a n.a 47 n.a n.a 4 997 n.a n.a 236

Macedonia, The Former n.a n.a 39 n.a n.a 4 225 n.a n.a 166
Yugoslav Rep.

Moldova, Republic n.a n.a 420 n.a n.a 3 344 n.a n.a 1 403

Poland 26 60 89 3 886 4 849 5 674 102 291 504

Romania 3 226 2 592 3 060 3 168 3 096 3 512 10 218 8 023 10 748

Russian Federation n.a n.a 630 n.a n.a 2 416 n.a n.a 1 521

Slovakia n.a n.a 128 n.a n.a 5 831 n.a n.a 745

Slovenia n.a n.a 46 n.a n.a 7 250 n.a n.a 332

Tajikistan n.a n.a 10 n.a n.a 3 361 n.a n.a 34

Turkmenistan n.a n.a 14 n.a n.a 495 n.a n.a 7

Ukraine n.a n.a 1 078 n.a n.a 2 900 n.a n.a 3 126

Uzbekistan n.a n.a 48 n.a n.a 2 726 n.a n.a 130

Yugoslavia n.a n.a 1 328 n.a n.a 4 582 n.a n.a 6 084

Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99
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Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 81 221 74 534 58 554 1 893 2 288 2 390 153 759 170 552 139 920

All developing countries 16 684 19 476 16 911 1 289 1 316 1 420 21 504 25 633 24 014

Sub-Saharan Africa 918 901 1 019 1 214 1 149 1 062 1 114 1 035 1 082

Eritrea n.a. n.a. 38 n.a. n.a. 1 046 n.a. n.a. 39

Ethiopia n.a. n.a. 948 n.a. n.a. 1 022 n.a. n.a. 969

Kenya 49 24 22 1 302 1 405 2 581 64 33 58

Near East/North Africa 10 942 14 782 11 619 1 111 1 146 1 312 12 155 16 940 15 242

Afghanistan 296 207 193 1 057 1 071 1 217 313 221 235

Algeria 875 1 234 558 677 928 778 592 1 144 434

Egypt 41 56 58 2 689 2 393 2 224 111 134 129

Iran, Islamic Rep. 1 727 2 558 1 576 902 1 238 1 649 1 558 3 166 2 599

Iraq 858 1 382 1 202 846 793 593 726 1 095 712

Jordan 48 46 58 434 748 532 21 34 31

Lebanon 6 11 13 1 000 1 706 2 110 6 19 28

Libyan Arab Jamahiriya 284 270 125 342 495 486 97 134 61

Morocco 2 190 2 390 2 164 782 1 170 735 1 712 2 796 1 589

Saudi Arabia 7 56 49 1 178 6 616 5 173 8 371 252

Syrian Arab Republic 1 220 2 618 1 510 926 259 503 1 129 678 759

Tunisia 457 491 346 609 949 852 279 466 294

Turkey 2 846 3 365 3 673 1 926 1 942 2 178 5 480 6 533 8 000

Yemen 50 49 45 995 968 1 075 49 48 48

Near East, other 38 51 49 1 950 1 985 1 427 74 100 69

Latin America and 935 960 1 009 1 360 1 722 1 870 1 272 1 653 1 887
the Caribbean

Argentina 178 182 238 1 289 2 323 2 620 229 422 623

Bolivia 80 83 88 653 660 605 53 55 53

Brazil 84 105 140 1 120 1 637 2 082 94 172 291

Chile 51 28 25 1 998 3 433 3 699 103 95 93

Ecuador 29 56 46 840 850 764 24 48 35

Mexico 280 270 242 1 722 1 860 1 860 483 502 449

Peru 127 103 140 903 1 018 1 128 115 105 158

Uruguay 48 81 82 1 474 1 944 2 046 71 158 168

South Asia 2 046 1 216 992 1 073 1 467 1 745 2 196 1 784 1 732

India 1 802 1 011 798 1 121 1 595 1 924 2 020 1 613 1 537

Nepal 26 30 34 875 928 1 051 23 27 36

Pakistan 199 157 151 709 842 1 021 141 132 154

East Asia 1 752 1 533 2 268 2 698 2 700 1 794 4 726 4 138 4 069

China 1 295 1 317 2 131 2 420 2 582 1 723 3 133 3 400 3 671

Korea, DPR 72 60 58 2 163 2 472 1 942 155 148 112

Korea, Republic 386 155 77 3 728 3 802 3 710 1 438 589 284

Industrial countries 26 940 24 365 21 542 2 990 3 449 3 661 80 556 84 030 78 863

Australia 2 540 2 470 3 092 1 291 1 711 1 888 3 279 4 227 5 837

Canada 4 631 4 491 4 347 2 418 2 735 3 024 11 199 12 281 13 144

European Union 16 022 13 576 11 371 3 471 4 137 4 487 55 615 56 167 51 023

TABLE A4.4 Barley: area, yield and production (countries with more than 10 000 ha in 1997/99)
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Japan 120 105 55 3 261 3 180 3 300 392 333 181

New Zealand 71 86 63 3 612 4 418 5 597 255 381 352

Norway 186 178 176 3 424 3 774 3 735 636 672 657

South Africa 81 114 115 1 258 2 114 1 411 102 241 163

Switzerland 48 58 49 4 589 6 046 6 222 220 352 303

United States 3 214 3 272 2 266 2 750 2 863 3 179 8 838 9 367 7 202

Transition countries 37 598 30 693 20 101 1 375 1 984 1 843 51 699 60 889 37 042

Armenia n.a. n.a. 62 n.a. n.a. 1 051 n.a. n.a. 65

Azerbaijan n.a. n.a. 81 n.a. n.a. 1 261 n.a. n.a. 102

Belarus n.a. n.a. 845 n.a. n.a. 2 037 n.a. n.a. 1 721

Bosnia and Herzegovina n.a. n.a. 23 n.a. n.a. 2 626 n.a. n.a. 59

Bulgaria 425 368 279 3 386 4 043 2 606 1 439 1 487 726

Croatia n.a. n.a. 40 n.a. n.a. 3 115 n.a. n.a. 126

Czech Republic n.a. n.a. 589 n.a. n.a. 3 800 n.a. n.a. 2 238

Estonia n.a. n.a. 162 n.a. n.a. 1 585 n.a. n.a. 257

Georgia n.a. n.a. 32 n.a. n.a. 1 205 n.a. n.a. 39

Hungary 265 312 358 3 203 4 554 3 428 848 1 421 1 226

Kazakhstan n.a. n.a. 2 080 n.a. n.a. 952 n.a. n.a. 1 980

Kyrgyzstan n.a. n.a. 82 n.a. n.a. 1 998 n.a. n.a. 164

Latvia n.a. n.a. 172 n.a. n.a. 1 774 n.a. n.a. 305

Lithuania n.a. n.a. 462 n.a. n.a. 2 191 n.a. n.a. 1 013

Macedonia, The Former n.a. n.a. 52 n.a. n.a. 2 494 n.a. n.a. 129
Yugoslav Rep.

Moldova, Republic n.a. n.a. 115 n.a. n.a. 1 993 n.a. n.a. 229

Poland 1 362 1 195 1 162 2 616 3 453 3 120 3 563 4 128 3 626

Romania 833 845 518 2 786 3 577 2 670 2 321 3 022 1 382

Russian Federation n.a. n.a. 8 778 n.a. n.a. 1 564 n.a. n.a. 13 729

Slovakia n.a. n.a. 247 n.a. n.a. 3 382 n.a. n.a. 835

Slovenia n.a. n.a. 11 n.a. n.a. 3 533 n.a. n.a. 38

Tajikistan n.a. n.a. 27 n.a. n.a. 899 n.a. n.a. 24

Turkmenistan n.a. n.a. 68 n.a. n.a. 252 n.a. n.a. 17

Ukraine n.a. n.a. 3 580 n.a. n.a. 1 834 n.a. n.a. 6 567

Uzbekistan n.a. n.a. 146 n.a. n.a. 711 n.a. n.a. 104

Yugoslavia n.a. n.a. 128 n.a. n.a. 2 626 n.a. n.a. 337
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Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 37 684 37 362 37 885 673 755 737 25 367 28 216 27 917

All developing countries 34 765 34 279 36 518 678 733 724 23 580 25 116 26 427

Sub-Saharan Africa 11 586 15 727 19 870 655 673 660 7 589 10 588 13 120

Angola 80 120 177 613 536 475 49 64 84

Benin 13 38 39 503 624 741 7 24 29

Burkina Faso 803 1 169 1 216 486 555 715 390 649 870

Cameroon 130 60 70 753 1 061 1 014 98 64 71

Central African Republic 16 10 12 681 933 1 000 11 9 12

Chad 360 527 740 505 363 429 182 191 318

Congo, Dem. Republic 36 52 73 668 641 633 24 34 46

Côte d'Ivoire 64 77 94 580 613 657 37 47 62

Eritrea n.a. n.a. 69 n.a. n.a. 482 n.a. n.a. 33

Ethiopia n.a. n.a. 343 n.a. n.a. 910 n.a. n.a. 312

Gambia 17 53 74 1 031 974 934 18 52 69

Ghana 182 192 175 641 636 904 117 122 158

Guinea 35 19 12 1 410 1 102 826 49 21 10

Kenya 80 110 90 1 048 590 622 84 65 56

Malawi 11 18 38 588 554 497 7 10 19

Mali 643 1 124 993 716 732 786 461 823 780

Mauritania 12 16 20 255 407 260 3 7 5

Mozambique 20 20 96 250 250 550 5 5 53

Namibia 140 152 267 245 359 237 34 55 63

Niger 3 011 4 187 5 082 435 393 393 1 311 1 644 1 999

Nigeria 2 366 4 468 5 562 1 043 1 046 1 068 2 467 4 672 5 939

Senegal 932 899 825 595 644 550 555 579 453

Sierra Leone 9 26 17 1 393 888 843 13 23 14

Sudan 1 098 1 113 2 657 350 166 227 384 185 604

Tanzania, United Rep. 450 245 251 800 954 992 360 233 249

Togo 121 134 91 364 510 471 44 68 43

Uganda 297 379 391 1 592 1 534 1 493 473 582 583

Zambia 34 51 90 637 557 711 22 28 64

Zimbabwe 353 271 252 432 501 289 153 136 73

Sub-Saharan Africa, other 18 20 35 698 1 020 914 12 21 32

Near East/North Africa 190 186 173 989 600 802 188 112 139

Afghanistan 39 30 27 862 865 815 33 26 22

Iran, Islamic Rep. 8 7 13 1 123 1 846 1 103 9 12 14

Yemen 81 122 103 1 140 365 640 92 45 66

Latin America and 203 55 37 1 211 1 408 1 215 245 78 45
the Caribbean

Argentina 203 55 37 1 211 1 400 1 214 245 77 45

South Asia 18 561 15 832 13 190 518 647 785 9 619 10 237 10 360

Bangladesh 61 91 80 648 709 706 40 64 57

India 17 845 15 096 12 429 515 646 790 9 189 9 758 9 817

Nepal 122 197 262 989 1 161 1 101 121 228 289

Pakistan 509 438 412 500 410 469 255 180 193

TABLE A4.5 Millet: area, yield and production (countries with more than 10 000 ha in 1997/99)
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East Asia 4 225 2 479 3 248 1 406 1 655 851 5 939 4 102 2 763

China 3 981 2 253 2 995 1 455 1 739 862 5 790 3 918 2 582

Korea, DPR 62 50 15 1 065 1 200 909 66 60 13

Myanmar 179 174 236 447 695 701 80 121 166

Industrial countries 134 172 210 1 170 1 288 1 469 156 221 309

Australia 26 31 30 998 877 1 034 26 27 31

South Africa 22 22 21 682 682 581 15 15 12

United States 81 118 159 1 314 1 501 1 665 107 177 265

Transition countries 2 786 2 912 1 156 585 989 1 022 1 631 2 879 1 182

Kazakstan n.a. n.a. 86 n.a. n.a. 495 n.a. n.a. 42

Russian Federation n.a. n.a. 826 n.a. n.a. 1 048 n.a. n.a. 866

Ukraine n.a. n.a. 231 n.a. n.a. 1 091 n.a. n.a. 252
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Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99

World 44 742 43 097 43 859 1 462 1 326 1 394 65 403 57 157 61 135

All developing countries 38 400 38 110 39 590 1 141 1 050 1 107 43 819 40 001 43 831

Sub-Saharan Africa 13 037 17 859 22 267 858 729 817 11 187 13 013 18 198

Benin 90 140 163 649 762 819 59 107 134

Botswana 98 148 73 209 280 177 21 41 13

Burkina Faso 1 051 1 337 1 398 590 743 810 620 993 1 132

Burundi 53 58 53 1 000 1 117 1 230 53 65 65

Cameroon 374 465 381 806 769 1 078 301 357 411

Central African Republic 57 25 34 674 1 027 1 008 39 25 34

Chad 414 458 717 507 584 659 210 268 472

Congo, Dem. Republic 36 76 79 900 633 658 32 48 52

Côte d'Ivoire 40 45 55 606 580 348 24 26 19

Eritrea n.a. n.a. 185 n.a. n.a. 908 n.a. n.a. 168

Ethiopia n.a. n.a. 1 155 n.a. n.a. 1 288 n.a. n.a. 1 488

Gambia 6 12 15 793 881 923 5 10 14

Ghana 223 255 319 628 775 1 069 140 197 341

Kenya 168 127 137 951 908 915 160 116 125

Lesotho 58 32 32 1 020 815 888 59 26 28

Malawi 30 31 81 667 590 583 20 18 47

Mali 434 763 657 827 888 988 359 677 649

Mauritania 102 121 156 279 590 440 28 71 69

Mozambique 288 422 464 630 397 651 182 167 302

Namibia 29 34 21 214 262 248 6 9 5

Niger 822 2 011 2 074 422 193 205 347 389 424

Nigeria 2 683 4 892 6 634 1 224 980 1 122 3 284 4 794 7 444

Rwanda 159 142 118 1 123 1 162 990 178 165 117

Senegal 130 135 196 1 014 897 657 131 121 128

Sierra Leone 7 34 25 1 571 634 766 11 22 19

Somalia 478 450 310 350 540 316 167 243 98

Sudan 3 067 3 887 5 425 748 540 587 2 293 2 099 3 184

Tanzania, United Rep. 713 489 590 762 992 933 543 485 551

Togo 122 190 205 714 716 699 87 136 143

Uganda 175 239 277 1 784 1 495 1 356 312 357 376

Zambia 31 44 39 535 562 698 16 25 27

Zimbabwe 140 136 163 611 588 535 85 80 88

Sub-Saharan Africa, other 28 13 27 639 915 925 18 11 25

Near East/North Africa 1 142 776 793 1 239 1 543 1 908 1 414 1 197 1 514

Egypt 172 133 159 3 739 4 745 5 492 644 631 870

Morocco 45 27 28 436 552 628 20 15 18

Saudi Arabia 281 128 173 437 1 092 1 182 123 139 204

Yemen 622 470 423 987 854 978 614 402 414

Latin America and 4 379 3 466 3 740 2 806 2 673 3 006 12 285 9 262 11 242
the Caribbean

Argentina 1 834 682 732 3 055 2 836 4 318 5 602 1 934 3 161

Bolivia 5 15 49 4 089 3 954 2 372 21 58 115

Brazil 81 158 323 2 128 1 544 1 763 172 243 569

Colombia 220 256 76 2 223 2 877 3 150 488 737 240

TABLE A4.6 Sorghum: area, yield and production (countries with more than 10 000 ha in 1997/99)
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El Salvador 126 124 113 1 153 1 271 1 625 145 158 184

Guatemala 39 59 41 2 033 1 406 1 171 80 83 48

Haiti 158 120 130 762 809 760 121 97 98

Honduras 61 73 80 809 976 1 080 49 71 86

Mexico 1 464 1 607 1 915 3 362 3 172 3 174 4 921 5 096 6 077

Nicaragua 51 48 45 1 560 1 545 1 568 80 74 71

Paraguay 7 11 16 1 274 1 277 1 470 9 14 23

Uruguay 56 31 32 2 016 2 468 3 420 112 77 109

Venezuela 227 248 174 1 605 2 136 2 433 365 529 424

South Asia 16 766 14 266 10 838 693 781 830 11 616 11 136 9 000

India 16 361 13 852 10 461 696 786 839 11 380 10 893 8 773

Pakistan 403 413 377 582 586 601 235 242 227

East Asia 3 078 1 742 1 952 2 377 3 095 1 986 7 316 5 393 3 877

China 2 828 1 544 1 838 2 488 3 326 2 013 7 034 5 135 3 700

Thailand 220 186 105 1 074 1 285 1 573 237 239 165

Industrial countries 6 197 4 827 4 210 3 451 3 511 4 091 21 383 16 945 17 225

Australia 549 461 546 1 976 2 126 2 684 1 084 980 1 466

European Union 129 114 104 4 576 4 949 5 900 589 563 614

South Africa 244 197 130 2 239 1 956 2 598 547 385 339

United States 5 273 4 055 3 430 3 633 3 703 4 317 19 157 15 017 14 806

Transition countries 145 161 59 1 383 1 316 1 347 201 212 79

Albania 25 21 16 1 200 1 124 934 30 24 15

Russian Federation n.a. n.a. 17 n.a. n.a. 1 033 n.a. n.a. 17

Harvested area Yield Production
(’000 ha) (kg/ha) (’000 tonnes)

1979/81 1989/91 1997/99 1979/81 1989/91 1997/99 1979/81 1989/91 1997/99
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Pru Harvey explains how to tackle triage in wild birds, including potential difficulties and the

financial considerations facing practices

 

TRIAGE refers to the rapid assessment of disease in order to assign degrees of urgency to

treatment and must be performed to optimise prognosis and prevent suffering and

compromised welfare.

Wild birds of many species are regularly presented to veterinary clinics by members of the public

and wildlife care organisations. The reasons for presentation vary significantly, but every surgery

should have a triage protocol – animals are far too often left in cages with evaluation and care

delayed until someone has time to look at them. Being confined to a hospital cage surrounded by

the sights, smells and sounds of predators, such as dogs and cats, is a stressful experience for any

wild animal, compounded by the stress and pain of its original traumatic event.

The first assessment is the most important and is one that needs to be revisited throughout

rehabilitation. Will this bird function normally in the wild once rehabilitated? If the answer is no, then

the benefit of treatment must be questioned, and sadly, once assessed properly, euthanasia may

be the only solution.

Very often it will be a veterinary nurse who admits wildlife cases and, as the first port of call, the

nurse’s role is vital in the welfare of that animal. Full details of the member of public who presents

the case must be recorded. Contact details and location are important for legal, as well as for

rehabilitation site selection purposes. By the time of presentation, the bird is typically stressed,

shocked, often traumatised and in pain, and almost invariably dehydrated and hungry. Baby birds
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typically need to be fed every hour or so (Figure 1) and lack of attention for such a period could be the

difference between life and death.

Do not wait for a wild bird to feed itself. Often it will not, due to stress, and will need to be force-fed

with a crop tube. The necessary frequency and volumes of feeding should also be considered, as

should the appropriate food, with respect to species. When offered food to take voluntarily, these

should smell and visually resemble a natural diet – for example, a fluffy yellow chick or white

mouse will be foreign to a wild raptor, whereas skinned will be recognised as a food item.

Prior to arrival

The initial stage of triage can take place over the phone when the rescuer first calls. One of the first

questions to ask is whether the rescuer has caught the animal. If the rescuer is unable to capture

the bird, how will you do so? Nets are useful, but if the bird can fly, the chances of catching it are

much reduced.

The safety and security of both the bird and rescuer are paramount. What type of bird is it? Injured

wild animals can often respond unpredictably and even the most collapsed patient has the potential

to inflict significant damage. Knowing the species is important, for example, most raptors will use

their talons in attack and defence, whereas herons and cormorants will stab at eyes with their

beaks.

If the bird is confined, is it secure for transport with no chance of escape? A loose bird in a moving

vehicle provides a very real chance that both the rescuer and the animal could be seriously injured.

History taking

As with our domestic species, history taking in wild bird triage is essential. Take the details of the

person who brought in the animal as further information may be important in returning the bird to its

original location once rehabilitated. This also applies to fledglings/chicks, where the opportunity to

return them to their nest must not be missed. If a fledgling/chick is found with no injury or sign of

debilitation, it is often best to search for the nest nearby to which the bird can be returned.

If the rescuer cannot find the nest, advise him or her to feed the bird, then place it in a cardboard

box or similar in an elevated position, free from risk of predation, and close to the site where it was

found (if in a plastic box, ensure there are holes in the bottom to prevent drowning if it rains). If the

bird is adult and/or injured, while reception staff are taking a detailed history, it can be admitted and

triaged briefly and non-invasively, then treated for shock with a full triage examination two hours

later. Doing too much, too soon in a shocked bird increases risk of iatrogenic death.

Physical examination
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The easiest way to examine an animal is to have a routine. Start at the head, from which you can

work your way backwards. Remember that birds’ lungs are relatively rigid and the lungs and air

sacs depend on muscular activity for inhalation and exhalation, thus care must be taken not to

compromise respiration while restraining the bird. It is also important to remember that wild animals

instinctively hide signs of disease and it is often not until you perform a thorough physical

examination that you may find a significant problem.

Head

Start with the beak. With the bird securely wrapped in a towel or with another nurse restraining it,

examine the whole beak and jaw for fractures, other signs of trauma or abnormal discharge – a

bird’s beak is vital for prehension of food, preening and defence. Inability to perform any of these

tasks will render a bird helpless in the wild (Figure 2).

Open the mouth and examine the mucous membranes for signs of bruising or haemorrhage, which

may be indicative of head trauma. Abnormalities in mucous membrane colour may indicate internal

haemorrhage, toxic insult or respiratory compromise. Examine the back of the oral cavity and under

the tongue for Gapeworm (Syngamus trachea), which is seen in gulls, is common in starlings and

corvids and can cause fatal respiratory compromise, or Capillaria species worms (common in

buzzards). Also check for areas of discolouration, inflammation, exudation or plaques as may be

seen in bacterial, viral, yeast, Capillaria and Trichomonas infections.

Examine the nares closely as well as the eyes, ears and scalp. Remember that almost all birds

have salt glands (functionally important in marine species and some raptors) that extend rostrally

into the nasal cavity. When affected by heat stress and dehydration, crusting of salt around the

nares is often seen. Eye damage is found in 30 per cent of bird admissions to rescue centres, while

in 70 per cent of these cases, only the posterior segment (behind the lens) is damaged. Such

damage is typically haemorrhage from the pecten, which will only be visible on ophthalmologic

examination. It is vital to detect such injuries as they typically result in loss of sight and preclude

successful rehabilitation (Figure 3).

The size and internal location of many birds’ eyes creates risk of retrobulbar penetration by talons

subsequent to attack by raptors or corvid species. If ocular trauma is suspected, stain the eye with

fluorescein to assess the cornea for ulceration (Figure 4).

Examine the ears for discharge, bruising and parasites and the scalp for signs of trauma that may

be disguised by feathers.

Neck

Examine the neck thoroughly for signs of trauma or internal abnormalities. Crop ruptures (on the

front of the neck) can occur due to predator attack or collision with wire or glass and are common in
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pigeons. Fishing line and hook entanglement/ ingestion or secondary abscessation is often seen in

marine birds and other water fowl. Many swans (65 per cent) that suffer power line flight injuries

are suffering from concurrent lead poisoning, so consider this also. (Figure 5).

Wings

Examine the position of the bird’s wing tips from a distance. Are they sitting symmetrically or is

one hanging slightly lower than the other? Next, extend both wings at the same time and compare

the degree of extension and tension, as any dissimilarity will indicate an injury. Road traffic

accidents involving raptors often result in damage to the radial nerve, which can cause permanent

wing paralysis and hence an unreleasable bird. Palpate and manipulate every aspect of the wing

(Figure 6) and shoulder including the clavicle, scapula and coracoid. Again, working systematically

from clavicle to wing tip will ensure consistency and a thorough exam. Fractures of wing bones

may be fixed, depending on severity and location, but the cost must also be taken into account.

The propatagium (the soft tissue aerofoil on the leading edge of the wing, which joins the shoulder

to the carpus) is often damaged in entanglement cases commonly involving fishing line or barbed

wire. This anatomical structure is vital for flight, without which a bird cannot survive in the wild, so

such injuries preclude rehabilitation.

Body

Penetration of the body cavity is common in wildlife casualties. Many birds present having been

“brought in by the cat”. Despite claims by owners that the cat just carried the bird in its mouth

without injuring it, the conical shape of cats’ canine teeth often results in penetrative injuries that

close rapidly sealing in bacteria carried in the grooves of the teeth. These wounds are often very

difficult to find, but a bird with a cat bite will die rapidly from Pasteurella infection; the most common

bacterium found in cat bites if not treated immediately with the appropriate antibiotics. Other body

wounds may expose cavities including the coelomic cavity and air sacs. Using alcohol to dampen

feathers and expose these wounds is not advised due to the resultant evaporative heat loss from

the patient, which can be fatal in smaller birds.

Legs and feet

Very little soft tissue overlying bone, vessels, nerves, tendons and ligaments is present in birds’

legs other than skin. Depending on the species, this skin may be feathered or scaly with varying

degrees of thickness (Figure 7).

Entanglement involving legs and feet is also common in wildlife casualties. Depending on the

duration of the injury, there may be significant swelling and necrosis of distal parts of the limb. In

that case, careful consideration of the bird’s requirements is needed to assess post-operative

return to function. While many gulls and pigeons tolerate amputation well, complications include
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osteomyelitis, septic arthritis and bumblefoot (Figure 8) in the remaining limb. Limb fractures are

usually simple to palpate and again, return to function post-rehabilitation is the goal.

Tail

A bird’s tail (Figure 9) is used primarily to maintain stability and generate lift and manoeuvrability

during flight. Loss of tail (or wing) flight feathers is common and will significantly affect the bird’s

ability to fly. Such cases will need to remain in captivity until the feathers have regrown.

Occasionally, detachment of the uropygium from its ventral attachment occurs in a “tail-pull” injury,

resulting in an inability to fly or maintain balance.

Financial considerations

Veterinary practices have a moral obligation to accept wildlife from members of the public. The

extent of treatment given, however, depends on the practice. In the past, the RSPCA has

contributed money to practices per case allocated on a log-number basis. However, since this

April, the only birds for which a log-number is provided (and hence any financial support) are

swans, geese and raptors. This means that any other wild bird is treated solely at the expense of

the practice.

This needs to be explained to rescuers of wildlife during the admission and triage process as the

cost price alone of simple wing fracture repair can be hundreds of pounds.

Conclusion

Triage is a vital and often overlooked element in wildlife rehabilitation and veterinary practice. From

a veterinary perspective, protocols should be in place to deal with wildlife on admission, not several

hours later. The nurse’s role in triaging wildlife from the first phone call is as critical as the ongoing

care of the patient once viability for rehabilitation has been approved. When deciding to rehabilitate

or not, it is essential to have access to appropriate facilities, nutrition and carers with facilities for

pre-release fitness development and testing. Unfortunately, many avian wildlife casualties are not

releasable because birds are such finely tuned instruments and the slightest defect can lead to

disaster. Nevertheless, prevention of suffering through the most appropriate means, whether it be

rehabilitation or euthanasia, is at the core of triage of avian wildlife casualties.
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This special volume of Relations. Beyond Anthropocentrism is dedicated to 
examining a problem which has recently attracted a great deal of interest. 
This is the question about the harms that nonhuman animals suffer in the 
wild due to natural causes and the reasons to aid them whenever it is fea-
sible for us to do so. This problem, although tremendously important, has 
traditionally received less attention relatively to others, such as the moral 
consideration of the nonhuman animals exploited by humans. The tide is 
changing, however, as more and more theorists start now to study it and as 
new publications addressing it appear. 

The background assumption challenged by those who work on this 
topic is the widespread belief that life in the wild is idyllic for nonhuman 
animals. It is commonly thought that, in nature, when free from any kind of 
human interference, animals enjoy happy lives, and that any problem they 
may face in that regard is actually due to human action. The truth of the 
matter, however, is at odds with this common belief. Unfortunately, reality 
is utterly unlike this idyllic picture of life in the wild. 

Animals living in nature undergo systematic harms on a daily basis. The 
ways in which this occurs are manifold. Animals are harmed by starvation 
and dehydration. They suffer from multiple diseases as well as from injuries 
caused by accident. They have to deal with harsh weather and climatic con-
ditions. They suffer many intra and interspecific aggressions – including 
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predation, parasitism and other different forms of competition. Addition-
ally, they often have to cope with great amounts of stress and other kinds 
of psychological suffering. This list could continue almost indefinitely. 
Interestingly, in fact most people are to some extent aware that this is so. 
However, the illusion cast by the idyllic view makes it difficult for them to 
realize the huge negative impact that these natural harms have in the lives 
of animals. 

Indeed the amount of suffering and premature death present in nature 
could still be glimpsed were we only to consider the tiny number of animals 
that successfully reach maturity in comparison to those who die shortly 
after coming into existence. Population dynamics shows how this figure 
is very low because of the prevalent reproductive strategy in nature, which 
consists in producing very large numbers of offspring who have very little 
chance of survival. 

In light of a situation such as this it only makes sense to ask whether 
there is anything we ought to do to remedy it. Nevertheless, it is usually 
claimed that we have no obligation to prevent or alleviate this harmful state 
of affairs. This is accepted because nature is often considered a “flat moral 
landscape”, that is, a place in the workings of which we must not intervene, 
since anything that happens there simply should be. Thus, it is said that we 
have no reason to help nonhuman animals and that, instead, they should be 
left to their own devices. 

It must be stressed, however, that this view is held, in the first place, 
because the great amount of disvalue suffered by nonhuman animals 
remains, as we mentioned, commonly unnoticed. This phenomenon has 
many causes. For instance, most people are not familiar with the basic con-
cepts of the science of ecology and, in particular, with population dynamics. 
In addition, wishful thinking may lead many of us to think that the world 
cannot be, for the majority of sentient beings, a place of utter misery. Also, 
the fact that nonhuman animals already suffer terrible harms at our hands 
may drive us to conclude that, by contrast, those who are not exploited 
by humans must lead reasonably good lives. Finally, and very importantly, 
most people have a misguided idea about which are the animals that live in 
nature. The notion of wild animals entertained in contemporary societies 
is restricted to big vertebrates, most notably some well-known mammals 
such as African elephants or lions. Yet the vast majority of animals that 
live in nature are actually invertebrates, who die in great numbers shortly 
after coming into existence. Indeed, when thinking about dying animals, it 
is adults that come to the mind of most people, rather than the young who 
perish a few hours after hatching out of their eggs, even though the latter is 
much more prevalent. All things considered, such a deeply distorted view 
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of life in the wild cannot provide a sound basis on which to examine the 
issue of animal suffering and death in nature. 

Furthermore, the claim that we should intervene in nature to improve 
the situation of nonhuman animals clashes against the environmentalist 
discourse that is so widespread today, and which defends that we should 
simply let nature alone. Those in favor of helping animals have argued that, 
in fact, interventions in nature take place all the time, and not merely for 
anthropocentric reasons, but also to further environmentalist aims. Hence 
the question at issue is not really whether we should intervene or not, but 
rather what are the aims which we should pursue by intervening. Environ-
mentalist views value entities such as ecosystems, biocenoses, species and 
landscapes and, so, by intervening in nature their purpose is to promote 
their conservation. Those who oppose speciesism and are concerned for 
the animals living in the wild argue that, on the contrary, we should care 
for the interests of sentient beings. They are the only ones who can feel suf-
fering and experience joy and, so, intervention should be aimed at helping 
them.

In fact, it can be argued that if the interests of nonhuman animals are 
morally relevant at all, it follows that the interests of animals living in the 
wild should be taken into account in our moral deliberation just as human 
interests are. Those who reject the discrimination of nonhuman animals 
have argued that the similar interests of all sentient individuals should be 
equally considered. This implies that the species they belong to should 
be regarded as morally irrelevant. Defending the contrary would be an 
instance of speciesism, the discrimination against those who do not belong 
to a certain species. Certainly, the disregard for the suffering and death 
that occurs in nature when nonhuman animals are their victims is not the 
attitude expressed towards humans in similar circumstances who need our 
help. Consequently, the refusal to consider the interests of nonhuman ani-
mals living in nature can also be considered an instance of speciesism.

It is true that in many cases it is beyond our current powers to aid non-
human animals in nature. However, there are many other cases in which it 
is perfectly feasible to assist them. Every year there is plenty of news about 
trapped animals, or animals who fall victim of natural disasters, who are 
rescued. On a more systematic level, there exist as well different initia-
tives which work to provide care to orphan wild animals, food to starving 
animals or medical assistance to injured or sick animals, among others. In 
addition, vaccination programs against different diseases that wild animals 
suffer (such as rabies or tuberculosis) have been successfully implemented 
for decades. Thus, there is still much that is in our power which we have 
not yet carried out, and even much more to research regarding how to 
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further develop these and new programs. Yet, as we previously pointed 
out, whether this is to be done or not depends on the position we actually 
endorse regarding whether we should be concerned with the harms which 
nonhuman animals suffer in the wild.

In order to address this problem, the first issue opens with an article 
by Oscar Horta, where he examines the problem of evil in nature, that is, 
whether, in nature, disvalue outweighs value. The author claims that due to 
an evolutionary process in a context of resource scarcity, disvalue is indeed 
largely prevalent in the wild. Most animals that come into existence die 
shortly after birth and lead miserable lives. This situation, he concludes, 
gives us reasons to intervene in order to reduce such disvalue. 

Continuing with this discussion, Mikel Torres sets the moral case for 
intervening in nature to aid animals. He claims that once we reject specie-
sism and assume that we have a prima facie moral obligation to alleviate 
preventable and unjustified suffering, we are thereby committed to aiding 
animals in the wild harmed by natural phenomena. This conclusion, how-
ever, has been disputed from different perspectives, in particular, from 
within environmentalism. 

In the next article, Luciano Cunha provides an answer to one of the 
main environmentalist objections to intervention on behalf of animals. 
That is, if non-sentient natural entities have intrinsic value, it seems that 
we should not intervene in nature or at least that our reasons to intervene 
are considerably weak. For example, it is often claimed that we should not 
interfere with natural processes if that threatens the value of biodiversity. 
Or alternatively, that we should promote biodiversity, even when doing so 
clashes with individual well-being. 

In her paper, Julia M. Ramil rejects this conclusion. She examines the 
concept of diversity and assesses what kind of value diversity may have, if 
any. She concludes that even conceding that diversity has some value, in 
cases where actual harms exceed future benefits, that value is overridden 
by well-being. 

The second part of the issue starts with an interview with Professor 
Jeff McMahan. Jeff McMahan belongs to a small group of ethicists who 
work with the aim of making the world a better place. This has led him 
throughout his academic career to address a variety of neglected topics 
in moral philosophy. Such is the case of wild animal suffering and inter-
vention in nature. In this interview, Professor McMahan explains how he 
became acquainted with the topic and briefly explains why he believes it 
is quite clear that if animal suffering matters, then animal suffering caused 
by natural events matters to the same extent and should thus be prevented, 
whenever possible. This is indeed the argument that he develops on his 
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well know New York Times piece The Meat Eaters, where he addresses the 
suffering caused by carnivores on their prey. In the interview, McMahan 
extends his concern to other natural harms that affect animals living in the 
wild, such as disease or starvation. He also explains to us why he thinks 
environmentalist objections to benefiting animals in the wild are unsound 
and what can be done to increase awareness of this issue among philoso-
phers and the general public. 

Later, we present a debate between Stjin Bruers and Eze Paez. In his 
paper, Bruers aims at laying out an ethical principle that accounts for alleg-
edly widespread moral intuitions about the permissibility of some harmful 
natural events, most notably predation and r-selection, the reproductive 
strategy that prevails in nature. These events are to be allowed even though 
they cause great amounts of suffering to animals that live in the wild. 
Bruers presents such principle, which he calls the 3-N principle (natural-
ness, normality and necessity), as related to the intrinsic value of biodiver-
sity. It allows him to oppose intervention in the wild, even if great gains in 
terms of individual well-being could be achieved, whenever doing so would 
inflict a great loss in biodiversity. In his reply to Bruers, however, Eze Paez 
challenges this conclusion. Firstly he assesses the results of Bruers’ account 
regarding the sacrifice of both human and nonhuman interests, finding 
them highly unacceptable. Secondly, he shows that rejecting Bruers’ view 
on biodiversity has much more plausible consequences with respect to 
r-selection and the accidental killing of invertebrates.

This is followed by a report on Animal Ethics, a new organization dedi-
cated to increasing awareness of speciesism and its impact in all animals, 
including those living in the wild. Animal Ethics shares the background 
motivation of this volume by focusing its activity on providing information 
on, as well as producing academic research about, under-addressed topics 
in animal ethics, such as the one we are dealing with here. 

The issue ends with Adriano Maninno’s review of Zoopolis: a Politi-
cal Theory of Animal Rights, by Sue Donaldson and Will Kymlicka. As 
Maninno points out, Zoopolis has relocated the animal rights debate from 
the classic issue of the moral considerability of animals to the political dis-
cussion about our obligations towards the so called “sovereign communi-
ties” of animals living in the wild. The author argues that even though the 
main normative theses in Zoopolis are correct, it empirically underestimates 
the extent to which nature may actually work as a failed state and thus 
demand much more of us in terms of beneficial intervention. 

The second issue of the volume opens with a paper from Brian Tomasik 
about the importance of wild animal suffering. The author claims that given 
the huge amount of animals that exist in nature, all of those concerned with 
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nonhuman animals should focus their efforts on reducing the harms that 
take place in the wild. In fact, Tomasik concludes, our utmost priority 
should be to ensure that human intelligence, along with the sciences and 
technologies available in the future, will be used to prevent wild animal 
suffering, rather than to multiply it. 

The issue continues with David Pearce’s article A Welfare State for 
Elephants?. He claims that future human beings will eventually have the 
power to change life on earth. Thus, it is our moral responsibility to use 
that power to achieve a compassionate stewardship of nonhuman animal 
wild populations, whenever that becomes feasible. The article proceeds by 
examining such stewardship could work, taking elephants that live in the 
wild as a case study. It ends by disputing the rationality of the two major 
obstacles to this project. These are speciesism and the typical arguments 
from appeal to nature, employed as objections against intervening to help 
animals.

Next, Eze Paez challenges the widespread belief according to which 
the aim of preserving organisms or ecosystems can justify the infliction of 
suffering to nonhuman sentient beings, or the failure to prevent it. Paez 
explains that one way how this might be true would be if the mere exist-
ence of non-sentient entities had telic value. Nonetheless, he concludes, 
there are strong reasons to doubt that. 

In the last article of this section, Beril Sözmen offers us a relational 
account of our moral obligations towards animals living in the wild. The 
author claims that animal ethics, understood as a radical critique to anthro-
pocentrism, can greatly benefit from the non-analytic tradition, especially 
in refining the debate about our relational duties towards other animals. 
According to the author, this is particularly true regarding the question of 
intervention in nature. 

In the second part of this issue, Max Carpendale interviews Yew-
Kwang Ng about his work on evolutionary economics of animal con-
sciousness and suffering. Ng explains what welfare biology is and how 
evolutionary economics and population dynamics can help us to solve 
crucial problems when dealing with wild animal suffering. These include 
determining members of which species are sentient individuals capable of 
having a well-being of their own, ascertaining whether they enjoy positive 
or negative well-being or deciding how their well-being can be effectively 
increased, among many others. Ng also discusses the normative implica-
tions of the prevalence of wild animal suffering regarding what we have 
most reason to do. 

Subsequently, we present a debate between Professor Clare Palmer 
and Catia Faria. Drawing on her arguments in Animal Ethics in Context, 
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Palmer claims that we do not have an obligation to intervene in order to 
assist animals living in the wild since we do not normally have with those 
animals the kind of relationships that generates such obligations. Palmer 
believes that there are many cases, though, in which we should intervene. 
For example, when there has been prior human harm. Palmer’s position 
is then that intervention is permissible, but not normally required. In her 
reply, Catia Faria claims that Palmer’s account, however supportive of 
commonly shared intuitions does not seem capable of escaping three major 
problems. Firstly, it has unacceptable consequences for the human case. 
Secondly, in order to avoid the previous concern, it necessarily falls prey of 
speciesism. Finally, it assigns too high a value to relations. 

The volume ends with Daniel Dorado’s review of the literature on wild 
animal suffering and intervention in nature, ranging from Stuart Mill’s On 
Nature to the most relevant contemporary contributions to the topic.

The purpose of this volume is to address the vastly unexplored issue of 
wild animal suffering and intervention in nature, by challenging the belief 
that life in the wild is a “flat moral landscape” (Donaldson and Kymlicka 
2011). Though it is usually assumed that we have no obligations to prevent 
or reduce the natural harms that animals suffer in the wild, if nonhuman 
interests are relevant at all, it seems that the interests of wild animals should 
also be taken into account. There are a number of objections that might be 
put forward against this conclusion, though, the most relevant of which are 
discussed in detail throughout the volume. 

We believe that these two issues provide a rigorous and comprehensive 
overview of the academic discussion on the topic. In addition, we hope that 
they will contribute to raising awareness of the situation of animals living 
in the wild. Ultimately, we expect that it will stimulate further academic 
research about the moral consideration of nonhuman animals (in particu-
lar, wild animals) and the reasons to reject speciesism. 
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Field trial of a probiotic bacteria 
to protect bats from white-nose 
syndrome
Joseph R. Hoyt  1,2, Kate E. Langwig  2, J. Paul White3, Heather M. Kaarakka3, 
Jennifer A. Redell3, Katy L. Parise4,5, Winifred F. Frick1,6, Jeffrey T. Foster  4,5 & 

A. Marm Kilpatrick1

Tools for reducing wildlife disease impacts are needed to conserve biodiversity. White-nose syndrome 
(WNS), caused by the fungus Pseudogymnoascus destructans, has caused widespread declines in North 
American bat populations and threatens several species with extinction. Few tools exist for managers 
to reduce WNS impacts. We tested the efÏcacy of a probiotic bacterium, Pseudomonas fluorescens, to 
reduce impacts of WNS in two simultaneous experiments with caged and free-flying Myotis lucifugus 

bats at a mine in Wisconsin, USA. In the cage experiment there was no difference in survival between 
control and P. fluorescens-treated bats. However, body mass, not infection intensity, predicted 
mortality, suggesting that within-cage disturbance influenced the cage experiment. In the free-flying 
experiment, where bats were able to avoid conspecific disturbance, infection intensity predicted 
the date of emergence from the mine. In this experiment treatment with P. fluorescens increased 

apparent overwinter survival five-fold compared to the control group (from 8.4% to 46.2%) by delaying 
emergence of bats from the site by approximately 32 days. These results suggest that treatment of bats 
with P. fluorescens may substantially reduce WNS mortality, and, if used in combination with other 
interventions, could stop population declines.

White-nose syndrome (WNS), caused by the introduced fungal pathogen, Pseudogymnoascus destructans, has 
caused widespread declines in bat populations throughout eastern and central North America and threatens 
several species with extinction1–6. !ree species (Myotis lucifugus, Myotis sodalis, and Perimyotis sub!avus) have 
declined by 70–90% across multiple states, and a fourth species, Myotis septentrionalis, has been extirpated from 
most sites within three years of WNS detection2,3,7, in part, due to highly connected bat communities8. Although 
a few populations of M. lucifugus appear to be persisting at 10–25% of pre-WNS colony sizes, most colonies of 
this species have declined by >90%7,9. Several previously common species of hibernating bats are now relatively 
rare across large regions of the northeast USA2,7,10. Management interventions to reduce the impact of WNS on 
bat populations are needed to prevent further declines and restore bat populations.

Over the past seven years, several treatments for WNS have been explored and are in various stages of devel-
opment. Potential treatments to enable bats to survive hibernation have included volatile compounds released by 
bacteria, vaccination, chemical anti-fungals, and probiotic microbes (Table S1). However, the results of most lab 
and #eld trial studies have not been published, and there are currently no published reports of e$ective treatments 
from #eld trials (Table S1). !us, at present, there are few tools for managers to reduce the impacts of WNS, and 
developing control options to reduce the severity of this disease among bats is a high priority11,12.

Our goal was to determine the e%cacy of a probiotic bacterial treatment, Pseudomonas !uorescens, in reducing 
WNS mortality in a #eld setting. Pseudomonas !uorescens is a ubiquitous bacterial species complex that is used 
as a fungal biocontrol agent in agriculture, and has been tested as a treatment for chytridiomycosis in amphib-
ians13–15. A previous study on multiple isolates of P. !uorescens isolated from di$erent species of bats showed 
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a range of anti-P. destructans properties in vitro16. One strain, isolated from a hibernating Eptesicus fuscus in 
Virginia, reduced the number of lesions and increased survival of little brown bats when applied at the time of 
infection in a laboratory in vivo trial17.

We performed a #eld trial with two simultaneous experiments to balance the strengths and weaknesses of each 
approach. In the free-&ying experiment, we treated bats and attached a passive integrated transponder (PIT) tag 
to each bat to determine the date it emerged from the site. !is experiment allowed bats to move freely through-
out the site and roost wherever they chose. However, there was additional uncertainty in determining the survival 
of free &ying bats. Bats might die at the site and be eaten by predators, escape from the site by an unknown exit 
and not be detected by the PIT tag receiver, or move to another site midwinter and survive at that site. To balance 
these unknowns, we also performed an experiment with bats in cages. Placing bats in cages, as has been done 
in most in vivo experiments to date1,17–19, prevents bats from leaving the site and provides certainty about the 
survival of each bat. However, caging bats alters their behavior (e.g. bats cannot select their roosting location 
and microclimate, and bats in the same cage may be disturbed when other bats arouse from hibernation20), and 
placing all bats in a treatment within a single cage results in pseudo-replication.

Results
On the day of treatment, P. destructans infection prevalence, fungal loads and weights of bats were very similar 
among control and treatment groups in both experiments, suggesting that randomization of bats among treat-
ment groups was successful (Fig. 1). In addition, infection prevalence and fungal loads in November were very 
similar to loads observed on M. lucifugus at other sites where the fungus has been present for at least one previous 
winter21,22.

Free-flying experiment. Of the 44 bats we treated, only one bat (from the control group) appeared to 
have le' the site due to the disturbance of being handled/treated (it was detected by the PIT tag reader on the 
day of treatment November 20, 2015 and never again). We detected 13 of 29 bats in the control and P. !uo-
rescens treatment groups on the PIT tag reader between December 9, 2015 and April 17, 2016. Six of seven P. 
!uorescens-treated bats, and one of six control bats le' the site on or a'er the assumed overwinter survival date 
of March 8, 2016; the rest emerged earlier and we assumed they died (Fig. 2). We also found two additional bat 
carcasses from the control group inside the site. !e fraction of bats known to be alive and detected by the PIT 
tag reader a'er March 8 (apparent overwinter survival) was 46.2% (6/13) for P. !uorescens-treated bats, which 
was signi#cantly higher than 8.5% (1/12) for control bats (Fig. 3; the remaining 7 bats had lost their PIT tag; see 
Methods).

!e last date a bat was detected on the PIT tag reader was over a month later for P. !uorescens-treated bats 
than control bats, and, overall, was earlier for bats with higher fungal loads in November (Fig. 4). We did not com-
pare di$erences in fungal loads or UV-&uorescence among treatment groups in March for bats in the free-&ying 
experiment because only three bats were found and recaptured when we visited the site on March 8. !e remain-
ing bats were likely in di%cult-to-access portions of the mine.

Cage experiment. On March 8th, 2016, four of 15 (26%) bats in the P. !uorescens cage and four of 15 (26%) 
bats in the control group cage were still alive; the others were dead (Fig. 5). Survival to March 8 was higher for 
bats with higher November body mass (which did not di$er between treatment groups; Fig. 1) (Fig. 6C). Unlike 
in the free-&ying experiment, P. destructans fungal loads in November were not a signi#cant predictor of sur-
vival (P = 0.60). Most of the bats still alive in the cages were in very poor condition, and only one of the eight 
bats (from the control group) that survived to March 8 and was released was subsequently detected by the PIT 
tag reader (Fig. 5). Secondary measures of disease severity (Fig. 6A: fungal loads on bats in March and Fig. 6B: 
disease severity, as measured by UV-&uorescence) from the cage experiment showed non-signi#cant di$erences 
among groups.

Discussion
White-nose syndrome has caused widespread declines in multiple species of bats throughout eastern and cen-
tral North America, with declines in M. lucifugus colonies in the #rst year of WNS detection averaging 79%2,3. 
Survival of untreated bats in the free-&ying experiment was similarly severe, with 91% (95% CI: 62, 99%) of con-
trol bats likely dying over the winter. In the free-&ying experiment, treatment with the probiotic, P. !uorescens, 
increased apparent overwinter survival more than #ve-fold by extending the last date of detection by a month 
into early spring. Although over half of P. !uorescens-treated bats still likely died from WNS over the winter, the 
e$ect of treatment was substantial.

Our results suggest that P. !uorescens could be a useful tool for reducing WNS impacts on bat populations, 
especially if treatment e%cacy could be improved. One potentially important factor contributing to e%cacy, based 
on work in other systems, is bacterial persistence and proliferation following treatment23. Increasing persistence 
and growth of P. !uorescens on bats by altering the dosage, or treatment frequency, or adding components to P. 
!uorescens solutions to encourage the formation of bio#lms could help increase treatment e%cacy, assuming 
these alterations would not have deleterious side e$ects23. In addition, previous in vitro studies suggested that 
many di$erent strains of P. !uorescens have anti-P. destructans e$ects16. Future studies could examine alternate 
strains of P. !uorescens or other bacteria isolated from di$erent populations (e.g., persisting populations of M. 
lucifugus9) or other species of bats (the strain in this study was isolated from E. fuscus;16).

!e e$ect of P. !uorescens in reducing WNS impacts on other species has yet to be tested. !e most impor-
tant species to protect from WNS is M. septentrionalis, which su$ers nearly 100% mortality, and is on a pathway 
toward extinction2. To date, no treatments have been developed for or tested on this species in either the lab or 
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#eld. !is is despite M. septentrionalis being the most heavily a$ected by WNS, with few hibernacula still contain-
ing this species in the US2,7,24.

Our results o$er potential insights for the experimental design of #eld trials aimed at reducing WNS mortality 
in hibernating bats. Researchers o'en have to choose between cage-artifacts and concerns about bats leaving the 
site following treatment and uncertainty in the survival outcome for free-&ying bats. Our data suggest that the 
free-&ying experiment was a better experimental design than the cage experiment, despite some challenges. Bats 
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Figure 1. Bat body mass (A), P. destructans prevalence (B), and fungal loads (C) of M. lucifugus in November 
in two treatment groups (control (CO), and P. !uorescens (PF). !ere were 14–16 bats in each of the four 
treatment-experiment groups. !ere were no signi#cant di$erences among treatment groups in fungal loads, 
prevalence or body mass in November (likelihood ratio-tests for treatment e$ect in linear models of mass, 
generalized linear models with a binomial distribution for prevalence, and linear models for log-transformed 
fungal loads: all P-values > 0.57).
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in the free-&ying experiment were able to roost and behave normally, and only one of 44 bats le' the site on the 
day of the experiment, suggesting that the disturbance of handling and treatment are unlikely to compromise 
experiments if treatment can be done quickly (treatment, weighing and banding required ~65 minutes under-
ground in this study). In addition, apparent survival was higher for bats with lower November fungal loads (i.e., 
loads were positively correlated with emergence date), as would be expected if bats were dying from WNS24, 
suggesting that WNS was the dominant source of mortality in the free-&ying experiment. If bats were leaving 
the site due to disturbance, or simply to move between hibernacula, one would not expect a correlation between 
fungal loads and emergence date. !e main challenge of the free-&ying experiment was uncertainty associated 
with the fate of animals that were never detected by the PIT tag reader and not found dead within the site. 
However, as noted above, the extent of mortality in control bats inferred in the free-&ying experiment was con-
sistent with WNS declines observed in other populations of M. lucifugus. !is supports the assumption that most 
bats that were not detected by the PIT tag reader a'er March 8 did not survive the winter. One #nal challenge 
with free-&ying experiments is that treatment substances might be transferred among bats in di$erent treatment 
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Figure 3. Apparent overwinter survival of bats in the free-&ying experiment. Columns show the fraction of 
bats in each treatment group that were known to be alive and detected by the PIT tag reader on or a'er March 
8 (with binomial 95% CI; sample sizes for each group, le' to right, were 13, 12; the remaining 7 bats had lost 
their PIT tag; see Methods). Survival among treatments was signi#cantly di$erent (P. !uorescens – treated bats 
had higher apparent survival than the control group (Fisher’s exact test: one-tailed P = 0.046; logistic regression 
coef. = 2.24 ± 1.18, z = 1.896, one-tailed P = 0.029).
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groups (e.g., probiotic bacteria might be transferred from treated to control bats) and this could reduce the mag-
nitude of treatment e$ects observed.

!e cage experiment su$ered from several shortcomings that, in hindsight, indicate this was a problem-
atic design that should be modified if used in the future. In our experiment, we placed all the bats in each 
treatment into a single cage due to limited availability of space for mounting cages to natural substrate in a 
predator-protected room, and to allow social bats to roost in groups. !is resulted in pseudo-replication in this 
experiment, as in most previous laboratory studies on WNS1,17–19. !is is particularly problematic for studies 
of WNS, because in small cages bats appear to disturb other bats when they arouse from hibernation20, and 
increased arousal frequency is thought to be a key mechanism of WNS mortality1,25,26. !e fact that survival in the 
cage experiment was correlated with initial body mass, but not fungal loads, suggests that disturbance from other 
bats, or an inability to move to other locations within hibernacula, was more important than WNS in determining 
survival in this experiment.

Together, these results indicate that the ideal design for a #eld trial (and for WNS challenge experiments more 
generally) is a free-&ying experiment with mixed treatment groups in each site where bats have to pass through 
a PIT tag antenna to leave the site or are prevented from leaving the site (e.g. by sealing entrances, which may 
be very di%cult). Sites where dead bats are relatively easy to #nd and are not eaten by predators (e.g. mice, rats, 
raccoons, or skunks) would reduce uncertainty in survival outcomes. Alternatively, if the site entrance(s) cannot 
be adequately covered with a PIT tag antenna, one should use replicated cages (constructed of metal, to prevent 
mice from chewing into the cages) with a small number of bats in each cage (one for bats that usually roost alone; 
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a few for bats that roost in groups) to reduce cascading disturbances from infected bats. In addition, barriers 
to prevent larger predators (e.g. raccoons, skunks) from accessing the cages and eating the bats are an absolute 
necessity. Cages are not ideal in that they limit bats’ movement within sites, and individual bats within cages are 
pseudo-replicates (and thus need to be analyzed appropriately), but they o$er higher certainty in terms of know-
ing the survival of each individual.

In conclusion, our results suggest that P. !uorescens could be a useful tool for reducing WNS impacts, and 
pairing P. !uorescens treatment with other approaches could stop species declines due to WNS11. Potential strat-
egies that could be combined with treatment include reducing the environmental reservoir of P. destructans3,27, 
protecting and facilitating growth of populations of M. lucifugus that are now persisting with WNS, and improv-
ing summer and fall habitat for bats to increase reproductive success and fat storage for hibernation that would 
enable bats to better tolerate infection21,28. Increasing survival and reproduction could facilitate the evolution of 
resistance or tolerance which would eliminate the need for perpetual management action29. Finally, any strategy 
which slows or stops the very rapid local extirpations of M. septentrionalis colonies is urgently needed to prevent 
this species from extinction.

Methods
We performed the #eld trial on M. lucifugus bats in the winter of 2015–16 at an inactive mine in southwest 
Wisconsin where P. destructans was detected the previous winter 2014–15. !e mine has one large (~3 m tall by 
5 m wide) entrance that was gated several years earlier, and a single smaller entrance that was sealed with a #ne 
mesh metal screen the year of the gating. We selected a hibernacula where P. destructans had been detected the 
previous year because lab trials with P. !uorescens indicated that treating bats at the time of infection was more 
bene#cial than treatment prior to infection17, and previous work suggests that most bats become infected early 
in the second year following P. destructans invasion, likely due to establishment of an environmental reservoir3. 
!ere were 226 M. lucifugus at the site in November 2014, before P. destructans was detected, but the colony 
had declined to 82 bats by March 2015. !e average temperature where M. lucifugus roosted at this site was 
7.0 °C ± 0.4 °C.

We screened 55 samples for P. !uorescens by PCR from bats collected in the winter of 2014–15 to con#rm that 
P. !uorescens naturally occurred on bats found in the site to address concerns regarding using a live bacterium as 
a treatment. We found DNA from P. !uorescens or closely-related relatives present in 20% of samples and from all 
four species sampled (Little brown myotis (Myotis lucifugus), Northern long-eared myotis (Myotis septentriona-
lis), Tri-colored bat (Perimyotis sub!avus), and Big brown bat (Eptesicus fuscus)).
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Figure 6. P. destructans (A) fungal loads, and (B) disease severity (UV) for bats in the cage experiment that 
survived to March 8, and (C) di$erences in November mass between bats in the cage experiment that survived 
to March 8, or died. (A) March fungal loads did not di$er among treatment groups (treatment e$ect in model 
of log-transformed fungal loads: P = 0.77). (B) Disease severity (ultraviolet &uorescence) was not signi#cantly 
di$erent for P. !uorescens-treated bats than control bats (regression on arc-sin sqrt transformed data: control 
vs. P. !uorescens: coef = 0.017 ± 0.073, z = 0.234, P = 0.82). (C) Bats that were heavier in November had a 
higher probability of survival (logistic regression (reference group: control): Intercept: 20.1 ± 7.0; Body mass: 
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In September 2015 we installed a PIT-tag reader (IS1001 and HPR reader, Biomark Inc., Boise, ID) at the site 
entrance (Fig. S1), and 3 metal screen cages (46 × 30 × 51 cm Fresh Air Screen Habitat, Zilla Products, Franklin, 
WI, USA) in a small chamber in the back of the mine where bats roosted in previous winters. We removed the top 
of each cage and mounted cages directly to the ceiling to allow bats direct access to the ceiling for roosting, and 
to allow for natural infection and reinfection. We also installed chicken wire with a hinged gate at the entrance of 
the cage room to prevent large predators (e.g. raccoons, skunks) from entering.

We brie&y visited the site on Nov 16, 2015 (total time underground 14 minutes) to count the number of bats 
present and to assess the P. destructans-infection status of the bats at the site. We counted approximately 95 M. 
lucifugus and sampled six of them by dipping a sterile polyester swab in sterile water to moisten it and then rub-
bing the swab #ve times across both the forearm and muzzle of a bat22. We tested these samples for P. destructans 
DNA using qPCR30, and all six samples tested positive.

We returned to the site for the experimental treatment on Nov 20, 2015. We sealed o$ the entrance to the 
site (Fig. S1) using #ne mesh cloth to prevent bats from leaving the site during the treatment. We collected all 
M. lucifugus we could #nd at the site (89 bats; 23 females and 66 males) and placed them individually in paper 
bags and brought them to a processing station near the entrance of the site. We weighed bats to the nearest 0.1 g 
with an electronic scale. We did not take a length measurement (e.g. forearm) to minimize handling time and 
disturbance. Recent work has shown that body mass is equally accurate in predicting fat stores (as measured by 
quantitative magnetic resonance) as body condition indices31. We sampled bats for P. destructans as described 
above and banded each bat with an aluminum band (2.9 mm; Porzana Ltd., Icklesham, E. Sussex, U.K.), that had 
a PIT tag attached (see Supplemental Methods text).

We randomly assigned bats to each of three treatment groups: control (N = 29 bats), P. !uorescens (31 bats), 
and a third treatment that will be reported elsewhere (29 bats). We treated each bat by spraying ~2 ml of a solution 
containing P. !uorescens (see Supplemental Methods text) on their wings and tail with a spray bottle (FantaSea, 
Blaine, WA). For control bats we replicated the handling disturbance but did not spray any liquid onto bats 
because our treatment could only be applied in liquid form and the goal of our study was to determine the e$ect 
of treatment compared to untreated bats. We split bats in each treatment group into the two experiments based 
on a power analysis (Fig. S2) – cage (15 for each treatment group in a single cage for each treatment; 5 females and 
10 males per cage) and free-&ying (16, and 14 bats in the P. !uorescens and control groups, respectively). A'er 
treatment, bats were released into cages or into the site onto a recovery cloth ~75 m away from the processing 
station. We removed the mesh from the site entrance so bats could freely pass through the opening surrounded 
by the PIT tag antenna (Fig. S1). We blocked o$ the rest of the entrance with screening to discourage bats from 
attempting to leave the site without passing by the PIT tag antenna. !e total time underground was 65 minutes.

We returned to the site on March 8, 2016. We removed all the bats from the cages and captured all free-&ying 
bats we could #nd (some portions of the site are inaccessible). Each bat was swabbed as described above, and one 
wing was photographed under ultraviolet (UV) light to measure an index of disease severity32,33. We then released 
all bats into the site. We downloaded data from the PIT tag reader on July 30, 2016 to determine the dates that bats 
with PIT tags were detected by the PIT tag reader. We note that detection by the PIT tag reader does not indicate 
the direction of travel when a bat is detected by the PIT tag reader (i.e. into or out of the mine). It only indicates 
that the bat was alive on that date and passed near (within ~15–20 cm) the PIT tag antennae.

When processing bats from the cage experiment, we noted that #ve of 16 (31%) of the PIT tags had become 
detached from the bands on the bats. As a result, we subsequently searched the site when no bats were present 
with a handheld PIT tag reader to determine whether free-&ying had also lost their PIT tags. We found seven PIT 
tags that were not attached to bands, suggesting that known PIT tag loss in the free-&ying group (seven of 24, 
or 29.2% of the bats that were never recorded on the PIT tag reader) was similar to that in the cage experiment 
(31%). !ere may have been additional bats in the free-&ying group that lost their PIT tags (making our survival 
calculations underestimates), but there is no evidence that PIT tag loss di$ered by treatment group (cage and 
free-&ying groups combined: P. !uorescens 4/31, control 4/29; Fisher’s exact test P = 0.93). We removed the bats 
who had lost their PIT tags (three P. !uorescens, one control) from analyses for the free-&ying group since we 
could not detect them on the PIT tag reader. We added a new band with a PIT tag to any bat from the cage trial 
that had lost its PIT tag or band.

We determined the e%cacy of the treatments by comparing apparent overwinter survival of bats in the treat-
ments, with and without accounting for di$erences in initial individual fungal loads and body mass. We assumed 
bats that were never detected by the PIT tag reader died in the site because our PIT tag reader antennae provided 
full coverage of the entrance and had su%cient sensitivity to detect tags on &ying bats. We assumed that any bats 
alive and detected by the PIT tag reader on or a'er March 8, 2016 had survived the winter (which we term “appar-
ent overwinter survival”). We used March 8 as a cut-o$ for apparent overwinter survival because a'er March 8, 
2016 surface temperatures near the mine were consistently above 2 °C (Fig. 1). Bats detected by the PIT tag reader 
prior to March 8, and never again, were assumed to have died or permanently emigrated. We searched all known 
sites within 50 km for banded bats and did not #nd any, suggesting that emigration to known sites was low.

We compared the latest date a bat was detected by the PIT tag reader between treatments as a continuous 
response variable of the last date a bat was known to be alive, while controlling for fungal loads and mass meas-
ured in November. Finally, we examined di$erences among treatment groups in UV &uorescence among indi-
viduals surviving the cage experiment, as an indicator of disease severity. We hypothesized that bats treated with 
P. !uorescens would have higher survival, have a later last detection by the PIT tag reader date, and lower UV 
&uorescence than the control group. We further hypothesized that apparent overwinter survival would increase 
with initial body mass and lower initial fungal loads in both experiments.

All research was performed as described under protocol Kilp1509 approved by the University of California, 
Santa Cruz’s IACUC committee. !e work was exempt from FDA licensing, under regulation 21CFR 511.1.
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Data Availability
!e datasets generated during the current study are available from the corresponding authors on reasonable 
request.
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1. IQWURGXFWLRQ 

A VWULNLQg facW abRXW WKe KLVWRU\ Rf cLYLOLVaWLRQ LV MXVW KRZ eaUO\ Ze aUe LQ LW. TKeUe aUe 5000                   
\eaUV Rf UecRUded KLVWRU\ beKLQd XV, bXW KRZ PaQ\ \eaUV aUe VWLOO WR cRPe? If Ze PeUeO\ OaVW                  
aV ORQg aV WKe W\SLcaO PaPPaOLaQ VSecLeV, Ze VWLOO KaYe 200,000 \eaUV WR gR; WKeUe aUe a                 
fXUWKeU RQe bLOOLRQ \eaUV XQWLO WKe EaUWK LV VWeULOL]ed b\ WKe SXQ; aQd WULOOLRQV Rf \eaUV XQWLO WKe                  
OaVW cRQYeQWLRQaO VWaU fRUPaWLRQV. EYeQ RQ WKe PRVW cRQVeUYaWLYe Rf WKeVe WLPeOLQeV, Ze KaYe              
SURgUeVVed WKURXgK a WLQ\ fUacWLRQ Rf UecRUded KLVWRU\. If KXPaQLW\¶V Vaga ZeUe a QRYeO, Ze               
ZRXOd VWLOO be RQ WKe YeU\ fLUVW Sage. 

NRUPaOO\, Ze Sa\ VcaQW aWWeQWLRQ WR WKLV facW. PROLWLcaO dLVcXVVLRQV aUe ceQWeUed aURXQd WKe              
KeUe aQd QRZ, fRcXVed RQ WKe OaWeVW VcaQdaO RU WKe Qe[W eOecWLRQ. WKeQ a SXQdLW WaNeV a                 
µORQg-WeUP¶ YLeZ, WKe\ WaON abRXW WKe Qe[W fLYe RU WeQ \eaUV. We eVVeQWLaOO\ QeYeU WKLQN abRXW                
KRZ RXU acWLRQV WRda\ PLgKW LQfOXeQce cLYLOLVaWLRQ LQ KXQdUedV Rf WKRXVaQdV Rf \eaUV KeQce. 

We beOLeYe WKaW WKLV QegOecW Rf WKe YeU\ ORQg-WeUP fXWXUe LV a gUaYe PRUaO eUURU. AQ                1

aOWeUQaWLYe SeUVSecWLYe LV gLYeQ b\ a bXUgeRQLQg YLeZ caOOed ​longtermism ​, RQ ZKLcK Ze             2

VKRXOd be SaUWLcXOaUO\ cRQceUQed ZLWK eQVXULQg WKaW WKe ORQg-UXQ fXWXUe gReV ZeOO. IQ WKLV              
aUWLcOe Ze acceSW WKLV YLeZ bXW gR fXUWKeU, aUgXLQg WKaW LPSacWV RQ WKe ORQg UXQ aUe WKe ​most                  
LPSRUWaQW feaWXUe Rf RXU acWLRQV. MRUe SUecLVeO\, Ze aUgXe fRU WZR cOaLPV.  

A[LRORJLFaO VWURQJ ORQJWHUPLVP (AL) ​: IQ a ZLde cOaVV Rf decLVLRQ VLWXaWLRQV, WKe            
RSWLRQ WKaW LV ​ex ante ​beVW LV cRQWaLQed LQ a faLUO\ VPaOO VXbVeW Rf RSWLRQV ZKRVe ​ex                 
ante ​effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe aUe beVW. 

DHRQWLF VWURQJ ORQJWHUPLVP (DL​): IQ a ZLde cOaVV Rf decLVLRQ VLWXaWLRQV, WKe RSWLRQ             
RQe RXgKW, e[ aQWe, WR cKRRVe LV cRQWaLQed LQ a faLUO\ VPaOO VXbVeW Rf RSWLRQV ZKRVe ​ex                 
ante ​effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe aUe beVW. 

B\ ³WKe RSWLRQ ZKRVe effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe aUe beVW´, ZKaW Ze PeaQ LV ³WKe                 
RSWLRQ ZKRVe effecWV RQ WKe fXWXUe ​from time t onwards aUe beVW´, ZKeUe W LV a VXUSULVLQgO\                 
ORQg WLPe fURP QRZ (Va\, 100 RU eYeQ 1000 \eaUV). TKe Ldea, WKeQ, LV WKaW fRU WKe SXUSRVeV Rf                   
eYaOXaWLQg acWLRQV, Ze caQ LQ WKe fLUVW LQVWaQce RfWeQ ​simpl\ ignore aOO WKe effecWV cRQWaLQed LQ                
WKe fLUVW 100 (RU eYeQ 1000) \eaUV, fRcXVVLQg SULPaULO\ RQ WKe fXUWKeU-fXWXUe effecWV. SKRUW-UXQ              
effecWV acW aV OLWWOe PRUe WKaQ WLe-bUeaNeUV. 

NRWe WKaW bRWK AL aQd DL aUe SKUaVed LQ ​ex ante WeUPV. AL cRQceUQV ​ex ante ​a[LRORg\. If                  
e[SecWed YaOXe WKeRU\ LV WKe cRUUecW accRXQW Rf KRZ WR RUdeU XQceUWaLQ SURVSecWV LQ WeUPV Rf                
WKeLU beWWeUQeVV WKeQ, gLYeQ AL, WKe ​ex ante ​beVW acWLRQ ZRXOd be RQe ZKRVe SRVVLbOe effecWV                
RQ WKe YeU\ ORQg-UXQ fXWXUe dR PRVW (RU QeaUO\ WKe PRVW) WR LQcUeaVe e[SecWed YaOXe.               

1 IW LV XVefXO WR cRQVLdeU a SUXdeQWLaO aQaORgXe: Lf Ze ZeUe WR OLYe XQWLO WKe EaUWK ZeUe QR ORQgeU KabLWabOe, KRZ                      
PXcK aWWeQWLRQ ZRXOd LW be SUXdeQWLaOO\ UaWLRQaO fRU XV WR Sa\ WR eQVXULQg WKe YeU\ ORQg-UXQ fXWXUe gReV ZeOO?                   
PUeVXPabO\, faU PRUe WKaQ Ze ZRXOd dR QRZ.  
2 See MacAVNLOO (2019) fRU a dLVcXVVLRQ Rf WKLV Ldea.  

 



 

HRZeYeU, WKe ORQgWeUPLVW cOaLP dReV QRW eVVeQWLaOO\ SUeVXSSRVe e[SecWed YaOXe WKeRU\; Ze            
bULefO\ cRQVLdeU VRPe aOWeUQaWLYeV LQ VecWLRQ 4. SLPLOaUO\, fRU DL, WKe µRXgKW¶ LQ TXeVWLRQ LV               
WKe µVXbMecWLYe¶ RXgKW: WKe RQe WKaW LV PRVW UeOeYaQW fRU acWLRQ-gXLdaQce, aQd LV UeOaWLYe, LQ               
VRPe VeQVe, WR WKe beOLefV WKaW WKe decLVLRQ-PaNeU RXgKW WR KaYe.  3

WKLcK decLVLRQ VLWXaWLRQV faOO ZLWKLQ WKe VcRSe Rf RXU cOaLPV? IQ WKe fLUVW LQVWaQce, Ze aUgXe                
WKaW WKe fROORZLQg LV RQe VXcK caVe:  4

TKH FaXVH-QHXWUaO SKLOaQWKURSLVW. ​SKLYaQL KaV $10,000. HeU aLP LV WR VSeQd WKLV            
PRQe\ LQ ZKaWeYeU Za\ ZRXOd PRVW LPSURYe WKe ZRUOd, aQd VKe LV RSeQ WR              
cRQVLdeULQg aQ\ SURMecW aV a PeaQV WR dRLQg WKLV. 

TKe bXON Rf WKe SaSeU LV deYRWed WR defeQdLQg WKe cOaLP WKaW WKLV VLWXaWLRQ LV ZLWKLQ WKe VcRSe                  
Rf a[LRORgLcaO VWURQg ORQgWeUPLVP; LQ WKe fLQaO WZR VecWLRQV Ze geQeUaOLVe WKLV WR a ZLdeU               
UaQge Rf decLVLRQ VLWXaWLRQV. 

TKe VWUXcWXUe Rf WKe SaSeU LV aV fROORZV. IQ VecWLRQ 2 Ze RXWOLQe a SOaXVLbLOLW\ aUgXPeQW fRU                 
a[LRORgLcaO VWURQg ORQgWeUPLVP. IQ RXU YLeZ, WKe PRVW LPSRUWaQW UeVSecW LQ ZKLcK WKe             
SOaXVLbLOLW\ aUgXPeQW faOOV VKRUW Rf a SURRf LV WKaW LW dReV QRW VKRZ WKaW, aV a PaWWeU Rf                  
ePSLULcaO facW, aWWePSWLQg WR LQfOXeQce WKe cRXUVe Rf WKe YeU\ ORQg-UXQ fXWXUe LV aW aOO WUacWabOe.                
SecWLRQ 3 LV deYRWed WR defeQdLQg WKe cUXcLaO WUacWabLOLW\ cOaLP.  

IQ VecWLRQV 2 aQd 3, Ze ZLOO aW WLPeV KeOS RXUVeOYeV WR VRPe SRSXOaU bXW cRQWURYeUVLaO                
a[LRORgLcaO aQd decLVLRQ-WKeRUeWLc aVVXPSWLRQV (VSecLfLcaOO\, WRWaO XWLOLWaULaQLVP aQd e[SecWed         
XWLOLW\ WKeRU\). TKLV, KRZeYeU, LV PaLQO\ fRU eOegaQce Rf e[SRVLWLRQ. SecWLRQ 4 cRQdXcWV WKe              
cRUUeVSRQdLQg VeQVLWLYLW\ aQaO\VeV, aQd aUgXeV WKaW SOaXVLbOe Za\V Rf deYLaWLQg fURP WKeVe            
aVVXPSWLRQV aUe XQOLNeO\ WR XQdeUPLQe WKe aUgXPeQW. SecWLRQ 5 aUgXeV WKaW, ZKLOe fRU             
cRQcUeWeQeVV Ze KaYe fRcXVVed RQ WKe caVe Rf WKe caXVe-QeXWUaO SKLOaQWKURSLVW, Lf a[LRORgLcaO             
VWURQg ORQgWeUPLVP LV WUXe Rf WKaW decLVLRQ cRQWe[W WKeQ LW LV aOVR OLNeO\ WR be WUXe Rf a faLUO\                   
ZLde YaULeW\ Rf RWKeU decLVLRQ cRQWe[WV (ZKeUe caXVe-QeXWUaOLW\ LV abVeQW, aQd/RU ZKeUe WKe             
decLVLRQ LV QRW RQe Rf KRZ WR VSeQd PRQe\). 

3 IW LV ZLdeO\ agUeed WKaW eLWKeU LW LV XVefXO WR dLVWLQgXLVK beWZeeQ RbMecWLYe aQd VXbMecWLYe VeQVeV Rf µRXgKW¶                   
(EZLQg 1948, SS.118-22; BUaQdW 1959, SS.360-7; ​RXVVeOO 1966; PaUfLW 1984, S.25; PRUWPRUe 2011; DRUVe\ 2012,               
OOVeQ 2017, GLbbaUd 2005, PaUfLW 2011), RU µRXgKW¶ LV XQLYRcaO aQd VXbMecWLYe (PULcKaUd 1932, RRVV 1939 S.139,                 
HRZaUd-SQ\deU 2005, ZLPPeUPaQ 2006, ZLPPeUPaQ 2008, MaVRQ 2013). OXU dLVcXVVLRQ SUeVXSSRVeV WKaW RQe             
Rf WKeVe dLVMXQcWV LV cRUUecW. A PLQRULW\ Rf aXWKRUV KROdV WKaW µRXgKW¶ LV XQLYRcaO aQd RbMecWLYe (MRRUe 1912                  
SS.88-9; MRRUe 1903 SS.199-200, 229-230; RRVV 1930, S.32; TKRPVRQ 1986, SS. 177-9; GUaKaP 2010; B\NYLVW               
2011); accRUdLQg WR WKLV OaWWeU YLeZ, WKeUe LV QR cRKeUeQW TXeVWLRQ Rf deRQWLc VWURQg ORQgWeUPLVP LQ WKe YLcLQLW\                  
Rf WKe WKeVLV Ze aWWePSW WR dLVcXVV. SLPLOaUO\ (bXW OeVV dLVcXVVed), RQe PLgKW be VNeSWLcaO Rf WKe QRWLRQ Rf e[ aQWe                     
a[LRORg\; agaLQ, RXU dLVcXVVLRQ SUeVXSSRVeV WKaW aQ\ VXcK VNeSWLcLVP LV PLVgXLded. 
4 NRWe WKaW SKLYaQL Qeed QRW be a ​private ​SKLOaQWKURSLVW. SKe cRXOd eTXaOO\ be LQ cKaUge Rf VRPe gRYeUQPeQWaO RU                    
LQWeUgRYeUQPeQWaO SRW Rf UeVRXUceV, SURYLded WKaW WKe UePLW Rf WKaW SRW LV caXVe-QeXWUaO, L.e. WKe UePLW LV VLPSO\ WR                   
Pa[LPLVe WKe gRRd, UaWKeU WKaQ (Va\) WR RSWLPLVe WKe KeaOWK RU WUaQVSRUW V\VWeP. GLYeQ RXU VWLSXOaWLRQ abRXW WKe                  
cRQWeQW Rf SKLYaQL¶V aLP, LW LV aOPRVW WULYLaOO\ WKe caVe WKaW Lf a[LRORgLcaO VWURQg ORQgWeUPLVP LV WUXe Rf SKLYaQL¶V                   
decLVLRQ VLWXaWLRQ, WKeQ VR aOVR LV deRQWLc VWURQg ORQgWeUPLVP. We dLVcXVV caVeV LQ ZKLcK WKe cRQQecWLRQ                
beWZeeQ a[LRORgLcaO aQd deRQWLc VWURQg ORQgWeUPLVP LV OeVV dLUecW LQ VecWLRQ 5. 

 



 

TKXV faU, RXU dLVcXVVLRQ ZLOO KaYe beeQ e[cOXVLYeO\ fRcXVVed RQ a[LRORgLcaO VWURQg            
ORQgWeUPLVP. SecWLRQ 6 WXUQV WR WKe TXeVWLRQ Rf deRQWLc VWURQg ORQgWeUPLVP. TKeUe, Ze aUgXe              
WKaW accRUdLQg WR aQ\ SOaXVLbOe QRQ-cRQVeTXeQWLaOLVW PRUaO WKeRU\, RXU dLVcXVVLRQ Rf           
a[LRORgLcaO VWURQg ORQgWeUPLVP aOVR VXffLceV WR eVWabOLVK deRQWLc VWURQg ORQgWeUPLVP. SecWLRQ           
7 VXPPaULVeV.  

TKe aUgXPeQW LQ WKLV SaSeU KaV VRPe SUecedeQW LQ WKe OLWeUaWXUe. NLcN BRVWURP (2003) KaV               
aUgXed, RQ WKe baVLV Rf WKe YaVW QXPbeU Rf SeRSOe ZKR ZRXOd OLYe LQ WKe fXWXUe Lf cLYLOLVaWLRQ                  
VeWWOeV WKe VWaUV, WKaW LQcUeaVLQg WKe SURbabLOLW\ WKaW VXcK VeWWOePeQW RccXUV VKRXOd be WKe WRS               
SULRULW\ fRU WRWaO XWLOLWaULaQV. NLcN BecNVWead (2013) aUgXeV fURP a VRPeZKaW bURadeU VeW Rf              
aVVXPSWLRQV WR a VLPLOaU cRQcOXVLRQ. OXU aLP LQ WKLV SaSeU LV WR e[SaQd RQ WKLV SULRU ZRUN LQ                  5

fRXU Za\V. FLUVW, ZKeUeaV eaUOLeU ZRUN KaV fRcXVVed SULPaULO\ RQ WKe e[aPSOeV Rf e[WLQcWLRQ              
ULVN PLWLgaWLRQ aQd (VRPeWLPeV) SURPRWLRQ Rf VSace VeWWOePeQW, Ze dLVcXVV a UaQge Rf RWKeU              
³ORQgWeUPLVW´ LQWeUYeQWLRQV, aQd Ze aUgXe WKaW VWURQg ORQgWeUPLVP LV WUXe eYeQ Lf RQe VeWV              
aVLde WKe SRVVLbLOLW\ Rf WKRVe (SRSXOaWLRQ-LQcUeaVLQg) LQWeUYeQWLRQV. SecRQd, Ze VKRZ WKaW WKe            
aUgXPeQW gReV WKURXgK RQ a ZLde UaQge Rf a[LRORgLeV aQd decLVLRQ WKeRULeV, QRW RQO\ RQ WKe                
cRPbLQaWLRQ Rf WRWaO XWLOLWaULaQLVP aQd e[SecWed XWLOLW\ WKeRU\. TKLUd, Ze aUgXe WKaW LQVRfaU aV              
VWURQg ORQgWeUPLVP LV WUXe Rf a decLVLRQ cRQWe[W WKaW LQYROYeV aOORcaWLQg UeVRXUceV acURVV             
caXVe aUeaV, LW LV OLNeO\ aOVR WR be WUXe Rf YaULRXV RWKeU decLVLRQ cRQWe[WV, LQcOXdLQg RQeV WKaW                 
dR QRW LQYROYe cURVV-caXVe cRPSaULVRQV aQd RQeV WKaW dR QRW LQYROYe aOORcaWLQg PRQe\.             
FRXUWK, LQ addLWLRQ WR a[LRORgLcaO VWURQg ORQgWeUPLVP, Ze aOVR dLVcXVV WKe deRQWLc cOaLP: Ze              
aUgXe WKaW deRQWLc VWURQg ORQgWeUPLVP LV WUXe, gLYeQ aQ\ Rf a ZLde YaULeW\ Rf SOaXVLbOe               
QRQ-cRQVeTXeQWLaOLVW WKeRULeV.  

We beOLeYe WKaW a[LRORgLcaO aQd deRQWLc VWURQg ORQgWeUPLVP aUe Rf WKe XWPRVW LPSRUWaQce. If              
VRcLeW\ caPe WR adRSW WKeVe YLeZV, PXcK Rf ZKaW Ze ZRXOd SULRULWLVe LQ WKe ZRUOd WRda\                
ZRXOd cKaQge. 

 

2. A SOaXVLbLOLW\ aUJXPHQW IRU a[LRORJLFaO VWURQJ ORQJWHUPLVP 

TKLV VecWLRQ RffeUV a SOaXVLbLOLW\ aUgXPeQW fRU a[LRORgLcaO VWURQg ORQgWeUPLVP. FRU WKe            
UeaVRQV dLVcXVVed LQ VXbVeTXeQW VecWLRQV, WKLV aUgXPeQW dReV QRW b\ LWVeOf SURYe a[LRORgLcaO             
VWURQg ORQgWeUPLVP. HRZeYeU, LQ RXU YLeZ LW dReV VKRZ WKaW, XQWLO aQd XQOeVV VRPe RbMecWLRQ               
SURYeV daPQLQg, Ze VKRXOd be SUedLVSRVed WRZaUdV beOLeYLQg a[LRORgLcaO VWURQg ORQgWeUPLVP. 

We VWaUW fURP WZR aVVXPSWLRQV. OQe LV ePSLULcaO, ZKLOe WKe RWKeU LV eYaOXaWLYe. 

 

5 BecNVWead¶V ³MaLQ TKeVLV´ LV: ³FURP a gORbaO SeUVSecWLYe, ZKaW PaWWeUV PRVW (LQ e[SecWaWLRQ) LV WKaW Ze dR                  
ZKaW LV beVW (LQ e[SecWaWLRQ) fRU WKe geQeUaO WUaMecWRU\ aORQg ZKLcK RXU deVceQdaQWV deYeORS RYeU WKe cRPLQg                 
PLOOLRQV, bLOOLRQV, aQd WULOOLRQV Rf \eaUV´ (LbLd., S.1). 

 



 

2.1 In e[pecWaWion, Whe fXWXre iV YaVW in Vi]e 
IW VKRXOd be XQcRQWURYeUVLaO WKaW WKeUe LV a YaVW QXPbeU Rf e[SecWed beLQgV LQ WKe fXWXUe Rf                 
KXPaQ cLYLOLVaWLRQ.  

A W\SLcaO PaPPaOLaQ VSecLeV¶V OLfeVSaQ LV aURXQd 500,000 \eaUV (CebaOORV eW aO 2015); VLQce              
homo sapiens KaV VR faU e[LVWed fRU RQO\ aURXQd 300,000 \eaUV (ScKOebXVcK eW aO 2017), WKaW                
cRPSaULVRQ ZRXOd VXggeVW WKaW Ze VWLOO KaYe 200,000 \eaUV WR gR. HRZeYeU, Ze aUe QRW a                
W\SLcaO PaPPaOLaQ VSecLeV: Ze KaYe 100 WLPeV WKe bLRPaVV Rf aQ\ OaUge ZLOd OaQd aQLPaO WKaW                
KaV eYeU OLYed (WLOVRQ 2002:29), acURVV a VWaggeULQg dLYeUVLW\ Rf eQYLURQPeQWV, aQd,            
PRUeRYeU, Ze KaYe WKe WecKQRORgLcaO SRZeU WR aYRLd ZKaW ZRXOd be e[WLQcWLRQ-OeYeO eYeQWV             
fRU RWKeU aQLPaOV, LQcOXdLQg WKe SRZeU WR deWecW aQd defOecW aVWeURLdV (NASA 2007). Of              
cRXUVe, KXPaQ cLYLOLVaWLRQ LWVeOf LQWURdXceV LWV RZQ ULVNV, VXcK aV fURP QXcOeaU ZaU aQd              
PaQ-Pade SaWKRgeQV. BXW LW VeePV KaUd, gLYeQ RXU VWaWe Rf NQRZOedge, WR be YeU\ cRQfLdeQW               
WKaW Ze ZLOO deVWUR\ RXUVeOYeV, aQd VR Ze VKRXOd WKLQN WKeUe LV aW OeaVW a VLgQLfLcaQW cKaQce                 
WKaW Ze KaYe a YeU\ OaUge fXWXUe aKead Rf RXUVeOYeV. 

FRU WKe SXUSRVeV Rf WKLV aUWLcOe, Ze ZLOO geQeUaOO\ PaNe WKe TXaQWLWaWLYe aVVXPSWLRQ WKaW WKeUe               
aUe, LQ e[SecWaWLRQ, aW OeaVW 1 TXadULOOLRQ (10 ​15​) SeRSOe WR cRPe ² 100,000 WLPeV aV PaQ\                
SeRSOe LQ WKe fXWXUe aV aUe aOLYe WRda\. TKLV Ze be WUXe Lf, fRU e[aPSOe, Ze aVVLgQ aW OeaVW a                    
1% cKaQce WR cLYLOLVaWLRQ cRQWLQXLQg XQWLO WKe EaUWK LV QR ORQgeU KabLWabOe, XVLQg aQ eVWLPaWe               
Rf 1 bLOOLRQ \eaUV¶ WLPe fRU WKaW eYeQW aQd aVVXPLQg WKe VaPe SeU-ceQWXU\ SRSXOaWLRQ aV               6

WRda\, Rf aSSUR[LPaWeO\ 10 bLOOLRQ SeRSOe SeU ceQWXU\. 

DeVSLWe WKe PagQLWXde Rf WKLV QXPbeU, Ze beOLeYe WKaW LW LV cRQVeUYaWLYe LQ WKe fROORZLQg               
Za\V. FLUVW, becaXVe Rf fXWXUe WecKQRORg\, EaUWK cRXOd SRWeQWLaOO\ KRVW faU gUeaWeU SeU-ceQWXU\             
SRSXOaWLRQV WKaQ LV SRVVLbOe WRda\, MXVW aV WecKQRORg\ WR daWe KaV eQabOed faU gUeaWeU              
SeU-ceQWXU\ SRSXOaWLRQV WKaQ ZeUe SRVVLbOe LQ KXQWeU-gaWKeUeU WLPeV. SecRQd, aQd eYeQ PRUe            
LPSRUWaQWO\, cLYLOLVaWLRQ LQ WKe fXWXUe Pa\ VSUead WR WKe VWaUV. HaYLQg eYeQ a VPaOO cUedeQce               
LQ VSace VeWWOePeQW dUaVWLcaOO\ LQcUeaVeV WKe e[SecWed VL]e Rf WKe fXWXUe: WKeUe aUe aURXQd 10​22               
VWaUV LQ WKe affecWabOe XQLYeUVe (OUd 2016) aQd RYeU 100 bLOOLRQ VWaUV LQ WKe MLON\ Wa\ aORQe                 
(HRZeOO 2018); WKe OaVW Rf WKeVe ZLOO dLe LQ TXLQWLOOLRQV Rf \eaUV¶ WLPe (AdaPV & LaXgKOLQ,                
1997; AdaPV & LaXgKOLQ, 1999). EYeQ Lf MXVW 0.01% Rf VROaU V\VWePV ZLWKLQ WKe MLON\ Wa\                7

ZeUe VeWWOed ZLWK WKe cXUUeQW SRSXOaWLRQ SeU ceQWXU\ Rf EaUWK fRU MXVW RQe bLOOLRQ \eaUV, WKeUe                
ZRXOd be 10​24 ​fXWXUe SeRSOe: RQe KXQdUed WULOOLRQ SeRSOe fRU eYeU\ SeUVRQ aOLYe WRda\. OQe               
ZRXOd Qeed WR KaYe a cUedeQce Rf OeVV WKaQ RQe LQ RQe bLOOLRQ LQ WKLV SRVVLbLOLW\ LQ RUdeU fRU                   
WKe e[SecWed QXPbeU Rf fXWXUe SeRSOe WR be feZeU WKaQ RQe TXadULOOLRQ.  

 

6 AccRUdLQg WR AdaPV (2008), WKe eQd Rf cRPSOe[ OLfe RQ EaUWK Pa\ cRPe LQ 0.9±1.5 bLOOLRQ \eaUV. 
7 TKRXgK cRQYeQWLRQaO VWaU fRUPaWLRQ ZLOO ceaVe LQ abRXW 1 WR 100 WULOOLRQ \eaUV, WKeUe aUe PaQ\ SURWR-VWaUV                  
(caOOed bURZQ dZaUfV) WKaW aUe WRR VPaOO WR LgQLWe RQ WKeLU RZQ, aQd WKeLU cROOLVLRQV ZLOO cUeaWe a VPaOO bXW VWead\                     
VWUeaP Rf QeZ VWaUV WKaW ZLOO NeeS gRLQg fRU aW OeaVW a PLOOLRQ WLPeV aV ORQg aV cRQYeQWLRQaO VWaU fRUPaWLRQ. OXU                     
WKaQNV WR TRb\ OUd fRU SRLQWLQg WKLV WR RXU aWWeQWLRQ. 

 



 

2.2 AOO FRQVHTXHQFHV PaWWHU HTXaOO\ 
OXU VecRQd aVVXPSWLRQ LV WKaW, fRU WKe SXUSRVeV Rf PRUaO decLVLRQ-PaNLQg aQd eYaOXaWLRQ, ​all              
WKe cRQVeTXeQceV Rf RQe¶V acWLRQV PaWWeU, aQd (RQce Ze cRQWURO fRU WKe degUee WR ZKLcK WKe                
cRQVeTXeQce LQ TXeVWLRQ LV SUedLcWabOe aW WKe WLPe Rf acWLRQ) WKe\ aOO PaWWeU ​equall\​. 
IQ SaUWLcXOaU, WKLV aVVXPSWLRQ UXOeV RXW a SRVLWLYe UaWe Rf SXUe WLPe SUefeUeQce. SXcK a SRVLWLYe                
UaWe ZRXOd PeaQ WKaW Ze VKRXOd LQWULQVLcaOO\ SUefeU a gRRd WKLQg WR cRPe aW aQ eaUOLeU WLPe                 
UaWKeU WKaQ a OaWeU WLPe. If Ze eQdRUVed WKLV Ldea, RXU aUgXPeQW ZRXOd QRW geW Rff WKe gURXQd. 

TR Vee WKLV, VXSSRVe WKaW fXWXUe ZeOO-beLQg LV dLVcRXQWed aW a PRdeVW bXW VLgQLfLcaQW SRVLWLYe               
UaWe ± Va\, 1% SeU aQQXP. CRQVLdeU a VLPSOLfLed PRdeO LQ ZKLcK WKe fXWXUe ceUWaLQO\ cRQWaLQV                8

VRPe cRQVWaQW QXPbeU Rf SeRSOe WKURXgKRXW WKe ZKROe Rf aQ LQfLQLWeO\ ORQg fXWXUe, aQd              
aVVXPe fRU VLPSOLcLW\ WKaW OLfeWLPe ZeOO-beLQg LV VLPSO\ WKe WLPe-LQWegUaO Rf PRPeQWaU\            
ZeOO-beLQg. ​SXSSRVe fXUWKeU WKaW aYeUage PRPeQWaU\ ZeOO-beLQg (aYeUaged, WKaW LV, acURVV           
SeRSOe aW a WLPe) LV cRQVWaQW LQ WLPe. ​TKeQ, ZLWK a ZeOO-beLQg dLVcRXQW UaWe Rf 1% SeU aQQXP,                  
WKe aPRXQW Rf dLVcRXQWed ZeOO-beLQg eYeQ LQ WKe ZKROe Rf WKe LQfLQLWe ​fXWXUe fURP 100 \eaUV                
RQZaUdV LV RQO\ abRXW RQe WKLUd Rf WKe aPRXQW Rf dLVcRXQWed ZeOO-beLQg LQ WKe Qe[W 100 \eaUV.                 
WKLOe WKLV caOcXOaWLRQ cRQceUQV WRWaO ZeOO-beLQg UaWKeU WKaQ dLffeUeQceV RQe cRXOd PaNe WR             
ZeOO-beLQg, VLPLOaU cRQVLdeUaWLRQV ZLOO aSSO\ WR WKe OaWWeU.  

FRU SUeVeQW SXUSRVeV, Ze WaNe WKe aVVXPSWLRQ Rf a ]eUR UaWe Rf SXUe WLPe SUefeUeQce WR be                 
faLUO\ XQcRQWURYeUVLaO. We NQRZ Rf QR PRUaO SKLORVRSKeUV aQd feZ WKeRUeWLcaO ecRQRPLVWV            
ZKR ZRXOd defeQd a QRQ-]eUR UaWe Rf SXUe WLPe SUefeUeQce.  9

We aOVR aVVXPe WKaW, aW OeaVW LQ decLVLRQ cRQWe[WV OLNe SKLYaQL¶V, WKeUe LV QR PRUaOO\ UeOeYaQW                
dLVWLQcWLRQ beWZeeQ WKe ³dLUecW´ YV. WKe ³LQdLUecW´ effecWV Rf RQe¶V acWLRQV. TKLV VXSeUfLcLaOO\             
VeePV WR gR agaLQVW VRPe SRSXOaU YLeZV LQ PedLcaO eWKLcV, ZKeUe LW LV RfWeQ KeOd WKaW LW ZRXOd                  
be LQaSSURSULaWe fRU (Va\) a dRcWRU RU KeaOWK VeUYLce WR SULRULWLVe WUeaWPeQW Rf RQe SaWLeQW RYeU                
aQRWKeU LQ a PedLcaOO\ LdeQWLcaO VLWXaWLRQ, RQ WKe gURXQdV WKaW WKe fRUPeU SaWLeQW RccXSLeV a               
PRUe XVefXO UROe LQ VRcLeW\, VR WKaW UeVWRULQg KeU WR fXOO KeaOWK VRRQeU ZRXOd KaYe gUeaWeU                
LQdLUecW beQefLWV fRU RWKeU SeRSOe (KaPP 1993, BURcN 2003). IW VeePV cOeaU, KRZeYeU, WKaW              
LQVRfaU aV WKeUe LV aQ\ SOaXVLbOe caVe fRU LgQRULQg LQdLUecW effecWV LQ WKe PedLcaO cRQWe[W, WKaW                
caVe ZLOO cUXcLaOO\ KLQge RQ feaWXUeV WKaW aUe TXLWe VSecLfLc WR WKaW decLVLRQ cRQWe[W, aQd WKaW                
KaYe QR aQaORgV LQ SKLYaQL¶V decLVLRQ cRQWe[W. TKeUe LV QR aQaORg LQ SKLYaQL¶V caVe, fRU               
LQVWaQce, Rf WKe cRQceUQ WKaW WaNLQg LQdLUecW effecWV LQWR accRXQW ZRXOd XQdeUPLQe WKe WUXVW              
WKaW LV LPSRUWaQW WR WKe dRcWRU-SaWLeQW UeOaWLRQVKLS (AQgeOO 1993, PeOOegULQR 1997), RU WKe             

8 IQ WKe VXUYe\ b\ DUXSS eW aO (2015), WKLV ZaV WKe PedLaQ UaWe Rf SXUe WLPe SUefeUeQce aPRQgVW WKRVe e[SeUWV                     
RWKeU WKaQ WKRVe ZKR faYRXUed a YaOXe LQ WKe ³RaPVe\-SWeUQ´ UaQge 0-0.1% S.a. 
9 See GUeaYeV (2017) fRU a VXUYe\ Rf dLVcRXQWLQg LQ SXbOLc SROLc\, LQcOXdLQg a VXUYe\ Rf WKe aUgXPeQWV fRU aQd                    
agaLQVW a SRVLWLYe UaWe Rf SXUe WLPe SUefeUeQce. A ]eUR UaWe Rf SXUe WLPe SUefeUeQce LV eQdRUVed b\, LQWeU aOLa,                    
SLdgZLcN, 1890; RaPVe\, 1928; PLgRX, 1932; HaUURd, 1948; SRORZ, 1974; COLQe, 1992; CRZeQ, 1992; SWeUQ,               
2007; BURRPe, 2008; DaVgXSWa, 2008; DLeW], HeSbXUQ, & SWeUQ, 2008; BXcKKRO] & ScKXPacKeU, 2010; GROOLeU,               
2013​. IQ a UeceQW VXUYe\ Rf acadePLc e[SeUWV RQ WKe WRSLc Rf VRcLaO dLVcRXQWLQg, 38% Rf UeVSRQdeQWV agUeed ZLWK                   
WKLV ³RaPVe\-SWeUQ YLeZ´ (DUXSS eW aO 2018, S.119).  

 



 

cRQceUQ WKaW dRLQg VR LQ a SXbOLcO\ fXQded KeaOWK VeUYLce PLgKW e[SUeVV RdLRXV YLeZV RQ WKe                
SaUW Rf VRcLeW\ UegaUdLQg WKe UeOaWLYe PRUaO ZRUWK Rf cLWL]eQV (MRgeQVeQ, PaQXVcULSW). 

 

2.3 TKH SOaXVLbLOLW\ aUJXPHQW 
IW LV Rf cRXUVe XVXaOO\ WKe caVe WKaW WKe faU-fXWXUe effecWV Rf RQe¶V acWLRQV aUe KaUdeU WR SUedLcW                  
WKaQ WKeLU QeaU-fXWXUe effecWV. AQd WKLV LV Rf cRXUVe UeOeYaQW WR ​ex ante ​eYaOXaWLRQV. HRZeYeU,               
SXWWLQg WRgeWKeU WKe aVVXPSWLRQ WKaW WKe e[SecWed VL]e Rf WKe fXWXUe LV YaVW aQd WKe aVVXPSWLRQ                
WKaW aOO cRQVeTXeQceV PaWWeU eTXaOO\, LW becRPeV aW OeaVW SOaXVLbOe WKaW WKe aPRXQW Rf ​ex ante                
gRRd Ze caQ geQeUaWe b\ LQfOXeQcLQg WKe e[SecWed cRXUVe Rf WKe YeU\ ORQg-UXQ fXWXUe e[ceedV               
WKe aPRXQW Rf ​ex ante gRRd Ze caQ geQeUaWe YLa LQfOXeQcLQg WKe e[SecWed cRXUVe Rf VKRUW-UXQ                
eYeQWV, ​even after ​WaNLQg LQWR accRXQW WKe gUeaWeU XQceUWaLQW\ Rf fXUWKeU-fXWXUe effecWV. 

We caQ fOeVK WKLV OLQe Rf WKRXgKW RXW PRUe SUecLVeO\ b\ WePSRUaULO\ PaNLQg VRPe addLWLRQaO               
aVVXPSWLRQV WKaW aUe (KRZeYeU) LQeVVeQWLaO WR WKe cRUe aUgXPeQW. LeW XV WePSRUaULO\ aVVXPe             
(L) e[SecWed XWLOLW\ WKeRU\, (LL) VeSaUabLOLW\ Rf YaOXe ZLWK UeVSecW WR WLPe, aQd (LLL) a fLQLWe WLPe                 
KRUL]RQ T (ZKRVe SUecLVe YaOXe ZLOO QRW PaWWeU). TKeQ (b\ WePSRUaO VeSaUabLOLW\) WKeUe LV              
VRPe QaWXUaO Za\ Rf aVVLgQLQg YaOXeV WR WePSRUaOO\ ORcaOLVed VWaWeV Rf affaLUV, VXcK WKaW WKe               
gRRdQeVV Rf a ZKROe KLVWRU\ Rf WKe XQLYeUVe (fURP WKe bLg baQg WR WKe KeaW deaWK) LV gLYeQ b\                   
addLQg XS WKeVe LQVWaQWaQeRXV YaOXeV acURVV aOO WLPe; aQd, fRU WKe SXUSRVeV Rf eYaOXaWLRQ              
XQdeU XQceUWaLQW\, WKe UeOeYaQW TXaQWLW\ LV WKe e[SecWaWLRQ YaOXe Rf WKLV TXaQWLW\. WKeQ             
cRPSaULQg WZR acWLRQV, OeW (³VKRUW-WeUP deOWa´) aQd (³ORQg-WeUP deOWa´) be WKe    ǻS     ǻL      
aYeUage aPRXQW b\ ZKLcK WKe WZR acWLRQV¶ e[SecWed YaOXe dLffeUV acURVV WKe dXUaWLRQ Rf ​WKe               
VKRUW-UXQ fXWXUe (L.e. WKe Qe[W 100 RU 1000 \eaUV) aQd WKe YeU\ ORQg-UXQ fXWXUe (L.e. WKe                
UePaLQdeU Rf WKe fXWXUe be\RQd WKaW), UeVSecWLYeO\ ​. TKeQ, WKe e[SecWed YaOXe dLffeUeQce            
beWZeeQ WKe WZR acWLRQV LV gLYeQ b\ .T )t Â ǻS + ( í t Â ǻL  

TKe SRLQW QRZ LV WKaW, VLQce WKe dXUaWLRQ Rf WKe YeU\ ORQg-UXQ fXWXUe ( ) LV ​vastl\ ​gUeaWeU             T í t     
WKaQ WKe dXUaWLRQ Rf WKe VKRUW-UXQ fXWXUe, LW LV TXLWe SOaXVLbOe WKaW WKe VLgQ Rf WKe e[SecWed   t                
YaOXe dLffeUeQce ZLOO be dULYeQ b\ WKe VLgQ Rf . SXSSRVe WKaW Ze defLQe WKe µVKRUW UXQ¶ aV         ǻL          
WKe Qe[W 100 \eaUV, aQd XVe RXU aVVXPSWLRQ WKaW WKeUe LV a 1% cKaQce Rf cLYLOLVaWLRQ OaVWLQg fRU                  
1 bLOOLRQ \eaUV, aW cRQVWaQW SRSXOaWLRQ OeYeOV. GLYeQ WKeVe cKRLceV Rf SaUaPeWeUV, LQ RUdeU fRU               
VWURQg ORQgWeUPLVP WR be WUXe, WKe e[SecWed YaOXe, SeU PLOOeQLXP, Rf WKe beVW ORQg-UXQ acWLRQ               
ZRXOd Qeed WR be gUeaWeU WKaQ 1/100000WK Rf WKe e[SecWed YaOXe Rf WKe beVW VKRUW-UXQ acWLRQ                
fRU WKe Qe[W PLOOeQQLXP. TKaW¶V a YeU\ ORZ baU. 

IQ WKe Qe[W VecWLRQ Ze ZLOO aUgXe WKaW, fRU PaQ\ LQWeUeVWLQg SaLUV Rf acWLRQV WKaW RQe cRXOd                 
cRQVLdeU, (ZKLOe VPaOO) ZLOO be VXffLcLeQWO\ OaUge aV WR PeeW WKLV baU. TKLV PeaQV WKaW, Rf ǻL                 
WKe WZR acWLRQV XQdeU cRPSaULVRQ, WKe acWLRQ WKaW LV beWWeU RYeUaOO ZLOO be WKe RQe WKaW KaV WKe                  
PRUe beQefLcLaO effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe, aV a[LRORgLcaO VWURQg ORQgWeUPLVP ZRXOd             
Oead XV WR e[SecW. 

A cRPSOePeQWaU\ UeaVRQ fRU VXVSecWLQg WKaW a[LRORgLcaO VWURQg ORQgWeUPLVP LV WUXe cRQceUQV            
WKe beKaYLRXU Rf RWKeU acWRUV. IQ geQeUaO, WKeUe aUe dLPLQLVKLQg PaUgLQaO UeWXUQV WR WKe              

 



 

e[SeQdLWXUe Rf UeVRXUceV WRZaUdV a gLYeQ aLP, becaXVe WKe ORZeU-KaQgLQg fUXLW aUe XVXaOO\             
SLcNed fLUVW. SKLYaQL¶V TXeVWLRQ LV ZKLcK Rf KeU RSWLRQV LV RSWLPaO LQ a VeQVe WKaW LV cRPSOeWeO\                 
LPSaUWLaO beWZeeQ WLPeV. BXW SKLYaQL LV QRW aORQe LQ WKe XQLYeUVe, aQd WKe YaVW PaMRULW\ Rf                
RWKeU acWRUV KaYe dLffeUeQW SULRULWLeV: becaXVe Rf gUeaWeU cRQceUQ fRU WKePVeOYeV aQd WKRVe             
WKe\ NQRZ WKaQ fRU fXWXUe VWUaQgeUV, becaXVe Rf LQVWLWXWLRQaO LQceQWLYeV OLNe eOecWLRQ c\cOeV             
aQd TXaUWeUO\ eaUQLQgV UeSRUWV, aQd becaXVe Rf aQ LQWULQVLc KXPaQ WeQdeQc\ WRZaUdV            
LPSaWLeQce, WKe\ e[KLbLW a VLgQLfLcaQW aPRXQWV Rf SUefeUeQce fRU QeaU-WeUP SRVLWLYe effecWV            
RYeU ORQg-WeUP SRVLWLYe effecWV (FUedeULcN, LReZeQVWeLQ aQd O¶DRQRgKXe 2002). SKLYaQL          
VKRXOd WKeUefRUe e[SecW WKaW PRVW RWKeU acWRUV KaYe beeQ VeOecWLYeO\ fXQdLQg SURMecWV WKaW             
deOLYeU KLgK VKRUW-UXQ beQefLWV, aQd OeaYLQg XQfXQded SURMecWV WKaW aUe beWWeU b\ SKLYaQL¶V             
OLgKWV, bXW ZKRVe PRVW VLgQLfLcaQW beQefLWV RccXU RYeU WKe cRXUVe Rf WKe YeU\ ORQg UXQ. TKLV                
PeaQV WKaW SKLYaQL VKRXOd e[SecW WR fLQd a[LRORgLcaO VWURQg ORQgWeUPLVP WUXe aW WKe cXUUeQW              
PaUgLQ ² ​provided ​(ZKLcK Ze KaYe QRW \eW aUgXed) WKaW WKeUe ZeUe aQ\ SURMecWV ZLWK               
VLgQLfLcaQWO\ beQefLcLaO ​ex ante ​effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe WR begLQ ZLWK. 

TR VXPPaULVe RXU SOaXVLbLOLW\ aUgXPeQW: becaXVe Rf WKe YaVW e[SecWed QXPbeU Rf SeRSOe LQ              
WKe fXWXUe, LW LV TXLWe SOaXVLbOe WKaW fRU RSWLRQV WKaW aUe aSSURSULaWeO\ cKRVeQ fURP a               
VXffLcLeQWO\ OaUge cKRLce VeW, effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe dRPLQaWe ​ex ante ​eYaOXaWLRQV,              
eYeQ afWeU WaNLQg LQWR accRXQW WKe facW WKaW fXUWKeU-fXWXUe effecWV WeQd WR be PRUe XQceUWaLQ.               
TKeUefRUe, WKe beVW RSWLRQV e[ aQWe ZLOO WeQd WR be WKe RQeV WKaW KaYe WKe PRVW beQefLcLaO                 
effecWV e[ aQWe RQ WKe YeU\ ORQg-UXQ fXWXUe. FXUWKeU, becaXVe Rf WKe QeaU-WeUP bLaV e[KLbLWed               
b\ WKe PaMRULW\ Rf e[LVWLQg acWRUV, Ze VKRXOd e[SecW WKeVe RSWLRQV WR be V\VWePaWLcaOO\              
XQdeU-e[SORLWed aW WKe cXUUeQW PaUgLQ. TKLV UeQdeUV a[LRORgLcaO VWURQg ORQgWeUPLVP SOaXVLbOe. 

TKe bXON Rf WKe UePaLQdeU Rf WKe SaSeU LV deYRWed WR aUWLcXOaWLQg aQd aVVeVVLQg YaULRXV OLQeV                
Rf UeVLVWaQce WR WKe cOaLP WKaW WKe abRYe cRQVLdeUaWLRQV Oead WR WKe WUXWK Rf a[LRORgLcaO VWURQg                
ORQgWeUPLVP: ePSLULcaO, a[LRORgLcaO aQd decLVLRQ-WKeRUeWLc. 

 

3. TKH LQWUaFWabLOLW\ RbMHFWLRQ 

OQe Ne\ cRPSRQeQW Rf RXU cOaLP LV WKaW aV a PaWWeU Rf ePSLULcaO facW, LQ aQ LQWeUeVWLQgO\ OaUge                  
cOaVV Rf caVeV, WKe UaWLR LV OaUge eQRXgK WR UeQdeU a[LRORgLcaO VWURQg ORQgWeUPLVP WUXe.     ǻS

ǻL           

HRZeYeU, Ze ceUWaLQO\ dRQ¶W WKLQN WKLV LV RbYLRXV. OQe PLgKW ZeOO ZRUU\ WKaW LW LV eVVeQWLaOO\                
LPSRVVLbOe WR VLgQLfLcaQWO\ LQfOXeQce WKe ORQg-WeUP fXWXUe: SeUKaSV, fRU e[aPSOe, WKe           
PagQLWXde Rf WKe effecWV Rf RQe¶V acWLRQV (LQ YaOXe-dLffeUeQce WeUPV) deca\V ZLWK WLPe fURP              
WKe SRLQW Rf acWLRQ, aQd VXffLcLeQWO\ faVW WKaW LQ facW WKe VKRUW-WeUP effecWV WeQd WR dRPLQaWe WKe                 
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PRVW VeULRXV RbMecWLRQ WR a[LRORgLcaO VWURQg ORQgWeUPLVP. 

We agUee WKaW WKe ZaVKLQg-RXW K\SRWKeVLV LV WUXe Rf VRPe decLVLRQ cRQWe[WV: LQ SaUWLcXOaU, fRU               
PaQ\ UeOaWLYeO\ WULYLaO decLVLRQ cRQWe[WV, VXcK aV a decLVLRQ abRXW ZKeWKeU RU QRW WR cOLcN               
RQe¶V fLQgeUV. HRZeYeU, Ze cOaLP WKaW LW LV aOVR faOVe Rf PaQ\ decLVLRQ VLWXaWLRQV, aQd LQ                
SaUWLcXOaU Rf SKLYaQL¶V. If SKLYaQL LV VSecLfLcaOO\ ORRNLQg fRU RSWLRQV ZKRVe effecWV dR QRW              
ZaVK RXW, Ze cOaLP VKe caQ fLQd VRPe. 

IW ZLOO QRW aOZa\V be VR, bXW LQ SKLYaQL¶V caVe WKeUe LV a faLUO\ QaWXUaO VWaWXV TXR VLWXaWLRQ: a                   
VWaWe Rf affaLUV LQ ZKLcK SKLYaQL ³dReV QRWKLQg´ ZLWK KeU PRQe\ (WKaW LV, VKe MXVW NeeSV WKe                 
PRQe\ LQ KeU baQN accRXQW LQdefLQLWeO\). OXU aUgXPeQW ZLOO PaNe XVe Rf cRPSaULVRQV WR WKLV               
VWaWXV TXR (³bXVLQeVV aV XVXaO´, RU ³BAU´) VLWXaWLRQ, aOWKRXgK RXU cRQcOXVLRQ LV QRW             
deSeQdeQW RQ WKe cKRLce Rf VWaWXV TXR. 

TR aUgXe fRU a[LRORgLcaO VWURQg ORQgWeUPLVP, Ze cOaLP, LW VXffLceV WR eVWabOLVK WKaW WKeUe e[LVWV               
aW OeaVW RQe e[aPSOe Rf aQ RSWLRQ aYaLOabOe WR SKLYaQL ZLWK WKe SURSeUW\ WKaW LWV faU-fXWXUe                
e[SecWed YaOXe (UeOaWLYe WR BAU) LV VLgQLfLcaQWO\ gUeaWeU WKaQ WKe beVW aYaLOabOe VKRUW-WeUP             
e[SecWed YaOXe (agaLQ, UeOaWLYe WR BAU).  

TKLV cOaLP VXffLceV WR gURXQd aQ aUgXPeQW fRU a[LRORgLcaO VWURQg ORQgWeUPLVP. TR Vee ZK\ LW               
VXffLceV, Ze UeaVRQ aV fROORZV.  

LeW SR* be WKe RSWLRQ ZKRVe effecWV RQ WKe VKRUW UXQ aUe beVW. TKeUe aUe WZR caVeV WR                  
cRQVLdeU: SR* LV aOVR cRQWaLQed LQ WKe VPaOO VXbVeW Rf ORQg-UXQ-beVW RSWLRQV, RU LW LVQ¶W. 

IQ WKe fLUVW caVe, a[LRORgLcaO VWURQg ORQgWeUPLVP fROORZV aOPRVW WULYLaOO\. IW LV faLUO\ OLNeO\ LQ               
WKLV caVe WKaW SR* LWVeOf LV aOVR RYeUaOO beVW. If SR* LVQ¶W RYeUaOO beVW, WKeQ WKe RYeUaOO beVW                  
RSWLRQ PXVW be RQe WKaW LV beWWeU WKaQ SR* LQ WKe ORQg-UXQ fXWXUe. BXW LQ WKaW caVe, LW WRR PXVW                    
be LQ WKe VPaOO VXbVeW Rf RSWLRQV WKaW aUe RYeUaOO ORQg-UXQ beVW. SR a[LRORgLcaO VWURQg               
ORQgWeUPLVP LV WUXe. 

CRQVLdeU QRZ WKe VecRQd caVe. NRWe WKaW accRUdLQg WR WKe QXPbeUV LQ RXU e[aPSOeV WR cRPe,                
WKe KLgKeVW aWWaLQabOe ORQg-WeUP LPSURYePeQW LV QRW MXVW a bLW bLggeU, bXW bLggeU b\ aQ RUdeU                
Rf PagQLWXde RU PRUe, WKaQ WKe KLgKeVW aWWaLQabOe VKRUW-UXQ LPSURYePeQW (UeOaWLYe WR BAU).             
IQ WKaW caVe, WKe RSWLRQ WKaW LV RYeUaOO-beVW PXVW KaYe aW OeaVW 9/10 Rf WKe ORQg-UXQ YaOXe                 
(UeOaWLYe WR BAU) WKaW WKe ORQg-UXQ-beVW RSWLRQ KaV (RWKeUZLVe WKeUe LV QR Za\ fRU WKe               
VKRUW-UXQ LPSURYePeQW WR VXffLce WR UeQdeU WKe RSWLRQ LQ TXeVWLRQ beVW RYeUaOO, deVSLWe LWV              
beLQg faU-fXWXUe-VXbRSWLPaO; Ze aVVXPe KeUe, aV VeePV SOaXVLbOe, WKaW QRQe Rf WKe RSWLRQV             
XQdeU cRQVLdeUaWLRQ LV VLgQLfLcaQWO\ QeW ​detrimental, ​UeOaWLYe WR BAU, LQ WKe VKRUW WeUP). TKLV              

10 IW LV LPSRUWaQW KeUe WR dLVWLQgXLVK beWZeeQ ​ex ante aQd ​ex post ​YeUVLRQV Rf WKe ZaVKLQg-RXW cOaLP. TKe e[ SRVW                     
YeUVLRQ LV ceUWaLQO\ faOVe. TKe UeaVRQ fRU WKLV LV faPLOLaU fURP WKe SKLORVRSKLcaO OLWeUaWXUe RQ cOXeOeVVQeVV: eYeQ                 
RXU PRVW WULYLaO acWLRQV (VXcK aV decLVLRQV abRXW ZKeWKeU aQd ZKeQ WR cURVV WKe URad) KaYe (fRU LQVWaQce)                  
LdeQWLW\-affecWLQg cRQVeTXeQceV, aQd WKeUefRUe LQ ​ex post WeUPV KaYe effecWV LQWR WKe YeU\ ORQg-WeUP fXWXUe WKaW                
aUe aOPRVW ceUWaLQ WR RXWZeLgK WKe acWLRQ¶V VKRUW-WeUP effecWV (MRRUe 1903 �93, SPaUW 1973:33, PaUfLW 1984:351,                
GUeaYeV 2016)​.​ HRZeYeU, LW LV WKe ​ex ante ​YeUVLRQ WKaW LV UeOeYaQW WR WKe aUgXPeQWV Rf WKLV SaSe​U. 

 



 

eVWabOLVKeV WKaW WKe RYeUaOO-beVW RSWLRQ LV cRQWaLQed LQ ³a VPaOO VXbVeW Rf RSWLRQV ZKRVe e[               
aQWe effecWV RQ WKe YeU\ ORQg-WeUP fXWXUe aUe beVW´. (TKe ³VPaOO VXbVeW´ LV: WKe VeW ZKRVe                
faU-fXWXUe LPSURYePeQW, UeOaWLYe WR BAU, LV aW OeaVW 9/10 WKaW Rf WKe beVW aYaLOabOe faU-fXWXUe               
LPSURYePeQW.) TKaW LV, LW eVWabOLVKeV a[LRORgLcaO VWURQg ORQgWeUPLVP. 

OXU UePaLQLQg WaVN, WKeQ, LV WR VKRZ WKaW WKeUe dReV LQdeed e[LVW aW OeaVW RQe RSWLRQ aYaLOabOe                 
WR SKLYaQL ZLWK WKe SURSeUW\ WKaW LWV faU-fXWXUe e[SecWed YaOXe (RYeU BAU) LV VLgQLfLcaQWO\              
gUeaWeU WKaQ WKe beVW aYaLOabOe VKRUW-WeUP e[SecWed YaOXe (agaLQ UeOaWLYe WR BAU). TKaW LV WKe               
WaVN Rf WKe UePaLQdeU Rf WKLV VecWLRQ. We ZLOO SURceed b\ cRQVLdeULQg VeYeUaO SRVVLbOe              
e[aPSOeV, LQ WKUee caWegRULeV: VSeedLQg XS SURgUeVV, PLWLgaWLQg e[WLQcWLRQ ULVN, aQd VWeeULQg            
WRZaUdV a beWWeU UaWKeU WKaQ a ZRUVe ³aWWUacWRU VWaWe´ LQ cRQWe[WV WKaW dR QRW LQYROYe a WKUeaW Rf                  
e[WLQcWLRQ.  

FRU WKe UePaLQdeU Rf WKLV VecWLRQ, Ze ZLOO ​temporaril\ ​aVVXPe bRWK WRWaO XWLOLWaULaQLVP aV a               
PaWWeU Rf a[LRORg\, aQd e[SecWed XWLOLW\ WKeRU\ fRU WKe WUeaWPeQW Rf XQceUWaLQW\. We ZLOO              11

fXUWKeU aVVXPe ULVN QeXWUaOLW\ ZLWK UeVSecW WR WRWaO ZeOO-beLQg, VR WKaW WKe ​ex ante ​YaOXe Rf aQ                 
RSWLRQ LV WKe cRUUeVSRQdLQg e[SecWed WRWaO ZeOfaUe (UaWKeU WKaQ WKe e[SecWaWLRQ YaOXe Rf aQ\              
QRQOLQeaU WUaQVfRUPaWLRQ Rf WRWaO ZeOfaUe). TKLV, KRZeYeU, LV PaLQO\ fRU eOegaQce Rf            
e[SRVLWLRQ. IQ VecWLRQ 4, Ze ZLOO aUgXe WKaW SOaXVLbOe Za\V Rf deYLaWLQg fURP WKeVe              
aVVXPSWLRQV aUe XQOLNeO\ WR XQdeUPLQe WKe aUgXPeQW. 

 

3.1 AGYaQFLQJ SURJUHVV 
CRQdLWLRQV fRU KXPaQ ZeOfaUe KaYe beeQ geWWLQg SURgUeVVLYeO\ beWWeU RYeU WLPe: Ze WRda\             
eQMR\ YaVWO\ beWWeU OLYLQg cRQdLWLRQV WKaQ WKRVe Rf WKe SWRQe Age RU Rf PedLeYaO WLPeV. MRUe                
cRQcUeWeO\ aQd UeceQWO\, GDP SeU caSLWa LV gURZLQg e[SRQeQWLaOO\ (BROW eW aO 2018); OLfeVSaQV              
aUe LQcUeaVLQg (RRVeU 2019a); aQd aQ LQcUeaVLQg SURSRUWLRQ Rf WKe ZRUOd OLYeV LQ a dePRcUac\               
(RRVeU 2019b). 

TKLV VXggeVWV WKaW Lf WKeUe aUe acWLRQV Ze cRXOd WaNe WKaW ZRXOd bULQg WKLV PaUcK Rf SURgUeVV                 
fRUZaUd LQ WLPe, eYeQ b\ a VPaOO aPRXQW, WKLV cRXOd KaYe ORQg-OaVWLQg beQefLcLaO effecWV.              
SXSSRVe, fRU LQVWaQce, Ze bULQg LW abRXW WKaW WKe SURgUeVV OeYeO WKaW ZRXOd RWKeUZLVe KaYe               
beeQ UeaOLVed LQ 2030 LV LQVWead UeaOLVed LQ 2029 (Va\, b\ KaVWeQLQg WKe adYeQW Rf VRPe                
beQefLcLaO QeZ WecKQRORg\), aQd WKaW SURgUeVV WKeQ cRQWLQXeV fURP WKaW SRLQW RQ MXVW aV LW               
ZRXOd KaYe Lf WKe SRLQW LQ TXeVWLRQ Kad beeQ UeacKed RQe \eaU OaWeU. TKeQ, fRU aV ORQg aV WKe                   
SURgUeVV cXUYe UeWaLQV a SRVLWLYe VORSe, SeRSOe OLYLQg aW eYeU\ fXWXUe WLPe ZLOO be a OLWWOe bLW                 
beWWeU Rff WKaQ WKe\ ZRXOd KaYe beeQ ZLWKRXW WKe LQWeUYeQWLRQ. IQ SULQcLSOe, WKeVe VPaOO              
beQefLWV aW eacK Rf aQ eQRUPRXV QXPbeU Rf fXWXUe WLPeV cRXOd add XS WR a YeU\ OaUge                 
aggUegaWe beQefLW. 

JXVW KRZ PXcK Rf aQ LPSURYePeQW WKLV aPRXQWV WR deSeQdV, KRZeYeU, RQ WKe VKaSe Rf WKe                
SURgUeVV cXUYe. IQ a dLVcUeWe-WLPe PRdeO, WKe beQefLW Rf adYaQcLQg SURgUeVV b\ RQe WLPe              

11 TKLV VeW Rf aVVXPSWLRQ LV cRQVLVWeQW ZLWK, bXW VWURQgeU WKaQ, WKe VeW Rf aVVXPSWLRQV Ze Pade LQ VecWLRQ 2.3. 

 



 

SeULRd (aVVXPLQg WKaW aW WKe eQd Rf KLVWRU\, RQe WKeUeb\ geWV RQe addLWLRQaO WLPe SeULRd VSeQW                
LQ WKe ³eQd VWaWe´) LV eTXaO WR WKe dXUaWLRQ Rf WKaW SeULRd PXOWLSOLed b\ WKe dLffeUeQce beWZeeQ                 
WKe aPRXQWV Rf YaOXe WKaW aUe cRQWaLQed LQ WKe fLUVW aQd OaVW SeULRdV. TKeUefRUe, Lf YaOXe SeU                 
XQLW WLPe LV VeW WR SOaWeaX Rff aW a UeOaWLYeO\ PRdeVW OeYeO, WKeQ WKe gaLQV fURP adYaQcLQg                 
SURgUeVV aUe cRUUeVSRQdLQgO\ PRdeVW. SLPLOaUO\, Lf YaOXe SeU XQLW WLPe eYeQWXaOO\ ULVeV WR a              
OeYeO eQRUPRXVO\ KLgKeU WKaQ WKaW Rf WRda\, WKeQ WKe gaLQV fURP adYaQcLQg SURgUeVV aUe              
cRUUeVSRQdLQgO\ eQRUPRXV. 

WKLcK Rf WKeVe VceQaULRV deVcULbeV RXU acWXaO VLWXaWLRQ? If Ze PaNe WKe cRQVeUYaWLYe             
aVVXPSWLRQV WKaW WKe QXPbeU Rf SeRSOe SeU ceQWXU\ UePaLQV fL[ed, aQd WKaW WKeLU caSacLWLeV fRU               
ZeOObeLQg aUe VLPLOaU WR RXUV, WKeQ adYaQcLQg WecKQRORgLcaO LV XQOLNeO\ WR KaYe YeU\ OaUge              
ORQg-UXQ effecWV. We VKRXOd e[SecW ecRQRPLc gURZWK, RU aW WKe YeU\ OeaVW WKe ZeOO-beLQg WKaW               
LW OeadV WR, WR SOaWeaX aW VRPe SRLQW LQ WKe Qe[W feZ WKRXVaQd \eaUV. IQ WKaW caVe, Ze aUe LQ WKe                     
fLUVW VceQaULR, aQd WKe beQefLWV Rf adYaQcLQg SURgUeVV aUe UeOaWLYeO\ PRdeVW.  
 
If, KRZeYeU, WKe YaOXe Rf WKe fXWXUe, SeU ceQWXU\, LV PXcK KLgKeU LQ WKe faU fXWXUe WKaQ LW LV                   
WRda\ ² ZKeWKeU becaXVe WKe SRSXOaWLRQ SeU ceQWXU\ LV PXcK OaUgeU (dXe WR VSace VeWWOePeQW               
RU RWKeUZLVe) RU becaXVe VRPe fRUP Rf eQKaQcePeQW UeQdeUV fXWXUe SeRSOe caSabOe Rf PXcK              
KLgKeU OeYeOV Rf ZeOO-beLQg, RU bRWK ² WKeQ WKe caVe fRU adYaQcLQg SURgUeVV LV VLgQLfLcaQWO\               
VWURQgeU. FRU e[aPSOe, bRUURZLQg RXU eaUOLeU QXPbeUV RQ VeWWOePeQW Rf WKe MLON\ Wa\, Lf aW               
WKe eQd Rf cLYLOLVaWLRQ WKeUe aUe 10​17 SeRSOe OLYLQg OLYeV 10 WLPeV aV gRRd aV WRda\, WKeQ                 
eQabOLQg RQe e[WUa \eaU Rf cLYLOLVaWLRQ LQ WKaW beVW VWaWe aPRXQWV WR PRUe WKaQ RQe KXQdUed                
WKRXVaQd WLPeV WKe aPRXQW Rf YaOXe LQ WKe ZKROe OLYeV Rf eYeU\RQe aOLYe WRda\.   12

 

3.2 IQIOXHQFLQJ WKH FKRLFH aPRQJ aWWUaFWRU VWaWHV 
HeUe LV aQ abVWUacW VWUXcWXUe ZKLcK, ​insofar as LW LV LQVWaQWLaWed LQ WKe UeaO ZRUOd ² a TXeVWLRQ                  
Ze ZLOO UeWXUQ WR VKRUWO\ ² RffeUV a UecLSe fRU LdeQWLf\LQg RSWLRQV ZKRVe effecWV ZLOO QRW ZaVK                 
RXW. 

CRQVLdeU WKe VSace S Rf aOO SRVVLbOe fLQe-gUaLQed VWaWeV WKe ZRUOd cRXOd be LQ aW a VLQgOe                 
PRPeQW Rf WLPe (WKaW LV, WKe VSace Rf aOO SRVVLbOe LQVWaQWaQeRXV PLcURVWaWeV). OQe caQ SLcWXUe               
WKe KLVWRU\ Rf WKe XQLYeUVe aV a SaWK WKURXgK WKLV VSace. LeW aQ ​attractor state ​be a VXbVeW A Rf                    
S ZLWK WKe SURSeUW\ WKaW, gLYeQ WKe d\QaPLcV Rf WKe XQLYeUVe, Lf WKe LQVWaQWaQeRXV VWaWe Rf WKe                 
ZRUOd RQce eQWeUV A, WKeQ LW WeQdV WR UePaLQ LQ A fRU aQ e[WUePeO\ ORQg WLPe. NRZ VXSSRVe                  
WKaW WKeUe aUe WZR RU PRUe VXcK aWWUacWRU VWaWeV, dLffeULQg VLgQLfLcaQWO\ fURP RQe aQRWKeU LQ               
WeUPV Rf aYeUage gRRdQeVV. SXSSRVe fXUWKeU WKaW WKe ZRUOd LV QRW \eW LQ aQ\ Rf WKe VWaWeV LQ                  
TXeVWLRQ, bXW LV faLUO\ OLNeO\ WR VeWWOe LQWR RQe RU WKe RWKeU Rf WKe VWaWeV LQ TXeVWLRQ LQ WKe                   

12 TKLV OaVW aUgXPeQW aVVXPeV, Rf cRXUVe, WKaW WKe UeOeYaQW ³OaVW SeULRd´ fRU WKe SXUSRVeV Rf WKLV aUgXPeQW LV WKe                    
OaVW SeULRd ​before the decline of civilisation or humanit\ ​(eWc.), UaWKeU WKaQ a VWaWe Rf WKe XQLYeUVe afWeU WKaW                   
eYeQWXaO decOLQe. If, RQ WKe RWKeU KaQd, WKe eYeQWXaO caXVeV Rf KXPaQ e[WLQcWLRQ (eWc.) aUe eQdRgeQRXV, LQ VXcK a                   
Za\ WKaW adYaQcLQg SURgUeVV b\ RQe \eaU eTXaOO\ KaVWeQV KXPaQLW\¶V eYeQWXaO decOLQe b\ RQe \eaU, WKeQ                
adYaQcLQg SURgUeVV b\ RQe \eaU LQ 2029 VLPSO\ aPRXQWV WR VacULfLcLQg WKe YaOXe WKaW ZRXOd RWKeUZLVe KaYe beeQ                  
cRQWaLQed LQ WKe \eaU 2029. 

 



 

fRUeVeeabOe fXWXUe. FLQaOO\, VXSSRVe WKaW WKeUe LV VRPeWKLQg Ze caQ QRZ dR WKaW cKaQgeV WKe               
SURbabLOLW\ WKaW WKe ZRUOd eQdV XS LQ a beWWeU YV. a ZRUVe RQe Rf WKeVe aWWUacWRU VWaWeV. TKeQ ²                   
aV a UeVXOW Rf WKe SeUVLVWeQce WKaW LV bXLOW LQWR WKe defLQLWLRQ Rf ³aWWUacWRU VWaWe´ ² WKe effecWV                  
Rf WKeVe acWLRQV ZRXOd QRW ³ZaVK RXW´ aW aOO TXLcNO\.  

TKe ePSLULcaO TXeVWLRQ LV ZKeWKeU WKeUe aUe, LQ WKe UeaO ZRUOd, aQ\ RSWLRQV aYaLOabOe WR               
SKLYaQL WKaW LQVWaQWLaWe WKe VWUXcWXUe MXVW deVcULbed. We cOaLP WKaW WKeUe aUe. 

 

3.3 MLWLJaWLQJ ULVNV RI SUHPaWXUH KXPaQ H[WLQFWLRQ 
HXPaQ e[WLQcWLRQ LV aQ aWWUacWRU VWaWe ​par excellence ​. TR VWaWe WKe RbYLRXV: WKe cKaQceV Rf WKe                
KXPaQ Uace Ue-eYROYLQg, Lf Ze gR e[WLQcW, aUe PLQLVcXOe. SLPLOaUO\, QRQ-e[WLQcWLRQ LV (WR a              
OeVVeU e[WeQW) aQ aWWUacWRU VWaWe: ZKLOe WKeUe aUe LQdeed gUaYe ULVNV Rf aQ e[WLQcWLRQ eYeQW, WKeUe                
LV aW OeaVW a VWURQg WeQdeQc\ fRU KXPaQ e[LVWeQce WR SeUVLVW. 

TKeVe aWWUacWRU VWaWeV KaYe XQeTXaO e[SecWed YaOXe. IQ SaUWLcXOaU, accRUdLQg WR a WRWaO             
XWLOLWaULaQ SRSXOaWLRQ a[LRORg\, gLYeQ WKe e[SecWed QXPbeU Rf fXWXUe SeRSOe aQd aVVXPLQg WKaW             
RQ aYeUage WKeVe SeRSOe ZRXOd KaYe OLYeV Rf SRVLWLYe ZeOfaUe, SUePaWXUe KXPaQ e[WLQcWLRQ             
WeQdV WR be aVWURQRPLcaOO\ bad. CRUUeVSRQdLQgO\, eYeQ aQ e[WUePeO\ VPaOO UedXcWLRQ LQ            
e[WLQcWLRQ ULVN WeQdV WR KaYe YeU\ KLgK e[SecWed YaOXe. TKe SRLQW LV ZeOO SXW b\ NLcN                
BRVWURP: 

³EYeQ Lf Ze XVe WKe PRVW cRQVeUYaWLYe [eVWLPaWe Rf KRZ PaQ\ deVceQdaQWV SUeVeQW             
KXPaQV cRXOd KaYe Lf Ze dRQ¶W gR SUePaWXUeO\ e[WLQcW], Ze fLQd WKaW WKe e[SecWed ORVV               
Rf aQ e[LVWeQWLaO caWaVWURSKe LV gUeaWeU WKaQ WKe YaOXe Rf 10​16 KXPaQ OLYeV. TKLV LPSOLeV               
WKaW WKe e[SecWed YaOXe Rf UedXcLQg e[LVWeQWLaO ULVN b\ a PeUe RQe PLOOLRQWK Rf RQe               
SeUceQWage SRLQW LV aW OeaVW a KXQdUed WLPeV WKe YaOXe Rf a PLOOLRQ KXPaQ OLYeV« OQe                
PLgKW cRQVeTXeQWO\ aUgXe WKaW eYeQ WKe WLQLeVW UedXcWLRQ Rf e[LVWeQWLaO ULVN KaV aQ             
e[SecWed YaOXe gUeaWeU WKaQ WKaW Rf WKe defLQLWe SURYLVLRQ Rf aQ\ µRUdLQaU\¶ gRRd, VXcK              
aV WKe dLUecW beQefLW Rf VaYLQg 1 bLOOLRQ OLYeV.´ (BRVWURP 2013:18) 

AV aQ ePSLULcaO PaWWeU Rf facW, aV LV LQcUeaVLQgO\ UecRgQLVed, WKeUe aUe WKLQgV Ze (RU SKLYaQL)                
cRXOd dR WKaW ZRXOd UedXce WKe cKaQce Rf SUePaWXUe KXPaQ e[WLQcWLRQ b\ a QRQ-QegOLgLbOe              
aPRXQW. AV a UeVXOW, WKe cRVW-effecWLYeQeVV Rf VRPe VXcK LQWeUYeQWLRQV cRPSaUeV YeU\            
faYRXUabO\, b\ WRWaO XWLOLWaULaQ OLgKWV, WR WKaW Rf WKe beVW Za\V Rf LPSURYLQg WKe VKRUW UXQ. 

FRU LQVWaQce, MaWKeQ\ (2007) caOcXOaWeV WKaW ZLWK a bXdgeW Rf $20 bLOOLRQ Ze cRXOd, LQ               
e[SecWaWLRQ, VaYe 8 bLOOLRQ OLfe-\eaUV YLa fXUWKeU LPSURYePeQWV WR defeQce V\VWePV agaLQVW WKe             
SRVVLbLOLW\ Rf a PaMRU aVWeURLd cROOLdLQg ZLWK EaUWK, gLYLQg aQ e[SecWed cRVW Rf $2.50 SeU               
OLfe-\eaU VaYed. IQ addLWLRQ, WKLV fLgXUe baVed RQ WKe cRVW-effecWLYeQeVV Rf aVWeURLd defeQceV             
VeUYeV RQO\ aV a TXLWe e[WUePe ORZeU bRXQd RQ WKe cRVW-effecWLYeQeVV Rf aSSURSULaWeO\ dLUecWed              
effRUWV WR PLWLgaWe e[WLQcWLRQ ULVN: LW LV KLgKO\ OLNeO\ WKaW WKeUe aUe \eW PRUe cRVW-effecWLYe               
RSSRUWXQLWLeV WR PLWLgaWe RWKeU e[WLQcWLRQ WKUeaWV, LQ SaUWLcXOaU fURP ePeUgLQg WecKQRORgLeV           

 



 

VXcK aV aUWLfLcLaO LQWeOOLgeQce aQd V\QWKeWLc bLRORg\. IQ addLWLRQ, MaWKeQ\¶V eVWLPaWe XVeV            
e[WUePeO\ cRQVeUYaWLYe aVVXPSWLRQV abRXW WKe fXWXUe Rf WKe KXPaQ Uace.   13

FRU ZKaW LW¶V ZRUWK, Ze RXUVeOYeV aUe V\PSaWKeWLc WR WKLV YLeZ. TKe cUXcLaO cOaLP WKaW               
SUePaWXUe KXPaQ e[WLQcWLRQ ZRXOd be aVWURQRPLcaOO\ bad, KRZeYeU, LV UeOaWLYeO\ fUagLOe WR            
YaULaWLRQV aPRQg UeaVRQabO\ SOaXVLbOe eYaOXaWLYe YLeZV. 

TKUee dLPeQVLRQV Rf YaULaWLRQ aUe UeOeYaQW. FLUVWO\, ³SeUVRQ-affecWLQg´ aSSURacKeV WR          
SRSXOaWLRQ eWKLcV WeQd WR UegaUd SUePaWXUe e[WLQcWLRQ aV beLQg Rf PRdeVW badQeVV, SRVVLbO\ aV              
QeXWUaO, aQd eYeQ (Lf WKe YLeZ LQ TXeVWLRQ aOVR LQcRUSRUaWeV ³WKe aV\PPeWU\´) SRVVLbO\ aV a               
gRRd WKLQg (TKRPaV, PaQXVcULSW). SecRQdO\, RQe PLgKW KaYe a ³WRWaOLVW´ YLeZ bXW            
aV\PPeWULcaOO\ ZeLgKW QegaWLYe ZeOfaUe PRUe VWURQgO\ WKaQ SRVLWLYe ZeOfaUe XQLW-fRU-XQLW          
(AUUKeQLXV aQd B\NYLVW 1995, cKaSWeU 3); WKLV PLgKW UeQdeU WKe e[SecWed YaOXe Rf cRQWLQXed              
KXPaQ VXUYLYaO OeVV cOeaU, aQd WKeUefRUe SXVK agaLQVW WKe cRQcOXVLRQ WKaW e[WLQcWLRQ ZRXOd be              
aVWURQRPLcaOO\ bad. TKLUdO\, eYeQ RQ a WRWaO XWLOLWaULaQ YLeZ, WKeUe LV VRPe VcRSe fRU              
UeaVRQabOe dLVagUeePeQW abRXW ZKeWKeU WKe aYeUage ZeOO-beLQg OeYeO LQ WKe fXWXUe LV SRVLWLYe             
(AOWKaXV aQd GORRU, 2018). 

BecaXVe Rf WKLV fUagLOLW\, LW LV LPSRUWaQW WR e[SORUe WKe SURVSecWV fRU LPSURYLQg WKe ex ante                
YaOXe Rf WKe ORQg UXQ fXWXUe cRQdLWLRQaO RQ VXUYLYaO, aORQgVLde WKLV caVe fRU PLWLgaWLQg              
e[WLQcWLRQ ULVN. 

 

3.4 IQIOXHQFLQJ WKH FKRLFH aPRQJ QRQ-H[WLQFWLRQ aWWUaFWRU VWaWHV 
E[WLQcWLRQ LV WKe PRVW YLYLd aQd RbYLRXV e[aPSOe Rf a YaOXe-UeOeYaQW aWWUacWRU VWaWe ZKRVe              
SURbabLOLW\ Ze caQ LQfOXeQce, bXW LW LV faU fURP WKe RQO\ RQe. HeUe aUe VRPe RWKeU e[aPSOeV. 

FLUVW, cOLPaWe cKaQge cRXOd KaYe LQdefLQLWe LPSacWV RQ WKe fXWXUe Rf cLYLOLVaWLRQ. A VXffLcLeQWO\              
ZaUPeU cOLPaWe cRXOd UeVXOW LQ a VORZeU ORQg-UXQ gURZWK UaWe (PLQd\cN 2013, SWeUQ 2006),              
PaNLQg fXWXUe cLYLOLVaWLRQ SRRUeU LQdefLQLWeO\; RU LW cRXOd PeaQ WKaW WKe SOaQeW caQQRW LQ WKe               
fXWXUe VXVWaLQ aV OaUge a KXPaQ SRSXOaWLRQ (AUaO 2014); RU LW cRXOd caXVe XQUecRYeUabOe              
ecRV\VWeP ORVVeV, VXcK aV VSecLeV e[WLQcWLRQ aQd deVWUXcWLRQ Rf cRUaO UeefV (IPCC 2014,             
SS.1052-54). , SKLYaQL cRXOd acW WR PLWLgaWe cOLPaWe cKaQge. FRU e[aPSOe, VKe cRXOd URXWe             14 15

KeU UeVRXUceV WR WKe CRaOLWLRQ fRU RaLQfRUeVW NaWLRQV RU WKe COeaQ ALU TaVN FRUce (HaOVWead               
2018) LQ RUdeU WR e[SedLWe SROLWLcaO effRUWV WR UedXce caUbRQ ePLVVLRQV, RU VKe cRXOd fXQd               
UeVeaUcK LQWR cOeaQ eQeUg\, RU VKe cRXOd XVe KeU UeVRXUceV WR RUgaQLVe gUaVV-URRWV VXSSRUW fRU               
cOLPaWe cKaQge PLWLgaWLRQ WKaW ZRXOd PaNe VWURQg acWLRQ b\ gRYeUQPeQWV aOLgQ PRUe cORVeO\             
ZLWK RUdLQaU\ SROLWLcaO LQceQWLYeV. 

13 SLPLOaUO\, MLOOeWW aQd SQ\deU-BeaWWLe (2017) caOcXOaWe WKe cRVW Rf LQWeUYeQWLRQV WKaW aLP WR UedXce e[WLQcWLRQ                
ULVN fURP bLRWecKQRORg\ WR be LQ WKe UaQge Rf $0.10-$100 SeU OLfe-\eaU VaYed. 
14 TKe SRVVLbLOLW\ Rf abUXSW aQd SeUVLVWeQW cOLPaWe cKaQge LV dLVcXVVed b\ AOOe\ eW aO. (2003). 
15 WKeWKeU RU QRW WKLV LV aQ e[aPSOe Rf aQ aWWUacWRU VWaWe LQ WKe cXUUeQWO\ UeOeYaQW VeQVe LV SaUWO\ a TXeVWLRQ Rf                      
ZKeWKeU WKe daPage fURP cOLPaWe cKaQge LV a PaWWeU Rf WKe cKaQged cOLPaWe beLQg ​permanentl\ less conducive to                  
well-being​, RU ZKeWKeU WKe SULPaU\ YaOXe-UeOeYaQW WKLQg LV WKaW VLgQLfLcaQW cOLPaWe cKaQge ZRXOd QeceVVLWaWe a               
cRVWO\ ​but relativel\ time-limited ​SeULRd Rf adaSWaWLRQ. TKLV VeePV XQcOeaU. 

 



 

SecRQd, LW LV SOaXVLbOe WKaW ZLWKLQ WKe Qe[W ceQWXU\ RU WZR WKeUe PLgKW be deYeORSed VWURQg                
LQWeUQaWLRQaO gRYeUQaQce RUgaQLVaWLRQV, RU eYeQ a ZRUOd gRYeUQPeQW. TKLV cRXOd RccXU YLa a             
YaULeW\ Rf PeaQV: LW cRXOd be deYeORSed gUadXaOO\ RXW Rf e[LVWLQg LQWeUQaWLRQaO RUgaQLVaWLRQV             
OLNe WKe UN; LW cRXOd be SXW LQ SOace LQ WKe afWeUPaWK Rf a WKLUd ZRUOd ZaU, MXVW aV                   
RUgaQLVaWLRQV OLNe WKe UN ZeUe SXW LQ SOace afWeU WWII; RU LW cRXOd cRPe abRXW becaXVe RQe                 
cRXQWU\ becRPeV dRPLQaQW, gORbaOO\, WKURXgK PLOLWaU\ cRQTXeVW, RU WKURXgK gUeaWeU ecRQRPLc           
SRZeU (RRdULN 2000; CabUeUa 2010; CabUeUa 2012; LX 2016; YacRXb 2018). 

BXW RQce VXcK LQVWLWXWLRQV ZeUe cUeaWed, WKe\ PLgKW SeUVLVW LQdefLQLWeO\. PROLWLcaO LQVWLWXWLRQV            
RfWeQ cKaQge aV a UeVXOW Rf cRQfOLcW RU cRPSeWLWLRQ ZLWK RWKeU VWaWeV. FRU VWURQg ZRUOd               
gRYeUQPeQWV, WKLV cRQVLdeUaWLRQ ZRXOd QRW aSSO\ (CaSOaQ 2008). IQ WKe SaVW, gRYeUQPeQWV            
KaYe aOVR RfWeQ cKaQged aV a UeVXOW Rf cLYLO ZaU RU LQWeUQaO UeYROXWLRQ. HRZeYeU, adYaQcLQg               
WecKQRORg\ PLgKW PaNe WKaW faU OeVV OLNeO\ fRU a fXWXUe ZRUOd gRYeUQPeQW: PRdeUQ aQd fXWXUe               
VXUYeLOOaQce WecKQRORgLeV cRXOd SUeYeQW LQVXUUecWLRQ, aQd AI-cRQWUROOed SROLce aQd aUPLeV          
cRXOd be cRQWUROOed b\ WKe OeadeUV Rf WKe gRYeUQPeQW, WKeUeb\ UePRYLQg WKe SRVVLbLOLW\ Rf a               
PLOLWaU\ cRXS (CaSOaQ 2008; SPLWK 2014).  16

FXUWKeU, WKeUe LV PRUe WKaQ RQe Za\ aQ LQWeUQaWLRQaO gRYeUQaQce RUgaQLVaWLRQ RU a ZRUOd              
gRYeUQPeQW PLgKW be cRQVWLWXWed, aQd VRPe Rf WKe SRVVLbOe Za\V aUe VLgQLfLcaQWO\ PRUe             
cRQdXcLYe WR ZeOO-beLQg WKaQ RWKeUV. (FRU e[aPSOe, cRQVWLWXWLRQV WKaW aUe VWURQgO\ LQfOXeQced            
b\ WKe SaURcKLaO LQWeUeVWV Rf a feZ QaWLRQV ZKR ZeUe SRZeUfXO aW WKe WLPe Rf fRUPaWLRQ aUe                 
OLNeO\ WR VLgQLfLcaQWO\ XQdeUZeLgKW WKe LQWeUeVWV Rf WKRVe LQ WKe dLVadYaQWaged cRXQWULeV, aQd             
VR be VLgQLfLcaQWO\ OeVV cRQdXcLYe WR RYeUaOO gORbaO ZeOO-beLQg. CULWLcLVPV Rf WKLV fRUP aUe              
RfWeQ dLUecWed agaLQVW WKe WRUOd TUade OUgaQLVaWLRQ (PRgge 2008).) AQd WKeUe aUe WKLQgV WKaW              
SKLYaQL cRXOd dR WR QRQ-QegOLgLbO\ LQfOXeQce WKe SURbabLOLW\ WKaW Ze eQd XS ZLWK a PRUe               
UaWKeU WKaQ a OeVV ZeOO-beLQg cRQdXcLYe VeW Rf LQVWLWXWLRQV. FRU LQVWaQce, VKe cRXOd fXQd WKe               
deYeORSPeQW Rf beWWeU PeWKRdV Rf SROLWLcaO decLVLRQ-PaNLQg VXcK aV YLa WKe GRRd JXdgPeQW             
PURMecW RU WKe CeQWeU fRU EOecWLRQ ScLeQce, RU VKe cRXOd SOa\ a ZaLWLQg gaPe: eVWabOLVKLQg a                17 18

fXQd ZLWK WKe e[SUeVV UePLW Rf e[eUWLQg SROLWLcaO SUeVVXUe LQ beQefLcLaO dLUecWLRQV RYeU WKe              
SURceVV Rf ZRUOd LQVWLWXWLRQ fRUPaWLRQ, ZKeQeYeU WKe da\ VKRXOd cRPe ZKeQ VXcK a fXQd              
cRXOd be SXW WR gRRd XVe. 

TKLUd, LW LV aOVR SOaXVLbOe WKaW ZLWKLQ WKe Qe[W ceQWXU\ Ze PLgKW deYeORS adYaQced aUWLfLcLaO               
geQeUaO LQWeOOLgeQce, ZLWK a KLgKeU LQWeOOLgeQce OeYeO WKaQ WKaW Rf KXPaQV (BRVWURP 2014 cKV.              
1-2; M�OOeU aQd BRVWURP 2016; GUace eW aO 2018). UQOLNe KXPaQV, VXcK aUWLfLcLaO ageQWV              
ZRXOd QRW be PRUWaO: eYeQ WKRXgK aQ\ gLYeQ SLece Rf KaUdZaUe ZRXOd ZeaU RXW, WKe               
XQdeUO\LQg cRde WKaW deWeUPLQed WKe ageQW¶V gRaOV ZRXOd be cRS\abOe (aQd WKe ageQW LQ              
TXeVWLRQ ZRXOd KaYe eYeU\ LQceQWLYe WR Vee WR LW WKaW LW ZaV cRSLed), aQd cRXOd WKeUefRUe                

16 FRU UeaVRQV OLNe WKeVe, a[LRORgLcaO VWURQg ORQgWeUPLVP LV LV OeVV OLNeO\ WR be WUXe Rf YaULRXV SaVW decLVLRQ                   
cRQWe[WV (fRU e[aPSOe, WKe decLVLRQ cRQWe[W Rf a caXVe-QeXWUaO SKLOaQWKURSLVW OLYLQg 100 RU 1000 \eaUV agR) WKaQ                 
LW LV WR be WUXe Rf SUeVeQW decLVLRQ cRQWe[WV. We VeW aVLde WKe TXeVWLRQ Rf ZKeWKeU a[LRORgLcaO ORQgWeUPLVW LV WUXe                    
Rf SaVW decLVLRQ cRQWe[WV; RXU cOaLP KeUe LV WKaW a[LRORgLcaO VWURQg ORQgWeUPLVP LV (aW OeaVW) KLgKO\ SOaXVLbOe fRU                  
SUeVeQW decLVLRQ cRQWe[WV. 
17 KWWSV://gRRdMXdgPeQW.cRP/ 
18 KWWSV://ZZZ.eOecWLRQVcLeQce.RUg/ 

 



 

SeUVLVW LQdefLQLWeO\ (HaQVRQ 2016, SS.57-8). FXUWKeUPRUe, WKe cXUUeQW dRPLQLRQ Rf ​Homo           
Sapiens RYeU WKe EaUWK LV SOaXVLbO\ dXe WR RXU beLQg WKe PRVW LQWeOOLgeQW VSecLeV; Lf aQ                
aUWLfLcLaO ageQW RU ageQWV PRUe LQWeOOLgeQW WKaQ KXPaQV ZeUe cUeaWed, WKeQ, LQ geQeUaO Ze              
VKRXOd e[SecW WKeP WR e[eUW YeU\ VLgQLfLcaQW cRQWURO RYeU KXPaQ affaLUV, aQd PRUe geQeUaOO\              
RYeU WKe cRQdLWLRQV Qeeded fRU WKe fORXULVKLQg Rf VeQWLeQW OLfe, fRU aV ORQg aV WKe\ dR SeUVLVW                 
(CKaOPeUV 2010; BRVWURP 2014, SS.YLL). WKaW dLUecWLRQ WKLV LQfOXeQce SXOOV ZLOO deSeQd RQ             
WKe gRaOV WKaW aUe ePbRdLed LQ WKe AI V\VWeP. TKRVe gRaOV ZLOO SURbabO\ be e[WUePeO\               
dLffLcXOW RU LPSRVVLbOe fRU KXPaQV WR cKaQge RQce WKe AI V\VWeP KaV VWaUWed acWLQg LQ WKe                
ZRUOd, bXW WKeUe aUe WKLQgV WKaW SKLYaQL caQ dR QRZ, SULRU WR WKe cUeaWLRQ Rf aQ\ VXcK V\VWeP,                  
WR LPSURYe WKe SURbabLOLW\ WKaW VXcK aQ AI V\VWeP ePbRdLeV gRaOV WKaW aUe PRUe UaWKeU WKaQ                
OeVV cRQdXcLYe WR ZeOO-beLQg. SKe cRXOd, fRU e[aPSOe, fXQd WecKQLcaO aQd SROLc\ ZRUN RQ              
eQVXULQg WKe Vafe deYeORSPeQW Rf aUWLfLcLaO LQWeOOLgeQce aW OSeQAI RU WKe CeQWeU fRU SecXULW\              
aQd EPeUgLQg TecKQRORg\.   19

 
LLNe aQ\ dLVcXVVLRQ Rf XQSUecedeQWed fXWXUe SRVVLbLOLWLeV, WKLV dLVcXVVLRQ LV Rf cRXUVe YeU\             
VSecXOaWLYe (aQd RXU e[WUePeO\ bULef RYeUYLeZ caQQRW KRSe WR dR MXVWLce WR WKe cRPSOe[LW\ Rf               
WKe UeOeYaQW LVVXeV). AV VXcK, LW caQ WeQd WR eYRNe a UeacWLRQ WKaW ³WKLV LV MXVW VcLeQce fLcWLRQ´.                  
HRZeYeU, gLYeQ UaSLd UeceQW SURgUeVV bRWK LQ KaUdZaUe aQd LQ WKe SeUfRUPaQce Rf QaUURZ AI               
V\VWePV, LW ZRXOd be e[WUePeO\ RYeUcRQfLdeQW WR beOLeYe WKaW WKeUe LV QR cKaQce Rf VXcK               
adYaQceV RccXUULQg RYeU WKe cRXUVe Rf WKe Qe[W ceQWXU\; e[SeUWV LQ WKe fLeOd LQ facW aVVLgQ LW                 
TXLWe a VXbVWaQWLaO SURbabLOLW\. TKeUe LV aOVR a ZLde cRQVeQVXV aPRQg dLYeUVe OeadLQg             20

WKLQNeUV (bRWK ZLWKLQ aQd RXWVLde WKe AI ReVeaUcK cRPPXQLW\) WR WKe effecW WKaW WKe ULVNV Ze                
KaYe MXVW KLQWed aW aUe LQdeed YeU\ VeULRXV RQeV, aQd WKaW PXcK PRUe VKRXOd be dRQe WR                 
PLWLgaWe WKeP.  21

 
TKeUe aUe WKeUefRUe a QXPbeU Rf eYeQWV WKaW PLgKW RccXU RYeU WKe Qe[W ceQWXU\ WKaW PLgKW KaYe                 
LQdefLQLWeO\ ORQg-OaVWLQg effecWV, aQd WKaW aUe aPeQabOe WR VLgQLfLcaQW SUeVeQW LQfOXeQce           
WKURXgK MXdLcLRXV cKRLce Rf KRZ WR deSOR\ UeVRXUceV. We KaYe aWWePSWed a UeSUeVeQWaWLYe             
VeOecWLRQ, ZKLOe VcUaWcKLQg RQO\ WKe VXUface Rf WKe SRVVLbLOLWLeV. BXW Ze aOVR KaYe VRPe abLOLW\               
WR VKaSe KRZ WKeVe eYeQWV SURgUeVV, Lf WKe\ dR RccXU, aQd dLffeUeQW YeUVLRQV Rf WKeVe eYeQWV                
ZRXOd be aW OeaVW VRPeZKaW SUedLcWabOe LQ WKe YaOXe Rf WKeLU effecW RQ fXWXUe cLYLOLVaWLRQ. If Ze                 
cUeaWe VXffLcLeQWO\ SRZeUfXO ageQWV Rf LQdefLQLWe OLfeVSaQ, WKeQ WKe aLPV Rf WKRVe ageQWV ZLOO              
deWeUPLQe WKe cRXUVe Rf WKe fXWXUe. If Ze cUeaWe a ZRUOd gRYeUQPeQW, WKeQ WKe YaOXeV               

19 OSeQAI ( ​KWWSV://RSeQaL.cRP/​) LV dLUecWO\ aWWePSWLQg WR bXLOd Vafe aQd beQefLcLaO aUWLfLcLaO geQeUaO LQWeOOLgeQce.              
TKe CeQWeU fRU SecXULW\ aQd EPeUgLQg TecKQRORg\ (​KWWSV://cVeW.geRUgeWRZQ.edX/​) SURYLdeV SROLc\ adYLce WR WKe             
US gRYeUQPeQW RQ LVVXeV UeOaWLQg WR WKe deYeORSPeQW Rf AI. 
20 IQ aQ e[SeUW VXUYe\ Rf AI UeVeaUcKeUV, GUace eW aO (2018) fRXQd, fRU e[aPSOe, WKaW WKe PedLaQ (UeVS. PeaQ)                    
eVWLPaWe fRU WKe QXPbeU Rf \eaUV XQWLO fXOO aXWRPaWLRQ Rf OabRXU ZRXOd be acKLeYed ZLWK 50% SURbabLOLW\ ZaV                  
100 \eaUV (UeVS. 122 \eaUV). (IW LV XQcOeaU SUecLVeO\ KRZ VeULRXVO\ WR WaNe WKeVe VXUYe\ UeVSRQVeV, KRZeYeU, aV                  
WKe\ e[KLbLW aSSaUeQW LQcRQVLVWeQc\ acURVV aQVZeUV WR cORVeO\ UeOaWed TXeVWLRQV. SRPe VXUYe\ SaUWLcLSaQWV ZeUe              
aVNed ZKeQ AI ZRXOd RXWSeUfRUP KXPaQV LQ aOO WaVNV ZLWK 50% SURbabLOLW\; WR WKaW TXeVWLRQ, WKe PeaQ UeVSRQVe                  
ZaV 45 \eaUV.) 
21 See fRU e[aPSOe WKe RSeQ OeWWeU RQ UeVeaUcK SULRULWLeV fRU URbXVW aQd beQefLcLaO aUWLfLcLaO LQWeOOLgeQce                
(​KWWSV://fXWXUeRfOLfe.RUg/aL-RSeQ-OeWWeU​) ZKLcK ZaV VLgQed b\ VeYeUaO OeadLQg WKLQNeUV. 
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ePbRdLed LQ WKe cRQVWLWXWLRQ Rf WKaW gRYeUQPeQW ZLOO cRQVWUaLQ fXWXUe decLVLRQ-PaNeUV           
LQdefLQLWeO\. If Ze OeW cOLPaWe cKaQge cRQWLQXe XQabaWed, Ze SRWeQWLaOO\ ORVe gRRdV WKaW Ze              
caQ¶W geW bacN. AQd WKeUe aUe cRQcUeWe RSWLRQV fRU WKLQgV Ze caQ dR WKaW KaYe aQ LQfOXeQce RQ                  
WKeVe SRVVLbOe ORQg-OaVWLQg cKaQgeV. 
 
NRZ, WKe aUgXPeQW Ze aUe PaNLQg LV XOWLPaWeO\ a TXaQWLWaWLYe RQe: WKaW WKe e[SecWed LPSacW               
RQe caQ KaYe RQ WKe ORQg-UXQ fXWXUe LV gUeaWeU WKaQ WKe e[SecWed LPSacW RQe caQ KaYe RQ WKe                  
VKRUW UXQ. IW¶V QRW WUXe, LQ geQeUaO, WKaW RSWLRQV WKaW LQYROYe ORZ SURbabLOLWLeV Rf KLgK VWaNeV                
V\VWePaWLcaOO\ Oead WR gUeaWeU e[SecWed YaOXeV WKaQ RSWLRQV WKaW LQYROYe KLgK SURbabLOLWLeV Rf             
PRdeVW Sa\RffV: eYeU\WKLQg deSeQdV RQ WKe QXPbeUV. (FRU LQVWaQce, QRW aOO LQVXUaQce cRQWUacWV             
aUe ZRUWK bX\LQg.) SR PeUeO\ SRLQWLQg RXW WKaW RQe ​might be abOe WR LQfOXeQce WKe ORQg UXQ, RU                  
WKaW RQe caQ dR VR WR a QRQ]eUR e[WeQW (LQ e[SecWaWLRQ), LVQ¶W eQRXgK fRU RXU aUgXPeQW. BXW,                 
Ze ZLOO cOaLP, aQ\ UeaVRQabOe VeW Rf cUedeQceV ZRXOd aOORZ WKaW fRU aW OeaVW RQe Rf WKeVe                 
SaWKZa\V, WKe e[SecWed LPSacW LV gUeaWeU fRU WKe ORQg-UXQ.  
 
SXSSRVe, fRU LQVWaQce, SKLYaQL WKLQNV WKeUe¶V a 1% SURbabLOLW\ Rf a WUaQVLWLRQ WR a ZRUOd               
gRYeUQPeQW LQ WKe Qe[W ceQWXU\, aQd WKaW $1 bLOOLRQ Rf ZeOO-WaUgeWed gUaQWV ² aLPed (Va\) aW                
decUeaVLQg WKe cKaQce Rf gUeaW SRZeU ZaU, aQd LPSURYLQg WKe VWaWe Rf NQRZOedge RQ RSWLPaO               
LQVWLWXWLRQaO deVLgQ ² ZRXOd LQcUeaVe WKe ZeOO-beLQg LQ aQ aYeUage fXWXUe OLfe, XQdeU WKe              
ZRUOd gRYeUQPeQW, b\ 0.1%, ZLWK a 0.1% cKaQce Rf WKaW effecW OaVWLQg XQWLO WKe eQd Rf                
cLYLOLVaWLRQ, aQd WKaW WKe LPSacW Rf gUaQWV LQ WKLV aUea LV aSSUR[LPaWeO\ OLQeaU ZLWK UeVSecW WR                
WKe aPRXQW Rf VSeQdLQg. TKeQ, XVLQg RXU fLgXUe Rf RQe TXadULOOLRQ OLYeV WR cRPe, WKe e[SecWed                
gRRd dRQe b\ SKLYaQL cRQWULbXWLQg $10,000 WR WKLV gRaO ZRXOd, b\ WKe OLgKWV Rf a XWLOLWaULaQ                
a[LRORg\, be 100 OLYeV. IQ cRQWUaVW, fXQdLQg fRU AgaLQVW MaOaULa FRXQdaWLRQ, RfWeQ UegaUded             
aV WKe PRVW cRVW-effecWLYe LQWeUYeQWLRQ LQ WKe aUea Rf VKRUW-WeUP gORbaO KeaOWK LPSURYePeQWV,             
RQ aYeUage VaYeV RQe OLfe SeU $3500.  22

AOWeUQaWLYeO\, cRQVLdeU aUWLfLcLaO LQWeOOLgeQce. SXSSRVe WKaW $1bQ Rf ZeOO-WaUgeWed gUaQWV cRXOd           
UedXce WKe SURbabLOLW\ Rf e[LVWeQWLaO caWaVWURSKe fURP aUWLfLcLaO LQWeOOLgeQce b\ 0.001%. AgaLQ,            
fRU VLPSOLcLW\, aVVXPe WKaW WKe LPSacW Rf gUaQWV LV aSSUR[LPaWeO\ OLQeaU LQ aPRXQW VSeQW. TKeQ               
WKe e[SecWed gRRd dRQe b\ SKLYaQL cRQWULbXWLQg $10,000 WR AI VafeW\ ZRXOd be eTXLYaOeQW, b\               
WKe OLgKWV Rf RXU XWLOLWaULaQ a[LRORg\, aQd RQ WKe aVVXPSWLRQ Rf RQe TXadULOOLRQ OLYeV WR cRPe,                
WR RQe KXQdUed WKRXVaQd OLYeV VaYed. 

Of cRXUVe, LQ eLWKeU caVe RQe cRXOd debaWe WKeVe QXPbeUV. BXW, WR UeSeaW, aOO Ze Qeed LV WKaW                  
WKeUe be ​one cRXUVe Rf acWLRQ VXcK WKaW RQe RXgKW WR KaYe a QRQ-PLQXVcXOe cUedeQce LQ WKaW                 
acWLRQ¶V KaYLQg QRQ-QegOLgLbOe ORQg-OaVWLQg LQfOXeQce. GLYeQ WKe PXOWLWXde Rf SOaXVLbOe Za\V           
b\ ZKLcK RQe cRXOd KaYe VXcK LQfOXeQce, dLYeUVe SRLQWV Rf YLeZ aUe OLNeO\ WR agUee RQ WKLV                 
cOaLP. 

22 TKLV fLgXUe LV WaNeQ fURP GLYeWeOO¶V cRVW-effecWLYeQeVV PRdeO Rf MaUcK 21 2019, XVLQg WKeLU PedLaQ eVWLPaWe                 
Rf cRVW SeU deaWK aYeUWed (afWeU accRXQWLQg fRU OeYeUage aQd fXQgLQg). TKe PRdeO LV acceVVLbOe KeUe:                
KWWSV://ZZZ.gLYeZeOO.RUg/KRZ-Ze-ZRUN/RXU-cULWeULa/cRVW-effecWLYeQeVV/cRVW-effecWLYeQeVV-PRdeOV 
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3.5 A PHWa-RSWLRQ: FXQGLQJ UHVHaUFK LQWR ORQJWHUPLVW LQWHUYHQWLRQ SURVSHFWV 
OXU OLVW Rf e[aPSOeV Rf SOaXVLbO\ cRVW-effecWLYe fLUVW-RUdeU ORQgWeUPLVW LQWeUYeQWLRQV LV cOeaUO\            
TXLWe VSecXOaWLYe, aQd WKe eYaOXaWLRQ Rf VXcK RSWLRQV LV cXUUeQWO\ e[WUePeO\ XQdeU-UeVeaUcKed.            
IQ VecWLRQV 3.3 aQd 3.4, Ze aUgXed (fRU WKe caVeV Rf e[WLQcWLRQ ULVN PLWLgaWLRQ aQd RWKeU                
³aWWUacWRU VWaWe´ VWUXcWXUeV UeVSecWLYeO\) WKaW eYeQ deVSLWe WKLV, WKe RYeUaOO e[SecWed           
cRVW-effecWLYeQeVV Rf WKe beVW ORQgWeUPLVW LQWeUYeQWLRQV YeU\ VLgQLfLcaQWO\ e[ceedV WKaW Rf WKe            
beVW aYaLOabOe Za\V Rf LPSURYLQg WKe VKRUW UXQ, VR WKaW a[LRORgLcaO VWURQg ORQgWeUPLVP LV WUXe. 

HeUe Ze RffeU a cRPSOePeQWaU\ aUgXPeQW. TR WKaW eQd, OeW XV VXSSRVe LQVWead, fRU WKe VaNe Rf                 
aUgXPeQW, WKaW VRPe UeaVRQabOe cUedeQceV dR ​not ​aVVLgQ KLgKeU e[SecWed cRVW-effecWLYeQeVV WR            
an\ particular one ​Rf WKe SURSRVed ORQgWeUPLVW LQWeUYeQWLRQV WKaQ WKe\ dR WR WKe beVW              
VKRUW-WeUPLVW LQWeUYeQWLRQV, becaXVe Rf WKe WKLQQeVV Rf WKe caVe LQ VXSSRUW Rf eacK VXcK              
LQWeUYeQWLRQ. SXSSRVe WKaW WKe Za\ LQ ZKLcK WKRVe cUedeQceV agUee ZLWK WKe ³e[LVWeQce cOaLP´              
PeQWLRQed aW WKe eQd Rf WKe SUecedLQg VecWLRQ LV UaWKeU: WKe\ agUee LW LV KLgKO\ OLNeO\ WKaW ​given                  
sufficient additional information ​, aW OeaVW RQe Rf WKe SURSRVed ORQgWeUPLVW LQWeUYeQWLRQV (RU            
aQRWKeU VXcK LQWeUYeQWLRQ LQ a VLPLOaU VSLULW) ZRXOd cRPe WR KaYe VLgQLfLcaQWO\ KLgKeU             
e[SecWed YaOXe, UeOaWLYe WR WKe XSdaWed cUedeQceV, WKaQ WKe beVW VKRUW-WeUPLVW RSWLRQV.            
HRZeYeU, befRUe gaWKeULQg WKaW e[WUa LQfRUPaWLRQ, Ze caQQRW WeOO ​which ​ORQgWeUPLVW           
LQWeUYeQWLRQ KaV WKaW SURSeUW\. 

IW dReV QRW fROORZ WKaW WKe cUedeQceV LQ TXeVWLRQ ZRXOd UecRPPeQd fXQdLQg VKRUW-WeUPLVW             
LQWeUYeQWLRQV. TKaW LV becaXVe SKLYaQL aOVR KaV ZKaW Ze PLgKW caOO a ³VecRQd-RUdeU´             
ORQgWeUPLVW RSWLRQ: ​funding research into ​WKe cRVW-effecWLYeQeVV Rf YaULRXV SRVVLbOe aWWePSWV           
WR LQfOXeQce WKe YeU\ ORQg UXQ, VXcK aV WKRVe dLVcXVVed abRYe. PURYLded WKaW VXbVeTXeQW              
SKLOaQWKURSLVWV ZRXOd WaNe dXe QRWe Rf WKe UeVXOWV Rf VXcK UeVeaUcK, WKLV VecRQd-RUdeU RSWLRQ              
cRXOd eaVLO\ KaYe KLgKeU e[SecWed YaOXe (UeOaWLYe WR SKLYaQL¶V cXUUeQW SURbabLOLWLeV) WKaQ WKe             
beVW VKRUW-WeUPLVW RSWLRQ, VLQce LW cRXOd dUaPaWLcaOO\ LQcUeaVe WKe e[SecWed effecWLYeQeVV Rf            
fXWXUe SKLOaQWKURS\ (agaLQ, UeOaWLYe WR SKLYaQL¶V cXUUeQW SURbabLOLWLeV). 

FLQaOO\, KeUe LV aQRWKeU RSWLRQ WKaW LV VRPeZKaW VLPLOaU LQ VSLULW: UaWKeU WKaQ VSeQdLQg QRZ,               
SKLYaQL cRXOd VaYe KeU PRQe\ fRU a OaWeU WLPe. TKaW LV, VKe cRXOd VeW XS a fRXQdaWLRQ RU a                   
dRQRU-adYLVed fXQd, ZLWK a cRQVWLWXWLRQaOO\ ZULWWeQ ORQgWeUPLVW PLVVLRQ. TKLV fXQd ZRXOd Sa\            
RXW ZKeQeYeU WKeUe cRPeV a WLPe ZKeQ WKeUe LV VRPe acWLRQ RQe cRXOd WaNe WKaW ZLOO, LQ                 
e[SecWaWLRQ, VXffLcLeQWO\ affecW WKe YaOXe Rf WKe YeU\ ORQg-UXQ fXWXUe. 
 
TKeVe WZR cRQVLdeUaWLRQV VKRZ WKaW WKe baU fRU ePSLULcaO RbMecWLRQV WR RXU aUgXPeQW WR PeeW               
LV YeU\ KLgK. NRW RQO\ ZRXOd LW Qeed WR be WKe caVe WKaW, RXW Rf aOO WKe (PLOOLRQV) Rf acWLRQV                    
aYaLOabOe WR aQ acWRU OLNe SKLYaQL, fRU QRQe Rf WKeP VKRXOd RQe KaYe QRQ-QegOLgLbOe cUedeQce               
WKaW RQe caQ SRVLWLYeO\ affecW WKe e[SecWed YaOXe Rf WKe ORQg-UXQ fXWXUe b\ aQ\ QRQ-QegOLgLbOe               
aPRXQW. IW ZRXOd aOVR Qeed WR be WKe caVe WKaW RQe VKRXOd be YLUWXaOO\ ceUWaLQ WKaW WKeUe ZLOO                  
be QR VXcK acWLRQV LQ WKe fXWXUe, aQd WKaW WKeUe LV aOPRVW QR KRSe Rf dLVcRYeULQg aQ\ VXcK                  
acWLRQV WKURXgK fXUWKeU UeVeaUcK. TKLV cRQVWeOOaWLRQ Rf cRQdLWLRQV VeePV KLgKO\ XQOLNeO\. 

 



 

 
 

4. A[LRORJLFaO aQG GHFLVLRQ-WKHRUHWLF RbMHFWLRQV 

OXU dLVcXVVLRQ abRYe ZaV cRQdXcWed RQ WKe aVVXPSWLRQ Rf (L) a WRWaO XWLOLWaULaQ a[LRORg\ aQd               
(LL) aQ e[SecWed-YaOXe aSSURacK WR ​ex ante eYaOXaWLRQ XQdeU XQceUWaLQW\. BRWK Rf WKeVe             
aVVXPSWLRQV aUe aW OeaVW VRPeZKaW cRQWURYeUVLaO. TKe SUeVeQW VecWLRQ e[aPLQeV WKe e[WeQW WR             
ZKLcK RXU aUgXPeQWV ZRXOd be XQdeUPLQed b\ YaULRXV Za\V Rf deYLaWLQg fURP WKRVe             
aVVXPSWLRQV. BURadO\, WKe XSVKRW ZLOO be WKaW WKe caVe fRU VWURQg ORQgWeUPLVP LV TXLWe URbXVW               
WR SOaXVLbOe deYLaWLRQV fURP WKeVe VWaUWLQg a[LRORgLcaO aQd decLVLRQ-WKeRUeWLc aVVXPSWLRQV. 

 

4.1 PRSXOaWLRQ a[LRORJ\ 
OQe Rf WKe caWegRULeV Rf ORQgWeUPLVW LQWeUYeQWLRQ Ze dLVcXVVed LQ VecWLRQ 3 ZaV WKaW Rf               
PLWLgaWLQg e[WLQcWLRQ ULVN. AV Ze QRWed WKeUe, WKe aUgXPeQW Ze gaYe fRU WKe cOaLP WKaW               
PLWLgaWLQg e[WLQcWLRQ ULVN KaV KLgKeU YeU\ ORQg-UXQ e[SecWed YaOXe (UeOaWLYe WR BAU) WKaQ WKe              
beVW aYaLOabOe VKRUW-UXQ LPSURYePeQW (agaLQ RYeU BAU) UeOLed eVVeQWLaOO\ RQ a cRQWURYeUVLaO            
SURSeUW\ Rf WRWaO XWLOLWaULaQLVP. MaQ\ a[LRORgLeV ZLOO QRW agUee WKaW SUePaWXUe e[WLQcWLRQ LV             
astronomicall\ ​bad, aV LV SeUKaSV UeTXLUed fRU WKaW aUgXPeQW WR gR WKURXgK. 

IQ SaUWLcXOaU, ³SeUVRQ-affecWLQg´ aSSURacKeV WR SRSXOaWLRQ eWKLcV WeQd WR UeVLVW WKaW cOaLP.            23

AccRUdLQg WR WKe VSLULW Rf a SeUVRQ-affecWLQg aSSURacK, SeUKaSV, SUePaWXUe e[WLQcWLRQ LV LQ             
LWVeOf aW ZRUVW QeXWUaO: Lf KXPaQLW\ gReV SUePaWXUeO\ e[WLQcW, WKeQ WKeUe dReV QRW LQ facW e[LVW                
aQ\ SeUVRQ ZKR LV ZRUVe Rff aV a UeVXOW Rf WKaW e[WLQcWLRQ, aQd (accRUdLQg WR WKe                
SeUVRQ-affecWLQg eWKRV) WKLV VXffLceV WR eVWabOLVK WKaW WKe UeVXOWLQg VWaWe Rf affaLUV LV QRW ZRUVe.               
E[WLQcWLRQ ULVN PLWLgaWLRQ Pa\ WKeUefRUe beaW WKe beVW VKRUW-WeUPLVW RSWLRQV ​onl\ ​cRQdLWLRQaO            
RQ a WRWaOLVW SRSXOaWLRQ a[LRORg\.  24

HRZeYeU, WKe RWKeU RSWLRQV fRU ORQg-UXQ LQfOXeQce Ze dLVcXVVed (LQ VecWLRQ 3.4) aUe aWWePSWV              
WR LPSURYe aYeUage fXWXUe ZeOO-beLQg, cRQdLWLRQaO RQ KXPaQLW\ ​not ​gRLQg SUePaWXUeO\ e[WLQcW.            
WKLOe WKe SUecLVe QXPbeUV WKaW aUe UeOeYaQW ZLOO deSeQd RQ WKe SUecLVe cKRLce Rf a[LRORg\               
(aQd Ze ZLOO QRW e[SOLcLWO\ cUXQcK VXggeVWed QXPbeUV fRU aQ\ RWKeU a[LRORgLeV), aQ\ SOaXVLbOe              

23 AQecdRWaOO\ aQd LPSUecLVeO\, SeUVRQ-affecWLQg aSSURacKeV VeeP WR XV WR be WKe PRVW SRSXOaU faPLO\ Rf                
aOWeUQaWLYeV WR WRWaO XWLOLWaULaQLVP, aOWKRXgK LW LV dLffLcXOW WR fRUPXOaWe a cRPSOeWe SeUVRQ-affecWLQg WKeRU\ ZLWKRXW               
faOOLQg LQWR abVXUdLW\ (GUeaYeV 2017b). FRU aQ e[ceOOeQW e[SORUaWLRQ Rf KRZ a SeUVRQ-affecWLQg aSSURacK VKRXOd               
KaQdOe LVVXeV Rf e[WLQcWLRQ ULVN Vee TKRPaV (PaQXVcULSW). SLPLOaU UePaUNV WR WKRVe LQ WKe PaLQ We[W aSSO\ WR WKe                   
RWKeU SRVVLbLOLWLeV Ze fOagged LQ VecWLRQ 3.2, YL]. WKe aV\PPeWULc ZeLgKWLQg Rf QegaWLYe RYeU SRVLWLYe ZeOfaUe,                
aQd WKe YLeZ WKaW WKe ]eUR OeYeO Rf ZeOO-beLQg LV VXffLcLeQWO\ KLgK UeOaWLYe WR aYeUage fXWXUe ZeOO-beLQg WR PaNe                   
SUePaWXUe e[WLQcWLRQ (aW OeaVW) QRW aVWURQRPLcaOO\ bad. 
24 IW LV QRW LPPedLaWeO\ cOeaU SUecLVeO\ ZKaW a SeUVRQ-affecWLQg aSSURacK ZLOO Va\ abRXW WKe YaOXe Rf e[WLQcWLRQ                  
ULVN PLWLgaWLRQ, VLQce WKe XVXaO fRUPXOaWLRQV Rf WKRVe WKeRULeV dR QRW VSecLf\ KRZ WKe WKeRULeV deaO ZLWK ULVN, aQd                   
LW LV QRW LPPedLaWeO\ cOeaU KRZ WR e[WeQd WKeP WR caVeV WKaW dR LQYROYe ULVN. TKRPaV (PaQXVcULSW) fRUPXOaWeV a                   
QXPbeU Rf SRVVLbLOLWLeV.  

 



 

a[LRORg\ PXVW agUee WKaW WKLV LV a YaOXabOe gRaO. TKeUefRUe, WKe bXON Rf RXU aUgXPeQW LV                25

URbXVW WR SOaXVLbOe YaULaWLRQV LQ SRSXOaWLRQ a[LRORg\. 

 
4.2 RLVN aYHUVLRQ ZLWK UHVSHFW WR ZHOIaUH 
OQe RbYLRXV SRLQW Rf cRQWUaVW beWZeeQ WKe SaUadLgP e[aPSOeV Rf LQWeUYeQWLRQV WKaW KaYe KLgK              
VKRUW-WeUP e[SecWed YaOXe ( ) aQd WKRVe WKaW (aUgXabO\) KaYe KLgK faU-fXWXUe e[SecWed   įST          
YaOXe ( ) LV WKaW WKe fRUPeU WeQd WR LQYROYe KLgK SURbabLOLWLeV Rf UeOaWLYeO\ PRdeVW ZeOfaUe įLT               
LQcUeaVeV, ZKeUeaV WKe OaWWeU WeQd WR LQYROYe VPaOO SURbabLOLWLeV Rf eQRUPRXV ZeOfaUe            
LQcUeaVeV. OQe PLgKW ZeOO VXVSecW, WKeQ, WKaW ULVN aYeUVLRQ ZLWK UeVSecW WR ZeOfaUe ZRXOd              
faYRXU VKRUW-WeUP RYeU faU-fXWXUe ZeOfaUe LPSURYePeQWV. 

TKeUe aUe (LQ RXU YLeZ VWURQg) RbMecWLRQV WR WKe YLeZ WKaW YaOXe LV a ULVN-aYeUVe fXQcWLRQ Rf                 
ZeOfaUe. BXW KeUe Ze VeW WKeVe aVLde. TKe PRUe LPSRUWaQW SRLQWV fRU SUeVeQW SXUSRVeV aUe: 

(1) IQ WKLV cRQWe[W LW LV cUXcLaO WR dLVWLQgXLVK beWZeeQ WZR VeQVeV Rf ³ULVN aYeUVLRQ ZLWK                
UeVSecW WR ZeOfaUe´, RQO\ RQe Rf ZKLcK KaV aQ\ cKaQce Rf faYRXULQg VKRUW-WeUP RYeU              
ORQg-WeUP ZeOfaUe LPSURYePeQWV. 

(2) EYeQ RQ WKaW VeQVe Rf ³ULVN aYeUVLRQ ZLWK UeVSecW WR ZeOfaUe´, LQ RUdeU WR               
XQdeUPLQe VWURQg ORQgWeUPLVP RQe ZRXOd Qeed faLUO\ e[WUePe ULVN aYeUVLRQ. EYeQ Lf a             
OLWWOe ULVN aYeUVLRQ Rf WKLV W\Se LV UeaVRQabOe, LW LV aUgXabO\ XQUeaVRQabOe WR be aV ULVN                
aYeUVe aV ZRXOd be UeTXLUed. 

We eOabRUaWe RQ WKeVe WZR SRLQWV LQ WXUQ. 

FLUVW, Ze PXVW dLVWLQgXLVK beWZeeQ WZR VeQVeV Rf ³ULVN aYeUVLRQ ZLWK UeVSecW WR ZeOfaUe´.              26

TKe VWaQdaUd VeQVe LV ULVN aYeUVLRQ ZLWK UeVSecW WR WRWaO ZeOfaUe LWVeOf (WKaW LV, YNM YaOXe LV a                  
cRQcaYe fXQcWLRQ Rf WRWaO ZeOfaUe, Z). BXW ULVN aYeUVLRQ LQ WKaW VeQVe WeQdV WR ​increase WKe                
LPSRUWaQce Rf aYRLdLQg PXcK ORZeU ZeOfaUe VLWXaWLRQV (VXcK aV QeaU-fXWXUe e[WLQcWLRQ),           
UeOaWLYe WR WKe LPSRUWaQce Rf LQcUeaVLQg ZeOfaUe fURP aQ aOUead\ PXcK KLgKeU baVeOLQe (aV LQ               
WKe caVe Rf dLVWULbXWLQg bed QeWV LQ a ZRUOd LQ ZKLcK e[WLQcWLRQ LV YeU\ faU LQ WKe fXWXUe). 

A TXLWe dLffeUeQW caVe LV ULVN aYeUVLRQ ZLWK UeVSecW WR WKe ​difference made b\ one¶s               
intervention ​. (YNM YaOXe LV a cRQcaYe fXQcWLRQ Rf .) TKLV NLQd Rf ULVN aYeUVLRQ dReV        wǻ        
LQdeed WeQd WR faYRXU acWLRQV ZLWK KLgK-OLNeOLKRRd VKRUW-UXQ beQefLWV RYeU aWWePSWV WR            
LPSURYe faU-fXWXUe ZeOfaUe. HRZeYeU, Ze VKRXOd QRWe WKaW WKLV LV aQ XQXVXaO VeQVe Rf ³ULVN               

25 SR-caOOed ³QaUURZ´ SeUVRQ-affecWLQg aSSURacKeV dLVagUee, VLQce WKe\ UegaUd WZR VWaWeV Rf affaLUV aV              
LQcRPSaUabOe ZKeQeYeU WKRVe VWaWeV Rf affaLUV KaYe QRQ-LdeQWLcaO SRSXOaWLRQV (He\d 1988). HRZeYeU, fRU WKLV              
YeU\ UeaVRQ, VXcK aSSURacKeV aUe LPSOaXVLbOe: WKLV LV faU WRR PXcK LQcRPSaUabLOLW\. FRU WKLV UeaVRQ, PRVW                
SeUVRQ-affecWLQg WKeRULVWV WKePVeOYeV SUefeU a ³ZLde´ aSSURacK. WKeQ cRPSaULQg dLffeUeQW VL]ed SRSXOaWLRQV, a             
ZLde SeUVRQ-affecWLQg aSSURacK ZLOO W\SLcaOO\ PaS WKe VPaOOeU SRSXOaWLRQ WR a VXbVeW Rf WKe OaUgeU SRSXOaWLRQ,                
aQd cRPSaUe ZeOO-beLQg SeUVRQ-b\-SeUVRQ accRUdLQg WR WKaW PaSSLQg (BadeU MS, ​MeacKaP 2012, ​TePNLQ 2012,              
RRVV 2015). TKLV W\Se Rf WKeRU\ ZLOO WeQd WR agUee WKaW geQeUaOO\ UaLVLQg WKe ZeOO-beLQg Rf fXWXUe SeRSOe LV                   
YaOXabOe, eYeQ Lf LW LV dRQe LQ a Za\ WKaW dReV QRW SUeVeUYe WKe LdeQWLWLeV Rf fXWXUe SeUVRQV. 
26 HeUe Ze dLVcXVV (WZR) W\SeV Rf ³ULVN aYeUVLRQ´ WKaW aUe cRPSaWLbOe ZLWK e[SecWed XWLOLW\ WKeRU\. DeYLaWLRQV                 
fURP e[SecWed XWLOLW\ WKeRU\, LQcOXdLQg ULVN-ZeLgKWed e[SecWed XWLOLW\ WKeRU\, aUe dLVcXVVed LQ VecWLRQ 4.4. 

 



 

aYeUVLRQ´. FXUWKeU, eYeQ Lf ULVN aYeUVLRQ ZLWK UeVSecW WR WRWaO ZeOfaUe LV acceSWabOe, LW VeePV               
LQaSSURSULaWe fRU aQ aOWUXLVWLc ageQW WR be ULVN aYeUVe LQ WKLV VecRQd VeQVe (SQRZdeQ 2015).  27

SecRQd, aV WKe QXPbeUV LQ RXU dLVcXVVLRQ LQ VecWLRQ 3 VXggeVWed, Lf a[LRORgLcaO VWURQg              
ORQgWeUPLVP LV WUXe aW aOO, WKeQ LW LV OLNeO\ WR be WUXe ​b\ a large margin​. TKaW LV, LW VeePV OLNeO\                     
WKaW (Lf VWURQg ORQgWeUPLVP LV WUXe aW aOO) WKe LQWeUYeQWLRQ WKaW LV beVW b\ ORQgWeUPLVW OLgKWV LV                 
QRW PeUeO\ a bLW beWWeU, bXW aW OeaVW aQ RUdeU Rf PagQLWXde beWWeU, WKaQ WKe RSWLRQ WKaW LV beVW b\                    
SXUeO\ VKRUW-WeUPLVW OLgKWV (aOO cRPSaUed WR BAU). If VR, ZKLOe ULVN aYeUVLRQ (ZLWK UeVSecW WR               
WKe dLffeUeQce RQe PaNeV RQeVeOf) ZLOO bULQg WKe RSWLRQ ZLWK WKe KLgKeVW RYeUaOO e[SecWed              
ZeOfaUe LPSURYePeQW aQd WKe RSWLRQ ZLWK WKe KLgKeVW VKRUW-WeUP ZeOfaUe LPSURYePeQW ​closer            
together ​LQ WeUPV Rf e[SecWed YaOXe, RQO\ TXLWe aQ e[WUePe degUee Rf ULVN aYeUVLRQ ZRXOd               
acWXaOO\ ​reverse the ranking ​Rf WKeVe aOWeUQaWLYeV. 

 

4.3 NRQ-aJJUHJaWLRQLVP 
OQe cRPPRQ RbMecWLRQ WR XWLOLWaULaQLVP ² KeUe XQdeUVWRRd aV WKe WKeVLV WKaW YaOXe LV a OLQeaU                
fXQcWLRQ Rf WRWaO ZeOfaUe ​together with ​a Pa[LPLVLQg cRQVeTXeQWLaOLVW accRXQW Rf QRUPaWLYe            
VWaWXV ² LV WKaW WKaW YLeZ LQaSSURSULaWeO\ faYRXUV LQWeUYeQWLRQV WKaW deOLYeU WLQ\ beQefLWV WR              
KXge QXPbeUV Rf SeRSOe RYeU LQWeUYeQWLRQV WKaW deOLYeU a YeU\ OaUge beQefLW WR a VPaOO QXPbeU                
Rf SeRSOe (SeUKaSV WR a VLQgOe SeUVRQ). AUgXabO\, fRU LQVWaQce, LW LV LQaSSURSULaWe WR faYRXU               
gLYLQg a OROOLSRS WR Q SeRSOe RYeU VaYLQg RQe SeUVRQ¶V OLfe, UegaUdOeVV Rf KRZ bLg Q LV. 

TR caSWXUe WKLV LQWXLWLRQ, PaQ\ eWKLcaO WKeRULVWV aUe V\PSaWKeWLc WR a QRQ-aggUegaWLRQLVW YLeZ,             
accRUdLQg WR ZKLcK, ZKeQ OaUge beQefLWV RU KaUPV WR VRPe aUe aW VWaNe, VXffLcLeQWO\ WULYLaO               
beQefLWV RU KaUPV WR RWKeUV cRXQW fRU ​nothing at all ​fURP a PRUaO SRLQW Rf YLeZ. (ScaQORQ                 
1998:235 ​, ​FULcN 2015​, ​VRRUKReYe 2014.) IQ WKe abRYe e[aPSOe, VXcK a YLeZ ZRXOd LQdeed              
WeQd WR KROd WKaW RQe RXgKW WR VaYe a OLfe UaWKeU WKaQ deOLYeU eYeQ aQ aUbLWUaULO\ OaUge QXPbeU                  
Rf OROOLSRS OLcNV. 

³HaUP´ aQd ³beQefLW´ KeUe caQ be XQdeUVWRRd LQ eLWKeU aQ ​ex post RU aQ ​ex ante ​VeQVe, OeadLQg                  
WR ​ex post ​aQd ​ex ante ​YeUVLRQV Rf QRQ-aggUegaWLRQLVP. TKLV dLVWLQcWLRQ PaNeV QR dLffeUeQce              
LQ WKe abRYe e[aPSOe (WKe OROOLSRS OLcN LV a ³WULYLaO´ beQefLW bRWK LQ WKe ex ante aQd LQ WKe ​ex                    
post ​VeQVe). HRZeYeU, LQ RWKeU caVeV, ex post aQd ​ex ante ​QRQ-aggUegaWLRQLVP LPSRUWaQWO\             
cRPe aSaUW. FRU LQVWaQce, LQ a cKRLce beWZeeQ VaYLQg AOLce¶V OLfe fRU ceUWaLQ aQd KROdLQg a                
PLOOLRQ-WLcNeW ORWWeU\ WR decLde ZKLcK Rf RQe PLOOLRQ RWKeU OLYeV WR VaYe, ​ex post              
QRQ-aggUegaWLRQLVP ZRXOd fLQd QRWKLQg WR cKRRVe beWZeeQ WKe WZR aOWeUQaWLYeV. BXW ​ex ante             
QRQ-aggUegaWLRQLVP ZRXOd faYRXU VaYLQg AOLce, VLQce WKe ​ex ante e[SecWed beQefLW WR eacK Rf              
WKe RQe PLOOLRQ RWKeU SeRSOe LV a PLOOLRQfROd VPaOOeU. 

AW fLUVW VLgKW, LW VeePV WKaW ​ex ante QRQ-aggUegaWLRQLVP PLgKW XQdeUPLQe WKe aUgXPeQW fRU              
a[LRORgLcaO VWURQg ORQgWeUPLVP. TKLV LV agaLQ becaXVe WKe Za\V LQ ZKLcK W\SLcaO ORQgWeUPLVW             
LQWeUYeQWLRQV deOLYeU KLgK e[SecWed YaOXe LV YLa a ​ver\ small probabilit\ of ​a VLgQLfLcaQW              

27 TKe LVVXeV LQ WKLV VXbVecWLRQ aUe LQYeVWLgaWed aW gUeaWeU OeQgWK LQ GUeaYeV, MacAVNLOO, aQd MRgeQVeQ                
(PaQXVcULSW). 

 



 

beQefLW WR eacK Rf aQ eQRUPRXVO\ OaUge QXPbeU Rf (SRVVLbOe) fXWXUe SeUVRQV. IQVRfaU aV VRPe               28

gRRd VKRUW-WeUPLVW-PRWLYaWed LQWeUYeQWLRQV LQVWead LQYROYe ​ex ante PXcK OaUgeU beQefLWV WR aW            
OeaVW VRPe Rf WKeLU beQefLcLaULeV, ​ex ante QRQ-aggUegaWLRQLVP ZLOO WKeUefRUe WeQd WR faYRXU             
WKeVe RYeU WKe ORQgWeUPLVW LQWeUYeQWLRQV.  29

HRZeYeU, WKLV ZLOO aPRXQW WR aQ aUgXPeQW agaLQVW a[LRORgLcaO VWURQg ORQgWeUPLVP RQO\ Lf             
QRQ-aggUegaWLRQLVP LV LWVeOf aQ a[LRORgLcaO YLeZ. BXW LQ facW, WKeUe aUe VeULRXV RbVWacOeV WR              
LQWeUSUeWLQg QRQ-aggUegaWLRQLVP LQ a[LRORgLcaO WeUPV: QRQ-aggUegaWLRQLVW YLeZV geQeUaWe        
c\cOeV, aQd WKeUe LV a ZLdeVSUead cRQVeQVXV ( ​pace ​TePNLQ (2012)) WKaW ​axiolog\ ​caQQRW             
e[KLbLW c\cOeV (BURRPe 2004 SS.50-63; VRRUKReYe 2013). TKRVe ZKR aUe V\PSaWKeWLc WR            
QRQ-aggUegaWLRQLVP WKeUefRUe WeQd WKePVeOYeV WR LQWeUSUeW WKe YLeZ LQ SXUeO\ deRQWRORgLcaO,           
UaWKeU WKaQ LQ a[LRORgLcaO, WeUPV (VRRUKReYe 2014). (MaQ\ QRQ-cRQVeTXeQWLaOLVW WKeRULeV dR           
LQ aQ\ caVe SRVLW WKaW WKe ³RXgKW WR cKRRVe UaWKeU WKaQ´ UeOaWLRQ LV c\cOLc; Vee fRU e[aPSOe                 
(KaPP 1996, cKaSWeU 12, eVS. SS.339-44).) IQ WKe abRYe e[aPSOe, RQ WKLV YLeZ, ​one ought to                
VLPSO\ VaYe AOLce UaWKeU WKaQ cKRRVe b\ ORWWeU\ ZKLcK Rf WKe RWKeU RQe PLOOLRQ SeRSOe WR VaYe,                 
bXW WKaW LV QRW becaXVe WKe RXWcRPe Rf dRLQg VR (RU aQ\WKLQg eOVe abRXW WKe fRUPeU acWLRQ) LV                  
QRQ-PRUaOO\ ​better ​; LQ facW WKe WZR aYaLOabOe RXWcRPeV aUe eTXaOO\ gRRd.  

We cRQcOXde WKaW WKe PRVW SOaXVLbOe QRQ-aggUegaWLRQLVW YLeZV dR QRWKLQg WR XQdeUPLQe            
a[LRORgLcaO VWURQg ORQgWeUPLVP. (We UeWXUQ WR WKeLU LPSOLcaWLRQV fRU deRQWLc VWURQg           
ORQgWeUPLVP LQ VecWLRQ 5.) 

 

4.4. GLYLQJ H[WUa ZHLJKW WR bHQHILWV WR WKH baGO\ RII 
 

A VeSaUaWe OLQe Rf RbMecWLRQ WR XWLOLWaULaQLVP LV WKaW LW WUeaWV aQ\ gLYeQ LQcUeaVe aV beLQg                
eTXaOO\ YaOXabOe, QR PaWWeU KRZ ZeOO Rff RU SRRUO\ Rff fXWXUe SeRSOe aUe. AV Ze QRWed eaUOLeU                 
(VecWLRQ 3.1), geQeUaOO\ VSeaNLQg ZeOO-beLQg KaV LPSURYed VXbVWaQWLaOO\ RYeU WLPe. CRQWLQXLQg           
WKeVe WUeQdV LQWR WKe fXWXUe, Ze VKRXOd SeUKaSV e[SecW SeRSOe LQ WKe fXWXUe WR be faU beWWeU Rff                  
WKaQ WKe\ aUe WRda\. GLYeQ a VXffLcLeQWO\ OaUge ZeLgKWLQg Rf beQefLWV WR WKe ZRUVe-Rff              
cRPSaUed WR beQefLWV WR WKe beWWeU-Rff, Ze VKRXOd WKeUefRUe beOLeYe WKaW WKe beVW acWLRQV              

28 TKLV LV WUXe eYeQ Lf WKe LdeQWLWLeV Rf fXWXUe SeUVRQV aUe XQaffecWed b\ WKe LQWeUYeQWLRQ LQ TXeVWLRQ. A fXUWKeU                    
cRPSOLcaWLRQ LV WKaW LQ geQeUaO, VXcK LQWeUYeQWLRQV (OLNe aOO acWLRQV) Oead WR OaUge-VcaOe cKaQgeV LQ WKe LdeQWLWLeV Rf                  
faU-fXWXUe SeRSOe. TKeUe aUe YaULRXV, UeOeYaQWO\ dLffeULQg, Za\V a QRQ-aggUegaWLRQLVW PLgKW cKRRVe WR WUeaW              
QRQ-LdeQWLW\ caVeV, bXW Lf aQ\WKLQg WKLV cRPSOLcaWLRQ ZLOO LQcUeaVe WKe e[WeQW WR ZKLcK QRQ-aggUegaWLRQLVP              
XQdeUPLQeV ORQg-WeUPLVP. 
29 We QRWe LQ SaVVLQg WKaW VRPe VKRUW-WeUPLVW LQWeUYeQWLRQV VKaUe WKe feaWXUe WKaW WKe\ deOLYeU a YeU\ VPaOO e[                   
aQWe beQefLW WR a YeU\ OaUge QXPbeU Rf SeRSOe. Bed QeW dLVWULbXWLRQ PLgKW be RQe VXcK LQWeUYeQWLRQ, VLQce ​for an\                    
given potential bednet recipient​, WKe cKaQce WKaW aQ LQcUeaVe LQ bed QeW dLVWULbXWLRQ eQdV XS VaYLQg WKaW SeUVRQ¶V                  
OLfe LV e[WUePeO\ VPaOO ² aPRXQWLQg WR RQO\ RQe OLfe VaYed fURP PaQ\ KXQdUedV Rf bedQeWV dLVWULbXWed.                 
HRZeYeU, QRW aOO VKRUW-WeUPLVW LQWeUYeQWLRQV KaYe WKLV feaWXUe. FRU e[aPSOe, a SURgUaP Rf dLUecW caVK WUaQVfeUV                
(WR VXffLcLeQWO\ SUe-LdeQWLfLed beQefLcLaULeV) ZLOO QRW KaYe WKe feaWXUe LQ TXeVWLRQ. ​Ex ante QRQ-aggUegaWLRQLVP              
ZRXOd WKeUefRUe Oead WR a VXbVWaQWLaO VKLfW LQ SULRULWLVaWLRQ aPRQg VKRUW-WeUPLVW LQWeUYeQWLRQV, LQ addLWLRQ WR               
faYRXULQg WKe WKeQ-beVW VKRUW-WeUPLVW LQWeUYeQWLRQV RYeU ORQgWeUPLVW RQeV.  

 



 

aYaLOabOe WR XV aUe WKRVe ZLWK WKe beVW effecWV RQ WKe ZRUVW-Rff SeRSOe. TKeVe, WKe RbMecWLRQ                
cRQWLQXeV, aUe SeRSOe LQ e[WUePe SRYeUW\ aOLYe WRda\. 

TKeUe aUe WZR SURbOePV ZLWK WKLV RbMecWLRQ. FLUVW, LW LV QRW cOeaU WKaW fXWXUe SeRSOe ZLOO be                 
beWWeU-Rff WKaQ WKRVe LQ e[WUePe SRYeUW\ WRda\. TKeUe aUe aW OeaVW VeULRXV ​possibilities ​WKaW              
fXWXUe SeRSOe ZLOO be eYeQ ZRUVe Rff ² fRU e[aPSOe, becaXVe Rf WKe adYeUVe LQfOXeQce Rf                
cOLPaWe cKaQge, PLVaOLgQed aUWLfLcLaO geQeUaO VXSeULQWeOOLgeQce, RU dRPLQaWLRQ b\ a UeSUeVVLYe           
gORbaO SROLWLcaO UegLPe. IQ addLWLRQ, PaQ\ Rf WKe cRQWeQdeUV fRU ³ORQgWeUPLVW LQWeUYeQWLRQV´            
WKaW Ze dLVcXVVed abRYe aUe SUecLVeO\ aLPed aW LPSURYLQg WKe SOLgKW Rf WKeVe YeU\ badO\ Rff                
SRVVLbOe fXWXUe SeRSOe, RU UedXcLQg WKe cKaQce WKaW WKe\ KaYe WeUULbOe aV RSSRVed WR              
fORXULVKLQg OLYeV.  30

TKe VecRQd SURbOeP ZLWK WKe RbMecWLRQ LV WKaW gLYeQ WKe OaUge PaUgLQ b\ ZKLcK (Ze KaYe                
VXggeVWed) ORQgWeUPLVW LQWeUYeQWLRQV deOLYeU OaUgeU LPSURYePeQWV WR aggUegaWe ZeOfaUe WKaQ          
VLPLOaUO\ cRVWO\ VKRUWWeUPLVW LQWeUYeQWLRQV, RQO\ TXLWe aQ e[WUePe SULRULW\ ZeLgKWLQg VeePV           
OLNeO\ WR Oead WR WKe UeVXOW LQ TXeVWLRQ. EYeQ Lf VRPe degUee Rf SULRULWaULaQLVP LV SOaXVLbOe, WKe                 
degUee UeTXLUed PLgKW be WRR e[WUePe WR be SOaXVLbOe b\ aQ\ UeaVRQabOe OLgKWV. 

 

4.5. DHFLVLRQ-WKHRUHWLF RbMHFWLRQV 
AbRYe, Ze aVVXPed WKaW WKe cRUUecW Za\ WR eYaOXaWe RSWLRQV LQ ​ex ante a[LRORgLcaO WeUPV,               
XQdeU cRQdLWLRQV Rf XQceUWaLQW\, LV LQ WeUPV Rf e[SecWed YaOXe. TKLV LV WKe RUWKRdR[ accRXQW Rf                
UaWLRQaO decLVLRQ-PaNLQg XQdeU cRQdLWLRQV Rf XQceUWaLQW\. HRZeYeU, WKeUe aUe ULYaO accRXQWV.           
We PXVW WKeUefRUe cRQVLdeU ZKeWKeU aQ\ SOaXVLbOe aOWeUQaWLYe accRXQW WeQdV WR XQdeUPLQe WKe             
aUgXPeQW fRU a[LRORgLcaO VWURQg ORQgWeUPLVP. 

We bULefO\ fOag RQe ULYaO accRXQW WKaW Ze (ZLWK PaQ\ RWKeUV) cRQVLdeU LPSOaXVLbOe. TKLV LV WKe                
accRXQW accRUdLQg WR ZKLcK aW OeaVW XQdeU cRQdLWLRQV Rf µKQLgKWLaQ XQceUWaLQW\¶ ² WKaW LV,              
ZKeQ WKeUe LV OLWWOe RbMecWLYe gXLdaQce aV WR ZKLcK SURbabLOLW\ dLVWULbXWLRQV RYeU SRVVLbOe             
RXWcRPeV aUe aSSURSULaWe YV LQaSSURSULaWe ² WKe beVW RSWLRQ ​ex ante LV WKe RQe ZKRVe ZRUVW                
RXWcRPe LV OeaVW bad. We aUe cRQYLQced b\ WKe XVXaO RbMecWLRQV WR WKLV ³Pa[LPLQ´ accRXQW.               
HRZeYeU, fRU SUeVeQW SXUSRVeV, WKe PRUe LPSRUWaQW SRLQW LV WKaW Pa[LPLQ LQ aQ\ caVe              
supports​, UaWKeU WKaQ XQdeUPLQLQg, a[LRORgLcaO VWURQg ORQgWeUPLVP. TKe UeaVRQ LV WKaW WKe            
ZRUVW RXWcRPeV, fURP aQ\ RSWLRQ, aUe RQeV LQ ZKLcK WKe YaVW PaMRULW\ Rf WKe ORQg-UXQ fXWXUe LV                 
Rf KLgKO\ QegaWLYe YaOXe (RU, aW beVW, KaYe ]eUR RU YeU\ OLWWOe SRVLWLYe YaOXe). TKeUefRUe,               
accRUdLQg WR Pa[LPLQ, WKe RQO\ cRQVLdeUaWLRQ WKaW LV UeOeYaQW WR e[ aQWe a[LRORgLcaO RSWLRQ              
eYaOXaWLRQ LV WKe aYRLdaQce Rf WKeVe ORQg-WeUP caWaVWURSKLc RXWcRPeV. 

A VecRQd ULYaO aSSURacK LV ULVN-ZeLgKWed e[SecWed XWLOLW\ WKeRU\. TKe NLQd Rf ³ULVN aYeUVLRQ´              
WKaW WKLV WKeRU\ SeUPLWV LQWeUacWV ZLWK VWURQg ORQgWeUPLVP LQ SUecLVeO\ WKe VaPe Za\V WKaW WKe               

30 A VRPeZKaW UeOaWed aUgXPeQW LV Pade b\ FOeXUbae\ aQd ZXbeU (2015) agaLQVW WKe cOaLP WKaW e[SecWed gURZWK                  
Rf cRQVXPSWLRQ MXVWLfLeV a KLgK dLVcRXQW UaWe RQ fXWXUe gRRdV. 

 



 

W\Se Rf ULVN aYeUVLRQ dLVcXVVed abRYe (VecWLRQ 4.2) dReV; Ze ZLOO QRW UeSeaW WKaW dLVcXVVLRQ               
KeUe. 

FLQaOO\, LW PLgKW VeeP aW fLUVW VLgKW WKaW aPbLgXLW\ aYeUVLRQ ZRXOd XQdeUPLQe WKe caVe fRU               
VWURQg ORQgWeUPLVP. IQ cRQWePSOaWLQg RSWLRQV OLNe WKRVe dLVcXVVed LQ VecWLRQ 3, WKe fLUVW-RUdeU             
WaVN LV WR aVVeVV ZKaW aUe WKe UaWLRQaO cUedeQceV WKaW VRPe gLYeQ LQWeUYeQWLRQ WR (Va\) UedXce                
e[WLQcWLRQ ULVN, RU UedXce WKe cKaQce Rf PaMRU gORbaO cRQfOLcW, RU LQcUeaVe WKe VafeW\ Rf               
aUWLfLcLaO LQWeOOLgeQce, aQd VR RQ, ZRXOd Oead WR a OaUge SRVLWLYe Sa\Rff LQ WKe ORQg UXQ. TKe                 31

WKLQg WKaW LV PRVW VWULNLQg abRXW WKLV WaVN LV WKaW LW LV ​hard​. TKeUe LV YeU\ OLWWOe daWa WR gXLde                    
cUedeQceV; RQe KaV aQ XQcRPfRUWabOe feeOLQg Rf SLcNLQg QXPbeUV, fRU WKe SXUSRVeV Rf gXLdLQg              
LPSRUWaQW decLVLRQV, VRPeZKaW aUbLWUaULO\. TKaW LV, VXcK LQWeUYeQWLRQV geQeUaWe VLgQLfLcaQW          
aPbLgXLW\. HRZeYeU, RQ UefOecWLRQ, aWWePSWV WR RSWLPLVe WKe VKRUW UXQ aOVR geQeUaWe            
VLgQLfLcaQW aPbLgXLW\, VLQce LW LV YeU\ XQcOeaU ZKaW PLgKW be WKe ORQg UXQ cRQVeTXeQceV Rf               
(Va\) bed QeW dLVWULbXWLRQ (GUeaYeV, 2016). IQ addLWLRQ, Ze agaLQ face WKe LVVXe Rf ZKeWKeU RQe                
VKRXOd be aPbLgXLW\ aYeUVe ZLWK UeVSecW WR WKe VWaWe Rf WKe ZRUOd, RU LQVWead ZLWK UeVSecW WR                 
WKe dLffeUeQce RQe PaNeV RQeVeOf WR WKaW VWaWe. We e[SORUe WKeVe LVVXeV LQ a UeOaWed SaSeU                
(GUeaYeV, MacAVNLOO aQd MRgeQVeQ, PaQXVcULSW). 

 

5. TKH VFRSH RI VWURQJ ORQJWHUPLVP 

SR faU, Ze KaYe dLVcXVVed WKe decLVLRQ cRQWe[W Rf a caXVe-QeXWUaO SKLOaQWKURSLVW. TZR feaWXUeV              
Rf WKLV decLVLRQ cRQWe[W aUe SRWeQWLaOO\ SaUWLcXOaUO\ UeOeYaQW. BecaXVe Rf caXVe-QeXWUaOLW\, WKe            
aVVeVVPeQW Rf VWURQg ORQgWeUPLVP VR faU KaV ceQWUed RQ cURVV-caXVe cRPSaULVRQV (fRU            
LQVWaQce, ZKeWKeU SKLYaQL cRXOd dR PRUe gRRd, LQ e[SecWaWLRQ, b\ fRcXVVLQg RQ AI VafeW\ RU               
LQVWead RQ PaOaULa SUeYeQWLRQ). IQ addLWLRQ, RXU cRPSaULVRQV VR faU KaYe beeQ Rf dLffeUeQW              
Za\V WR VSeQd PRQe\, UaWKeU WKaQ Rf RWKeU NLQdV Rf acWLRQV. 

HRZeYeU, QeLWKeU Rf WKeVe feaWXUeV VeePV OLNeO\ WR be eVVeQWLaO WR WKe aUgXPeQWV. IQVRfaU aV               
a[LRORgLcaO VWURQg ORQgWeUPLVP LV WUXe Rf SKLYaQL¶V decLVLRQ cRQWe[W, LW VeePV OLNeO\ WR be WUXe               
aOVR Rf a faLUO\ ZLde YaULeW\ Rf RWKeU decLVLRQ cRQWe[WV. 

TR Vee WKaW caXVe-QeXWUaOLW\ LV LQeVVeQWLaO WR VWURQg ORQgWeUPLVP, VXSSRVe WKaW SRSKLe LV a              
SKLOaQWKURSLc gUaQWPaNeU cRPSaULQg WZR deZRUPLQg SURgUaPV. TKe WZR SURgUaPV, A aQd           32

B, ZRXOd RSeUaWe LQ WZR dLffeUeQW cRXQWULeV (UeVSecWLYeO\, Į aQd ȕ). SXSSRVe WKaW RQe caQ               
deZRUP a gUeaWeU QXPbeU Rf cKLOdUeQ SeU dROOaU VSeQW LQ cRXQWU\ Į WKaQ LQ cRXQWU\ ȕ (Va\,                 
becaXVe Rf gUeaWeU SRSXOaWLRQ deQVLW\). TKXV, WKe ​short-term cRVW-effecWLYeQeVV Rf SURgUaP A            
LV KLgKeU WKaQ WKaW Rf SURgUaP B: SeU dROOaU VSeQW, PRUe addLWLRQaO cKLOd-\eaUV ZRXOd be VSeQW                
LQ VcKRRO, aQd VR RQ. HRZeYeU, WKe beQefLWV Rf deZRUPLQg aUe QRW RQO\ Rf WKLV VKRUW-WeUP                
cKaUacWeU: WKeUe aUe aOVR effecWV RQ OaWeU OLfe LQcRPeV, aQd WKeUeb\ (SUeVXPabO\) RQ             

31 MRUe SUecLVeO\: ZKaW LV WKe UaWLRQaO cUedeQce dLVWULbXWLRQ RYeU WKe VSecWUXP Rf SRVVLbOe VL]eV Rf WKe Sa\Rff Rf                   
VXcK aQ LQWeUYeQWLRQ. 
32 DeZRUPLQg LV RfWeQ UegaUded aV RQe Rf WKe PRVW cRVW-effecWLYe W\SeV Rf LQWeUYeQWLRQ LQ WKe fLeOd Rf gORbaO                   
KeaOWK (Vee e.g. (GLYeWeOO, 2018)). 

 



 

OaWeU-geQeUaWLRQ LQcRPeV. FRU PaQ\ Rf WKeVe NQRcN-RQ effecWV, WKe PagQLWXde Rf WKe effecWV             
deSeQdV RQ cRXQWU\-VSecLfLc feaWXUeV, VXcK aV WKe bacNgURXQd UaWe Rf ecRQRPLc gURZWK LQ WKe              
cRXQWU\ LQ TXeVWLRQ. SXSSRVe WKeQ WKaW cRXQWULeV Į aQd ȕ KaYe dLffeUeQW UaWeV Rf ecRQRPLc               
gURZWK, VR WKaW WKe beQefLWV Rf deZRUPLQg a cKLOd LQ cRXQWU\ ȕ cRPSRXQd RYeU WLPe PRUe WKaQ                 
dR WKe beQefLWV Rf deZRUPLQg a cKLOd LQ cRXQWU\ Į. TKeQ LW cRXOd eaVLO\ be WKe caVe WKaW                  
aWWeQdLQg WR WKe ORQgeU-WeUP beQefLWV Rf deZRUPLQg UeYeUVeV WKe cRPSaUaWLYe          
cRVW-effecWLYeQeVV eVWLPaWe Rf A YV. B WKaW RQe ZRXOd UeacK baVed RQ cRQVLdeUaWLRQ Rf              
VKRUW-WeUP beQefLWV aORQe. GUaQWed, WKLV SaUWLcXOaU e[aPSOe LQYROYeV WLPeVcaOeV Rf decadeV           
UaWKeU WKaQ PLOOeQLa. HRZeYeU, WKLV LV PaLQO\ fRU VLPSOLcLW\; LW VeePV OLNeO\ WKaW VLPLOaU SRLQWV               
aOVR aSSO\ RQ WKe ORQgeU WLPeVcaOe (bXW ZLWK WKe deWaLOV Rf WKe e[SecWed ORQgeU-WeUP beQefLWV               
becRPLQg VXbVWaQWLaOO\ PRUe cRPSOLcaWed RQ WKaW ORQgeU WLPeVcaOe). 

TR Vee WKaW SKLOaQWKURS\ LV LQeVVeQWLaO WR VWURQg ORQgWeUPLVP, VXSSRVe WKaW AdaP LV a \RXQg               
gUadXaWe cKRRVLQg KLV caUeeU SaWK. He caQ cKRRVe WR WUaLQ eLWKeU aV a deYeORSPeQW ecRQRPLVW,               
RU aV aQ AI VafeW\ UeVeaUcKeU. WKLOe WKeUe aUe dLffeUeQceV beWZeeQ AdaP¶V decLVLRQ cRQWe[W              
aQd SKLYaQL¶V, WKeUe aUe aOVR LPSRUWaQW VLPLOaULWLeV. IQ SaUWLcXOaU, WKe cRQVLdeUaWLRQV WKaW            
PLgKW PaNe LW beWWeU (LQ e[SecWaWLRQ) fRU SKLYaQL WR fXQd AI VafeW\ UaWKeU WKaQ deYeORSLQg               
ZRUOd SRYeUW\ UedXcWLRQ VLPLOaUO\ PLgKW PaNe LW beWWeU (LQ e[SecWaWLRQ) fRU AdaP WR WUaLQ aV               
aQ AI VafeW\ UeVeaUcKeU UaWKeU WKaQ aV a deYeORSPeQW ecRQRPLVW. 

 

6. DHRQWLF VWURQJ ORQJWHUPLVP 

LeW XV UeWXUQ QRZ WR WKe decLVLRQ cRQWe[W Rf a SKLOaQWKURSLVW ZKR LV µcaXVe-QeXWUaO¶ aW OeaVW LQ                 
WKe OLPLWed VeQVe WKaW WKe UaQge Rf RSWLRQV aYaLOabOe WR KeU LV QRW UeVWULcWed aV WR caXVe aUea                  
(ZKeWKeU RU QRW ​her aim ​LQcOXdeV caXVe-QeXWUaOLW\). 

IQ VecWLRQ 2.1, Ze dLVWLQgXLVKed beWZeeQ a[LRORgLcaO VWURQg ORQgWeUPLVP aQd deRQWLc VWURQg            
ORQgWeUPLVP. RecaOO: 

A[LRORJLFaO VWURQJ ORQJWHUPLVP (AL) ​: IQ a ZLde cOaVV Rf decLVLRQ VLWXaWLRQV, WKe            
RSWLRQ WKaW LV ​ex ante ​beVW LV cRQWaLQed LQ a faLUO\ VPaOO VXbVeW Rf RSWLRQV ZKRVe ​ex                 
ante ​effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe aUe beVW. 

DHRQWLF VWURQJ ORQJWHUPLVP (DL​): IQ a ZLde cOaVV Rf decLVLRQ VLWXaWLRQV, WKe RSWLRQ             
RQe RXgKW, e[ aQWe, WR cKRRVe LV cRQWaLQed LQ a faLUO\ VPaOO VXbVeW Rf RSWLRQ ZKRVe ​ex                 
ante ​effecWV RQ WKe YeU\ ORQg-UXQ fXWXUe aUe beVW. 

SR faU, RXU dLVcXVVLRQ KaV fRcXVVed e[cOXVLYeO\ RQ WKe caVe fRU a[LRORgLcaO VWURQg             
ORQgWeUPLVP. TKLV VXffLceV fRU WKe aQaO\VLV Rf SKLYaQL¶V decLVLRQ cRQWe[W, VLQce (b\            
VWLSXOaWLRQ) ​her aim ​ZaV VLPSO\ WR Pa[LPLVe WKe gRRd. GLYeQ WKaW aLP, LQVWUXPeQWaO             
UaWLRQaOLW\ UeTXLUeV SKLYaQL WR VeOecW WKe PRVW ORQg-WeUP beQefLcLaO RSWLRQ, Lf a[LRORgLcaO            
VWURQg ORQgWeUPLVP LV WUXe. 

 



 

HRZeYeU, LQ RWKeU decLVLRQ cRQWe[WV, LW cRXOd KaSSeQ WKaW (b\ WKe OLgKWV Rf a              
QRQ-cRQVeTXeQWLaOLVW PRUaO WKeRU\) deRQWLc VWURQg ORQgWeUPLVP LV faOVe, eYeQ Lf a[LRORgLcaO           
VWURQg ORQgWeUPLVP LV WUXe. MRVW UeOeYaQWO\, LW VeePV WKLV cRXOd KaSSeQ Lf WKeUe LV aQ               
ageQW-UeOeYaQW SUeURgaWLYe VXcK WKaW WKeUe LV QR PRUaO RbOLgaWLRQ WR cKRRVe a ³ORQgWeUPLVW             
RSWLRQ´, RQ WKe gURXQdV WKaW a SeUPLVVLbOe SeUVRQaO SRLQW Rf YLeZ SOaceV VLgQLfLcaQWO\ KLgKeU              
YaOXe RQ VRPe VKRUW-WeUPLVW RSWLRQ.  IV WKLV VeePLQg YeULdLcaO? 33

AQ aUgXPeQW fRU deRQWLc VWURQg ORQgWeUPLVP cRXOd be eLWKeU LQdLUecW (gRLQg YLa a[LRORgLcaO             
VWURQg ORQgWeUPLVP ​en route WR a deRQWLc ORQgWeUPLVW cRQcOXVLRQ), RU dLUecW. We ZLOO RXWOLQe              
aQ aUgXPeQW Rf WKe LQdLUecW W\Se. TKe LQYeVWLgaWLRQ Rf ZKeWKeU RU QRW WKeUe LV aQ\ VRXQd dLUecW                 
aUgXPeQW fRU deRQWLc VWURQg ORQgWeUPLVP LV be\RQd WKe VcRSe Rf WKLV SaSeU. 

TKe LQdLUecW aUgXPeQW Ze SURSRVe LV ​the stakes-sensitivit\ argument ​: 
(P1) IQ decLVLRQ cRQWe[W C, WKe RSWLRQV WKaW aUe beVW fRU WKe YeU\ ORQg-UXQ fXWXUe aUe                
enormousl\ ​beWWeU RYeUaOO, LQ SXUeO\ a[LRORgLcaO WeUPV, WKaQ eYeQ WKe RSWLRQV WKaW aUe             
YeU\ beVW fRU WKe VKRUW UXQ. ​(Large-margin axiological strong longtermism) 

(P2) WKeQ WKe a[LRORgLcaO VWaNeV aUe YeU\ KLgK, QRQ-cRQVeTXeQWLaOLVW cRQVWUaLQWV aQd           
SUeURgaWLYeV WeQd WR be RXWZeLgKed, VR WKaW ZKaW RQe RXgKW WR dR LV VLPSO\ ZKLcKeYeU               
RSWLRQ LV beVW. 

(C) IQ C, RQe RXgKW WR SUefeU WKe RSWLRQV WKaW aUe beVW fRU WKe ORQg-UXQ fXWXUe RYeU                 
WKRVe WKaW aUe beVW fRU WKe VKRUW UXQ. 

(P1) gReV LPSRUWaQWO\ be\RQd a[LRORgLcaO VWURQg ORQgWeUPLVP aV Ze KaYe fRUPXOaWed WKe            
OaWWeU. HRZeYeU, deSeQdLQg RQ e[acWO\ ZKLcK aUe WKe PRVW SOaXVLbOe VeWV Rf QXPbeUV fRU RXU               
e[aPSOeV, (P1) LV aUgXabO\ VXSSRUWed b\ WKe VaPe e[aPSOeV WKaW Ze KaYe XVed WR VXSSRUW               
a[LRORgLcaO VWURQg ORQgWeUPLVP (VecWLRQ 3). IQ WKe cRQWe[W Rf WKRVe e[aPSOeV, UecaOO, Ze             
VXggeVWed WKaW SaUWLcXOaU ORQgWeUPLVW LQWeUYeQWLRQV SOaXVLbO\ geQeUaWed X WLPeV aV PXcK gRRd            
(UeOaWLYe WR µbXVLQeVV aV XVXaO¶) aV WKe beVW aWWaLQabOe VKRUW-WeUP gRRd. 

(P2) deVeUYeV PRUe dLVcXVVLRQ. CaOO QRQ-cRQVeTXeQWLaOLVW YLeZV WKaW eQdRUVe P2          
stakes-sensitive non-consequentialism ​. ((P2) LV Rf cRXUVe WULYLaOO\ WUXe accRUdLQg WR          
cRQVeTXeQWLaOLVP.) 

TKaW WKe QRQ-cRQVeTXeQWLaOLVW YLeZ VKRXOd be VWaNeV-VeQVLWLYe LV YeU\ SOaXVLbOe, LQWXLWLYeO\.           
TKe OacN Rf VWaNeV-VeQVLWLYLW\ LV a cRPPRQ RbMecWLRQ WR KaQW'V QRWRULRXV YLeZ WKaW WKaW eYeQ Lf                
a fULeQd'V OLfe deSeQdV RQ LW, RQe VKRXOd QRW WeOO a OLe (KaQW, 1996). NageO (1978) RbVeUYeV WKaW                  
SXbOLc PRUaOLW\ WeQdV WR be PRUe cRQVeTXeQWLaOLVW LQ cKaUacWeU WKaQ SULYaWe PRUaOLW\; RQe             
QaWXUaO SaUWLaO e[SOaQaWLRQ fRU WKLV (WKRXgK QRW WKe RQe ePSKaVLVed b\ NageO KLPVeOf) LV WKaW               
LQ SXbOLc cRQWe[WV (VXcK aV gRYeUQPeQWaO SROLc\ decLVLRQV), WKe a[LRORgLcaO VWaNeV WeQd WR be              
KLgKeU. 

33 SLPLOaU cRQVLdeUaWLRQV aSSO\ WR WKe LVVXe Rf cRQVWUaLQWV, bXW SUeURgaWLYeV aUe WKe PRUe VaOLeQW deSaUWXUe fURP                 
cRQVeTXeQWLaOLVP LQ WKe SUeVeQW cRQWe[W. 

 



 

FXUWKeU, ​LQ µePeUgeQc\ VLWXaWLRQ¶ VLWXaWLRQV OLNe ZaUWLPe, a[LRORgLcaO cRQVLdeUaWLRQV RXWZeLgK          
QRQ-cRQVeTXeQWLaOLVW cRQVLdeUaWLRQV (aW OeaVW fRU WKRVe fLgKWLQg a MXVW ZaU). CRQVLdeU, fRU            
e[aPSOe, WKe LQWXLWLRQV WKaW RQe ZRXOd KaYe ZLWK UeVSecW WR KRZ RQe VKRXOd acW Lf RQe OLYed LQ                  
BULWaLQ dXULQg WRUOd WaU II. IW¶V YeU\ LQWXLWLYe WKaW, LQ WKaW VLWXaWLRQ, WKaW RQe LV PRUaOO\                
RbOLgaWed WR PaNe VLgQLfLcaQW VacULfLceV fRU WKe gUeaWeU gRRd WKaW ZRXOd QRW QRUPaOO\ be              
UeTXLUed, VXcK aV b\ OLYLQg faU PRUe fUXgaOO\, VeSaUaWLQg RQeVeOf fURP RQe¶V faPLO\, aQd WaNLQg               
VLgQLfLcaQW ULVNV WR RQe¶V RZQ OLfe ² aQd WKLV becaXVe WKe a[LRORgLcaO VWaNeV aUe VR KLgK. 

We fRUeVee fRXU OLQeV Rf UeVLVWaQce WR (P2). 

FLUVW, RQe cRXOd UeMecW WKe Ldea Rf µWKe gRRd¶ aOWRgeWKeU (TKRPVRQ 2008). OQ WKLV YLeZ, WKeUe                
LV VLPSO\ QR VXcK WKLQg aV a[LRORg\. IW¶V cOeaU WKaW RXU aUgXPeQW ZRXOd QRW be UeOeYaQW WR                 
WKRVe ZKR KROd VXcK YLeZV. BXW VXcK YLeZV KaYe RWKeU SURbOePV, VXcK aV KRZ WR e[SOaLQ WKe                 
facW WKaW, LQ caVeV ZKeUe WKeUe LV a KXge aPRXQW aW VWaNe, VXcK aV dXULQg ZaUWLPe, RUdLQaU\                 
SUeURgaWLYeV geW RYeUULddeQ. IW VeePV OLNeO\ WR XV WKaW aQ\ VXcK e[SOaQaWLRQ ZLOO UeVXOW LQ               
VLPLOaU cRQcOXVLRQV WR WKRVe Ze KaYe dUaZQ, YLa VLPLOaU aUgXPeQWV. 

SecRQd, RQe PLgKW acceSW WKaW WKe VWaNeV cRXOd be RXWZeLgKed b\ a[LRORgLcaO cRQVLdeUaWLRQV,             
bXW cOaLP WKaW, fRU decLVLRQ-PaNeUV aOLYe WRda\, WKe VWaNeV aUeQ¶W KLgK eQRXgK. HRZeYeU,             
WKRXgK Ze caQ¶W UXOe WKLV SRVLWLRQ RXW, Ze fLQd LW LPSOaXVLbOe. We aUgXed abRYe WKaW WKe VWaNeV                 
LQ TXeVWLRQ aUe e[WUePeO\ OaUge: WKaW, eYeQ XQdeU TXLWe cRQVeUYaWLYe aVVXPSWLRQV, b\ dRQaWLQg             
KaOf WKeLU LQcRPe, a PLddOe-cOaVV PePbeU Rf aQ affOXeQW cRXQWU\ cRXOd dR aV PXcK gRRd aV                
VaYLQg PLOOLRQV Rf OLYeV. IW ZRXOd be XQLQWXLWLYe (aQd VXVSLcLRXVO\ cRQYeQLeQW) Lf VWaNeV WKLV              
OaUge ZeUe XQabOe WR RXWZeLgK WKe SeUVRQaO SUeURgaWLYe WR VSeQd RQ caXVeV WKaW aUe VSecLaOO\               
faYRXUed b\ RQe¶V SeUVRQaO SRLQW Rf YLeZ. 

TKLUd, RQe PLgKW KROd WKaW VRPe SUeURgaWLYeV aUe abVROXWe: WKe\ caQQRW be RYeUULddeQ, QR              
PaWWeU ZKaW WKe cRQVeTXeQceV. AbVROXWLVW YLeZV WeQd QRW WR be YeU\ SOaXVLbOe, aQd KaYe feZ               
adKeUeQWV. (IQ WKe caVe Rf cRQVWUaLQWV aV RSSRVed WR SUeURgaWLYeV, fRU LQVWaQce, feZ SeRSOe              
VKaUe KaQW¶V YLeZ WKaW eYeQ ZKeQ aQ LQQRceQW OLfe deSeQdV RQ LW, RQe VKRXOd QRW WeOO a OLe eYeQ                   
WR aQ LQWeQdLQg PXUdeUeU.) HRZeYeU, fRU RXU SXUSRVeV, eYeQ Lf WKe QRQ-cRQVeTXeQWLaOLVW LV             
abVROXWLVW ZLWK UeVSecW WR VRPe SUeURgaWLYeV, RXU aUgXPeQW ZLOO PRVW OLNeO\ VWLOO gR WKURXgK              
fRU PRVW decLVLRQ VLWXaWLRQV. TKLV LV becaXVe, fRU PRVW decLVLRQ-PaNeUV, WKe caVe fRU VWURQg              
ORQgWeUPLVP dReV QRW LQYROYe RU aW OeaVW dReV QRW UeO\ RQ WKe e[LVWeQce Rf e[WUaRUdLQaULO\               
dePaQdLQg RSWLRQV. PeUKaSV, QR PaWWeU KRZ gUeaW WKe VWaNeV, RQe LV QeYeU UeTXLUed WR gLYe XS                
RQe¶V RZQ OLfe, RU WKaW Rf RQe¶V RZQ cKLOd, aQd SeUKaSV RQe LV QeYeU UeTXLUed WR UedXce RQeVeOf                  
fURP a WeVWeUQ VWaQdaUd Rf OLYLQg WR aQ aOORZaQce Rf $2 SeU da\. BXW, fRU WKe YaVW PaMRULW\ Rf                   
decLVLRQ-PaNeUV, LQ WKe YaVW PaMRULW\ Rf decLVLRQ-VLWXaWLRQV, WKeVe ZLOO QRW be WKe cKRLceV aW              
KaQd. IQVWead, WKe cKRLce ZLOO be ZKeWKeU WR VZLWcK caUeeU SaWKV, RU OLYe VRPeZKaW PRUe               
fUXgaOO\, RU ZKeUe WR dRQaWe a VSecLfLed aPRXQW Rf QRQ-QeceVVaU\ LQcRPe, LQ RUdeU WR WU\ WR                
SRVLWLYeO\ LQfOXeQce WKe ORQg-UXQ fXWXUe. EYeQ Lf RQe LV V\PSaWKeWLc WR abVROXWLVP abRXW VRPe              
VacULfLceV, LW¶V YeU\ LPSOaXVLbOe WR be abVROXWLVW abRXW WKeVe cRPSaUaWLYeO\ PLQRU VRUWV Rf             
VacULfLceV (MacAVNLOO, MRgeQVeQ, aQd OUd 2018).  

 



 

FLQaOO\, aQd PRVW SOaXVLbO\, RQe PLgKW KROd WKaW RQO\ VRPe VRUWV Rf a[LRORgLcaO cRQVLdeUaWLRQV              
aUe UeOeYaQW WR deWeUPLQLQg ZKaW Ze RXgKW WR dR, aQd WKaW RQce Ze PaNe WKLV dLVWLQcWLRQ WKe                 
cRUe Rf RXU aUgXPeQW faOWeUV. We¶OO dLVcXVV WZR Za\V LQ ZKLcK RQe cRXOd XVe WKLV Ldea WR                 
UeMecW RXU aUgXPeQW. 

FLUVW, RQe PLgKW WaNe a QRQ-aggUegaWLRQLVW YLeZ, aQd WKLQN WKaW cRPSaUaWLYeO\ VPaOO beQefLWV             
aUe QRW UeOeYaQW WR deWeUPLQLQg ZKaW RQe RXgKW WR dR. TKLV LV WKe OLQe Rf WKRXgKW WKaW Ze                  
dLVcXVVed LQ VecWLRQ 4.3 abRYe, UeaSSeaULQg KeUe LQ LWV SURSeU SOace.  

SecRQd, RQe PLgKW WKLQN WKaW a[LRORgLcaO cRQVLdeUaWLRQV caQQRW RXWZeLgK         
QRQ-cRQVeTXeQWLaOLVW cRQVLdeUaWLRQV ZKeQ (aV KeUe; cf. VecWLRQ 4.1) WKe a[LRORgLcaO          
cRQVLdeUaWLRQV LQYROYe aOWeULQg WKe LdeQWLWLeV Rf ZKR cRPeV LQWR e[LVWeQce.  

HRZeYeU, bRWK OLQeV Rf UeVSRQVe KaYe VLgQLfLcaQW SURbOePV, aV WKe\ ZRXOd SURYe WRR PXcK.  

LeW¶V fLUVW cRQVLdeU WKe QRQ-aggUegaWLRQLVW ​UeVSRQVe. CRQVLdeU WKe e[aPSOe Rf VRPeRQe aOLYe            
LQ BULWaLQ dXULQg WWII, aQd cRQVLdeULQg ZKeWKeU RU QRW WR fLgKW; RU cRQVLdeU VRPeRQe              
debaWLQg ZKeWKeU WR YRWe LQ WKeLU cRXQWU\¶V geQeUaO eOecWLRQ; RU VRPeRQe ZKR LV decLdLQg              
ZKeWKeU WR MRLQ aQ LPSRUWaQW SROLWLcaO SURWeVW; RU VRPeRQe ZKR LV UedXcLQg WKeLU caUbRQ              
fRRWSULQW. IQ eacK caVe, WKe ​ex ante beQefLWV WR aQ\ SaUWLcXOaU RWKeU SeUVRQ aUe WLQ\. BXW LQ aW                  
OeaVW VRPe VXcK caVeV, LW¶V cOeaU WKaW WKe SeUVRQ LV TXeVWLRQ LV RbOLgaWed WR XQdeUWaNe WKe                
UeOeYaQW acWLRQ.   34

SecRQd, cRQVLdeU WKe QRQ-LdeQWLW\ UeVSRQVe. COLPaWe cKaQge ZLOO agaLQ VeUYe aV a XVefXO             
e[aPSOe. IW¶V cOeaU WKaW gRYeUQPeQWV (aW OeaVW) RXgKW WR WaNe VLgQLfLcaQW acWLRQ WR fLgKW cOLPaWe               
cKaQge. BXW aQ\ SROLc\ deVLgQed WR PLWLgaWe cOLPaWe cKaQge ZLOO affecW WKe LdeQWLWLeV Rf WKRVe               
ZKR aUe WR cRPe. TKeUefRUe, WKe QRQ-LdeQWLW\ UeVSRQVe ZRXOd UeTXLUe UeMecWLQg WKe Ldea WKaW              
WKe gRYeUQPeQW LV eYeU XQdeU aQ RbOLgaWLRQ WR WaNe VLgQLfLcaQW acWLRQ WR fLgKW cOLPaWe cKaQge.               
TKaW LV cOeaUO\ ZURQg. 

IQ geQeUaO, LW VeePV WR XV WKaW WKe µcRPPRQ-VeQVe¶ YLeZ RQ WKeVe PaWWeUV LV WKaW Ze VKRXOd                 
caUe abRXW WKe ORQg-WeUP fXWXUe WR a VLgQLfLcaQW degUee, bXW QRW WR aQ RYeUZKeOPLQg degUee.               
BRWK UeVSRQVeV WR RXU aUgXPeQW aYRLd WKe OaWWeU LPSOLcaWLRQ, bXW RQO\ aW WKe cRVW Rf WeOOLQg XV                 
WKaW Ze aUe eVVeQWLaOO\ ​never ​RbOLgaWed WR eQVXUe WKaW WKe ORQg-UXQ fXWXUe gReV ZeOO. We fLQd                
WKLV LPSOLcaWLRQ WR be a VWURQg UeaVRQ WR UeMecW WKe UeVSRQVeV. We ZLOO QRW KeUe WaNe XS WKe                  
TXeVWLRQ Rf SUecLVeO\ KRZ WKe YLeZV LQ TXeVWLRQ PLgKW aYRLd WKeVe LPSOaXVLbOe cRVWV; Ze              
VLPSO\ QRWe WKaW LW LV aQ adeTXac\ cRQVWUaLQW WKaW WKe\ dR VR VRPeKRZ, aQd WKaW ZKaWeYeU                
PRYeV WKe\ PaNe LQ RUdeU WR dR VR, WKe VaPe PRYeV aUe OLNeO\ WR UeQdeU P2 WUXe fRU WKe                   
SXUSRVeV Rf RXU aUgXPeQW. 

34 IQ addLWLRQ, WKe VPaOO beQefLWV UeVSRQVe ZRXOd cUeaWe a VWaUN dLYLVLRQ beWZeeQ ZKaW Ze aV a VRcLeW\ RXgKW WR                    
dR, aQd ZKaW Ze aV LQdLYLdXaOV RXgKW WR dR. TKRXgK aQ\ LQdLYLdXaO acWLRQ PLgKW KaYe a YeU\ VPaOO LPSacW RQ WKe                     
ORQg-UXQ fXWXUe, aV a VRcLeW\ Ze cRXOd cROOecWLYeO\ KaYe a VLgQLfLcaQW LQfOXeQce. TKRVe ZKR eQdRUVe WKe VPaOO                 
beQefLWV UeVSRQVe ZRXOd WKeUefRUe KaYe WR cOaLP WKaW, WKRXgK aV a VRcLeW\ Ze RXgKW WR fRcXV RQ LPSURYLQg WKe                   
ORQg-UXQ fXWXUe, WKLV LV QRW WUXe fRU aQ\ LQdLYLdXaO cRQVWLWXeQW Rf WKaW VRcLeW\. FRU VRPe dLVcXVVLRQ Rf WKe geQeUaO                   
SKeQRPeQRQ Rf VXcK ³eacK-Ze dLOePPaV´, Vee (PaUfLW 1984, SS.91-2). TePNLQ (2012, SS.85-95) dLVcXVVeV VXcK              
dLOePPaV VSecLfLcaOO\ LQ WKe cRQWe[W Rf QRQ-aggUegaWLRQLVW PRUaO YLeZV. 

 



 

TKe deRQWLc ORQgWeUPLVW cOaLP LV LQdeed VXUSULVLQg. HRZeYeU, Ze VXbPLW WKaW WKLV LV becaXVe              
Rf VXUSULVLQg ePSLULcaO facWV (QaPeO\ WKe VKeeU VL]e Rf WKe fXWXUe aQd WKe facW WKaW Ze caQ, LQ                  
e[SecWaWLRQ, WaNe acWLRQV WR VLgQLfLcaQWO\ LPSURYe LW), UaWKeU WKaQ VRPe SURbOeP ZLWK WKe             
XQdeUO\LQg QRUPaWLYe PRWLYaWLRQ. 

 

7. SXPPaU\ aQG FRQFOXVLRQV 

GLYeQ WKe VL]e Rf WKe fXWXUe aQd WKe aVVXPSWLRQ WKaW aOO cRQVeTXeQceV PaWWeU eTXaOO\, LW               
becRPeV aW OeaVW SOaXVLbOe WKaW WKe beVW RSWLRQV aUe geQeUaOO\ beVW becaXVe Rf WKeLU effecWV RQ                
WKe cRXUVe Rf WKe YeU\ ORQg-UXQ fXWXUe, aQd QRW becaXVe Rf WKeLU PRUe LPPedLaWe effecWV. TKLV                
SaSeU KaV fRUPXOaWed aQd dLVcXVVed a WKeVLV ² a[LRORgLcaO VWURQg ORQgWeUPLVP ² aLPed aW              
caSWXULQg WKaW WKRXgKW. 

A[LRORgLcaO VWURQg ORQgWeUPLVP ZRXOd be faOVe LQ a ZRUOd WKaW Kad VXffLcLeQWO\ ZeaN caXVaO              
cRQQecWLRQV beWZeeQ WKe QeaU aQd WKe dLVWaQW fXWXUe, VR WKaW LW ZaV VLPSO\ LQWUacWabOe WR               
VLgQLfLcaQWO\ LQfOXeQce WKe cRXUVe Rf WKe YeU\ ORQg-UXQ fXWXUe. HRZeYeU, Ze KaYe aUgXed, b\              
addXcLQg VeYeUaO e[aPSOeV, WKaW WKe decLVLRQ cRQWe[W Ze fLQd RXUVeOYeV LQ WRda\ (aW OeaVW)              
dReV QRW KaYe WKLV feaWXUe. 

We SUeVeQWed RXU ceQWUaO caVe LQ WeUPV Rf (L) a WRWaO XWLOLWaULaQ a[LRORg\ aQd (LL) aQ e[SecWed                 
XWLOLW\ WUeaWPeQW Rf decLVLRQ-PaNLQg XQdeU XQceUWaLQW\. HRZeYeU, Ze aUgXed (LQ VecWLRQ 4)            
WKaW SOaXVLbOe deYLaWLRQV fURP eLWKeU RU bRWK Rf WKeVe WKeVeV dR QRW XQdeUPLQe WKe cRUe               
aUgXPeQW. 

TKLV SaSeU PaLQO\ fRcXVVed RQ WKe decLVLRQ cRQWe[W Rf a caXVe-QeXWUaO SKLOaQWKURSLVW.            
HRZeYeU, Ze aOVR aUgXed WKaW LQVRfaU aV VWURQg ORQgWeUPLVP (a[LRORgLcaO RU deRQWLc) LV WUXe Rf               
WKaW decLVLRQ cRQWe[W, LW LV aOVR SOaXVLbOe fRU decLVLRQ cRQWe[WV WKaW dR QRW LQYROYe              
caXVe-QeXWUaOLW\, aQd fRU decLVLRQ cRQWe[WV WKaW LQYROYe KRZ WR VSeQd (Va\) WLPe UaWKeU WKaQ              
PRQe\. 

IQ addLWLRQ WR a[LRORgLcaO VWURQg ORQgWeUPLVP, Ze aUe aOVR LQWeUeVWed LQ WKe cRXQWeUSaUW             
deRQWLc TXeVWLRQ: URXgKO\, WKaW Rf ZKeWKeU aQd ZKeQ ​what one ought to do ​LV deWeUPLQed               
SULPaULO\ b\ cRQVLdeUaWLRQV Rf effecWV RQ WKe YeU\ ORQg-WeUP fXWXUe. We aUgXed WKaW VRPe              
VXcK deRQWLc ORQgWeUPLVW cOaLP ZLOO RfWeQ be WUXe, RQ WKe gURXQdV WKaW (1) a[LRORgLcaO VWURQg               
ORQgWeUPLVP LV WUXe ​b\ a large margin​, aQd (2) a SOaXVLbOe QRQ-cRQVeTXeQWLaOLVW WKeRU\ KaV WR               
be VeQVLWLYe WR WKe a[LRORgLcaO VWaNeV, becRPLQg PRUe cRQVeTXeQWLaOLVW LQ RXWSXW aV WKe             
a[LRORgLcaO VWaNeV geW KLgKeU. 
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ABSTRACT: This study was carried out using forty Wistar rats of both sexes and the test groups were differently 

starved according to time duration. Blood samples were collected from the rats through ocular puncture at intervals 

and was used for the analysis of lipid profile. There was no significant increase (p>0.05) in the body weights of the 

test animals compared with the body weights of the animals in control group at 0 hour of the experiment. The 

concentrations of total cholesterol, triacylglycerol, HDL and LDL of animals of the test groups were not significant 

(p<0.05) compared with the control at 0 hour of the experiment. There was no significant alteration (p>0.05) in the 

concentrations of total cholesterol of the test group animals compared with the control at 6 and 12 hours duration, 

while groups 3 (animals starved and received water) and 4 (animals starved and received fruits only) had elevated 

concentrations of total cholesterol (p<0.05). In triacylglycerol, a trend of results not significant (p>0.05) was 

observed at starvation intervals of 6 to 48 hours when a comparison was made between the test groups and control. 
When the high density lipoprotein and low density levels of the test groups were compared with the control, there 

was no significant difference (p>0.05). 

[OKORO, Onyinyechi Ruth; OGUGUA, Vincent E. and JOSHUA, Parker Elijah. Effect of Duration of Starvation 

on Lipid Profile in Albino Rats. Nature and Science 2011;9(7):1-13]. (ISSN: 1545-0740). 

http://www.sciencepub.net. 
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INTRODUCTION 
Malnutrition and starvation can be caused by 

diseases, injuries, the range the animal lives on or the 

environmental conditions it lives in. Starvation and 

malnutrition occur in several wild life species and 

routinely eliminate the young, old, weak and sick 
animals. Malnutrition involves deficiency of not only 

the macronutrients –fats, proteins and carbohydrates, 

but also results in subphysiological concentration of 

most micronutrients. Many antioxidant defense systems 

depend on micronutrients or are micronutrients 

themselves (Evans and Halliwell, 2001). Therefore, 

one would expect a gross derangement of the 

antioxidant defense mechanisms in malnutrition. The 

role of oxidative stress is clear and well known in the 

pathogenesis of acquired malnutrition (Tatli et al., 

2000). 
Hypoxia, immobilization and starvation are 

among the stressful physical stimuli applied to 

experimental animals. Stress is an adaptive response 

that prepares the organisms towards threat. It induces 

strain upon both emotional and physical endurance 

which has been considered a basic factor in aetiology 

of a number of diseases e.g. cardiovascular diseases, 

cancer, diabetes mellitus, etc (Halliwell and Gutteridge, 

1984).  Most investigations concerning the influence 

of prolonged starvation on the metabolic responses in 

mammals report that the activity of glucose-degrading 

enzymes and those of lipogenesis was depressed, 
whereas the fatty acids derived from triacylglycerols 

hydrolysis were preferentially used as fuels through the 

corresponding oxidative pathways (Shimeno et al., 

1997; Dou et al., 2002; Guderley et al., 2003). 
 Present research on starvation in vertebrates is 

connected with studying leptin that serves as a 

mediator of the adaptation to fasting. In humans, serum 

leptin concentrations as well as plasma levels of 

metabolic parameters (glucose, cholesterol, lipids) 

change rapidly after short term starvation (Boden et al., 

1996). 

 It is known that deprivation of energy supply 

induces a delay in the development of some vital 

functions in mammals: puberty starts later, the 

reproductive age prolongs, and ageing starts later and 

deterioration of immunity and health is delayed (Banks 
and Lebel, 2002). 

 Oxidative metabolism of cells is a continuous 

source of reactive oxygen species (ROS), resulting 

from univalent reduction of O2, which can damage 

most cellular components leading to cell death. Under 

severe conditions, the rate of generation of ROS 

exceeds that of their removal and oxidative stress 

occurs (Sies, 1986; Di Giulio et al., 1995; Halliwell 

and Gutteridge, 2000; Livingstone, 2001). In this sense, 

starvation has been reported to have pro-oxidant effects 

in mammals.It is during starvation that increased ROS 
generation is not adequately neutralized by antioxidant 

systems (Robinson et al., 1997; Domenicali et al., 

2001). 
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Complete fasting is accompanied by 

substantial lipolysis (Samra et al., 1996, Vaisman et al., 

1990). The report of (Savendahl and Underwood, 1999) 

shows that in normal weight subjects, increased serum 

cholesterol associated with the amount of weight loss 

was observed between 2days to 1wk fasting. Food 
deprivation can cause a shift from lipogenesis to 

lipolysis increased fatty acid turnover and reduction in 

protein anabolism (Buyse et al., 2002). 

  The present study is aimed at evaluating the 

effect of short starving periods (6, 12, 24, 48 hours) on 

the lipid profile of rats.   

 

MATERIALS AND METHODS 

Animals 

The experimental animals used for this study 

were Wistar albino rats of both sexes. The average age 

of the rats was 12 weeks old. The rats were obtained 

from the animal house of the Faculty of Biological 

Sciences, University of Nigeria, Nsukka (UNN). The 

animals were acclimatized for two weeks under 

standard laboratory conditions. They were housed in 

wire-meshed cages at ambient temperature with 12 
hour day–night cycle and fed with commercial rat 

chow (pelletised growers feed) and water ad libitum. 

 

Chemicals/Reagents/Samples 

All chemicals used in this study were of 

analytical grade and products of May and Baker, 

England; BDH, England and Merck, Darmstadt, 

Germany. Reagents used for all the assays were 

commercial kits and products of Randox, USA; QCA, 

Spain; Teco (TC), USA; Biosystem Reagents and 

Instruments, Spain. Blood samples were collected at 

intervals through ocular puncture. The blood was 
allowed to clot and serum separated, which was then 

used for assaying of some parameters. 

 

Experimental Design 

Forty male Wistar rats of both sexes were 

housed in separate cages, acclimatized for fourteen 

days and then divided into Control group of four rats 

and three groups of three rats each.  

The first, being control (n = 4) was maintained 

on normal rat chow and water ad libitum. The 

experimental animals formed the second, third and 
fourth groups. Each group contained 3 rats and had 4 

types of time period associated with it. So, each group 

contained 12 rats (n = 12). 

Group 1 animals were the Control, fed with the 

normal rat diet and water ad libitum.  

Group 2 animals were starved of feed and water. 

Group 3 animals were starved but received water.  

Group 4 animals were starved but received fruits 

(carrots).  

The parameters assayed were:  

• Total serum cholesterol. 

• Low density lipoprotein (LDL). 

• High density lipoprotein (HDL). 

• Triacyglycerol (TAG). 

 

Total Cholesterol Determination [Using QCA 

Commercial Kit; Allain et al. (1976)] 

Principle 

The total cholesterol determination using 

QCA Commercial Enzyme kit is based on the assay 

principle that total cholesterol is determined after 

enzymatic hydrolysis and oxidation. The indicator, 

coloured quinonic derivative is formed from hydrogen 

peroxide and 4-aminoantipyrine in the presence of p-

hydroxybenzoic acid and peroxidase. 

 

High Density Lipoproteins (HDL) –Cholesterol 

Determination [Using QCA Commercial Kit; Albers 

et al. (1978)] 

Principle 

Low density lipoprotein (LDL) and Very low 

density lipoprotein (VLDL) are lipoproteins 

precipitated from serum by the action of a 

polysaccharide, in the presence of divalent cations. 

Then, the high density lipoprotein–cholesterol (HDL–

Cholesterol) present in the supernatant, is determined.  

 

Low Density Lipoprotein-Cholesterol 

Determination [Using QCA Commercial Kit; 

Assmann et al. (1984)] 

 Principle 

Low density lipoprotein–Cholesterol (LDL–

Cholesterol) can be determined as the difference 

between total cholesterol and cholesterol content of the 

supernatant after precipitation of the LDL fraction by 

polyvinyl sulphate (PVS) in the presence of 

polyethyleneglycol monomethyl ether.  

 

Determination of Serum Triacylglycerols 

(Colorimetric Method of Tietz, 1990). 

Principle 

This method is based on the fact that 

triacylglycerols undergo enzymatic hydrolysis to yield 

H2O2. This hydrogen peroxide produces a 

quinoneimine which when reacted with 4-

aminophenazone which absorbs light at 500 nm. 

 

Statistical Analysis 

The results were expressed as mean ± SD and 
tests of statistical significance were carried out using 

student t-test and both one-way and two-way analysis 

of variance (ANOVA). The means were separated 

using Duncan Multiple Test. The statistical package 
used was Statistical Package for Social Sciences 

(SPSS); version 17. 

 

 

 

Cholesterol  



Nature and Science, 2011;9(7) http://www.sciencepub.net/nature  

 3 

RESULTS 

Effect of Starvation on Mean Serum Total 

Cholesterol Concentrations of Wistar Albino Rats 

at Various Intervals 

There was no significant (p>0.05) decrease in 

the concentration of serum total cholesterol of the 

control animals at 12, 24 and 48 hours compared with 

the serum total cholesterol concentration of the control 

animals at 0 hour (Fig. 1). Generally, there were no 

significant differences (p>0.05) in the concentrations of 

serum total cholesterol of animals in the test groups 

compared with the animals in the control group at 0 
hours as shown in Fig. 1. 

Fig. 1 shows no significant difference (p>0.05) 

in the concentrations of serum total cholesterol 

between the control and all the test groups at the 6th-

hour interval of starvation. However, the serum total 

cholesterol concentrations of all test experimental 

groups at the 12th-hour interval of starvation increased 

significantly (p<0.05) compared with the control. There 

was no significant difference (p>0.05) in the 

concentrations of serum total cholesterol between the 

test groups (groups 2, 3 and 4) within the duration of 
12 hours. 

When considering starvation at the 24-hour 

interval, significant (p<0.05) elevated concentrations of 

serum total cholesterol was observed (Fig. 1) in all the 

test groups in comparison with the control. There was 

also significant difference (p<0.05) between group 2 

(starved of feed and water) and group 4 (starved and 

received fruits only) at the interval of 24 hours of 

starvation (Fig. 1). In the same vein, significant 

increase (p<0.05) in total cholesterol concentrations 

was observed in all the test groups compared with the 

control at the 48
th hour interval of starvation (Fig. 1). 

Considering differences between the different 

time intervals of starvation in each experimental group, 

no significant differences (p>0.05) were observed as 

recorded in Fig. 1 between the different time intervals 

of starvation in group 1. Significant difference (p<0.05) 

exists in the cholesterol concentrations between 6th 

hour interval of starvation and other time intervals (12, 

24 and 48 hours of interval of starvation) in the group 2 

(starved of feed and water). Similar trend was observed 

in the same group 2 when comparing 48 hours and 

other hours (6, 12 and 24 hours) of starvation. There 
was a significant difference (p<0.05) in serum total 

cholesterol concentrations between 6 hours of 

starvation and other intervals (12, 24 and hours) of 

starvation under group 3. In group 3, significant 

difference (p<0.05) in the concentrations of total 

cholesterol was observed between 48 hours of 

starvation and that of 6 and 12 hours of starvation 

(p<0.05; Fig. 1). No significant difference (p>0.05) 

was observed in group 4 serum total cholesterol 

concentrations between all the intervals of starvation 

with exception of 6 hours of starvation. However, Fig. 

1 shows significant difference (p<0.05) in the 

concentrations of serum total cholesterol between 6 

hours of starvation and other intervals (12, 24 and 48 

hours) of starvation as observed in group 4 (starved but 

received fruits only). 
 

Effect of Starvation on Mean Triacyglycerol 

Concentrations of Wistar Albino Rats at Various 

Intervals 

The concentrations of triacylglycerol (TAG) 

of animals in the test groups did not alter significantly 

(p>0.05) compared with the TAG concentrations of the 

animals in the control group at 0 hour of the 

experiment (Fig. 2). Fig. 2 shows no significant 

difference (p>0.05) in the concentrations of 

triacylglycerol (TAG) between the control and the test 

groups at 6 hours interval of starvation. Similar pattern 
of result was obtained at starvation intervals of 12, 24 

and 48 hours. 

On the aspect of time-dependent effects in individual 

groups, there was no significant difference (p>0.05) in 

the concentrations of TAG between 6 hours of 

starvation and other hours (12, 24 and 48 hours) of 

starvation and the control (Fig. 2) . On the contrary, Fig. 

2 shows that significant difference (p<0.05) exists in 

group 2 (starved of feed and water) between 48 hours 

of starvation and other intervals of starvation (6, 12 and 

24 hours). In group 2, there was significant difference 
(p<0.05) in TAG concentrations between 6 hours of 

interval and 48 hours of interval of starvation but no 

significant difference (p>0.05) between other intervals 

of starvation (Fig. 2). No significant difference (p>0.05) 

was observed in the concentrations of TAG between all 

the time intervals of starvation as found in group 4 (Fig. 

2).  

 

Effect of Starvation on Mean High Density 

Lipoprotein Concentrations of Wistar Albino Rats 

at Various Intervals 

The concentrations of high density lipoprotein (HDL), 
as observed in Fig. 3, showed no significant (p>0.05) 

differences in the test groups (groups 2, 3 and 4) 

compared with the HDL concentrations of animals in 

the control group at 0 hour of the experiment. Results 

(Fig. 3) show that the high density lipoprotein (HDL) 

concentrations of the test groups (Groups 2, 3 and 4) 

were not significant (p>0.05) when compared with the 

control after the duration of the starvation (6 to 48 

hours). There were no time-dependent HDL differences 

in the rats after the duration of 6 to 48 hours. Also, no 

significant differences in the HDL concentrations of 
the rats in control group as well as groups 2 to 4 under 

the 6 to 48 hours of experiment was seen (Fig. 3). 

 



Nature and Science, 2011;9(7) http://www.sciencepub.net/nature  

 4 

 

 

Fig. 3.7: Effect of starvation on the serum total cholesterol 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Group 1 Group 2 Group 3 Group 4

Experimental Group

M
e
a
n

 T
o

ta
l 
C

h
o

l.
 C

o
n

c
. 
(g

/d
l)

0 Hour

6 Hours

12 Hours

24 Hours

48 Hours

 
 

Fig. 1: Effect of starvation on the serum total cholesterol concentration of rats at various time intervals 
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Fig. 2: Effect of starvation on the serum triacylglycerol concentration of rats at various time intervals 
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Fig. 3: Effect of starvation on the serum high density lipoprotein concentration of rats at various time intervals 
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Effect of Starvation on Mean Low Density Lipoprotein Concentrations of Wistar Albino Rats at Various 

Intervals 

Fig. 4 shows no significant (p>0.05) concentrations of low density lipoprotein (LDL), of the test groups 

(groups 2, 3 and 4) compared with the concentrations of LDL of the animals in the control group at 0 hour of the 

experiment. In Fig 4, a non- significant difference (p>0.05) in the low density lipoprotein (LDL) concentrations 

between the test groups and the control after 6 to 48 hours duration was observed. Then, under 6 to 48 hours time 
intervals, the control did not show statistical difference (p>0.05; Appendix a, b, c, d). Low density lipoprotein (LDL) 

concentrations of groups 2 to 4 under 6 hours of starvation were found to decrease significantly (p<0.05) as 

compared with group 2 of 12 to 48 hours and likewise to other time intervals (12, 24 and 48 hours time intervals 

respectively). 
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Fig. 4: Effect of starvation on the serum low density lipoprotein concentration of rats at various time intervals 
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DISCUSSION 

 Furthermore, the findings of this study reveal 

significant increase (p<0.05) in serum total cholesterol, 

low lipoprotein and triacylglycerols after starvation of 

different durations in rats. The increase in total serum 

cholesterol concentration and LDL is in agreement 

with previous studies of Hem Lata et al. (2002) and 

Bijlani et al. (1985). These results support the 

hypothesis that cholesterol stored in the adipose tissue 

cells is released into plasma and is the chief source of 

the hypercholesterolemia observed during starvation. 

Another cause of hypercholesterolemia during 
starvation may be attributed to the continued 

biosynthesis with concomitant decreased or complete 

absence of intestinal excretion (Swaner and Connor, 

1975). 

The main cellular components in the body 

susceptible to damage by free radicals are lipids 

(unsaturated fatty acids in membranes), proteins, 

carbohydrates and nucleic acids (Blokhina et al., 2002). 

The interest for oxidative stress in relation to the 

development of disease has gained large attention 

during the last decade. Animals use their lipid stores to 
compensate for deficit of energy and loss of body 

weight induced by periods of food shortage (Boswell et 

al., 2002).  

 The increase in LDL levels is time-dependent 

in this study. Between 24 and 48 hours, animals starved 

of feed and water, animals starved of water and animals 

starved of fruit increased; thus indicating that there 

may be an increased susceptibility of the animals to 

atherosclerosis as a result of starvation. The data of this 

work also suggest that food deprivation causes an 

increased lipolysis simultaneously with lowered 

lipogenesis during the 48 hours period.  
  Triacylglycerol in this work increased 

significantly (p<0.05) depending on duration . The 

increase in TGs concentrations may be due to the 

release of TGs from storage sites for the formation of 

glucocorticoids in response to starvation (Singhal et al., 

1997). 

 The results of HDL in this study indicate that 

HDL levels did not show significant difference (p>0.05) 

after starvation. Previous studies of Vaisman et al. 

(1990) and Savendhal and Underwood, 1999) have 

reported either no change or decrease in HDL 
concentrations. This may be due to different 

experimental conditions and organism differences in 

susceptibility to stress. Again, the low level groups 2-4 

of HDL may exert anti-atherogenic and antioxidative 

effects when present in sufficient amounts and the 

reduced HDL concentrations in group 1 is often 

accompanied by elevations in plasma TG levels 

(Lamarche et al., 1996).  

In conclusion, the findings from this study 

support the hypothesis that: Starvation is characterized 

by increased oxidative damage, oxidative injury and 

oxidative damage to lipids; thus decreasing the 

availability of antioxidants.  
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ABSTRACT 

Aggregative consequentialism and several other popular moral theories are threatened with 

paralysis: when coupled with some plausible assumptions, they seem to imply that it is 

always ethically indifferent what you do.  Modern cosmology teaches that the world might 

well contain an infinite number of happy and sad people and other candidate value-bearing 

locations.  Aggregative ethics implies that such a world contains an infinite amount of 

positive value and an infinite amount of negative value.  You can affect only a finite amount 

of good or bad.  In standard cardinal arithmetic, an infinite quantity is unchanged by the 

addition or subtraction of any finite quantity.  So it appears you cannot change the value of 

the world.  Modifications of aggregationism aimed at resolving the paralysis are only 

partially effective and cause severe side effects, including problems of “fanaticism”, 
“distortion”, and erosion of the intuitions that originally motivated the theory.  Is the 

infinitarian challenge fatal? 

 

 

1.  The challenge 

1.1.  The threat of infinitarian paralysis 

When we gaze at the starry sky at night and try to think of humanity from a “cosmic point of 
view”, we feel small.  Human history, with all its earnest strivings, triumphs, and tragedies 

can remind us of a colony of ants, laboring frantically to rearrange the needles of their little 

ephemeral stack.  We brush such late-night rumination aside in our daily life and analytic 
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philosophy.  But, might such seemingly idle reflections hint at something of philosophical 

significance?  In particular, might they contain an important implication for our moral 

theorizing? 

 If the cosmos is finite, then our own comparative smallness does not necessarily 

undermine the idea that our conduct matters even from an impersonal perspective.  We 

might constitute a minute portion of the whole, but that does not detract from our absolute 

importance.  Suppose there are a hundred thousand other planets with civilizations that had 

their own holocausts.  This does not alter the fact that the holocaust that humans caused 

contributed an enormous quantity of suffering to the world, a quantity measured in millions 

of destroyed lives.  Maybe this is a tiny fraction of the total suffering in the world, but in 

absolute terms it is unfathomably large.  Aggregative ethics can thus be reconciled with the 

finite case if we note that, when sizing up the moral significance of our acts, the relevant 

consideration is not how big a part they constitute of the whole of the doings and goings-on 

in the universe, but rather what difference they make in absolute terms. 

 The infinite case is fundamentally different.  Suppose the world contains an infinite 

number of people and a corresponding infinity of joys and sorrows, preference satisfactions 

and frustrations, instances of virtue and depravation, and other such local phenomena at 

least some of which have positive or negative value.  More precisely, suppose that there is 

some finite value ε such that there exists an infinite number of local phenomena (this could 

be a subset of e.g. persons, experiences, characters, virtuous acts, lives, relationships, 

civilizations, or ecosystems) each of which has a value ≥ ε and also an infinite number of 
local phenomena each of which has a value ≤ (‒ ε).  Call such a world canonically infinite.  

Ethical theories that hold that value is aggregative imply that a canonically infinite world 

contains an infinite quantity of positive value and an infinite quantity of negative value.  

This gives rise to a peculiar predicament.  We can do only a finite amount of good or bad.  

Yet in cardinal arithmetic, adding or subtracting a finite quantity does not change an infinite 

quantity.  Every possible act of ours therefore has the same net effect on the total amount of 

good and bad in a canonically infinite world: none whatsoever. 

 Aggregative consequentialist theories are threatened by infinitarian paralysis: they 

seem to imply that if the world is canonically infinite then it is always ethically indifferent 

what we do.  In particular, they would imply that it is ethically indifferent whether we cause 

another holocaust or prevent one from occurring.  If any non-contradictory normative 

implication is a reductio ad absurdum, this one is. 

 Is the world canonically infinite or not?  Recent cosmological evidence suggests that 

the world is probably infinite.1  Moreover, if the totality of physical existence is indeed 

infinite, in the kind of way that modern cosmology suggests it is, then it contains an infinite 
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number of galaxies, stars, and planets.  If there are an infinite number of planets then there 

is, with probability one, an infinite number of people.2  Infinitely many of these people are 

happy, infinitely many are unhappy.  Likewise for other local properties that are plausible 

candidates for having value, pertaining to person-states, lives, or entire societies, ecosystems, 

or civilizations—there are infinitely many democratic states, and infinitely many that are 

ruled by despots, etc.  It therefore appears likely that the actual world is canonically infinite. 

 We do not know for sure that we live in a canonically infinite world.  

Contemporary cosmology is in considerable flux, so its conclusions should be regarded as 

tentative.  But it is definitely not reasonable, in light of the evidence we currently possess, to 

assume that we do not live in a canonically infinite world.  And that is sufficient for the 

predicament to arise.  Any ethical theory that fails to cope with this likely empirical 

contingency must be rejected.  We should not accept an ethical theory which, conditional on 

our current best scientific guesses about the size and nature of the cosmos, implies that it is 

ethically indifferent whether we cause or prevent another holocaust.3 

 

1.2.  Which theories are threatened? 

Infinitarian paralysis threatens a wide range of popular ethical theories.  Consider, to begin 

with, hedonistic utilitarianism, which in its classical formulation states that you ought to do 

that which maximizes the total amount of pleasure and minimizes the total amount of pain 

in the world.  If pleasure and pain are already infinite, then all possible actions you could 

take would be morally on a par according to this criterion, for none of them would make any 

difference to the total amount of pleasure or pain.  Endorsing this form of utilitarianism 

commits one to the view that, conditional on the world being canonically infinite, ending 

world hunger and causing a famine are ethically equivalent options.  It is not the case that 

you ought to do one rather than the other. 

The threat is not limited to hedonistic utilitarianism.  Utilitarian theories that have a 

broader conception of the good—happiness, preference-satisfaction, virtue, beauty-

appreciation, or some objective list of ingredients that make for a good life—face the same 

problem.  So, too, does average utilitarianism, mixed total/average utilitarianism, and 

prioritarian views that place a premium on the well-being of the worst off.  In a canonically 

infinite world, average utility and most weighted utility measures are just as imperturbable 

by human agency as is the simple sum of utility. 

Many non-utilitarian ethical theories are also imperiled.  One common view is that in 

determining what we ought to do we should take into account the difference our acts would 

make to the total amount of well-being experienced by sentient persons even though we 
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must also factor in the special obligations that we have to particular individuals (and 

perhaps various deontological side-constraints).  If our actions never make any difference to 

the amount of well-being in the world, the maximizing component of such hybrid theories 

becomes defunct.  Depending on the structure of the theory, the components that remain in 

operation may—or may not—continue to generate sensible moral guidance. 

Moorean views, which claim that value resides in “organic unities”, are also 
vulnerable.  If the relevant unities supervene on some medium-sized spacetime regions, such 

as societies or planets, then there might well be infinitely many such unities.  If, instead, the 

relevant unity is the universe itself, then it is unclear that we could change its total value by 

modifying the infinitesimal part of it that is within our reach.4 

For simplicity, we will focus most of the discussion on purely consequentialist 

theories (even though, as we have seen, the problems affect a much larger family of ethical 

systems).  However, not all consequentialist theories are threatened.  The vulnerability 

infinitarian paralysis arises from the combination of two elements: consequentialism and 

aggregationism.  By “aggregationism” we refer to the idea that the value of a world is 

(something like) the sum or aggregate of the values of its parts, where these parts are some 

kind of local phenomena such as experiences, lives, or societies.  By consequentialism we 

refer to the idea that the rightness or wrongness of an action is (somehow) determined on the 

basis of considerations about whether its consequences increase or decrease value.  We shall 

later explore how various more precise explications of “aggregationism” and 
“consequentialism” fare in relation to the threat of infinitarian paralysis and associated 

challenges. 

The challenge addressed in this paper is related to—but also crucially different 

from—Pascal’s wager, the St. Petersburg paradox, the Pasadena problem, the Heaven and 

Hell problem, and kindred prudential “infinite” decision problems.5  Related, because in each 

case there is, purportedly, the prospect of infinite values to be reckoned with.  Different, 

because one important escape route that is available in the prudential cases is blocked in the 

ethical case.  This is the route of denying that infinite values are really at stake.  One way of 

responding to Pascal’s wager, for instance, is by taking it to show that we do not in fact have 

an infinitely strong preference for spending an eternity in Heaven.  The attractiveness of this 

response would be enhanced by the finding that the alternative is to accept highly 

counterintuitive consequences.  In a revealed-preference paradigm, this is anyway a 

perfectly natural view.  If we accept a theory of rationality that grounds what we have 

reason to do in our preferences (whether raw or idealized) then we have a simple and 

plausible answer to Pascal: Yes, if one had an infinitely strong preference for eternal life in 

Heaven, then it would be rational to forego any finite pleasure on Earth for any ever-so-
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slight increase in the odds of salvation (at least if one assumes that there would be no chance 

of obtaining an infinite good if one did not accept the wager, and no chance that accepting it 

might backfire and result in an infinite bad).  However, if one does not have an infinitely 

strong preference for Heaven, then Pascal’s argument does not show that one is irrational to 

decline the wager.  The fact that most people would on reflection reject the wager would 

simply show that most people do not place an infinite value on Heaven.  The analogous 

response is not available to the ethical aggregationist, who is committed to the view that the 

total value of a world is the aggregate of the value of its parts, for this entails placing an 

infinite value on certain kinds of world.  If a world has an infinite number of locations, and 

there is some finite value v such that an infinite number of the locations have an ethical value 

greater than v, then that world has an infinite ethical value.  This is a core commitment of 

aggregationism; giving it up means giving up aggregationism.  So the possibility of an 

infinite world presents a graver problem for aggregative ethics than it does for prudential 

rationality.6 

 

1.3.  Modifiable components of aggregative ethics, and adequacy criteria 

The aggregative consequentialist ethical theories that we shall investigate can be dissected 

into four components: 

 

Substantive component 

 A value rule, specifying what kinds of local phenomena have value, and how much 

positive or negative value each instance of such a phenomenon has. 

 

Formal components 

 A domain rule, specifying what the relevant domain is; 

 An aggregation rule, specifying how to sum or aggregate the local values in the 

domain into a total value; and 

 A selection rule specifying how the set of right (and wrong) actions is selected, from 

among the available acts, on the basis of the result of the aggregation. 

 

In the standard rendition of aggregative consequentialism, the formal components 

have the following default settings: the domain rule is that we should aggregate uniformly 

over everything (the entire cosmos); the aggregation rule is that the total of value of the 

domain is the cardinal sum of the value of its parts; and the selection rule is the one given by 

standard decision theory applied to ethics: you ought to perform one of those available acts 
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for which the expected value of the world is maximal.  It is easy to see that these 

specifications lead immediately to paralysis.  Assigning a finite probability to the world 

being canonically infinite, we find that the expected amount of positive value (and also the 

expected amount of negative value) in the world is the same for all humanly possible 

actions.  In fact, if the total positive value is of the same infinite cardinality as the total of the 

negative value, the net value of the world is undefined.  Since no humanly possible action 

gets assigned a value that is higher than a value assigned to any other humanly possible 

action, the selection rule has no basis on which to discriminate right and wrong actions: all 

come out as being ethically on a par. 

Attempting to salvage aggregative consequentialism by modifying the substantive 

component is not promising, because any plausible kind of local phenomenon is infinitely 

instantiated in a canonically infinite world.  We shall therefore explore how we might 

modify one or more of the formal components, to see whether it is possible to meet the 

infinitarian challenge.  To be successful, a solution would have to meet several criteria and 

desiderata, including the following: 

 

Criteria and desiderata 

 Resolving infinitarian paralysis.  It must not be the case that all humanly possible acts 

come out as ethically equivalent. 

 Avoiding the fanaticism problem.  Remedies that assign lexical priority to infinite goods 

may have strongly counterintuitive consequences.7 

 Preserving the spirit of aggregative consequentialism.  If we give up too many of the 

intuitions that originally motivated the theory, we in effect abandon ship. 

 Avoiding distortions.  Some remedies introduce subtle distortions into moral 

deliberation.  (This will be illustrated later.) 

 

One open methodological question is over what range of situations an acceptable 

ethical theory must avoid giving prescriptions that are intuitively implausible.  By the most 

stringent standard, an ethical theory should be rejected if there is any possible case about 

which it makes some (sufficiently) implausible prescription.  According to those who hold to 

this standard, an ethical theory can be refuted by (coherently) describing a case—be it ever 

so improbable, far-fetched, or even physically impossible—and showing that the theory 

implies something shocking or perverse about that case.  Others may adopt a more lenient 

standard and be willing to accept an ethical theory so long as it gives intuitively sensible 

advice in cases that are at least somewhat realistic, including all the cases that there is a non-

trivial probability of us actually encountering.  These people may be willing to trade off 
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some goodness of fit to case-specific intuitions in return for a gain in some other theoretical 

virtue such as simplicity or completeness.  An even laxer standard would require only that a 

moral theory normally gives non-perverse recommendations in the cases that we are most 

likely to encounter. 

In its standard version, aggregative consequentialism fails to meet even this laxest 

standard of acceptability.  In all actual situations that we are encountering, we should assign 

a non-zero probability to the world being canonically infinite; and as we have seen, this 

leads to infinitarian paralysis.  Modified versions of aggregative consequentialism can be 

judged as more or less successful depending on (a) the degree to which they satisfy the 

abovementioned criteria and desiderata, and (b) the scope of this degree of satisfaction, i.e., 

whether it obtains in all possible worlds, or only in physically realistic situations, or only in 

the empirically most plausible and typical cases. 

Can the infinitarian challenge be met by being more careful about how we formulate 

aggregative ethics (and the other imperiled ethical theories)?  Does the challenge revolve 

around some mere technicality that can be overcome by enlisting some more suitable 

formalism?  Or does the challenge drive a fatal stake through the heart of a large family of 

ethical theories that have been widely discussed and widely embraced for several hundred 

years?  By contrast to more familiar objections against utilitarianism (and other aggregative 

consequentialist theories), the alleged consequence that it is ethically indifferent whether we 

cause or prevent another holocaust is a bullet that even its most hardened supporters are 

presumably unwilling to bite.  If one must either accept that or switch to some other ethical 

theory, the choice should be easy. 

To answer these questions, we must patiently analyze the various responses 

available to the aggregative consequentialist.  The next three sections examine the following 

possible modifications of the theory’s formal components: 
 

Modifying the aggregation rule 

Default setting: 

 Cardinal arithmetic 

Candidate modifications: 

 Extensionist program 

 Value-density 

 Hyperreals 

Modifying the domain rule 

Default setting: 

 Universal domain 
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Candidate modifications: 

 Discounting 

 Causal approach 

Modifying the selection rule 

Default setting: 

 Standard decision theory 

Candidate modifications: 

 Buck-passing 

 Extended decision rule 

 Infinity shades 

 Class action 

 

A final section examines the effects of combination therapies that involve the concurrent 

modification of multiple formal components. 

 

2.  Modifying the aggregation rule 

We shall consider three possible substitutes for the standard cardinal aggregation rule: the 

extensionist program, the value-density approach, and the hyperreal framework. 

 

2.1.  The extensionist program 

One approach to modifying the aggregation rule attempts to extend axiology by introducing 

rules for ranking worlds that contain infinite goods.  This extensionist program is the only 

strategy for reconciling aggregative ethics with the possibility of an infinite world that has 

received significant attention in the literature.8 

A value-bearing part of a world is called a location.  Candidates include experiences, 

acts, persons, space-time regions, and lives.  Consider a world that contains an infinite set of 

locations each having some finite non-zero positive value k, and another infinite set of 

locations each having a finite negative value –k.  In cardinal arithmetic, the sum of value in 

such a world is undefined.9  The same holds for worlds that in addition to these two sets of 

locations also contain locations of varying values, and for many worlds that do not contain 

an infinite number of locations of some constant value.10  Canonically infinite worlds fall into 

the category of worlds in which the net cardinal value is undefined. 

To see how the extensionist program tries to avoid paralysis, let us first consider the 

simple case presented in Example 1.  It represents two possible worlds, each containing one 
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immortal person who each day enjoys either a moderate or a high level of well-being.  The 

locations are days in this person’s life, each of which has either one or two units of value. 

 

w1:  2, 2, 2, 2, 2, 2, 2, 2, … 

w2:  1, 1, 1, 1, 1, 1, 1, 1, … 

Example 1 

 

There is an intuitive sense in which w1 is better than w2.  Clearly, most people would prefer 

to live in w1, where one’s level of well-being is greater.  The two worlds have the same 

locations, and w1 has everywhere strictly more value than w2.  For analogous reasons, if we 

change the gloss on Example 1 so that the locations, instead of being days in the life of an 

immortal, represented the entire lives of an infinite number of individuals, a plausible 

verdict would be that w1 is still better than w2.  The worlds, in this alternative example, 

would have the same people and everybody would be better off in w1 than in w2. 

Here is a simple principle that captures this intuition:11 

 

Basic Idea.  If w1 and w2 have exactly the same locations, and if, relative to any finite 

set of locations, w1 is better than w2, then w1 is better than w2. 

 

The Basic Idea is weak (although not uncontroversial).12  Consider Example 2, where one 

location is a notch better in the second world: 

 

w1:  2, 2, 2, 2, 2, 2, 2, 2, … 

w3:  1, 3, 1, 1, 1, 1, 1, 1, … 

Example 2 

 

Since neither of these two worlds is better than the other relative to all finite sets of locations, 

the Basic Idea falls silent.  (E.g., w1 is better relative to the singleton set of the first location, 

while w3 is better relative to the singleton set of the second location.) 

To deal with cases like Example 2, Peter Vallentyne and Shelly Kagan, in an elegant 

paper that built on and extended the earlier literature, proposed several strengthenings of 

the Basic Idea, the first one of which can be reformulated as follows, omitting a technical 

complication that is irrelevant to our investigation.13 
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SBI1 (strengthened basic idea 1): If (1) w1 and w2 have exactly the same locations, 

and (2) for any finite set of locations there is a finite expansion such that for all 

further expansions, w1 is better than w2, then w1 is better than w2. 

 

This ranks w1 better than w3, because w1 is better than w3 relative to any finite set that 

includes at least three locations.  The point of SBI1 is that it enables us to judge one world as 

better than another even if it is worse at a finite number of locations, provided that it is 

sufficiently better at the other locations to compensate for its regional inferiority. 

 SBI1 is still quite feeble.  In particular, it fails to rank world pairs in which each 

world is better than the other at infinitely many locations.  This possibility is illustrated in 

Example 3, where we have also added a time index for the days in the immortal’s life. 
 

w4:     3, 2, 3, 2, 3, 2, 3, 2, … 

w5:      4, 0, 4, 0, 4, 0, 4, 0, … 

Time:   1, 2, 3, 4, 5, 6, 7, 8, … 

Example 3 

 

Vallentyne and Kagan propose a strengthening of SBI1 that applies to cases in which 

the locations have what they call an “essential natural order”.  They suggest that spatial and 

temporal regions, but not people or states of nature, arguably have such an order.14  Let us 

suppose that the locations in Example 3, i.e. the days in the life of the immortal, have an 

essential natural order.  It is intuitively plausible, if one had to choose between w4 and w5, 

that one ought to choose w4.  One reason that could be given for this judgment is that for 

any time after the third day, the immortal will have enjoyed strictly more well-being in w4 

than in w5.  This reason, however, does not apply to the closely related case (Example 4) 

where the immortal has always existed, i.e. is everlasting in the past as well as the future 

time direction. 

 

w6:     …, 3, 2, 3, 2, 3, 2, 3, 2, … 

w7:      …, 4, 0, 4, 0, 4, 0, 4, 0, … 

Time: …, -2, -1, 0, 1, 2, 3, 4, 5, … 

Example 4 

 

In Example 4, there is no time such that the immortal has enjoyed a greater amount of well-

being by that time in w6 than in w7.  At any time, a countably infinite quantity of well-being 

has already been enjoyed in both worlds.  Nevertheless, there is an intuitive ground for 



holding that w6 is better than w7.  The temporal density of value (average value per unit of 

time) in w6 is 2.5, while in w7 it is merely 2.  In any finite (continuous) time interval lasting 

at least four days, w6 contains strictly more value than does w7.  The proposed 

strengthening of SBI1, to deal with such cases, can be rendered in simplified form as follows. 

SBI2: If (1) w1 and w2 have exactly the same locations, and (2) for any bounded 

region of locations there is a bounded regional expansion such that for all further 

bounded regional expansions w1 is better than w2, then w1 is better than w2. 

This principle judges w6 as better than w7.  SBI2 ranks a fairly broad set of pairs of worlds 

containing infinite quantities of value, and it does so in a way that is intuitively plausible.  

SBI2 is about the strongest principle that the extensionist program has offered to date.15 

2.2.  Shortcomings of the extensionist program 

As a response to the threat of infinitarian paralysis, the extensionist program suffers from at 

least three shortcomings. 

First, SBI2 applies only when values are tied to locations that have an essential 

natural order.  Yet for many aggregative ethical theories, the primary value-bearers are not 

spatial or temporal locations, but experiences, preference satisfactions, people, lives, or 

societies.  It is not at all clear that these value-bearers have an ethically relevant essential 

natural order.  It is true that people (and experience etc.) are located in time and space, and 

that time and space arguably have an essential natural order.16  But the fact that people exist 

in spacetime does not imply that an ethical theory that says that people are locations of good 

is therefore entitled to help itself to the supposed essential natural ordering of these times 

and places where the people are.  To attach fundamental ethical significance to the 

spatiotemporal ordering of people is a substantial commitment—one that is not necessarily 

compatible with other core features of ethical theories. 

For example, it is fair to say that classical utilitarianism rejects (in spirit, if not 

explicitly) the notion that any fundamental ethical significance is attached to facts about 

where people live.  One central motivating intuition in traditional utilitarian thinking is that 

“everybody counts for one and nobody for more than one”, i.e. that characteristics such as 

skin color, position in society, or place of birth are of no fundamental ethical importance; and 

that what matters, rather, is something like pleasure and pain, or happiness and 

unhappiness, or preference satisfaction and frustration.  To admit spatiotemporal location as 
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a morally relevant consideration in addition to these traditional factors would be to make a 

substantial departure from the intuitions that originally inspired the theory. 

To appreciate what is at stake here, note that the betterness relation specified by SBI2 

is not invariant under permutation of the values of locations.  Consider Hotel Hilbert 

(example 5), which has infinitely many rooms, each containing one occupant.  Each occupant 

has a level of well-being corresponding to either zero or one unit of value.  Let us suppose, in 

order to be able to appeal to principles relying on the notion of an essential natural ordering, 

that we take the locations of this world to be the rooms in Hotel Hilbert and that the 

sequence of the room numbers constitutes a natural order. 

 

w8: 1, 1, 0, 1, 1, 0, 1, 1, 0, … 

w9: 1, 0, 0, 1, 0, 0, 1, 0, 0, … 

Room #: 1, 2, 3, 4, 5, 6, 7, 8, 9, … 

Example 5 

 

SBI2 says that w8 is better than w9.  This might seem intuitively plausible since in w8 two 

out of every three rooms have happy occupants whereas in w9 only every third room has a 

happy occupant.  Yet there exists a bijection (a one-to-one mapping) between the local values 

of w8 and w9.17  That is to say, w8 can be obtained from w9 by having the guests swap 

rooms in such a way that all guests are still accommodated, no new guests are admitted, all 

rooms continue to be occupied, and everybody’s well-being remains exactly the same as it was 

before.  Applying SBI2 to Example 5 commits one to the view that a world can be worsened 

or improved without making anybody in the least bit better or worse off.  This implication is 

in direct conflict with classical utilitarianism and other welfarist theories. 

 Some aggregative ethical theories, however, might be able to accommodate this 

implication.  Infinitudes are notoriously counterintuitive.  Maybe we should see it as a 

relatively minor concession for aggregative ethics to admit that the spatiotemporal pattern of 

goods and bads can make a moral difference in certain infinite contexts.  A theory that 

admitted this could still preserve many other features associated with a welfarist outlook.  It 

could maintain, for example, that no person has greater ethical status than any other, that 

personal identity lacks fundamental moral significance (anonymity), and that in the finite 

case the value of a world is simply the sum of the values of its locations.  All this would be 

consistent with the claim that relocating an infinite number of people can make a moral 

difference. 

 An alternative is to reject SBI2 and fall back on SBI1.  Since SBI1 makes no use of the 

notion of an essential natural order, its rankings are invariant under one-to-one 



permutations of the values assigned to locations.  Yet while this would ease some of the 

tensions, it would also remove the theory’s ability to handle a wide range of problem cases, 
including examples 3-5.  SBI1 fails to resolve the paralysis. 

Even if we allow ourselves to use the stronger principle SBI2, many world-pairs 

will remain unranked.  This is the second shortcoming of the extensionist approach.  Even 

the strongest principles available fail to rank all possible worlds in order of goodness.  

Vallentyne and Kagan suggest a way to further strengthen SBI2 to cover some cases in which 

the locations have an essential natural order in more than one dimension, and some—but not 

all—cases in which the two worlds to be compared do not have exactly the same locations.  

Additionally, their strongest principle is silent about cases in which a single location has 

infinite value.  It is also silent about cases of the sort illustrated in Example 6, where the 

essential natural order has a more complex structure. 

w10: 2, 2, 2, 2, …, …, 1, 1, 1, 1 

w11: 1, 1, 1, 1, …, …, 1, 2, 1, 1 

Example 6 

The worlds in example 6 have order type ω + ω*.18  Intuitively, w10 is better than w11, since 

it is better (by one unit of value) at an infinite number of locations and worse (also by one 

unit) at only a single location.  Yet SBI2 is silent, because there is a bounded region (e.g. the 

one consisting of the sole location where w11 has value 2) for which there is no bounded 

regional extension such that w10 is better than w11 relative to that expansion (or any further 

bounded regional expansions thereof).  So w10 is not ranked as better than w11; nor, of 

course, is w11 is ranked as better than w10.19 

The extensionist program, therefore, has not provided a general cure for paralysis 

even if we accept that the spatiotemporal distribution of value can have ethical significance.  

Some things could be said in defense of the extensionist program at this point.  One could 

express hope that further progress will be made.  Assuming that our intuitions about the 

relative goodness of worlds with infinite values are coherent, it is possible to construe the 

extensionist program as an open-ended project that could in principle codify all the rankings 

that are implicit in our intuitions.  Whenever we encounter a world-pair not yet addressed 

by our principles, we could simply add a clause expressing our intuitive judgment about the 

new case.  Even if we never find an explicit principle that covers all possible cases about 

which we have definite intuitions, this failing could Ee�written off as a symptom of our 

cognitive limitations rather than counted as a fundamental problem for the underlying 

theoretical framework.  Furthermore, one might think that even if the extensionist program 
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does not succeed in addressing all possible cases, it would still provide at least a partial 

remedy if it managed to cover a wide range of cases including the cases we are most likely 

actually to confront. 

Whatever hope these remarks might suggest, however, is disappointed when we 

notice that even if the extensionist program somehow managed to succeed on its own terms, 

all it would have produced is an ordinal ranking of worlds.  A completed extensionist 

program would give a criterion, which, for any pair of possible worlds, would say either 

which world is better or that they are equally good.  But it would fail to tell us how much 

better one world is than another.  This is the program’s third shortcoming. 
Since we are not omniscient beings, we make our moral choices under uncertainty.  

When doing so, we need to take into account not only the outcomes that would actually 

result from any acts we are choosing between but also the range of possible outcomes that 

we think would have some non-zero probability of resulting.  More specifically, we must 

consider the conditional probabilities of the various possible outcomes given that a 

particular act is performed.  Standard decision theory tells us that we should multiply these 

conditional probabilities with the value associated with the corresponding outcomes, and 

that we ought to do one of the acts for which the expectation value is maximal.  (We 

postpone to later sections discussion of alternative decision rules or domains of evaluation.)  

In order to perform this operation we need a cardinal measure of the value of worlds.  A 

mere ordinal ranking, telling us which worlds are better than which but not by how much, 

does not combine in the right way with probabilities, and fails to enable us to calculate the 

conditional expectation of value. 

 To illustrate this point, consider example 7. 

 

w12:     4, 5, 6, 7, 8,  9, 10, 11, 12, 13, 14, 15, … 

w13:     1, 2, 7, 4, 5, 10,  7,   8,  13, 10, 11, 16, … 

 w2:      1,  1, 1, 1, 1,  1,  1,   1,   1,   1,   1,   1, … 

Example 7 

 

By SBI2, w12 is better than w13; so if the choice is simply between these two worlds, we 

know that we ought to choose w12.  But suppose the choice is between the two acts A and B.  

Act A is guaranteed to realize w13.  Act B will realize world w12 with probability p and w2 

with probability (1 – p).  In order to decide what we ought to do, we need to know how large 

p has to be for the choice of B to be as good as, or better than, the choice of A.  The ordinal 

rankings given by principles like SBI2 do not provide this information. 



Without a cardinal representation of the values of worlds, therefore, we have no 

expected values of acts—or even an ordinal ranking of acts in order of their moral 

goodness—when we are uncertain what results our actions will have.  Nor would it help 

much if we had a cardinal measure of the value of worlds for a proper subset of the worlds, 

such as for the worlds whose value is finite.  Vicious gaps in our expected value calculations 

would then arise whenever we assigned a non-zero probability to the world being the sort 

for which no cardinal value measure was available.  To obtain useable moral guidance, more 

is therefore needed than the ordinal ranking of worlds that the extensionist program aims to 

provide. 

In the case of individual prudential decision-making, a classic result by von 

Neumann and Morgenstern showed that it is possible to construct a cardinal utility function 

for an individual on the basis of a sufficiently rich set of ordinal preferences.20  This result is a 

cornerstone of social choice theory.  The method used by von Neumann and Morgenstern 

relies on individuals having preferences not only about specific outcomes, but also about 

gambles that may deliver any of a range of outcomes with varying odds.  Given certain 

assumptions, it is possible to derive a utility function from such preferences about gambles.  

In order to apply a similar approach to construct a cardinal scale of the ethical value of 

different possible worlds, we would need to assume the existence of an ordinal ranking of 

the ethical value of various gambles over possible worlds (such as in example 7).  But to 

assume such an ordinal ranking would be to help ourselves to precisely what is problematic.  

In the ethical case, by contrast to the case of individual prudential decision-making, we 

cannot appeal to a simple revealed preference account.  Not everybody might be disposed to 

make the same evaluations of the ethical merits of the possible gambles.  The requisite 

ranking must instead come from an axiological theory; and if that axiology is aggregative, 

we face the threat of paralysis. 

We conclude: (1) existing principles provided by the extensionist program fail to 

rank all possible worlds; (2) in order for there to be any hope of it providing such a complete 

ranking (in a way consistent with our intuitions about the betterness relation), ethical 

significance would have to be attached to the spatiotemporal distribution of goods and bads; 

(3) for many classical aggregative theories, it is doubtful that they are compatible with the 
stipulation that the spatiotemporal patterQing of local values has ethical significance; and (4) 

even if we had a complete ordinal ranking of all specific possible worlds (excluding 

situations involving complex moral gambles), we still would not have solved the problem of 

infinitarian paralysis.21 
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2.3.  The value-density approach 

One way to get a cardinal measure of the value of some canonically infinite worlds is by 

looking at their “average value”, their value-density.  To apply this idea, we need to assume 

that the cosmos is, at a sufficiently large scale, approximately homogeneous.  We can then 

define its value-density as follows.  Arbitrarily select a spacetime point p, and consider a 

hypersphere centered on p with a finite radius r (where r is a spacetime interval).  If V+ is the 

(finite) amount of positive value within this hypersphere, and V– is the (finite) amount of 

negative value, we can define the value-density of the sphere to be ||/)(),(ˆ rVVrpV   , 

where | r | is the magnitude of r.  If there is some constant k such that for any p we have 

 

krpVr  ),(ˆlim , 

 

then we can regard k, the value-density, as an index of the value of such a world, for the 

purpose of comparing it with other homogeneous canonically infinite worlds of the same 

order-type.  Since value-density is a cardinal, it can be multiplied with probabilities and 

combined with standard decision theory (with value-density taking the place of utility). 

Aggregationism, however, is committed to the view that the total amount of good 

matters.  Not all worlds with the same value-density are equally good.  A large world with 

positive value-density is better than a small world with the same value-density.  Unless one 

accepts a non-aggregative view such as average utilitarianism, therefore, one could not in 

general identify the value of a world with its value-density.  Canonically infinite worlds with 

positive value-density would have to be ranked as lexicographically superior to all finite-

value worlds; and canonically infinite worlds with negative value-density as 

lexicographically inferior to all finite-value worlds. 

Just as did SBI2, the value-density approach places ethical significance on the 

spatiotemporal distribution of value.  It would thus require sacrificing a common 

aggregationist intuition.  Furthermore, the value-density approach fails to apply to 

inhomogeneous infinite worlds (such as w12 and w13), because value-density is undefined 

for such worlds.  If a single location can have infinite value, it also fails for worlds that have 

such singularities.  It also fails for worlds that have a more complicated order-type (such as 

w10 and w11). 

In conclusion, the value-density approach, by contrast to the extensionist program, at 

least provides a cardinal measure.  Yet it is woefully incomplete, and it entails placing ethical 

significance on the spatiotemporal arrangement of values.  It also faces a fanaticism problem 

similar to that of the EDR approach, which we shall discuss later.  Nevertheless, even though 
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the value-density approach is a non-starter considered on its own, it will be worth 

considering as an ingredient in some of the combination therapies that we shall examine in 

section 5. 

 

2.4.  Introducing hyperreal numbers 

Howard Sobel ends a recent book chapter on Pascal’s Wager with a comment on a paper by 
Roy Sorenson in which the latter discussed some problems for infinite decision theory: 

 

It is remarkable that he [i.e. Sorenson] does not consider the hyperreal option by 

which decision theory can, without any adjustments, be reinterpreted to 

accommodate the very big, and for that matter the very small.  Of that option, I sing, 

Let it be, for it works and is done.22 

 

We are in possession of a well-developed mathematical theory of the so-called 

hyperreal numbers, numbers that can be infinitely large or infinitesimally small.  Hyperreals 

can be multiplied by, divided by, added to, or subtracted from ordinary real numbers (such 

as probabilities) in a natural manner.  But Sobel’s remark concerns the application to 
decision theory, where the desirabilities of basic outcomes are exogenous variables.  That is, 

decision theory pertains to well-formulated decision problems where the payoff function is 

already given.  If the payoff function has hyperreal values in its domain, it may be easy to 

transpose decision theory into a hyperreal framework so that it can process these values.  

The task for aggregative ethics is more complicated, however, for it must also specify a 

mapping from worlds to the (ethical) value of these worlds.  Placing aggregative ethics in the 

framework of the hyperreals is not a completed project; indeed, it has perhaps never even 

been attempted.  In the next sub-section, however, we will make such an attempt and see 

how far it can get us.23 

While we lack the space for a thorough introduction to hyperreal numbers, it may 

still be useful to start with a thumbnail sketch of some of their properties before we consider 

the application to infinitarian paralysis.24 

 The study of hyperreal numbers, their functions and properties, is known as 

nonstandard analysis.  The hyperreals are an extension of the reals.  Among the hyperreals, 

there are many (infinitely many) different “infinitely small” numbers, “infinitesimals”—
numbers that are greater than zero but smaller than any non-zero real number.  There are 

also infinitely many different infinitely large hyperreal numbers that are greater than any 

real.  In addition, for every real number r, there are infinitely many hyperreal numbers r’ 
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that are “infinitely close” to r, i.e. such that the difference |r-r’| is infinitesimal.  (By contrast, 

any two different real numbers are at a finite distance from one another.)  Hyperreals thus 

stand very densely packed together, and they extend all the way up to infinitely large sizes 

as well as all the way down to infinitesimally small quantities.  These properties make them 

a promising framework for analyzing ethical problems involving infinite values. 

 Hyperreals are defined in such a way that all statements in first-order predicate 

logic that use only predicates from basic arithmetic and that are true if we quantify only over 

reals are also true if we extend the domain of quantification to include hyperreals.  For 

example, for any numbers a, b, c, that are in the field *R of hyperreals, we have the following 

familiar properties: 

 

1. Closure 

If a and b are in *R, then a + b and a * b are both in *R 

 

2. Commutativity 

a + b = b + a and a * b = b * a 

 

3. Associativity 

(a + b) + c = a + (b + c) and (a * b) * c = a * (b * c) 

 

4. Distributivity 

a * (b + c) = (a * b) + (a * c) 

 

5. Existence of identity or neutral elements 

There exist elements z and e in *R such that a + z = a and a * e = e 

 

6. Existence of inverses 

There exist elements, (– a) and a–1, for every a such that a + (– a) = 0 and [for a ≠ 0] 
a * (a–1) = 1 

 

Another example of a statement that carries over to nonstandard analysis is that if you add 1 

to a hyperreal you get a bigger number: 

 

7. a < a + 1 
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Nevertheless, R and *R do not behave identically.  For instance, in *R there exists an element 

w that is larger than any finite sum of ones:  

 

8. 1 < w, 1 + 1 < w, 1 + 1 + 1 < w, 1 + 1 + 1 + 1 < w, ...   

 

There is, of course, no such number w in R.  Notice that the nonexistence of w cannot be 

expressed as a first-order statement (as doing so would require an infinite conjunction). 

 The hyperreals can be constructed as countably infinite sequences of reals in such a 

way as to satisfy the above axioms.  This construction has the convenient feature that we can 

identify the real number r with the sequence (r, r, r, …).  Addition of two hyperreals can then 

be defined as (a0, a1, a2, ...) + (b0, b1, b2, ...) = (a0 + b0, a1 + b1, a2 + b2, ...), and, analogously for 

multiplication, (a0, a1, a2, ...) * (b0, b1, b2, ...) = (a0 * b0, a1 * b1, a2 * b2, ...). 

 Using this construction, here is one example of an infinite hyperreal: 

 

 (1, 2, 3, …) 
 

and here is an infinitesimal hyperreal, its inverse: 

 

(1/2, 1/3, 1/4, …) 
 

The product of these two numbers equals the (finite) number (1, 1, 1, …).  As implied by (6), 

for any infinite hyperreal, there is an infinitesimal hyperreal such that their product equals 

unity. 

There are many differently sized infinite and infinitesimal hyperreals.  For example, 

the following two hyperreals are, respectively, strictly larger and strictly smaller than the 

above couple: 

 

 (3, 4, 5, …) 
 (1/10, 1/12, 1/14…) 
 

 To compare the size of two hyperreals, we make a pairwise comparison of their 

elements.  We want to say that one hyperreal is larger than another if it is larger in at least 

“almost all” places, and we want the resulting ordering to be complete, so that for every two 
hyperreals a, b, it is the case that a > b, or b > a, or a = b.  The definition of “almost all” needed 
to make this work, however, is technically somewhat complicated and involves the selection 

of a so-called non-principal (or “free”) ultrafilter.  Independently of which ultrafilter is 
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chosen, we have that if a is larger than b everywhere except for a finite number of places, 

then a > b.  Similarly, if a and b are identical in all places save for a finite number of places, 

then a = b.  But for some choices of a and b, a may be larger than b in an infinite number of 

places, and b may be larger (or equal) to a in an infinite number of other places.  For instance, 

this is the case for the pair 

 

a = (1, 0, 1, 0, …) 
b = (0, 1, 0, 1, …) 

 

The role of the non-principal ultrafilter (whose technical definition need not concern us here) 

is to adjudicate such cases so that we get a complete ordering of all hyperreals. 

 This quick survey might be enough to convey some feel for the hyperreals.  Their 

main use in mathematics is in providing an alternative (“nonstandard”) foundation for 

analysis, developed by Abraham Robinson in the 1960s, which is closer to the original ideas 

of Newton and Leibniz than the “epsilon-delta limit” approach that is the common fare in 
introductory calculus courses today.  Some people find this alternative approach more 

intuitive, and some theorems are easier to prove within the nonstandard framework.  But to 

return to the concern of this paper, let us consider how the introduction of the hyperreals 

might help solve the problem of imperturbable infinities. 

 

2.5.  The hyperreal approach 

For a start, we need a way to map a world containing some distribution of local values to a 

corresponding hyperreal that represents the total value of that world.  The most 

straightforward way of doing this would be by mapping the value at a location to a real 

number in the sequence of a hyperreal.  To illustrate, we reuse an earlier example: 

 

w1:  2, 2, 2, 2, 2, 2, 2, 2, … 

w2:  1, 1, 1, 1, 1, 1, 1, 1, … 

Example 1 

 

The simple-minded suggestion is that we should assign to these two worlds overall values 

equal, respectively, to the hyperreals (2, 2, 2,…) and (1, 1, 1,…).  Since (2, 2, 2,…) > (1, 1, 1,…), 
this would imply that w1 is better than w2.  So far, so good. 
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Unfortunately, this approach quickly gets stuck on the fact that hyperreals whose 

sequences differ in only a finite number of places are of the same magnitude.  Thus, for 

instance, the hyperreal associated with 

 

w3:  1, 3, 1, 1, 1, 1, 1, 1, … 

 

is of exactly the same magnitude as that associated with w2.  In fact, ‘(1, 1, 1, …)’ and ‘(1, 3, 1, 
1, 1, …)’ are merely different names for the same hyperreal, just as ‘1/3’ and ‘9/27’ are 
different names for the same real.  If we can change the value of a world in at most a finite 

number of locations, then on this approach we cannot change the total value of a world at 

all.  The value of a canonically infinite world is as imperturbable as ever. 

 If non-standard analysis is to be of any help, we need a different way of mapping 

worlds to values.  A promising approach is to modify the previous idea by postulating that 

each real in the sequence of the hyperreal should be the sum of the value of the world at the 

corresponding location and of the real in the preceding place in the hyperreal’s sequence.25  If 

the local values in a world have a one-dimensional essential natural order which is infinite in 

one direction, (v1, v2, v3, v4, …), its value will thus be represented by the hyperreal (v1, v2+v1, 

v3+v2+v1, v4+v3+v2+v1, …). 
 To illustrate this, the values of w1, w2, and w3 would be represented by the 

following hyperreals, respectively: 

 

Value(w1) = (2, 2+2, 2+2+2, 2+2+2+2, …) = (2, 4, 6, 8, …) = ω * 2 

Value(w2) = (1, 1+1, 1+1+1, 1+1+1+1, …) = (1, 2, 3, 4, …) = ω 

Value(w3) = (1, 1+3, 1+3+1, 1+3+1+1, …) = (1, 4, 5, 6, …) = ω + 2 

 

If we consider a world that is like w3 except its extra-good location is moved one step to the 

right: 

 

w3*:  1, 1, 3, 1, 1, 1, 1, 1, … 

 

we find that its value is identical to that of w3: 

 

Value(w3*) = (1, 1+1, 1+1+3, 1+1+3+1, …) = (1, 2, 5, 6, …) = ω + 2 

 

This approach also handles worlds with unboundedly large local values, such as the 

following: 
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w14: 1, 3, 5, 7, 9, … 

 

which gets assigned the hyperreal value (1, 4, 9, 16, 25, …) = ω2. 

By assigning hyperreal values to worlds in this manner, some ethical decision 

problems could be easily resolved.  For a simple example, consider the choice between act A 

which with certainty realizes w3 and act B which with probability p realizes w2 and with 

probability (1 – p) realizes the following world: 

 

w15: 1, 4, 1, 1, 1, 1, 1, 1, … 

 

Since w15 is assigned the hyperreal value ω + 3, the expected values of the two acts are: 

 

EV(A) = ω + 2 

EV(B) = (ω * p) + (ω + 3)(1 – p) 

 

Consequently, B is better than A if and only if p is less than 1/3. 

 This “finite-sum” version of the hyperreal approach thus has some things going for 
it.  We can extend it to deal with some cases where the locations do not have the essential 

natural order-type of the natural numbers.  To handle worlds where the past as well as the 

future is infinite (e.g. w6 and w7) as well as multidimensional worlds, we can use the 

following procedure.  First, consider a hypersphere of finite volume v, centered on the 

decision-making agent, and let the sum of the values of locations within this hypersphere 

define the first place of the hyperreal.  Then, expand the hypersphere to volume 2v, and let 

the sum of value within this larger hypersphere define the second place of the hyperreal; and 

so forth, so that the value within the hypersphere of volume n*v defines the nth place of the 

hyperreal.  (If this expansion hits a boundary of the spacetime manifold, then simply 

continue to expand the hypersphere in the directions that remain open.) 

 

2.6.  Costs and limitations of the hyperreal approach 

Some cases are not covered even when the hyperreal approach is augmented with the finite-

volume expansion method.  These include cases where individual locations have infinite 

value (whether 0א or of an even higher cardinality).  Worlds with the order-type of w16, 

 

w16: 7, 7, 7, 7, 7, 7, …, 7, 7, 7, 7, 7, 7, … 
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can be accommodated by assigning them a value equal to the sum of the value of the their 

two parts (in this case, (ω*7) + (ω*7) = ω*14), but if we consider a world like w17, where the 
decision-maker is located in the first segment of ones, 

 

w17: 1, 1, 1, 1, 1, 1, …, …, -2, -1, 0, 1, 2, 3, … 

 

we run into trouble because we then lack a preferred location in the second segment on 

which to center the constant-volume expansion.  Without such a preferred location, the 

value of the segment is undefined.  To see this, suppose we start expanding in both 

directions from the location that has the value –1.  We then get the following hyperreal value 

(for the second segment):26 

 

(-1, -3, -5, -7, …) = (-ω * 2) + 1 

 

whereas if we start from the location that has the value +1, we get instead an infinitely larger 

hyperreal: 

 

(1, 3, 5, 7, …) = (ω * 2) - 1 

 

There are thus some gaps in the hyperreal approach, although these are smaller than for the 

value-density approach.27 

 Another problematic aspect of the hyperreal approach concerns the use of a non-

principal ultrafilter.  In non-standard analysis, the choice of ultrafilter is arbitrary.  For the 

purposes of pure mathematics, this multiple instantiability causes no problem.  It might be 

thought undesirable, however, to have such arbitrariness embedded in the foundations of 

axiology.  Depending on the choice of ultrafilter, two worlds can come to be ranked as 

equally good, or as the first being better than the second, or as the second being better than 

the first.  This is illustrated in example 8. 

 

w18:      0,  0,  0, 0,  0,  0, 0,  0, 0, 0,  0, 0, 0, … 

w19:      1, -2, 1, 1, -2,  1,  1, -2, 1, 1, -2, 1, 1, … 

Example 8 

 

These two worlds are assigned the following hyperreal values: 
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Value(w18) = (0,  0, 0, 0,  0,  0, 0,  0, 0, 0,  0, 0, …) 
Value(w19) = (1, -1, 0, 1, -1, 0, 1, -1, 0, 1, -1, 0, …) 

 

The values in w18 are equal to those in w19 at an infinite number of locations, greater at an 

infinite number of locations, and smaller at an infinite number of locations.  Depending on 

which ultrafilter we select, we can therefore get either Value(w18) = Value(w19), or 

Value(w18) > Value(w19), or Value(w18) < Value(w19). 

A fan of the hyperreal approach could argue that this indeterminacy is actually a 

virtue in disguise because it matches a similar indeterminacy in our intuitions about the 

relative merits of w18 and w19.  (This judgment would conflict with the value-density 

approach, which would rank w18 and w19 as determinately equally good.)  Alternatively, 

the proponent of hyperreals could issue a promissory note stating that additional constraints 

could be specified that would remove the indeterminacy and select a unique ultrafilter.  But 

note that once a particular ultrafilter is selected, it will be possible to alter the value assigned 

to a world by rearranging (an infinite number of) its values.  For example, suppose an 

ultrafilter is selected that agrees with the value-density approach (whenever the latter make 

definite verdicts).  Given such an ultrafilter, w18 and w19 would be assigned the same 

hyperreal.  But if the values of w19 were rearranged in such a way as to alter its value-

density, then the resulting world would be assigned a different hyperreal, making it either 

better or worse than w18.  Like SBI2 and the value-density approach, therefore, the hyperreal 

approach incurs the cost of placing ethical significance on the spatiotemporal distribution of 

values as soon as we fix on a specific ultrafilter. 

Among paralysis remedies that focus on altering the aggregation rule alone, the 

hyperreal approach is the most powerful one to date.  We now turn our attention to a class of 

remedies that focus on modifying the domain rule. 

 

3.  Modifying the domain rule 

Rather than aggregating all local values, we could postulate that only a subset of them 

should be aggregated, or that local values should be weighted in some way before the 

aggregation rule is applied to them.  Clearly, some rationale would have to be given for such 

domain modifications—a completely arbitrary and unnatural restriction would destroy 

whatever intuitive support aggregative consequentialism can boast.  Here we shall examine 

two alternative domain rules: discounting and the causal approach. 
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3.1.  Discounting 

By discounting values that are spatiotemporally remote from the decision-maker, one could 

prevent dangerous infinities from arising in certain cases.  The cost of this option, however, 

is forbidding.  To be effective, it would have to involve both temporal and spatial 

discounting.  Temporal discounting, as an alleged feature of fundamental axiology, rather 

than as a merely practically convenient proxy, is often viewed with great suspicion.  Spatial 

discounting has been seen as a patent absurdity.  Thus, Derek Parfit: 

 

Remoteness in time roughly correlates with a whole range of morally important 

facts.  So does remoteness in space… But no one suggests that, because there are 
such correlations, we should adopt a Spatial Discount Rate.  No one thinks that we 

would be morally justified if we cared less about the long-range effects of our acts, at 

some rate n percent per yard.  The Temporal Discount Rate is, I believe, as little 

justified.28 

 

In any case, adopting a spatiotemporal discount factor would do little to solve the 

paralysis problem.  For any given discount factor, we can consider worlds that have, 

centered on the decision-maker, a sequence of locations whose values increase at a faster rate 

than the discount factor discounts them, so that the sum of discounted values is infinite.  To 

avoid this, we would have to postulate that the discount rate at some point becomes infinite, 

creating an ethics-free zone at some finite distance from the decision-maker—making a 

travesty of aggregative consequentialism (and even this would not help if it is possible for a 

single location to have infinite value).  We shall therefore not further pursue the discounting 

approach.29 

 

3.2.  The causal approach 

Instead of maximizing the expected goodness of the world, we could aim to maximize the 

expected goodness of the causal consequences of our acts. 

The basic idea here is simple: while evidential decision theory suffers ethical 

paralysis in a canonically infinite world, causal decision theory might avoid having to 

confront infinities if we are certain that the values at the locations that we can causally affect 

are finite.  Causal decision theory, as we shall interpret it here, directs us to evaluate the 

changes we can bring about.30  Since the values of these changes may be finite even if the 

value of the world as a whole is infinite, a domain rule that restricts the evaluation to the 
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changes we affect may thus prevent the ethical significance of our acts from being washed 

away in the limitless sea of values that stretch out beyond our sphere of influence. 

Consider example 9.  There is a line, infinite in both directions, of alternately happy 

and unhappy people.  You have the choice between increasing the well-being of person p3 by 

one unit (w20) and leaving things as they are (w21). 

 

w20:       …, 1,  -1,  1, -1,  2, -1,  1, -1,  1, … 

w21:       …, 1,  -1,  1, -1,  1, -1,  1, -1,  1, … 

Person:       …, p-1, p0, p1, p2, p3, p4, p4, p5, p6, … 

Example 9 

 

Since you can affect the value of only one location (p3), the causal domain rule allows 

aggregative consequentialism to deliver the verdict that you ought to choose the act that 

realizes w20. 

 

3.3.  Problems with the causal approach 

Although this causal domain rule is itself quite agreeable, its marriage with aggregative 

consequentialism would not be entirely without tension.  One consequence of the causal 

approach is that there are cases in which you ought to do something, and ought to not do 

something else, even though you are certain that neither action would have any effect at all 

on the total value of the world.  Example 9 is a case in point, since the cardinal sum of value 

of both w20 and w21 is undefined.  The implication that you ought to “do good” even when 

doing so does not make the world better must, from the standpoint of the aggregative 

consequentialist, be regarded as a liability of the causal approach.  But suppose we are 

willing to pay this price—how much protection against ethical paralysis does it buy? 

An advocate for the causal approach might point out that, according to relativity 

theory, nobody can influence events outside their future light cone.  Cosmology suggests 

that the number of value-bearing locations (such as lives, or seconds of consciousness etc.) in 

our future light cone is finite.  Given our best current physics, therefore, the causal approach 

appears to avoid paralysis. 

Not so fast.  Basing our ethics on an empirical fact about the laws of nature means 

that it cannot satisfy the highest methodological standard (cf. section 1).  Well, we might be 

able to live with that.  But the situation is much worse: the causal approach fails even in the 

situation we are actually in, thus failing to meet even the lowest possible acceptability 

criterion for a moral theory.  This is because reasonable agents might— in fact, should—
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assign a finite non-zero probability to relativity theory and contemporary cosmology being 

wrong.  When a finite positive probability is assigned to scenarios in which it is possible for 

us to exert a causal effect on an infinite number of value-bearing locations (in such a way 

that there is a real number r>0 such that we change the value of each of these location by at 

least r), then the expectation value of the causal changes that we can make is undefined.31  

Paralysis will thus strike even when the domain of aggregation is restricted to our causal 

sphere of influence. 

 

3.4.  Tweaking the causal approach 

We could attempt to avoid this problem arising from our subjective uncertainty about the 

correctness of current physics by stipulating that the domain of aggregation should be 

restricted to our future light cone even if, contrary to special relativity, we could causally 

affect locations outside it.  With this stipulation, we could ignore the physically far-fetched 

scenarios in which faster-than-light influencing is possible. 

 This tweak is not as good as it may appear.  If, contrary to what current physics 

leads us to believe, it is in fact possible for us (or for somebody else, perhaps a 

technologically more advanced civilization) to causally influence events outside our (their) 

future light cone, moral considerations would still apply to such influencing.  According to 

the present proposal, we should not factor in such considerations even if we thought 

superluminal propagation of causal influence to be quite likely; and that is surely wrong. 

Moreover, even if the propagation of our causal effects is limited by the speed of 

light, it could still be possible for us to influence an infinite number of locations.  This could 

happen, for instance, in a spatially infinite cyclic spacetime or in a steady-state cosmology.32 

In conclusion, the causal approach entails that we should do good even when doing 

so does not make the world better; and even if we accept this, we still do not avoid paralysis.  

Adopting the causal domain rule, while leaving the other formal components of aggregative 

consequentialism in their standard form, fails to cure the problem.33 

 

4.  Modifying the selection rule 

The third of the formal components in aggregative consequentialism is the rule that selects, 

on the basis of the aggregation of local value in the designated domain, what an agent ought 

to do.  The default version of this component is the selection rule given by standard decision 

theory applied to the ethical case: it says that we ought to perform one of the available 

actions that maximize expected aggregate value.  In this section, we shall examine three 
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possible replacements for this selection rule: the extended decision rule (“EDR”), the 

aggregate act approach (“class action”), and ignoring small probabilities (“infinity shades”).  
But first, we devote a subsection to considering the radical strategy of simply omitting the 

selection rule in aggregative ethics. 

 

4.1.  Passing the buck from ethics to decision theory 

In view of all the problems discussed above, it might be tempting to scale back our ambition.  

Maybe aggregative ethics should content itself with specifying an ordinal ranking of the 

goodness of worlds, such as the one the extensionist program aims to provide.  A right act 

could then be defined as one that in fact leads to as good a world as any other available act 

does.  Ethics would lay down the success criteria for an act being morally right but would 

leave it to the judgments of individuals, aided perhaps by decision theory, to figure out how 

best to go about trying to meet these criteria.  On this view, the fact that the practical 

decision problem has not yet been solved for all infinite cases should not be held against 

aggregative ethics. 

This buck-passing strategy fails to address the underlying problem.  If decision 

theory works fine in finite cases but not in infinite cases, then as far as decision theory is 

concerned the right conclusion might simply be that all the values entering into the decision 

procedure in any particular case must have finite upper and lower bounds.  Such a 

requirement need not even be externally imposed.  As we have already noted, it emerges 

naturally in subjectivist decision theory founded on the concept of revealed preferences.  If 

an individual is unwilling to gamble everything on a tiny (but finite) chance of getting to 

Heaven, then that means that she does not have an infinitely strong preference for Heaven.  

Decision theory simply reflects this fact.  Aggregative ethical theories, on the other hand, 

defy finitistic strictures because their core commitments imply that certain worlds and 

outcomes be assigned infinite value.  This implication is not an innocent or neutral feature 

that can be ignored in an evaluation of the plausibility of these theories.  If some ethical 

theories refuse to play ball by making impossible demands on decision theory, then that 

must count against those theories and in favor of other ethical theories that can be integrated 

in workable ways with decision theory. 

 What if we went further and invoked not only an actualist ethics but also an 

actualist decision theory saying simply that we ought to decide to perform one of the actions 

that in fact would have the best moral results?  Then so long as the results can be ranked in 

order of their moral goodness, a complete specification would have been given in the sense 

that for each decision problem, including infinite ones, there would be a set of correct 
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choices.  But this is a plainly pseudo-solution.  It is easy enough to stipulate that we ought to 

decide to do an act that will in fact have the best moral consequences, yet this injunction is 

non-actionable if we lack an effective way of figuring out which of the feasible acts are better 

in this actualist sense, and which are worse.  At one place or another, the subjectively 

possible outcomes (including ones that would not actually occur) must be taken into 

account, along with their subjective probabilities.  This is necessary for all real-world agents, 

who are operating under conditions of uncertainty about what the world is like and about 

what the consequences of their actions would be.  The problem of paralysis results from the 

ethical claim that values are aggregative.  While the problem can be delegated to decision 

theory, or to some account of practical deliberation, it must ultimately be confronted.  And 

aggregative ethics, having made the original claim, must accept responsibility if the problem 

turns out to be unsolvable.34 

 Since we cannot, then, omit the action rule, let us consider how we may revise it. 

 

4.2.  The extended decision rule 

This idea begins with the observation that even though we might have reason to think that 

the world is infinite, and even if the world is in fact infinite, we should still assign some 

positive probability to it being finite.  If it really does not matter what we do in the infinite 

case—because of our inability to change the infinite values that would be present in such a 

case—then maybe we ought to focus instead on the finite case.  Could aggregative ethics 

salvage itself by clinging to this slender reed, the mere subjective possibility that the world is 

finite?  This strategy requires that we let go of the view that a right act is one that maximizes 

the expected value of the world.  We then need some other way of deciding what we ought 

to do. 

Consider two possible acts: A+, which is intuitively good (feeding the starving), and 

A–, which is intuitively bad (committing genocide).  Next, consider two possibilities: Sfin, the 

world contains only a finite amount of positive and negative value, and Sinf, the world is 

canonically infinite.  For simplicity, let us assume that these are the only feasible acts and the 

only possible ways for the world to be.  If Sinf obtains then we cannot affect the total value of 

the world and, by assumption, it is ethically irrelevant what we do; that is, conditional on 

Sinf, neither of A+ and A– is morally preferable to the other.  But if Sfin obtains then our 

conduct does make an ethically significant difference; for conditional on Sfin, A+ is strictly 

better than A–.  Hence A+ dominates A–, since in no contingency is A+ worse than A– and in 

some contingency is A+ strictly better than A–.  This, one could argue, constitutes a moral 

reason for doing A+ rather than A–. 
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The dominance principle underpinning this reasoning boils down to this: “If you 
can’t make any difference to the value of the world if the world is infinite, then focus on the 
finite case and do what would maximize expected value given that the world is finite.”  We 

can generalize that idea into the following decision rule. 

 

The Extended Decision Rule (EDR) 

Let P(∞+ | A) be a subjective probability assigned by the agent to the proposition that the 

world contains an infinite amount of good and at most a finite amount of bad, 

conditional on act A.  Let P(∞– | A) be the probability that the world contains an infinite 

amount of bad and at most a finite amount of good, conditional on A.  Let Ω be the set of 

feasible acts for the agent at the time of the decision; we assume that this set is finite.35 

 

1. For each act Ai  Ω, consider P(∞+ | Ai) – P(∞– | Ai), and let Ω*Ω be the subset 

of acts for which this difference is maximal.  If Ω* contains only one act, then the 

agent ought to perform that act (and other acts are wrong). 

2. If there is more than one act in Ω* then consider, for each such act Ai  Ω*, the 

expected value of the world conditional on Ai & Sfin.  Then all acts for which this 

expected value is maximal are right (and other acts are wrong). 

 

EDR draws on two intuitions.  First, it incorporates a generalized version of a 

principle suggested by George Schlesinger in the context of Pascal’s Wager, that “when each 
available line of action has infinite expected value, then one is to choose that which is most 

probable to secure the reward.”36  EDR generalizes (or corrects) this by stating one should 

rather maximize the difference between the probability of securing an infinite reward and the 

probability of incurring an infinite penalty.  Second, EDR allows finite values to serve as 

tiebreakers when considerations about infinite values cancel out.  EDR can be further 

generalized to cover cases where values of different infinite orders are at stake.  This could 

be done by adding stages to the decision procedure such that values of greater infinite 

cardinality are always given lexical priority over lower-level values, the latter serving as 

tiebreakers.37 

Does EDR solve the problem of infinitarian paralysis?  The hope would be that, with 

EDR, aggregative consequentialism can avoid paralysis even if we believe, truly and with 

good reason, that the world is canonically infinite.  So long as there is a non-zero subjective 

probability of the world being finite, and our feasible acts are on a par vis-à-vis infinite 

values, EDR directs our attention to the possibility that only finite values are involved.  

Relative to this possibility, intuitively bad acts such as genocide will generally be rated as 
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inferior to intuitively good acts such as feeding the starving.  Thus, plausible ethical advice 

could ensue.  Moreover, EDR seems consistent with the basic motivations behind 

aggregative ethics.  It can be viewed as a conservative adaptation rather than a radical 

revision of traditional positions. 

 

4.3.  The fanaticism problem 

One feature of EDR that is attractive at first sight but disturbing on closer inspection is the 

strict priority given to maximizing the probability that the world will contain some infinite 

good and minimizing the probability that it will contain some infinite bad.  Any shift in the 

difference P(∞+ | Ai) – P(∞– | Ai), however tiny, will justify the sacrifice of any finite value, 

however large.  If there is an act such that one believed that, conditional on one’s performing 
it, the world had a 0.00000000000001% greater probability of containing infinite good than it 

would otherwise have (and the act has no offsetting effect on the probability of an infinite 

bad), then according to EDR one ought to do it even if it had the certain side-effect of laying 

to waste a million human species in a galactic-scale calamity.  This stupendous sacrifice 

would be judged morally right even though it was practically certain to achieve no good. 

We are confronted here with what we may term the fanaticism problem.  One aspect of 

this problem is that EDR would in some cases force us to judge that it would be morally 

wrong to decline gambles like the one just described.  It is difficult to bring oneself to 

endorse this (if one seriously contemplates what it would involve).  Yet if it is only in 

extremely improbable and far-fetched scenarios that we would have to countenance such 

gambles, then we might perhaps—while conceding that the EDR would give 

counterintuitive advice in such abnormal cases—nevertheless accept aggregative 

consequentialism (with the EDR modification), provided that we hold a methodological 

view of the acceptability conditions for an ethical theory that has tolerance for such rare 

“failures” (cf. section 1.3). 
It is therefore relevant to consider a second aspect of the fanaticism problem: it seems 

that EDR recommends that in our actual situation we should become almost obsessively 

concerned with speculative infinite scenarios.38 

If EDR were accepted, speculations about infinite scenarios, however unlikely and 

far-fetched, would come to dominate our ethical deliberations.  We might become extremely 

concerned with bizarre possibilities in which, for example, some kind of deity exists that will 

use its infinite powers to good or bad ends depending on what we do.  No matter how 

fantastical any such scenario would be, if it is a logically coherent and imaginable possibility 

it should presumably be assigned a finite positive probability,39 and according to EDR, the 



smallest possibility of infinite value would smother all other considerations of mere finite 

values. 

Aggregative consequentialism is often criticized for being too “coldly numerical” or 

too revisionist of common morality even in the more familiar finite context.  Suppose that I 

know that a certain course of action, though much less desirable in every other respect than 

an available alternative, offers a one-in-a-million chance of avoiding catastrophe involving x 

people, where x is finite.  Whatever else is at stake, this possibility will overwhelm my 

calculations so long as x is large enough.  Even in the finite case, therefore, we might fear 

that speculations about low-probability-high-stakes scenarios will come to dominate our 

moral decision making if we follow aggregative consequentialism. 

Yet the infinite vista, even though it might seem like a more remote concern, in fact 

makes the fanaticism problem worse.  It makes it worse in two ways.  First, it increases the 

likelihood of our actually confronting a situation in which low-probability-high-stakes 

scenarios overwhelm our calculations.  The suggestion that we must make some great moral 

sacrifice for the sake of realizing some vast yet finite good (such as saving a billion people) is 

in practice often defeated by the consideration that the chances of success are too small.  But 

if the potential good to be gained is infinite, then no finite positive success probability is too 

small.  To show that the potential gain would not be worth the sacrifice, one would have to 

show that the probability of success is smaller than any positive real number; and it �LV�
doubtful that such extreme confidence in our impotence could ever be justified.  And 

second, the infinite vista may also make the fanaticism problem worse by increasing the 

counterintuitiveness of the actions that would be recommended by aggregative 

consequentialism in those (perhaps ubiquitous) situations wherein the infinite 

considerations dominate.  In other words, the allegedly fanatic acts that aggregative 

consequentialism would prescribe in the infinite case may be “crazier” than the 
corresponding fanatic acts it would prescribe in the finite case. 

Proponents of the EDR could bite the bullet and resolve to accept the implications of 

giving absolute priority to infinite considerations whatever these implications might be.  But 

if these implications are counterintuitive, they count against the theory; and if they are too 

counterintuitive, they count decisively against the theory.  So what, precisely, would one be 

committed to do if one embraced the EDR? 

Proponents of the EDR—or of other variations of aggregative consequentialism, such 

as the hyperreal approach, that also give absolute priority to infinite concerns—may argue 

that the practical upshot of adopting the theory is not as radical as we might fear.  In 

particular, they might argue that considerations about different infinite possibilities cancel 

each other out.  For each bizarre scenario in which an available act that is intuitively wrong 
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leads to the realization of an infinite good, we can imagine an equally probable and opposite 

scenario in which the same act leads to the realization of an infinite bad.  Only if we had 

some discriminating information about infinite scenarios would taking them into account 

alter the outcome of our deliberations.  Since in fact we lack such information (so the 

argument would go), we can safely ignore infinite scenarios and focus our attention on the 

finite scenarios about which we do have some relevant information, and use these to 

determine what we ought to do.  On the basis of these ordinary finite considerations, we can 

then safely conclude, for instance, that gratuitous genocide is wrong and that feeding the 

starving is a much more promising candidate for being morally right.40 

This argument delivers the reassuring conclusion that giving absolute priority to 

infinite concerns does not engender unacceptably fanatic prescriptions about what we ought 

to do.  However, the argument rests on a dubious assumption.  It presupposes that the 

infinite scenarios we could concoct cancel each other out exactly.  Each scenario in which 

some action increases the probability of obtaining an infinite good must be matched by some 

other scenario in which the same act decreases the probability of the obtainment of the 

infinite good by the same amount (or offset the difference by an increase in the probability of 

obtaining an infinite bad).  This cancellation of probabilities would have to be perfectly 

accurate, down to the nineteenth decimal place and beyond. 

While it might sound plausible to say that, in the real world, we have no 

discriminating information about which infinite scenario might materialize conditional on 

our taking some particular action rather than another, this is true only if we speak roughly.  

The epistemic probabilities that enter into the calculation can be sensitive to a host of 

imprecise and fluctuating factors: the estimated simplicity of the hypotheses under 

consideration, analogies (more or less fanciful) derived from other domains of our changing 

experience, the pronouncements of miscellaneous authorities, and all manner of diffuse 

hunches, inklings, and gut feelings.  It would seem almost miraculous if these motley factors, 

which could be subjectively correlated with infinite outcomes, always managed to conspire 

to cancel each other out without remainder.  Yet if there is a remainder—if the balance of 

epistemic probability happens to tip ever so slightly in one direction—then the problem of 

fanaticism remains with undiminished force.  Worse, its force might even be increased in this 

situation, for if what tilts the balance in favor of a seemingly fanatical course of action is the 

merest hunch rather than any solid conviction, then it is so much more counterintuitive to 

claim that we ought to pursue it in spite of any finite sacrifice doing so may entail.  The 

“exact-cancellation” argument threatens to backfire catastrophically. 

A different strategy for arguing that the upshot of EDR is not as revolutionary as it 

may appear is by appealing to (what we shall term) an empirical stabilizing assumption.  
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Instead of claiming that the infinite considerations cancel out, this strategy involves making 

the diametrically opposite claim, namely, that we have empirical grounds for thinking that 

infinite considerations decisively favor some courses of action over others.  The idea here is 

that certain infinite scenarios are more likely than others, and the actions that would turn out 

to be best in the most likely scenarios in which these actions bring about infinite outcomes 

are the same actions that common morality recommends in the finite context (or are, at any 

rate, not too radically different from those sanctioned by common morality).  We call the 

kind of premiss deployed in this argument an “empirical stabilizing assumption”, because it 

serves to “stabilize” our infinite deliberations so that they point in an intuitively safe 

direction; and because it the assumption is “empirical”—it is false in some possible worlds 

and we have reason to believe it is true in the actual world only on grounds of empirical 

information.  If a stabilizing assumption is true, then the EDR does not prescribe implausibly 

fanatical courses of action in the actual case.  This would diminish the fanaticism problem.  

Perhaps it would diminish the problem sufficiently to render the resulting theory acceptable, 

at least if we adopt a relatively lax acceptability condition for our ethics (cf. section 1.3). 

 

4.4.  Empirical stabilizing assumptions 

We will not attempt comprehensively to review the possible stabilizing assumptions that 

some person or other might be tempted to accept.  A brief discussion of two candidate 

assumptions—one theological, the other naturalistic—will illustrate the general idea. 

 

A theological stabilizing assumption.  Suppose we were convinced that the (by far) most likely 

scenario involving infinite values is one featuring a deity akin to the Judeo-Christian God 

but who operates on a principle of collective responsibility.  In this scenario, Homo sapiens is 

the only intelligent species in a finite universe.  If we collectively exceed a certain threshold 

of (traditionally understood) moral merit, God will reward us all with infinitely long lives in 

Heaven; but if we fail to do so, He will soon bring on the apocalypse and end the world.  

Given this view, EDR seems to suggest that we ought to act in accordance with traditional 

morality and encourage others to do likewise.  Disturbing or counterintuitive forms of 

fanaticism are avoided. 

 

A naturalistic stabilizing assumption.  Suppose we were convinced that the (by far) most likely 

scenario involving infinite values goes something like follows:  One day our descendants 

discover some new physics which lets them develop a technology that makes it possible to 

create an infinite number of people in what otherwise would have been a finite cosmos.41  If 
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our current behavior has some probabilistic effect, however slim, on how our descendants 

will act, we would then (according to EDR) have a reason to act in such a way as to 

maximize the probability that we will have descendants who will develop such infinite 

powers and use them for good ends.  It is not obvious which courses of action would have 

this property.  But it seems plausible that they would fall within the range acceptable to 

common sense morality.  For instance, it seems more likely that ending world hunger would 

increase, and that gratuitous genocide would decrease, the probability that the human 

species will survive to develop infinitely powerful technologies and use them for good 

rather than evil ends, than that the opposite should be true.  More generally, working 

towards a morally decent society, as traditionally understood, would appear to be a good 

way to promote the eventual technological realization of infinite goods.  Note that the 

relevant magnitude here is not the absolute probability of success but the relative probability 

compared to that attainable through alternative courses of action.  We need not assume that 

it is probable that our descendants could develop infinitely powerful technologies, nor that it 

is probable that we could determine whether they would do so if they were able to, nor that 

we could influence how they would use them if they did develop such technologies. 

 

 These are two possible stabilizing assumptions.  Unless, however, one is willing to 

nail one’s colors to the mast of some such assumption, the fanaticism problem remains a 
threat.  Since it is difficult to determine what course of action would be best from the infinite 

standpoint, one would need to brace oneself for the possibility of unpalatable deviations 

from traditional morality. 

One could argue that in our current situation, where we are still so much in the dark 

about infinite scenarios, what EDR would recommend is that we make the investigation of 

such scenarios a top priority.  We cannot rule out that further attention to infinite prospects 

from such fields as cosmology, theology, philosophy, or futurology would produce some 

useful ideas.  Even the slightest illumination of this topic would, given the EDR, be of 

enormous value as it would help us refine our understanding of what our practical aims 

ought to be.  However, the EDR would not necessarily imply that we should drop 

everything else in order to study these fields; for indirect contributions would also count.  

Contributing to a fairer, richer, and more educated society may be an efficient way of 

promoting the long-term objective that an informed understanding of remote infinite 

prospects will eventually come to guide public policy. 

All things considered, therefore, the practical upshot of accepting the EDR may not 

be all that radical.42  Nevertheless, even if the particular acts that would be recommended fall 

within the bounds of acceptability, it may be counterintuitive that the ultimate justification 
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for these acts would be grounded in the imperative that we seek enlightenment about 

infinite prospects.  This kind of justification may seem too brittle and too rationalistic to be 

the real reason why, say, it is wrong to commit genocide. 

In defense, a proponent of the EDR could argue that there may be nothing especially 

problematic about the esoteric nature of this ultimate justification.  Were we to require that 

our ethical theories be such that most people already understand and accept them and use 

them to guide their moral conduct, we would have set ourselves an impossible task—most 

people have never even heard of Kantian ethics, perfectionism, emotivism, contractarianism, 

or any other systematic ethical or meta-ethical theory.  Moreover, even according to an 

aggregative consequentialism that used the EDR, at least the proximate grounds for the 

morality of particular acts would be exoteric and available to common sense.  For example, 

genocide is wrong because it unjustly inflicts great harms on large numbers of people, leads 

to strife and war and large-scale destruction of resources, forfeits opportunities for 

cooperation, trade, and friendship, and so forth.  Only the ultimate ground is esoteric, i.e. 

that these consequences of genocide are bad because they would decrease the magnitude 

[P(∞+ | Ai) – P(∞– | Ai)]. 

In conclusion, the problem with the EDR (and other principles giving lexical priority 

to infinitarian considerations) is twofold.  First, it makes everything depend on tenuous 

speculations about infinite possibilities.  This is in itself disturbing.  Suppose we obtained 

increasingly strong evidence that the world is canonically infinite and that the already weak 

probabilistic link between our acts and the world’s expected amount of goodness and 

badness becomes even more attenuated.  It is counterintuitive to claim that whether any act 

would be morally wrong would depend on there still being a tiny subjective probability that 

the universe is (despite all appearance) finite or that our acts correlate, however weakly, 

with infinite values.  Could the wrongness of genocide really dangle on such a dainty 

thread?  Second, there is the problem of fanaticism, which is resolved or mitigated only by 

making some empirical stabilizing assumption, and even then it is unclear whether the 

resulting prescriptions are acceptably close to our common morality. 

 

4.5.  Infinity shades 

Having played with subtle considerations involving far-fetched scenarios in which our acts 

improbably correlate with infinite outcomes, let us now examine a very different selection 

rule, one that dispenses with such considerations altogether.  Could we meet the challenge of 

infinitarian paralysis by postulating that, in determining what we ought to do, we should 

simply ignore all very unlikely possibilities?43 
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As a piece of pragmatic advice, the notion that we should ignore small probabilities 

is often sensible.  Being creatures of limited cognitive capacities, we do well by focusing our 

attention on the most likely outcomes.  Yet even common sense recognizes that whether a 

possible outcome can be ignored for the sake of simplifying our deliberations depends not 

only on its probability but also on the magnitude of the values at stake.  The ignorable 

contingencies are those for which the product of likelihood and value is small.  If the value in 

question is infinite, even improbable contingencies become significant according to common 

sense criteria.  The postulation of an exception from these criteria for very low-likelihood 

events is, at the very least, theoretically ugly. 

If one were nevertheless tempted by this maneuver, the question would arise of just 

how small a probability must be in order for it to be negligible.  If the threshold is set too 

high, it will have the unacceptable implication that low-probability events such as nuclear 

accidents should be ignored in moral reasoning.  But if the threshold is low enough to 

include this type of event, it is also low enough to include scenarios involving infinite values.  

We reasonably assign a greater probability to the world being canonically infinite than to 

any particular nuclear reactor undergoing a core melt. 

There is another way to remove infinite values from consideration: rather than 

introduce a low-probability threshold, simply stipulate that all possibilities involving infinite 

values be ignored, independently of their probability.  On this view, a right act would be one 

that maximizes the expected value of the world, but where this expectation is calculated by 

omitting all possible worlds that contain infinite value.  We can dub this selection rule 

“infinity shades”.  A proponent of this theory could argue that since our moral intuitions 

were formed in contexts that did not involve confrontation with infinite values, it would be 

unsurprising if these intuitions could be captured fairly well by a theory that brackets off 

infinite values from consideration. 

The exemption clause specified by infinity shades adds an ungraceful epicycle to the 

standard selection rule.  Yet so long as we consider only intuitions about what we ought to 

do—as opposed to intuitions about what the theoretical structure of our ethical theories 

should be—it seems plausible that the theory may succeed in matching intuitions fairly well 

(setting aside, of course, any mismatches that that do not stem specifically from the 

possibility of infinite values but arise from other aspects of aggregative consequentialism.)  

Discrepancies would arise in hypothetical cases in which there is a close and direct 

connection between our acts and infinite values.  In such cases, clearly, it is counterintuitive 

to say that we ought to disregard infinite considerations.  However, if we are unlikely ever to 

confront such cases, then the theory might at least pass the muster of a moderate 

acceptability standard. 
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Pretending that worlds with infinite value have zero probability can, however, also 

lead to another more subtle kind of moral distortion.  Consider the following thought 

experiment: 

The Research Council 

Your task is to allocate funding for basic research, and you have to choose between 

two applications from different groups of physicists.  The Oxford Group wants�tR 

explore a theory that implies that the world is canonically infinite.  The Cambridge 

Group wants to study a theory that implies that the world is finite.  You believe that 

if you fund the exploration of a theory that turns out to be correct you will achieve 

more good than if you fund the exploration of a false theory.  On the basis of all 

ordinary considerations, you judge the Oxford application to be slightly stronger.  

But you use infinity shades.  You therefore set aside all possible worlds in which 

there are infinite values (the possibilities in which the Oxford Group tends to fare 

best), and decide to fund the Cambridge application.  Is this right? 

If the answer is “No”, then the suggestion that we ignore possibilities involving infinite 
values fails to meet even a low methodological standard because it gives the wrong verdict 

in cases like Research Council which are quite realistic (and quite likely actually to arise). 

Its theoretical unsightliness combined with the fact that infinity shades would fail 

completely in some far-fetched hypothetical cases and would introduce distortions in more 

realistic cases like Research Council means that we should be very reluctant to accept this 

selection rule. 

4.6.  Class action 

The last selection rule we shall consider attempts to get leverage on infinite values by 

focusing not on individual acts but on some larger units to which our acts are in some 

suitable way related.  These larger units might either be rules, whose general acceptance can 

have wide-ranging consequences which could form a basis for evaluating individual 

instances of rule-following, or they could be some kind of aggregate of individual acts or 

decision processes.  We shall refer to both variations of this idea as “class action”. 
Consider first how rule-consequentialists can cope with some of the situations that 

paralyze act-consequentialists.  The original problem was this: if we can only do a finite 

amount of good or bad, it seems we cannot change the total value of a canonically infinite 

world.  Let us suppose that each agent can in fact only make a finite difference.  It could 
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nevertheless be possible for an infinitude of agents, as a collective, to make an infinite 

difference that changes the value even of a canonically infinite world.  Rule-

consequentialism, in its most rudimentary form, claims that an act is morally right if it is 

recommended by the set of moral rules whose “general acceptance” would have the best 
consequences.44  If the population is infinite then the general acceptance of a rule could easily 

have infinite consequences, which we could try to use as a basis for evaluating the moral 

rightness of individual acts. 

 Another, alternative, class action selection rule might be more congenial to act-

consequentialists; call it the “aggregate act approach”.  Consider a case in which there is an 

infinite number of exact copies of you spread throughout an infinite cosmos.  (This case is 

not far-fetched; it is, in fact, empirically plausible.45)  Now, suppose that we conceive of 

“you” in a broader sense than usual—as not just this particular creature but instead as the 

aggregate of all physical copies of you throughout the cosmos.  Let us refer to this 

distributed aggregate entity by using capitalized letters: “YOU”.  Then, even though your 

actions may have only finite consequences, YOUR actions will be infinite.  If the various 

constituent person-parts of YOU are distributed roughly evenly throughout spacetime, then 

it is possible for YOU to affect the world’s value-density.  For example, if each person-part of 

YOU acts kindly, YOU may increase the well-being of an infinite number of persons such 

that the density of well-being in the world increases by some finite amount.46 

 One positive argument that could be made on behalf of this aggregate act approach 

is that it can draw support from evidential decision theory.  What one part of YOU decides is 

relevant information about what other parts decide.  The expected (evidential) value of your 

saving a drowning child includes not only the value of this particular child’s rescue but also 
the expected value deriving from the evidential linkage between your decision and the 

decisions of other parts of YOU, decisions that may have consequences for an infinite 

number of drowning children.  Your deciding to save this child gives you evidence that the 

other parts of YOU will make analogous decisions to save drowning children in similar 

circumstances throughout the world.  The expected value-density of the world conditional 

on your saving this particular child can therefore exceed (by a non-infinitesimal amount) the 

expected value-density of the world conditional on your not saving this child.  Evidential 

decision theory, combined with the value-density aggregation rule, then enables aggregative 

consequentialism to deliver the implication that you have moral reason for saving the child, 

notwithstanding that the world is assumed to be canonically infinite.  (Causal decision 

theorists will of course be unmoved by this argument, but if the strategy could cure ethical 

paralysis they might embrace a suitably modified version as a distinctively moral postulate, 
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just as they could accept ethical rule-consequentialism without supposing that this theory 

receives any special support from causal decision theory.) 

 Neither the aggregate act nor the rule-consequentialist version of the class action 

selection rule would, on its own, cure infinitarian paralysis.  The cardinal sum of value in a 

canonically infinite world is undefined, and would remain undefined even under the action 

of an infinite collective of similarly situated agents.  At best, class action would be useful as 

an adjunct to some other treatment modality, such as the value-density aggregation rule.  In 

the next section, we shall study this and some other potential combination therapies. 

 

5.  Combination therapies 

We have considered several single-point interventions.  If we prune the least promising ones 

(the extensionist program, the discounting approach, and the buck-passing strategy), we 

retain the following shortlist: 

 

Aggregation rules 

 Cardinal arithmetic (default) 

 Value-density 

 Hyperreals 

Domain rules 

 Universal domain (default) 

 Causal 

Selection rules 

 Standard decision theory (default) 

 Extended decision rule (EDR) 

 Infinity shades 

 Class action 

 

Even this shortlist offers a large number of combinatorial possibilities.  Before 

surveying the intricate effects that arise from some of these potential multi-modal 

interventions, let us recall the key evaluation criteria.  These are: resolving infinitarian 

paralysis, avoiding the fanaticism problem, preserving the spirit of aggregative 

consequentialism, and avoiding distortions.  We have already seen that selecting the default 

options throughout the list fails to satisfy the first criterion, leading to total ethical paralysis. 
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Our survey in this section must be highly condensed since there are so many 

possibilities to consider.  We can divide the task into two parts, corresponding to whether 

significance is attached to the spatiotemporal patterning of values. 

 

5.1.  If spatiotemporal pattern is not morally significant… 

Suppose that we refuse to assign ethical significance to the spatiotemporal distribution of 

local values.  Then we must reject the value-density and the hyperreal approaches, leaving 

us with the default aggregation rule, cardinal arithmetic. 

 The introductory section of this paper showed that the combination of cardinal 

arithmetic with the other two default options leads to ethical paralysis, and sections 2-4 

considered the effects of combining cardinal arithmetic with single modifications of either 

the domain rule or the selection rule.  It remains to examine what happens if we make 

several simultaneous modifications of the domain or selection rules.  In this context, we can 

set aside the class action selection rule, since it does not get along well with cardinal 

arithmetic.  This leaves us with the following four possible combinations: 

 

(1) Cardinal arithmetic + EDR + Infinity shades 

(2) Cardinal arithmetic + EDR + Causal 

(3) Cardinal arithmetic + Infinity shades + Causal 

(4) Cardinal arithmetic + EDR + Infinity shades + Causal 

 

Note that whenever infinity shades are used, EDR reduces to standard decision theory.  

Only options (2) and (3), therefore, present substantially new alternatives. 

The addition of the causal domain rule has parallel effects in (2) and (3): it incurs a 

cost and produces a potential benefit. 

The cost is the same in both cases: the spirit of aggregative consequentialism is 

compromised to some degree.  The restriction of the domain of aggregation to the causal 

consequences of our actions entails that an action might be definitely right or wrong even 

though it is known to have no impact whatever on the total value of the world. 

The potential benefit, in both cases, is that the addition of the causal domain 

restriction enables the resultant theory to make do with a different set of empirical 

stabilizing assumptions.  In order for this to be a real benefit, however, the new stabilizing 

assumptions would have to be substantially more plausible than the stabilizing assumptions 

required by the original theory; and it is very questionable whether this is so. 
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To see why, first consider (2).  The stabilizing assumption needed if we use the EDR 

without the causal restriction is that we are unlikely to find ourselves in a situation in which 

infinite values are subjectively correlated with our actions in such a way as to make the 

theory’s prescriptions unacceptably “fanatical” in the sense discussed earlier.  With the 

causal restriction, the required stabilizing assumption is that we are unlikely to find 

ourselves in a situation in which causal effects involving infinite values are subjectively 

correlated with our actions in such a way that fanatical prescriptions ensue.  These two types 

of inadmissible situation are subtly different, yet it is hard to see any reason for believing 

that a situation of the latter type is much less likely to arise than one of the former.  In lieu of 

a reason for believing this, adding the causal restriction to the EDR does not provide any 

significant benefit. 

A similar point can be made with regard to (3).  If we use infinity shades without the 

causal restriction, we must make the stabilizing assumption that we are unlikely to find 

ourselves in a situation in which the bracketing-off of the possibility that the world contains 

infinite value leads to unacceptable distortions of our pre-theoretic common moral 

reasoning.  Situations featuring such distortions arise, for example, in scenarios in which 

there is a close link between the realization of infinite value and our actions, and in scenarios 

like Research Council.  With the causal restriction, the required stabilizing assumption is that 

we are unlikely to find ourselves in a situation in which the bracketing-off of the possibility 

that we could causally affect infinite value would lead to distortions.  The latter stabilizing 

assumption might be more plausible than the former.  A reason for thinking so is that it is 

less probable that we could cause infinite values than that the world contains infinite values. 

In summation, under the assumption that the spatiotemporal distribution of value is 

irrelevant, the only potentially useful combination therapy is adjoining the causal domain 

rule to the infinity shades selection rule.  Cost: some additional compromise of the spirit of 

aggregative consequentialism.  Benefit: some lessening of the demands on the required 

stabilizing empirical assumption. 

 

5.2.  If spatiotemporal pattern is morally significant… 

If the value of a world is allowed to depend on the patterning of local values, then the value-

density and the hyperreal aggregation rules become permissible options. 

 Let us start with combinations involving the class action selection rule.  Note that 

the value-density approach is useless without class action, since a human individual is 

almost certainly incapable of affecting the value-density of a canonically infinite world.  

Only when combined with class action does value-density become a contender. 
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The possible gain from using the class action rule is subtle and relates to the 

fanaticism problem.  The class action rule does not prevent an arbitrarily small chance of an 

infinite value from smothering all considerations of finite value.  What it does is change the 

nature of the scenarios wherein infinite values are at stake.  Without class action, the most 

likely such scenarios are far-fetched—in our earlier discussion we mentioned a theological 

and a techno-futuristic scenario.  With class action, the most likely scenarios in which infinite 

values are at stake are more ordinary: namely, that the world is canonically infinite and 

contains an infinite set of agents whose activities constitute the class action.  This could make 

a difference.  If the class action rule is adopted, then while the far-fetched infinite scenarios 

still smother the finite scenarios, these far-fetched infinite scenarios are in turn smothered by 

mundane “class action-infinite” scenarios.  And what makes sense given the mundane “class 
action-infinite” scenarios is, one might hope, similar to what makes sense given that the 

world is finite.  For example, your saving of a drowning child would be probabilistically 

linked, given the class action rule, to an infinite value (the saving of an infinite number of 

children throughout the canonically infinite world).  Since this link is much stronger than 

any speculative link between our current actions and, say, the decisions made by a 

hypothetical future civilization that has developed infinitely powerful technologies, we can 

ignore considerations about such far-fetched scenarios for most practical purposes.  This 

reduces the severity of the fanaticism problem. 

This advantage would be annulled if we allowed the possibility of infinite values 

greater than those that are linked in mundane ways to the class action of the infinite 

population.  If the possibility of such higher-order infinite values were admitted, and were 

allowed to trump lower-order infinite values, then the class action rule’s rationale for saving 

the drowning child would again be smothered by speculative considerations about far-

fetched scenarios in which our actions are correlated with higher-order infinite values.  This 

would bring the fanaticism problem back in an especially malignant form. 

If we are interested in using the class action selection rule, therefore, we might want 

to bar higher-order infinite values (and hence reject EDR).  To do this, we could use a 

modified version of infinity shades, e.g. a version that postulates that we should ignore, not 

all infinite scenarios, but all infinite scenarios containing higher-order infinite values.  As we 

saw earlier, the use of infinity shades risks creating distortions.  However, the risk is reduced 

when only scenarios involving higher-order infinite values are filtered out, since we are less 

likely to find ourselves in situations in which such higher-order infinite values are directly 

and strongly linked to our actions. 

It thus remains to analyze what happens if we add the causal domain rule to one of 

the following four combinatorial possibilities: 
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(1) Value density + Class action + Higher-order infinity shades 

(2) Hyperreal + Class action + Higher-order infinity shades 

(3) Hyperreal 

(4) Hyperreal + Higher-order infinity shades 

 

Addition of the causal domain rule appears to be more or less redundant in (1) and 

(2).  Restricting the domain of aggregation to agents’ causal effects would not prevent the 

domain from containing infinite values when the class action rule is used.  Nor would it 

significantly change the nature of the most probable scenarios in which infinite values are at 

stake, since, given the class action rule, these will be of a mundane nature anyway. 

Finally, consider (3) and (4).  Combination (3), using the hyperreal modification 

alone (with default settings for the domain rule and the selection rule), is, strictly speaking, 

not a well-defined option, since there are possible worlds to which the hyperreal approach, 

at least such as it has been developed to date, does not apply.  We noted this problem in 

section 2.6 and gave the examples of worlds that have an unusual order-type or have single 

locations containing infinite values.  The simplest remedy for these kinds of gap is to invoke 

a kind of infinity shades that specifically postulate that those possible worlds which the 

hyperreal aggregation cannot handle should be ignored.  This gives us (4). 

With combination (4), scenarios wherein infinite values are at stake—no matter how 

improbable and far-fetched—trump all finite scenarios.  The fanaticism problem is therefore 

a major concern, and considerations similar to those outlined in section 4.3 pertain in this 

context too.  Adding the causal domain rule to (4) does little to change the situation.  Since 

the absolute probability of the problematic infinite contingencies does not matter (so long as 

the probability is finitely greater than zero), we would gain no security from ignoring 

possible evidential correlations between our acts and infinite values outside our sphere of 

causal influence.  For this would still leave in play the contingencies where our acts causally 

affect infinite values. 

To summarize this sub-section, the only interesting combinatorial possibilities we 

have identified that involve the value-density or the hyperreal aggregation rule are (1), (2), 

and (4); i.e. combining either of these aggregation rules with class action and higher-order 

infinity shades, or combining the hyperreal aggregation rule with a version of infinity shades 

sans class action. 
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6.  General assessment and conclusion 

The problem of infinitarian paralysis threatens to take a large class of ethical theories out of 

the running.  From the default interpretation of aggregative consequentialism it follows that 

it is always ethically indifferent what we do.  This should count as a reductio by everyone’s 
standards.47  Infinitarian paralysis is not one of those moderately counterintuitive 

implications that all known moral theories have, but which are arguably forgivable in light 

of the theory’s compensating virtues.  The problem of infinitarian paralysis must be solved, 

or else aggregative consequentialism must be rejected.  And if aggregative consequentialism 

is felled by this problem, it drags down with it a much larger class of ethical theories that 

contain a maximizing aggregative component. 

 To have any chance of avoiding this fate, aggregative consequentialism must be 

modified.  Modifications that do not resolve the paralysis are useless.  Modifications that do 

resolve the paralysis face further challenges.  To varying extents, these modifications 

compromise the spirit of aggregative consequentialism, create distortions in our moral 

reasoning, and induce a vulnerability to the fanaticism problem.  All the cures we have 

examined have serious side effects. 

 Suppose we take the path that involves assigning moral significance to the 

spatiotemporal distribution of local values.  This would imply that the value of a world 

could be changed by having people (or whatever entities are local value-bearers) swap 

places even though nobody is made the least bit better or worse off.  If we go for this option, 

we then have a choice between the hyperreal and the value-density aggregation rule.  We 

can optionally add the class action selection rule if we choose the hyperreal aggregation rule, 

and we must add class action if we choose value-density.  But this is not enough: we must 

also add some kind of infinity shades to filter out those possible worlds to which the chosen 

aggregation rule fails to apply.  (Adding the causal domain rule provides no significant 

benefit.) 

 

Itemized billing (if patterning is morally significant…) 

(a) Compromising the spirit of aggregative consequentialism by according ethical 

significance to the patterning of value 

(b) The arbitrariness of the selection of a non-principal ultrafilter (hyperreal 

aggregation rule only) 

(c) Possible further compromising of aggregative consequentialism by adding class 

action? 

(d) The possibility of distortions resulting from the use of infinity shades 
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(e) The threat of a fanaticism problem 

To cope with (d) and (e), we need to add an empirical stabilizing assumption to the 

effect that we are unlikely to encounter situations where distortions or fanaticism 

arise, wherefore: 

(f) The resultant theory cannot meet the strictest acceptability criteria because it fails 

in those possible worlds in which the empirical assumption is false. 

 

Suppose that we instead take the alternative path and refuse to accord moral 

significance to the spatiotemporal patterning of values.  One option then is to rely on infinity 

shades to prevent infinitarian paralysis.  But this maneuver is highly ad hoc and creates 

potentially serious distortions.  Distortions can arise even in mundane cases, such as 

Research Council.  The empirical assumption that we will not actually encounter any such 

situations in which distortions occur is implausibly strong.  A theory patched up with such 

an assumption is apt to fail us occasionally.  The introduction of the causal domain rule 

would weaken the needed empirical assumption.  But this benefit would come at the cost of 

further compromising the spirit of aggregative consequentialism, since the causal domain 

rule implies that we can be obligated to perform certain actions and to abstain from others 

even though what we do has no effect on the total value of the world. 

Another option is to rely on the EDR.  This is the strategy that would best respect the 

spirit of aggregative consequentialism.  However, the EDR makes all moral reasoning 

depend on speculations about far-fetched scenarios involving correlations between our acts 

and infinite values; and this must be regarded as a liability.  Moreover, the EDR invites a 

potentially pernicious fanaticism problem.  A strong empirical stabilizing assumption would 

be needed, which means that the theory could at best satisfy only a lax methodological 

criterion for what makes a moral theory acceptable.  It is not even entirely clear that the 

required empirical assumption is true.  (If the strongest true empirical assumption is too 

weak, then the theory gives fanatical or “crazily counterintuitive” prescriptions for what we 
ought to do—not just in some hypothetical situation but in our actual situation!) 

 

Itemized billing (if patterning is not morally significant…) 

(g) Using infinity shades only: ad hoc, and serious distortions 

(h) Using infinity shades and causal domain rule: ad hoc, reduced distortions, and 

additional compromise of aggregative consequentialism 

(i) Using EDR only: all moral reasoning dependent on speculations about far-

fetched scenarios, and a severe fanaticism problem 
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To ward off the specters of distortions and fanaticism, we need to make an empirical 

assumption to the effect that these issues will not cause too much trouble in the 

situations we are likely to encounter, whence 

(j) The resultant theory cannot meet the strictest acceptability criteria. 

 

We see that all the solutions have substantial costs.  How one weighs these up might 

be a matter of subjective judgment.  Whether aggregative consequentialism is worth the 

sacrifices needed to salvage it from the infinitarian challenge depends on the merits of 

alternative moral theories and on other considerations that are beyond the scope of this 

paper. 

The situation for mixed ethical theories that include non-consequentialist side-

constraints in addition to an aggregative consequentialist component is slightly more 

hopeful.  For example, a theory constructed along these lines might say that “permissible” 
acts are those that satisfy deontological side-constraints (no unjustified killing, lying, 

cheating, stealing, etc.), and that a right act is a permissible act that scores highest on the 

aggregative consequentialist criterion among the available permissible acts.  The side-

constraints would serve as a buttress, reducing the theory’s dependence on empirical 
assumptions to avoid the fanaticism problem and the distortion problem.  The theory could 

thus make do with a weaker empirical assumption, which means that it could potentially 

meet a higher methodological acceptability standard.  However, unless a great many side-

constraints were added, some sort of empirical assumption would probably still be needed.  

How this would play out would depend on the precise nature of the deontological 

component.  We lack the space to explore these possibilities here. 

Were one to reject aggregative consequentialism as a fundamental moral theory, one 

may still find an important place for its core idea as a lower-level moral principle—a 

principle of limited validity that would be embedded in a more encompassing normative 

framework and that would come into play only in particular circumscribed contexts.  For 

example, one might hold that certain institutions ought to take an aggregative maximizing 

stance with regard to the interests of their constituencies; or, more weakly, that such a stance 

reflects one type of consideration that some institutions have a duty to incorporate into their 

decision making.  This would lead to none of the difficulties described in this paper, so long 

as the constituencies are necessarily finite and there is an upper bound on the amount of 

harm or benefit that can be imposed on any member.  To the extent that utilitarian and other 

aggregationist ideas make their way into the world outside philosophy departments, it is 

usually in such a circumscribed capacity.  Social choice theory often finds it convenient to 

proceed on the assumption that policies and social institutions exist to serve finite 
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populations of individuals whose interests are defined in terms of their preference structures 

in such a way as to avoid problematic infinities.  We also find echoes of aggregationist 

consequentialism in such policy tools as cost-effectiveness analysis, impact statements, and 

QALY-based evaluations of health care policies.  Properly circumscribed and qualified, these 

real-world applications are immune to infinitarian paralysis.48 
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1 In the standard Big Bang model, assuming the simplest topology (i.e., that space is singly connected), 

there are three basic possibilities: the universe can be open, flat, or closed.  Current data suggests a flat 

or open universe, although the final verdict is pending.  If the universe is either open or flat, then it is 

spatially infinite at every point in time and the model entails that it contains an infinite number of 

galaxies, stars, and planets.  There exists a common misconception which confuses the universe with 

the (finite) “observable universe”.  But the observable part—the part that could causally affect us—
would be just an infinitesimal fraction of the whole.  Statements about the “mass of the universe” or 
the “number of protons in the universe” generally refer to the content of this observable part; see e.g. 
[1]. 

 Many cosmologists believe that our universe is just one in an infinite ensemble of universes 

(a multiverse), and this adds to the probability that the world is canonically infinite; for a popular 

review, see [2].  The “many worlds” of the Everett version of quantum physics, however, would not in 

any obvious way amount to the relevant kind of infinity; both because whether the “world”-count 

reaches infinity or merely a large finitude might be an artifact of convenient formalism rather than 

reflecting of physical reality, and also because the ethical significance of each Everettian “world” 
should, plausibly, be weighted by its associated measure (amplitude squared), which is a normalized; 

see e.g. [3]. 
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2 If there are an infinite number of planets then there will be—with probability one—and infinite 

number of people, since each planet has finite non-zero chance of giving rise to intelligent life.  In fact, 

in an infinite universe it seems that there will be an infinite number of people spontaneously 

materializing in gas clouds or from black hole radiation, since the probability of such occurrences, 

although extremely small, is nevertheless finitely greater than zero and would thus be expected to 

happen infinitely many times in a universe that contains an infinite number of gas clouds and black 

holes.  (See e.g. [4], p. 19; but also [5].)  Of course, it is vastly more probable for intelligent creatures to 

evolve on a planet than to spontaneously materialize by random combination of elementary particles.  

Infinitely many of these people will be happy, infinitely many will be unhappy, and likewise for other 

such local properties that pertain to person-states, lives, or entire societies or civilizations—there will 

be infinitely many democratic ones, infinitely many ruled by malevolent dictators, etc. 

3 David Lewis’ modal realism may likewise seem to imply that it is ethically irrelevant what we 
do.  Robert Adams [42] developed an objection to Lewis’ theory along such lines, arguing that 
our value judgments reflect the absoluteness of actuality.  Lewis responded [43] that modal 

realism can respect many of our ethical intuitions if we construe them as containing an indexical 

component.  Recently, Mark Heller [44] argued that Lewis’ response is not fully successful.  We 

consider some indexicalizing maneuvers in section 3. 

4 For Moore, the total value, the value “on the whole”, is the sum of the value of the parts and the 
value they have “as a whole”.  The infinitarian paralysis thus threatens to set in if either the sum of the 

values of the parts is infinite or the value that the parts have as a whole is infinite [6]. 

5 For some recent discussion on the Pasadena problem, see [45-46]. 

6 Some theories of prudential rationality do not get off the hook so easily. 

7 Permitting extremely large finite values might also engender some bizarre results; see [47]. 

8 See e.g. [7-14]; for the “locations” terminology, see also [15]. 

9 To get a feel for why this is so, consider two different ways of adding up the values of the infinite 

number terms +k and an infinite number of negative terms – k.  If we perform the operation (k + k – k) + 

(k + k – k) + …, then each bracket has the value k, and the sum of these brackets becomes infinite 

positive.  If we instead perform the operation (k – k – k) + (k – k – k) + …, then each bracket has the 
negative value – k, and the sum becomes infinite negative.  In both these operations, a (countable) 

infinite number of positive and negative terms ±k would be included.  By fiddling with the brackets, it 

is easy to see that one could make the terms add up to any positive or negative multiple of k. 

10 E.g., the series (1) + (-1) + (½) + (- ½) + (¼) + (- ¼) +, …, (±(1/n)2), … converges (to zero), and in fact it 
does so independently of the ordering of the terms.  But if a world is such that there is some finite 

number m > 0 and an infinite number of locations with value greater than m, and an infinite number of 

locations with value less than – m, then the sum of values in that world does not converge.  This is the 

case in a canonically infinite world. 

11 [7]. 

12 See e.g. [16]. 
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13 The original version is: 

 

SBI1 (strengthened basic idea 1): If (1) w1 and w2 have exactly the same locations, and (2) for 

any finite set of locations there is a finite expansion and some positive number, k, such that, 

relative to all further finite expansions, w1 is k-better than w2, w1 is better than w2. 

 

A world is “k-better” than another, relative to a given “expansion” (i.e., a set of locations) if the total 

value of its locations in that expansion exceeds that of the other world by at least k units.  The 

complication in the second clause is designed to deal with cases involving the possibility of 

asymptotically converging series of values. 

14 [7], p. 9. 

15 Modulo some further refinements which do not affect any of the points made in this paper. 

16 Or rather, a metric.  But whether space and time really do have this property is hard to tell, because 

Vallentyne and Kagan do not provide any clear definition of what they mean by “essential natural” 
order. 

17 This follows trivially from the fact that, in both w8 and w9, the cardinality of the set of ones and the 

cardinality of the set of zeros is the same, 0א. 

18 The order type ω + ω* can be represented as consisting first of the natural numbers and then the 

natural numbers “with a tag” in reverse order, where any number with a tag is defined to be greater 
than any number without a tag.  That is, the order type can be written as follows: 1 < 2 < 3 < 4 < … < … 
4’ < 3’ < 2’ < 1’.  This order has a smallest element, 1, and a greatest element, 1’.  Starting from, e.g., 

element 4’, one has to descend an infinite number of steps before reaching any of the untagged 
numbers. 

19 To see why there is no bounded regional expansion containing the location where w11 has the value 

2 such that w10 is better than w11 relative to this expansion, consider that by the time the expansion 

has reached the part where w10 is better, the expanded region has already grown to infinite size, such 

that both worlds have the same (infinite) amount of value in it, whence adding a finite amount of 

value to this infinite amount will fail to make a difference. 

20 [17]. 

21 The hypothetically completed extensionist program would enable the determination of objectively 

right actions: these are, on an act-consequentialist view, the actions that in fact make things go best.  

But when we use a moral theory, we need to determine what is subjectively right do to; that is, we need 

to decide on an action on the basis of our actual (limited) knowledge, not on the basis of complete 

specification of the value of all its consequences—something a human agent never has.  For a recent 

argument for the indispensability of a subjectivized notion of “right” (referred to by the authors as a 

“decision-ought”), see [37].  That paper argues against absolutist deontological theories on grounds 

that they cannot accommodate this decision-ought.  See also section 4.1 below. 

22 [18], appendix 2.2. 
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23 A different way of extending classical mathematics, which we shall not discuss here, is by 

constructing the so-called surreal numbers, first introduced by John Conway [19]. 

24 The locus classicus is [20].  For an accessible primer, see [21]. 

25 I am indebted here to Toby Ord (personal communication). 

26 We permit ourselves some sloppiness here for the sake of ease of exposition.  Since w17 has discrete 

locations, we use a volume of one location for the first stage in the “finite-volume” expansion, and an 
increment of two locations in each subsequent step. 

27 Yet further complications may arise if a world contains many segments of ordered locations, but 

where these segments are not themselves ordered.  This could be the case if there are many universes 

which are not anchored in any background space or externally ordered in any other way. 

28 [22], p. 486. 

29 Another way to discount would be not on the basis of spatiotemporal distance but on the basis of 

how much value a world contains at other locations.  The contribution to a world’s overall value that 

the content of a location would make would, on this view, depend on the contents of other locations, 

so value would not really be local.  We could express this view (somewhat awkwardly) by saying that 

locations carry “utility” and that the world derives diminishing marginal value from utility, analogous 

to the way that individuals typically derive diminishing marginal utility form consumption.  By 

postulating such a law of diminishing marginal value from utility, we could easily ensure that the total 

value of a world is finite, for example by stipulating that 
   UU eeV , where U - is the amount of 

negative utility in the world, U+ the amount of positive utility in the world, and where the two terms 

are to be computed separately before they are added together.  However, although infinites are here 

suppressed in the final assessment of the value of a world, they are still present in what we termed the 

utility of locations.  The effect is that the value of a canonically infinite world be unalterable by us 

despite it being finite.  (If there is already an infinite amount of positive and negative utility in the 

world, we cannot change it.) 

30 Evidential and causal decision theory are commonly thought to coincide except for special cases, like 

the Newcomb problem, where our choice of action would give us information about the world that is 

not mediated by the causal consequences of our acts.  However, they can also depart in the infinite 

case even when no Newcomb-like setup is involved.  This point, however, is accidentally obscured by 

the standard formalizations of causal decision theory (e.g., [23]), which were not designed to deal with 

infinite cases. 

31 This expectation value is the sum of terms corresponding to the set of maximally specific scenarios.  

Each of these terms is the product of the value of the changes we make in that specific scenario and the 

probability of the scenario obtaining.  A term is undefined if the probability is non-zero and the value 

of the changes we make in that scenario is undefined.  The expectation is undefined if one of its terms 

is undefined. 



32 Although it should be noted that current data suggests a positive cosmological constant, in which 

case we may permanently lose causal contact with all but a rather small finite part of the cosmos 

within a few billion years [24]. 

33 Additionally, it might fail in situations (if such be possible) in which we would have an infinite 

number of alternatives to choose between, with finite but unboundedly good consequences, and also if 

there is an infinite number of alternatives with boundedly good consequences but such that for each 

act there is one act that is at least slightly better.  (An omnipotent God choosing between different 

creation acts provides an illustration of this predicament.  If for every possible world there is a better 

one, it might seem that everything God could do would be wrong.  This consequence has led some to 

revise the above criterion for right action (see e.g. [25]).  Maybe instead we should say that any act by 

somebody in that position would be right, or that any act that is expected to have at least “rather 
good” results would count as right. 
34 There are additional grounds for not expunging all aspects of probabilistic decision making from the 

purview of consequentialist ethics.  Some acts seem wrong by almost everybody’s standards even 
though they happen to produce good results.  Suppose someone fires a bullet into an innocent man’s 
chest with the intent of murder.  The man survives and, fortuitously, the bullet hits and destroys a 

budding malignancy that would otherwise have killed the man within three months.  The outcome is 

beneficial, yet most people, consequentialists included, would maintain that it was morally wrong to 

attempt the murder.  A natural starting point for a consequentialist account of why it was wrong is 

that the (reasonably) expected consequences were bad even though the actual consequences were 

good.  For a discussion of some related themes, see [26, 37]. 

35 In this paper we shall assume that there are only finitely many feasible acts for an agent at any one 

time.  This is likely the case for us in the actual world, although for some possible beings (God?) this 

might not be true, and additional problems are known to arise for decision theory in such cases (see 

e.g. [27]).  The subjective probabilities referred to in the EDR could be qualified as “reasonable” or
“rational” credences if we wish to maintain that an ideally motivated but imperfectly rational agent 

might fail to choose to do the right thing.  The EDR sets the bar for right action quite high: any act 

other than one of those for which there is no better act is classified as wrong.  Defenders of aggregative 

consequentialism might want to supplement their theory with some account that connects it more 

closely to everyday notions of right and wrong, for example by taking the line that acts that are 

“sufficiently” good compared to the alternatives, even if they are not the very best, may often be 

regarded as “right” for practical purposes (albeit not perfectly right “strictly speaking”).  This issue 
also arises for aggregative consequentialism in the finite case, so we will not pursue it here. 

36 [28], p. 154. 

37 Extending the EDR to recognize infinite values of different cardinalities is straightforward.  It is less 

clear how to extend the EDR to recognize differenceV in infinite values of the same cardinality, since it 

may not always be plausible to differentiate between these lexicographically.  But a proponent of the 

current approach might hope that it does not make any practical difference how we deal with these 

finer discriminations, for reasons outlined later in this section. 
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38 Fanaticism problems can also arise in the finite case.  Suppose a stranger approaches you on the 

street and offers to create x units of utility for you in return for one dollar. Does the probability 

that the stranger will hold up his end of the bargain always diminish at least linearly for large 

values of x? 

39 David Lewis argues that we not only should not, but that we could not assign a zero probability such 

possibilities.  See [23], p. 14. 

40 For discussion of some related issues in the finite case, see [38-40]. 

41 Speculative scenarios of this kind have been described; see e.g.  [24, 29-31].  For a parallel with the 

finite case, see [32]. 

42 Some have seen it as a problem for views such as utilitarianism that they are too demanding, quite 

apart from infinite considerations, because these views seem to imply that we ought devote practically 

all our time and resources to the world’s most pressing problems.  The fanaticism refereed to in the 
text, by contrast, does not concern the quantity of effort that aggregative theories seem to demand of 

us, but rather the direction in which this effort should be exerted.  Traditional responses, such as 

stipulating that meeting a lower threshold of moral effort qualifies an agent for praise, do not address 

this directional form of the fanaticism problem. 

43 The idea that small probabilities don’t count is advocated in [33]; it is criticized in [34]. 

44 For a recent, more sophisticated development of rule-consequentialism, see [35]. 

45 See [36]. 

46 Refinements of this idea are possible.  For instance, rather than focusing on YOU, the aggregate of all 

persons that are qualitatively identical to yourself, one could instead focus on the aggregate of all 

instantiations of a decision process that are sufficiently similar to the instantiation of the decision 

process whereby you are currently making your moral choice to count as instantiations of 

(qualitatively) “the same process”.  We could call these aggregates of decision-instantiations “YOUR 
DECISION”, and proceed in the same way as suggested in the text.  (I have benefited from discussions 
with Eliezer Yudkowsky on this point.) 

47 Quentin Smith, however, seems to accept this conclusion; [41]. 

48 For helpful discussions and comments, I am very grateful to John Broome, Jeremy Butterfield, Tyler 

Cowen, Guy Kahane, Robin Hanson, Brad Hooker, Daniel Isaacson, John Leslie, Toby Ord, Mitch 

Porter, Rebecca Roache, Peter Singer, Howard Sobel, David Wallace, Timothy Williamson, Alex 

Wilkie, Eliezer Yudkowsky, and to the audience at the Aristotelian Society/Mind Association Joint 

Session, Canterbury, 9-12 July, 2004, and at the Oxford Moral Philosophy Seminar, 14 February 2005, 

where earlier versions of this paper were presented. 
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People do not feel in any way ashamed or guilty about spending money on new
clothes or a new car instead of giving it to famine relief. (Indeed, the alternative
does not occur to them.) This way of looking at the matter cannot be justified.
[. . . W]e ought to give money away, rather than spend it on clothes which we do
not need to keep us warm. To do so is not charitable, or generous. Nor is it the
kind of act which philosophers and theologians have called “supererogatory”—
an act which it would be good to do, but not wrong not to do. On the contrary,
we ought to give the money away, and it is wrong not to do so.

—Peter Singer, Famine, A✏uence, and Morality [22]

1 Introduction

The basic premise of this essay is nothing original. Observers throughout history have noted
the misallocation of society’s resources, and this essay contributes little to that concept.
What this piece is intended to do, however, is to pursue the question of specific numbers,
at least insofar as they can be roughly approximated. For it is easy to carry a notion
of the other uses to which one’s money might be put as a vague abstract idea that one
should heed once in a while; it is a very di↵erent decision-making dynamic when one has
some tangible estimations of how much relief of su↵ering is forgone by a specific frivolous
expenditure. That will be the focus of this piece.1

Expenditure Cost ($)

average US movie ticket in 2005 6.41 [3]
a Nintendo GameCube, excluding accessories and games 99.99 [17]
tickets for a weeklong trip to Disney World by a family of four 718.06 [25]
preventing a year of su↵ering in a factory farm 0.02 - 3.65 (see below)

1Many of the numbers used in the following estimations are very rough (sometimes made up entirely),
so I did not consider it useful to make consideration for the rules of significant figures. Numbers are carried
out to several digits not because they are certain to have those values but simply because including more
than one digit gave them greater tangibility.
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2 About Vegan Outreach

[Vegan Outreach, (www.veganoutreach.org)] is working to promote veganism
through the widespread distribution of our illustrated booklets, Why Vegan,
Even If You Like Meat, and Try Vegetarian (formerly Vegetarian Living). [. . . ]

Millions of hard copies have been handed out by the local members of Vegan
Outreach around the world. The rate of distribution is increasing every year,
limited not by demand—there are many individuals, student groups, and or-
ganizations who would like to distribute “as many as you can send”—but by
availability (i.e., resources for printing and distribution). [1]

3 Cost-E↵ectiveness Equation

This parameter stands for

d expected days of life in a factory farm prevented per dollar donated.
b the number of people who receive a brochure per dollar donated.
v the fraction of people who become vegetarian or vegan after

receiving a brochure and who wouldn’t otherwise have done so.
s fraction of those people who stay vegetarian or vegan.
tm average number of years for which those people

would otherwise have eaten factory-farmed meat.
am average number of animals those people would have eaten per year.
lm average lifespan (in days) of the animals they would have eaten.
fe fraction of those vegetarians who also stop eating eggs.
te average number of years for which those people

would otherwise have eaten factory-farmed eggs.
ae average number of eggs those people would have eaten per year.
le average length of time (in days) required for a hen to produce an egg.

d ⇡ bvs(tmamlm + feteaele). (1)

(1) is only approximate because it makes a number of simplifying assumptions—some of
which I have listed below:

• It assumes that reductions in meat consumption will only result from persuading peo-
ple to become permanent vegetarians or vegans. In reality, Vegan Outreach booklets
probably also create many temporary vegetarians and vegans; they also encourage
people who remain omnivores simply to eat less meat.
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• am and ae only count animals raised for meat and eggs. I have not considered the
further benefits of reduced milk consumption or reduced use of animal products in
areas other than food.

• (1) ignores the substantial environmental benefits that result from conversion to a
vegetarian or vegan diet. (See, e.g., [24].)

• (1) also fails to include broader social changes that distribution of brochures helps to
e↵ect. Even if people do not become vegetarian, they may become more conscious of
animal-welfare issues, and probably they will also lobby harder for development of in
vitro meat [12] (see below).

If anything, all of these factors would only increase the change in aggregated utility that re-
sults from donating money to Vegan Outreach, and ignoring them only makes the argument
more conservative.

4 Estimating Parameters

In this section, I present reasonable lower and upper bounds for most of the parameters; for
the rest I give single approximate values. I defend those choices in the text that follows. I
use the markers “[lower bound]” and “[upper bound]” in quoted text to signal the numbers
that I used.

• 4.7  b  8.0.

Until we decide to work specifically on the long-range task of bringing
about animal liberation rather than “fighting brushfires,” there will be
an ever-increasing number of animals exploited, and never-ending deluge
of su↵ering. We have limited resources, and we can choose to use these
resources to help end the cycle of exploitation and cruelty—saving billions
of individuals over time, with no more to follow. [. . . ]

Often, people believe that Why Vegan (or Try Vegetarian, or Even If You

Like Meat) is an e↵ective tool for many purposes (e.g., to use at fundraisers
for other groups). However, relatively few people feel that donating to print
and distribute more copies is a priority.

It is true that the work of Vegan Outreach might not seem “urgent” because
we don’t use pictures of individual animals saying “donate or this animal
will die.” But consider this:

Right now, it is probable that 10 percent of the US population would be
willing to read and consider the information in Why Vegan. For each one
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of these people who do not receive a copy of Why Vegan due to a lack
of resources, numerous animals will be factory farmed and slaughtered.
To reach these 26 million people, we would need to print and distribute
between 30 and 50 million copies (for reference, as of January 31, 2005 we
have distributed 3,879,329), at a cost of $4.5 to 5.5 million [lower bound].
While a huge number relative to Vegan Outreach’s current budget, this is
a small fraction of the collective funds brought in by large animal rights
organizations each year. [15]

Data elsewhere on Vegan Outreach’s website suggest that b may be higher than this:

Our total costs are 20 cents per Why Vegan distributed.

That comes out to:

– 8.7 printing for Why Vegan (new color version)

– 3.8 average shipping

– 8.6 everything else (other programs, printing of other literature, etc.)
[7]

The “everything else” category most likely represents fixed costs that do not con-
tribute to the marginal cost of printing the next booklet [10]. Thus, marginal cost of
a booklet = $0.087 + $0.038 = $0.125 [upper bound].

• 0.0043  v  0.025.

We [Vegan Outreach] estimate that out of 200 brochures given to students,
at least 5 become vegetarian after reading it [upper bound]. We cannot
know how accurate this is without a complicated study. We base our
numbers on this:

Often while leafleting on a campus, students read the brochure and then
approach us saying they are not going to eat meat any longer. Jack Norris
averaged about 1 per campus when he was traveling to campuses, averaging
about 235 brochures [lower bound] per campus (note: the pamphlets were
less powerful and in black and white at the time he was travelling in 1996-
97; we expect that they are more e↵ective now). We also get e-mails from
students saying they became veg and sometimes we run into students who
told us they went vegetarian after reading the brochure from a previous
time we were on campus. Assuming that there are many who never contact
us after becoming veg, we conclude that 5 out of 200 is a good estimate.

We also assume that many students cut back on their animal products
without fully going vegetarian. And we know that many students we reach
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will influence other students to become vegetarian or vegan. We figure
that these numbers can make up for any overestimate of the “5 out of 200”
number. [4]

• 0.3  s  1.

This one is just a guess on my part.

• (2021 � c)  tm  56; c := current year (right now, c = 2006).

The longest time for which the new vegetarians would have otherwise eaten factory-
farmed meat is the duration of the rest of their lives. To approximate that, I need
an estimate of the average age of those people who do become vegetarian or vegan
as well as their average life expectancy.

Vegan Outreach’s Adopt a College program (http://www.veganhealth.org/colleges/)
focuses on reaching out to high-school and undergraduate students, as well as to young
people who attend concerts and events. Certainly some Vegan Outreach brochures
reach adults as well, but those in older age groups are less likely to actually become
vegetarian or vegan. A good average-age estimate might be 22 years [18]. In 2005,
the average American life expectancy was 78 years [2]. Using these rough estimates,
I calculate an upper bound of 78 � 22 = 56 years.

However, it’s likely that those people wouldn’t have otherwise eaten meat for the rest
of their lives—at least not factory-farmed meat:

“In Vitro Meat”

By Raizel Robin

In July, scientists at the University of Maryland announced the develop-
ment of bioengineering techniques that could be used to mass-produce a
new food for public consumption: meat that is grown in incubators.

The process works by taking stem cells from a biopsy of a live animal (or
a piece of flesh from a slaughtered animal) and putting them in a three-
dimensional growth medium - a sort of sca↵olding made of proteins. Bathed
in a nutritional mix of glucose, amino acids and minerals, the stem cells
multiply and di↵erentiate into muscle cells, which eventually form muscle
fibers. Those fibers are then harvested for a minced-meat product.

Scientists at NASA and at several Dutch universities have been developing
the technology since 2001, and in a few years’ time there may be a lab-grown
meat ready to market as sausages or patties. In 20 years, the scientists
predict, they may be able to grow a whole beef or pork loin. A tissue
engineer at the Medical University of South Carolina has even proposed
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a countertop device similar to a bread maker that would produce meat
overnight in your kitchen.

There are still several major hurdles to clear, like figuring out a way to get
stem cells to proliferate cheaply enough that meat could be mass-produced.
But if in vitro meat becomes viable, the environmental and ethical conse-
quences could be profound. The thought of beef grown in the lab may
turn your stomach, but in vitro meat would avoid many of the downsides
of factory farming, most notably pollution: in the United States, livestock
produce 1.4 billion tons of waste each year. What’s more, once a meat-cell
culture exists, it could function the way a yeast or yogurt culture does, so
that meat growers wouldn’t need to use a new animal for each set of starter
cells - and the meat industry would no longer be dependent on slaughtering
animals. [20]

Ground meat—the type used in hamburgers and chicken nuggets—is easier to produce
in vitro and may come onto the market as early as 2016 [13]. Structured meats, on
the other hand, probably won’t be ready until at least 2026 [13]. Given that roughly
50 percent of global meat is ground meat [14], I calculate a “weighted-average year”
that represents, for the purpose of this essay, the earliest time at which in vitro
meat will begin to replace conventional meat: weighted-average year = (0.5)(2016)
+ (0.5)(2026) = 2021 [lower bound].2

• 21  am  32.

In 2005, roughly 9,415.9 million animals were raised for meat in factory farms in the
US (see table below). The US population in 2005 was 296.4 million [16]. The average
person in the US thus contributed to the production of 31.77 animals in that year
[upper bound].

However, the people most inclined toward vegetarianism and veganism are probably
also the people who eat less meat than average to begin with. I’ll suppose they eat,
on average, 2/3 as much meat as the population average, although I have no basis
for this specific figure [lower bound].

• lm ⇡ 49.

To calculate lm from the below table, simply multiply together the entries in the
third and fourth columns for each row and take the sum.3

2In using (2021-c) as my lower bound, I am assuming that all of the people who are given a brochure
would have lived until at least 2021. Some fraction of them might had died sooner, but considering that
the main audience for Vegan Outreach brochures is young people, that fraction is probably close to zero.

3Notes on the table:
– Cattle graze on the range for 7 months before they are sent o↵ to feedlots, where they remain for 6

months [9]. The grazing period is not technically time spent in a factory farm, so I have limited the
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Animal Number Killed Fraction of the Total Average Lifespan
in 2005 (millions) Killed in 2005 (days)

broiler chickens 9,000.5 [19, p. 2] 0.9562 45 [9]
turkeys 248.1 [19, p. 3] 0.0264 110 [23]
hogs 103.6 [11, p. 3] 0.0110 180 [9]
cattle 32.4 [11, p. 3] 0.0034 180 [9]
ducks 27.9 [19, p. 2] 0.0030 49 [8, p. 6]
veal calves 0.7 [11, p. 3] 0.0001 120 [21]

total 9415.9 1.000 lm ⇡ 49

• fe ⇡ 0.25 [18].

• (2026 � c)  te  56; c = 2006.

The numbers are the same as for tm except that the lower bound is five years higher.
It will probably not be possible to produce a functional chicken uterus until at least
2026 [14].

• 202  ae  304.

American hens produced 89,960 million eggs in 2005 [5, p.1]. Again using 296.4
million as the US population [16], that amounts to 303.5 eggs per person per year
[upper bound]. As I did for am, I made the lower bound 2/3 of the upper bound.

• le ⇡ 1.04

A hen needs roughly 25 hours to produce an egg [6, p.1]. (25 hours)(1 day/24 hours)
= 1.04 days.

5 Results

We can now calculate lower and upper bounds for d using either all of the lower bounds
or all of the upper bounds of the parameters: 100  d  18, 447. In other words, a single
dollar donated to Vegan Outreach is expected to prevent between 100 days and 51 years
of su↵ering on a factory farm.

We can also calculate D, the expected days of life on a factory farm prevented per booklet
handed out:

D ⇡ vs(tmamlm + feteaele), (2)

“lifespan” for cattle to 6 months = 180 days.
– I have neglected to include the roughly 10 billion aquatic animals killed annually for food in the US

[9]. A majority of them are not intensively farmed (hence, their average lifespan in a factory farm
would be 0), although a large number certainly are confined in crowded fish farms [9].
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which is the same as (1) but without the b factor. Using the parameter estimates above,
21  D  2, 306. 2,306 days = 6.3 years.

Finally, one may be interested in the number of slaughters prevented per dollar, S. Ignoring
for simplicity the contribution of eggs (despite, for instance, the significant number of male
chicks ground up as part of egg production), this is

S ⇡ bvstmam. (3)

Using the above figures, 2  S  358.4
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The Predominance of Wild-Animal Su↵ering

over Happiness: An Open Problem

Abstract

“The total amount of su↵ering per year in the natural world is beyond all decent
contemplation,” to quote Richard Dawkins [23]. In particular, I find it plausible that
the aggregate amount of pain endured by wild animals exceeds the aggregate amount
of happiness, especially in view of the fact that most o↵spring die soon after birth.
If small creatures like insects, other arthropods, and perhaps even zooplankton can
su↵er, this conclusion seems especially likely, since these organisms live very short lives
before dying in often-painful ways, and they preponderate over larger animals by many
orders of magnitude.

What can be done about the problem? Probably the best we can do right now is
promote concern about the issue among animal-welfare activists, academics, and the
general public. This will help spur research on important topics like whether insects
feel pain, what are the day-to-day hedonic experiences of animals in the wild, and
what practical steps can be taken to alleviate their su↵ering (whether or not their
lives involve, on balance, more pain than pleasure). If and when such approaches
to improving wild-animal welfare become available, a larger base of concern about
the issue will allow for faster and more widespread adoption. In addition, if people
are more cognizant of the extraordinary acts of cruelty that occur daily in nature,
they will give sober consideration to the consequences of possible future technological
endeavors like terraforming, directed panspermia, or even creating new universes. See
“The Importance of Wild-Animal Su↵ering” (http://www.utilitarian-essays.com/
suffering-nature.html) for further details and references.

1 Introduction

The fact that in nature one creature may cause pain to another, and even deal
with it instinctively in the most cruel way, is a harsh mystery that weighs upon
us as long as we live. One who has reached the point where he does not su↵er
ever again because of this has ceased to be a man.

—Albert Schweitzer [31, Ch. 3]

Many advocates of animal welfare assume that animals in the wild are, on the whole,
happy. For instance, the site utilitarian.org includes a proposal to create a wildlife reserve,
the main “Utility value” of which would come from “The value of life over death for the
animals who will live there” [62].

The assumption of wild-animal happiness is also implicit in the arguments that animal
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welfarists make against interfering with nature. When asked whether we should prevent
lions from eating gazelles, Peter Singer replied:

[. . . ] for practical purposes I am fairly sure, judging from man’s past record
of attempts to mold nature to his own aims, that we would be more likely to
increase the net amount of animal su↵ering if we interfered with wildlife, than
to decrease it. Lions play a role in the ecology of their habitat, and we cannot
be sure what the long-term consequences would be if we were to prevent them
from killing gazelles. [. . . ] So, in practice, I would definitely say that wildlife
should be left alone. [74]

Jennifer Everett mentions a similar idea:

[. . . ] if propagation of the “fittest” genes contributes to the integrity of both
predator and prey species, which is good for the predator/prey balance in the
ecosystem, which in turn is good for the organisms living in it, and so on,
then the very ecological relationships that holistic environmentalists regard as
intrinsically valuable will be valued by animal welfarists because they conduce
ultimately, albeit indirectly and via complex causal chains, to the well-being of
individual animals. [27, p. 48]

But is it true that wild animal lives are worth living? In rest of this piece, I present
arguments against this view. Note, however, that even if wild-animal lives are, on balance,
positive, it may still be worthwhile to undertake e↵orts to alleviate their su↵ering.

2 Life and Death in the Wild

2.1 A Neglected Topic

Preoccupied with the [. . . ] task of countering those forms of more-than-human,
and potentially avoidable, su↵ering that have their genesis not in nature, but
in society, ecophilosophers and ecopolitical theorists have tended to be silent
on the dire realities of pain, predation, disease and death that seem to be
inseparable from organismic life in general.

—Kate Rigby, “Minding (about) Matter: On the Eros and Anguish of Earthly
Encounter” [65]

Many humans look at nature from an aesthetic perspective and think in terms
of biodiversity and the health of ecosystems, but forget that the animals that
inhabit these ecosystems are individuals and have their own needs. Disease,
starvation, predation, ostracism, and sexual frustration are endemic in so-called
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healthy ecosystems. The great taboo in the animal rights movement is that
most su↵ering is due to natural causes.

—Albert, in Nick Bostrom’s “Golden” [9]

People who are appalled by the indiscriminate killing of wildlife by mechanisms
such as leg-hold traps should recognize that the pain and su↵ering caused by cat
predation is not dissimilar and the impacts of cat predation dwarf the impacts
of trapping.

—Audubon Society of Portland [15]

It is often assumed that wild animals live in a kind of natural paradise and
that it is only the appearance and intervention of human agencies that bring
about su↵ering. This essentially Rousseauian view is at odds with the wealth
of information derived from field studies of animal populations. Scarcity of
food and water, predation, disease and intraspecific aggression are some of the
factors which have been identified as normal parts of a wild environment which
cause su↵ering in wild animals on a regular basis.

—“Captivity and Su↵ering,” UCLA Animal Care and Use Training Manual

[13]

2.2 Are Animals Less Sensitive?

Alfred Russel Wallace wrote in 1910:

[. . . S]maller birds and mammals [. . . ] are all so wonderfully adjusted to their
environments, that, in a state of nature, they can hardly su↵er at all from what
we term accidents. Birds, mice, squirrels, and the like, do not get limbs broken
by falls, as we do. They learn so quickly and certainly not to go beyond their
powers in climbing, jumping, or flying, that they are probably never injured
except by rare natural causes, such as lightning, hail, forest-fires, etc., or by
fighting among themselves; and those who are injured without being killed by
these various causes form such a minute fraction of the whole as to be reasonably
negligible. The wounds received in fighting seem to be rarely serious, and the
rapidity with which such wounds heal in a state of nature shows that whatever
pain exists is not long-continued. [. . . ]

Our whole tendency to transfer our sensations of pain to all other animals is
grossly misleading. The probability is, that there is as great a gap between man
and the lower animals in sensitiveness to pain as there is in their intellectual and
moral faculties; and as a concomitant of those higher faculties. We require to
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be more sensitive to pain because of our bare skin with no protective armour or
thick pads of hair to ward o↵ blows, or to guard against scratches and wounds
from the many spiny or prickly plants that abound in every part of the world;

[. . . ] it is this specially developed sensibility that we, most illogically, transfer
to the animal-world in our wholly exaggerated and often quite mistaken views
as to the cruelty of nature! [81, p. 376, 377, 379]

I do not pretend to give a full refutation of Wallace’s naive claim, but consider the following
point. It may provide insight into why Wallace and some of his contemporaries concluded
that animals are less sensitive.

1. Sick and injured members of a prey species are the easiest to catch, so predators have
evolved such that they deliberately target these individuals.

2. As a consequence, those prey that appear sick or injured will be the ones killed most
often. Thus, evolutionary pressure pushes prey species to avoid drawing attention to
their su↵ering and to pretend as though nothing is wrong [56, Ch. 4.12].

3. Humans may interpret this “apparent stoicism” as evidence that animals are rela-
tively insensitive to pain [10]. However, this inference has been shown to be false
[10].

2.3 Hunger, Thirst, and Cold

• Many animals die of thirst during times of drought [54].

• “Starvation and malnutrition occur in several wildlife species and routinely eliminates
the young, old, weak, and sick animals. [. . . ] Historically, in Michigan the number of
species diagnosed at the Laboratory as dying from malnutrition and starvation are
second only to those dying from traumatic injuries” [48].

• Stages of starvation [48]:

1. Within a few hours, carbohydrate glycogen in the liver is used up.

2. Next, fat deposits are consumed.

3. Finally, the body resorts to protein stored in the cytoplasm of cells.

4. Eventually, the cells stop functioning. Too little glucose reaches the brain, trig-
gering shock followed by death [48].

• Hunger is particularly severe during the winter, due to greater energy requirements
and the reduced availability of food [48]. Deer are sometimes unable to reach shoots
buried below ice [35], and adult deer can lose 25% to 30% of their body weight over
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a severe winter [48]. During a particularly long period of cold in the Czech Republic
in 2006, some deer blinded themselves by eating rape root, the only green plant they
could find [49].

• 2006 was also a harsh year on bats in Placerville, California:

“You can see their ribs, their backbones, and (the area) where the intestine
and the stomach are is completely sunk through to the back,” said Dharma
Webber, founder of the California Native Bat Conservancy. [. . . ]

She said emerging mosquitoes aren’t enough to feed the creatures.

“It would be like us eating a little piece of popcorn here or there,” she said.
[18]

• “Birds unable to find a sheltered perch during the storm may have their feet frozen
to a branch or their wings covered in ice making them unable to fly. Grouse buried
in snow drifts are often encased by the ice layer and su↵ocate” [35].

2.4 Examples of Diseases and Parasites

Roundworms: These parasites are some of the most common in the world [67]. While gen-
erally innocuous, they can sometimes cause hemorrhages, tissue damage, and pneumonia—
especially in young or infirm animals [67].

Stomach worm: This parasite inhabits many common birds, including the crow, blue
jay, and American robin [63]. Stomach worm can make its hosts lethargic (hence, more
easily caught by predators) and can reduce their immune defenses against other diseases.
Additionally, if the worms build up too much “thick, white, slimy mucous and sloughed
stomach epithelial tissue” while enlarging part of the stomach, they can entirely block the
entrance of food—causing the host to starve to death [63].

Rabies: This disease is found on every continent except Australia and Antarctica [64].
It’s 100% fatal and has highly erratic symptoms. An animal with “dumb rabies” simply
becomes paralyzed and succumbs to death. One with “furious rabies” becomes excited and
violent for a few days, after which it develops tremors, convulsions, paralysis, and then dies
[64].

Salmonellosis: Caused by Salmonella bacteria, this disease a↵ects fish, reptiles, amphib-
ians, birds, and mammals all over the world [68]. In birds,

Signs range from sudden death to gradual onset of depression over 1 to 3 days,
accompanied by huddling of the birds, flu↵ed-up feathers, unsteadiness, shiv-
ering, loss of appetite, markedly increased or absence of thirst, rapid loss of
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weight, accelerated respiration and watery yellow, green or blood-tinged drop-
pings. The vent feathers become matted with excreta, the eyes begin to close
and, immediately before death, some birds show apparent blindness, incoordi-
nation, staggering, tremors, convulsions or other nervous signs. [68]

Verminous Hemorrhagic Ulcerative Enteritis: In waterfoul, the disease produces
“weakness, limber neck, wing droop, listlessness, lack of fear of humans, anorexia, and
blood stained feathers around the vent” [80]. Ingestion of as few as 20 trematode “flukes”
will cause death, usually within 3-8 days. Flukes attach to intestinal mucous and produce
hemorrhagic ulcers; severe blood loss often kills the birds as a result of shock [80].

2.5 Predation

Accidents and predators take some. Only occasional accidents cause quick
relatively painless death. [F]requently severe bruising and bone breakage results
from accidents; pain certainly accompanies this. Predators may or may not be
e�cient. Often hide and flesh may be torn or displaced, prey may be killed or
escape with several wounds to die later or recover.

—“Hunting: Kindness or Cruelty?” [37]

To believe in the carnivorous reptiles of geologic times is hard for our imagination—
they seem too much like mere museum specimens. Yet there is no tooth in any
one of those museum-skulls that did not daily through long years of the fore-
time hold fast to the body struggling in despair of some fated living victim.
Forms of horror just as dreadful to the victims, if on a smaller spatial scale, fill
the world about us to-day. Here on our very hearths and in our gardens the
infernal cat plays with the panting mouse, or holds the hot bird fluttering in
her jaws. Crocodiles and rattlesnakes and pythons are at this moment vessels
of life as real as we are; their loathsome existence fills every minute of every
day that drags its length along; and whenever they or other wild beasts clutch
their living prey, the deadly horror which an agitated melancholiac feels is the
literally right reaction on the situation.

—William James, The Varieties of Religious Experience [42, pp. 161-62]

In the following table, all information in a given row came from the source in the far-right
column unless I include a citation elsewhere in the table, in which case only the cited
portion came from a di↵erent source. Some entries in the table reference notes that appear
subsequently. Note 1 is referenced by (1), etc.
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Predator Examples of Prey Means of killing Duration of Source
killing (minutes)

lions wildebeest, zebra, ungulates su↵ocation (1) 5-6 [50, p. 13] [1]

cheetahs gazelles su↵ocation often 5-15, [17]
(occasionally 2-3 times) sometimes 25

spotted hyenas ungulates biting o↵ chunks of flesh 1 to 13 [43]

wild dogs ungulates disembowelment (2) [50, p. 18-22]

coyotes rabbits, rodents, reptiles, may stalk prey for 20-30 [20]
amphibians, fish minutes until prey is exhausted

heron fish swallow whole  2 to swallow [22]

piranha fish, cattle, “anything” tear apart while alive [61]

constrictor snakes rodents (3), mammals prevent prey from inhaling (4) 1 [86] [30]

small snakes fish, frogs swallow and digest alive (5) [30]

venomous snakes rodents, birds, reptiles internal bleeding, paralysis (6) a few minutes [50, p. 49]

crocodiles birds, fish, reptiles, ungulates grabbing in jaws, drowning (7) [50, p. 43]

Notes:

1. [50, p. 12-13] vividly describes the capture of a zebra by a lioness:

The lioness sinks her scimitar talons into the zebra’s rump. They rip
through the tough hide and anchor deep into the muscle. The startled
animal lets out a loud bellow as its body hits the ground. An instant later
the lioness releases her claws from its buttocks and sinks her teeth into the
zebra’s throat, choking o↵ the sound of terror. Her canine teeth are long
and sharp, but an animal as large as a zebra has a massive neck, with a
thick layer of muscle beneath the skin, so although the teeth puncture the
hide they are too short to reach any major blood vessels. She must there-
fore kill the zebra by asphyxiation, clamping her powerful jaws around its
trachea (windpipe), cutting o↵ the air to its lungs. It is a slow death. If
this had been a small animal, say a Thompson’s gazelle (Gazella thomsoni)
the size of a large dog, she would have bitten it through the nape of the
neck; her canine teeth would then have probably crushed the vertebrae or
the base of the skull, causing instant death. As it is, the zebra’s death
throes will last five or six minutes.

2. Describing a fictional wild-dog hunt, [50, p. 22] writes:

Two dogs converge on the [wildebeest] calf, causing it to veer away from the
other wildebeests, still accompanied by its mother. The two wildebeests
are still galloping at a fair speed, but the calf is beginning to tire. Three
other dogs fall in behind the two pursuers. The lead dog closes with the
calf and launches itself at one of its hind legs. Its sharp teeth make contact,
and the jaws lock tight, bringing the calf to a faltering stop. A second dog
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grabs it by the nose. Two more tear at its underbelly, ripping it open and
pulling out its gut. Its helpless mother looks on.

3. “Live mice will fight for their lives when they are seized, and will bite, kick and
scratch for as long as they can” [30].

4. “Small (and maybe large) constrictors seem to kill their prey by causing high blood
pressure, heart attacks and strokes before su↵ocation” [78].

5. “The snake drenches the prey with saliva and eventually pulls it into the esophagus.
From there, it uses its muscles to simultaneously crush the food and push it deeper
into the digestive tract, where it is broken down for nutrients” [60]. Prey animals
often do not die immediately after being swallowed; this is illustrated by the fact that
some poisonous newts, after being swallowed, use their toxins to kill their captor snake
so that they can crawl back out of its mouth [50, p. 59].

6. [50, p. 50] tells of a colleague who was bitten by a rattlesnake: “The pain, which he
likened to holding his hand on a hot stove, lasted for four days.”

7. Another fictional narrative from [50, p. 43]:

A herd of wildebeests approaches a placid lake in the middle of a hot
afternoon. [. . . ] Suddenly one of the crocodiles [in the lake] explodes from
the water, clamping its massive jaws on the first thing it contacts. Bluntly
pointed teeth splinter through bone, locking fast on a startled wildebeest’s
leg. The impact throws the wildebeest onto its side in the shallows. [. . . ]
The crocodile gives an enormous tug, dragging the wildebeest into deeper
water. With hooves threshing and eyes popping, it lets out a terrified
bellow. The next instant its head is jerked beneath the surface. Choking
water sears down its throat and floods its lungs. The wildebeest struggles
violently to get its head above the water but does not stand a chance
against such brute strength.

2.5.1 Endorphins:

In some cases, death by predation may not be quite as bad as it seems. Upon capture by
predators, some animals release endorphins—the same chemicals that our brains produce
when we exercise [33, Question 2]. Endorphins can have a pronounced e↵ect:

LORD SOULSBY: [. . . I]s there any other situation where we can at least get
evidence of death being either very painful, animal welfare or not—and I am
talking about other predator situations, when it is known endorphins reach a
very high level just at the end of a hunt when gazelle are attacked by a large
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cat? Is that a realistic argument to use that, in fact, in the prey predator
situations that might also occur?

MR WISE: Lord Soulsby, [. . . ] I have in front of me an article from a Sunday

Telegraph a couple of years ago. It is entitled, “I was eaten by a hyena.” It
relates to a woman who su↵ered extremely serious injuries when she went into
a cage in a wildlife centre. What she said was: “The mind, I found, is strange.
It shut o↵ during the attack while my body continued to act without thought
or even sight. I do not remember him sinking his teeth into my arm, although
I heard, the little grating noise as his teeth chewed into the bone. Everything
was black and slow and exploding in my stomach. Vision returned gradually,
like an ancient black and white television,” et cetera, et cetera. It goes on.
Throughout this account, that is two pages, she constantly reiterates that she
never experienced any pain whatsoever. Interestingly, she experienced anxiety,
but not to the extent of her wound. But her sandals were pulled o↵ during the
attack, and she was worrying about mundane everyday things like the fact she
would burn her feet on the sand. At the same time she was being destroyed by
this hyena, which was an extraordinary thing. She also heard herself screaming,
but was quite unaware of having screamed. [72]

2.5.2 Fear of Predators

Not all predation attempts are successful. When hunting alone, lions capture a meal only
14% to 32% of the time, although this figure doubles when they hunt in groups of at least
two [70]. Hunting dogs and cheetahs capture prey roughly 70% of the time [70].

Since predators are not always successful, some prey endure the experience of fleeing from
a predator even before the end of their lives. I didn’t find literature that discussed how
stressful these experiences might be, but I did find a study in which researchers traumatized
mice by putting them in the presence of a cat [26]. The exposed mice exhibited short- and
long-term “behavioral and neurochemical changes consisting of acute increased anxiety
associated with posttraumatic stress disorders” that mirrored the DSM-IV criteria [26, p.
1-3].
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2.6 Lifespans

Type of Animal Lifespan (years)

Deer 10 [25]
Squirrels 6 [11]
Cats 4 [14]
Raccoons 3.5 [51]
Reptiles and amphibians ⇡ 3 [12, 32]
Opossums 1.5 [57]
Dogs 1.5 [52]
Birds 1 to 2 [44, 36]
Rats 1 [41]

3 A Bug’s Life

There seems generally to be a correlation between an animal’s height on the ecological
food pyramid and its level of welfare. Near the bottom of the pyramid, smaller prey an-
imals tend to have shorter lifespans and more o↵spring that will not survive to maturity.
Unfortunately, there is also an inverse association between an animal’s height on the pyra-
mid and its preponderance, meaning that the animals that su↵er more tend to have larger
populations.

Toward the bottom of the animal food pyramid are insects (which I define to include
spiders, crabs, and other higher-level arthropods). Judging from their short lifespans,
these animals—if they are sentient—probably have some the worst lives of all.

Type of Insect Lifespan (weeks)

Horn fly 2 [58]
Trichogramma Wasps 2 [6]
Stable fly 3 [58]
Black fly ⇡ 3 to ⇡ 20 [7]
Mosquito 3 to ⇡ 150 [7]
Damselflies 3 to 4 [40]
Drosophila 6 [79]
Dragonflies 6 to 8 [40]
Green lacewings 12 [6]
Ladybird beetles 48 [6]

The sources that I used for this table were not specific about whether the “average lifespans”
that they reported included the large number of insects that die shortly after birth. I
imagine that most of these figures only give the average lifespan of those individuals that
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make it past the first few days or weeks of age. Thus, these figures probably severely
understate how soon after birth most insects die.

3.1 But Are Insects Sentient?

I review the matter in more detail in another piece, “Do Insects Feel Pain?”1 Some suggest
we “give insects the benefit of the doubt” as far as whether they can su↵er. Giving
insects the benefit of the doubt is a far more radical approach than I propose. Rather, I
favor coming up with a rough subjective probability that insects can feel pain and then
discounting the potential su↵ering that we cause them by that factor. I think a probability
of 0.1 for insect sentience is conservative.2 At any given moment, the earth supports
1018 insects [77]. This number becomes 1017 when we discount by a 0.1 probability of
sentience.

3.2 Insect Predation

Unfortunately, insects endure many of the same hardships as higher animals, including
predation and parasitism.

Some insects become trapped in spider webs. Venemous spiders bite their prey, wrap them
in silk, and dissolve them in digestive fluid [46]. Even less fortunate are victims of the
Amazonian Allomerus decemarticulatus worker-ants, which build a trap out of plant fibers
to catch passers-by [28]. The device has been dubbed a “torture rack” because captured
insects are stretched out on the fibers while they wait to be paralyzed by a sting from the
ants. Some larger victims stay caught in the trap for up to 12 hours. Fortunately, only
one other related species is known to build such traps [28].

The ichneumon wasps are a group of insect parasites that feed on their hosts in a partic-
ularly gruesome way. Sometimes called the “farmer’s friends,” these creatures are used as
biological control agents because of their success at eating caterpillars and larvae of pest
insects [83]. Stephen Jay Gould describes the process by which some ichneumon wasps
parasitize their hosts:

1http://www.utilitarian-essays.com/insect-pain.html
2In Shakespeare’s Measure for Measure, Isabella tells Claudio:

The poor beetle, that we tread upon

In corporal su↵erance finds a pang as great

As when a giant dies. [73, Act 3, Scene 1]

I am making a weaker claim. I assert merely that, on balance of expectation, a giant’s death entails as
much su↵ering as stepping on 10 beetles.
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The free-flying females locate an appropriate host and then convert it into a
food factory for their own young. Parasitologists speak of ectoparasitism when
the uninvited guest lives on the surface of its host, and endoparasitism when
the parasite dwells within. Among endoparasitic ichneumons, adult females
pierce the host with their ovipositor and deposit eggs within. (The ovipositor,
a thin tube extending backward from the wasp’s rear end, may be many times
as long as the body itself.) Usually, the host is not otherwise inconvenienced
for the moment, at least until the eggs hatch and the ichneumon larvae begin
their grim work of interior excavation.

Among ectoparasites, however, many females lay their eggs directly upon the
host’s body. Since an active host would easily dislodge the egg, the ichneumon
mother often simultaneously injects a toxin that paralyzes the caterpillar or
other victim. The paralysis may be permanent, and the caterpillar lies, alive
but immobile, with the agent of its future destruction secure on its belly. The
egg hatches, the helpless caterpillar twitches, the wasp larvae pierces and begins
its grisly feast.

Since a dead and decaying caterpillar will do the wasp larvae no good, it eats
in a pattern that cannot help but recall, in our inappropriate anthropocentric
interpretation, the ancient English penalty for treason drawing and quartering,
with its explicit object of extracting as much torment as possible by keeping
the victim alive and sentient. As the king’s executioner drew out and burned
his client’s entrails, so does the ichneumon larvae eat fat bodies and digestive
organs first, keeping the caterpillar alive by preserving intact the essential heart
and central nervous system. Finally, the larvae completes its work and kills its
victim, leaving behind the caterpillar’s empty shell. [34]

Unlike the relatively rare torture-rack ants, the ichneumonoidea are very common. This
made the phenomenon of live parasitism especially troubling for natural theologians, as
Gould notes:

The ichneumonoidea are a group of wasps, not flies, that include more species
than all the vertebrates combined (wasp, with ants and bees, constitute the
order Hymenoptera; flies, with their two wings—wasps have four—form the
order Diptera). In addition, many non-ichneumonoid wasps of similar habits
were often cited for the same grisly details. Thus, the famous story did not
merely implicate a single aberrant species (perhaps a perverse leakage from
Satan’s realm), but hundreds of thousands—a large chunk of what could only
be God’s creation. [34]
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4 An Energy-Cost Argument

In his 1995 paper “Towards Welfare Biology,” Yew-Kwang Ng constructs a theoretical
description of animal motivation, a theorem of which is that the total amount of su↵ering
in the wild exceeds the total amount of happiness [55]. I attempt a restatement of his
argument in this section, though I do not know if my presentation correctly interprets Ng’s
original ideas. I welcome comments and corrections.

Assumption 1: For the sake of simplicity, suppose that an organism’s life can have one
of two possible outcomes

• “Winning”: the organism survives, mates successfully, and has children, or

• “Losing”: the organism dies at a young age and fails to mate.

Definition: Consider a given species. Let n be the ratio of the number of organisms of that
species that “lose” to the number of organisms of that species that “win.” For instance, if
2 organisms win and 4 lose, n = 4

2
= 2.

Assumption 2: In terms of energy use and tissue maintenance, it’s more costly for the
body to produce states of strong emotion than states of hedonic neutrality [55, p. 271].
The stronger the emotion, the greater the cost.

Definition: Let c be a real number representing the magnitude of cost that an organism
expends in producing an emotional state. Define c = 0 for the cost of producing a regular
equilibrium emotional state. Define E(c) to be the magnitude of enjoyment that results
when cost c is applied toward producing happiness. Let S(c) represent the corresponding
magnitude for su↵ering. Even though su↵ering is a “negative” emotion, let the magnitude
of S be � 0.

Assumption 3: E and S are both di↵erentiable functions of c and both have the same
shape.

Assumption 4: As cost increases, it takes more and more cost to produce the same
magnitude of change in emotional experience. In other words, E and S are concave.

Assumption 5: The hedonic value of being in a state of relative equilibrium is essentially
neutral; i.e., E(0) = 0 and S(0) = 0 [55, p. 271].

Definition: Let w be the value of c such that E(w) represents the enjoyment associated
with “winning.” Let ` be the value of c such that S(`) represents the su↵ering associated
with “losing.” The di↵erence in the utility of winning and losing is then E(w)+S(`).

Assumption 6: Organisms are motivated to survive and reproduce because they seek the
happiness of winning and hope to avoid the su↵ering of losing. In particular, the bigger is
E(w) + S(`), the more motivated organisms will be.
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Assumption 7: Organisms with greater motivation are more likely to survive. Hence,
in the long run, organisms will develop hedonic mechanisms that maximize E(w) + S(`)
subject to the constraint of having a fixed amount of resources available for producing
strong emotional states.

Result: These assumptions are su�cient to establish what Ng calls the “Buddhist premise”—
that for species with n > 1, the overall amount of su↵ering is greater than the overall
amount of happiness [55, p. 272].

Illustration: To take an example, let k > 0 be a constant, and suppose that E(c) =
S(c) = k ln(c + 1) for c � 0. As Ng suggests [55, p. 282], this seems consistent with the
Weber-Fechner law in psychology, which states that the perceived magnitude of a stimulus
is a logarithmic function of its actual magnitude [82].

Assumption 7 tells us to maximize E(w) + S(`) subject to the constraint bw + nb` =
constant, where b is the number of winning organisms in the species [55, p. 277]. This
gives the solution w = n`+ n� 1.3 If ` equals some amount `0, so that w = n`0 + n� 1,
what is the balance of su↵ering to happiness?

nbS(`0)� bE(n`0 + n� 1) = nbk ln(`0 + 1)� bk ln(n`0 + n)

= bk
h

n ln(`0 + 1)� lnn� ln(`0 + 1)
i

= bk
h

(n� 1) ln(`0 + 1)� lnn
i

.

Assuming b = k = `0 = 1, this equation reduces to

amount by which su↵ering exceeds happiness = (n� 1) ln 2� lnn,

which I plot in the following figure.

The labels in these figures are roughly based o↵ of data from [76, p. 37], which Ng includes
in a table in his piece [55, p. 270]. These data gave typical values for the number of

3To see this, use the method of Lagrange multipliers. Maximize f(w, `) := E(w) + S(`) = k ln(w+ 1) +
k ln(`+ 1) subject to g(w, `) := bw + nb` = constant. For some �,

rf = �rg
⇣

k

w + 1
,

k

`+ 1

⌘

= �(b, nb)

so that

w + 1 =
k

�b
and `+ 1 =

1

n

k

�b

w + 1 = n(`+ 1)

w = n`+ n� 1.
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o↵spring produced by a female during a mating season. For instance, the bullfrog (Rana
catesbeiana) lays between 6,000 and 20,000 eggs per brood. To incorporate this number
into Figure 2, I did the following:

• Take the average of the range: 13,000.

• Assume (conservatively) that a bullfrog has only one mating cycle in its lifetime.
Hence, a single female produces on average 13,000 eggs.

• In a stable population, two of those eggs, on average, will survive to maturity, while
the rest will die early. Hence, n = 13,000�2

2
⇡ 6, 500.

• In using this figure, I’m implicitly assuming that all of the other 13,000 - 2 organisms
fell into the “failure” group. If the reader finds this unrealistic, he or she may use
a larger number of successes—say 50. Then n = 13,000�50

50
= 259, which is still

considerable.

• I’m also implicitly assuming that all of the 13,000 eggs develop into a form capable
of feeling pain before they die. In fact, many of the eggs are probably eaten before
they hatch, while others fail to hatch altogether; if the eggs themselves feel no pain,
this does not cause su↵ering.

5 Emotional and Cognitive Biases

In this section, I suggest some biases that may a↵ect our assessments of wild-animal suf-
fering.

5.1 Availability Heuristic

The availability heuristic refers to the tendency of people to overestimate the probability
or prevalence of an outcome or feature of the world that they can readily imagine [4]. For
instance, people often assess the risks of airplane crashes, natural disasters, shark attacks,
and terrorism [4] as higher than they actually are because mental images of these events
are more available than images of, say, workplace injury.

The images of wild animals most readily available to many people are probably those from
movies, zoos, and backyard birdfeeders. Even when people walk through a forest, they
remark about the song of birds, the croaking of frogs, and the chirping of katydids. They
fail to notice the thousands of arthropods upon which they are stepping4 or the sick and

4An article called “Basic Facts: Insect Numbers” reports:

A person steps upon thousands of insects whenever walking outdoors. In an oak forest in
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dying frogs and birds that su↵er in quiet misery.

5.2 Selection Bias

Selection bias happens when a researcher draws conclusions about a population on the
basis of a statistically unrepresentative sample [71]. In this context, I intend the term to
refer to a slightly di↵erent concept: the idea that, as is often said, “History is written by
the winners.” Or in other words, the organisms who study wild animals and appraise their
welfare are usually well-o↵ human beings (not sick or marginalized members of human
society, nor rabbits, tadpoles, or flies). Many people in Western societies have never been
tortured, have never been chased by predators, and have never gone without food, water,
and warmth for days on end. Even if we were (hypothetically) to ask other animals in the
wild for their opinions, we would still be sampling “the winners” of the group; we would
miss out on the large numbers of babies that died shortly after being born.

Selection bias also applies to emotional states. If you were in a state of severe agony, you
wouldn’t be reading this paper right now. Most of your important moral and practical
decisions you probably make in a relatively “euthymic state”—one in which you have your
basic needs satisfied and feel mildly content. This is probably a good thing, since severe
pain makes us irrational.5 But it is important that we do not become complacent to
su↵ering. We musn’t blindly assume that other organisms share our emotional state, and
we must remind ourselves of what it’s like to su↵er.

5.3 Wishful Thinking

Wishful thinking refers to the tendency of people to predict better outcomes than ratio-
nality would dictate [84]. Related is the fallacy of rosy retrospection, in which people tend

Pennsylvania, researchers counted the number of arthropods in leaf litter and soil in samples
that were one foot square and three inches deep. They found an average of 9,759 arthropods
per square foot. Based on these counts, the researchers estimated that there were more than
425 million soil and litter arthropods per acre (43,560 square feet) of forest. [. . . ] In this study,
mites (Class Arachnida) were the most abundant kind of animal, averaging more than 294
million per acre. Springtails (Class Hexapoda, Order Collembola), which are closely related
to insects, averaged 119 million. Insects and other arthropods averaged 11 million per acre.
[5]

5In George Orwell’s 1984, O’Brien makes this point in its most extreme form:

[. . . F]or everyone there is something unendurable—something that cannot be contemplated.
Courage and cowardice are not involved. If you are falling from a height it is not cowardly
to clutch at a rope. If you have come up from deep water it is not cowardly to fill your lungs
with air. It is merely an instinct which cannot be destroyed. [59]
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to remember well the better parts of an experience (such as a vacation) and ignore the
irritating or unpleasant aspects of it [66]. At the same time, depressed people may be
more down to earth. At least, that’s the hypothesis of depressive realism, which claims
that people with depression tend to have more accurate perceptions than happy people,
especially as regards their own abilities [24].

The types of psychological mechanisms described above seem generally helpful in allowing
people to succeed in society, since those who don’t dwell on negative thoughts will pre-
sumably be more motivated, productive, and healthy. Of course, this analysis is slightly
complicated by the fact that positive delusions themselves actually make people happier,
so that those who think that their lives are better actually do have better lives, ceteris
paribus. But when we are examining the amount of su↵ering experienced by wild animals,
we should aim for accuracy, rather than the conclusion that will make us feel good about
the world. The sick gazelle that lies helpless on the ground, waiting to be torn apart by
predators, is not helped by our desire to paint rosy Potemkin villages of nature.

5.4 Reverence for Nature

People feel a wonderful sense of awe when they spend time in nature.

[. . . ] He is insensibly subdued
To settled quiet: he is one by whom
All e↵ort seems forgotten; one to whom
Long patience hath such mild composure given,
That patience now doth seem a thing of which
He hath no need. He is by nature led
To peace [. . . ] [85]

Thomas Huxley remarked:

The vast and varied procession of events, which we call Nature, a↵ords a sublime
spectacle and an inexhaustible wealth of attractive problems to the speculative
observer. If we confine our attention to that aspect which engages the attention
of the intellect, nature appears a beautiful and harmonious whole, the incar-
nation of a faultless logical process, from certain premisses in the past to an
inevitable conclusion in [the] future. But if it be regarded from a less elevated,
though more human, point of view; if our moral sympathies are allowed to in-
fluence our judgment, and we permit ourselves to criticise our great mother as
we criticise one another; then our verdict, at least so far as sentient nature is
concerned, can hardly be so favourable.

In sober truth, to those who have made a study of the phenomena of life as
they exhibited by the higher forms of the animal world, the optimistic dogma,
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that this is the best of all possible worlds, will seem little better than a libel
upon possibility. [39, p. 195-96]

Huxley went on to compare the natural world with “a gladiator’s show”:

The creatures are [. . . ] set to fight—whereby the strongest, the swiftest, and
the cunningest live to fight another day. The spectator has no need to turn
his thumbs down, as no quarter is given. He must admit that the skill and
training displayed are wonderful. But he must shut his eyes if he would not see
that more or less enduring su↵ering is the meed of both vanquished and victor.
And [. . . ] the great game is going on in every corner of the world, thousands of
times a minute; [. . . ] were our ears sharp enough, we need not descend to the
gates of hell to hear

sospiri, pianti, ed alti guai.

. . .

Voci alte e floche, e suon di man con elle[.6]

[39, p. 200]

Nature doesn’t care if the survivors are miserable; it only cares that they survive.7 [8]

6This passage from Dante’s Divine Comedy translates as follows:
Languages diverse, horrible dialects,
Accents of anger, words of agony,
And voices high and hoarse, with sound of hands,

Made up a tumult that goes whirling on
For ever in that air for ever black,
Even as the sand doth, when the whirlwind breathes. [21, Inferno: Canto III]

7There may be some evolutionary argument for the hypothesis that, before animals mature, their lives
are not brutally awful most of the time, for if their lives were, the animals might find it harder to reproduce.
(In fact, this is one of many arguments against pain in plants: if plants did su↵er, it would only induce
stress and would yield no survival benefit, since they wouldn’t be able to run away.) Once animals enter
old age, though, there’s no evolutionary influence to counteract terrible su↵ering; for instance, there’s no
evolutionary benefit for having a mechanism to palliate the pain of death, since such a mechanism could
not enhance the organism’s ability to propagate children [23].

In addition, this analysis ignores the vast majority of animals that don’t make it to reproductive age.
These individuals may very well su↵er horribly as they die from hunger, disease, and predation. Indeed, in
this case, there’s an evolutionary argument for the hypothesis that most animals which fail to reproduce
and die young have miserable lives [55, 16]. In many species, fitness is enhanced by overproducing o↵spring
so that only those best adapted survive. “Most children left behind” could be the motto of this process.

19



6 Conclusion

The challenge of wild-animal su↵ering is di�cult, but it is also highly important. Between
50 and 100 million animals are killed each year in laboratory experiments, according to
sources in [2]. A conservative figure for the number of land-based farm animals killed for
food each year around the world is 55 billion, according to the UN Food and Agriculture
Organization (see [3]). But there are 1018 insects in the world [77], and a few more non-
insect wild animals. As serious as animal pain due to experiments and agriculture may be,
the number of wild animals that su↵er in preventable ways is probably far higher.

A few philosophers have raised the question of whether intervention in nature is morally
obligatory [69, 53, 29, 19]. Of course, as the quotations in Section 1 noted, such inter-
vention might often cause more harm than good, at least until scientists acquire a much
better understanding of ecology. But perhaps some day, humans will develop the knowl-
edge and technology to address the problem in a serious way. In order to make that day
come sooner, perhaps the best thing we can do is promote concern for wild-animal su↵ering
as a serious ethical issue, among animal-welfare activists, academics, and the general pub-
lic. (See “The Importance of Wild-Animal Su↵ering,” http://www.utilitarian-essays.
com/suffering-nature.html, for further discussion.)

Little action to help wild animals will be taken until the brutality of nature is put on
the map of social concerns in the same way that, e.g., inhumane animal treatment in
laboratories and factory farms was over the past few decades, thanks to Peter Singer, Tom
Regan, and others. If readers can think of anyone who might be interested in writing
an Animal Liberation-style defense of the urgency of wild-animal su↵ering, please let me
know: webmaster [“at”] utilitarian-essays.com
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Abstract 
The “Levels of Digital Preservation” being refined now by 

the National Digital Stewardship Alliance (NDSA), is a tiered set 

of recommendations on how organizations should begin to build 

or enhance their digital preservation activities. A work in 

progress, it is intended to be a relatively easy-to-use set of 

guidelines useful not only for those just beginning to think about 

preserving their digital assets, but also for institutions planning 

the next steps in enhancing their existing digital preservation 

systems and workflows. It allows institutions to assess the level of 

preservation achieved for specific materials in their custody.  It is 

not designed to assess the robustness of digital preservation 

programs as a whole since it does not cover such things as 

policies, staffing, or organizational support. The guidelines are 

organized into five functional areas that are at the heart of digital 

preservation systems: storage and geographic location, file fixity 

and data integrity, information security, metadata, and file 

formats. 

This paper presents the Levels, explains the context of the 

project’s development within the NDSA, describes the rationale 
behind each of the guidelines and why they were prioritized the 

way they were, suggests how the guidelines may be used, and 

compares and contrasts the Levels to other ways of assessing 

stages of digital preservation.  Other assessment models include 

Nancy McGovern and Anne Kenney’s “The Five Organizational 

Stages of Digital Preservation,”  Charles Dollar and Lori 

Ashley’s “Digital Preservation Capability Maturity Model,” and 
OCLC Research’s 2012 report, “You’ve Got to Walk Before You 
Can Run:  First Steps for Managing Born-Digital Content 

Received on Physical Media.”  Finally, the paper requests 

feedback on the work in progress and outlines planned future 

work. 

Introduction and Background  
The National Digital Stewardship Alliance (NDSA), a diverse 

group of over 140 organizations whose mission is to “establish, 

maintain, and advance the capacity to preserve our nation's digital 

resources for the benefit of present and future generations” [1] has 
recently developed the NDSA Levels of Digital Preservation. The 

Levels of Digital Preservation are a tiered set of guidelines and 

practices intended to offer clear, baseline instructions on 

preserving digital content at four progressive levels of 

sophistication across five different functional areas. The 

recommended activities within the Levels are agnostic towards 

both content type and technology, focused on specific preservation 

actions (as opposed to organizational requirements), and are 

designed to offer a practical blueprint that can be utilized by 

institutions of all sizes and resource levels to perform digital 

preservation. The primary goal of the Levels of Digital 

Preservation chart is to meet the need for straightforward, 

accessible practices that are more substantial than the conventional 

digital archiving advice geared towards individuals, but less 

daunting and demanding than those required for certification as a 

trustworthy digital repository. This paper describes the Levels of 

Digital Preservation‟s origins and development within the NDSA, 
explains its purpose and goals, reviews related digital preservation 

models, presents the levels, and explicates them. The paper 

includes suggestions for using the Levels and implementing its 

activities. The paper closes with future plans for encouraging 

further community feedback and supporting the continued 

evolution and refinement of the Levels. 

At the core of the Levels of Digital Preservation‟s creation 
and development is the collaborative spirit that underpins the 

NDSA. As an alliance composed of a variety of institutions, from 

large research universities to small cultural heritage institutions, 

from non-profit organizations to commercial partners, the NDSA 

offers an ideal environment to develop a resource beneficial to the 

varied types of individuals and institutions operating or hoping to 

initiate digital preservation programs. The NDSA contains a 

multiplicity of skills, expertise, and experience in a diverse 

membership dedicated to the many tasks and responsibilities 

involved in digital stewardship. This diversity was invaluable in 

conceptualizing and articulating the goals and final form of the 

Levels of Digital Preservation. This project was also notable as 

being the first NDSA-wide collaboration, as it featured members 

drawn from all five of the NDSA‟s Working Groups: Content, 
Standards, Infrastructure, Innovation, and Outreach. The team 

working on this project thus reflected the diversity of the NDSA 

membership and it ability to work in cooperative, cross-discipline 

groups. 

The project to define levels of digital preservation originated 

when a number of different NDSA members recognized the need 

for practical, actionable, and scalable digital preservation guidance 

that was accessible both to those just getting started and those with 

fully implemented preservation programs. In informally surveying 

NDSA members, as well as researching existing digital 

preservation models, the project team identified a number of 

desired goals for the Levels of Digital Preservation. The team 

wanted the Levels to feature actions independent of specific 

formats, content types, and storage systems, thus enhancing their 

usability across domains.  The team wanted the levels of digital 

preservation to be comprehensive in scope, but also simple and 

practical as far as specific actions. The Levels should be able to 



 

 

inform immediate procedures to mitigate the loss of digital content, 

but also be broad enough to help forecast next steps in 

preservation and support strategic planning and internal advocacy 

for preservation efforts. 

The project team focused on creating a matrix of activities 

that were detailed enough to be meaningful, while still being 

succinct enough to fit on a single page, a goal intended to enhance 

the chart‟s intellectual accessibility and demystify the sometimes-

bewildering array of activities involved in digital preservation. The 

team wanted its product to define a community-approved 

minimum level of prerequisites for performing digital preservation 

while providing recommendations for making existing programs 

more robust. Furthermore, the team also wanted the language of 

the Levels to be non-technical and free of jargon, a strategy 

intended to avoid alienating or confusing those who are new to 

digital preservation. Similarly, the Levels would take a non-

judgmental approach in order to be of maximum utility to those 

institutions unsure of how to begin a digital preservation program. 

Fundamentally, the NDSA wants the Levels of Digital Preservation 

to be accessible and wants them to be used. 

The tiered, matrix approach of the Levels of Digital 

Preservation features multiple levels and content areas, and is 

intended to allow for flexibility -- users can achieve different levels 

in different content areas according to their unique needs and 

resources. Importantly, the team wanted the Levels to focus on 

practices, not policies or workflows, in order to allow immediate 

implementation. In this same spirit, the current Levels chart is 

considered “Version One,” recognizing that a core feature of the 
Levels project is its community- and use-driven evolution. The 

final goal of the Levels team was to design a resource that, like 

digital stewardship itself, will adapt and improve over time. The 

ongoing, dedicated support of the NDSA membership and the 

broader community will be fundamental to the continued 

development of the Levels of Digital Preservation. 

Comparison with Existing Models 
The Levels team reviewed existing digital preservation tools 

and documents when proposing the NDSA Levels work. The team 

felt that nothing available as of spring 2012 specifically addressed 

the need for practical technical guidance when a preservationist 

takes preliminary first steps or builds on steps already taken. After 

the project was begun, the team did a more systematic review of 

the other tools to document the niche into which the NDSA Levels 

fit. Much of the existing work on models of digital preservation 

aims to advise a management audience rather than a technical 

audience and addresses the holistic digital preservation program. 

In contrast, the NDSA Levels chart assumes an audience of digital 

preservation practitioners, people who will be responsible for 

taking practical, hands-on action. The NDSA Levels chart offers 

activities that can progressively reduce various risks to digital 

materials, so the unit of analysis is not the whole digital 

preservation program, but rather the specific materials to be 

preserved. 

In 2003, when Nancy McGovern and Anne Kenney wrote, 

“The Five Organizational Stages of Digital Preservation,” many 
organizations seemed paralyzed and unable to take the first steps 

toward a digital preservation program because they were waiting 

for a good technical solution to appear. McGovern and Kenney 

wrote that organizational readiness rather than technology is 

actually the main impediment to progress in digital preservation at 

many institutions, so their paper addresses the stages in 

development of an organizational program to sustain digital 

preservation. [2] 

Much of the work in the following years also addressed 

organizational support for digital preservation, including TRAC 

[3]; other recent products that discuss levels of preservation are 

based closely on TRAC and inherit the holistic program focus of 

assessment. Charles Dollar and Lori Ashley‟s “Digital Preservation 
Capability Maturity Model,” [4] for example, uses assessment 
criteria drawn from TRAC and related products in a 

comprehensive and rigorous assessment of the levels through 

which a digital preservation program should evolve. 

These products are extremely useful for managers and 

administrators who are designing programs and planning for their 

evolution. However, they provide little practical guidance to the 

practitioner figuring out what steps to take to decrease the risk to 

the digital material in his or her custody. While in 2003 McGovern 

and Kenney were concerned that organizational readiness was a 

major stumbling block to starting digital preservation work, the 

NDSA Levels team still saw many institutions of all types 

struggling to get started in 2012 and proposed a return to a focus 

on the technical steps in preservation. Perhaps both types of 

guidance documents together can help institutions launch robust 

digital preservation programs starting from modest but first steps. 

The Levels team was not the only group to place renewed 

focus on practical technical steps in 2012. OCLC Research also 

came out with a paper on a similar theme, “You‟ve Got to Walk 
Before You Can Run:  First Steps for Managing Born-Digital 

Content Received on Physical Media.” [5] This paper bears the 
closest resemblance to the NDSA Levels of Digital Preservation, 

and in fact some of its technical recommendations are the same as 

those in the NDSA  chart‟s guidance. The OCLC document has a 
narrower scope, however. OCLC Research limits its scope to born 

digital content on physical media, and addresses only the first 

steps, not a sequence of steps that can progressively reduce risk to 

digital material. 

Given this survey of existing and emerging tools, the NDSA 

team believes its Levels of Digital Preservation fills a need that is 

not specifically addressed anywhere else. 

Levels of Digital Preservation 

Version 1 
It is expected that the Levels of Digital Preservation will be 

updated over time as additional feedback is received, experience is 

gained implementing its recommendations and as empirical 

research provides detailed information about data loss. For this 

reason, each iteration of the Levels will be versioned.  Version 1 is 

shown in Table 1. 

 

 

 

 

 



 

 

Table 1: Version 1 of the Levels of Digital Preservation 

 Level 1 (Protect 

your data) 

Level 2 (Know your 

data) 

Level 3 (Monitor your 

data) 

Level 4 (Repair your 

data) 

Storage and 

Geographic 

Location 

- Two complete 

copies that are not 

collocated 

- For data on 

heterogeneous 

media (optical 

discs, hard drives, 

etc.) get the content 

off the medium and 

into your storage 

system 

- At least three 

complete copies 

- At least one copy in a 

different geographic 

location 

- Document your 

storage system(s) and 

storage media and 

what you need to use 

them 

- At least one copy in a 

geographic location 

with a different 

disaster threat 

- Obsolescence 

monitoring process for 

your storage system(s) 

and media 

- At least three copies 

in geographic 

locations with different 

disaster threats 

- Have a 

comprehensive plan in 

place that will keep 

files and metadata on 

currently accessible 

media or systems 

File Fixity and Data 

Integrity 

- Check file fixity on 

ingest if it has been 

provided with the 

content 

- Create fixity info if 

it wasn’t provided 
with the content 

- Check fixity on all 

ingests 

- Use write-blockers 

when working with 

original media 

- Virus-check high risk 

content 

 

- Check fixity of 

content at fixed 

intervals 

- Maintain logs of fixity 

info; supply audit on 

demand 

- Ability to detect 

corrupt data 

- Virus-check all 

content 

- Check fixity of all 

content in response to 

specific events or 

activities 

- Ability to 

replace/repair 

corrupted data 

- Ensure no one 

person has write 

access to all copies 

Information Security - Identify who has 

read, write, move 

and delete 

authorization to 

individual files 

- Restrict who has 

those authorizations 

to individual files 

- Document access 

restrictions for content 

 

 

- Maintain logs of who 

performed what 

actions on files, 

including deletions 

and preservation 

actions 

- Perform audit of logs 

Metadata - Inventory of 

content and its 

storage location 

- Ensure backup 

and non-collocation 

of inventory 

- Store administrative 

metadata 

- Store transformative 

metadata and log 

events 

- Store standard 

technical and 

descriptive metadata 

- Store standard 

preservation metadata 

File Formats - When you can 

give input into the 

creation of digital 

files encourage use 

of a limited set of 

known open 

formats and codecs 

- Inventory of file 

formats in use 

- Monitor file format 

obsolescence issues 

- Perform format 

migrations, emulation 

and similar activities 

as needed 

General Structure of the Levels: Categories and 
Tiers 

The overall structure of the chart is progressive -- the actions 

in the first level are either necessary prerequisites for those in the 

second to fourth levels or are themselves the most pressing 

activities to accomplish first. The five general categories (Storage 

and Geographic Location, File Fixity and Data Integrity, 

Information Security, Metadata and File Formats) were agreed 

upon early in the project. These areas were identified by the Levels 

team as the broad conceptual areas of focus for thinking through 

technical and immediate threats to digital preservation. In this 

respect, these categories are the categories that the subject matter 

experts on the Levels team use to categorize their own work. This 

is how the team members describe the risks and threats that they 

work to mitigate. 

In relation to other work, some readers might ask why issues 

with rights and/or policies have been excluded. From the start, the 

team was primarily concerned with technical issues; the goal was 

to identify the technical functions and features one would want to 

see occurring somewhere to ensure long term access to digital 

content, not the social or legal structure that would be in place to 



 

 

sustain those activities. Again, the goal of this project is not to 

provide a plan for digital preservation but to provide a chart to 

help anyone interested in long term access to digital information 

evaluate how they are doing in terms of mitigating risk of loss and 

identify concrete technical next steps they can take to move all or 

part of their operation to the next level. 

Broadly speaking, as one moves up each of the tiers from 

Level 1 to Level 4, one is moving from the basic need to ensure bit 

preservation towards broader requirements for keeping track of 

digital content and being able to ensure that it can be made 

available over longer periods of time. While the names for the five 

general categories in the grid were agreed upon early in this work, 

there was difference of opinion on the extent to which the labels 

for each of the levels (Protect Your Data, Know Your Data, 

Monitor Your Data, and Repair Your Data) should be included. 

Some in the team wanted to leave the labels out and strictly work 

to organize the document according to the perceived biggest risks 

to mitigate loss. Others in the group felt that the labels helped 

conceptually organize the grid and helped to explain the general 

overarching goals of each level. The conceptual value of the 

categories won out, and remains part of the chart.  However, it is 

important to note that the labels applied to each level are rough 

characterizations and not edicts about exactly what should go in a 

given level. In any case when the conceptual purity of ordering 

particular activities was in contest with the pragmatic realities of 

what the team thought needed to be addressed first, the team sided 

with the pragmatic action over conceptual purity. 

Detailed Explanation of Levels and Tiers 
In what follows the reasoning behind each of the particular 

features of each individual level is briefly articulated. 

Storage and Geographic Location 
The first factor on the grid focuses attention on the storage of 

digital information. As one moves up the levels one is keeping 

additional copies, which helps to hedge against threats of loss due 

to bit rot and failures in storage media and systems. Similarly, as 

one moves up the levels one incorporates additional geographic 

locations to hedge against regional threats (like natural and 

manmade disasters) to storage systems. At the very base level, the 

first step one should take to ensure access to materials in the future 

would take is to create a second copy. Thus that requirement is the 

first item on the chart. 

Aside from these two general trends across this category, the 

first level asks that one get data that comes in on heterogeneous 

media (optical disks, external hard drives, etc.) off of the 

removable media and into a storage system. The team identified 

this as an essential first step, as this kind of heterogeneous storage 

media is at risk of failure and requires significant manual effort to 

ensure data integrity. Further, this first step is necessary as a means 

to enable the kinds of preservation action required in many other 

parts of the levels document. The term “storage system” is 
intentionally vague as the team did not want to focus too much on 

any particular storage technology. Given the nature of the full set 

of requirements in the levels document, storage system should 

generally be understood as either a nearline or online system using 

either all spinning disk or some combination of spinning disk and 

magnetic tape. 

Levels 2, 3, and 4 have additional requirements that focus on 

ensuring the longevity of storage systems: first requiring 

documentation of the system, then requiring an obsolescence 

monitoring process for storage systems and media and finally a 

comprehensive plan for keeping content on currently accessible 

media or systems. The intention in making these steps incremental 

is largely to spread out a set of activities that would all be nice to 

have but which become increasingly complex and require the work 

of the previous level to be possible. 

File Fixity and Data Integrity 
One of the most essential components of digital preservation 

is being able to attest to the fixity and integrity of the materials 

being preserved. This is a foundational component of digital 

preservation, but for many organizations checking the fixity of 

content remains a challenge. The goal of this category is to provide 

a series of steps that will take an organization to a stage where it is 

acting robustly to ensure the fixity of their content. 

At the first level, the recommendation is simply to check the 

fixity on ingest if fixity information is provided for content (likely 

MD5 or SHA-1 cryptographic hashes) or to generate fixity 

information if none were provided. This is a necessary first step for 

an organization to validate that the content they preserved is what 

they intended to preserve. Many organizations are accomplishing 

this by making use of tools like Bagger [6] or usage of the BagIt 

specification [7] to package digital content. 

From there, the next levels bring in additional activities to 

help further ensure the integrity of content. Most notably, Level 2 

requires fixity checks on all ingests, and Levels 3 and 4 move into 

increasingly strong requirements for ongoing checking of digital 

content. The requirements in Levels 3 and 4 shift from placing 

trust in the quality and performance of particular storage media 

and shift to thinking of preservation as being ensured through 

repeated ongoing checking of content. This provides the added 

level of assurance and the ability to confidently assert the fixity of 

content one is stewarding. 

Information Security 
The information security section focuses primarily on 

understanding who has access to content, who can perform what 

actions on that content and enforcing these access restrictions. It 

starts with basic and simple steps to identify who can do what to 

the content. This is essential as without having procedures in place 

to restrict what can be done with content, one invites the risk of 

someone incorrectly deleting content. From there, Level 2 

progresses to access restrictions. Level 3 suggests keeping logs of 

actions, which helps to bring an organization‟s approach in line 
with archival best practices. Level 4 brings in the added 

requirement of auditing logs of those actions which helps to 

double check that intended activities and actions are actually 

happening. 

Like many of the other sections, these levels were arrived at 

largely by establishing what one would need to have in place as a 

prerequisite for more advanced requirements and calibrated to 

minimize risk in relation to the other risks the team perceived 

across the other categories. 



 

 

Metadata 
While issues related to metadata appear in many of the other 

levels, it was decided that it was critical to give the issue its own 

row in the chart. The team defines metadata broadly, including 

everything from inventory information about the location of files, 

broader sets of administrative metadata (for example when and 

how it was created, and who can access it), transformative 

metadata documenting and logging events that have resulted in 

changes in objects, to technical and descriptive metadata, and 

ultimately preservation metadata. 

In organizing the levels in the order presented the team 

suggests the most essential metadata at the lower levels and at 

higher levels, the additional layers of metadata that will make 

content both better protected and more identifiable and accessible. 

It is worth noting, that in most systems nearly all of this metadata 

(with the exception of descriptive metadata) can and should be 

generated and processed computationally and not manually. 

File Formats 
Digital objects are intimately dependent on the structure and 

nature of their file formats. The file formats section of the chart is 

the section that underwent the most change and revision in the 

process of public review of the Levels. The recommendation the 

team settled on allows for the possibility that not all formats will 

need migration or emulation, but that at Level 4, preservation 

interventions will be actively pursued for any formats that require 

them. 

The first level simply suggests that organizations, when 

possible, encourage the use of limited sets of known and open file 

formats. This is particularly the case in situations where an 

organization is digitizing material and has considerable say in what 

formats to use. For that kind of work, authoritative sources such as 

the Federal Agencies Digitization Guidelines [8] should be 

consulted for additional file format advice. With that noted, in 

many other contexts, including collecting born digital archival 

material from heterogeneous tangible media or web archiving it 

would not be feasible to force any changes in file formats as a 

basic requirement. 

Successive levels begin to document the formats in use, 

monitor them for obsolescence issues, and ultimately to engage in 

migrations, support emulation, or look into other modes of 

ensuring that preserved content is usable and accessible in the 

future. The team placed actions based on format obsolescence in 

the fourth level for several reasons. First, while obsolescence is a 

formidable problem, it requires one to have made it through the 

hurdles of basic bit preservation and data management. In short, if 

a file cannot be opened, it is still a file in one‟s possession. Aside 
from this, as issues around migration and emulation are areas of 

extensive ongoing research and development it is likely that while 

an organization is addressing issues related to the first three levels 

there will be substantive advances in working with some of the file 

formats they are stewarding. It‟s better to get one‟s house in order 
first and then join in ongoing discussions of when particular 

approaches to migration and emulation are applicable to particular 

goals. 

Using the Guidelines 
The initial use case envisioned by the Levels team was as a 

reference for organizations to consult when prioritizing 

enhancements to digital preservation systems. Although the 

guidelines are still relatively new, they are proving not only to be 

useful for that purpose, but also in unanticipated ways.  Other 

possible uses for the preservation levels are described in this 

section. 

Use: Identify where there is and isn’t general 
consensus in the preservation community 

To get to this first version of the Levels, there was a great deal 

of discussion and debate among the NDSA members who 

produced it. Numerous versions of the Levels were produced and 

modified based on these discussions. During the course of this 

work, the Levels evolved into a product that still had a few items 

without unanimous support, but in general the team was behind the 

guidelines. After the Levels were published to the Web, another 

round of discussion and debate ensued, this time including 

practitioners from around the world, over important topics such as 

the usefulness (or not) of validating file formats, whether or not 

format normalization on ingest is an activity we should all be 

striving to implement, and how many different copies need to be in 

locations with different disaster threats. Where there seemed to be 

consensus, the suggestions were incorporated into what became 

version 1. It is expected that as the Levels are reviewed and 

debated in additional forums over time, and the consensus is 

incorporated into revisions, they will continue to reflect the 

community‟s digital preservation best practices. 

Use: Educate and develop guidelines for content 
creators and contributors 

A thorough reading of the Levels chart reveals that there is a 

direct relationship between the activities and efforts of content 

creators (e.g. use of open formats and codecs, degree of content 

description) and the level of preservation service that can be 

provided for the content. For example, if content creators supply 

some descriptive metadata about the content, there is the 

possibility that the content can receive Level 3 service. An 

organization could use this chart directly as an educational tool or 

transform its information into guidelines to show content creators 

how they can contribute to better preservation for their content. 

Use: Validate preservation guidance given locally 
One person giving feedback on version 1 of the Levels said, 

“It‟s the kind of thing we need at the NPS to be able to 

demonstrate to practitioners and managers that we aren‟t just 
„making things up‟ when it comes to preservation 
recommendations.” [9] Because the guidelines presented in the 
Levels chart were produced by digital preservation practitioners, it 

is likely that they will intersect in whole or part with 

recommendations and advice given locally within our institutions. 

Where this occurs practitioners can point to the Levels chart as 

evidence that their local advice is in sync with the larger 

preservation community's thinking and practices. 



 

 

Use: Develop requirements for third-party 
preservation service providers 

The Levels chart defines some of the core minimum 

requirements for preservation. These guidelines could be re-

expressed from a content holder‟s perspective as requirements 
when soliciting or negotiating preservation services from external 

companies or organizations. For example an RFP could specify 

that all of the activities described in the File Fixity and Data 

Integrity row be implemented. 

Use: Assess compliance with preservation best 
practices and identify key areas to improve 

The Levels chart looks deceptively simple but in actuality it 

can support multiple types of assessments. The unit of assessment 

is flexible. It can be used to assess the preservation capabilities of 

an entire preservation repository or one component of the 

repository (e.g. storage). Or it can be used to assess the degree of 

preservation received by particular collections or streams of 

content. The portion of the chart referenced can vary also. The 

Level 1 column can be used alone to reference recommended first 

steps. Or a single row could be referenced to drill down in a 

particular area (e.g. just “Storage and Geographic Location”). 
Alternatively the full chart could be used to do an overall 

assessment. 

Unlike some of the other assessment models, the result of an 

assessment using the Levels isn‟t likely to be a single score, e.g 
Level 2. The chart is composed of five different functional areas 

(Metadata, etc.) that are not necessarily correlated within a given 

implementation. For example an institution may find that their 

repository is at Level 2 for Information Security but Level 3 for 

metadata. In addition, within a functional area, the levels do not in 

all cases build on prior levels. An institution could find that it 

complies with Level 3 for metadata but not Level 2. Finally, many 

of the cells contain multiple guidelines. An institution may find 

that it only partly complies with Level 2 for File Fixity and Data 

Integrity.  For these reasons the levels are better viewed as 

progressive stages or levels of service instead of “scores”. They 
can be used to identify broad areas to improve, identify areas of 

service excellence and pinpoint specific enhancements to make in 

order to comply with best practices. In addition they can be used to 

demonstrate the effect of large enhancement projects and to track 

progress over time. 

The Levels team is hoping to learn how others are using the 

Levels to perform assessments of their preservation repositories. 

One method that has proven to be useful in one of the team 

members‟ institutions is described here. Within this institution, a 
large repository enhancement project (called project x here) is in 

progress. Each of the functional areas was reviewed sequentially 

from Level 1 through Level 4. For each cell, one of 5 values was 

written to a summary table: 

 PASS - means that we already are doing these activities 

 PASS (improved after project x) - means that we are 

already doing these activities but we will have an even 

better implementation after project x is complete 

 PASS (after project x) - means that we will be doing 

these activities after project x is complete 

 INCOMPLETE - means that we are doing the activity 

somewhat but not in an entirely satisfactory way 

 FAIL - means that we are not doing this activity 

 

As a result of coding each cell with one of these values and 

coloring the cells to make the patterns obvious visually, the 

summary table provides a powerful visualization of not only how 

the repository compares to this set of best practices, but also the 

effect of the enhancement project in progressing to where we want 

to be. Often enhancements to preservation systems can be largely 

“behind the scenes” so visualizations like this summary table 

provides can help justify the costs and effort by communicating the 

value to the organization. Information about additional purposes 

the Levels of Digital Preservation could serve or examples of 

actual use of the levels would be useful feedback. 

Feedback and Future Work 
As noted throughout this paper, the Levels were developed in 

a collaborative environment and they are still a work in progress. 

 The Levels team actively invites comments and suggestions for 

how to improve the document.  This paper and the associated 

Archiving 2013 presentation are mechanisms for the Levels team 

to spread the word further and invite more experts in the field to 

review and help refine the document.  Levels team members are 

presenting the levels to other professional organizations and 

requesting their input during the course of 2013. 

Readers can e-mail comments and suggestions to the paper‟s 
authors at the addresses provided below.   Revisions will continue 

until the Levels stabilize at a broad consensus view of the 

progression of technical steps recommended for decreasing the risk 

to digital materials. Comments received by August 31, 2013 will 

be considered in drafting the next version of the document. 

 Jefferson Bailey jbaley@metro.org 

 Andrea Goethals andrea_goethals@harvard.edu 

 Trevor Owens trow@loc.gov 

 Meg Phillips meg.phillips@nara.gov 

 

In addition to revising the Levels chart, the project team plans 

several other types of future work.  Based on earlier feedback, the 

team plans to incorporate definitions of terms used in the chart, 

and resources available to plan or execute each step. The team is 

considering including information about how the Levels might be 

used (as described above) in the document itself.  The team would 

also like to provide a version of the chart online that allows the 

user to drill down on each cell of each level to access definitions 

and resources relevant to that topic.  Feedback on these plans 

would be welcome as well. 
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Abstract

   This document specifies BagIt, a hierarchical file packaging format
   for storage and transfer of arbitrary digital content.  A "bag" has
   just enough structure to enclose descriptive "tags" and a "payload"
   but does not require knowledge of the payload's internal semantics.
   This BagIt format should be suitable for disk-based or network-based
   storage and transfer.

Status of this Memo

   This Internet-Draft is submitted in full conformance with the
   provisions of BCP 78 and BCP 79.

   Internet-Drafts are working documents of the Internet Engineering
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   and may be updated, replaced, or obsoleted by other documents at any
   time.  It is inappropriate to use Internet-Drafts as reference
   material or to cite them other than as "work in progress."

   This Internet-Draft will expire on October 4, 2012.

Copyright Notice

   Copyright (c) 2012 IETF Trust and the persons identified as the
   document authors.  All rights reserved.

   This document is subject to BCP 78 and the IETF Trust's Legal
   Provisions Relating to IETF Documents
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   publication of this document.  Please review these documents
   carefully, as they describe your rights and restrictions with respect
   to this document.  Code Components extracted from this document must
   include Simplified BSD License text as described in Section 4.e of
   the Trust Legal Provisions and are provided without warranty as
   described in the Simplified BSD License.

Boyko, et al.            Expires October 4, 2012                [Page 2]



 
Internet-Draft                    BagIt                       April 2012

Table of Contents

   1.  Introduction . . . . . . . . . . . . . . . . . . . . . . . . .  4
     1.1.  Purpose  . . . . . . . . . . . . . . . . . . . . . . . . .  4
     1.2.  Requirements . . . . . . . . . . . . . . . . . . . . . . .  4
     1.3.  Terminology  . . . . . . . . . . . . . . . . . . . . . . .  4
   2.  Structure  . . . . . . . . . . . . . . . . . . . . . . . . . .  6
     2.1.  Required Elements  . . . . . . . . . . . . . . . . . . . .  6
       2.1.1.  Bag Declaration: bagit.txt . . . . . . . . . . . . . .  6
       2.1.2.  Payload Directory: data/ . . . . . . . . . . . . . . .  6
       2.1.3.  Payload Manifest: manifest-<alg>.txt . . . . . . . . .  7
     2.2.  Optional Elements  . . . . . . . . . . . . . . . . . . . .  7
       2.2.1.  Tag Manifest: tagmanifest-<alg>.txt  . . . . . . . . .  7
       2.2.2.  Bag Metadata: bag-info.txt . . . . . . . . . . . . . .  8
       2.2.3.  Fetch File: fetch.txt  . . . . . . . . . . . . . . . . 10
       2.2.4.  Other Tag Files  . . . . . . . . . . . . . . . . . . . 11
     2.3.  Text Tag File Format . . . . . . . . . . . . . . . . . . . 11
     2.4.  Bag Checksum Algorithms  . . . . . . . . . . . . . . . . . 11
   3.  Complete, Incomplete, and Valid bags . . . . . . . . . . . . . 12
   4.  Serialization  . . . . . . . . . . . . . . . . . . . . . . . . 13
   5.  Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
     5.1.  Example of a basic bag . . . . . . . . . . . . . . . . . . 14
     5.2.  Another example bag  . . . . . . . . . . . . . . . . . . . 14
   6.  Security Considerations  . . . . . . . . . . . . . . . . . . . 16
     6.1.  Special directory characters . . . . . . . . . . . . . . . 16
     6.2.  Control of URLs in fetch.txt . . . . . . . . . . . . . . . 16
     6.3.  File sizes in fetch.txt  . . . . . . . . . . . . . . . . . 16
   7.  Practical Considerations (non-normative) . . . . . . . . . . . 17
     7.1.  Disk and network transfer  . . . . . . . . . . . . . . . . 17
     7.2.  Interoperability . . . . . . . . . . . . . . . . . . . . . 17
       7.2.1.  Checksum tools . . . . . . . . . . . . . . . . . . . . 17
       7.2.2.  Windows and Unix file naming . . . . . . . . . . . . . 18
   8.  Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . 19
   9.  References . . . . . . . . . . . . . . . . . . . . . . . . . . 20
   Appendix A.  Change history  . . . . . . . . . . . . . . . . . . . 21
     A.1.  Changes from draft-05, 2011.04.15  . . . . . . . . . . . . 21
     A.2.  Changes from draft-04, 2009.12.20  . . . . . . . . . . . . 21
     A.3.  Changes from draft-03, 2009.04.11  . . . . . . . . . . . . 22
     A.4.  Changes from draft-02, 2008.07.11  . . . . . . . . . . . . 23
     A.5.  Changes from draft-01, 2008.05.30  . . . . . . . . . . . . 24
     A.6.  Changes from draft-00, 2008.03.24  . . . . . . . . . . . . 24
   Authors' Addresses . . . . . . . . . . . . . . . . . . . . . . . . 26

Boyko, et al.            Expires October 4, 2012                [Page 3]



 
Internet-Draft                    BagIt                       April 2012

1.  Introduction

1.1.  Purpose

   BagIt is a hierarchical file packaging format designed to support
   disk-based or network-based storage and transfer of arbitrary digital
   content.  A bag consists of a "payload" and "tags".  The content of
   the payload is the custodial focus of the bag and is treated as
   semantically opaque.  The "tags" are metadata files intended to
   facilitate and document the storage and transfer of the bag.  The
   name, BagIt, is inspired by the "enclose and deposit" method
   [ENCDEP], sometimes referred to as "bag it and tag it".

   Implementors of BagIt tools should consider interoperability between
   different platforms, operating systems, toolsets, and languages.
   Differences in path separators, newline characters, reserved file
   names, and maximum path lengths are all possible barriers to moving
   bags between different systems.  Discussion of these issues may be
   found in the Interoperability section of this document.

1.2.  Requirements

   The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
   "SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
   document are to be interpreted as described in [RFC2119].

   An implementation is not compliant if it fails to satisfy one or more
   of the MUST or REQUIRED level requirements for the protocols it
   implements.  An implementation that satisfies all the MUST or
   REQUIRED level and all the SHOULD level requirements for its
   protocols is said to be "unconditionally compliant"; one that
   satisfies all the MUST level requirements but not all the SHOULD
   level requirements for its protocols is said to be "conditionally
   compliant."

1.3.  Terminology

   This specification uses a number of terms to describe BagIt, some of
   which are in common use, some of which are newly defined by this
   specification, and others which may have meanings obvious only to
   those in the community from which this spec arose.  Terms defined in
   this section are intended to clarify any ambiguity.

   bag  A set of opaque data contained within the structure defined by
      this specification.
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   bag declaration  The tag file required to be in all bags conforming
      to this specification.  Contains tags necessary for bootstrapping
      the reading and processing of the rest of a bag.  See
      Section 2.1.1.

   bag checksum algorithm  A reference to a cryptographic checksum
      algorithm, such as MD5 or SHA-1, with its name normalized for use
      in a manifest or tag manifest file name.  See Section 2.4.

   complete  A bag which comprises all elements required by this
      specification, with all files listed in all payload and tag
      manifests present, all payload files present listed in at least
      one manifest.  See Section 3.

   payload  The data encapsulated by the bag.  The contents of the
      payload are opaque to this specification, and are always
      considered as a set of octet streams.  See Section 2.1.2.

   serialized bag  A bag that has been serialized into a single,
      monolithic file.  See Section 4.

   tag directory  A directory that contains one or more tag files.

   tag file  A file that contains metadata intended to facilitate and
      document the storage and transfer of the bag.

   valid  A complete bag wherein every checksum in every payload
      manifest and tag manifest can be successfully verified against the
      corresponding payload file.  See Section 2.1.2.
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2.  Structure

   A bag consists of a base directory containing (1) a set of required
   and optional tag files; (2) a sub-directory named "data", called the
   payload directory; and (3) a set of optional tag directories.  The
   payload files in the payload directory are an arbitrary file
   hierarchy (see Section 2.1.2).  The tag files in the base directory
   consist of one or more files named "manifest-_algorithm_.txt" (see
   Section 2.1.3), a file named "bagit.txt" (see Section 2.1.1), and
   zero or more additional tag files (see Section 2.2).  The tag files
   in the optional tag directories are arbitrary file hierarchies and
   the tag directories MAY have any name that is not reserved for a file
   or directory in this specification.

   The base directory MAY have any name.

           <base directory>/
           |   bagit.txt
           |   manifest-<algorithm>.txt
           |   [optional additional tag files]
           \--- data/
                 |   [payload files]
           \--- [optional tag directories]/
                 |   [optional tag files]

2.1.  Required Elements

2.1.1.  Bag Declaration: bagit.txt

   The "bagit.txt" tag file MUST consist of exactly two lines:

   BagIt-Version: M.N
   Tag-File-Character-Encoding: UTF-8

   where M.N identifies the BagIt major (M) and minor (N) version
   numbers, and UTF-8 identifies the character set encoding of tag
   files.  The bag declaration MUST be encoded in UTF-8, and MUST NOT
   contain a byte-order mark (BOM).  [RFC3629]

   The appropriate version for a bag that conforms to this version of
   the specification is "0.97".

2.1.2.  Payload Directory: data/

   The base directory MUST contain a sub-directory named "data", called
   the payload directory.

   The payload directory contains the custodial content within the bag.
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   The files under the payload directory are called payload files, or
   the payload.  The payload is treated as octet streams for all
   purposes relating to this specification, and is not otherwise
   prescribed.

2.1.3.  Payload Manifest: manifest-<alg>.txt

   A payload manifest is a tag file that lists payload files and
   checksums for those payload files generated using a particular bag
   checksum algorithm.  Every bag MUST contain one payload manifest
   file, and MAY contain more than one.  A payload manifest file MUST
   have a name of the form manifest-_algorithm_.txt, where _algorithm_
   is a string specifying the bag checksum algorithm used in that
   manifest, such as:

   manifest-md5.txt
   manifest-sha1.txt

   A bag MUST NOT contain more than one payload manifest for a
   particular bag checksum algorithm.

   Each line of a payload manifest file MUST be of the form:

   CHECKSUM FILENAME

   where FILENAME is the pathname of a file relative to the base
   directory and CHECKSUM is a hex-encoded checksum calculated according
   to _algorithm_ over every octet in the file.  The hex-encoded
   checksum MAY use uppercase and/or lowercase letters.  The slash
   character ('/') MUST be used as a path separator in FILENAME.  One or
   more linear whitespace characters (spaces or tabs) MUST separate
   CHECKSUM from FILENAME.  An asterisk ('*') MAY preceed FILENAME for
   interoperability on some platforms (see Section 7.2.1).  There is no
   limitation on the length of a pathname.  The payload manifest MUST
   NOT reference files outside the payload directory.

   Payload manifests only include the pathnames of files.  Because of
   this, a payload manifest cannot reference empty directories.  To
   account for an empty directory, a bag creator may wish to include at
   least one file in that directory; it suffices, for example, to
   include a zero-length file named ".keep".

2.2.  Optional Elements

2.2.1.  Tag Manifest: tagmanifest-<alg>.txt

   A tag manifest is a tag file that lists other tag files and checksums
   for those tag files generated using a particular bag checksum
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   algorithm.  A bag MAY contain one or more tag manifests.  A tag
   manifest file MUST have a name of the form "tagmanifest-
   _algorithm_.txt", where _algorithm_ is a string specifying the bag
   checksum algorithm used in that manifest, such as:

   tagmanifest-md5.txt
   tagmanifest-sha1.txt

   A tag manifest file has the same form as the payload file manifest
   file described in Section 2.1.3, but MUST NOT list any payload files.
   As a result, no FILENAME listed in a tag manifest begins "data/".

2.2.2.  Bag Metadata: bag-info.txt

   The "bag-info.txt" file is a tag file that contains metadata elements
   describing the bag and the payload.  The metadata elements contained
   in the "bag-info.txt" file are intended primarily for human
   readability.  All metadata elements are optional and MAY be repeated.
   Implementations SHOULD assume that the ordering is significant and
   provide access to the metadata elements in the order they are given
   in the "bag-info.txt" file.

   A metadata element MUST consist of a label, a colon, and a value,
   each separated by optional whitespace.  It is RECOMMENDED that lines
   not exceed 79 characters in length.  Long values may be continued
   onto the next line by inserting a newline (LF), a carriage return
   (CR), or carriage return plus newline (CRLF) and indenting the next
   line with linear white space (spaces or tabs).

   Reserved metadata element names are case-insensitive and defined as
   follows.

   Source-Organization  Organization transferring the content.

   Organization-Address  Mailing address of the organization.

   Contact-Name  Person at the source organization who is responsible
      for the content transfer.

   Contact-Phone  International format telephone number of person or
      position responsible.

   Contact-Email  Fully qualified email address of person or position
      responsible.
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   External-Description  A brief explanation of the contents and
      provenance.

   Bagging-Date  Date (YYYY-MM-DD) that the content was prepared for
      delivery.

   External-Identifier  A sender-supplied identifier for the bag.

   Bag-Size  Size or approximate size of the bag being transferred,
      followed by an abbreviation such as MB (megabytes), GB, or TB; for
      example, 42600 MB, 42.6 GB, or .043 TB.  Compared to Payload-Oxum
      (described next), Bag-Size is intended for human consumption.

   Payload-Oxum  The "octetstream sum" of the payload, namely, a two-
      part number of the form "OctetCount.StreamCount", where OctetCount
      is the total number of octets (8-bit bytes) across all payload
      file content and StreamCount is the total number of payload files.
      Payload-Oxum should be included in "bag-info.txt" if at all
      possible.  Compared to Bag-Size (above), Payload-Oxum is intended
      for machine consumption.

   Bag-Group-Identifier  A sender-supplied identifier for the set, if
      any, of bags to which it logically belongs.  This identifier must
      be unique across the sender's content, and if recognizable as
      belonging to a globally unique scheme, the receiver should make an
      effort to honor reference to it.

   Bag-Count  Two numbers separated by "of", in particular, "N of T",
      where T is the total number of bags in a group of bags and N is
      the ordinal number within the group; if T is not known, specify it
      as "?" (question mark).  Examples: 1 of 2, 4 of 4, 3 of ?, 89 of
      145.

   Internal-Sender-Identifier  An alternate sender-specific identifier
      for the content and/or bag.

   Internal-Sender-Description  A sender-local prose description of the
      contents of the bag.

   In addition to these metadata elements, other arbitrary metadata
   elements may also be present.

   Here is an example "bag-info.txt" file.
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       Source-Organization: Spengler University
       Organization-Address: 1400 Elm St., Cupertino, California, 95014
       Contact-Name: Edna Janssen
       Contact-Phone: +1 408-555-1212
       Contact-Email: ej@spengler.edu
       External-Description: Uncompressed greyscale TIFF images from the
            Yoshimuri papers colle...
       Bagging-Date: 2008-01-15
       External-Identifier: spengler_yoshimuri_001
       Bag-Size: 260 GB
       Payload-Oxum: 279164409832.1198
       Bag-Group-Identifier: spengler_yoshimuri
       Bag-Count: 1 of 15
       Internal-Sender-Identifier: /storage/images/yoshimuri
       Internal-Sender-Description: Uncompressed greyscale TIFFs created
            from microfilm and are...

2.2.3.  Fetch File: fetch.txt

   For reasons of efficiency, a bag MAY be sent with a list of files to
   be fetched and added to the payload before it can meaningfully be
   checked for completeness.  An OPTIONAL tag file named "fetch.txt"
   contains such a list.  Each line of "fetch.txt" has the form

   URL LENGTH FILENAME

   where URL identifies the file to be fetched, LENGTH is the number of
   octets in the file (or "-", to leave it unspecified), and FILENAME
   identifies the corresponding payload file, relative to the base
   directory.  The slash character ('/') MUST be used as a path
   separator in FILENAME.  If FILENAME begins with a slash character,
   the destination MUST still be treated as relative to the bag base
   directory.  One or more linear whitespace characters (spaces or tabs)
   MUST separate these three values, and any such characters in the URL
   MUST be percent-encoded [RFC3986].  There is no limitation on the
   length of any of the fields in the "fetch.txt".

   The "fetch.txt" file allows a bag to be transmitted with "holes" in
   it, which can be practical for several reasons.  For example, it
   obviates the need for the sender to stage a large serialized copy of
   the content while the bag is transferred to the receiver.  Also, this
   method allows a sender to construct a bag from components that are
   either a subset of logically related components (e.g., the localized
   logical object could be much larger than what is intended for export)
   or assembled from logically distributed sources (e.g., the object
   components for export are not stored locally under one filesystem
   tree).
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2.2.4.  Other Tag Files

   A bag MAY contain other tag files that are not defined by this
   specification.  Implementations SHOULD ignore the content of any
   unexpected tag files, except when they are listed in a tag manifest.
   When unexpected tag files are listed in a tag manifest,
   implementations MUST only treat the content of those tag files as
   octet streams for the purpose of checksum verification.

2.3.  Text Tag File Format

   All tag files specifically described in this specification MUST
   adhere to the text tag file format described below.  Other tag files
   MAY adhere to the text tag file format described below.

   Text tag files are line-oriented, and each line MUST be terminated by
   a newline (LF), a carriage return (CR), or carriage return plus
   newline (CRLF).  Text tag files MUST end in the extension ".txt".

   In all text tag files except for the bag declaration file, text MUST
   be encoded in the character encoding specified in the "bagit.txt" bag
   declaration file.  Text tag files except for the bag declaration file
   MAY include a byte-order mark (BOM) only if the specified encoding
   requires it for proper decoding.  (Note that UTF-8 does not.)

   As specified in Section 2.1.1, the bag declaration file must be
   encoded in UTF-8 and must not include a byte-order mark.

2.4.  Bag Checksum Algorithms

   The payload manifest and tag manifests assert integrity of the
   payload and tags in a bag using checksum algorithms.  The operation
   of those algorithms, and the formatting of their output within a
   manifest file, are generally beyond the scope of this specification,
   except that the output format MUST be able to fit in the manifest
   format specified in Section 2.1.3.

   The name of the checksum algorithm MUST be normalized for use in the
   manifest's filename by lowercasing the common name of the algorithm
   and removing all non-alphanumeric characters.

   Implementors of tools that create and validate bags SHOULD support at
   least two widely implemented checksum algorithms: "md5" [RFC1321] and
   "sha1" [RFC3174].
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3.  Complete, Incomplete, and Valid bags

   A _complete_ bag MUST have the following attributes:

   1.  Every required element MUST be present (Section 2.1).

   2.  Every file in every payload manifest MUST be present.

   3.  Every file in every tag manifest MUST be present.  Tag files not
       listed in a tag manifest MAY be present.

   4.  Every payload file MUST be listed in at least one manifest.
       Payload files MAY be listed in more than one payload manifest.

   5.  Every element present MUST comply with this specification.

   A bag is _incomplete_ when it exhibits any of the following
   exceptions to the attributes of a complete bag:

   1.  One or more files in any payload manifest are absent.

   2.  One or more files in any tag manifest are absent.

   3.  A fetch.txt is present.  Any files listed in any payload manifest
       or any tag manifest which are absent MUST be listed in the
       fetch.txt.

   A _valid_ bag must have the following attributes:

   1.  The bag MUST be complete.

   2.  Every CHECKSUM in every payload manifest and tag manifest can be
       sucessfully verified against the contents of its corresponding
       FILENAME.

   If a bag is neither valid, complete, nor incomplete, it is _invalid_.
   Definitions for the various ways a bag may be invalid are not covered
   by this specification.

   Tag files that do not appear in a tag manifest can be modified, added
   to, or removed from a bag without impacting the completeness or
   validity of the bag.
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4.  Serialization

   In some scenarios, it may be convenient to serialize the bag's
   filesystem hierarchy (i.e., the base directory) into a single-file
   archive format such as TAR or ZIP (the serialization) and then later
   deserialize the serialization to recreate the filesystem hierarchy.
   Several rules govern the serialization of a bag and apply equally to
   all types of archive files:

   1.  The top-level directory of a serialization MUST contain only one
       bag.

   2.  The serialization SHOULD have the same name as the bag's base
       directory, but MUST have an extension added to identify the
       format.  For example, the receiver of "mybag.tar.gz" expects the
       corresponding base directory to be created as "mybag".

   3.  A bag MUST NOT be serialized from within its base directory, but
       from the parent of the base directory (where the base directory
       appears as an entry).  Thus, after a bag is deserialized in an
       empty directory, a listing of that directory shows exactly one
       entry.  For example, deserializing "mybag.zip" in an empty
       directory causes the creation of the base directory "mybag" and,
       beneath "mybag", the creation of all payload and tag files.

   4.  The deserialization of a bag MUST produce a single base directory
       bag with the top-level structure as described in this
       specification without requiring any additional un-archiving step.
       For example, after one un-archiving step it would be an error for
       the "data/" directory to appear as "data.tar.gz".  TAR and ZIP
       files may appear inside the payload beneath the "data/"
       directory, where they would be treated as any other payload file.

   When serializing a bag, care must be taken to ensure that the archive
   format's restrictions on file naming, such as allowable characters,
   length, or character encoding, will support the requirements of the
   systems on which it will be used.  See Section 7.2.

Boyko, et al.            Expires October 4, 2012               [Page 13]



 
Internet-Draft                    BagIt                       April 2012

5.  Examples

5.1.  Example of a basic bag

   This is the layout of a basic bag containing an image and a companion
   OCR file.  Lines of file content are shown in parentheses beneath the
   file name.

   myfirstbag/
   |
   |   manifest-md5.txt
   |    (49afbd86a1ca9f34b677a3f09655eae9 data/27613-h/images/q172.png)
   |    (408ad21d50cef31da4df6d9ed81b01a7 data/27613-h/images/q172.txt)
   |
   |   bagit.txt
   |    (BagIt-version: 0.96                                          )
   |    (Tag-File-Character-Encoding: UTF-8                           )
   |
   \--- data/
        |
        |   27613-h/images/q172.png
        |    (... image bytes ...                                     )
        |
        |   27613-h/images/q172.txt
        |    (... OCR text ...                                        )
        ....

5.2.  Another example bag

   The following example bag contains content from a web crawler.  As
   before, lines of file content are shown in parentheses beneath the
   file name, with long lines continued indented on subsequent lines.
   This bag is not complete until every component listed in the
   "fetch.txt" file is retrieved.
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 mysecondbag/
 |
 |   manifest-md5.txt
 |    (93c53193ef96732c76e00b3fdd8f9dd3 data/Collection Overview.txt   )
 |    (e9c5753d65b1ef5aeb281c0bb880c6c8 data/Seed List.txt             )
 |    (61c96810788283dc7be157b340e4eff4 data/gov-20060601-050019.arc.gz)
 |    (55c7c80c6635d5a4c8fe76a940bf353e data/gov-20060601-100002.arc.gz)
 |
 |   fetch.txt
 |    (http://WB20.Stanford.Edu/gov-06-2006/gov-20060601-050019.arc.gz
 |        26583985 data/gov-20060601-050019.arc.gz                     )
 |    (http://WB20.Stanford.Edu/gov-06-2006/gov-20060601-100002.arc.gz
 |        99509720 data/gov-20060601-100002.arc.gz                     )
 |    ( ...............................................................)
 |
 |   bag-info.txt
 |    (Source-organization: California Digital Library                 )
 |    (Organization-address: 415 20th St, 4th Floor, Oakland, CA  94612)
 |    (Contact-name: A. E. Newman                                      )
 |    (Contact-phone: +1 510-555-1234                                  )
 |    (Contact-email: alfred@ucop.edu                                  )
 |    (External-Description: The collection "Local Davis Flood Control )
 |      Collection" includes captured California State and local       )
 |      websites containing information on flood control resources for )
 |      the Davis and Sacramento area.  Sites were captured by UC Davis)
 |      curator Wrigley Spyder using the Web Archiving Service in      )
 |      February 2007 and October 2007.                                )
 |    (Bag-date: 2008.04.15                                            )
 |    (External-identifier: ark:/13030/fk4jm2bcp                       )
 |    (Bag-size: about 22Gb                                            )
 |    (Payload-Oxum: 21836794142.831                                   )
 |    (Internal-sender-identifier: UCDL                                )
 |    (Internal-sender-description: UC Davis Libraries                 )
 |
 |   bagit.txt
 |    (BagIt-version: 0.96                                             )
 |    (Tag-File-Character-Encoding: UTF-8                              )
 |
 \--- data/
      |
      |   Collection Overview.txt
      |    (... narrative description ...                              )
      |
      |   Seed List.txt
      |    (... list of crawler starting point URLs ...                )
      ....
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6.  Security Considerations

6.1.  Special directory characters

   The paths specified in the payload manifest, tag manifest, and
   "fetch.txt" file do not prohibit special directory characters which
   might be significant on implementing systems.  Implementors SHOULD
   take care that files outside the bag directory structure are not
   accessed when reading or writing files based on paths specified in a
   bag.

   For example, path characters such as ".." or "~" in a maliciously
   crafted "fetch.txt" file might cause a naive implementation to
   overwrite critical system files.

6.2.  Control of URLs in fetch.txt

   Implementors of tools that complete bags by retrieving URLs listed in
   a "fetch.txt" file need to be aware that some of those URLs may point
   to hosts, intentionally or unintentionally, that are not under
   control of the bag's sender.  Checksums are intended as a reasonable
   guarantee against corruption during transit, not a strong
   cryptographic protection against intentional spoofing.

6.3.  File sizes in fetch.txt

   The size of files, as optionally reported in the "fetch.txt" file,
   cannot be guaranteed to match the actual file size to be downloaded.
   Implementors SHOULD take care to appropriately handle cases where the
   actual file size does not match the file size reported in the
   fetch.txt.  Implementors SHOULD NOT use the file size in the
   "fetch.txt" file for critical resource allocation, such as buffer
   sizing or storage requisitioning.
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7.  Practical Considerations (non-normative)

7.1.  Disk and network transfer

   When creating a bag on physical media (such as hard disk, CD-ROM, or
   DVD) for transfer to another organization, the sender should select
   and format the media in a manner compatible with both the content
   requirements (e.g., file names and sizes) and the receiver's
   technical infrastructure.  If the receiver's infrastructure is not
   known or the media needs to be compatible with a range of potential
   receivers, consideration should be given to portability and common
   usage.  For example, a "lowest common denominator" for some potential
   receivers could be USB disk drives formatted with the FAT32
   filesystem.

   Although overall bag size is unlimited in principle, network-based
   transfers may involve constraints on the amount of bag data that a
   receiver can receive at one time.  It may be practical to split a
   large bag into several smaller bags.

   Transmitting a whole bag in serialized form as a single file will
   tend to be the most straightforward mode of transfer.  When
   throughput is a priority, use of "fetch.txt" lends itself to an easy,
   application-level parallelism in which the list of URL-addressed
   items to fetch is divided among multiple processes.  The mechanics of
   sending and receiving bags over networks is otherwise out of scope of
   the present document and may be facilitated by protocols such as
   [GRABIT] and [SWORD].

7.2.  Interoperability

   This section is not part of the BagIt specification.  It describes
   some practical considerations for bag creators and receivers circa
   2010.

7.2.1.  Checksum tools

   Some cautions regarding bag interchange arise in regard to the
   commonly available checksum tools distributed with the GNU Coreutils
   package (md5sum, sha1sum, etc.), collectively referred to here as
   "md5sum".  First, md5sum can be run in binary or text mode; text mode
   sometimes normalizes line-endings.  While these modes appear to
   produce the same checksums under Unix-like systems, they can produce
   different checksums under Windows.  When using md5sum, it may be
   safest to run it in binary mode, with one caveat: a side-effect of
   binary mode is that md5sum requires a space and an asterisk ('*'),
   compared to two spaces in text mode, between the CHECKSUM and
   FILENAME in its manifest format.
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   Due to the widespread use of md5sum (and its relatives), it is not
   unexpected for bag receivers to see manifests in which CHECKSUM and
   FILENAME are separated by a space followed by an asterisk.
   Implementors creating or processing bags with md5sum should be aware
   of these subtle differences, and ensure compliance with the manifest
   specification in this document.  Implementors creating and processing
   bags with other tools may wish to be tolerant of asterisks found in
   the manifests.

   A final note about md5sum-generated manifests is that for a FILENAME
   containing a backslash ('\'), the manifest line will have a backslash
   inserted in front of the CHECKSUM and, under Windows, the backslashes
   inside FILENAME may be doubled.

7.2.2.  Windows and Unix file naming

   As specified above, only the Unix-based path separator ('/') may be
   used inside filenames listed in BagIt manifests and "fetch.txt"
   files.  When bags are exchanged between Windows and Unix platforms,
   care should be taken to translate the path separator as needed.
   Receivers of bags on physical media should be prepared for
   filesystems created under either Windows or Unix.  Besides the
   fundamental difference between path separators ('\' and '/'),
   generally, Windows filesystems have more limitations than Unix
   filesystems.  Windows path names have a maximum of 255 characters,
   and none of these characters may be used in a path component:

       < > : " / | ? *

   Windows also reserves the following names: CON, PRN, AUX, NUL, COM1,
   COM2, COM3, COM4, COM5, COM6, COM7, COM8, COM9, LPT1, LPT2, LPT3,
   LPT4, LPT5, LPT6, LPT7, LPT8, and LPT9.  See [MSFNAM] for more
   information.
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Appendix A.  Change history

   (This appendix to be removed in the final draft.)

A.1.  Changes from draft-05, 2011.04.15

   Allowing tag directories.

   Fixed definition of valid.

   Clarified that tag files do not need to be text files.

   Clarified that repeatability and ordering of metadata elements in
   bag-info.txt.

   Clarified case of hex-encoding in manifests.

A.2.  Changes from draft-04, 2009.12.20

   Re-replaced entity reference for current version number in artwork,
   where it doesn't appear to work (xml2rfc bug?).  Updated to latest
   IETF Trust Legal Provisions 200902. (jak)

   Re-wording Tag File Format section.

   Adding new section for Other Tag Files.

   Minor clarification on the Fetch File description.

   Synchronized the language between the Payload Manifest and the Tag
   Manifest sections.

   Minor grammatical corrections and clarifications to the Payload
   Manifest section.

   Re-worded and re-ordered payload section and structure intro.  Except
   for the base directory naming, the structure intro is strictly
   explanatory.

   Replaced current version number with entity reference.

   Move checksum algorithm information into its own section.

   Major re-wording of section on validity and completeness to provide
   explicit, enumerated definitions for "valid", "complete", and
   "incomplete" bags.

   Added explicit wording about byte order marks (BOM) in UTF-8.
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   Re-named section titles for better clarity.

   Re-wording security consideration on checksum purposes to more
   accurately reflect the real purposes of the checksums.

   Major restructuring of the document for brevity and precision.

   Added RFC 2119 language.

   Added terminology section.

   Cleaning up example artwork so that parenthesis are more consistently
   used.

   Explicitly stated version number required for comforming to the
   current version of the specification.

   Various minor tweaks to grammar and wording.

A.3.  Changes from draft-03, 2009.04.11

   Re-worded interoperability statement in the Introduction.  (Justin)

   Added statements regarding no limitations on various paths, URI, and
   other lengths.

   Clarified that the bag directory may not contain any other
   directories except for the "data" directory.

   A soel carriage return character is now explicitly allowed as a valid
   line separator.

   Tag file encoding requirements are now required to be as-stated in
   the "bagit.txt".  The "bagit.txt" file is explicitly required to be
   in UTF-8.

   Wording cleanup, clarifying payload file manifests and tag file
   manifests.

   Tags in "bag-info.txt" no longer have any ordering requirement.

   Tag formatting now explicitly states where significant whitespace
   begins in the tag.

   After some consideration, added some security considerations.

   Made it clear that a bag may contain other bags, re: serialization.
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   Re-worded interoperabiilty to concerns to require creators to be
   spec-compliant, and readers to be tolerant of known potential issues.

   Specificity to the FILENAME element in "fetch.txt" is relative to the
   bag root, and to make sure to treat leading slashes as relative.

   Updated acknowledgements.

   Various other minor edits for clarity and readibility.

A.4.  Changes from draft-02, 2008.07.11

   Added language to require the slash ('/') as path separator,
   regardless of the platform where the bag was created.  Added an extra
   co-author and an Acknowledgements section.

   Deleted the unnecessary "(optional)" from four of the metadata
   elements, since all metadata elements are optional.  Softened the
   equivalence of the serialization name and name of the contained bag
   base directory.  Replaced the reference to RFC2822 with an inline
   description of the simpler bag-info.txt format.

   Changed to a variable linear whitespace separator in the description
   of manifest layout and in manifest examples.  Added two paragraphs
   under a new "Checksum tools" subsection of the Interoperability
   section to describe some of the peculiarities of dealing with the
   widely used GNU Coreutils checksum tools.

   With the new version, 0.96, there is an important and incompatible
   change of file name (package-info.txt -> bag-info.txt), metadata
   element names (Package-Size -> Bag-Size, Packing-Date -> Bagging-
   Date), and descriptive language to replace the noun "package" with
   "bag" throughout the spec.  This was to reduce unnecessary synonymy
   and free up the noun "package" to name the physical container (e.g.,
   a mailing carton) used to transfer hard disks.

   In section 7, another important change is the introduction of the
   Payload-Oxum ("octetstream sum") metadata element to convey precise,
   machine-readable payload size information for capacity planning
   (especially useful when preparing to receive files listed in
   fetch.txt).  The Bag-size definition was adjusted to steer it more
   towards human consumption.

   In section 2.2 the spec now requires exactly two spaces between
   checksum and filename in manifests.  This results from the experience
   that as of 2008, not all widely available validation tools are
   flexible in the kind of separating whitespace recognized.  The
   examples have been updated to include use the two-space form as well.
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   Comment added that while overall bag size is unlimited, practical
   limitations on the amount of data that a receiver can stage may
   warrant splitting a large bag into several smaller bags.

   Added a reference to the SWORD protocol.

   Minor edits for scanning and reformatting to cut down line length for
   some figures that exceeded 72 chars (limit for Internet-Drafts).

A.5.  Changes from draft-01, 2008.05.30

   Added mention of preserving empty directories.

   Simplified function of "tag checksum file" to "tag manifest", having
   same format as payload manifest.  The tag manifest is optional and
   need not include every tag file.

   Loosened interpretation of payload manifest to "union" concept: every
   payload file must be listed in at least one manifest but need not be
   listed in every manifest.

   Shortened the Introduction's first paragraph to be less duplicative
   of text in the Abstract.

   Changed Delivery-Date to Packing-Date.

   Correctly sorted the author list and clarification of deserialization
   wording.

A.6.  Changes from draft-00, 2008.03.24

   Author address corrections and miscellaneous stylistic edits.

   Added some mention of physical media-based transfers, preferred
   characteristics of transfer filesystems, and network transfer issues.

   Added basic bag example early and changed the narrative to more
   clearly delineate component files.

   Wording changes under fetch.txt, and note that fetch.txt will need to
   be modified before bag return.

   Fixed checksum encoding reference to base64 rather than hex.  (B.
   Vargas)

   Described simple normalization approach for checksum algorithm names.
   (B. Vargas)
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   In the example bag, add the ARC files found in the fetch.txt to the
   manifest as well (A. Turoff)
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Executive Summary
The United States Animal Health Association (USAHA) Special Committee on Brucellosis 

in the Greater Yellowstone Area (GYA) sponsored a working symposium on August 16-18, 

2005 at the University of Wyoming in Laramie to identify the research needs and costs for 

the development of vaccines, vaccine delivery systems and diagnostics to address brucellosis 

(Brucella abortus) in bison and elk. The University of Wyoming’s Helga Otto Haub School 

and William D. Ruckelshaus Institute of Environment and Natural Resources was selected to 

serve as the facilitator of the working symposium utilizing primary funding provided by the 

United States Departments of the Interior and Agriculture.

One hundred and twenty-five participants, Special Committee members and observers suc-

cessfully identified several areas for further research to address the challenges of brucellosis in 

the GYA. The highest priority research needs in each of the three areas of discussion follow.

Vaccine Development:

• Empirical or applied research – There is a need to establish a protocol to rapidly screen 

new vaccine candidates for efficacy in bison and elk. Currently available brucellosis vac-

cines must be immediately utilized in preclinical efficacy studies and field-testing in bison 

and elk. 
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• Discovery or basic research – There is also a need to expand our knowledge of patho-

genesis, protective antigens, and immunologic responses to B. abortus in bison and elk. 

If vaccines evaluated with empirical approaches prove unacceptable, then the knowledge 

gained through the basic research approach might offer alternative vaccine solutions. Sev-

eral key areas were identified within this approach:

o Reproducible disease models for bison and elk

o Surrogates of protective immunity

o Host specific immunologic responses

o Antigen discovery

o Continual adjuvant/formulation/delivery optimization

o Novel B. abortus genetically-engineered vaccines

o Durability of immunogenicity

The costs associated with the research needs in vaccine development depended upon the re-

search approach. It was estimated that to develop and license a promising vaccine would cost 

approximately $10M. To conduct further research on existing vaccines would cost approxi-

mately $400,000-$500,000 per study per species over a period of 1-2 years.

Vaccine Delivery Systems:

• The highest priority research areas for delivery systems are:

o Oral baits – methods that require an animal to ingest the vaccine

o Biocompatible bullets – the vaccine is delivered directly to the subcutaneous tissues or 

deeper

o Natural forage dispersed vaccine – utilizes a dispersed antigen externally applied to 

natural forage

o Transdermal – any method that delivers a vaccine by direct absorption through or into 

epidermal tissues

• The selection of these delivery methodologies for use in bison and elk in the GYA is based 

upon the following assumptions:

o A delivery system is heavily dependent on the vaccine type

o Existing systems need additional development

o Due to the complexity of brucellosis in the GYA, multiple platforms for delivery may 

be necessary

o Social and ecological considerations are a must to gain public acceptance

o A system must be cost effective with the ability to access large numbers of animals

o Appropriate funding must be available to adequately develop the delivery system

o Field validation trials must be conducted.
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Diagnostics 

• There is a need to validate the existing diagnostic methods that are applied to wildlife. 

Although originally developed for cattle, many of the current diagnostic tools have been 

extrapolated for use in wildlife. The World Organization for Animal Health (OIE) stan-

dards for validation could be used as a guide.

• There is a need to establish a clearinghouse for sharing information that also identifies a 

process for sharing reagents, contains a master database, and maintains a repository for 

well-characterized diagnostic materials.

The following priorities were categorized 

by the time necessary to reasonably accom-

plish the goal.

 Short-term (1-2 years)

• Meta-analysis of the current data 

through the incorporation of exist-

ing publications as well as unpub-

lished findings to determine the 

existing base of knowledge on di-

agnostic tests for brucellosis.

• Standardization of the Polymerase 

Chain Reaction (PCR)

 Intermediate term (2-5 years)

• Biomarkers 

• Vaccine Markers

• Matrix Antibody/Antigen

 Long term (5-10 Years)

• Rapid diagnostic tests (genomics 

and proteomics)

The costs associated with accomplishing the highest priority research needs in the develop-

ment of diagnostic tools were estimated at $28-$52M. Host genomics were considered sepa-

rately, and the estimated cost of this research would add $30M to the overall cost. 
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Crosscutting Issues

• There is a need to establish a collaboration consortium to facilitate and oversee the bru-

cellosis research efforts on bison and elk. This oversight group will assist in identifying 

and procuring funds, prioritizing research, and coordinating multidisciplinary research 

teams. 

• There is also a need to evaluate how to facilitate this research since brucellosis is desig-

nated as a select agent (i.e., listed by the Center for Disease Control and Prevention as 

having the potential to pose a severe threat to public health and safety). Currently, this 

designation makes it very difficult to conduct the research necessary to address the brucel-

losis challenge. 

• Additionally, there is a need to identify the facility needs to conduct the necessary re-

search. Currently, facilities for brucellosis research that can house several large animals for 

long periods of time in a Bio-Safety Level 3 Ag environment do not exist in the United 

States.    

The working symposium was a significant step in the long journey to address the brucellosis 

challenge in the GYA. It was the first time that technical experts from around the world were 

assembled with the specific task of addressing the vaccine, vaccine delivery and diagnostic 

challenges of bison and elk in the GYA. The participants willingly shared their thoughts and 

ideas, and their efforts have established a course of action.
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Introduction
Bret Marsh

Indiana State Veterinarian, Indianapolis, Indiana, Chair of the Special Committee on 

Brucellosis in the Greater Yellowstone Area

Rick Willer

Arizona State Veterinarian, Phoenix, Arizona, President of the United States Animal Health 

Association

Background

The Greater Yellowstone Area (GYA) is one of the largest intact temperate zone ecosystems 

and includes approximately 28,000 square miles in Montana, Idaho, and Wyoming. Besides 

these state lands, the GYA encompasses two national parks, portions of six national forests, 

three national wildlife refuges, Bureau of Land Management holdings, and private and tribal 

lands. The GYA is also home to the largest wild elk and bison populations in the United States. 

Approximately 125,000 elk occupy the GYA across 25 separate exclusive or trans-boundary 

elk management jurisdictions. Agencies manage elk and their habitat resources through com-

plex interagency cooperation. Elk hunting occurs in all elk management jurisdictions except 

Yellowstone National Park (YNP). There are also 23 elk feedgrounds in northwest Wyoming 

(the National Elk Refuge and 22 Wyoming state operations) that can support approximately 

25,000 elk, depending on winter severity. In 2005, approximately 5,000 bison occupied 
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the GYA in and adjacent to YNP 

(4,200) and Jackson Hole, Wyo-

ming (800). Bison are managed 

under several bison management 

jurisdictions. Bison hunting pres-

ently occurs only in select nation-

al forest areas in Wyoming. Most 

bison in Jackson Hole utilize the 

National Elk Refuge feedground 

during winter and are not suscep-

tible to hunting.

Brucellosis was first detected 

among wildlife in the GYA in 

bison in 1917. Although we can 

never be certain, infection of 

GYA bison with brucellosis was 

assumed to have occurred initial-

ly by commingling with infected 

livestock, and subsequently has been maintained through commingling among bison and elk. 

Following the highly successful national brucellosis eradication program among domestic 

livestock and captive wildlife, GYA elk and bison are now recognized as the last large reservoir 

of Brucella abortus in the United States. The regional and national importance of brucello-

sis in wildlife has been recognized by the responsible agencies since the early 20th century. 

Since then, these agencies have implemented a variety of livestock, wildlife, and disease man-

agement strategies that have been extensively reviewed by the National Research Council 

(NRC), General Accounting Office (GAO), and the Greater Yellowstone Interagency Brucel-

losis Committee (GYIBC).

Elk and bison throughout the GYA are chronically infected with brucellosis to various de-

grees. Northern GYA elk exhibit low seroprevalence levels (1-3%) whereas southern GYA elk 

associated with feedgrounds can exhibit much higher seroprevalence levels (15-60%). Bison 

in Jackson Hole, which have recently begun utilizing the National Elk Refuge feedground, 

exhibit high seroprevalence levels (70-80%), whereas there is a long-term trend of lower (40-

50 %) seroprevalence among bison not on feedgrounds. Taking abundance, distribution, and 

management strategies into account, an admittedly coarse calculation suggests that there may 

be nearly 12,500 brucellosis-seropositive elk and 2,500 brucellosis-seropositive bison in the 

GYA. However, these calculations are uncertain because of the difficulty of diagnosis. At pres-

ent, brucellosis management programs are based on serologic tests that identify bison and elk, 

which at a minimum, have been exposed at some unknown level to B. abortus. There are no 

efficient or effective surveillance diagnostics on live animals to separate those that have been 

only exposed to brucellosis versus those that are actually infected.

Bret Marsh, Chair, USAHA Special Committee on 
Brucellosis in the Greater Yellowstone Area, welcoming the 
attendees.
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At different times and under different juris-

dictions, brucellosis management strategies 

have included combinations of capture/

test/slaughter, vaccination, surveillance, and 

spatial/temporal separation from livestock 

(hazing and shooting).  The NRC stated that 

“Vaccination in bison and elk is one part of an 

overall strategy that could be used to control 

or eliminate B. abortus in the GYA, but much 

research is needed before current vaccines 

can be judged adequate for use in those spe-

cies.” (NRC 1998).1 A recent GYIBC review 

of brucellosis management options described 

the existing technical and management capa-

bilities to eradicate brucellosis from the GYA 

and came to the same general conclusions as 

the NRC (GYIBC 2002).2 There are very 

important gaps in the technical capability to 

conduct highly effective elk and bison  bru-

cellosis vaccination and surveillance. Specifi-

cally, there are acknowledged gaps regarding 

vaccine safety and efficacy, delivery system 

safety and efficacy, and surveillance diagnostics. 

The Working Symposium

At the 2004 United States Animal Health Association (USAHA) annual meeting in Greens-

boro, North Carolina, the 2005 president, Dr. Rick Willer, appointed a Special Committee 

on Brucellosis in the GYA. The first charge of the Special Committee was to plan and imple-

ment a working symposium to address the research needs for new and improved vaccines, 

vaccine delivery systems, and diagnostics for brucellosis in bison and elk, and the costs for that 

research. The results of the working symposium were reported back to the USAHA president 

at the 109th annual meeting in Hershey, Pennsylvania. 

Primary funding for the working symposium came from the U.S. Departments of Interior 

and Agriculture. The Special Committee utilized the services of the University of Wyoming’s 

Helga Otto Haub School and William D. Ruckelshaus Institute of Environment and Natural 

Resources to organize and facilitate a stakeholder working symposium. The working sympo-

Working symposium attendees.

1 National Research Council. 1998. Brucellosis in the Greater Yellowstone Area. National Academy Press, 
Washington, DC. 186 pp.

2 GYIBC. 2002. Brucellosis in Elk and Bison in the Greater Yellowstone Area. Terry Kreeger (ed.), Wyoming 
Game and Fish Department, Cheyenne, WY. 171 pp.
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sium brought together key individuals from federal, state, academic, and private sectors to 

formulate a Strategic Action Plan for an “Initiative to Enhance Brucellosis Vaccines, Vaccine 

Delivery, and Surveillance Diagnostics for Bison and Elk in the Greater Yellowstone Area.” 

The intent of the Strategic Action Plan was to describe the overall framework and level of sup-

port required to: 1) develop and test enhanced vaccines for safety and efficacy in applications 

to bison and elk; 2) develop and test safe and effective vaccine delivery options; and 3) im-

prove live-animal diagnostic capabilities in distinguishing seropositive from infected animals.

Recognizing that effective vaccines, delivery systems, and diagnostic tools are part of an over-

all strategy to eliminate brucellosis from the GYA, the Strategic Action Plan may reference 

other tools, such as management techniques, which may contribute to the overall goal of 

elimination of brucellosis.

A total of 43 participants from the United States and three foreign countries (Canada, Rus-

sia, and New Zealand) attended the working symposium following an exhaustive selection 

process by the Special Committee (Appendix A). Participants were selected based upon their 

scientific expertise in the areas of vaccine development, delivery methods, and diagnostics. 

Each participant was placed in one of three groups tasked to address these three areas. Pe-

riodic plenary sessions provided an opportunity for all workshop participants, as well as the 

nearly 60 observers, to hear and comment on the deliberations of each group. 

On the first morning of the working symposium, a virtual tour of the GYA was presented to 

familiarize the participants with the complexity of the brucellosis issue in the area. Fourteen of 

the participants had toured the GYA preceding the working symposium as well (Appendix B). 

Presentations describing the management constraints in developing products for use in wildlife 

(Appendix C), delivery methods (Appendix D), and diagnostics (Appendix E) were given to 

improve the participants’ overall understanding of the issues. To emphasize the interrelation-

ship among multiple jurisdictional agencies in the GYA, presentations were given by Bob Moon 

(National Park Service, U.S. Department of the Interior), Valerie Ragan (Animal and Plant 

Inspection Service, U.S. Department of Agriculture), Keith Aune (representing state wildlife 

agencies), and Jim Logan (representing state animal health agencies). Presentations by three 

participants from Russia, Alexander Denisov, Roman Borovick, and Konstantin Salmakov, pro-

vided an international perspective on brucellosis issues and research (Appendices F, G, and H).

On the final afternoon of the working symposium, a facilitated public information exchange 

was held to inform stakeholders of the working symposium’s initial findings and to invite 

comments and questions. 

The Report

The following report, prepared by the Special Committee, contains the results of the working sym-

posium held at the University of Wyoming on August 16-18, 2005. This report identifies possible 

vaccines, delivery systems, and diagnostics for use in bison and elk and prioritizes research needs and 

their associated costs. Drafts of this report were reviewed by all of the invited participants. 
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Report of the Vaccine Working Group
Chairs: 

Steve Olsen

U. S. Department of Agriculture, Agricultural Research Service, National Animal Disease 

Center, Ames, Iowa

Phil Mamer

Idaho Department of Fish and Game, Caldwell, Idaho

Section Participants: 

Gerry Andrews, Lorne Babiuk, Randy Berrier, Wendy Brown, Lynette Corbeil, Alexander 

Denisov, Phil Elzer, Mark Estes, D.L. Lodmell, Julie McMurray, Scott McVey, Russ Mid-

daugh, Charles Mihaliak, Frank Milward, Peter Nara, David Pascual, Konstantin Salmakov, 

Ron Schultz, Gerhardt Schurig, LeeAnn Thomas, Ramesh Vemulapalli

Background

The persistence of brucellosis in bison and elk, caused by infection with B. abortus, poses a 

continued risk for transmission to domestic livestock and humans. Although vaccination is 

probably the most attractive control measure, vaccination alone will probably not eradicate  

brucellosis from free-ranging bison and elk. Also, some scientists question whether a vaccina-

tion program is even capable of reducing brucellosis prevalence in bison and elk. Limited data 
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for bison suggested that the B. 

abortus strain 19 vaccine was 

not efficacious when adminis-

tered as a calfhood vaccine and 

it also caused a high percentage 

of abortions. The efficacy of the 

B. abortus strain RB51 vaccine 

in bison remains in dispute. One 

research group reported that 

RB51 was efficacious as a calf-

hood vaccine whereas another 

group disputed this. There does 

appear to be consensus that the 

strain RB51 vaccine is safe as a 

bison calfhood vaccine and that 

it does not induce serologic re-

sponses, which would interfere with identification of bison infected with field strains of B. 

abortus. Data also suggested that route of delivery may influence immunologic responses of 

bison to vaccination. 

There also appears to be consensus by scientists that the strain RB51 vaccine is not efficacious 

in elk, but that the strain 19 vaccine induces limited protection. Data suggested that elk devel-

oped strong humoral responses, but poor cellular immune responses, after vaccination with 

strains 19 or RB51. Strong cellular immune responses are the best correlates of protective 

immunity against brucellosis known at this time. The lack of cellular immune responses after 

vaccination may explain why elk are not protected by current B. abortus vaccines. Current 

knowledge suggests the possibility that different vaccines may be required in order to protect 

both bison and elk against brucellosis.

Vaccine Working Group 

Participants charged with reviewing and writing the report in the vaccine working group were 

derived from academic, government, and private industry with expertise in the areas of vac-

cine development and production. The overall mission of the vaccine working group was to 

design a sustainable, innovative, basic and applied vaccine research and discovery program for 

application towards the eradication of infection and disease caused by B. abortus in bison and 

elk. The working group recognizes that the application of vaccines to these types of dynamic 

problems is not an independent solution for eradication. However, vaccines can be an effec-

tive disease mitigating tool that, when used in conjunction with other known practices such as 

test and slaughter or habitat manipulation, could lead to the eventual eradication of B. abortus 

from free-ranging elk and bison in the GYA.

Vaccine working group at the working symposium.



Vaccine Working Group | 7

Other management strategies may include, but are not limited to, phasing out feed grounds 

with transition to native winter range, habitat restoration, mandatory transition zone vaccina-

tion of cattle, and perhaps removal of B. abortus-positive animals. Other issues that the com-

mittee discussed included vaccine delivery methods and routes (particularly if multiple doses 

of vaccine are required), vaccine influence on protective responses, and environmental issues. 

All of these issues will likely have some influence on the generation of protective responses.

The working group focused on utilizing consortium-building strategies and established vac-

cine development programs used by industry and vaccine scientists. The working group hopes 

that the B. abortus vaccine development program outlined here will also provide a template 

for future needs addressing other wildlife diseases certain to challenge modern society. Areas 

were identified where there was either a complete lack of knowledge, an underdeveloped or 

fragmented knowledge base, or significant gaps for developing an effective vaccine for this 

application. Based on these discussions, the committee identified three main areas of emphasis 

for addressing vaccine research needs:

1. Interrelated issues which will influence research progress, implementation, and efficiency.

2. Empirical approaches to rapidly screen new vaccine candidates for efficacy in bison and elk.

3. Discovery or basic research approaches to expand knowledge on pathogenesis, protective 

antigens, and immunologic responses to B. abortus in bison and elk to facilitate develop-

ment of new second and third generation vaccines.

Interrelated Issues

The working group identified important programmatic issues at the local, state, national, 

international, and/or regulatory levels in an effort to facilitate brucellosis vaccine develop-

ment for bison and elk while maximizing productivity and efficiency. In this area, the com-

mittee identified the need for: 1) a coordination team; 2) identification of funding sources; 

3) addressing regulatory policies which hinder B. abortus vaccine research; and 4) sufficient 

biocontainment facilities to conduct the identified research.

The committee suggested that a group of professionals representing national animal disease 

groups (e.g., USAHA) and state and federal agencies be formed to oversee efforts in the 

area of bison and elk brucellosis research. This oversight group would assist in identifying 

and procuring funding, in prioritizing research needs, and in coordinating multidisciplinary 

or consortium research teams that would integrate vaccine, diagnostic, and delivery arenas. 

In regards to vaccine research, the oversight committee would disseminate progress reports 

from both the empirical and discovery approaches to all interested parties such that research 

approaches in vaccines, vaccine delivery, and diagnostics are integrated and coordinated. 

The working symposium committee identified funding as a major concern for progress in 

bison and elk vaccine research. Costs for individual studies would be high due to the pur-
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chase price of sufficient animals 

for experiments, husbandry ex-

penses, research supplies, and 

meeting government licensure 

regulations, which specify ap-

propriate biocontainment for 

research with B. abortus. In ad-

dition to direct funding from 

state and federal special pur-

pose legislation, other sources 

of funding could include com-

modity groups, private founda-

tions, and ongoing programs 

in state and federal agencies. In 

addition, the biologics industry 

could contribute to this effort 

by providing discovery and de-

velopment expertise. In some cases, this could include limited direct support. It is not expected 

that a vaccine for a very limited population of elk and bison would represent a commercial 

market. Manufacturing of released vaccine would require specialized and perhaps subsidized 

support.

Regulatory issues as specified by the Select Agent Act and the Agricultural Bioterrorism Act 

of 2002 were also identified by the working group as being significant roadblocks for prog-

ress in brucellosis vaccine research. The ability to share B. abortus strains is impaired by these 

regulations, although there is a regulatory process whereby vaccine strains can be declared 

exempt from the Select Agent Act on an individual basis. Because these regulations also spec-

ify biocontainment requirements for B. abortus vaccine research, they directly impact which 

animal and laboratory facilities are available for conducting research addressing bison and elk  

brucellosis. Currently, biocontainment facilities which could conduct efficacy experiments in 

bison and elk are extremely limited and cannot accommodate large numbers of animals. This 

lack of facilities is having a detrimental impact on research progress and this will be a critical 

limiting factor for some time. The working group discussed the fact that licensure of outside 

facilities is being considered, although it was emphasized this was not assured at this time. 

Facilities in other countries may be useful to conduct brucellosis vaccine research, especially 

in the near future.

Empirical or Applied Research Approach

As a short-term approach (1-5 years), the working group suggested a strategy of utilizing cur-

rently available brucellosis vaccines (worldwide) that are in later stages of research develop-

ment for immediate preclinical efficacy studies and field testing in bison and elk. Evaluations 

Working symposium attendees share information.
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would use definitions of efficacy and safety as adopted by the GYIBC in May, 1998. As part of 

this empirical approach, vaccine evaluation would be conducted such that data would be valid 

for use in obtaining licensure from the Animal and Plant Health Inspection Service – Center 

for Veterinary Biologics (APHIS-CVB). It is expected that available antigen candidates will 

be evaluated, but this evaluation would include broader investigations to look at formulations 

and routes of delivery. Development of promising candidates would continue in a streamlined 

approach directed toward conditional licensure and eventual full licensure. Issues regarding 

relationship to master seed, manufacturing processes, safety trials, and field trials would need 

to be addressed in the design of experiments such that licensure is facilitated for promising 

candidates. 

Briefly, the working group suggested that current data on existing new vaccines be reviewed 

and the best candidate(s) tested in bison and/or elk. Immunized and control animals would 

be challenged using current standard dose and routes and vaccine-induced protection deter-

mined. This approach should be integrated with the discovery approach to maximize produc-

tivity and to obtain data that would address key basic research needs such as identification of 

correlates of protective immunity.

Discovery or Basic Research Approach

The working symposium committee identified the need for a basic research component to 

be simultaneously initiated along with the applied research approach. The strategy for this 

is to explore novel approaches, establish basic science practices which yield incremental dis-

coveries, and develop information which will facilitate advances in diagnostics and vaccine 

development. In the event that all vaccines evaluated under the empirical approach prove 

unacceptable, knowledge gained through a basic research approach should offer alternative 

vaccines that might be successful in bison and elk. Several key areas were identified within this 

approach:

• Reproducible disease models for bison and elk

• Correlates of protective immunity

• Host-specific immunologic responses

• Antigen discovery

• Continual adjuvant/formulation/delivery optimization

• Novel B. abortus genetically-engineered vaccines

• Durability of immunogenicity.

Reproducible Disease Models for Bison and Elk

The standard methodology for evaluation of vaccine efficacy in ruminants against B. abortus 

is based on work conducted more than 60 years ago. Efficacy is based on resistance to infec-
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tion or abortion after intraconjunctival delivery of 1 x 107 CFU (colony-forming units) of B. 

abortus strain 2308 during midgestation. The working group felt that research methodology 

should be standardized so that infection or pathogenesis models give reproducible results. 

Use of standard methodology may not obtain information quickly because efficacy experi-

ments in bison can take approximately three years for completion if calfhood vaccination is 

being evaluated.

Surrogates of Protective Immunity

The working group suggested that alternative surrogates (experimental animal or tissue mod-

els) be identified that correlate with protective immunity so that efficacy may be evaluated 

more quickly. This would, in turn, facilitate a possible conditional registration by the U.S. 

Department of Agriculture (USDA) to allow use of the vaccine. It should be emphasized 

that this approach requires a model in which the host species is protected against brucello-

sis, a requirement which the working symposium committee was not certain existed for elk. 

Possibilities for positive or negative correlates of protection include, but are not limited to, 

bacterial killing, bacterial adherence, phagocytosis, tissue colonization, cellular differentia-

tion, cytokine transcription, acute-phase response, or antibody-based assays. Measurements of 

innate immunity using microbial pathogen-associated molecular patterns (PAMPS) may also 

correlate to protection. Due to a lack of species-specific immunologic reagents in bison and 

elk, this objective may require development and sharing of reagents.

Host-specific Immunologic Responses

Current knowledge suggests that there are phenotypic differences in bison and elk compared 

to cattle regarding their response to infection by virulent B. abortus strains or by vaccination 

with B. abortus strains 19 or RB51. This is particularly noted with elk where vaccination failed 

to develop robust cell-mediated responses and subsequently demonstrated poor protection. 

To develop a vaccine with the greatest efficacy, it will be necessary to understand how bison 

and elk immune systems respond to standardized test antigens, current/new vaccines, or 

infection with virulent strains of B. abortus. A basic understanding of host/pathogen interac-

tions and regulation in response to B. abortus infection or vaccination may identify targets 

or strategies for modulation of immune responses in a manner that increases protection. In a 

similar manner, knowledge of genes which facilitate persistence in the host, or assist in evad-

ing defenses, may be valuable in developing genetically-engineered new vaccines.

Antigen Discovery

Development of new, more efficacious vaccines is impaired by the fact that the genes or pro-

teins of B. abortus which mediate protective immunity are not well defined in any species, let 

alone bison and elk. Data have identified some brucellosis antigens which play a role in protec-

tive immunity, such as Cu/Zn superoxide dismutase or L7/L12 ribosomal protein. Current 

knowledge does not support the conclusion that currently identified antigens are the only 

genes which mediate protection. The currently identified protective antigens have primarily 
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been generated using laboratory 

animal models of B. abortus; an-

tigens which induce protective 

immunity in bison and elk may 

be markedly different. Evalu-

ation of early host responses 

may identify B. abortus anti-

gens which invoke non-protec-

tive or ineffectual immunologic 

responses. Use of genomics, 

proteonomics, microarrays, or 

computer modeling to identify 

antigens which stimulate B- and 

T-cell responses are approaches 

that may be beneficial. Protec-

tive antigens might also be 

identified by using molecular 

techniques to express recombi-

nant proteins with immunologic screening in the host species of interest. Because antigen 

processing and expression are critical components for induction of protective immunity, pro-

spective protective antigens may need to be expressed and delivered using different platforms 

in order to induce protective immunity in bison and elk. Identification of genes which medi-

ate protective immunity combined with proper delivery may allow immunologic responses to 

be focused, which may enhance efficacy in the host species of interest.

Adjuvant/formulation/delivery Optimization 

Multiple methods for immunopotentiation of vaccines are currently available including adju-

vants, CpG sequences, microencapsulation techniques, and others. Alternative types of vac-

cines such as DNA vaccines, inactivation technologies, and plant or baculovirus vehicles are 

also available. Some of these techniques have already been successfully used to develop effica-

cious vaccines for other pathogens. These techniques or procedures may prove beneficial in 

developing more efficacious brucellosis vaccines for bison and elk. It should be emphasized 

that studies to identify the optimal antigen concentration, vaccine formulation, or delivery 

regimen will have to be conducted to maximize protective immunity induced by a promising 

candidate. Regardless of how efficacious a new vaccine candidate appears, it will be useless if 

it cannot be manufactured in sufficient amounts.

B. abortus Genetically-engineered Vaccines

Current vaccines are primarily live bacterial vaccines because live bacteria have proven most 

efficient at inducing long-term protection against brucellosis. However, live B. abortus vac-

cines pose zoonotic risks for humans, can induce abortions in pregnant animals, and require 

Konstantin Salmakov, All Russian Veterinary Institute, 
discusses his research as UW student Evguenia Arzamazova 
assists with translation.
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refrigeration to maintain viability. Targeted genetic engineering of live B. abortus strains may 

initially be the most viable approach for development of new brucellosis vaccines. Targets for 

genetic modification might include genes involved in pathogenesis, genes involved in protec-

tive immunity, or genes which misdirect the immunologic responses toward non-protective 

responses. 

Durability of Immunogenicity

Because the lifespan of bison can exceed 20 years and elk 10 years, durability of any viable  

brucellosis vaccine candidate will need to be determined. Knowledge of the duration of im-

munity of any vaccine considered for use in the GYA will be critical in the development of an 

effective vaccination program for control of brucellosis in elk and bison.

Summary

The importance of the current brucellosis infection in bison and elk in the GYA should not 

be underestimated. The current impact on Wyoming and other regional cattle industries is 

economically and politically significant. Clearly, efforts to eradicate B. abortus from bison and 

elk are justified. An important part of the effort should include both basic immunological 

research and target vaccine development. The nature of this problem requires that potential, 

easily-achieved strategies be investigated. However, it is necessary to continue basic research 

because it is questionable if any of the currently available vaccine candidates will provide solid 

immunity, especially in elk. Progress of both direct development and basic research may be 

synergistic and may serve to identify an effective vaccine in the most time-efficient manner. 

In any case, vaccination is only one tool potentially available for management of brucellosis in 

bison or elk. The efforts to control this disease will only be successful through integration of 

multiple management tools including habitat management, improved diagnostics, delivery of 

efficacious vaccines, and population management.
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Report of the Vaccine Delivery 

Working Group
Chairs:  

Tom Roffe

U.S. Fish and Wildlife Service, Bozeman, Montana 

Keith Aune

Montana Department of Fish, Wildlife and Parks, Bozeman, Montana

Section Participants: 

Lowell Miller, Rick Hansen, Dave Grainger, Gary Wobeser, Paul Cross, Roman Borovick, 

Allison Ficht, Bryce Buddle, Keith Amass, Charles Rupprecht, Dennis Slate

Background

The use of brucellosis vaccines to immunize elk and bison in the GYA has been debated for 

several decades. Although there remains much disagreement whether vaccination will elimi-

nate brucellosis, the prevailing view is that vaccination may help to reduce the incidence of  

brucellosis as long as the vaccine is safe. While vaccines have routinely been used to immunize 

livestock, there are many obstacles and challenges when attempting to apply current vaccines 

and vaccine delivery systems to free-ranging wildlife.  
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Vaccines are rarely used to man-

age wildlife disease. Two novel 

programs employing large-scale 

vaccination of wild animals in 

the U.S. are the Wyoming elk  

brucellosis vaccination pro-

gram and the oral rabies vaccine 

(ORV) program in the eastern 

United States and Texas. In the 

Wyoming elk vaccine program, 

strain 19 vaccine is remotely de-

livered, at relatively short ranges, 

to elk calves via a biodegradable 

casing containing freeze-dried 

vaccine. This program has suc-

cessfully delivered vaccines to 

elk by attracting animals to a 

winter feedline to mitigate nat-

ural avoidance behavior and overcome ballistic delivery limitations. Oral rabies vaccine pro-

grams are currently expanding, but illustrate the many challenges relative to environmental 

regulations, program costs, and target specificity. Neither of these programs has successfully 

eliminated a disease. The ORV program has demonstrated some measure of disease control, 

but the efficacy of elk brucellosis vaccination for disease control is debatable. Controlled ex-

periments suggested that the elk vaccine may be 25-30% efficacious.

There are two fundamental components required for successful brucellosis vaccination in wild 

elk and bison: 1) an efficacious and safe vaccine against B. abortus; and 2) an effective and safe 

method of delivering the vaccine. Although the development of safe brucellosis vaccines for 

wildlife seems imminent, the challenges of reliably delivering effective vaccines to free-rang-

ing wildlife remain considerable. 

Most of the existing and current research on vaccine delivery has focused on parenteral (ad-

ministered by some means other than the digestive tract) and ballistic delivery techniques. 

These techniques are often limited by the necessity of capturing or containing free-ranging 

wildlife or by the close approach distance necessary to remotely deliver vaccines. The research 

conducted to date has emphasized extending the range of remote delivery systems, improving 

ballistic characteristics of the biobullet delivery system, increasing payload of biocompatible 

bullets, and improving overall effectiveness of remote vaccine delivery. Research on oral deliv-

ery has only recently been started and has focused on: 1) developing attractive feeds or baits 

that can bind with vaccines; 2) determining species-specific preferences for feeds or baits; and 

3) designing approaches for delivering oral vaccines to elk and bison.

Alexander Denisov, Research Center for Toxicology and 
Hygienic Regulation of Biopreparations, Ministry of 
Health of the Russian Federation, testing the biobullet 
delivery system.
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The focal topic and goal of the vaccine delivery working group was to define a variety of exist-

ing or potential vaccine delivery methods that could be used in free-ranging wildlife within 

the GYA. Furthermore, the working group was tasked with identifying priority research needs 

and evaluating the cost, potential timeline, and possible barriers to conducting this research.

Delivery Systems Workgroup “Brainstorming”

The workgroup created a comprehensive list of potential vaccine delivery methods and identi-

fied what factors affected these methods. The working group stratified vaccine delivery sys-

tems into five major categories based on the route of delivery (Table 1). Under each major 

category, an expanded list of specific methodologies was developed through a “brainstorm-

ing” exercise (Table 2). 

As the discussions expanded and became diffuse, the working group established some discus-

sion guidelines to help focus the group. The group chose to exclude discussion of vaccine 

delivery methods for cattle. The working group then developed a general list of ancillary 

constraints that affected the delivery of vaccines to free-ranging wildlife and identified some 

of the general barriers that would affect all vaccine delivery systems (Table 3).

Prioritization 

The expanded list of potential vaccine delivery methods was prioritized (high, medium, or 

low priority) by consensus to further discussion and evaluation of the methods (Table 4). Due 

to time constraints and in an effort to work efficiently, the working group avoided any de-

tailed analysis and discussion of low priority methods. The prioritization tended to class deliv-

ery systems that are currently available or in the process of development as high priority, while 

high-risk approaches having high potential returns tended to be classed as medium priorities. 

Following the identification of high research priorities, the workgroup identified major re-

search questions, timelines, costs, and additional specific barriers associated with each (Table 

5). For the medium priority methods, the group identified the appropriate research questions 

to be considered but did not address cost, timelines, and specific barriers (Table 6). 

Conclusions

• Vaccine delivery systems are heavily dependent upon vaccine type. It is essential to un-

derstand the biochemical and molecular properties of the vaccine(s) before an efficient 

vaccine delivery system can be fully developed. 

• There are several existing delivery systems in place, but these need additional develop-

ment to become effective vaccine delivery tools for the GYA.

• Given the great complexity of brucellosis management in the GYA, multiple platforms for 

delivering vaccines are needed. It is highly unlikely that one system will work for all areas, 

in all circumstances, and in both species.
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Table 1.  Five categories of delivery systems to be considered based on the route of 

administration.

Route of Administration Method

1. Oral Any method that depends upon an animal ingesting a 

vaccine.

2. Injectable Any method by which the vaccine is directly delivered to 

subcutaneous or deeper tissue.

3. Transdermal Any method that delivers a vaccine by direct absorption 

through or in epidermal tissues.

4. Biologically vectored Any method that introduces a vaccine by use of living 

organisms associated with target host. 

5. Non-oral mucosal Any means of delivering vaccine across a mucosal surface 

but excluding ingestion.

• Social and ecological considerations will be very important in gaining public acceptance 

for vaccination and the various approaches to delivering vaccines.

• Effective delivery must be cost effective and able to reach a large number of animals in a 

large landscape. The logistical challenges will be great. 

• Funding will be a major barrier preventing the research and eventual use of vaccines and 

the development of appropriate and effective delivery systems. 

• Field validation trials should be conducted to evaluate effectiveness of vaccine delivery 

before widespread application of vaccination programs in the GYA.
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Table 2. Potential vaccine delivery methods.                 

Delivery Approach Potential Methods

Oral • Applying vaccine to baits 

• Spiking natural or artificial water sources

• Incorporating vaccines into salt attractants or within natural salt 
licks

• Natural forage enhancement (using a dispersed antigen exter-
nally applied to natural forage)

• Engineered recombinant forage (using genetic engineering to 
incorporate antigen into forage)

• Other recombinant forms 

• Transgenic approaches 

• Innovative encapsulation of vaccines (packaging live bacteria, 
DNA, or antigens into smaller capsules for delivery)

• Application to surfaces (applying antigens to the surface of an 
attractant that animals may contact such as a fetus)

Injectable • Dart delivery (degradable or recoverable)

• Trap, vaccinate and release 

• Biocompatible bullets (such as the biobullet)

• Delivery of a depot

• Application to antlers/horns (to take advantage of fighting) 

Transdermal • Ballistic (remote delivery of vaccine in a salve, paste or patch 
that contacts the skin surface)

• Contact (delivery of vaccine through natural rubbing and/or 
other grooming behaviors)

Biologically vectored • Using biting arthropods to inject vaccine

• Using other viruses/bacteria to delivery vaccine by infection

• Phage

• Nematodes/other parasites that can deliver vaccine by infec-
tion

Muscosal • Aerogenic (aerosol) delivery to mucosal surfaces of the nose 
and throat.

• Bioengineered venereal disease

• Ocular delivery (aerosols into the membranes of the eye; e.g., 
dead antigen with a polymer in aerosol form used to treat pink 
eye)

• Rectal suppository
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Table 3.  Ancillary factors affecting delivery methods and some general barriers af-

fecting all delivery approaches.

Issue Factors

Some con-
straining fac-
tors are heavily 
dependent on 
the vaccine 
type being con-
sidered

• Achieving sustained release (inside GI tract or in an injected depot)

• Biomarkers are needed to evaluate vaccine delivery

• Concerns of single versus multiple dosing (long-acting or requiring 
a booster)

• Available adjuvant systems

• The horizontal/vertical amplification of vaccines (vaccine system 
that delivers to select members of cohort and transmitted to other 
members of the cohort or offspring)

• Vaccine package duration/stability and storage/shelf life 

• Vaccine dose regulation (age and gender specificity and product 
stability)

• Vaccine clearance from target and/or non-target animals

• Target/non-target species and specific biosafety issues

• Environmental impacts and ecological concerns are important con-
siderations

* Ecological consequences may often be unforeseen

- Trophic level impacts may occur.

- Natural selection processes and population genetics may be 
altered in unforeseen ways

- There may be effects on population demographics by al-
tered fertility or reproduction

- Delivery systems may unnaturally concentrate animals

- Intrusive methods (aircraft or high human disturbance) may 
disperse animals and affect seasonal movements

* Biosafety:  there may be adverse effects on non-target and/or 
target species including humans (hunters) that consume wildlife

* Persistence of a vaccine or delivery system products in the natu-
ral environment is often unknown

Some con-
straining 
considerations 
are not as de-
pendent on the 
vaccine type

• There will be species-specific responses to vaccine and delivery 
methods

• Product availability could be limiting (who can produce, when can 
it be delivered, and how much can be manufactured)

• Active versus passive delivery approaches (differences in vaccine 
methods that are delivered by humans to individual animals versus 
methods that self-vaccinate animals by some innovative means) 

• Aerial delivery logistics (there are significant challenges in managing 
aerosols when they are delivered in natural landscapes)

• Remote vaccination devices:  mechanical devices that are remotely 
activated by sensing or by contact with the animal are difficult to 
regulate 
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Issue Factors

Potential 
barriers to 
research 
and field 
applications

• Biosafety research needs will be significant for most new vaccines

• Regulations and policy (various jurisdictions will apply)

• Facility availability, especially with respect to “BL3” (biosafety level 
3) facilities

• Costs (funding for basic and applied research)

• Limited effective range for many of the existing delivery methods

• Formulation of adjuvants and/or delivery packages for some meth-
ods

• Social acceptance of vaccination programs and specific delivery 
methods

Table 4. Prioritization of vaccine delivery methods. 

Priority  Delivery Method

High • Oral delivery

• Baits, salt or feed

• Biocompatible bullets

* depot injectable

* biobullets

• Natural forage dispersed vaccine

• Transdermal-surface application of vaccine

Medium • Dart systems

• Arthropods as a biological vector

• Phage as a biological vector

• Viruses/bacteria/nematodes as biological vectors

• Aerogenic or aerosol

• Recombinant forage

Low • Rectal suppositories

• Parasites other than nematodes as vectors

• Antlers/horns

• Trap, vaccinate, release (TVR; already available)

• Spiked water sources

• Other recombinant forms

• Bioengineered venereal disease

• Oral delivery from surfaces

• Transgenic
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Table 5. Research needs, cost, timelines and barriers for high priority vaccine 

delivery systems for elk and bison in the GYA.

Research 

Need Costs Timeline Questions Specific Barriers

Basic 
research

Low Long-term 1. Can we develop a mul-
tiple platform approach 
specific to various circum-
stances?

2. What kind of biomarker 
is needed and how do we 
incorporate it into deliv-
ery systems?

3. What is the effect of mul-
tiple vaccinations?

4. Can we develop a sus-
tained release approach 
for many of the proposed 
systems?

5. Field validation experi-
ments are necessary for all 
approaches.

1. Multiple plat-
forms create 
additional com-
plexity.

2. Environmental 
compliance for 
field validation 
experiments.

Oral baits Low-
medium

Short-term 1. Can we develop baits that 
are attractive to elk and 
bison?

2. Will the baits be compat-
ible with vaccines?

3. How do we stabilize the 
bait vaccine so that it can 
remain stable in the en-
vironment and reach the 
target tissues?

4. What kind of bait vaccine 
package is needed?

5. How do we make an oral 
bait vaccine package with 
sustained release and 
proper dosing properties?

1. Uncontrolled 
access to baits 
or attractants by 
multiple species.

2. Significant 
probability of 
delivering a vac-
cine to non-tar-
get species.
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Research 

Need Costs Timeline Questions Specific Barriers

Biocompat-
ible bullets

Medium Short-term 1. How do we develop 
stable ballistic characteris-
tics?

2. What are the effective 
working ranges?

3. Can we develop ballistic 
delivery with adequate 
payloads?

4. What mortality or mor-
bidity is associated with 
ballistic delivery?

5. What are the behavior 
responses of animals and 
how can we mitigate 
them?

1. The physics of 
ballistic systems 
can be limiting 
in application 
and can pro-
duce harm to 
animals.

2. Animal behav-
iors may be 
significantly 
modified with 
unforeseen con-
sequences.

Natural 

forage 

dispersed 

vaccine

Medium-

high cost 

depending 

upon 

formulation

Technology 

development 

is short-term; 

formulation 

development is 

long-term

1. Can we develop methods 

for applying candidate 

vaccines to forage and 

forage products?

2. How do we regulate 

dosing?

3. What is the stability 

of the vaccine in the 

environment?

4. How do we stabilize the 

bait vaccine?  Questions 

of stability so that we can 

reach the target tissues and 

stability of vaccine in the 

environment.

5. What is the effect on 

forage palatability and 

acceptance by elk and 

bison?

1. Uncontrolled 

use of a vaccine 

in natural 

environments.

probability of 

delivering a 

vaccine to non-

target species.

Transdermal High Technology 

and 

formulation 

will be long- 

term

1. What is the effective 
penetration necessary for 
a ballistic transdermal 
delivery?

2. Are there alternatives 
to ballistic delivery of a 
transdermal vaccine?

1. A great deal 
of uncertainty 
surrounds this 
novel approach 
until the basic 
research is com-
pleted.
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Table 6. Research questions associated with medium priority delivery approaches.

Delivery Approach Research Questions

Darts 1. Can we develop a sodium bicarbonate slow injection 
system?

2. Can we develop biodegradable darts that are ballistically 
competent?

3. Improved retention devices are needed for dart systems.

Arthropods as Vectors 1. Do you sterilize biological vectors to prevent reproduc-
tion and if so, how?

2. Develop the necessary husbandry protocols for mass 
production of the arthropod.

3. Can we develop protocols to insure target specificity 
when dealing with a free-living organism?

4. Will the vectored vaccine produce the desired immune 
expressions?

Virus/Bacteria/Nema-
todes/Phage as Vectors

1. What vectors can be used? 

2. Can vectored antigen express and protect (achieve the 
desired immune presentation)?

3. Can we manage dose?

4. Is containment possible?

5. Genetic stability of the vector?

6. Need research on the basic gut microflora with respect 
to introduction of vectors.

Aerogenic (Aerosols) 1. How do we create an effective aerosol with B. abortus?

2. Specificity of delivery?

3. Containment and targeting of vaccine.

4. How do you administer to a whole population?

5. Environmental persistence of vaccine?

Recombinant Forage 1. What do we combine antigen with?

2. Dosing/concentration issues.

3. Specificity of delivery?

4. Effects of chronic intake on immunity?
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Report of the Diagnostics Working Group 
Chairs:  

Valerie Ragan

U. S. Department of Agriculture, Animal and Plant Health Inspection Service, Veterinary 

Services, Riverdale, Maryland

Scott Wright

U. S. Geological Survey, National Wildlife Health Center, Madison, Wisconsin

Section Participants: 

Betsy Bricker, Pat Fitch, Emilio Garcia, Ted Hadfield, Sharon Hietala, Ken Mills, Klaus 

Nielsen, Stacy Tessaro, Richard Warren, Mark Wolcott, and Wei Ling Yu. 

Background

The process required to develop better diagnostic tools is complicated and may be influenced 

by advances in vaccine development. The suggestions provided in this section are based upon 

what is currently known and what is possible with adequate funding. Developments in other 

areas, such as vaccines, may influence diagnostic needs. For example, if vaccines with biomark-

ers are developed, diagnostic tests capable of detecting the biomarker will also need to be 
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developed. Development of diagnostic assays will be greatly enhanced by initially conducting 

more fundamental research (e.g., a better understanding of host immune systems or mapping 

host genomes). Therefore, the overall development of improved diagnostics will be an evolv-

ing process that requires considerable and open communication between many researchers 

working in the brucellosis arena. Further, much of what can be learned through this process 

may be applicable to research in other diseases in these species and may result in improved 

investigations of wildlife diseases in general. 

Needs

It is important to note that there were several concerns and needs that should be addressed if 

diagnostic development is to move forward. First, the participants placed a very high priority 

on the validation of existing diagnostic methods that are applied to wildlife. Many of the cur-

rent diagnostic methods have been developed for cattle and extrapolated for use in wildlife. 

Standardized validation methods need to be developed after which current diagnostic tools 

need to be validated for wildlife. Several participants recommended utilizing the OIE (World 

Organization for Animal Health) standards for validation as a guide. Because so many agen-

cies are testing various animals in different scenarios, the goal of the validation exercise is to 

provide data-supported recommendations for the best methods to use. Validation generally 

requires large numbers of animals, which could be difficult for studying elk and bison. Partici-

pants also expressed the importance of including several laboratories in the validation process 

to assure widespread applicability and repeatability. 

The need for a true “gold standard” for the diagnosis of brucellosis was also discussed. Al-

though culture has always been considered such a standard for the diagnosis of brucellosis, 

the inability to successfully and consistently culture from known infected animals has resulted 

in an imperfect “gold-standard.”

The current select agent designation of B. abortus causes substantial challenges to the ability 

to work with the bacteria in captive bison or elk because it is difficult to confine these animals 

in BL3 indoor facilities. Since it is unlikely that the Centers for Disease Control (CDC) and 

the USDA will change the status of this bacterium or defer status for select research projects, 

alternatives and methods to allow controlled outdoor research need to be developed and ap-

proved. 

Facilities are also a limiting factor in brucellosis research in livestock and wildlife. Animals 

need to be contained, often for long periods of time (e.g., up to ten years), to evaluate new 

diagnostic tests and to infect them for vaccine testing. Few facilities are available that can ac-

commodate large animals for long periods and none are expected to be developed in the near 

future. In consideration of this situation, the USDA has developed a checklist necessary to 

work with B. abortus in outside pens. The document is due for release for comment soon. 

During the course of the discussion, it became apparent that there is a great need for 

centralization of information. The participants felt this could be best met via the establishment 
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of a clearinghouse for the 

coordination of research and 

diagnostic projects. Included in 

this clearinghouse would be the 

establishment of 1) a process 

to share necessary reagents, 

2) a master database, and 3) a 

repository for well-characterized 

diagnostic materials. Participants 

felt that a consortium should be 

formed to provide a framework to 

accomplish these necessary tasks. 

The consortium would consist of 

partners working in the brucellosis 

arena (i.e., universities, private 

industry, government diagnostic 

laboratories and agencies).

The Question

To begin the process of obtaining ideas, participants were asked the following question: 

What are the most important research needs for improving live-animal diagnostic capabilities 

to distinguish naturally-infected animals from vaccinated animals?

The participants were asked to answer the question without constraint, including funding. 

In addition, the co-chairs suggested that tests for wildlife should have 1) high sensitivity and 

specificity, 2) ease of development, 3) rapid results, and 4) ease of use in the field (i.e., not 

limited to a laboratory). There was considerable discussion of a test that could measure the 

infectivity of an animal. Some participants felt that any seropositive animal should be consid-

ered infectious regardless of actual status. This is important for managing wild herds since 

infected animals often are intermittently infectious. Participants subsequently developed 23 

suggestions for potential diagnostic techniques (Table 7).

Prioritization

The participants then prioritized their suggestions based on 1) how quickly the projects can 

be completed, 2) use in live animals, 3) chance of success, and 4) funding requirements. 

Participants also estimated the time required to complete research on these topics. The time-

lines were divided into short term, intermediate, and long term. The participants noted that 

the suggestions designated as top priority met the above criteria. However, other suggested 

projects were also important. Several of the projects may also depend upon results from other 

working symposium groups. 

Dennis Slate, USDA-APHIS, and Rick Willer, 2005 
USAHA President, at the working symposium.
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Meta-analysis of current data and standardization of current polymerization chain reaction 

(PCR) tests were high priorities that could be accomplished in the least amount of time at 

relatively low expense. Metadata analysis would involve combining and statistically analyzing 

data from published and unpublished sources to more fully understand the existing base of 

knowledge on brucellosis diagnostic tests. Dr. Klaus Nielsen provided examples of brucellosis 

test data currently available (Appendix 3). Research topics, such as “Biomarkers and Vaccine 

Markers,” are examples of areas of interest that could be shared by the vaccine and diagnostic 

sections. Clearly, developments in one arena could benefit the progress in the other. 

 The development of rapid tests was also designated as a high priority. This project was se-

lected as a top priority, even though it was long-term, because rapid tests can provide an 

overall benefit to understanding and managing diseases in elk and bison. The participants felt 

that determining host and bacterial genomes would take time (thus the long-term status), 

but once accomplished, rapid tests could then be developed more quickly. Expense is a major 

hurdle because determining the host genomes would cost millions, which should be consid-

ered in terms of the overall cost-benefit ratio. However, once completed, the applicability of 

this information could be very broad.

Improving culture methods for B. abortus was also discussed. Some participants felt that ad-

vancements in technology could be applied to the improvement of culture techniques. Cul-

tures could also benefit advances in both vaccine development and diagnostics by confirming 

results. Cultures should be a part of the repository (tissue bank) suggested as a source of bona 

fide samples used in research and diagnostics. 

Diagnostic Techniques 

A number of possible diagnostic techniques were discussed. Time limitations prevented in-

depth discussions on specifics, so possible diagnostic techniques were grouped under broad 

categories (Table 7). These categories are: 1) Immunological - techniques related to antigen/

antibody characteristics and interactions; 2) Genomics - techniques related to genetic makeup 

and/or gene response or manipulation; 3)  Proteomics -  techniques related to proteins, par-

ticularly their structures and functions; 4) Chemical – techniques related to the detection of 

certain chemicals produced by the body or organism; 5) Epidemiology – techniques related 

to the study of the disease itself and its behavior; and 6) Others. 

Funding

Funding estimates were developed for various diagnostic research projects. This was diffi-

cult because funding depends upon many unknown factors. Notably, determination of host 

genomes would be very expensive (estimated at $30 million). Adding this cost to the bud-

get would greatly increase funding requirements. Considering the top priorities and facility 

needs, as well as several other suggested projects, the participants estimated a budget from 

$28-52 million. Host genomics should be presented as a separate case. 
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Table 7. Summary of suggested diagnostic techniques. Highest priority items are in bold 

face. E = elk, B = bison, O = organism. 

Area Platform

Short-term

1-2 years

Intermediate

2-5 years

Long-term

5-10 years

Priority

1 = high

2 =  

medium

3 = low

 Immunological

 

 

 

 

 

 

Rapid Tests (genomics and 
proteomics) X 1

Matrix Antibody/Antigen X (E and B) 1

Vaccine Marker (vaccine 
dependent) X 1

Latency X (E and B) 3

Protein Micro-array X (E and B) 2

Raman (antibody) X (E and B) 3

Phage Reagent/Aptamer X 3

 

 Genomics

 

 

 

 

Standardization of PCR (and 
improving bacterial isolation 
technology) X 1

Up/Down Regulation of Genes X 3

Sequencing (bacterial and ge-
nome of host) X (E, B, O) 2

Genetic Response (susceptibility) X (E and B) 3

ID of Biomarkers X 2

 

 Proteomics

 

 

T-Cell Biomarkers X (E and B) 1

2-D Gels et al. X 3

In Vivo Express Protein Gel X (E and B) 3

 

 Chemical

 
Raman X (O) 3

Urine/Breath X (E and B) 3

 Epidemiology Meta-Analysis X 1

 

 
Locating B. abortus on Landscape X 3

Integrate with Behavioral Patterns X 3

 Environmental Detection Method X

Other Remote sensing X 3

Improved culture X 3
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Appendix A
Working Symposium Participants, Special Committee 

Members, and Staff

Participants

VACCINE BREAKOUT GROUP 

Gerry Andrews, Department of Veterinary Sciences, University of Wyoming, Laramie, Wyoming

Lorne Babiuk, Canadian Vaccine Institute, University of Saskatchewan, Saskatoon, Saskatchewan

Randy Berrier, Colorado Serum Company, Denver, Colorado

Wendy Brown, Department of Immunology, Microbiology & Pathology, Washington State University, 

Pullman, Washington

Lynette Corbeil, University of California Medical Center, San Diego, California

Alexander Denisov, Ministry of Health of the Russian Federation, Moscow, Russia

Phil Elzer, Department of Veterinary Science, Louisiana State University, Baton Rouge, Louisiana

Mark Estes, Sealy Center for Vaccine Development, University of Texas, Austin, Texas

D.L. Lodmell, Rocky Mountain Laboratories, Hamilton, Montana

Julie McMurry, EpiVax, Inc., Providence, Rhode Island 

Scott McVey, Pfizer Animal Health, Lincoln, Nebraska

Russ Middaugh, Pharmaceutical Chemistry, University of Kansas, Lawrence, Kansas

Charles Mihaliak, Dow AgroSciences, Indianapolis, Indiana

Frank Milward, Merial, Ltd., Athens, Georgia

Peter Nara, Biological Mimetics, Inc., Frederick, Maryland

David Pascual, Veterinary Molecular Biology, Montana State University, Bozeman, Montana

Konstantin Salmakov, All Russian Veterinary Institute, Kazan, Tatarstan, Russia
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Appendix B
Field Trip Itinerary and Participants

Pre-Working Symposium Field Trip – August 12-15, 2005

Field Trip Leaders:  

Glenn Plumb, Yellowstone National Park

Keith Aune, Montana Department of Fish, Wildlife and Parks

Field Trip Hosts:

Mark Atkinson, Montana Department of Fish, Wildlife and Parks

Neal Anderson, Montana Department of Fish, Wildlife and Parks

Ryan Clarke, Animal and Plant Health Inspection Service

John Treanor, Yellowstone National Park

Field trip participants at 
Bison Quarantine Project.

Field Trip Participants:  

1. Roman Borovick   Ministry of Health of the Russian Federation  

2. Lynette Corbeil  University of California San Diego Medical Center 

3. Alexander Denisov  Ministry of Health of the Russian Federation   

4. Pat Fitch   Lawrence Livermore Labs 

5. Maria Koller-Jones  Canadian Food Inspection Agency 

6. Phil Mamer  Idaho Dept. Fish & Game

7. Russ Middaugh   University of Kansas 

8. Charles Mihaliak  Dow AgroScience 

9. Peter Nara   Biological Mimetics  

10. Charles Rupprecht  Centers for Disease Control   

11. Konstantin Salmakov  All Russian Veterinary Institute  

12. Dennis Slate  U.S. Dept. of Agriculture, Animal and Plant Health Inspection

   Service

13. Stacy Tessaro  Canadian Food Inspection Agency  

14. Rick Willer  U.S. Animal Health Association
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August 12

• Tour Paradise Valley, Mon-

tana with Montana Fish, 

Wildlife and Parks, [Keith 

Aune, Kurt Alt and Tom 

Lemke]

• Tour Bison Quarantine 

Project with Animal and 

Plant Health Inspection 

Service, [Ryan Clarke]

• Tour Gardiner Basin, Ste-

phens Creek, Madison-Fire-

hole with Yellowstone Na-

tional Park, [Tim Reid, Brian 

Helms, Glenn Plumb]

• Tour Horse Butte with Montana Department of Livestock, [Tom Linfield and Rob Tierney]

• Tour Grizzly Discovery Center, West Yellowstone, MT

August 13

• Drive through southern YNP enroute to Jackson Hole, Wyoming

• Tour selected areas in Buffalo Valley, Elk Ranch, Kelly with Grand Teton National Park, 

[Sue Consolo-Murphy and Steve Cain]

• View National Elk Refuge with Fish and Wildlife Service [Steve Brock]

• Visit Wyoming state elk feedground with Wyoming Game and Fish [Ron Dean]

August 14

• Drive from Jackson to Pindedale, WY

• Tour WY elk feed ground and meet with area livestock producers, with Wyoming Game and 

Fish Department [Scott Werbelow], and Wyoming State Representative [Monte Olsen]

August 15

• Presentation on brucellosis issues in Idaho with Idaho Fish and Game Department [Phil 

Mamer]

• Drive from Pinedale to Laramie

Field trip participants in Yellowstone National Park.
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Appendix C
Overview of Management Constraints to Consider in Developing  

a Wildlife Vaccine, Delivery System, and Diagnostic Tools.

Leslie A. Dierauf, VMD

U.S. Geological Survey, National Wildlife Health Center, Madison, Wisconsin

In general terms, field work with wildlife requires creativity and ingenuity along with con-

siderable understanding of the particular species with which you are working. I will focus on 

some of the technical considerations necessary for working with wild animals as well as other 

compromising factors such as permits, legal jurisdiction, and political will. It is important to 

remember that wild animals are free-ranging and, aside from non-natural obstacles such as 

roads, fences, and canals, they have few boundaries. They exist in the open environment and as 

such are subject to the whims of the day or season. They do not recognize political boundaries. 

They are not livestock or pets. They are not domesticated. Generally, they are wary and do not 

tolerate people. Because they avoid people, they are not easily approachable. They can hurt 
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people either accidentally (at-

tempting escape) or intention-

ally (protecting their young). 

Some would argue that humans 

share the earth with wildlife; 

however, experience has taught 

us that, in some circumstances, 

humans are guests in the world 

of wildlife. In the arena of wild-

life diseases, the focus is on the 

effect of the disease on the pop-

ulation rather than the empha-

sis on the individual animal. For 

this reason, disease (as with other population limiting factors) is managed at the population 

level. 

Conducting field research with wildlife requires considerable planning. Whenever possible, 

experienced people should either be a part of, or be consulted by, the team going into the 

field. To accomplish goals of any wildlife study, increased time of contact and closeness of 

contact (hands on) leads to increased risk to both researchers and wildlife alike. Considerable 

thought needs to occur in order to assure that the work being done is necessary and brings 

added value or need to what is already known about the particular wildlife species involved. 

With increased risk comes greater consequence. Problems occur, especially if the wildlife spe-

cies is rare, endangered, or one with great political interest. Errors in judgment can be fatal to 

both research and disease management programs. 

Knowing the Host

A critical aspect of planning for a field project is understanding the biology of the species 

involved. From a wildlife disease perspective, the animal is considered the “host” of the dis-

ease. Different host species often differ biologically even when they coexist. These hosts have 

different biological clocks, movement patterns, reproductive seasons, food preferences, and 

tolerance of human activity. Some can be handled or captured more easily than others. A very 

important piece of information for understanding the severity of a disease is the frequency of 

occurrence of the disease in the population. The size of a population of free-ranging wildlife 

is rarely known accurately. For this reason, notions of frequency of disease are only estimates. 

Larger species (such as bison and elk) have seasonally directed movement throughout the 

year. Animal migration can be a good way of gaining access to large numbers of animals over a 

short time; however, as the animals are “on the move” they may be less easily captured. There 

is rarely a reliable indication of their health or nutritional status at the time of capture. Unless 
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it is very obvious, all animals 

are generally considered healthy 

if they are behaving normally. 

Subtle differences (modified 

immune systems, early stages 

of disease) are not apparent and 

are unknown at the time the an-

imals are captured. The capture 

and handling process may ac-

celerate pre-existing conditions. 

So the value of the capture and 

handling of wildlife needs to 

be considered against the risk. 

There is always risk when working with free-ranging wildlife. 

Wildlife comes in different shapes and sizes. A project involving field mice has a different level 

of complexity than a study of cheetah. Generally, larger animals are more powerful and, there-

fore, potentially more dangerous. Beached whales are not aggressive per se but they can be 

deadly when they roll over people standing next to them on the beach. Handling or restrain-

ing larger animals has its own set of complications, especially if these animals have claws and 

sharp teeth. Some species cannot lay on their sides any length of time or they will suffocate. 

Some wildlife species panic when their faces or eyes are covered, while others calm down. 

Even if chemical restraint is used to subdue an animal and chemical reversal is employed to 

“bring it back,” there needs to be a plan of what to do and where to be when the animal 

awakens, because the animal is not usually very “happy” upon awakening. 

The timing of handling wild animals is critical. The time required to capture the animal and 

the weather conditions (e.g., temperature, approaching storm) during the capture need to be 

considered, as does the actual time you will need to collect your samples. If the study requires 

many samples using multiple procedures with varying invasiveness, the process needs to be 

triaged, so that the most important samples are collected first. Manually restrained animals 

(non-chemical) do not generally tolerate restraint beyond a certain point, so quick decisions 

need to be made about completing sets of samples originally planned. Chasing animals to 

capture them is physiologically stressful and can be fatal (capture myopathy; hyperthermia). 

Times need to be determined beforehand as to when to break off capture attempts if your ef-

forts exceed that timeframe. The experience of capture and handling may affect the immune 

system through a general stress response, which may compromise vaccination as a result of 

immune stimulation. The stress effect will abate with time but if the vaccine is a weak immune 

stimulant, it may not be as effective as desired. 
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The Disease Agent

It is equally important to understand the biology of the disease agent as it is to understand 

the biology of the host. There are several important disease agent characteristics to consider 

when working with free-ranging animals. Field staff need to exercise extreme care if a disease 

agent is highly infectious and can be transmitted by mechanical means (equipment, clothing, 

instruments, foot wear, etc.) in addition to direct contact with infected hosts. Staff could be 

a direct source of spreading disease to uninfected wildlife hosts by poor management of their 

activities. Actively capturing and handling wild animals infected with zoonotic diseases has 

an additional level of concern because the disease can infect humans as well. Extreme care is 

necessary if working with a highly infectious zoonotic disease. Animals can facilitate transmis-

sion by throwing feces, projectile vomiting, projectile urination, or defecation. All of these 

excreta could be highly infectious. Some disease agents are hardy and able to withstand harsh 

conditions (wide range of temperature extremes, survival in soil, resistance to many conven-

tional disinfectants), while others are fragile (easily degraded by sun or desiccation) and do 

not survive outside a living host. Decontamination of equipment is more difficult in the field. 

Assuring the animal’s skin is clean prior to vaccine injection or blood collection is not a trivial 

exercise. Utilizing different instruments for each animal is critical to minimize the possibility 

of spreading a disease agent among wildlife. Working with “select agents” is very limited in 

the wild. Some work with select agents can occur if the animals can be housed in containment, 

but this is also limited by rules and regulations. 

The Environment

Climate and seasonal weather conditions are major factors affecting field work. Temperature 

extremes, particularly in the West, can occur during a single 24-hour period. These can have 

very different influences on activities and careful planning can avoid such setbacks. In some 

respects, it may be easier to work in colder weather, as long as it not too extreme. Warm 

weather gear can be lighter and items that need to be chilled are easier to maintain. Hot 

weather requires reliable sources to keep samples or vaccines cold. Cold packs, wet ice, and 

dry ice all become portable means to keep crucial materials from overheating. Hot weather is 

more dangerous, since it amplifies the heat generated by the animal undergoing capture exer-

tion. When an animal is chemically restrained, even when chase times are limited, some drugs 

can accelerate metabolism, subsequently raising core body temperature. Thus, steps need to 

be taken to keep the animal cool during handling. 

Local weather, which is sometimes ignored, can be a constraint to handling animals. Large, 

dangerous storms can build up quickly, especially during very hot weather spells. The associ-

ated lightning and strong winds and rain can scatter animals and can be very dangerous for 
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field staff, especially in remote 

locations. Higher elevations are 

subject to sudden snow squalls 

and abrupt drops in air tempera-

ture that can be life threatening. 

Someone on the team should 

be aware of the local weather 

and abort capture efforts before 

animals or personnel become 

threatened. 

You

An important, but sometimes 

overlooked, component in the 

challenge of wildlife disease 

work in the field is the scientist. 

As conditions become more se-

vere and the location more remote, the physical difficulty and associated level of risk increases. 

If the best time of the year to get to your animals is the middle of winter, then you are forced 

to wear bulky cold weather gear that impedes your movement and makes it far more difficult 

to trudge through the snow to conduct procedures. Something as simple as collecting blood 

can be compromised by cold temperatures. Not only does the investigator need to remove 

gloves or mittens, but cold temperatures reduce the vacuum in blood collection tubes so that 

they need to be warmed up before they will work properly. Hot temperatures in the field are 

dangerous not only for capturing wildlife, but also for the scientist, especially if water is not 

carried in because of weight constraints in remote locations. The severity of the disease agent 

can require considerable personal protective clothing that is bulky and awkward, which is 

made even more so in the field. 

Most government scientists are required to have a considerable amount of training and cer-

tification before they can conduct field work with wildlife. Proficiency must be demonstrated 

in the use of firearms, boats, all-terrain vehicles, capture guns, and immobilization drugs. 

Wilderness first aid and survival training along with flight training are usually required for 

personnel who will need to fly into remote locations to work. Various state or federal legal 

permits are often required as well. Government scientists are required to obtain the same per-

mits as university scientists. Special areas, such as national parks, require a substantial permit 

process that can take months to obtain. Tribes often require permission to enter and work 

on their lands. Private landowners need to give permission to enter and work on their lands 

as well. If the disease agent is considered a select agent, special authority needs to be granted 

to transport and use the agent, and the parent laboratory and staff must be registered in the 

select agent program. 

Field trip participants view map of elk feedgrounds in 
Wyoming.
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Logistics

Even a relatively accessible study 

site requires planning and logisti-

cal considerations. Usually, all of 

the necessary equipment is trans-

ported into the field. Foremost 

in equipment is adequate first aid 

and emergency communications 

equipment. Cell phones are not 

always the best means of commu-

nication because they do not work 

in remote locations. Trucks can 

transport several people and lots of 

equipment, but they are loud and can get easily stuck in ruts, mud, or sand. So if the vehicle 

scares the animals, it has reduced value even if it has a greater capacity to transport material. 

As a compromise, trucks can be used up to a point and then equipment is hand-carried into 

the work area, but then weight and space become critical issues. Studies that utilize helicop-

ters can transport equipment and staff to a base site and then move out to capture animals 

and return to the base site to process the animals. Alternatively, the helicopters can bring a 

processing team to a capture site, drop them off, proceed to another capture site, return for 

the team, and so forth. Experience dictates that equipment and supplies can fail. Needles bend 

and sample collection tubes break. This necessitates replacements, which take up limited space 

and increases weight. There is always the question of how much to bring along because the 

laboratory is usually miles and hours away. 

Some initial processing in the field is often very helpful to provide the best quality samples. 

This usually requires a power source. Power sources take up space and can add considerable 

weight. Each power source needs to be reliable. Battery power is compromised in extreme 

cold temperatures. Gasoline-powered generators are loud and require highly flammable gaso-

line adding to risk. Even solar systems may not work if the sun doesn’t shine. 

Teamwork

Larger projects usually work best with a team of people with varying degrees of expertise. The 

team works best when coordination has occurred before the fact and instructions are given 

prior to moving to a remote area to insure everyone is capable of their role. The team leader 

needs to insure the team practices its actions together. Once the team is in the field and hits 

its rhythm and works smoothly, the results can be remarkable. With more people involved 

and paying attention to the situation, accidents are less likely to occur. The leader needs to 

focus the team, so that everyone understands the mission, risks, and possible consequences or 

changes, since circumstances can and do change abruptly. Just as everything is carried in, it 

needs to be carried out. Wastes are not left in the field. Contaminated instruments and cloth-
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ing are isolated (usually bagged) and transported back to the laboratory for decontamination 

and disposal. Waste material of any kind should not be buried in the field because it can be 

dug up and transported by scavengers. In general, more heads and hands are better than 

fewer, and this applies to wildlife studies in the field and laboratory.

Collaboration

Science has advanced to the point where none of us can work alone.  There are not enough 

resources, be they people, funds, supplies, samples or resources, to go around. We must work 

together to leverage our resources and come up with solutions. The time has passed for com-

petition among or between scientists.

My recommendations are:

1. Take a chance and act in true collaboration, not competition, with the folks in this room 

and other knowledgeable wildlife research and wildlife management entities (federal, 

state, tribal, or local).

2. Work together to leverage resources (hands, funds, minds, knowledge, ideas, data, and 

information).

3. Ensure that the concepts of wildlife and ecosystem health are incorporated up front in any 

type of scientific study that you conduct.
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Appendix D
Remote Delivery of Biologicals to Wildlife: the Rabies Paradigm

C. E. Rupprecht

Centers for Disease Control & Prevention, Atlanta, GA 30333

D. Slate

U. S. Department of Agriculture, Wildlife Services, Concord, NH 03301

The conundrum of brucellosis persistence among elk and bison in the GYA serves as an example 

where vaccination may be considered an important wildlife management option. Vaccination 

of wildlife certainly does not provide a panacea, but it has become an important adjunct con-

sideration in veterinary medicine, public health, wildlife management, and conservation biol-

ogy. Unfortunately, few success stories exist concerning the utility of vaccinating free-ranging 

wildlife. Examination of the history and development of global oral rabies vaccination (ORV) 

programs over the past 50 years, targeted towards meso-carnivores, such as foxes, raccoons, 

skunks, coyotes, and mongoose, may offer several relevant clues towards the design and delivery 

of biologicals to other mammals such as bison and elk. 

The system of trapping, vaccinating with inactivated biologicals, and releasing animals was 

used for multiple wild species on several continents, but offered logistical and economical 

challenges. The original rationale towards ORV grew by inference after several interrelated 

observations: 1) the epidemiological realization of important wildlife reservoirs; 2) the limita-

tions of population reduction and other available management options as a means of econom-

ical, widespread, and long-term control; 3) the creation of safe and effective rabies biologicals; 

and 4) the successful mass application of parenteral vaccines in the control of canine rabies as 

a powerful public health tool. 

The first generation ORV encompassed modified-live rabies viruses that were effective by the 

oral route when delivered in bait. Several parameters were necessary in the development of 

compatible baits, delivery systems, and vaccines, which shaped their concomitant evolution 

from the 1960s throughout the latter part of the 20th century (Tables D-1, D-2). Progress 

to date has involved the development of second generation highly attenuated rabies virus and 

recombinant, pox-vectored vaccines. Vaccine-laden baits are distributed in suitable habitats by 

hand while walking or driving or by air via helicopters or low flying fixed-wing airplanes. Im-
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pressive results have been realized by the widespread elimination of rabies among carnivores 

in Western Europe, and the virtual disappearance of fox rabies in southern Ontario.

In the United States, the ORV program has grown from the distribution of less than 5,000 

baits by hand on one off-shore island during 1990, to more than 11 million doses admin-

istered per year in nearly 18 states covering approximately 200,000 km2. The current goal 

(Phase 1) is the geographical containment of raccoon rabies in the eastern United States and 

gray fox rabies in west central Texas. Phase 2 would entail regional or national elimination of 

selected rabies virus variants by species, as was accomplished for rabies in coyotes at the Texas-

Mexico border from 1995 to 2000. The cooperative National Rabies Management Program 

is guided by recommendations from multidisciplinary expertise from state and federal agen-

cies and other entities that comprise the Rabies Management Team. The Rabies Management 

Team functions through ten focus teams covering diverse issues integral to effective ORV. 

The issues include NEPA compliance, economic analysis, vaccine-bait-biomarker issues, labo-

ratory support and surveillance, air and ground baiting support, ORV evaluation, communi-

cations planning, contingency action planning, ORV strategy planning, and research prioriti-

zation. The four strategic components of ORV are enhance rabies surveillance, coordinated 

ORV, use of natural or man-made barriers, and contingency actions. A GIS-based RabID 

internet reporting system managed at CDC incorporates rabies surveillance samples, which 

do not involve human or domestic animal exposures and therefore complement traditional 

passive public health rabies surveillance, and facilitates more informed ORV decisions. Coor-

dinated ORV is tiered to natural land features where practical (e.g., contiguous forest habitats 

at higher elevation along the Appalachian Ridge) to decrease ORV costs, while increasing the 

integrity of “immune barriers.”  Barrier breaches and other foci are treated through contin-

gency action planning and may also incorporate Trap-Vaccinate-Release and local population 

suppression to increase effectiveness in containing outbreaks or hotspots.

Several observations from the global ORV program may have particular relevance for bru-

cellosis control in the GYA. These include vaccines having direct penetration of the oral and 

buccal mucosa without the need for scarification. Moreover, limited passive vaccine transmis-

sion from animal to animal has been documented after direct contact, including examples of 

breeding foxes, raccoon dam-kit interactions, vampire bat conspecific grooming, and com-

mingling between vaccinated and naïve captive deer. Aerosol transmission of rabies viruses in 

both natural and laboratory settings suggested that such routes could be utilized for immu-

nization by sprays, mists, or fogs applied to animals directly or indirectly in the environment. 

Such experimental and epidemiological precedence could be utilized in comparative vaccina-

tion strategies, exploiting seasonal, social, and other biological and ecological attributes as 

related to GYA ungulates.

In recent years, other ORV programs have begun to consider the utility of new vaccine design 

through a reverse genetics system, which offers novel opportunities for both pathogen attenu-

ation and the co-express of foreign genes. Given that many viruses, such as rhabdoviruses, are 
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transmitted by arthropods, these could be considered as biological agents in gene delivery. In 

theory, such agents could be adapted to specific arthropods sterilized in the laboratory, as was 

done in the screw worm eradication program, and be released to specific mammalian hosts, 

provided basic information is available concerning the genetic markers of protective immu-

nity. Clearly, the focus of ORV and of brucellosis in the GYA differ in a number of important 

attributes, including etiological agents, target species, and scope. However, results obtained 

to date in the ORV programs of Europe and North America demonstrate the feasibility of the 

overall approach; namely, that large numbers of free-ranging wildlife can be reached safely and 

effectively over broad geographic areas via the remote delivery of veterinary biologicals.

Table D-1. Selected ideal bait and delivery system properties.

1. Maximally attractive for targets, but minimal for non-targets

2. Consumed without caching

3. Compatible with intended biologicals

4. Suitable contact with oral/nasal/gastrointestinal/mucosal surfaces

5. Production ease, storable, and low cost

6. Incorporation of bio-markers (e.g., tetracycline)

7. Maintain integrity and attractiveness     

Table D-2. Biological considerations for compatibility of bait, vaccine, and delivery.

1. Biologicals should be formulated to immunize specifically by the intended routes 

(oral, parenteral, etc.)

2. Stable, apathogenic properties selected for target and non-target species should have 

low possibility of reversion

3. Active excretion should be minimal 

4. Prolonged potency during storage and environmental conditions

5. Production ease and low cost

6. Markers to define product from wild-type agents
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Appendix E
History and Current Status of Diagnostic Tools

Klaus Nielsen

Animal Diseases Research Institute, Canadian Food Inspection Agency, Ottawa, Ontario, Canada 

History

Late in the 19th century, a number of British soldiers in Malta became ill with an unknown 

disease. The symptoms were severe influenza-like and very debilitating. Sufficient mortalities 

occurred to cause the British government to establish the Malta Commission, led by a Major 

Bruce. Eventually, the disease was linked to consumption of raw dairy products from local 

goats and the causative organism was established to be a coccobaccillus that eventually ended 

up wearing Dr. Bruce’s name. The Commission findings were published in 1888 constituting 

the first published report of Malta fever, now known as brucellosis caused by B. melitensis. As 

of the end of July 2005, there are more than 10,000 reports on brucellosis in the literature. 

 The next major advances were the isolation by Bang, a Danish veterinarian, of B. abortus 

from aborting cattle in 1898 and the first description of a serological test for Malta fever by 

Wright and Smith. This test was a tube agglutination test that eventually was called the Wright 

test. In 1909, the complement fixation test was described by M’Fadyen and Stockman and 

then things were quiet until 1930 when Buck developed B. abortus strain 19 vaccine (S19). 

Over the next few years, a number of advances relevant to the diagnosis of brucellosis were 

made (Table E-1).

The sum of these findings led to the current knowledge of diagnostic tests. There are three 

basic ways to diagnose brucellosis. The most cost-effective methods are by the use of sero-

logical tests; however, demonstration of the presence of the causative organism and clinical 

diagnosis are very useful tools. 
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Current Diagnostic Tests for Brucellosis

Bacteriological isolation and identification

• Isolation and biochemical identification of the organism is the “gold standard.” 

• This also allows for identification of vaccine strains.

• This is generally a prolonged procedure that requires biocontainment level 3 facilities 

and highly trained personnel. 

• Requires the shipment of infected materials, tissues or fluids, under very stringent 

conditions.

• It is generally expensive to maintain media, phages, antisera and quality control.

• It poses a health hazard to personnel in the field and in the laboratory.

• Few countries have this capability.

Identification using nucleic acid technology

• Various polymerase chain reaction (PCR) schemes have been developed for the iden-

tification of Brucella spp., including AMOS, BaSS, and HOOF-Print - all developed 

by the U. S. Department of Agriculture.

• PCR is relatively rapid, less expensive, and less dangerous. 

• It does not require biocontainment; however, usually a special laboratory is used to 

avoid cross contamination.

• PCR requires highly trained personnel and some equipment.

• It cannot distinguish dead from live bacteria and, at the moment, only species, not 

biotypes, can be identified. Inherent inhibitors may be a problem.

• Allows for identification of vaccine strains.

• Some cross-reactions have been described.

Measurement of cell mediated immunity

• May be done in vivo as a skin test. Requires capture of animals, injection of antigen, 

and then recapture two days later for assessment of reaction. Not very suitable for 

most wildlife diagnostics. 

• The sensitivity and specificity of the skin test has not been established for wildlife spe-

cies.

• In vitro measurement of cell mediated immunity usually requires the stimulation of 

peripheral blood lymphocytes with an antigen other than lipopolysaccharide.
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• Lymphocytes are cul-

tured aseptically for 2-6 

days with antigen, then 

tested by either measur-

ing incorporation of a 

radioactive tracer (tri-

tium) into DNA, or by 

measuring production 

of specific cytokines 

(usually gamma inter-

feron) by a capture en-

zyme immunoassay.

• The specificity and sen-

sitivity have not been as-

sessed in wildlife species 

to any extent.

• May be able to eliminate immune response due to some cross-reacting microorganisms.

• Very time consuming and expensive technology. Time sensitive lymphocytes may be 

a problem. 

• For most aspects of infectious disease diagnosis of wildlife, measurement of cellular 

mediated immunity may be useful but not practical.

Measurement of the humoral immune response

Knowledge about the immune response in wildlife is very limited for obvious reasons. Thus, 

most of the data available are derived from domestic ruminants, particularly cattle. While this 

information may not be directly applicable to a wildlife species, it at least provides a starting 

point for the development and application of suitable diagnostic procedures. The first step is 

to examine some of the parameters to be considered for a diagnostic test. These parameters 

include:

• Antigens:  preferably containing an immunodominant epitope to which most animals 

produce an immune response.

• The immune response:  measurement of antibody or cell mediated immunity.

• Test accuracy:  the ability of the test to distinguish diseased from non-diseased animals 

each time the test is done.

• Cost:  always the lower cost the better. Equipment is a consideration.

• Time:  can the test be done chute side in minutes or is it a laboratory test?

Field trip participants Peter Nara, Keith Aune, Fred 
DuBray (Intertribal Bison Cooperative), and Rick Willer.
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• Training:  what sort of skill level is required?

• Throughput:  high, intermediate or low numbers of tests to be done.

• Politics: whatever is done, someone is going to disagree.

Antigens

• There are six terrestrial species of Brucella, divided on the basis of their biochemical 

characteristics. However, the most important characteristic for a diagnostic test is the 

presence of smooth or rough lipopolysaccharide, an immunodominant antigen on the 

surface of the cell.

Immune response

• The cellular immune response does not lend itself well to mass diagnosis in vitro for 

a number of reasons, including the requirement for time sensitive blood, a laboratory 

bound assay, the time involved, and the cost. The assays are very good for determina-

tion of cross-reactions that are difficult to resolve by other means. In vivo cell medi-

ated immunity may be measured as well but, again, it is time consuming and requires 

a 24-48 hour period between application of antigen and observing the result. Not 

really suitable for wildlife usage. 

• Therefore, the most suitable diagnostic tool is measurement of antibody. The an-

tibody response depends on a large number of factors. The main ones are route of 

exposure, dose, age, sex, and pregnancy status. The antibody response of an outbred 

population of animals will vary considerably in its amplitude, duration, and compo-

nents. The amplitude is important because the individual animal may not be capable 

of producing sufficient antibody to exceed a predetermined cutoff value for positivity 

or the duration of the response may be short or nonexistent as in carrier animals. The 

antibody isotype response is as important as some isotypes. For example, IgM con-

tains antibody that tends to cross-react and is therefore usually not a good indicator 

of infection. Other isotypes may be produced at low levels. Therefore, it is important 

to select the most suitable isotype to measure.

Accuracy

• The sensitivity (the ability of a test to detect diseased animals) and the specificity (the 

ability of a test to yield a negative result for non-diseased animals) should both be as 

high as possible. Usually there is a trade-off between sensitivity and specificity; that 

is, one may be increased at the cost of the other. Therefore, it is important to care-

fully establish the cutoff value between positivity and negativity. This is usually done 

by testing a large number of diseased and non-diseased animals and evaluating the 

results statistically. For some assays, the cutoff may be varied to suit circumstances. 

For instance, in an area with a high prevalence, the cutoff may be lowered to detect 

all diseased animals, usually at the cost of some non-diseased animals.  
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• Repeatability of a test 

refers to the ability of 

that test to produce the 

same result on separate 

occasions. A test should 

be able to distinguish 

diseased and non-dis-

eased animals consis-

tently at a high rate. A 

test that gives the exact 

same numerical result 

each time is also precise. 

A test can be precise but 

not accurate.

• Validation status of a test is an important newer addition to its definition. A test is no 

longer acceptable until it has been proven to be correct in the majority of cases. This 

is done by testing a large number of samples from diseased and non-diseased animals 

and then comparing the results to a “gold standard” reference test. The latter aspect 

causes a great deal of problems because almost invariably a new test, with better per-

formance than an older test, will be regarded as incorrect in favor of the old test. The 

true “gold standard” is proof of disease by isolation of the causative organism and the 

establishment of Koch’s Postulates.

• Quality control is another newer and very important addition to the test protocol. 

Unless it can be clearly demonstrated that an assay provides results with reagents of 

known performance, results for test samples cannot be accepted. Therefore, normally 

a series of control sera are tested periodically for serological tests. The result obtained 

with these control sera must fall within limits established by statistical analysis of a 

large number (at least 30) of previous tests. Most primary binding assays have con-

tinuous quality control software that allows for observation of trends as well.

• Standardization of tests has been attempted but has largely failed because most labo-

ratories prefer their own versions of various tests and because reagents used in tests 

are not universally available. However, even small details such as the protocol used for 

growing bacteria used as antigen has a major impact in the performance of serological 

tests. Standardization of tests and their protocols would be a major advance in con-

trolling various infectious diseases.

• Confidence in the results has become a legal as well as a scientific issue. Therefore, most 

test results are now reported with confidence limits included. For instance, 95% confi-

dence limits mean that 95% of the time the results will be correct while 5% of the time 

there may be error. This is a generally accepted error margin for biological tests. 

Field trip participants in Paradise Valley, Montana.
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Time

• Most diagnostic tests are performed in a laboratory on samples shipped by mail or 

courier. Therefore, it generally takes at least three days, frequently longer, to get the 

test results. For wildlife, this poses a major problem as the animals then require re-

identification or recapture. 

• Some tests can be adapted for use in the field. These tests include various versions of 

the rapid agglutination tests, or more rapid indirect ELISA and FPA.  Field testing is 

obviously desirable. However, before any test may be used, it will require validation 

under those specific circumstances. Such tests are also desirable from a cost aspect 

because shipping has become a major expense.

Cost

• The cost of individual tests varies considerably. Generally, tests that can be adapted 

to a 96-well format are less expensive as long as there are sufficient samples to fill the 

plate. This format also has the advantage of being automated which usually results in 

labor savings. 

• The more expensive tests are not necessarily better. 

• Other cost considerations are equipment cost and its amortization.

Training

• Performance of all tests require some degree of training, from minimal for rapid ag-

glutination tests to extensive for complement fixation tests and enzyme immunoas-

says. 

• For laboratory tests, perhaps a few trained individuals are needed, but it is possible a 

much larger number would be required for field testing.

Politics

• An accepted protocol for eradication and control of infectious diseases has been test 

and slaughter and depopulation. This has been done for situations involving domestic 

animals; however for wildlife, such measures may not be acceptable for a variety of 

political reasons. 

Serological tests fall into two general categories: the classical or conventional tests and prima-

ry binding assays. The conventional tests all require the antibody to be capable of a secondary 

function: agglutination, fixation of complement, or precipitation. Not all antibody molecules 

can perform secondary functions and, as a consequence, false negative reactions occur. Alter-

nately, some antibody molecules (IgM in particular) tend to be broadly specific, causing false 

positive reactions. 

The agglutination tests fall into three groups: the regular slow tube agglutination test, the 

modified slow agglutination tests, and the rapid agglutination tests. The classical slow tube 
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agglutination test is virtually 

the same as described in 1898. 

As the name implies, it takes 

24-48 hours to perform; it is 

prone to false positive reactions 

due to crossreacting IgM class 

antibody; and it has been aban-

doned as a test by most, but not 

all, countries.

Modified slow agglutination 

tests generally include a treat-

ment to decrease the contribu-

tion of IgM to the agglutina-

tion reaction. These treatments 

include reduction by 2-mercap-

toethanol or dithoithreotol and physical removal by rivanol or non-specific interaction elimi-

nation by EDTA. Some of these treatments have been adapted to a rapid format tests.

Rapid agglutination tests use a large amount of antigen and neat serum to produce aggluti-

nation in minutes. Most of these assays include a treatment to diminish interaction by IgM. 

The treatments include the use of the antigen at a low pH and a stained antigen to make ag-

glutination easier to observe.

Complement fixation tests are based on the ability of an antigen-antibody complex to activate 

guinea pig complement thereby depleting complement available to be activated by an indi-

cator system, usually sheep erythrocytes coated with rabbit antibody. This is a very specific 

and sensitive test, but it has some major disadvantages in that it is technically cumbersome, 

requires a large number of reagents, and is prone to anticomplementary activity in some sera. 

The agglutination and complement fixation tests, usually in combination, have successfully 

been used to eradicate brucellosis in domestic animal in a number of countries.

Precipitation tests have not been widely used for the diagnosis of infection by smooth Brucella 

spp., rather they are most often used to diagnose B. ovis infection. The test uses an agar matrix 

into which wells are prepared. Serum and a soluble antigen are placed in opposite wells and 

allowed to diffuse. A positive reaction is a visible precipitin band between the wells. A second 

protocol uses antigen incorporated into the agar matrix such that a ring of precipitin forms 

around positive wells. This type of test was the first to distinguish B. abortus strain 19-vaccinated 

from infected animals. While there are a number of disadvantages to the conventional tests, 

they are widely used for diagnosis of brucellosis. The agglutination tests lend themselves well 

to screening large populations of individual animals while the complement fixation tests are 

useful confirmatory tests. 

Montana Fish, Wildlife and Parks personnel with bison.
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The primary binding assays include various formats of enzyme immunoassays, fluorescent 

particle counting immunoassay, and fluorescence polarization assay. These assays do not re-

quire the antibody to perform any function other that binding to its antigen. The assays are 

readily mechanized and the subjective element of reaction assessment, common to conven-

tional tests, has been replaced by electronic reaction measurement. Additional advantages are 

that the cutoff point is readily manipulated to suit circumstances and quality control can be 

managed.

Enzyme immunoassays generally come in two formats, indirect or competitive. Both assays 

use antigen, usually lipopolysaccharide, immobilized on a polystyrene matrix of 96-well plates. 

In both assay types, washing is done between each step. In the indirect assay, test serum is 

added next, followed by a detection reagent, which can be an anti-species immunoglobulin 

prepared in a different species, a monoclonal anti-immunoglobulin, or a non-specific reagent 

such as protein A. In all cases, the detection system is labeled with an enzyme and a positive 

reaction is observed if the substrate/chromogen develops color. In the competitive assay, test 

serum and a competing antibody, usually a monoclonal antibody specific for an epitope of 

lipopolysaccharide, are added together followed by an enzyme conjugated detection reagent 

for the competing antibody, usually an anti-mouse antibody. If addition of substrate/chro-

mogen causes development of color, the reaction is negative. In general, enzyme immunoas-

says are laboratory tests; however, some formats of the indirect version are available as rapid 

field tests.

The fluorescent particle counting immunoassay is based on the same principle as the competi-

tive enzyme immunoassay. The antigen is immobilized on beads and the competing reagent is 

a fluorochrome-labelled polyclonal antibody. This assay has been highly automated for large 

throughput testing; however, its performance, particularly specificity, was lacking.

Fluorescence polarization assay is a homogeneous assay which is performed without interme-

diate removal of excess reagents. Basically, fluorochrome-labeled antigen is added to diluted 

serum and after a very brief incubation period, a result is obtained. The result is based on a 

shift in the rate of rotation of molecules in solution when their size is altered. Thus a small 

molecule will rotate rapidly; however, if antibody attaches to it, the rate of rotation is de-

creased in a measurable fashion. The test is very rapid, may be done in minutes, and is rugged 

enough for field use. It can be automated for high throughput and it has good sensitivity and 

specificity.

Summary

Diagnosis of brucellosis is not simple. Ideally, the causative agent should be demonstrated in 

individual hosts, but that is usually not possible and demonstration of its presence in the herd 

suffices for action. Individual animal diagnosis is done almost exclusively by serological test-

ing. Therefore, it is imperative that the most suitable tests be used for each circumstance. For 

instance, the same serological test used for diagnosis in cattle may not be useful for diagnosis 
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Table E-1. Tests used in the diagnosis of brucellosis in cattle.

 

Test

Total number 

of samples 

tested

Mean of 

sensitivities

Mean of 

specificities

Mean Performance 

Index

PCFIA (n = 6) 2,436 91.8 46.7 138.5

Card (n =11) 6,434 91.0 55.2 146.2

Rivanol (n = 12) 4,845 89.6 63.1 152.7

RBT (n = 11) 12,146 81.2 86.3 167.6

TAT (n = 14) 9,534 75.9 95.7 171.6

CFT (n = 38) 28,537 89.0 83.5 172.5

2-ME (n = 4) 7,693 88.4 91.5 179.9

CELISA (n = 14) 15,865 97.7 90.5 188.2

IELISA (n = 37) 60,985 96.0 93.8 189.8

BPAT (n = 15) 60,634 95.4 97.7 193.1

FPA (n = 7) 39,934 97.5 98.9 196.4

in swine or even small ruminants. Not much information is available on the serological diag-

nosis of  brucellosis in wildlife and, as a result, careful assessment of individual tests in their 

context is required. Below is a summary of tests used in the diagnosis of brucellosis in cattle. It 

is a compilation of the range of sensitivity and specificity values published over the years along 

with a performance index which is the sum of the sensitivity and specificity values.
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Table E-2. History of brucellosis from 1888-2005.

Year Event

1888  B. melitensis was described as the cause of Malta fever by Bruce.

1898  B. abortus was isolated from an aborting cow by Bang.

1898  First serological test was described for Malta fever by Wright and Smith.

1909  The complement fixation test was described by M’Fadyen and Stockman.

1930  B. abortus S19 vaccine was developed by Buck.

1952  B. ovis was isolated by MacFarlane et al.

1957  B. neotoma was isolated by Steomer and Lacknam.

1963  The complement fixation test was standardized by Hill.

1967  The rose bengal/card test was developed by Morgan.

1968  B. canis was isolated by Carmichael and Kenny.

1968  Differentiation of vaccine from field strain antibody was done by Diaz et al.

1970  Indirect ELISA developed by Carlsson et al.

1984  Buffered antigen plate agglutination test described by Angus and Barton.

1984  The structure of smooth lipopolysaccharide elucidated by Caroff et al.

1985  Particle counting fluorescence immunoassay described by Jolley.

1989  Competitive enzyme immunoassay developed by Nielsen et al.

1990  First PCR for Brucella described by Fakete et al.

1991  B. abortus RB51 vaccine was developed by Schurig et al.

1996  Fluorescence polarization assay was developed by Nielsen et al.

1996  B. maris was isolated by Foster et al.

2000  AMOS PRC was developed by Ewalt and Bricker.

2003  BaSS PRC was developed by Ewalt and Bricker.

2003  HOOF-print PCR developed by Bricker et al. 
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Appendix F
Perspectives for Eradication of Brucellosis in Yellowstone Bison
By Alexander Denisov

State Federal Enterprise for Science “Research Center for Toxicology and Hygienic Regulation of 

Biopreparations” at Federal Medico-Biological Agency (SFES RCT&HRB of FMBA of RF)

Bld. 102a, Lenin str., Serpukhov, Moscow Region, 142253 Russia 

Phone/fax: +7(0967)75-97-38, e-mail: toxic@online.stack.net

The importance and urgency of the problem of bison brucellosis in YNP is beyond question. 

In our opinion, any measures directed to eradication of brucellosis should be based on animal 

vaccination. 40-year experience of Russian scientists has proved that specific prophylaxis is 

one of the most perspective trends in settling the problem. Therefore, the experience gained 

in the years of brucellosis control formed a base for initiation of cooperative Russian-Ameri-

can studies directed to decreasing the infection with brucellosis in bison of the Yellowstone 

National Park and reducing the risk of its transmission to wild and farm animals.

These studies started 2 years ago and are going on in the framework of the International 

Science and Technology Center project. The project title is “Comparative studies of immu-

nobiological properties of live brucellosis vaccines.” The project objective is selection of the 

safest and most effective vaccine for specific prophylaxis of Yellowstone bison brucellosis.
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To achieve the goal, the following tasks were fulfilled:

1. renovation of the Vivarium at Kazan Veterinary Institute in compliance with Russian and 

US standards (not scientific task, however, of great importance for the project implemen-

tation);

2. comparative study of immunological properties of several live brucellosis vaccines and 

selection of the safest and effective one;

3. selection of the most effective adjuvants for enhancing immunogenic properties of live 

brucellosis vaccines; and

4. development and testing of ballistic method for the vaccine delivery in cattle.

Today the renovation of the vivarium in Kazan Veterinary Institute is completed. All the fa-

cilities meet the International requirements to maintenance of experimental animals and the 

building is prepared for conducting experiments with small laboratory animals including SPF 

animals as well as with BSL3 pathogens.

Both Russian and American vaccines present in 3 different forms (S-, R- and SR-form) are 

used for comparative studies. They include B. abortus RB51, B. abortus 19 (from USA) and B. 

abortus 82,  B. abortus 82-PS (penicillin sensitive) and B. abortus 75/79 (from Russia). Today 

studies of cultural, morphology and biochemical properties, antigenic properties, persistence 

duration, residual virulence and contagiousness and optimal immunizing dose for guinea pigs 

of all tested vaccines have been completed. The rest studies of abortogenicity, immunity dura-

tion and efficiency are going on and will be completed in the near future. 

The next direction of our research is assessment of the potential to use adjuvants for enhanc-

ing immunogenic properties of live brucellosis vaccines. For these studies 5 adjuvants were 

selected: tumor necrosis factor, polyoxidonium, potassium thiosulfate (from Russia), larifan 

(from Latvia) and RAS (from USA). 

Our studies demonstrate that some of the adjuvants increase the synthesis of R-antibodies 

and production of S-antibodies as well. High levels of R-and S- antibodies maintained within 

6 months. But we failed to reveal the reliable difference in the levels of cellular immunity be-

tween control and experimental animals after 3 and 6 months.

The last direction of our research is connected with development of ballistic method for the 

remote delivery of brucellosis vaccines. Among a great number of bullets of different kinds, 

we found the bullet of 5.6 mm caliber developed by Russian scientist Komarov V.A. We have 

modified this bullet to make it suitable for vaccine loading. The data obtained proved the 

stability of ballistic characteristic of the modified bullets firing from a distance of 100 m. To 

avoid the toxic effect of lead (the bullet material) on vaccine cells the inner surface of the bul-

let was covered with special protective substance. The efficiency of the ballistic method was 

demonstrated in the field experiments on the live animals (heifers) in comparison with i/m 
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vaccine administration using B. 

abortus 82 and 19 vaccines. We 

have shown that Komarov’s bul-

let does not cause an excessive 

tissue trauma at injection sites, 

has limited penetration in ani-

mal tissues (5-6 cm), readily and 

completely releases the vaccine 

into animal tissues, and doesn’t 

hurt the animals. The immune 

response on both vaccines was 

revealed by serological reactions 

(RA, RBT and CFR) and anti-

bodies detection. Titers of antibodies in animals vaccinated intramuscularly were higher than 

at ballistic method of vaccination. The most important outcome of these studies is that we 

have demonstrated the potential of vaccination of animals with live brucellosis vaccine using 

ballistic method from the distance 100 m. This method works and stimulates immunological 

response in animals. 
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Appendix G
Russian-American Collaboration on Brucellosis Study

By Roman V. Borovick

State Federal Enterprise for Science “Research Center for Toxicology and Hygienic Regulation of 

Biopreparations” at Federal Medico-Biological Agency (SFES RCT &HRB of FMBA of RF)

Bld. 102A, Lenin str., Serpukhov, Moscow Region, 142253 Russia 

Phone/fax: +7(0967)75-97-38, e-mail: toxic@online.stack.net

Up to middle sixties in Russia vaccine obtained from B. abortus strain19 of American origin 

had been widely used for animals immunization. The grave disadvantage of the vaccine is 

that it triggers agglutinin elaboration while immune maturation. Thus it proves impossible 

to differ sick animals from immunized animals and by effective discarding of infected ani-

mals bring the herd as a whole into a healthy state. The vaccine from strain 82 developed by 

Prof. K.M.Salmakov1 not only possesses high immunizing power, but also does not induce 

agglutinin synthesis. So, sick animals can be removed. The use of this vaccine allowed for 

almost complete elimination of B. abortus infections in cattle in Russia in ten years.2 Thus 

the proposed by Russian epidemiologist L.V. Gromashevsky triad-concept for termination of 

epizootic is implemented. The concept3, which was given the name of the 4th rule of epizo-

otology,  is as follows:

1. Eradication of the infection source;

2. Distortions in transmission of infection; and 

3. Effective vaccination.

1“Live vaccine against Brucella abortus from 82 strain”. K.M. Salmakov. Veterinary(in Rus-
sian), 1975, 7, pages 43-45

2“Combating brucellosis in cattle with the use of strain 82 vaccine” V. M.Avilov, K. M.Salmakov, 
A.A. Novitsky. Veterinary(in Russian), 2000,3, pages 3-7;

3T. Rožniatowski, I Z. Žoltowski Wojna Biologiczna. Groža rzeczynistoš. Warszawa, 1957, 
p.73
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The problem of elimination of B. abortus infections in cattle in GYA is caused by the fact that 

each of the listed above goals can hardly be achieved in work with large wild artiodactyl ani-

mals (bison, elk, deer, etc). So the use of highly efficacious vaccine should be staked on. 

In addition to that, the process of infection transmission is still far from being studied. In 

particular, the part, small rodents play, has not been estimated to proper extent4; or the 

estimation is made with use of techniques which are not enough sensitive or involving test 

models. The part, which Ground squirrel, in large numbers dwelling in the bison inhabited 

areas, plays in transmitting of the infection has not been studied properly either. There is no 

data in American publications about B. abortus pathogenic strains found in these rodents. 

PCR analysis should be performed in case of B. abortus-infections, where the concentration 

of B. abortus in blood is extremely low and runs out quickly and thus allows for favorable, but 

wrong conclusions.

The very source of infection should be eliminated – that is removal of sick animals and  form-

ing healthy insusceptible to infection cattle herds. It can be achieved by use of the effective 

vaccine obtained from strain 82 in Russia and by use of novel, nontraditional methods of 

delivery – ballistic delivery or self-vaccination ( via food, with the use of bloodsucking ticks 

and other methods).

There is hope, that joint efforts of American and Russian scientists will help to solve the task, 

the implementation of which has been successfully started in the framework of ISTC interna-

tional Project - # 2434. 

4Januszewski, M.C., Olsen S.C. , McLean, R.G., Clark, L., Rhyan, J.C. 2001. Experimental 
injection of nontarget species of rodents and birds with Brucella abortus strain RB82 
Vaccine. Journal of Wildlife Diseases, 37(3):532-537
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Appendix H
Cattle Brucelosis in Russia and its Specific Prophylaxis

By Konstantin M. Salmakov (summarized from Dr. Salmakov’s plenary presentation  

by Glenn Plumb)

All Russian Veterinary Institute, Kazan, Tatarstan, Russia

Immuno-prophylaxis is one of the most important tools for control and in many cases, elimina-

tion of infectious disease. Live vaccines obtained from agglutinogenic B. abortus 19 and B. meli-

tensis Rev 1 (USA) strains have been most widely recognized in the world. As for dissociated 

strains, live vaccine based on B. abortus 82 (Russia, ARVI, Kazan) is being currently applied in 

Russia as an officially approved preparation. The 50-year experience of fighting cattle brucellosis 

in Russia demonstrated the exceptional role of specific prophylaxis in the recovery of livestock. 

In the USSR, during 1954-1970, the use of strain 19 vaccine in cattle of both sexes and all ages 

allowed sharp reduction in the number of clinical cases of brucellosis, as well as narrowing the 

infection foci and many times decreasing epizootological and epidemiological indices of the 

disease. At that time, sharp debate occurred on the expedience of this vaccine application. The 

main argument against is lengthy post-vaccinal sero-positivity that masks a real epizootological 

situation in the livestock regarding brucellosis and impedes its recovery.

This was the reason to stop re-vaccination of cows with strain 19 vaccine in 1970. Indeed, 2-

repeated immunization with this vaccine of only heifers at the age of 3-6 months and just before 

insemination did not assure future protection of adult animals against brucellosis and resulted 

in considerable increase of the number of infected cattle at different farms. Therefore, the ur-

gent need arose for a alternative brucellosis vaccines that did not cause prolonged sero-positiv-

ity in immunized cattle. A search was conducted by different Russian research veterinarians, 

resulting in a number of new B. abortus vaccine strains. The most promising among them was 

strain B. abortus 82 developed in 1960 by Professor Salmakov (ARVI, Kazan). Results of the 



H-2 | Brucellosis Vaccine and Diagnostics Working Symposium

vaccine author’s studies were confirmed by the studies conducted by other research institutes. 

Strain B. abortus 82 was repeatedly examined in jointly conducted experiments. Government 

testing of this vaccine conducted on laboratory animals and cattle in experimental and industrial 

conditions have established the presence of weak agglutinogenic and pronounced immuno-

genic properties. In 1974, strain 82 vaccine was used in 34 regions of Russia on approximately 

30 million animals in extreme epizootic conditions; immunized were animals of all ages. After 

that, 6-9 million animals were annually inoculated with this vaccine. 

Broad application of the strain 82 vaccine, providing a strong immune background and pos-

sibility of early post-vaccinal diagnostics (after 3-6 months compared to 2-3 years after strain 

19), made it possible to reduce epizootic tension concerning cattle brucellosis in Russia. High 

epizootic efficiency achieved has encouraged the Head Veterinarian Directorate at the Ministry 

of Agriculture to approve the live strain 82 vaccine for use in veterinarian practice for fighting 

cattle brucellosis. For over 30 years, Biological industrial complex in Shchelkovo (Moscow re-

gion) has been producing dry strain 82 vaccine successfully applied in many regions of Russia as 

integral part of the veterinary-sanitary program for control of cattle brucellosis. By the end of 

2004, after taking special measures including application of the vaccine in cattle, the number of 

places with brucellosis was decreased 74 times compared to 1974 (Figure H-1). 

Positive results were also achieved at application of the vaccines in other animal species, (e.g., 

reindeers, marals, yaks, buffalo, zebu, etc.). The observations made during the experiments 

and in industrial production have demonstrated that in conditions of direct threat of infec-

tion, vaccination of animals is not a complementary but is the critical measure that assures a 

reliable anti-brucellosis protection and recovery. With the use of strain 82 vaccine, the prob-

lem of brucellosis in many regions of Russia has been solved. At that, a considerable achieve-

ment is the absence of animal- transmitted brucellosis infections in humans. 

Figure H-1. Epizootic situation of cattle brucellosis in Russian Federation after 

application of vaccines B. abortus 19 and 82.
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For more information, contact the USAHA headquarters in Richmond, Virginia:

United States Animal Health Association
8100 Three Chopt Road, Suite 203
P.O. Box K227
Richmond, VA 23288

Phone 804-285-3210
Fax:  804-285-3367
Email: usaha@usaha.org
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THE PREMIS DATA DICTIONARY  

THE PREMIS DATA DICTIONARY VERSION 2.2 

The PREMIS Data Dictionary includes semantic units for Objects, Events, Agents, and Rights. 

The fifth entity in the model, the Intellectual Entity, is considered out of scope because it is well 

served by descriptive metadata. The template for each entry includes a place for notes about how 

to create or use the semantic unit. In some cases the group felt additional information, such as the 

reason for a semantic unit’s definition or issues that arose in the group’s deliberations, would be 

useful; for these details, see “Special Topics” page 204. 

A semantic component always inherits the applicability of the containing semantic unit. That is, 

if  the containing semantic unit  specifies  that  it  is applicable  to  files but not  to  representations, 

each of  its  semantic components  is applicable  to  files and not  to  representations. Repeatability 

and obligation, however, may vary. 

Each entry in the Data Dictionary offers these attributes of a semantic unit: 

  Name of the semantic unit: Names were devised  to be descriptive  and unique within  the 

Data  Dictionary.  Using  these  names  for  the  exchange  of  metadata  among  preservation 

repositories  will  aid  interoperability.  These  names  need  not  be  used  internally  within  any 

individual preservation repository. 

  Semantic components: The  semantic  components  each have  their  own entries  later  in  the 

Data Dictionary. A semantic unit that has semantic components does not have any value of 

its own. Only semantic units at the lowest level have values.  

  Definition: The meaning of the semantic unit.  

  Rationale: Why the semantic unit is needed, if this is not self­evident from the definition. 

  Data constraint: How the value of the semantic unit should be encoded. Some common data 

constraints are: 

Container – The semantic unit is an umbrella for two or more semantic components and has 

no value of its own. 

None – The semantic unit can take any form of value. 

Value should be taken from a controlled vocabulary – The  preservation  repository  should 

establish  an  authority  list  of  values  that  are  useful  and meaningful  to  the  repository.  The 

PREMIS  Data  Dictionary  does  not  specify  what  this  authority  list  should  be,  and  it  is 

assumed that different repositories will use different vocabularies. In general, when a value is 

taken  from  a  controlled  vocabulary,  the  source  of  the  vocabulary  should  be  recorded.  A 

mechanism to record the source is provided in the PREMIS XML schemas. 

  Object category:  Whether  the  unit  applies  to  a  representation,  file,  or  bitstream  Object. 

Semantic units that apply to files also apply to filestreams (see page 7). 

  Applicability: A scope of “applicable” means it applies to that category of Object. 
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  Examples: One  or  more  examples  of  values  the  semantic  unit  may  take.  Examples  are 

intended to be illustrative. 

An example of an actual value is set in normal text. Text in brackets presents a description of 

the  value  rather  than  the  value  itself.  For  example,  “SHA­1  message  digest”  reflects  the 

actual value of  the  semantic unit, while  “[SHA­1 message digest]” means  the value of  the 

semantic unit is an SHA­1 message digest such as: 

“7c9b35da4f2ebd436f1cf88e5a39b3a257edf4a22be3c955ac49da2e2107b67a1924419563” 

  Repeatability: A semantic unit designated as “Repeatable” can take multiple values. It does 

not mean that a repository must record multiple instances of the semantic unit.  

  Obligation: Whether a value for the semantic unit is mandatory (if applicable) or optional. 

A  mandatory  semantic  unit  is  something  that  the  preservation  repository  needs  to  know, 

independent of how or whether the repository records it. The repository might not explicitly 

record  a  value  for  the  semantic  unit  if  it  is  known  by  some  other  means  (e.g.,  by  the 

repository’s  business  rules).  “Mandatory”  actually  means  “mandatory  if  applicable.”  For 

example, an identifier for a bitstream is mandatory only if the repository manages data at the 

bitstream  level. When  exchanging  PREMIS­conformant  metadata  with  another  repository, 

values for mandatory semantic units must always be provided. 

Values for optional semantic units are encouraged but not required.  

If a container unit is optional, but a semantic component within that container is mandatory, 

the semantic component must be supplied if and only if the container unit exists. That is, if a 

value for any of the optional or mandatory semantic units in the container is supplied, a value 

for all of the mandatory semantic units in the container must be supplied. 

  Creation/Maintenance notes:  Notes  about  how  the  values  for  the  semantic  unit  may  be 

obtained and/or updated. 

  Usage notes: Information about the intended use of the semantic unit, or clarification of the 

definition. 

Limits to the scope of the Data Dictionary 

Descriptive metadata: Typically, descriptive metadata is used to describe Intellectual Entities. 

Nearly  all  preservation  repositories  either  include  descriptive  metadata  or  link  to  descriptive 

metadata  located  outside  the  repository  itself.  Such  metadata  may  identify  a  resource  by 

publication  information  such  as  creator  and  title,  or  may  characterize  its  intellectual  content 

through classification, subject terms, and so on. Descriptive metadata can be important both for 

discovery of archived  resources and  for helping decision makers during preservation planning. 

However, the Data Dictionary does not focus on descriptive elements for two reasons. 

First, descriptive metadata is well served by existing standards. MARC
15
, MODS

16
,  the Dublin 

Core Metadata Element Set
11
, the Content Standard for Digital Geospatial Metadata

17
, the VRA 

Core
18
,  the  Encoded  Archival  Description  (EAD)

19
,  and  the  Data  Documentation  Initiative

20 
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schemas are only some of the standards that define descriptive metadata elements. The working 

group  did  not  want  to  add  another  set  of  descriptive  elements  to  an  already  crowded  field. 

Second, descriptive metadata is often domain specific. For the purposes of preservation it is less 

crucial  that  a  common  set  of  elements  describe,  for  example,  satellite  telemetry  and  digital 

Picassos than that communities of interest be able to capture and exchange information in a form 

that reflects their materials and interests appropriately. 

Agents: PREMIS does not define the characteristics of Agents in any detail. Metadata describing 

people, organizations, and other entities that can act as Agents has been defined in many existing 

formats and standards, such as MARC
16
, vCard

21
, MADS

22
, and several other schemes currently 

under development. As long as a preservation repository can properly identify Agents that have 

acted  upon  Objects  in  its  care,  additional  Agent  characteristics  will  be  determined  by  local 

requirements; many can be modeled on existing standard metadata element sets.   

Rights:  PREMIS  primarily  defines  characteristics  of  rights  and  permissions  concerned  with 

preservation  activities,  not  those  associated  with  access  and/or  distribution.  This  revision 

broadens  the  semantic  units  used  for  rights  information  and  allows  for  extensibility  to  use  an 

external rights metadata scheme.  

Technical metadata:  Technical  metadata  describes  the  physical  rather  than  intellectual 

characteristics of digital objects. Detailed, format­specific technical metadata is clearly necessary 

for  implementing  most  preservation  strategies,  but  the  group  had  neither  the  time  nor  the 

expertise to tackle format­specific technical metadata for various types of digital files. Therefore, 

it  restricted  the  technical  metadata  included  in  the  Data  Dictionary  to  the  semantic  units  it 

believed  apply  to  objects  in  all  formats.  Further  development  of  technical metadata  is  left  to 

format  experts.  An  extensibility  mechanism  is  provided  by  including  the  semantic  unit 

objectCharacteristicsExtension, which may be used with an external technical metadata scheme. 

Media or hardware details: The working group did not attempt to define metadata for detailed 

documentation  of  media  or  hardware.  For  example,  PREMIS  defines  a  semantic  unit  for 

identifying  the medium  on which  an  object  is  stored. A  preservation  repository will  probably 

want to know more detailed information about the media employed. If the repository stores data 

on DVDs, for example, it may need to know the specific technical characteristics of the specific 

DVD units, such as manufacturer, dye material, and dye thickness. PREMIS leaves the definition 

of metadata for describing media and hardware characteristics to specialists in these areas. 

Business rules:  The  working  group  made  no  attempt  to  describe  the  business  rules  of  a 

repository,  although  certainly  this metadata  is  essential  for  preservation within  the  repository. 

Business rules codify the application of preservation strategies and document repository policies, 

services, charges, and roles. Retention periods, disposition, risk assessment, permanence ratings, 

schedules for media refreshment, and so on are pertinent to objects but are not actual properties 

of Objects. A single exception was made for the level of preservation treatment to be accorded 

an object (preservationLevel) because this was felt to be critical information for any preservation 

repository. A more  thorough  treatment  of  business  rules  could be  added  to  the data model  by 

defining a Rules entity similar to Rights, although this is not included in the current revision. 
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Object Entity 

The Object entity aggregates information about a digital object held by a preservation repository 

and describes those characteristics relevant to preservation management. 

The only mandatory semantic unit that applies to all categories of object (representation, file, and 

bitstream) is  objectIdentifier. 

Entity types  

   Representation:  A  digital  object  instantiating  or  embodying  an  Intellectual  Entity.  A 

representation  is  the  set  of  stored  digital  files  and  structural metadata  needed  to  provide  a 

complete and reasonable rendition of the Intellectual Entity. 

   File: A named and ordered sequence of bytes that is known to an operating system. 

   Bitstream: Contiguous or non­contiguous data within a  file  that has meaningful properties 

for preservation purposes. 

 

Entity properties  

   Can be associated with one or more rights statements.  

   Can participate in one or more events.  

   Links between entities may be recorded from either direction and need not be bi­directional. 

 

Entity semantic units 

1.1  objectIdentifier (M, R) 

1.1.1  objectIdentifierType (M, NR) 

1.1.2  objectIdentifierValue (M, NR) 

1.2   objectCategory (M, NR) 

1.3  preservationLevel (O, R) [representation, file]  

1.3.1  preservationLevelValue (M, NR) [representation, file] 

1.3.2  preservationLevelRole (O, NR) [representation, file]  

1.3.3  preservationLevelRationale (O, R) [representation, file] 

1.3.4  preservationLevelDateAssigned (O, NR) [representation, file]  

1.4   significantProperties (O, R) 

1.4.1  significantPropertiesType (O, NR) 

1.4.2   significantPropertiesValue (O, NR) 

1.4.3   significantPropertiesExtension (O, R) 

1.5  objectCharacteristics (M, R) [file, bitstream] 

1.5.1   compositionLevel (M, NR) [file, bitstream]  
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1.5.2  fixity (O, R) [file, bitstream]   

1.5.2.1  messageDigestAlgorithm (M, NR) [file, bitstream]   

1.5.2.2  messageDigest (M, NR) [file, bitstream]  

1.5.2.3  messageDigestOriginator (O, NR) [file, bitstream]   

1.5.3  size (O, NR) [file, bitstream]   

1.5.4  format (M, R) [file, bitstream]   

1.5.4.1   formatDesignation (O, NR) [file, bitstream]   

1.5.4.1.1  formatName (M, NR) [file, bitstream]   

1.5.4.1.2   formatVersion (O, NR) [file, bitstream]   

1.5.4.2  formatRegistry (O, NR) [file, bitstream]   

1.5.4.2.1   formatRegistryName (M, NR) [file, bitstream]   

1.5.4.2.2   formatRegistryKey (M, NR) [file, bitstream]   

1.5.4.2.3  formatRegistryRole (O, NR) [file, bitstream]   

1.5.4.3  formatNote (O, R) [file, bitstream]   

1.5.5  creatingApplication (O, R) [file, bitstream]   

1.5.5.1  creatingApplicationName (O, NR) [file, bitstream]   

1.5.5.2  creatingApplicationVersion (O, NR) [file, bitstream]  

1.5.5.3  dateCreatedByApplication (O, NR) [file, bitstream]   

1.5.5.4   creatingApplicationExtension (O, R) [file, bitstream]   

1.5.6   inhibitors (O, R) [file, bitstream]   

1.5.6.1   inhibitorType (M, NR) [file, bitstream]   

1.5.6.2   inhibitorTarget (O, R) [file, bitstream]   

1.5.6.3   inhibitorKey  (O, NR) [file, bitstream]   

1.5.7  objectCharacteristicsExtension (O, R) [file, bitstream]  

1.6  originalName (O, NR) [representation, file]   

1.7  storage (O, R) [file, bitstream]   

1.7.1   contentLocation (O, NR) [file, bitstream]  

1.7.1.1   contentLocationType (M, NR) [file, bitstream]   

1.7.1.2   contentLocationValue (M, NR) [file, bitstream]   

1.7.2  storageMedium (O, NR) [file, bitstream]  

1.8   environment (O, R)  

1.8.1   environmentCharacteristic (O, NR)  

1.8.2   environmentPurpose (O, R)  

1.8.3   environmentNote (O, R)  

1.8.4   dependency (O, R)  

1.8.4.1   dependencyName (O, R)  

1.8.4.2   dependencyIdentifier (O, R)  

1.8.4.2.1   dependencyIdentifierType (M, NR)  

1.8.4.2.2   dependencyIdentifierValue (M, NR)  

1.8.5  software (O, R)   

1.8.5.1  swName (M, NR)   
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1.8.5.2   swVersion (O, NR)  

1.8.5.3  swType (M, NR)   

1.8.5.4   swOtherInformation (O, R)  

1.8.5.5   swDependency (O, R)  

1.8.6  hardware (O, R)   

1.8.6.1   hwName (M, NR)  

1.8.6.2  hwType (M, NR)   

1.8.6.3   hwOtherInformation (O, R)  

1.8.7   environmentExtension (O, R)  

1.9  signatureInformation (O, R) [file, bitstream]   

1.9.1   signature (O, R)  

1.9.1.1   signatureEncoding (M, NR) [file, bitstream]   

1.9.1.2   signer (O, NR) [file, bitstream]   

1.9.1.3   signatureMethod (M, NR) [file, bitstream]   

1.9.1.4  signatureValue (M, NR) [file, bitstream]  

1.9.1.5   signatureValidationRules (M, NR) [file, bitstream]   

1.9.1.6  signatureProperties (O, R) [file, bitstream]   

1.9.1.7   keyInformation (O, NR) [file, bitstream]  

1.9.2   signatureInformationExtension (O, R) [file, bitstream]  

1.10   relationship (O, R)  

1.10.1   relationshipType (M, NR)  

1.10.2  relationshipSubType (M, NR)   

1.10.3   relatedObjectIdentification (M, R)  

1.10.3.1   relatedObjectIdentifierType (M, NR)  

1.10.3.2   relatedObjectIdentifierValue (M, NR)  

1.10.3.3   relatedObjectSequence (O, NR)  

1.101.4 relatedEventIdentification (O, R)  

1.10.4.1   relatedEventIdentifierType (M, NR)  

1.10.4.2   relatedEventIdentifierValue (M, NR)  

1.10.4.3   relatedEventSequence (O, NR)  

1.11   linkingEventIdentifier (O, R)  

1.11.1   linkingEventIdentifierType (M, NR)  

1.11.2   linkingEventIdentifierValue (M, NR)  

1.12  linkingIntellectualEntityIdentifier (O, R)  

1.12.1  linkingIntellectualEntityIdentifierType (M, NR)  

1.12.2  linkingIntellectualEntityIdentifierValue (M, NR)   

1.13   linkingRightsStatementIdentifier (O, R)  

1.13.1   linkingRightsStatementIdentifierType (M, NR)  

1.13.2   linkingRightsStatementIdentifierValue (M, NR)  

 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 27 



   

Semantic unit 1.1 objectIdentifier 

Semantic 
 components 

1.1.1 objectIdentifierType 

1.1.2 objectIdentifierValue 

Definition  A designation used to uniquely identify the object within the 

preservation repository system in which it is stored. 

Rationale  Each data object held in the preservation repository must have a 

unique identifier to relate it to descriptive, technical, and other 

metadata. 

Data constraint Container 

 Object category Representation File Bitstream 

 Applicability Applicable  Applicable  Applicable 

 Repeatability Repeatable  Repeatable  Repeatable 

Obligation Mandatory  Mandatory  Mandatory  

Creation / 
Maintenance notes 

An identifier may be created by the repository system at the time of 

ingest, or it may be created or assigned outside of the repository and 

submitted with an object as metadata. Similarly, identifiers can be 

 automatically or manually generated. Recommended practice is for 

repositories to use identifiers automatically created by the repository  

as the primary identifier in order to ensure that identifiers are unique 

 and usable by the repository. Externally assigned identifiers can be 

used as secondary identifiers in order to link an object to information 

 held outside the repository. 

 Usage notes The objectIdentifier is mandatory if the preservation repository stores 

and manages objects at that level (i.e., representation, file, bitstream). 

The objectIdentifier is repeatable in order to allow both repository­

assigned and externally­assigned identifiers to be recorded. See 

Creation/Maintenance note above. 

 Identifiers must be unique within the repository. They may be 

preexisting, and in use in other digital object management systems. 

Identifiers used to identify a class of objects (e.g., the way an ISBN 

 identifies all books in the same edition) are not acceptable as 

identifiers in the context of the preservation repository, which must 

  identify the specific object in the repository. 

 A preservation repository needs to know both the type of object 

identifier and the value. If the value itself contains the identifier type 

(e.g., “oai:lib.uchicago.edu:1”), the identifier type does not need to be 

explicitly recorded. Similarly, if the repository uses only one type of 

identifier, the type can be assumed and does not need to be explicitly 
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Semantic unit 1.1.1 objectIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the object identifier is 

unique. 

Rationale Identifier values cannot be assumed to be unique across domains; the 

combination of objectIdentifierType and objectIdentifierValue should 

ensure uniqueness. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples DLC 

DRS 

hdl:4263537 

DLC 

DRS 

hdl:4263537 

DLC 

DRS 

hdl:4263537 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes The type of the identifier may be implicit within the repository as 

long it is can be explicitly communicated when the digital object is 

disseminated outside of it. 
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Semantic unit 1.1.2 objectIdentifierValue 

Semantic 
components 

None 

Definition The value of the objectIdentifier. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples 0000000312  IU2440 

WAC1943.56 

AMNH 

CD269/CD269/70/10 

596.PCD 

CDS­VDEP­

200211119­

24879.734 

1001/dig/pres/2004­

024 

http://nrs.harvard.edu 

/urn­

3:FHCL.Loeb:sa1 

IU2440­1 

IU2440­2 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.2 objectCategory 

Semantic 
components 

None 

Definition The category of object to which the metadata applies. 

Rationale Preservation repositories are likely to treat different categories of 

objects (representations, files, and bitstreams) differently in terms of 

metadata and data management functions. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples representation  file  bitstream 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Suggested values: representation, file, bitstream. 

A filestream should be considered a file. 
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Semantic unit 1.3 preservationLevel 

Semantic 
components 

1.3.1 preservationLevelValue 

1.3.2 preservationLevelRole 

1.3.3 preservationLevelRationale 

1.3.4 preservationLevelDateAssigned 

Definition Information indicating the decision or policy on the set of 

preservation functions to be applied to an object and the context in 

which the decision or policy was made. 

Rationale Some preservation repositories will offer multiple preservation 

options depending on factors such as the value or uniqueness of the 

material, the “preservability” of the format, the amount the customer 

is willing to pay, etc. The context surrounding the choice of a 

particular preservation option for an object may also require further 

explanation. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Not applicable 

Repeatability Repeatable  Repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

The preservation level may be assigned by the repository or requested 

by the depositor and submitted as metadata. The repository may also 

choose to record additional metadata indicating the context for the 

assignment of the preservation level. 

Usage notes If the repository offers only a single preservation level, this value 

does not need to be explicitly recorded within the repository. 

Application of a particular set of preservationLevel semantic units 

may only cover a single representation of an object: representations 

in other technical forms or serving other functions may have a 

different preservationLevel applied. 

The container may be repeated if a preservation level value needs to 

be recorded in additional contexts (see preservationLevelRole, 

page 35). 
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Semantic unit 1.3.1 preservationLevelValue 

Semantic 
components 

None 

Definition A value indicating the set of preservation functions expected to be 

applied to the object. 

Rationale Some preservation repositories will offer multiple preservation 

options depending on factors such as the value or uniqueness of the 

material, the “preservability” of the format, the amount the customer 

is willing to pay, etc. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Not applicable 

Examples bit­level 

full 

0 

1 

2 

bit­level 

full 

0 

fully supported with 

future migrations 

Repeatability Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory 

Creation / 
Maintenance notes 

The preservation level may be assigned by the repository or requested 

by the depositor and submitted as metadata. 

Usage notes Only one preservationLevelValue may be recorded per 

preservationLevel container. If a further preservationLevelValue 

applies to the object in a different context, a separate 

preservationLevel container should be repeated. 
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Semantic unit 1.3.2 preservationLevelRole 

Semantic 
components 

None 

Definition A value indicating the context in which a set of preservation options 

is applicable. 

Rationale Repositories may assign preservationLevelValues in different 

contexts which must be differentiated, and may need to record more 

than one context.  

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Not applicable 

Examples requirement 

intention 

capability 

requirement 

intention 

capability 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes This optional semantic unit qualifies the sense or context in which the 

preservationLevelValue in the current preservationLevel container is 

applied. 

For example, a repository may have a legislated obligation to “fully 

preserve” object X (which is of format F) but is presently only 

capable of preserving objects of format F at a “bit­level”. The 

repository may need to record both the required or intended level of 

preservation (e.g. preservationLevelRole=“requirement”) and the 

current capability (e.g. preservationLevelRole=“capability”).  

In transferring custody of material from one repository to another, it 

may also be important for the receiving repository to know the sense 

in which preservationLevelValue should be understood. A receiving 

repository may not need to know a “capability” preservation level of 

which the transferring repository was capable (as this will have little 

bearing on its own capabilities), but it needs to know any 

preservation level “requirements” for material for which it is now 

taking responsibility. 

It is good practice to specify preservationLevelRole for clarity even if 

the repository only assigns preservationLevelValue in one sense or 

context. If more than one preservationLevel is recorded, 

preservationLevelRole should always be supplied. 

If more than one sense or context needs to be expressed for the same 
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object, (e.g. both the “requirement” and “capability” are recorded), 

 separate preservationLevel containers should be used. 
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Semantic unit 1.3.3 preservationLevelRationale 

Semantic 
components 

None 

Definition The reason a particular preservationLevelValue was applied to the 

object. 

Rationale Application of a particular preservationLevelValue may require 

justification, especially if it differs from that usually applied 

according to repository policy.  

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Not applicable 

Examples user pays 

legislation 

defective file 

bit­level preservation 

only available for 

this format 

Repeatability Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes This optional semantic unit records the reason for applying the 

preservationLevelValue. 

This information can be particularly important when the assigned 

preservationLevelValue differs from usual repository policy. 

For example, a repository may normally assign a 

preservationLevelValue of “full preservation” for JPEG2000 files, 

but detects that a particular file is defective. This may mean that the 

repository’s preservation strategy for JPEG2000 may not be effective 

for this particular file, so the repository may assign a 

preservationLevelValue of “bit­level preservation” to this file, 

recording “defective file” as the rationale. 

Similarly, legislative requirements or contractual agreements may 

require a higher level of preservation to be assigned to a particular 

object than would be assigned to that class of object according to 

usual policy. In this case, the rationale for the assignment may be 

recorded as “legislation” or “user pays”, for example. 

preservationLevelRationale may be repeated if more than one reason 

needs to be recorded. 
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Semantic unit 1.3.4 preservationLevelDateAssigned 

Semantic 
components 

None 

Definition The date, or date and time, when a particular preservationLevelValue 

was assigned to the object. 

Rationale The preservationLevel applicable to an object is expected to be 

reviewed and changed over time, in response to changes in repository 

preservation requirements, policies, or capabilities relevant to the 

object. The date that the current preservationLevelValue was assigned 

aids review of decisions. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Not applicable 

Examples 2007­11­05 

2007­11­

05T08:15:30­05:00 

20080315 

2007­11­05 

2007­11­

05T08:15:30­05:00 

20080315 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 
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Semantic unit 1.4 significantProperties 

Semantic 
components 

1.4.1 significantPropertiesType 

1.4.2 significantPropertiesValue 

1.4.3 significantPropertiesExtension 

Definition Characteristics of a particular object subjectively determined to be 

important to maintain through preservation actions. 

Rationale Objects that have the same technical properties may still differ as to 

the properties that should be preserved for future presentation or use. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

Significant properties may pertain to all objects of a certain class; for 

example, the repository can decide that for all PDF files, only the 

content need be preserved. In other cases, for example, for media art, 

the significant properties may be unique to each individual object. 

Where values are unique, they must be supplied by the submitter or 

provided by the curatorial staff of the repository.  

Usage notes All of this semantic unit’s subunits are optional. At least one of the 

significantPropertiesValue and significantPropertiesExtension 

subunits must be present if this container is included or both may be 

used. 

Significant properties may be objective technical characteristics 

subjectively considered important or subjectively determined 

characteristics. For example, a PDF may contain links that are not 

considered important and JavaScript that is considered important. 

Or future migrations of a TIFF image may require optimization for 

line clarity or for color; the option chosen would depend upon a 

curatorial judgment of the significant properties of the image. 

Listing significant properties implies that the repository plans to 

preserve these properties across time and requires them to acceptably 

survive preservation action; for example, to be maintained during 

emulation or after format migration. It also implies that the repository 

would note when preservation action results in modification of 

significant properties. 

In practice, significant properties might be used as measures of 

preservation success, as part of quality checking the results of a 
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preservation action or evaluating the efficacy of a preservation  
method. For example, if the listed significant properties are not  
maintained after application of a particular preservation method, it  
may indicate a failure of the process or that the method is not well  
suited to the type of material.  

More experience with digital preservation is needed to determine the  
best ways of representing significant properties in general, and of  
representing modification of significant properties.  

The semantic units included in the significantProperties container  
aim to provide a flexible structure for describing significant  
properties, allowing general types of aspects, facets or attributes of an  
object to be declared and to be paired with specific significant details  
about the object pertaining to that aspect, facet or attribute.  

For example, some repositories may define significant properties for  
objects related to facets of content, appearance, structure, behavior,  
and context. Examples of facet:detail pairs in this case could include:  

significantPropertiesType = “content”  

significantPropertiesValue = “all textual content and images”  

significantPropertiesType = “behavior”  

significantPropertiesValue = “editable”  

Other repositories may choose to describe significant properties at a  
more granular attribute level; for example:  

 significantPropertiesType = “page count”  

significantPropertiesValue = “7”  

 significantPropertiesType = “page width”  

significantPropertiesValue = “210 mm”  

Each facet:detail pair should be contained in a separate, repeated  
significantProperties container. 

Further work on determining and describing significant properties 

 may yield more detailed schemes to facilitate general description. 

Representing modification of significant properties as a result of 

preservation action also requires further work. One possible way  

involves the use of Object and Event information: Object A has 

significant properties volume and timing, which are recorded as 

significantProperties of A. In migrated version B, the timing is 

modified, which is noted in the eventOutcome of the migration event. 

 Only volume is listed as a significant property of B. 
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Semantic unit 1.4.1 significantPropertiesType 

Semantic 
components 

None 

Definition The aspect, facet, or attribute of an object about which significant 

properties are being described. 

Rationale Repositories may choose to describe significant properties based on a 

particular aspect or attribute of an object.  

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples content 

structure 

behavior 

page count 

page width 

typeface 

hyperlinks 

image count 

content 

structure 

behavior 

page count 

page width 

typeface 

[for an embedded 

image] color space 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Optional  Optional  Optional 

Usage notes This semantic unit is optional and may be used as part of a 

facet:detail pair with significantPropertiesValue. 
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Semantic unit 1.4.2 significantPropertiesValue 

Semantic 
components 

None 

Definition Description of the characteristics of a particular object subjectively 

determined to be important to maintain through preservation actions. 

Rationale Repositories may choose to describe significant properties based on a 

particular aspect or attribute of an object.  

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [for a Web page 

containing animation 

that is not considered 

essential] Content 

only. 

[For detail associated 

with a 

significantProperties 

Type of “behavior”] 

“hyperlinks 

traversable” 

[for a word 

processed document 

with embedded links 

that are not 

considered essential] 

Content only. 

[For detail associated 

with a 

significantProperties 

Type of “behavior”] 

“editable” 

[For detail associated 

with a 

significantProperties 

Type of “page 

width”] 210 mm 

[for a PDF with an 

embedded graph, 

where the lines’ 

color determines the 

lines’ meaning] 

Color. 

[For detail associated 

with a 

significantProperties 

Type of 

“appearance”] 

Color. 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Optional  Optional  Optional 

Usage notes If facet:detail pairs are used, the content of 

significantPropertiesValue should describe the significant properties 

of object relevant to the aspect, facet, or attribute declared in the 

significantPropertiesType with which it is paired. 

If facet:detail pairs are not used, significantPropertiesValue may be 

used to freely describe any characteristic of an object. 

significantPropertiesValue is not repeatable. Multiple significant 

properties should be described in separate, repeated 

significantProperties container units. 
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Semantic unit 1.4.3 significantPropertiesExtension 

Semantic 
components 

Defined externally 

Definition A container to include semantic units defined outside of PREMIS for 

significant properties. 

Rationale There may be a need to replace or extend PREMIS defined units. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes All of this semantic unit’s subunits are optional. At least one of the 

significantPropertiesValue and significantPropertiesExtension 

subunits must be present if this container is included. 

If the significantPropertiesExtension container needs to be associated 

explicitly with any PREMIS subunit under significantProperties, the 

container significantProperties is repeated. If extensions from 

different external schemas are needed, significantProperties should 

also be repeated. 

It is recommended to give information about the metadata used in 

significantPropertiesExtension including date the metadata was 

created, status of the metadata, internal linking IDs , type of metadata 

used and its version, message digest and message digest algorithm of 

the metadata, and type of identifier for external metadata links. 
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Semantic unit 1.5 objectCharacteristics 

Semantic 
components 

1.5.1 compositionLevel 

1.5.2 fixity 

1.5.3 size 

1.5.4 format 

1.5.5 creatingApplication 

1.5.6 inhibitors 

1.5.7 objectCharacteristicsExtension 

Definition Technical properties of a file or bitstream that are applicable to all or 

most formats. 

Rationale There are some important technical properties that apply to objects of 

any format. Detailed definition of format­specific properties is 

outside the scope of this Data Dictionary, although such properties 

may be included within objectCharacteristicsExtension. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation   Mandatory  Mandatory 

Usage notes The semantic units included in objectCharacteristics should be 

treated as a set of information that pertains to a single object at a 

single compositionLevel. Object characteristics may be repeated 

when an object was created by applying two or more encodings, such 

as compression and encryption. In this case each repetition of 

objectCharacteristics would have an incrementally higher 

compositionLevel. 

When encryption is applied, the objectCharacteristics block must 

include an inhibitors semantic unit. 

A bitstream embedded within a file may have different object 

characteristics than the file. Where these characteristics are relevant 

for preservation, they should be recorded. 

When a single file is equivalent to a representation, 

objectCharacteristics may be applied and thus associated with the 

representation. In these cases, the relationship between the file 

comprising the representation and other associated files may be 

expressed using relationshipSubType (see page 112). 
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Semantic unit 1.5.1 compositionLevel 

Semantic 
components 

None 

Definition An indication of whether the object is subject to one or more 

processes of decoding or unbundling. 

Rationale A file or bitstream can be encoded with compression, encryption, 

etc., or bundled with other files or bitstreams into larger packages. 

Knowing the order in which these actions are taken is important if the 

original object or objects must be recovered. 

Data constraint Non­negative integers 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples 0 

1 

2 

0 

1 

2 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 

Creation / 
Maintenance notes 

Composition level will generally be supplied by the repository, which 

should attempt to supply this value automatically. If the object was 

created by the repository, the creating routine knows the composition 

level and can supply this metadata. If the object is being ingested by 

the repository, repository programs will have to attempt to identify 

the composition level from the object itself or from externally 

supplied metadata. 

Usage notes A file or bitstream can be subject to multiple encodings that must be 

decoded in reverse order (highest to lowest). For example, file A may 

be compressed to create file B, which is encrypted to create file C. To 

recreate a copy of the base file A, one would have to unencrypt file C 

to create file B and then uncompress file B to create file A. 

A compositionLevel of zero indicates that the object is a base object 

and not subject to further decoding, while a level of 1 or higher 

indicates that one or more decodings must be applied. 

Numbering goes lowest to highest (first encoded = 0). 0 is base 

object; 1­n are subsequent encodings.  

Use 0 as the default if there is only one compositionLevel. 

When multiple file objects are bundled together as filestreams within 

a package file object (e.g., a ZIP file), the individual filestream 
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objects are not composition levels of the package file object. They 

should be considered separate objects, each with their own 

composition levels. For example, two encrypted files zipped together 

and stored in an archive as one file object would be described as three 

separate objects, each with its own associated metadata. The storage 

location of the two inner objects would point to the ZIP file, but the 

ZIP file itself would have only a single composition level (of zero) 

whose format would be “zip.” See “Object characteristics and 

composition level,” page 208. 
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Semantic unit 1.5.2 fixity 

Semantic 
components 

1.5.2.1 messageDigestAlgorithm 

1.5.2.2 messageDigest 

1.5.2.3 messageDigestOriginator 

Definition Information used to verify whether an object has been altered in an 

undocumented or unauthorized way. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable 

(see usage note) 

Applicable  Applicable 

(see usage note) 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

Automatically calculated and recorded by repository. 

Usage notes To perform a fixity check, a message digest calculated at some earlier 

time is compared with a message digest calculated at a later time. If 

the digests are the same, the object was not altered in the interim. 

Recommended practice is to use two or more message digests 

calculated by different algorithms. (Note that the terms “message 

digest” and “checksum” are commonly used interchangeably. 

However, the term “checksum” is more correctly used for the product 

of a cyclical redundancy check (CRC), whereas the term “message 

digest” refers to the result of a cryptographic hash function, which is 

what is referred to here.) 

The act of performing a fixity check and the date it occurred would 

be recorded as an Event. The result of the check would be recorded as 

the eventOutcome. Therefore, only the messageDigestAlgorithm and 

messageDigest need to be recorded as objectCharacteristics for 

future comparison. 

Representation level: It could be argued that if a representation 

consists of a single file or if all the files comprised by a 

representation are combined (e.g., zipped) into a single file, then a 

fixity check could be performed on the representation. However, in 

both cases the fixity check is actually being performed on a file, 

which in this case happens to be coincidental with a representation. 

Bitstream level: Message digests can be computed for bitstreams 

although they are not as common as with files. For example, the JPX 

format, which is a JPEG2000 format, supports the inclusion of MD5 

or SHA­1 message digests in internal metadata that was calculated on 
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any range of bytes of the file. 

See “Fixity, integrity, authenticity,” page 209. 
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Semantic unit 1.5.2.1 messageDigestAlgorithm 

Semantic 
components 

None 

Definition The specific algorithm used to construct the message digest for the 

digital object. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples MD5 

Adler­32 

HAVAL 

SHA­1 

SHA­256 

SHA­384 

SHA­512 

TIGER 

WHIRLPOOL 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 
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Semantic unit 1.5.2.2 messageDigest 

Semantic 
components 

None 

Definition The output of the message digest algorithm. 

Rationale This must be stored so that it can be compared in future fixity checks. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   7c9b35da4f2ebd436f 

1cf88e5a39b3a257ed 

f4a22be3c955ac49da 

2e2107b67a1924419 

563 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 
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Semantic unit 1.5.2.3 messageDigestOriginator 

Semantic 
components 

None 

Definition The agent that created the original message digest that is compared in 

a fixity check. 

Rationale A preservation repository may ingest files that have had message 

digests calculated by the submitter; checking these ensures that the 

file as received is the same as the file as sent. The repository may also 

ingest files that do not have message digests, and so must calculate 

the initial value upon ingest. It can be useful to know who calculated 

the initial value of the message digest. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples DRS 

A0000978 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

If the calculation of the initial message digest is treated by the 

repository as an Event, this information could be obtained from an 

Event record. 

Usage notes The originator of the message digest could be represented by a string 

representing the agent (e.g., “NRS” referring to the archive itself) or a 

pointer to an agent description (e.g., “A0000987” taken here to be an 

agentIdentifierValue). 
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Semantic unit 1.5.3 size 

Semantic 
components 

None 

Definition The size in bytes of the file or bitstream stored in the repository. 

Rationale Size is useful for ensuring the correct number of bytes from storage 

has been retrieved and that an application has enough room to move 

or process files. It might also be used when billing for storage. 

Data constraint Integer 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   2038937 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

Automatically obtained by the repository. 

Usage notes Defining this semantic unit as size in bytes makes it unnecessary to 

record a unit of measurement. However, for the purpose of data 

exchange the unit of measurement should be stated or understood by 

both partners. 
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Semantic unit 1.5.4 format 

Semantic 
components 

1.5.4.1 formatDesignation 

1.5.4.2 formatRegistry 

1.5.4.3 formatNote 

Definition Identification of the format of a file or bitstream where format is 

defined as the organization of digital information according to preset 

specifications. 

Rationale Many preservation activities depend on detailed knowledge about the 

format of the digital object. An accurate identification of format is 

essential. The identification provided, whether by name or pointer 

into a format registry, should be sufficient to associate the object with 

more detailed format information. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation   Mandatory  Mandatory 

Creation / 
Maintenance notes 

The format of a file or bitstream should be ascertained by the 

repository on ingest. Even if this information is provided by the 

submitter, directly in metadata or indirectly via the file name 

extension, recommended practice is to independently identify the 

format by parsing the file when possible. If the format cannot be 

identified at the time of ingest, it is valid to record that it is unknown, 

but the repository should subsequently make an effort to identify the 

format, even if manual intervention is required.  

Usage notes A bitstream embedded within a file may have different characteristics 

than the larger file. For example, a bitstream in LaTex format could 

be embedded within an SGML file, or multiple images using 

different colorspaces could be embedded within a TIFF file. format 

must be recorded for every object. When the bitstream format can be 

recognized by the repository and the repository might want to treat 

the bitstream differently from the embedding file for preservation 

purposes, format can be recorded for embedded bitstreams. 

Although this semantic unit is mandatory, both of its subunits are 

optional. At least one subunit (i.e. either formatDesignation or 

formatRegistry) must be present if this container is included or both 

may be used. If the subunit (formatDesignation or formatRegistry) 

needs to be repeated, the entire format container is repeated. This 
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allows for association of format designation with a particular set of 

format registry information. For example, if the precise format cannot 

be determined and two format designations are recorded, each is 

given within a separate format container. The format container may 

also be repeated for multiple format registry entries. 

See “Format information,” page 204. 
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Semantic unit 1.5.4.1 formatDesignation 

Semantic 
components 

1.5.4.1.1 formatName 

1.5.4.1.2 formatVersion 

Definition An identification of the format of the object. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes Either formatDesignation or at least one instance of formatRegistry is 

required. Both may be included. 

The most specific format (or format profile) should be recorded. A 

repository (or formats registry) may wish to use multipart format 

names (e.g., “TIFF_GeoTIFF” or “WAVE_MPEG_BWF”) to 

achieve this specificity. 

For any given file or bitstream, the most specific format identified by 

the repository should be recorded. A restricted or modified version of 

a format is considered more specific than the format; for example, 

GeoTIFF is more specific than TIFF; BWF is more specific than 

WAVE. 

If a file or bitstream conforms to more than one format of equal 

specificity, each should be recorded in separate format containers. 
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Semantic unit 1.5.4.1.1 formatName 

Semantic 
components 

None 

Definition A designation of the format of the file or bitstream. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   Text/sgml 

image/tiff/geotiff 

Adobe PDF 

DES 

PGP 

base64 

unknown 

LaTex 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 

Usage notes For unidentified formats, formatName may be recorded as 

“unknown”. 
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Semantic unit 1.5.4.1.2 formatVersion 

Semantic 
components 

None 

Definition The version of the format named in formatName. 

Rationale Many authority lists of format names are not granular enough to 

indicate version, for example, MIME Media types. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples 6.0 

2003 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes If the format is versioned, formatVersion should be recorded. It can 

be either a numeric or chronological designation. 
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Semantic unit 1.5.4.2 formatRegistry 

Semantic 
components 

1.5.4.2.1 formatRegistryName 

1.5.4.2.2 formatRegistryKey 

1.5.4.2.3 formatRegistryRole 

Definition Identifies and/or gives further information about the format by 

reference to an entry in a format registry. 

Rationale If central format registries are available to the preservation 

repository, they may provide an excellent way of referencing detailed 

format information. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes Either formatDesignation or at least one instance of formatRegistry is 

required. If more than one formatRegistry needs to be recorded the 

format container should be repeated to include each additional set of 

formatRegistry information. 
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Semantic unit 1.5.4.2.1 formatRegistryName 

Semantic 
components 

None 

Definition A designation identifying the referenced format registry. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples PRONOM 

http://www.nationala 

rchives.gov.uk/PRO 

NOM 

PRONOM 

http://www.nationala 

rchives.gov.uk/PRO 

NOM 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 

Usage notes This can be a formal name, internally used name, or URI. 
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Semantic unit 1.5.4.2.2 formatRegistryKey 

Semantic 
components 

None 

Definition The unique key used to reference an entry for this format in a format 

registry. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples info:gdfr/fred/f/tiff 

fmt/155 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 
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Semantic unit 1.5.4.2.3 formatRegistryRole 

Semantic 
components 

None 

Definition The purpose or expected use of the registry. 

Rationale The same format may be defined in different registries for different 

purposes. For example, one registry may give detailed format 

specifications while another has information about software support 

and dependencies. If multiple registries are recorded, this semantic 

unit can be used to distinguish among them. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples Specification 

Validation profile 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 
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Semantic unit 1.5.4.3 formatNote 

Semantic 
components 

None 

Definition Additional information about format. 

Rationale Qualifying information may be needed to supplement format 

designation and registry information or to record a status for 

identification 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples tentative 

identification 

disjunction 

multiple format 

identifications found 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes The formatNote may contain free text, a reference pointer, or a value 

from a controlled list. 
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Semantic unit 1.5.5 creatingApplication 

Semantic 
components 

1.5.5.1 creatingApplicationName 

1.5.5.2 creatingApplicationVersion 

1.5.5.3 dateCreatedByApplication 

1.5.5.4 creatingApplicationExtension 

Definition Information about the application that created the object. 

Rationale Information about the creating application, including the version of 

the application and the date the file was created, can be useful for 

problem solving purposes. For example, it is not uncommon for 

certain versions of software to be known for causing conversion 

errors or introducing artifacts. It is also useful to determine which 

rendering software is available for the digital object. For example, if 

you know that the Distiller program created the PDF file, you know it 

will be renderable with (among other programs) Adobe Reader. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

If the object was created by the repository, assignment of creating 

application information should be straightforward. 

If the object was created outside the repository, it is possible this 

information could be supplied by the depositor. It might also be 

extracted from the file itself; the name of the creating application is 

often embedded within the file. 

Usage notes This semantic unit applies to both objects created external to the 

repository and subsequently ingested, and to objects created by the 

repository, for example, through migration events. 

The creatingApplication container is repeatable if more than one 

application processed the object in turn. For example, a file could be 

created by Microsoft Word and later turned into a PDF using Adobe 

Acrobat. Details of both the Word and Acrobat applications may be 

recorded. However, if both files are stored in the repository, each file 

should be completely described as an Object entity and linked by 

using relationship information with a relationshipType “derivation.” 

It may also be repeated to record the creating application before the 

object was ingested as well as the creating application used as part of 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 63 



   

 

 

THE PREMIS DATA DICTIONARY  

the ingest process. For example, an HTML file was created pre­ingest 

using Dreamweaver, and the Web crawler Heritrix then captured a 

snapshot of the files as part of the ingest.  

The amount of information needed for creatingApplication given 

here is minimal. For more granularity, extensibility is provided. 

Rather than having each repository record this locally, it would be 

preferable to have a registry of this information similar to format or 

environment registries. 
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Semantic unit 1.5.5.1 creatingApplicationName 

Semantic 
components 

None 

Definition A designation for the name of the software program that created the 

object. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples MSWord 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes The creatingApplication is the application that created the object in 

its current format, not the application that created the copy written to 

storage. For example, if a document is created by Microsoft Word 

and subsequently copied to archive storage by a repository’s Ingest 

program, the creatingApplication is Word, not the Ingest program. 
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Semantic unit 1.5.5.2 creatingApplicationVersion 

Semantic 
components 

None 

Definition The version of the software program that created the object. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples 2000  1.4 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 66 



    

  

 

 

 

   

      

 

 

 

THE PREMIS DATA DICTIONARY  

Semantic unit 1.5.5.3 dateCreatedByApplication 

Semantic 
components 

None 

Definition The actual or approximate date and time the object was created. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   2000­12­01 

20030223T151047 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes Use the most precise date available. 

This is the date the object was created by the creating application, not 

the date any copy was made externally or by the repository. For 

example, if a file is created by Microsoft Word in 2001 and two 

copies are made in 2003, the dateCreatedByApplication of all three 

files is 2001. The date a file is written to storage can be recorded as 

an Event. 

If the object itself contains internal creation and modification dates, 

the modification date should be used as dateCreatedByApplication. 

If the application is a Web harvester capturing an object at a point of 

time, use for date captured. 
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Semantic unit 1.5.5.4 creatingApplicationExtension 

Semantic 
components 

Defined externally 

Definition Creating application information using semantic units defined 

external to PREMIS. 

Rationale There may be a need to supplement or replace PREMIS defined units. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included instead of 

or in addition to PREMIS defined semantic units. When using an 

externally defined schema, a reference to that schema must be 

provided. See further guidance “Extensibility,” page 19. 

If creatingApplicationExtension container needs to be associated 

explicitly with any PREMIS subunit under creatingApplication, the 

container creatingApplication is repeated. If extensions from 

different external schemas are needed, creatingApplication should 

also be repeated. 

It is recommended to give information about the metadata used in 

creatingApplicationExtension including date the metadata was 

created, status of the metadata, internal linking IDs, type of metadata 

used and its version, message digest and message digest algorithm of 

the metadata, and type of identifier for external metadata links. 
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Semantic unit 1.5.6 inhibitors 

Semantic 
components 

1.5.6.1 inhibitorType 

1.5.6.2 inhibitorTarget 

1.5.6.3 inhibitorKey 

Definition Features of the object intended to inhibit access, use, or migration. 

Rationale Format information may indicate whether a file is encrypted, but the 

nature of the encryption also must be recorded, as well as the access 

key. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

Inhibitors are more likely to be present on an object ingested by the 

repository than applied by the repository itself. It is often not possible 

to tell that a file has been encrypted by parsing it; the file may appear 

to be ASCII text. Therefore, information about inhibitors should be 

supplied as metadata with submitted objects when possible. 

Usage notes Some file formats allow encryption for embedded bitstreams. 

Some file formats such as PDF use passwords to control access to 

content or specific functions. Although this is actually implemented 

at the bitstream level, for preservation purposes it is effectively 

managed at the file level; that is, passwords would not be recorded 

for individually addressable bitstreams.  

For certain types of inhibitor keys, more granularity may be required. 

If the inhibitor key information is identical to key information in 

digital signatures, use those semantic units. 
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Semantic unit 1.5.6.1 inhibitorType 

Semantic 
components 

None 

Definition The inhibitor method employed. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples DES 

PGP 

Blowfish 

Password protection 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 

Usage notes Common inhibitors are encryption and password protection. When 

encryption is used the type of encryption should be specifically 

indicated, that is, record “DES”, not “encryption”. 
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Semantic unit 1.5.6.2 inhibitorTarget 

Semantic 
components 

None 

Definition The content or function protected by the inhibitor. 

Data constraint Values should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples All content 

Function: Play 

Function: Print 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes If not supplied, assume that the target is the content of the object. 
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Semantic unit 1.5.6.3 inhibitorKey 

Semantic 
components 

None 

Definition The decryption key or password. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   [DES decryption 

key] 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes The key should be provided if known. However, it is not advisable to 

actually store the inhibitorKey in plain text in an unsecure database. 
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Semantic unit 1.5.7 objectCharacteristicsExtension 

Semantic 
components 

Defined externally 

Definition A container to include semantic units defined outside of PREMIS. 

Rationale There may be a need to extend PREMIS defined units. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included in addition 

to PREMIS defined semantic units. When using an extension schema, 

a reference to that schema must be provided. See further guidance in 

“Extensibility,” page 19. 

objectCharacteristicsExtension is used for additional object 

characteristics not covered by PREMIS, for instance format specific 

metadata that is defined externally. It is not a replacement for units 

specified in PREMIS. 

If objectCharacteristicsExtension container needs to be associated 

explicitly with any PREMIS subunit under objectCharacteristics, the 

container objectCharacteristics is repeated. If extensions from 

different external schemas are needed, objectCharacteristics should 

also be repeated. 

It is recommended to give information about the metadata used in 

objectCharacteristicsExtension including date the metadata was 

created, status of the metadata, internal linking IDs, type of metadata 

used and its version, message digest and message digest algorithm of 

the metadata, and type of identifier for external metadata links. 
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Semantic unit 1.6 originalName 

Semantic 
components 

None 

Definition The name of the object as submitted to or harvested by the repository, 

before any renaming by the repository. 

Rationale The name used within the preservation repository may not be known 

outside of the repository. A depositor might need to request a file by 

its original name. Also, the repository may need to reconstruct 

internal links for dissemination. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Not applicable 

Examples N419.pdf 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

This value would always be supplied to the repository by the 

submitter or harvesting application. How much of the file path to 

preserve would be up to the repository. 

Usage notes This is the name of the object as designated in the Submission 

Information Package (SIP). The object may have other names in 

different contexts. When two repositories are exchanging content, it 

would be important for the receiving repository to know and record 

the name of the representation at the originating repository. In the 

case of representations, this may be a directory name. 
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Semantic unit 1.7 storage 

Semantic 
components 

1.7.1 contentLocation 

1.7.2 storageMedium 

Definition Information about how and where a file is stored in the storage 

system. 

Rationale It is necessary for a repository to associate the contentLocation with 

the storageMedium. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes Normally there would be a single storage location and medium for an 

object, because an object in another location would be considered a 

different object. The storage composite should be repeated if there are 

two or more copies that are identical bit­wise and managed as a unit 

except for the medium on which they are stored. They must have a 

single objectIdentifier and be managed as a single object by the 

repository. 

Although this semantic unit is mandatory, both of its subunits are 

optional. At least one subunit (i.e. either contentLocation or 

storageMedium) must be present or both may be used. 
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Semantic unit 1.7.1 contentLocation 

Semantic 
components 

1.7.1.1 contentLocationType 

1.7.1.2 contentLocationValue 

Definition Information needed to retrieve a file from the storage system, or to 

access a bitstream within a file. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Creation / 
Maintenance notes 

A preservation repository should never refer to content that it does 

not control. Therefore, the PREMIS working group assumed that the 

repository will always assign the contentLocation, probably by 

program. 

Usage notes If the preservation repository uses the objectIdentifier as a handle for 

retrieving data, contentLocation is implicit and does not need to be 

recorded. 
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Semantic unit 1.7.1.1 contentLocationType 

Semantic 
components 

None 

Definition The means of referencing the location of the content. 

Rationale To understand the meaning of the value it is necessary to know what 

location scheme is used. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples URI 

hdl 

NTFS 

EXT3 

byte offset 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 
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Semantic unit 1.7.1.2 contentLocationValue 

Semantic 
components 

None 

Definition The reference to the location of the content used by the storage 

system. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   http://wwasearch.loc. 

gov/107th/20021210 

7035/http://house.go 

v/langevin/ 

hdl:loc.pnp/cph.3b34 

188 

c:\apache2\htdocs\in 

dex.html 

/home/web/public_ht 

ml/index.html 

64 [offset from start 

of file 

c:\apache2\htdocs\im 

age\logo.gif] 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 

Usage notes This could be a fully qualified path and filename, or the information 

used by a resolution system (e.g., a handle) or the native information 

used by a storage management system. For a bitstream or filestream, 

this would probably be the reference point and offset of the starting 

position of the bitstream. It is up to the repository to determine the 

level of granularity that should be recorded. 
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Semantic unit 1.7.2 storageMedium 

Semantic 
components 

None 

Definition The physical medium on which the object is stored (e.g., magnetic 

tape, hard disk, CD­ROM, DVD). 

Rationale The repository needs to know the medium on which an object is 

stored in order to know how and when to do media refreshment and 

media migration. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   Magnetic tape 

Hard disk 

TSM 

Magnetic tape 

Hard disk 

TSM 

Repeatability Not Repeatable  Not Repeatable 

Obligation Optional  Optional 

Usage notes In some cases this can be masked from direct repository management 

by storage management systems but the underlying assumption is that 

the repository ultimately is in control and needs to manage for 

technological obsolescence. 

In some cases the value may not be the specific medium, but the 

system that knows the medium, e.g., Tivoli Storage Manager (TSM). 

Knowing the storage medium is an internal requirement in order to 

trigger preservation actions. However, since this is not information 

that is used for exchange purposes, it is optional. 
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Semantic unit 1.8 environment 

Semantic 
components 

1.8.1 environmentCharacteristic 

1.8.2 environmentPurpose 

1.8.3 environmentNote 

1.8.4 dependency 

1.8.5 software 

1.8.6 hardware 

1.8.7 environmentExtension 

Definition Hardware/software combinations supporting use of the object. 

Rationale Environment is the means by which the user renders and interacts 

with content. Separation of digital content from its environmental 

context can result in the content becoming unusable. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

This information may be omitted when the repository is doing only 

bit­level preservation on the object. 

Rather than having each repository record this locally, it would be 

preferable to have a registry of environment information similar to 

proposed registries of format information. 

Repositories may choose to design mechanisms for inheritance, so 

that if the environment required for each file within a representation 

is identical to the environment recorded for the representation as a 

whole, it is not necessary to store this information in each file. 

See “Environment,” page 206. 

Usage notes All of this semantic units’ subunits are optional. At least one subunit 

(i.e. environmentNote, dependency, software, hardware, and/or 

environmentExtension) must be present if this container is included. 
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Semantic unit 1.8.1 environmentCharacteristic 

Semantic 
components 

None 

Definition An assessment of the extent to which the described environment 

supports its purpose. 

Rationale If multiple environments are described, this element can help to 

distinguish among them. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples unspecified 

minimum 

recommended 

minimum 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

This value could be supplied by the submitter or by the repository. If 

environment software and hardware information is obtained from an 

environments registry, environmentCharacteristic might also be 

obtained from the registry. Note however that the criteria for 

“recommended” may be different for different repositories. 

Usage notes Suggested values: 

unspecified = no attempt made to provide this value 

known to work = the object can be rendered in this environment 

minimum = the least demanding (in terms of components or 

resources needed) environment known to work by the repository 

recommended = an environment preferred for optimal rendering 

If an environment is both “minimum” and “recommended,” use 

“recommended.” 

“Known to work” implies the object is supported by the described 

environment but the repository doesn’t know if this environment is 

minimum or recommended. 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 81 



   

 

 

 

   

 

 

 

 

 

 

 

THE PREMIS DATA DICTIONARY  

Semantic unit 1.8.2 environmentPurpose 

Semantic 
components 

None 

Definition The use(s) supported by the specified environment. 

Rationale Different environments can support different uses of objects. For 

example, the environment needed to edit and modify a file can be 

quite different than the environment needed to render it. 

Data constraint Values should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

This value would have to be supplied by the agent that provided the 

hardware and software environment information, which might be the 

submitter, the repository, or an environments registry. 

Usage notes Suggested values: render, edit. 

This list may need to be expanded. Other values might indicate the 

ability to transform, print, and manipulate by program. 
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Semantic unit 1.8.3 environmentNote 

Semantic 
components 

None 

Definition Additional information about the environment. 

Rationale There may be a need to give a textual description of the environment 

for additional explanation. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples   This environment 

assumes that the PDF 

will be stored locally 

and used with a 

standalone PDF 

reader. 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes This note could be used to record the context of the environment 

information. For example, if a file can be rendered through a PC 

client application or through a browser with a plug­in, this note could 

be used to identify which situation applies. 

The note should not be used for a textual description of environment 

information recorded more rigorously elsewhere. 
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Semantic unit 1.8.4 dependency 

Semantic 
components 

1.8.4.1 dependencyName 

1.8.4.2 dependencyIdentifier 

Definition Information about a non­software component or associated file 

needed in order to use or render the representation or file, for 

example, a schema, a DTD, or an entity file declaration. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

Recommended practice is for a repository to archive objects on which 

other objects depend. These may be sent by the submitter of the 

primary object, or they may in some cases be automatically obtained 

by the repository. For example, a markup file will often contain links 

to other objects it requires such as DTDs or XML Schema. If it does, 

these objects can often be identified by the link and downloaded by 

the repository. 

Usage notes This semantic unit is for additional objects that are necessary to 

render a file or representation, not for required software or hardware. 

It may also be used for a non­executable component of the object, 

such as a font or style sheet. For things that the software requires, see 

swDependency, page 94. 

This semantic unit does not include objects required by structural 

relationships, such as child content objects (e.g., figures that are part 

of an article), which are recorded under relationship with a 

relationshipType of “structural”. 

It is up to the repository to determine what constitutes a dependency 

in the context of the designated community.  

The objects noted may be internal or external to the preservation 

repository. 
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Semantic unit 1.8.4.1 dependencyName 

Semantic 
components 

None 

Definition A designation for a component or associated file needed by the 

representation or file. 

Rationale It may not be self­evident from the dependencyIdentifier what the 

name of the object actually is. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples   Additional Element 

Set for Language 

Corpora 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 
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Semantic unit 1.8.4.2 dependencyIdentifier 

Semantic 
components 

1.8.4.2.1 dependencyIdentifierType 

1.8.4.2.2 dependencyIdentifierValue 

Definition A unique designation used to identify a dependent resource. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes The dependencyIdentifier must be unique within the preservation 

repository, although it might not be globally unique. 
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Semantic unit 1.8.4.2.1 dependencyIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain in which the identifier of the dependent 

resource is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples URI 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes A preservation repository needs to know both the type of object 

identifier and the value. When the value itself contains the identifier 

type (e.g., “oai:lib.uchicago.edu:1”), the identifier type does not need 

to be recorded explicitly. Similarly, if the repository uses only one 

type of identifier, the type can be assumed and does not need to be 

recorded explicitly. 
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Semantic unit 1.8.4.2.2 dependencyIdentifierValue 

Semantic 
components 

None 

Definition The value of the dependencyIdentifier. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples http://www.tei­

c.org/P4X/DTD/teico 

rp2.dtd 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.8.5 software 

Semantic 
components 

1.8.5.1 swName 

1.8.5.2 swVersion 

1.8.5.3 swType 

1.8.5.4 swOtherInformation 

1.8.5.5 swDependency 

Definition Software required to render or use the object. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

If recording this explicitly, many different software environments 

may apply; for example, a particular object such as a PDF file may be 

viewable by several versions of several applications running under 

several operating systems and operating system versions. Although at 

least one software environment should be recorded, it is not 

necessary to record them all and each repository will have to make its 

own decisions about which software environments to record.  

Also, what appears to the user as a single rendering program can have 

many dependencies, including system utilities, runtime libraries, and 

so on, which each might have their own dependencies in turn. 

As with environment, metadata may be more efficiently managed in 

conjunction with a format registry either internal or external to a 

repository. In the absence of a global mechanism, repositories may be 

forced to develop their own local “registries” relating format to 

software environment. 
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Semantic unit 1.8.5.1 swName 

Semantic 
components 

None 

Definition Manufacturer and title of the software application. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples Sybase  Adobe Photoshop 

Adobe Acrobat 

Reader 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Include manufacturer when this helps to identify or disambiguate the 

product, for example, use “Adobe Photoshop” rather than 

“Photoshop.” 
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Semantic unit 1.8.5.2 swVersion 

Semantic 
components 

None 

Definition The version or versions of the software referenced in swName. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples >=2.2.0 

6.0 

2000 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Optional  Optional  Optional 

Usage notes If there is no formal version, the date of issuance can be used. 
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Semantic unit 1.8.5.3 swType 

Semantic 
components 

None 

Definition Class or category of software. 

Rationale Several different layers of software can be required to support an 

object. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Suggested values: 

renderer = application that can display/play/execute the format 

instance, e.g., image viewer, video player, Java virtual machine 

(when the format instance is a Java class file) 

ancillary = required ancillary software, e.g., run time libraries, 

browser plug­ins, compression/decompression routines, utilities, 

operating system emulators, etc. 

operatingSystem = software that supports application execution, 

process scheduling, memory management, file systems, etc. 

driver = software with the primary function of communicating 

between hardware and the operating system or other software 
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Semantic unit 1.8.5.4 swOtherInformation 

Semantic 
components 

None 

Definition Additional requirements or instructions related to the software 

referenced in swName. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples   Install Acroread 

(Adobe Acrobat) 

first; copy nppdf.so 

(the plug­in) to your 

Mozilla plug­ins 

directory, and make 

sure a copy of (or 

symlink to) Acroread 

is in your PATH. 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes This could be a reliable persistent identifier or URI pointing to 

software documentation within or outside the repository. 
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Semantic unit 1.8.5.5 swDependency 

Semantic 
components 

None 

Definition The name and, if applicable, version of any software component 

needed by the software referenced in swName in the context of using 

this object. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples GNU gcc >= 2.7.2 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes The value should be constructed in a way that is consistent with the 

construction of swName and swVersion. This semantic unit identifies 

the software that is needed by what is recorded in swName, for 

example, a Perl script that depends on a Perl module. In this case the 

Perl script is listed in swName, with the module in swDependency 

within a software container. 
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Semantic unit 1.8.6 hardware 

Semantic 
components 

1.8.6.1 hwName 

1.8.6.2 hwType 

1.8.6.3 hwOtherInformation 

Definition Hardware components needed by the software referenced in swName 

or the human user of the referenced software. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Creation / 
Maintenance notes 

Hardware environment information can be very difficult to provide. 

Many different hardware environments may apply; there are a huge 

number of combinations of maker and type of CPU, memory, video 

drivers, and so on. Although at least one hardware environment 

should be recorded, it is not necessary to record them all and each 

repository will have to make its own decisions about which hardware 

environments to record. 

Because of the difficulty recording this information comprehensively, 

it would be optimal if central registries of environment information 

existed. In many cases the environment of a file object is directly 

associated with the format, making registry lookup by format 

feasible. In the absence of a global mechanism, repositories may be 

forced to develop their own local “registries” relating format to 

hwEnvironment. 
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Semantic unit 1.8.6.1 hwName 

Semantic 
components 

None 

Definition Manufacturer, model, and version (if applicable) of the hardware. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples Intel Pentium III 

1 GB DRAM 

Windows XP­

compatible joystick 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Include manufacturer when this helps to identify or disambiguate the 

product. 

Include version for firmware or other components where that 

information is pertinent. 
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Semantic unit 1.8.6.2 hwType 

Semantic 
components 

None 

Definition Class or category of the hardware. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Suggested values: processor, memory, input/output device, storage 

device. 
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Semantic unit 1.8.6.3 hwOtherInformation 

Semantic 
components 

None 

Definition Additional requirements or instructions related to the hardware 

referenced in hwName. 

Rationale For hardware, the amount of computing resource needed (such as 

memory, storage, processor speed, etc.) may need to be documented. 

In addition, more detailed instructions may be needed to install 

and/or operate the hardware. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples 32MB minimum  32MB minimum 

Required RAM for 

Apache is unknown 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes This could be an identifier or URI used to point to hardware 

documentation. 
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Semantic unit 1.8.7 environmentExtension 

Semantic 
components 

Defined externally 

Definition A container to include semantic units defined outside of PREMIS. 

Rationale There may be a need to replace or extend PREMIS defined units. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included instead of 

or in addition to PREMIS defined semantic units. When using an 

extension schema, a reference to that schema must be provided. See 

further guidance in “Extensibility,” page 19. 

If environmentExtension container needs to be associated explicitly 

with any PREMIS subunit under environment, the container 

environment is repeated. If extensions from different external 

schemas are needed, environment should also be repeated. 

It is recommended to give information about the metadata used in 

environmentExtension including date the metadata was created, status 

of the metadata, internal linking IDs, type of metadata used and its 

version, message digest and message digest algorithm of the 

metadata, and type of identifier for external metadata links. 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 99 



   

 

 
 

 

 

 

 

 

THE PREMIS DATA DICTIONARY  

Semantic unit 1.9 signatureInformation 

Semantic 
components 

1.9.1 signature 

1.9.2 signatureInformationExtension 

Definition A container for PREMIS defined and externally defined digital 

signature information, used to authenticate the signer of an object 

and/or the information contained in the object.  

Rationale A repository may have a policy of generating digital signatures for 

files on ingest, or may have a need to store and later validate 

incoming digital signatures. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes Either signature or signatureInformationExtension may be used. Use 

of signatureInformationExtension with the schema defined in W3C’s 

XML-Signature Syntax and Processing (www.w3.org/TR/2002/REC­

xmldsig­core­20020212/) is encouraged when applicable. See the 

discussion of digital signatures on page 210 for more information on 

use of both PREMIS­defined and externally­defined semantic units. 
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Semantic unit 1.9.1 signature 

Semantic 
components 

1.9.1.1 signatureEncoding 

1.9.1.2 signer 

1.9.1.3 signatureMethod 

1.9.1.4 signatureValue 

1.9.1.5 signatureValidationRules 

1.9.1.6 signatureProperties 

1.9.1.7 keyInformation 

Definition Information needed to use a digital signature to authenticate the 

signer of an object and/or the information contained in the object. 

Rationale A repository may have a policy of generating digital signatures for 

files on ingest, or may have a need to store and later validate 

incoming digital signatures. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes Several of the semantic components of signatureInformation are 

taken from the W3C’s XML-Signature Syntax and Processing; see 

www.w3.org/TR/2002/REC­xmldsig­core­20020212/ for more 

information on the structure and application of these semantic units. 

(See also the discussion of digital signatures, page 210.) 
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Semantic unit 1.9.1.1 signatureEncoding 

Semantic 
components 

None 

Definition The encoding used for the values of signatureValue, keyInformation. 

Rationale These values cannot be interpreted correctly if the encoding is 

unknown. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples Base64 

Ds:CrytoBinary 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 
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Semantic unit 1.9.1.2 signer 

Semantic 
components 

None 

Definition The individual, institution, or authority responsible for generating the 

signature. 

Rationale The signer might also be carried in the keyInformation, but it can be 

accessed more conveniently if recorded here. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes If the signer is an Agent known to the repository, an agentIdentifier 

can be used here. 
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Semantic unit 1.9.1.3 signatureMethod 

Semantic 
components 

None 

Definition A designation for the encryption and hash algorithms used for 

signature generation. 

Rationale The same algorithms must be used for signature validation. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   DSA­SHA1 

RSA­SHA1 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 

Usage notes Recommended practice is to encode the encryption algorithm first, 

followed by a hyphen, followed by the hash (message digest) 

algorithm. 
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Semantic unit 1.9.1.4 signatureValue 

Semantic 
components 

None 

Definition The digital signature; a value generated from the application of a 

private key to a message digest. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Examples   juS5RhJ884qoFR 

8flVXd/rbrSDVGn 

40CapgB7qeQiT 

+rr0NekEQ6BHh 

UA8dT3+BCTBU 

QI0dBjlml9lwzEN 

XvS83zRECjzXb 

MRTUtVZiPZG2p 

qKPnL2YU3A964 

5UCjTXU+jgFum 

v7k78hieAGDzNc 

i+PQ9KRmm//icT 

7JaYztgt4= 

Repeatability Not repeatable  Not repeatable 

Obligation   Mandatory  Mandatory 
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Semantic unit 1.9.1.5 signatureValidationRules 

Semantic 
components 

None 

Definition The operations to be performed in order to validate the digital 

signature. 

Rationale The repository should not assume that the procedure for validating 

any particular signature will be known many years in the future 

without documentation. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory 

Usage notes This may include the canonicalization method used before calculating 

the message digest, if the object was normalized before signing.  

This value could also be a pointer to archive documentation. 
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Semantic unit 1.9.1.6 signatureProperties 

Semantic 
components 

None 

Definition Additional information about the generation of the signature. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes This may include the date/time of signature generation, the serial 

number of the cryptographic hardware used, or other information 

related to the generation of the signature. Repositories will likely 

want to define a suitably granular structure to signatureProperties. 
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Semantic unit 1.9.1.7 keyInformation 

Semantic 
components 

Extensible container 

Definition Information about the signer’s public key needed to validate the 

digital signature. 

Rationale To validate a digital signature for an object, one first recalculates the 

message digest for the object, and then uses the public key of the 

signer to verify that the value of the signature (signatureValue) is 

correct. The repository must therefore have the public key value and 

some assurance that it truly belongs to the signer. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable 

Obligation Optional  Optional 

Usage notes Different types of keys will have different structures and parameters. 

PREMIS does not define structure for this container. Recommended 

practice is to represent key values as defined for “KeyInfo” in the 

W3C’s XML-Signature Syntax and Processing 

(www.w3.org/TR/2002/REC­xmldsig­core­20020212/). 
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Semantic unit 1.9.2 signatureInformationExtension 

Semantic 
components 

Defined externally 

Definition Digital signature information using semantic units defined outside of 

PREMIS. 

Rationale There may be a need to replace or extend PREMIS defined units. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Not applicable  Applicable  Applicable 

Repeatability   Repeatable  Repeatable 

Obligation Optional  Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included instead of 

or in addition to PREMIS defined semantic units. When using an 

extension schema, a reference to that schema must be provided. See 

further guidance in “Extensibility,” page 19. 

If signatureInformationExtension container needs to be associated 

explicitly with any PREMIS subunit under signatureInformation, the 

container signatureInformation is repeated. If extensions from 

different external schemas are needed, signatureInformation should 

also be repeated. 

Use of the W3C’s XML-Signature Syntax and Processing 

(www.w3.org/TR/2002/REC­xmldsig­core­20020212/) is encouraged 

when applicable. 

It is recommended to give information about the metadata used in 

signatureInformationExtension including date the metadata was 

created, status of the metadata, internal linking IDs, type of metadata 

used and its version, message digest and message digest algorithm of 

the metadata, and type of identifier for external metadata links. 
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Semantic unit 1.10 relationship 

Semantic 
components 

1.10.1 relationshipType 

1.10.2 relationshipSubType 

1.10.3 relatedObjectIdentification 

1.10.4 relatedEventIdentification 

Definition Information about a relationship between this object and one or more 

other objects. 

Rationale A preservation repository must know how to assemble complex 

objects from component parts (structural relationships) and 

rigorously track digital provenance (derivation relationships). 

Documentation about relationships between different objects is 

crucial to these purposes. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes Most preservation repositories will want to record all relevant 

relationships. 

In complex scenarios, PREMIS might not be able to express rich 

enough structural relationships to be the only source of structural 

metadata. 

Many formats for representing structural information may be used 

instead of the semantic units specified here. This information must be 

known, and some implementations may know it by using other 

structures. 

Structural relationships at the file level are necessary to reconstruct a 

representation in order to ascertain that the representation is 

renderable. 

A record of structural relationships at the representation level may be 

necessary to render the representation. 

Structural relationships at the bitstream level can relate bitstreams 

within a file. 

Derivative relationships at the file and representation level are 

important for documenting digital provenance. 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 110 



    

  

 

 

 

 

    

 

 

 

THE PREMIS DATA DICTIONARY  

Semantic unit 1.10.1 relationshipType 

Semantic 
components 

None 

Definition A high­level categorization of the nature of the relationship. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Suggested values: 

structural = a relationship between parts of an object 

derivation = a relationship where one object is the result of a 

transformation performed on the related object 

A repository may find it necessary to define additional relationship 

types. 
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Semantic unit 1.10.2 relationshipSubType 

Semantic 
components 

None 

Definition A specific characterization of the nature of the relationship 

documented in relationshipType. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes Suggested values: 

has sibling = the object shares a common parent with the related 

object 

is part of = the object is contained by the related object (when these 

are the same entity types) 

has part = the object contains the related object (when these are the 

same entity types) 

is source of = the related object is a version of this object created by a 

transformation 

has source =  the object is derived from the related object as a result 

of a transformation 

has root = for a representation only, the related object is the file that 

must be processed first in order to render the representation 

includes = for the relationship of a representation to a file, , or a file 

to a bitstream, the described object includes the referenced object 

is included in = for the relationship of a file to a representation, or a 

bitstream to a file, the described object is included in the referenced 

object 

A repository may find it necessary to define more or less granular 

relationships. For derivation relationships, note that the precise 

relationship may be indicated by the type of the related event. 

The relationship “has root” is applicable only to the representation, 

because it implies that a compound object (i.e., one made up of 

multiple files) requires that one file be picked up first as its root to 

render it. In the metadata for the representation, “has root” identifies 

that particular file. 
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Semantic unit 1.10.3 relatedObjectIdentification 

Semantic 
components 

1.10.3.1 relatedObjectIdentifierType 

1.10.3.2 relatedObjectIdentifierValue 

1.10.3.3 relatedObjectSequence 

Definition The identifier and sequential context of the related resource. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes The related object may or may not be held within the preservation 

repository. Recommended practice is that objects reside within the 

repository unless there is a good reason to reference an object 

outside. Internal and external references should be clear. 
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Semantic unit 1.10.3.1 relatedObjectIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

objectIdentifierType] 

[see examples for 

objectIdentifierType] 

[see examples for 

objectIdentifierType] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes If the related object is held within the preservation repository, this 

should be the value of that object’s objectIdentifierType. 
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Semantic unit 1.10.3.2 relatedObjectIdentifierValue 

Semantic 
components 

None 

Definition The value of the related object identifier. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

objectIdentifierValue] 

[see examples for 

objectIdentifierValue] 

[see examples for 

objectIdentifierValue] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes If the related object is held within the preservation repository, this 

should be the value of that object’s objectIdentifierValue. 
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Semantic unit 1.10.3.3 relatedObjectSequence 

Semantic 
components 

None 

Definition The order of the related object relative to other objects with the same 

type of relationship. 

Rationale This semantic unit is particularly useful for structural relationships. In 

order to reconstruct a representation, it may be necessary to know the 

order of components with sibling or part­whole relationships. For 

example, to render a page­image book, it is necessary to know the 

order of files representing pages. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples 1 

2 

3 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Optional  Optional  Optional 

Usage notes This semantic unit could be implemented in several ways. It might be 

recorded explicitly in metadata as a sequence number or as a pointer. 

It might be implicit in some other ordering of objects, for example, 

incrementing identifier values. The value of relationshipSubType 

might imply the sequence (e.g., “is preceding sibling,” “is following 

sibling”). 

There is no requirement that sequence numbers must be unique or 

sequential. 

Some related objects have no inherent sequence, for example, 

unordered Web pages making up a Web site. In this case all related 

objects can be given the “dummy” sequence number zero. 

This semantic unit is applicable only for structural relationships and 

is thus optional. 
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Semantic unit 1.10.4 relatedEventIdentification 

Semantic 
components 

1.10.4.1 relatedEventIdentifierType 

1.10.4.2 relatedEventIdentifierValue 

1.10.4.3 relatedEventSequence 

Definition The identifier and contextual sequence of an event associated with 

the relationship. 

Rationale An object may be related to another object because of an event, for 

example, migration. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes For derivative relationships between objects 

relatedEventIdentification must be recorded. 
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Semantic unit 1.10.4.1 relatedEventIdentifierType 

Semantic 
components 

None 

Definition The eventIdentifierType of the related event. 

Data constraint Must be an existing eventIdentifierType value. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

eventIdentifierType] 

[see examples for 

eventIdentifierType] 

[see examples for 

eventIdentifierType] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes For most preservation repositories, the eventIdentifierType will 

simply be its own internal numbering system. It can be implicit 

within the system and provided explicitly only if the data is exported. 
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Semantic unit 1.10.4.2 relatedEventIdentifierValue 

Semantic 
components 

None 

Definition The eventIdentifierValue of the related event. 

Data constraint Must be an existing eventIdentifierValue value. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

eventIdentifierValue] 

[see examples for 

eventIdentifierValue] 

[see examples for 

eventIdentifierValue] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.10.4.3 relatedEventSequence 

Semantic 
components 

None 

Definition The order of the related event. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples 1 

2 

3 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Optional  Optional  Optional 

Usage notes The sequence of a related event can be inferred from the 

eventDateTime associated with the related event. 
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Semantic unit 1.11 linkingEventIdentifier 

Semantic 
components 

1.11.1 linkingEventIdentifierType 

1.11.2 linkingEventIdentifierValue 

Definition The eventIdentifier of an event associated with the object. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes Use to link to events that are not associated with relationships 

between objects, such as format validation, virus checking, etc.  

Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 1.11.1 linkingEventIdentifierType 

Semantic 
components 

None 

Definition The eventIdentifierType value of the related event. 

Data constraint Must be an existing eventIdentifierType value. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

eventIdentifierType] 

[see examples for 

eventIdentifierType] 

[see examples for 

eventIdentifierType] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes For most preservation repositories, the eventIdentifierType will 

simply be their own internal numbering system. It can be implicit 

within the system and provided explicitly only if the data is exported. 
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Semantic unit 1.11.2 linkingEventIdentifierValue 

Semantic 
components 

None 

Definition The eventIdentifierValue value of the related event. 

Data constraint Must be an existing eventIdentifierValue value. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

eventIdentifierValue] 

[see examples for 

eventIdentifierValue] 

[see examples for 

eventIdentifierValue] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.12 linkingIntellectualEntityIdentifier 

Semantic 
components 

1.12.1 linkingIntellectualEntityIdentifierType 

1.12.2 linkingIntellectualEntityIdentifierValue 

Definition An identifier for an intellectual entity associated with the object. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes Use to link to an intellectual entity that is related to the object. This 

may be a link to descriptive metadata that describes the intellectual 

entity or some other surrogate for it that can be referenced. This link 

will likely be to an identifier of an object that is at a higher 

conceptual level than the object for which the metadata is provided, 

for example, to a collection or parent object. 

Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 1.12.1 linkingIntellectualEntityIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the 

linkingIntellectualEntityIdentifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples URI 

LCCN 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.12.2 linkingIntellectualEntityIdentifierValue 

Semantic 
components 

None 

Definition The value of the linkingIntellectualEntityIdentifier. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples hdl:loc.natlib/mrva00 

02.0495 

info:lccn/19018302 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.13 linkingRightsStatementIdentifier 

Semantic 
components 

1.13.1 linkingRightsStatementIdentifierType 

1.13.2 linkingRightsStatementIdentifierValue 

Definition An identifier for a rights statement associated with the object. 

Rationale A repository may choose to link from a rights statement to an object 

or from an object to a rights statement or both. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 1.13.1 linkingRightsStatementIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the 

linkingRightsStatementIdentifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples URI 

LCCN 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 1.13.2 linkingRightsStatementIdentifierValue 

Semantic 
components 

None 

Definition The value of the linkingRightsStatementIdentifier. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Event Entity 

The  Event  entity  aggregates  information  about  an  action  that  involves  one  or  more  Object 

entities. Metadata  about  an Event would  normally  be  recorded  and  stored  separately  from  the  

digital object. 

Whether or not a preservation repository records an Event depends upon the importance of the 

event. Actions that modify objects should always be recorded. Other actions such as copying an 

object for backup purposes may be recorded in system logs or an audit trail but not necessarily in 

an Event entity. 

Mandatory semantic units are: eventIdentifier, eventType, and eventDateTime. 

Entity properties 

  Must be related to one or more objects.  

  Can be related to one or more agents. 

  Links between entities may be recorded from either direction and need not be bi­directional. 

 

Entity semantic units 

2.1  eventIdentifier (M, NR)  

2.1.1   eventIdentifierType (M, NR)  

2.1.2   eventIdentifierValue (M, NR)  

2.2   eventType (M, NR)  

2.3  eventDateTime (M, NR)  

2.4  eventDetail (O, NR)  

2.5  eventOutcomeInformation (O, R)  

2.5.1   eventOutcome (O, NR)  

2.5.2  eventOutcomeDetail (O, R)  

2.5.2.1  eventOutcomeDetailNote (O, NR)  

2.5.2.2   eventOutcomeDetailExtension (O, R)  

2.6   linkingAgentIdentifier (O, R)  

2.6.1   linkingAgentIdentifierType (M, NR)  

2.6.2   linkingAgentIdentifierValue (M, NR)  

2.6.3   linkingAgentRole (O, R)  

2.7  linkingObjectIdentifier (O, R)  

2.7.1   linkingObjectIdentifierType (M, NR)  

2.7.2   linkingObjectIdentifierValue (M, NR)  

2.7.3   linkingObjectRole (O, R)  
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Semantic unit 2.1 eventIdentifier 

Semantic 
components 

2.1.1 eventIdentifierType 

2.1.2 eventIdentifierValue 

Definition A designation used to uniquely identify the event within the 

preservation repository system. 

Rationale Each event recorded by the preservation archive must have a unique 

identifier to allow it to be related to objects, agents, and other events. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Mandatory 

Creation / 
Maintenance notes 

The eventIdentifier is likely to be system generated. There is no 

global scheme or standard for these identifiers. The identifier is 

therefore not repeatable. 
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Semantic unit 2.1.1 eventIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the event identifier is 

unique. 

Data constraint None 

Examples FDA 

Stanford Repository Event ID 

UUID 

Repeatability Not repeatable 

Obligation Mandatory 

Creation / 
Maintenance notes 

For most preservation repositories, the eventIdentifierType will be its 

own internal numbering system. It can be implicit within the system 

and provided explicitly only if the data is exported. 
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Semantic unit 2.1.2 eventIdentifierValue 

Semantic 
components 

None 

Definition The value of the eventIdentifier. 

Data constraint None 

Examples [a binary integer] 

E­2004­11­13­000119 

58f202ac­22cf­11d1­b12d­002035b29092 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 2.2 eventType 

Semantic 
components 

None 

Definition A categorization of the nature of the event. 

Rationale Categorizing events will aid the preservation repository in machine 

processing of event information, particularly in reporting. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples E77 [a code used within a repository for a particular event type] 

Ingest 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Each repository should define its own controlled vocabulary of 

eventType values. A suggested starter list for consideration (see also 

the Glossary for more detailed definitions): 

capture = the process whereby a repository actively obtains an object 

compression = the process of coding data to save storage space or 

transmission time 

creation = the act of creating a new object 

deaccession = the process of removing an object from the inventory 

of a repository 

decompression = the process of reversing the effects of compression 

decryption = the process of converting encrypted data to plaintext 

deletion = the process of removing an object from repository storage 

digital signature validation = the process of determining that a 

decrypted digital signature matches an expected value 

dissemination = the process of retrieving an object from repository 

storage and making it available to users 

fixity check = the process of verifying that an object has not been 

changed in a given period 

ingestion = the process of adding objects to a preservation repository 

message digest calculation = the process by which a message digest 

(“hash”) is created 

migration = a transformation of an object creating a version in a more 

contemporary format 

normalization = a transformation of an object creating a version more 

conducive to preservation 

replication = the process of creating a copy of an object that is, bit­
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wise, identical to the original 

validation = the process of comparing an object with a standard and 

noting compliance or exceptions 

 virus check = the process of scanning a file for malicious programs 

Note that migration, normalization, and replication are more precise 

 subtypes of the creation event. “Creation” can be used when more 

precise terms do not apply, for example, when a digital object was 

first created by scanning from paper. 

In general, the level of specificity in recording the type of event 

(e.g., whether the eventType indicates a transformation, a migration 

or a particular method of migration) is implementation specific and 

will depend upon how reporting and processing is done. 

Recommended practice is to record detailed information about the 

event itself in eventDetail rather than using a very granular value for 

eventType. 
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Semantic unit 2.3 eventDateTime 

Semantic 
components 

None 

Definition The single date and time, or date and time range, at or during which 

the event occurred. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 20050704T071530­0500 [July 4, 2005 at 7:15:30 a.m. EST] 

2006­07­16T19:20:30+01:00 

20050705T0715­0500/20050705T0720­0500 [from 7:15 a.m. EST to 

7:20 a.m. EST on July 4, 2005] 

2004­03­17 [March 17, 2004, only the date is known] 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Recommended practice is to record the most specific time possible 

and to designate the time zone. 
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Semantic unit 2.4 eventDetail 

Semantic 
components 

None 

Definition Additional information about the event. 

Data constraint None 

Examples Object permanently withdrawn by request of Caroline Hunt. 

Program=“MIGJP2JP2K”; version=“2.2” 

Repeatability Not repeatable 

Obligation Optional 

Usage notes eventDetail is not intended to be processed by machine. It may record 

any information about an event and/or point to information stored 

elsewhere. 
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Semantic unit 2.5 eventOutcomeInformation 

Semantic 
components 

2.5.1 eventOutcome 

2.5.2 eventOutcomeDetail 

Definition Information about the outcome of an event. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes A repository may wish to supplement a coded eventOutcome value 

with additional information in eventOutcomeDetail. Since events may 

have more than one outcome, the container is repeatable.   

All subunits of this semantic unit are optional. At least one subunit 

(i.e. eventOutcome or eventOutcomeDetail) must be present if this 

container is included. 
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Semantic unit 2.5.1 eventOutcome 

Semantic 
components 

None 

Definition A categorization of the overall result of the event in terms of success, 

partial success, or failure. 

Rationale A coded way of representing the outcome of an event may be useful 

for machine processing and reporting. If, for example, a fixity check 

fails, the event record provides both an actionable and a permanent 

record. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples 00 [a code meaning “action successfully completed”] 

CV­01 [a code meaning “checksum validated”] 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Recommended practice is to use a controlled vocabulary that a 

system can act upon automatically. More detail about the outcome 

may be recorded in eventOutcomeDetail. 

Recommended practice is to define events with sufficient granularity 

that each event has a single outcome. 
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Semantic unit 2.5.2 eventOutcomeDetail 

Semantic 
components 

2.5.2.1 eventOutcomeDetailNote 

2.5.2.2 eventOutcomeDetailExtension 

Definition A detailed description of the result or product of the event. 

Rationale An event outcome may be sufficiently complex that a coded 

description is not adequate to document it. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes This may be used to record all error and warning messages issued by 

a program involved in the event or to record a pointer to an error log. 

If the event was a validity check (e.g., profile conformance) any 

anomalies or quirks discovered would be recorded here. 

All subunits of this semantic unit are optional. At least one subunit 

(i.e. eventOutcomeDetailNote and/or eventOutcomeDetailExtension) 

must be present if this container is included. 
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Semantic unit 2.5.2.1 eventOutcomeDetailNote 

Semantic 
components 

None 

Definition A detailed description of the result or product of the event in textual 

form. 

Rationale Additional information in textual form may be needed about the 

outcome of the event. 

Data constraint None 

Examples LZW compressed file 

Non­standard tags found in header 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 2.5.2.2 eventOutcomeDetailExtension 

Semantic 
components 

Defined externally 

Definition A container to include semantic units defined outside of PREMIS. 

Rationale There may be a need to replace or extend PREMIS defined units. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included instead of 

or in addition to PREMIS defined semantic units. When using an 

extension schema, a reference to that schema must be provided. See 

further guidance in “Extensibility,” page 19. 

If eventOutcomeDetailExtension container needs to be associated 

explicitly with any PREMIS subunit under eventOutcomeDetail, the 

container eventOutcomeDetail is repeated. If extensions from 

different external schemas are needed, eventOutcomeDetail should 

also be repeated. 

It is recommended to give information about the metadata used in 

eventOutcomeDetailExtension including date the metadata was 

created, status of the metadata, internal linking IDs, type of metadata 

used and its version, message digest and message digest algorithm of 

the metadata, and type of identifier for external metadata links. 
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Semantic unit 2.6 linkingAgentIdentifier 

Semantic 
components 

2.6.1 linkingAgentIdentifierType 

2.6.2 linkingAgentIdentifierValue 

2.6.3 linkingAgentRole 

Definition Identification of one or more agents associated with the event. 

Rationale Digital provenance requires often that relationships between agents 

and events are documented. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes Recommended practice is to record the agent if possible. 

Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 2.6.1 linkingAgentIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain in which the linking agent identifier is 

unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples [see examples for agentIdentifierType] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 2.6.2 linkingAgentIdentifierValue 

Semantic 
components 

None 

Definition The value of the linking agent identifier. 

Data constraint None 

Examples [see examples for agentIdentifierValue] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 2.6.3 linkingAgentRole 

Semantic 
components 

None 

Definition The role of the agent in relation to this event. 

Rationale Events can have more than one agent associated with them. The role 

of each agent may need to be documented. 

Data constraint Values should be taken from a controlled vocabulary. 

Examples Authorizer 

Implementer 

Validator 

Executing program 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 2.7 linkingObjectIdentifier 

Semantic 
components 

2.7.1 linkingObjectIdentifierType 

2.7.2 linkingObjectIdentifierValue 

2.7.3 linkingObjectRole 

Definition Information about an object associated with an event. 

Rationale Digital provenance often requires that relationships between objects 

and events are documented. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 2.7.1 linkingObjectIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain in which the linking object identifier is 

unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples [see examples for objectIdentifierType] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 2.7.2 linkingObjectIdentifierValue 

Semantic 
components 

None 

Definition The value of the linking object identifier. 

Data constraint None 

Examples [see examples for objectIdentifierValue] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 2.7.3 linkingObjectRole 

Semantic 
components 

None 

Definition The role of the object associated with an event. 

Rationale Distinguishes the role of the object in relation to an event. If this is 

not explicit it is necessary to analyze the relationship between objects 

in the object metadata. 

Data constraint None 

Examples source 

outcome 

Repeatability Repeatable 

Obligation Optional 
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Agent Entity 

The Agent  entity  aggregates  information  about  attributes  or  characteristics  of  agents  (persons, 

organizations, or software) associated with rights management and preservation events in the life 

of  a  data  object. Agent  information  serves  to  identify  an  agent  unambiguously  from  all  other 

Agent entities. 

The only mandatory semantic unit is agentIdentifier. 

Entity properties 

   May hold or grant one or more rights.  

   May carry out, authorize, or compel one or more events.  

   May  create  or  act  upon  one  or more  objects  through  an  event  or  with  respect  to  a  rights  

statement. 

 

Entity semantic units 

3.1  agentIdentifier (M, R) 

3.1.1   agentIdentifierType (M, NR) 

3.1.2   agentIdentifierValue (M, NR) 

3.2  agentName (O, R) 

3.3   agentType (O, NR) 

3.4  agentNote (O, R) 

3.5  agentExtension (O, R) 

3.6  linkingEventIdentifier (O, R) 

3.6.1   linkingEventIdentifierType (M, NR) 

3.6.2   linkingEventIdentifierValue (M, NR) 

3.7  linkingRightsStatementIdentifier (O, R) 

3.7.1   linkingRightsStatementIdentifierType (M, NR) 

3.7.2   linkingRightsStatementIdentifierValue (M, NR) 

 

Data Dictionary for Preservation Metadata: PREMIS version 2.2 151 



   

 

 

 

 

 

THE PREMIS DATA DICTIONARY  

Semantic unit 3.1 agentIdentifier 

Semantic 
components 

3.1.1 agentIdentifierType 

3.1.2 agentIdentifierValue 

Definition The designation used to uniquely identify the agent within a 

preservation repository system. 

Rationale Each agent associated with the preservation repository must have a 

unique identifier to allow it to be related to events and rights 

statements. 

Data constraint Container 

Repeatability Repeatable 

Obligation Mandatory 

Creation / 
Maintenance notes 

An identifier may be created by the repository system, or it may be 

created or assigned outside of the repository. Similarly, identifiers 

can be automatically or manually generated. Recommended practice 

is for repositories to use an identifier automatically created by the 

repository as the primary identifier in order to ensure that identifiers 

are unique and usable by the repository. Externally assigned 

identifiers can be used as secondary identifiers in order to link an 

agent to information held outside the repository. 

Usage notes Identifiers must be unique within the repository. 

The agentIdentifier is repeatable in order to allow both repository­

assigned and externally­assigned identifiers to be recorded. See 

Creation/Maintenance note above. 
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Semantic unit 3.1.1 agentIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain in which the agent identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples LCNAF 

SAN 

MARC Organization Codes 

URI 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 3.1.2 agentIdentifierValue 

Semantic 
components 

None 

Definition The value of the agentIdentifier. 

Data constraint None 

Examples 92­79971 

Owens, Erik C. 

234­5676 

MH­CS 

info:lccn/n78890351 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes May be a unique key or a controlled textual form of name. 
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Semantic unit 3.2 agentName 

Semantic 
components 

None 

Definition A text string which could be used in addition to agentIdentifier to 

identify an agent. 

Rationale This semantic unit provides a more reader­friendly version of the 

agent identified by the agentIdentifier. 

Data constraint None 

Examples Erik Owens 

Woodyard 

Pc 

Repeatability Repeatable 

Obligation Optional 

Usage notes The value is not necessarily unique. 
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Semantic unit 3.3 agentType 

Semantic 
components 

None 

Definition A high­level characterization of the type of agent. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Suggested values: 

person 

organization 

software 
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Semantic unit 3.4 agentNote  

Semantic 
components 

None 

Definition  Additional information about the agent. 

Rationale Additional information may be needed to describe or disambiguate 

the agent. 

Data constraint  None 

Examples ­­prefix=/opt/local 

[configuration options used with a software agent] 

Repeatability Repeatable 

Obligation Optional 

Usage notes Use agentNote when relatively limited information must be supplied. 

If extensive additional information is required, consider using an 

externally defined schema with agentExtension instead. 
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Semantic unit 3.5 agentExtension  

Semantic 
components 

Defined externally. 

Definition  A container to include semantic units defined outside of PREMIS. 

Rationale  There may be a need to replace or extend PREMIS defined units. 

Data constraint  Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included instead of 

or in addition to PREMIS defined semantic units. When using an 

extension schema, a reference to that schema must be provided. See 

further guidance in “Extensibility,” page 19. 

It is recommended to give information about the metadata used in 

agentExtension including date the metadata was created, status of the 

metadata, internal linking IDs, type of metadata used and its version, 

message digest and message digest algorithm of the metadata, and 

type of identifier for external metadata links. 
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Semantic unit 3.6 linkingEventIdentifier 

Semantic 
components 

3.6.1 linkingEventIdentifierType 

3.6.2 linkingEventIdentifierValue 

Definition The eventIdentifier of an event associated with the agent. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes Use to link to events that are not associated with relationships 

between objects, such as format validation, virus checking, etc. 

Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 3.6.1 linkingEventIdentifierType 

Semantic 
components 

None 

Definition The eventIdentifierType value of the related event. 

Data constraint Must be an existing eventIdentifierType value. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

eventIdentifierType] 

[see examples for 

eventIdentifierType] 

[see examples for 

eventIdentifierType] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 

Usage notes For most preservation repositories, the eventIdentifierType will 

simply be their own internal numbering system. It can be implicit 

within the system and provided explicitly only if the data is exported. 
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Semantic unit 3.6.2 linkingEventIdentifierValue 

Semantic 
components 

None 

Definition The eventIdentifierValue value of the related event. 

Data constraint Must be an existing eventIdentifierValue value. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples [see examples for 

eventIdentifierValue] 

[see examples for 

eventIdentifierValue] 

[see examples for 

eventIdentifierValue] 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 3.7 linkingRightsStatementIdentifier 

Semantic 
components 

3.7.1 linkingRightsStatementIdentifierType 

3.7.2 linkingRightsStatementIdentifierValue 

Definition An identifier for a rights statement associated with the agent. 

Rationale A repository may choose to link from a rights statement to an agent 

or from an agent to a rights statement or both. 

Data constraint Container 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Repeatable  Repeatable  Repeatable 

Obligation Optional  Optional  Optional 

Usage notes Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 
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Semantic unit 3.7.1 linkingRightsStatementIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the 

linkingRightsStatementIdentifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Examples URI 

LCCN 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Semantic unit 3.7.2 linkingRightsStatementIdentifierValue 

Semantic 
components 

None 

Definition The value of the linkingRightsStatementIdentifier. 

Data constraint None 

Object category Representation File Bitstream 

Applicability Applicable  Applicable  Applicable 

Repeatability Not repeatable  Not repeatable  Not repeatable 

Obligation Mandatory  Mandatory  Mandatory 
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Rights Entity 

For the purpose of the PREMIS Data Dictionary, statements of rights and permissions are taken 

to  be  constructs  that  can  be  described  as  the Rights  entity. Rights  are  entitlements  allowed  to  

agents  by  copyright  or  other  intellectual  property  law.  Permissions  are  powers  or  privileges 

granted by agreement between a rightsholder and another party or parties. 

A  repository  might  wish  to  record  a  variety  of  rights  information  including  abstract  rights 

statements  and  statements of permissions  that  apply  to  external  agents  and  to objects not held 

within the repository. The minimum core rights information that a preservation repository must  

know,  however,  is  what  rights  or  permissions  a  repository  has  to  carry  out  actions  related  to 

objects within the repository. These may generally be granted by copyright law, by statute, or by 

a license agreement with the rightsholder. In some situations the basis for the rights is for other 

reasons, for instance institutional policy. 

If  the  repository  records  rights  information,  either  rightsStatement  or  rightsExtension must  be  

present. 

Entity properties 

  May be related to one or more objects. 

  May be related to one or more agents. 

  Links between entities may be recorded from either direction and need not be bi­directional. 

 

Entity semantic units 

4.1   rightsStatement (O, R) 

4.1.1   rightsStatementIdentifier (M, NR) 

4.1.1.1   rightsStatementIdentifierType (M, NR) 

4.1.1.2   rightsStatementIdentifierValue (M, NR) 

4.1.2   rightsBasis (M, NR) 

4.1.3   copyrightInformation (O, NR) 

4.1.3.1   copyrightStatus (M, NR) 

4.1.3.2  copyrightJurisdiction (M, NR) 

4.1.3.3   copyrightStatusDeterminationDate (O, NR) 

4.1.3.4   copyrightNote (O, R) 

4.1.3.5   copyrightDocumentationIdentifier (O, R) 

  4.1.3.5.1  copyrightDocumentationIdentifierType (M, NR) 

  4.1.3.5.2  copyrightDocumentationIdentifierValue (M, NR) 

  4.1.3.5.3 copyrightDocumentationRole (O, NR) 

4.1.3.6  copyrightApplicableDates (O, NR) 

4.1.3.6.1  startDate (O, NR) 

  4.1.3.6.2   endDate (O, NR) 
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4.1.4   licenseInformation (O, NR)  

4.1.4.1   licenseDocumentationIdentifier (O, R)  

4.1.4.1.1   licenseDocumentationIdentifierType (M, NR)  

4.1.4.1.2   licenseDocumentationIdentifierValue (M, NR)  

4.1.4.1.3   licenseDocumentationRole (O, NR)  

4.1.4.2  licenseTerms (O, NR)   

4.1.4.3  licenseNote (O, R)  

4.1.4.4  licenseApplicableDates (O, NR)  

4.1.4.4.1  startDate (O, NR)   

  4.1.4.4.2   endDate (O, NR)   

4.1.5   statuteInformation (O, R)  

4.1.5.1  statuteJurisdiction (M, NR)  

4.1.5.2   statuteCitation (M, NR)  

4.1.5.3   statuteInformationDeterminationDate (O, NR)  

4.1.5.4   statuteNote (O, R)  

4.1.5.5  statuteDocumentationIdentifier (O,R)   

  4.1.5.5.1  statuteDocumentationIdentifierType (M, NR)  

  4.1.5.5.2  statuteDocumentationIdentifierValue (M, NR)  

  4.1.5.5.3 statuteDocumentationRole (O, NR)  

4.1.5.6  statuteApplicableDates (O, NR)  

4.1.5.6.1  startDate (O, NR)   

  4.1.5.6.2   endDate (O, NR)   

4.1.6   otherRightsInformation (O, NR)  

  4.1.6.1   otherRightsDocumentationIdentifier (O, R)  

   4.1.6.1.1   otherRightsDocumentationIdentifierType (M, NR)  

   4.1.6.1.2   otherRightsDocumentationIdentifierValue(M, NR)  

   4.1.6.1.3   otherRightsDocumentationRole (O, NR)   

  4.1.6.2   otherRightsBasis (M, NR)  

  4.1.6.3   otherRightsApplicableDates (O, NR)  

   4.1.6.3.1  startDate (O, NR)   

   4.1.6.3.2   endDate (O, NR)   

  4.1.6.4   otherRightsNote (O, R)  

4.1.7   rightsGranted (O, R)  

4.1.7.1   act (M, NR)  

4.1.7.2   restriction (O, R)  

4.1.7.3  termOfGrant (O, NR)   

4.1.7.3.1  startDate (M, NR)  

4.1.7.3.2  endDate (O, NR)   

  4.1.7.4   termOfRestriction (O, NR)  

    4.1.7.4.1  startDate (M, NR)  
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   4.1.7.4.2   endDate (O, NR)   

4.1.7.5   rightsGrantedNote (O, R)  

4.1.8  linkingObjectIdentifier (O, R)  

4.1.8.1   linkingObjectIdentifierType (M, NR)  

4.1.8.2   linkingObjectIdentifierValue (M, NR)  

4.1.8.3   linkingObjectRole (O, R)  

4.1.9   linkingAgentIdentifier (O, R)  

4.1.9.1   linkingAgentIdentifierType (M, NR)  

4.1.9.2   linkingAgentIdentifierValue (M, NR)  

4.1.9.3   linkingAgentRole (O, R)  

4.2   rightsExtension (O, R)  
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Semantic unit 4.1 rightsStatement 

Semantic 
components 

4.1.1 rightsStatementIdentifier 

4.1.2 rightsBasis 

4.1.3 copyrightInformation 

4.1.4 licenseInformation 

4.1.5 statuteInformation 

4.1.6 otherRightsInformation 

4.1.7 rightsGranted 

4.1.8 linkingObjectIdentifier 

4.1.9 linkingAgentIdentifier 

Definition Documentation of the repository's right to perform one or more acts. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes This semantic unit is optional because in some cases rights may be 

unknown. Institutions are encouraged to record rights information 

when possible. 

Either rightsStatement or rightsExtension must be present if the 

Rights entity is included. 

The rightsStatement should be repeated when the act(s) described has 

more than one basis, or when different acts have different bases. 
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Semantic unit 4.1.1 rightsStatementIdentifier 

Semantic 
components 

4.1.1.1 rightsStatementIdentifierType 

4.1.1.2 rightsStatementIdentifierValue 

Definition The designation used to uniquely identify the rights statement within 

a preservation repository system. 

Rationale Each statement of rights associated with the preservation repository 

must have a unique identifier to allow it to be related to events and 

agents. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Mandatory 

Creation/ 

maintenance notes 
The rightsStatementIdentifier is likely to be system generated. There 

is no global scheme or standard for these identifiers. The identifier is 

therefore not repeatable. 

Usage notes Identifiers must be unique within the repository. 
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Semantic unit 4.1.1.1 rightsStatementIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the rights statement 

identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.1.2 rightsStatementIdentifierValue 

Semantic 
components 

None 

Definition The value of the rightsStatementIdentifier. 

Data constraint None 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.2 rightsBasis 

Semantic 
components 

None 

Definition Designation of the basis for the right or permission described in the 

rightsStatementIdentifier. 

Data constraint Values should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Suggested values: copyright, license, statute, other.   

When rightsBasis is “copyright”, copyrightInformation should be 

provided. 

When rightsBasis is “license”, licenseInformation should be 

provided. 

When rightsBasis is “statute”, statuteInformation should be provided. 

When rightsBasis is “other”, otherRightsBasis (in 

otherRightsInformation container) should be provided. 

If the basis for the rights is the item is public domain, use 

“copyright”. If the basis is Fair Use, use “statute”. 

If more than one basis applies, the entire rights entity should be 

repeated. 
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Semantic unit 4.1.3 copyrightInformation 

Semantic 
components 

4.1.3.1 copyrightStatus 

4.1.3.2 copyrightJurisdiction 

4.1.3.3 copyrightStatusDeterminationDate 

4.1.3.4 copyrightNote 

4.1.3.5 copyrightDocumentationIdentifier 

4.1.3.6 copyrightApplicableDates 

Definition Information about the copyright status of the object(s). 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes When rightsBasis is “copyright”, copyrightInformation should be 

provided. 

Repositories may need to extend this with more detailed information. 

See the California Digital Library's copyrightMD schema 

(www.cdlib.org/inside/projects/rights/schema/) for an example of a 

more detailed scheme. 
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Semantic unit 4.1.3.1 copyrightStatus 

Semantic 
components 

None 

Definition A coded designation for the copyright status of the object at the time 

the rights statement is recorded. 

Data constraint Values should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Suggested values: 

copyrighted = Under copyright. 

publicdomain = In the public domain. 

unknown = Copyright status of the resource is unknown. 
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Semantic unit 4.1.3.2 copyrightJurisdiction 

Semantic 
components 

None 

Definition The country whose copyright laws apply. 

Rationale Copyright law can vary from country to country. 

Data constraint Values should be taken from ISO 3166. 

Example us 

de 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.3.3 copyrightStatusDeterminationDate 

Semantic 
components 

None 

Definition The date that the copyright status recorded in copyrightStatus was 

determined. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 20070608 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.3.4 copyrightNote 

Semantic 
components 

None 

Definition Additional information about the copyright status of the object. 

Data constraint None 

Examples Copyright expiration expected in 2010 unless renewed. 

Copyright statement is embedded in file header. 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 4.1.3.5 copyrightDocumentationIdentifier 

Semantic 
components 

4.1.3.5.1 copyrightDocumentationIdentifierType 

4.1.3.5.2 copyrightDocumentationIdentifierValue 

4.1.3.5.3 copyrightDocumentationRole 

Definition A designation used to uniquely identify documentation supporting the 

specified rights granted according to copyright within the repository 

system. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes This semantic unit is intended to refer to a document detailing the 

granting of permission when the rights basis is copyright.  

If repeated, use copyrightDocumentationRole to distinguish the role 

of the given documentation. 
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Semantic unit 4.1.3.5.1 copyrightDocumentationIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the copyright 

documentation identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.3.5.2 copyrightDocumentationIdentifierValue 

Semantic 
components 

None 

Definition The value of the copyrightDocumentationIdentifier. 

Data constraint None 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.3.5.3 copyrightDocumentationRole 

Semantic 
components 

None 

Definition A value indicating the purpose or expected use of the documentation 

being identified. 

Rationale This information distinguishes the purpose of the supporting 

documentation especially when there are multiple documentation 

identifiers. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.3.6 copyrightApplicableDates 

Semantic 
components 

4.1.3.6.1 startDate 

4.1.3.6.2 endDate 

Definition The date range during which the particular copyright applies or is 

applied to the content. This is distinct from termOfGrant, which 

applies to a particular act expressed in rightsGranted and may differ 

from the period of time the license, statute or other basis applies to 

the content. 

Rationale Specific dates may apply to the particular rights granted. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes The repository may wish to retain the history of rights and 

restrictions associated with the content over time.  Associating active 

dates with particular rights bases allows applications to identify 

which of several rightsStatements are in force at a given time. 
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Semantic unit 4.1.3.6.1 startDate  

Semantic 
components 

None 

Definition The beginning date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2006­01­02 

20050723 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.3.6.2 endDate 

Semantic 
components 

None 

Definition The ending date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2010­01­02 

20120723 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Use “OPEN” for an open ended term of restriction. Omit endDate if 

the ending date is unknown or the permission statement applies to 

many objects with different end dates. 
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Semantic unit 4.1.4 licenseInformation 

Semantic 
components 

4.1.4.1 licenseDocumentationIdentifier 

4.1.4.2 licenseTerms 

4.1.4.3 licenseNote 

4.1.4.4 licenseApplicableDates 

Definition Information about a license or other agreement granting permissions 

related to an object. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes When rightsBasis is “license”, licenseInformation should be 

provided. 
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Semantic unit 4.1.4.1 licenseDocumentationIdentifier 

Semantic 
components 

4.1.4.1.1 licenseDocumentationIdentifierType 

4.1.4.1.2 licenseDocumentationIdentifierValue 

4.1.4.1.3 licenseDocumentationRole 

Definition A designation used to uniquely identify documentation supporting the 

specified rights granted by license within the repository system. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes This semantic unit is intended to refer to a document recording the 

granting of permission when the rights basis is license. For some 

repositories this may be a formal signed contract with a customer. If 

the granting agreement is verbal, this could point to a memo by the 

repository documenting the verbal agreement. 

The identifier is optional because the agreement may not be stored in 

a repository with an identifier. In the case of a verbal agreement, for 

example, the entire agreement may be included or described in the 

licenseTerms. 

If repeated, use licenseDocumentationRole to distinguish the role of 

the given documentation. 

This replaces the semantic unit in PREMIS version 2.1 which was 

called licenseIdentifier. 
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Semantic unit 4.1.4.1.1 licenseDocumentationIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the license documentation 

identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Example HUL_DRS_OBJECT_URN 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.4.1.2 licenseDocumentationIdentifierValue 

Semantic 
components 

None 

Definition The value of the licenseDocumentationIdentifier. 

Data constraint None 

Example http://nrs.harvard.edu/urn­3:HUL.DRS.OBJECT:6789 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.4.1.3 licenseDocumentationRole 

Semantic 
components 

None 

Definition A value indicating the purpose or expected use of the documentation 

being identified. 

Rationale This information distinguishes the purpose of the supporting 

documentation especially when there are multiple documentation 

identifiers. 

Data constraint Value should be taken from a controlled vocabulary. 

Example donor agreement 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.4.2 licenseTerms 

Semantic 
components 

None 

Definition Text describing the license or agreement by which permission was 

granted. 

Data constraint None 

Repeatability Not repeatable 

Obligation Optional 

Usage notes This could contain the actual text of the license or agreement or a 

paraphrase or summary. 
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Semantic unit 4.1.4.3 licenseNote 

Semantic 
components 

None 

Definition Additional information about the license. 

Data constraint None 

Example License is embedded in XMP block in file header. 

Repeatability Repeatable 

Obligation Optional 

Usage notes Information about the terms of the license should go in licenseTerms. 

licenseNotes is intended for other types of information related to the 

license, such as contact persons, action dates, or interpretations. The 

note may also indicate the location of the license, for example, if it is 

available online or embedded in the object itself. 
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Semantic unit 4.1.4.4 licenseApplicableDates 

Semantic 
components 

4.1.4.4.1 startDate 

4.1.4.4.2 endDate 

Definition The date range during which the license applies or is applied to the 

content. This is distinct from termOfGrant, which applies to a 

particular act expressed in rightsGranted and may differ from the 

period of time the license, statute or other basis applies to the content. 

Rationale Specific dates may apply to the particular rights granted. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes The repository may wish to retain the history of rights and 

restrictions associated with the content over time.  Associating active 

dates with particular rights bases allows applications to identify 

which of several rightsStatements are in force at a given time. 
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Semantic unit 4.1.4.4.1 startDate  

Semantic 
components 

None 

Definition The beginning date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2006­01­02 

20050723 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.4.4.2 endDate 

Semantic 
components 

None 

Definition The ending date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2010­01­02 

20120723 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Use “OPEN” for an open ended term of restriction. Omit endDate if 

the ending date is unknown or the permission statement applies to 

many objects with different end dates. 
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Semantic unit 4.1.5 statuteInformation 

Semantic 
components 

4.1.5.1 statuteJurisdiction 

4.1.5.2 statuteCitation 

4.1.5.3 statuteInformationDeterminationDate 

4.1.5.4 statuteNote 

4.1.5.5 statuteDocumentationIdentifier 

4.1.5.6 statuteApplicableDates 

Definition Information about the statute allowing use of the object. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes When rightsBasis is “statute”, statuteInformation should be provided. 
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Semantic unit 4.1.5.1 statuteJurisdiction 

Semantic 
components 

None 

Definition The country or other political body enacting the statute. 

Rationale The connection between the object and the rights granted is based on 

jurisdiction. 

Data constraint Values should be taken from a controlled vocabulary. 

Example us 

de 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.5.2 statuteCitation 

Semantic 
components 

None 

Definition An identifying designation for the statute. 

Data constraint None 

Example Legal Deposit (Jersey) Law 200­ 

National Library of New Zealand (Te Puna Mātauranga o Aotearoa) 
Act 2003 no 19 part 4 s 34 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Use standard citation form when applicable. 
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Semantic unit 4.1.5.3 statuteInformationDeterminationDate 

Semantic 
components 

None 

Definition The date that the determination was made that the statute authorized 

the permission(s) noted. 

Rationale The permission in question may be the subject of some interpretation. 

These assessments are made within a specific context and at a 

specific time. At another time the context, and therefore the 

assessment, could change. For this reason it can be important to 

record the date of the decision. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2007­12­01 

20040223151047.0 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.5.4 statuteNote 

Semantic 
components 

None 

Definition Additional information about the statute. 

Data constraint None 

Example Applicability to web­published content sent for review by general 

counsel 9/19/2008. 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 4.1.5.5 statuteDocumentationIdentifier 

Semantic 
components 

4.1.5.5.1 statuteDocumentationIdentifierType 

4.1.5.5.2 statuteDocumentationIdentifierValue 

4.1.5.5.3 statuteDocumentationRole 

Definition A designation used to uniquely identify documentation supporting the 

specified rights granted by statute within the repository system. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes This semantic unit is intended to refer to a document detailing the 

granting of permission when the rights basis is statute. 

If repeated, use statuteDocumentationRole to distinguish the role of 

the given documentation. 
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Semantic unit 4.1.5.5.1 statuteDocumentationIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the statute documentation 

identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.5.5.2 statuteDocumentationIdentifierValue 

Semantic 
components 

None 

Definition The value of the statuteDocumentationIdentifier. 

Data constraint None 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.5.5.3 statuteDocumentationRole 

Semantic 
components 

None 

Definition A value indicating the purpose or expected use of the documentation 

being identified. 

Rationale This information distinguishes the purpose of the supporting 

documentation especially when there are multiple documentation 

identifiers. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Optional 

Usage notes For a particular law one might want to link to various sources of 

documentation, e.g. the law publication itself (role: law), the 

application decree that enforces it (role: application decree) or some 

addition text refining the law by showing a real world verdict (role: 

case law). 
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Semantic unit 4.1.5.6 statuteApplicableDates 

Semantic 
components 

4.1.5.6.1 startDate 

4.1.5.6.2 endDate 

Definition The date range during which the statute applies or is applied to the 

content. This is distinct from termOfGrant, which applies to a 

particular act expressed in rightsGranted and may differ from the 

period of time the license, statute or other basis applies to the content. 

Rationale Specific dates may apply to the particular rights granted. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes The repository may wish to retain the history of rights and 

restrictions associated with the content over time.  Associating active 

dates with particular rights bases allows applications to identify 

which of several rightsStatements are in force at a given time. 
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Semantic unit 4.1.5.6.1 startDate  

Semantic 
components 

None 

Definition The beginning date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2006­01­02 

20050723 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.5.6.2 endDate 

Semantic 
components 

None 

Definition The ending date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2010­01­02 

20120723 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Use “OPEN” for an open ended term of restriction. Omit endDate if 

the ending date is unknown or the permission statement applies to 

many objects with different end dates. 
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Semantic unit 4.1.6 otherRightsInformation 

Semantic 
components 

4.1.6.1 otherRightsDocumentationIdentifier 

4.1.6.2 otherRightsBasis 

4.1.6.3 otherRightsApplicableDates 

4.1.6.4 otherRightsNote 

Definition Information about the rights status of the object(s). 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes This semantic unit is used to supply information about rights granted 

when the basis is something other than copyright, license or statute.  
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Semantic unit 4.1.6.1 otherRightsDocumentationIdentifier 

Semantic 
components 

4.1.6.1.1 otherRightsDocumentationIdentifierType 

4.1.6.1.2 otherRightsDocumentationIdentifierValue 

4.1.6.1.3  otherRightsDocumentationRole 

Definition A designation used to uniquely identify documentation supporting the 

specified rights within the repository system, when the basis for these 

rights is something other than copyright, license or statute. 

Rationale This semantic unit provides a mechanism to link to documentation 

for rightsBasis values other than those granted through copyright, 

license or statute.  The rights basis may be specified in 

otherRightsBasis. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Creation/ 

maintenance notes 
The semantic unit is repeatable because there may be more than one 

document that provides information about the rights. 

Usage notes This semantic unit is intended to refer to a document recording the 

granting of permission, the expression of requirements or restrictions, 

or other information supporting the specified rightsBasis. 

If repeated, use otherRightsDocumentationRole to distinguish the 

role of the given documentation. 
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Semantic unit 4.1.6.1.1 otherRightsDocumentationIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain within which the rights statement 

documentation identifier is unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.6.1.2 otherRightsDocumentationIdentifierValue 

Semantic 
components 

None 

Definition The value of the otherRightsDocumentationIdentifier. 

Data constraint None 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.6.1.3 otherRightsDocumentationRole 

Semantic 
components 

None 

Definition A value indicating the purpose or expected use of the documentation 

being identified. 

Rationale This information distinguishes the purpose of the supporting 

documentation especially when there are multiple documentation 

identifiers. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.6.2 otherRightsBasis 

Semantic 
components 

None 

Definition Designation of the basis for the other right or permission described in 

the rightsStatementIdentifier. 

Data constraint Values should be taken from a controlled vocabulary. 

Example Harvard policy 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Use this semantic unit for specific rights bases other than 

copyrightInformation, licenseInformation or, statuteInformation. 

When this semantic unit is used 4.1.2 rightsBasis is “other”. 

The rights basis may be specific to the repository, but it is 

recommended to use a value from a local or globally controlled 

vocabulary for machine actionability. 

If more than one basis applies, the entire rights entity should be 

repeated. 
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Semantic unit 4.1.6.3 otherRightsApplicableDates 

Semantic 
components 

4.1.6.3.1 startDate 

4.1.6.3.2 endDate 

Definition The date range during which the particular rights applies or applied to 

the content. This is distinct from termOfGrant, which applies to a 

particular act expressed in rightsGranted and may differ from the 

period of time the license, statute or other basis applies to the content. 

Rationale Specific dates may apply to the particular rights granted. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 

Usage notes The repository may wish to retain the history of rights and 

restrictions associated with the content over time.  Associating active 

dates with particular rights bases allows applications to identify 

which of several rightsStatements are in force at a given time. 
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Semantic unit 4.1.6.3.1 startDate  

Semantic 
components 

None 

Definition The beginning date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2006­01­02 

20050723 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.6.3.2 endDate 

Semantic 
components 

None 

Definition The ending date of the rights granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2010­01­02 

20120723 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Use “OPEN” for an open ended term of restriction. Omit endDate if 

the ending date is unknown or the permission statement applies to 

many objects with different end dates. 
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Semantic unit 4.1.6.4 otherRightsNote 

Semantic 
components 

None 

Definition Additional information about the rights of the object. 

Data constraint None 

Examples 80­year rule 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 4.1.7 rightsGranted 

Semantic 
components 

4.1.7.1 act 

4.1.7.2 restriction 

4.1.7.3 termOfGrant 

4.1.7.4 termOfRestriction 

4.1.7.5 rightsGrantedNote 

Definition The action(s) that the granting agency has allowed the repository. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 4.1.7.1 act 

Semantic 
components 

None 

Definition The action the preservation repository is allowed to take. 

Data constraint Value should be taken from a controlled vocabulary. 

Repeatability Not repeatable 

Obligation Mandatory 

Usage notes Suggested values: 

replicate = make an exact copy 

migrate = make a copy identical in content in a different file format 

modify = make a version different in content  

use = read without copying or modifying (e.g., to validate a file or 

run a program) 

disseminate = create a copy or version for use outside of the 

preservation repository 

delete = remove from the repository 

It is up to the preservation repository to decide how granular the 

controlled vocabulary should be. It may be useful to employ the same 

controlled values that the repository uses for eventType. 
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Semantic unit 4.1.7.2 restriction 

Semantic 
components 

None 

Definition A condition or limitation on the act. 

Data constraint None 

Examples No more than three 

Allowed only after one year of archival retention has elapsed 

Rightsholder must be notified after completion of act 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 4.1.7.3 termOfGrant 

Semantic 
components 

4.1.7.3.1 startDate 

4.1.7.3.2 endDate 

Definition The time period for the permissions granted. 

Rationale The permission to preserve may be time bounded. 

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.7.3.1 startDate  

Semantic 
components 

None 

Definition The beginning date of the permission granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2006­01­02 

20050723 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.7.3.2 endDate 

Semantic 
components 

None 

Definition The ending date of the permission granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2010­01­02 

20120723 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Use “OPEN” for an open ended term of grant. Omit endDate if the 

ending date is unknown or the permission statement applies to many 

objects with different end dates. 
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Semantic unit 4.1.7.4 termOfRestriction 

Semantic 
components 

4.1.7.4.1 startDate 

4.1.7.4.2 endDate 

Definition The time period for the restriction granted. 

Rationale The current definition of termOfGrant is "time period for the 

permissions granted." This allows for expressing information about 

the rights granted, but some repositories may need to express time­

bounded restrictions like embargoes.  If this is applicable startDate 

for the beginning of the embargo and endDate for the end of the 

embargo should be recorded.  

Data constraint Container 

Repeatability Not repeatable 

Obligation Optional 
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Semantic unit 4.1.7.4.1 startDate  

Semantic 
components 

None 

Definition The beginning date of the restriction granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2006­01­02 

20050723 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.7.4.2 endDate 

Semantic 
components 

None 

Definition The ending date of the restriction granted. 

Data constraint To aid machine processing, value should use a structured form. To 

facilitate exchange of PREMIS­conformant metadata, use of standard 

conventions, for instance as used in the date elements in the PREMIS 

schema, is recommended. 

Examples 2010­01­02 

20120723 

Repeatability Not repeatable 

Obligation Optional 

Usage notes Use “OPEN” for an open ended term of restriction. Omit endDate if 

the ending date is unknown or the permission statement applies to 

many objects with different end dates. 
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Semantic unit 4.1.7.5 rightsGrantedNote 

Semantic 
components 

None 

Definition Additional information about the rights granted. 

Rationale A textual description of the rights granted may be needed for 

additional explanation. 

Data constraint None 

Repeatability Repeatable 

Obligation Optional 

Usage notes This semantic unit may include a statement about risk assessment, for 

example, when a repository is not certain about what permissions 

have been granted. 
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Semantic unit 4.1.8 linkingObjectIdentifier 

Semantic 
components 

4.1.8.1 linkingObjectIdentifierType 

4.1.8.2 linkingObjectIdentifierValue 

4.1.8.3 linkingObjectRole 

Definition The identifier on an object associated with the rights statement. 

Rationale Rights statements must be associated with the objects to which they 

pertain, either by linking from the rights statement to the object(s) or 

by linking from the object(s) to the rights statement. This provides 

the mechanism for the link from the rights statement to an object. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 

linkingObjectIdentifier is optional because in some cases it will be 

more practical to link from the object(s) to the rights statement; for 

example, a repository may have a single rights statement covering 

thousands of public domain objects. 
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Semantic unit 4.1.8.1 linkingObjectIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain in which the linking object identifier is 

unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples [see examples for objectIdentifierType] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.8.2 linkingObjectIdentifierValue 

Semantic 
components 

None 

Definition The value of the linkingObjectIdentifier. 

Data constraint None 

Examples [see examples for objectIdentifierValue] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.8.3 linkingObjectRole 

Semantic 
components 

None 

Definition  The role of the object associated with an agent.  

Rationale  Distinguishes the role of the object in relation to an agent. If this is 

not explicit it is necessary to analyze the relationship between objects 

in the object metadata.  

Data constraint  None 

Repeatability Repeatable 

Obligation Optional 

Usage notes This value need not be supplied in the ordinary case where the role of 

the linked­to object is to be governed by the rights statement. If the 

object has a different relationship to the rights statement, however, it 

should be noted here. 
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Semantic unit 4.1.9 linkingAgentIdentifier 

Semantic 
components 

4.1.9.1 linkingAgentIdentifierType 

4.1.9.2 linkingAgentIdentifierValue 

4.1.9.3 linkingAgentRole 

Definition Identification of one or more agents associated with the rights 

statement.  

Rationale Rights statements may be associated with related agents, either by 

linking from the rights statement to the agent(s) or by linking from 

the agents(s) to the rights statement. This provides the mechanism for 

the link from the rights statement to the agent. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes Linking semantic units are mandatory in the sense that a repository 

needs to know the information, but are defined as optional because 

PREMIS does not specify in which direction the linkage should be. 

linkingAgentIdentifier is optional because a relevant agent may be 

unknown, or in no agent may be relevant. The latter is likely when 

the rights basis is statute. 
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Semantic unit 4.1.9.1 linkingAgentIdentifierType 

Semantic 
components 

None 

Definition A designation of the domain in which the linking agent identifier is 

unique. 

Data constraint Value should be taken from a controlled vocabulary. 

Examples [see examples for agentIdentifierType] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.9.2 linkingAgentIdentifierValue 

Semantic 
components 

None 

Definition The value of the linkingAgentIdentifier. 

Data constraint None 

Examples [see examples for agentIdentifierValue] 

Repeatability Not repeatable 

Obligation Mandatory 
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Semantic unit 4.1.9.3 linkingAgentRole 

Semantic 
components 

None 

Definition The role of the agent in relation to the rights statement. 

Data constraint Values should be taken from a controlled vocabulary. 

Examples contact 

creator 

publisher 

rightsholder 

grantor 

Repeatability Repeatable 

Obligation Optional 
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Semantic unit 4.2 rightsExtension 

Semantic 
components 

Defined externally 

Definition A container to include semantic units defined outside of PREMIS. 

Rationale There may be a need to replace or extend PREMIS defined units. 

Data constraint Container 

Repeatability Repeatable 

Obligation Optional 

Usage notes For more granularity or use of externally defined semantic units, 

extensibility is provided. Either local semantic units or metadata 

using another specified metadata scheme may be included instead of 

or in addition to PREMIS defined semantic units. When using an 

extension schema, a reference to that schema must be provided. See 

further guidance in “Extensibility,” page 19. 

Either rightsStatement or rightsExtension must be present if the 

Rights entity is included. 

If rightsExtension container needs to be associated explicitly with 

any PREMIS subunit under rights, the container rights is repeated. If 

extensions from different external schemas are needed, rights should 

also be repeated. 

It is recommended to give information about the metadata used in 

rightsExtension including date the metadata was created, status of the 

metadata, internal linking IDs, type of metadata used and its version, 

message digest and message digest algorithm of the metadata, and 

type of identifier for external metadata links. 
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SUMMARY 

Section 321 of the NASA Authorization Act of 2005 (Public Law No. 109-155), also 
known as the George E. Brown, Jr. Near-Earth Object Survey Act, directs the NASA 
Administrator to transmit an initial report to Congress not later than one year after the 
date of enactment that provides:  (1) an analysis of possible alternatives that NASA may 
employ to carry out the survey program of near-Earth Objects (NEO), including ground-
based and space-based alternatives with technical descriptions; (2) a recommended option 
and proposed budget to carry out the survey program pursuant to the recommended 
option; and (3) an analysis of possible alternatives that NASA could employ to divert an 
object on a likely collision course with Earth.  

The objectives of the George E. Brown, Jr. NEO Survey Program are to detect, track, 
catalogue, and characterize the physical characteristics of NEOs equal to or larger than 
140 meters in diameter with a perihelion distance of less than 1.3 AU (Astronomical 
Units) from the Sun, achieving 90 percent completion of the survey within 15 years after 
enactment of the NASA Authorization Act of 2005.  The Act was signed into law by 
President Bush on December 30, 2005.   

A study team, led by NASA’s Office of Program Analysis and Evaluation (PA&E), 
conducted the analysis of alternatives with inputs from several other U.S. government 
agencies, international organizations, and representatives of private organizations.  The 
team developed a range of possible options from public and private sources and then 
analyzed their capabilities and levels of performance including development schedules 
and technical risks. 

Key Findings for the Survey Program: 

• The goal of the Survey Program should be modified to detect, track, catalogue, 
and characterize, by the end of 2020, 90 percent of all Potentially Hazardous 
Objects (PHOs) greater than 140 meters whose orbits pass within 0.05 AU of the 
Earth’s orbit (as opposed to surveying for all NEOs). 

• The Agency could achieve the specified goal of surveying for 90 percent of the 
potentially hazardous NEOs by the end of 2020 by partnering with other 
government agencies on potential future optical ground-based observatories and 
building a dedicated NEO survey asset assuming the partners’ potential ground 
assets come online by 2010 and 2014, and a dedicated asset by 2015.   

• Together, the two observatories potentially to be developed by other government 
agencies could complete 83 percent of the survey by 2020 if observing time at 
these observatories is shared with NASA’s NEO Survey Program. 

• New space-based infrared systems, combined with shared ground-based assets, 
could reduce the overall time to reach the 90 percent goal by at least three years.  
Space systems have additional benefits as well as costs and risks compared to 
ground-based alternatives.  

• Radar systems cannot contribute to the search for potentially hazardous objects, 
but may be used to rapidly refine tracking and to determine object sizes for a few 
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NEOs of potentially high interest.  Existing radar systems are currently 
oversubscribed by other missions. 

• Determining a NEO’s mass and orbit is required to determine whether it 
represents a potential threat and to provide required information for most 
alternatives to mitigate such a threat.  Beyond these parameters, characterization 
requirements and capabilities are tied directly to the mitigation strategy selected. 

Key Findings for Diverting a Potentially Hazardous Object (PHO): 

The study team assessed a series of approaches that could be used to divert a NEO 
potentially on a collision course with Earth.  Nuclear explosives, as well as non-nuclear 
options, were assessed.  

• Nuclear standoff explosions are assessed to be 10-100 times more effective than 
the non-nuclear alternatives analyzed in this study.  Other techniques involving 
the surface or subsurface use of nuclear explosives may be more efficient, but 
they run an increased risk of fracturing the target NEO.  They also carry higher 
development and operations risks. 

• Non-nuclear kinetic impactors are the most mature approach and could be used in 
some deflection/mitigation scenarios, especially for NEOs that consist of a single 
small, solid body. 

• “Slow push” mitigation techniques are the most expensive, have the lowest level 
of technical readiness, and their ability to both travel to and divert a threatening 
NEO would be limited unless mission durations of many years to decades are 
possible. 

• 30-80 percent of potentially hazardous NEOs are in orbits that are beyond the 
capability of current or planned launch systems.  Therefore, planetary gravity 
assist swingby trajectories or on-orbit assembly of modular propulsion systems 
may be needed to augment launch vehicle performance, if these objects need to be 
deflected. 

Alternatives Considered to Detect, Track, Characterize, and Deflect/Mitigate NEOs 

The following tables provide a summary of the options considered.  Technical 
descriptions of each option, as well as other combinations of alternatives, can be found in 
subsequent sections of this report.  For each option, Table 1 shows the percentage of 
PHOs that would be found by the survey by the end of 2020 and the year each option 
would achieve 90 percent completion, starting with the option of sharing the use of 
potential ground-based observatories, which will be referred to as the “Reference” 
architecture through the rest of this document.  Details regarding the availability of assets 
for each option are also found in subsequent sections.  Table 1 shows that individually 
each of the first three options fall short of meeting the Congressional goal.  As shown in 
the last line of Table 1, the minimum survey architecture that achieves the goal would be 
a combination of the shared ground-based assets plus one of two dedicated asset options. 
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Table 1. Detection and Tracking Capability Options & Summary Results  

Option* through 2020 Year 90% 

Shared ground-based  (Reference) 83% 2026 

Dedicated ground-based 85% 2024 

Dedicated Infrared sensor in Venus-like orbit 89% 2021 

Reference + One Dedicated Asset At least 90% Not Later than 2020 

* Details of each option are found in a subsequent section of this report. 

 

Table 2. Characterization Options 

Option* Descriptions (O1 = Option 1) 

Option 1 Use Existing Assets + Detection and Tracking Systems 

Option 2 O1 + Dedicated Ground Systems 

Option 3 O1 + Dedicated Space-Based Remote Sensing (L1/L2) 

Option 4 O1 + Dedicated Space-Based Remote Sensing (Venus-Like 
Orbit) 

Option 5 O1+ O2+ O3 + 2 Flyby Missions to 8 Objects 

Option 6 O1 + O2 + O3 + 8 Orbiter Missions 

Option 7 O1 + O2 + O3 + Orbiters at a Fixed Threshold Probability 
of Impact 

 * Details of each option are found in a subsequent section of this report. 

 

Table 3. Impulsive Deflection/Mitigation Options 

Impulsive Technique* Description 

Conventional Explosive 
(surface) 

Detonate on impact 

Conventional Explosive 
(subsurface) 

Drive explosive device into PHO, 
detonate  

Nuclear Explosive (standoff) Detonate on flyby via proximity 
fuse 

Nuclear Explosive (surface) Impact, detonate via contact fuse 

Nuclear Explosive (delayed) Land on surface, detonate at optimal 
time 

Nuclear Explosive (subsurface) Drive explosive device into PHO, 
detonate 

Kinetic Impact High velocity impact 

 *A discussion of these techniques is found in a subsequent section of this report. 
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Table 4. Slow Push Deflection/Mitigation Options 

Slow Push Technique* Description 

Focused Solar  
Use large mirror to focus solar energy on a spot, heat 
surface, “boil off” material 

Pulsed Laser 
Rendezvous, position spacecraft near PHO, focus laser on 
surface, material “boiled off” surface provides small force 

Mass Driver 
Rendezvous, land, attach, mine material, eject material 
from PHO at high velocity 

Gravity Tractor 
Rendezvous with PHO, fly in close proximity for extended 
period, gravitational attraction provides small force 

Asteroid Tug Rendezvous with PHO, attach to PHO, push 

Enhanced Yarkovsky  
Change albedo of a rotating PHO; radiation from sun-
heated material will provide small force as body rotates 

* A discussion of these techniques is found in a subsequent section of this report. 

Recommended Survey Program 

Currently, NASA carries out the “Spaceguard Survey” to find NEOs greater than  
1 kilometer in diameter, and this program is currently budgeted at $4.1 million per year 
for FY 2006 through FY 2012.  We also have benefited from knowledge gained in our 
Discovery space mission series, such as the Near Earth Asteroid Rendezvous (NEAR), 
Deep Impact, and Stardust missions that have expanded our knowledge of near-Earth 
asteroids and comets.  Participation by NASA in international collaborations such as 
Japan’s Hayabusa mission to the NEO “Itokawa” also greatly benefited our 
understanding of these objects.  NASA’s Dawn mission, expected to launch in  
June 2007, will increase our understanding of the two largest known main belt asteroids, 
Ceres and Vesta, between the planets Mars and Jupiter.  NASA conducts survey 
programs on many celestial objects— the existing Spaceguard program for NEOs, 
surveys for Kuiper Belt Objects, the search for extra-solar planets, and other objects of 
interest such as black holes to understand the origins of our universe.  Our Discovery 
mission series in planetary science may offer additional opportunities in the future 
beyond our current survey efforts.  

NASA recommends that the program continue as currently planned, and we will also take 
advantage of opportunities using potential dual-use telescopes and spacecraft—and 
partner with other agencies as feasible—to attempt to achieve the legislated goal within 
15 years.  However, due to current budget constraints, NASA cannot initiate a new 
program at this time. 
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BACKGROUND 

Asteroids and comets are the two types of potentially hazardous objects (PHO) discussed 
in this study.  For objects in the inner solar system, astronomers can distinguish these 
bodies on the basis of their appearance.  Moving objects that appear as a star-like point of 
light are known as asteroids.  Moving objects that appear diffuse or those that have 
visible tails are known as comets.  People have known about comets since antiquity.  The 
existence of asteroids, however, was not known until about 200 years ago when 
telescopes became powerful enough to detect the largest such objects.  It has taken 
several generations of improvements in telescope design to detect and understand the 
small bodies that orbit near Earth. 

Differences in the appearance of comets and asteroids reflect in part a difference in their 
composition.  Generally, asteroids are relatively rocky or metallic objects without 
atmospheres, while comets are composed in part of volatiles such as water ice that 
vaporizes when heated to produce a tenuous and transient atmosphere around the solid 
nucleus.  Comets that are far from the Sun or those that have lost most of their volatiles 
can look like an asteroid.  A volatile-rich object will develop an atmosphere only when 
heated sufficiently by a relatively close approach to the Sun. 

The near-Earth asteroids are categorized as Apollos, Atens, Amors, and Interior Earth 
Objects (IEOs), depending on whether their orbits cross Earth’s orbit with a period of 
more than one year, cross Earth’s orbit with a period of less than one year, exist 
completely outside the Earth’s orbit, or exist completely within the Earth’s orbit, 
respectively.  The distribution of these objects in the NEO population is shown in Figure 
1. 

 

Apollo
Semimajor Axis ≥ 1.0 AU 

Perihelion ≤ 1.02 AU

Earth Crossing

Amor
1.02 AU < Perihelion ≤ 1.3 AU

62% of known asteroidsApollo

Near-Earth PopulationType

6 known asteroidsIEO

32% of known asteroidsAmor

6% of known asteroidsAten

62% of known asteroidsApollo

Near-Earth PopulationType

6 known asteroidsIEO

32% of known asteroidsAmor

6% of known asteroidsAten

Aten
Semimajor Axis < 1.0 AU 

Aphelion ≤ 1.0167 AU

Earth Crossing

Inner Earth Objects (IEOs)    
Aphelion < 0.983 AU  

Always inside Earth’s orbit  

(aka Apohele)

 

Figure 1. Near Earth Asteroid Orbit Types 
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Near-Earth Objects (NEOs) are asteroids and comets in orbits that allow them to enter 
Earth’s neighborhood, defined by astronomers as having a perihelion (closest approach to 
the Sun) of less than 1.3 AU (Astronomical Units, 1 AU is approximately 150 million 
km, the mean distance between the Sun and Earth).  Extinct comets may make up 5-15 
percent of the NEO population, and some may retain volatiles.  As of December 4, 2006, 
using the Safeguard Survey system described elsewhere in this report, NASA has 
identified 701 NEOs greater than 1 km in size and 3,656 NEOs smaller than   1 km in 
size.  Of the total number of NEOs surveyed, NASA has found only 63 comets.  The 
estimated population of NEOs greater than 1 km in size is 1,100.  The estimated 
population of NEOs greater than 140 meters in size is approximately 100,000 objects.   

A constant power law as shown in Figure 2 can be used to estimate the number of NEOs 
of a particular size based on our available observations.  The figure shows a hundred-fold 
increase in the number of NEOs as the size decreases by an order of magnitude.  In terms 
of the goals expressed by the George E. Brown, Jr. Near-Earth Object Survey Act, NASA 
estimates that the population of NEOs greater than 140 meters is approximately 100,000 
objects.  Figure 2 also shows the approximate absolute magnitude (relative brightness) if 
the objects were placed at a standard distance of 1 AU from the observer, their average 
impact interval, and the approximate impact energy they would deliver in a collision with 
Earth.  Given any size class of NEO, this estimate is probably accurate to within a factor 
of two or three, as there are not enough observations in some classes to form a 
statistically valid sample.  

 

Constant Power Law

Provides Good Fit to Data

~100k NEOs > 140m

~1k NEOs > 1km

 

Figure 2. Frequency of NEOs by Size, Impact Energy, and Magnitude 
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More relevant to this report is the definition of Potentially Hazardous Objects (PHOs), 
asteroids and comets that have a potential to eventually impact the Earth.  A PHO is an 
object in our solar system that passes within 0.05 AU (about 7.5 million km) of Earth’s 
orbit and is large enough to pass through Earth’s atmosphere and cause significant 
damage on impact; that is, about 50 meters and larger.  In this report the term PHO will 
be used to indicate potential threats, with the understanding that those smaller than 1 km 
are predominantly asteroids.  Comets do not add substantially to the population below 1 
km.  Approximately 21 percent of the NEOs of any given size class are expected to be 
potentially hazardous. 

In 2003, NASA chartered a Science Definition Team (SDT), which recommended an 
NEO survey program to produce a catalog that is 90 percent complete for PHOs larger 
than 140 meters.  The SDT determined that impacts from objects that are 140 meters in 
size would only produce regional effects, while larger objects would have corresponding 
wider effects such as large sub-global effects from impacts of a 300-meter object and 
global effects from 1-kilometer object impacts.  Impact of objects 10 kilometers and 
larger are considered an extinction-class event for Earth.  A survey program that 
completes a 90 percent survey of 140 meter or larger PHOs would also identify virtually 
all of the global risk from objects greater than 1 kilometer.  A survey system could be 
constructed to catalog hazardous objects down to the air blast limit (about 50 meters 
in size).  However, the Science Definition Team suggested that cataloging down to 140 
meters was the more prudent approach for the next-generation survey, a system which 
would also provide warning for 60-90 percent of objects capable of producing potentially 
dangerous air blasts.  Essentially, the 140 meter object size is approximately where 
impacts transition from causing regional (e.g., a state or seaboard) to more localized (e.g. 
citywide) damage. 

Since by this definition, objects that do not pass within 0.05 AU of Earth’s orbit are not 
“potentially hazardous,” these objects are assessed (without necessity of discovery) to be 
no threat to Earth.  Therefore, NASA recommends that the Survey’s goal be modified to 
detect, track, catalogue, and characterize 90 percent of all PHOs greater than 140 meters 
by the end of 2020 rather than 90 percent of all NEOs of greater than 140 meters that pass 
within 1.3 AU of the Sun as expressed in the George E. Brown, Jr.  Near-Earth Object 
Survey Act.  Limiting the objects to only PHOs will reduce the required population to be 
surveyed and the Survey program will have a more realistic goal.  However, the Survey 
will still provide equally effective “warning and mitigation of the hazard” and 
corresponds with the recommendations of the 2003 SDT report. 
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STUDY APPROACH FOR NEO SURVEY PROGRAM 

The PA&E study team expects that a survey system designed to detect NEOs down to 
140 meters in size would discover a total of 500,000 objects (of which 400,000 would not 
be NEOs), to include Main Belt Asteroids, during the first five-ten years of the Survey in 
the course of more than two million individual observations.  About 20,000 (or 20 
percent) of the total estimated NEOs to be discovered will measure 140 meters or larger 
and be tracked as potentially hazardous.  This volume of observations will require a data-
processing capability that is 100 times more capable than the currently utilized cataloging 
system.  After objects are detected, the system must be able to obtain follow-up 
observations, store and distribute collected data, and analyze these data for fortuitously 
observed but previously undetected objects.  The current data management approach 
likely will not remain viable, and plans for the data-processing of this information must 
be carefully considered.  

Detect and Track 

Broadly, the options for the Survey Program to detect and track PHOs can be classified in 
three categories.  Ground-based optical systems use large field of view sensors to scan 
the sky at night for PHOs.  Space-based optical systems gather visible light from vantage 
points near the Earth or in Venus-like heliocentric orbits.  Space-based infrared systems 
operate from similar vantage points, and use passively cooled infrared detectors to find 
and track objects.  The advantages and drawbacks of each system are discussed in the 
following sections. 

Ground-Based Optical Systems 

Ground-based optical systems have several advantages over space-based systems.  In 
general, ground-based systems are mostly based on mature technology and are relatively 
easy to maintain and upgrade because they are easily accessible.  Consequently, these 
systems can be implemented using a phased approach and may take advantage of shared 
software.  This typically means that ground systems cost less to build, verify, operate, 
maintain and upgrade than space-based counterparts. 

Because ground-based optical systems peer through the Earth’s atmosphere, drawbacks 
exist.  Ground-based optical systems cannot operate during daylight or twilight and are 
subject to interference from weather, atmospheric turbulence, scattering from moonlight, 
and atmospheric attenuation.  Significant atmospheric attenuation in the infrared-spectral 
region prevents these systems from determining accurate NEO sizes. These systems also 
will have difficulty finding objects in inner-Earth or Earth-like orbits. These objects will 
have fewer discovery opportunities from the ground because they are available only at 
the beginning and end of the night, when evening and morning twilight brightens the sky.  
Additionally, ground-based systems can have intangible programmatic issues related to 
access to the assets, as well as site and infrastructure maintenance.  
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Space-Based Optical Systems 

Space-based optical systems rely on mature technologies with a broad foundation of 
existing mission heritage.  Like ground-based systems, their advantages are primarily 
based on operating location.  Space-based systems can access almost the entire sky at any 
given time with no interference from weather, daylight, moonlight, or atmospheric 
attenuation.  Also, they can observe objects in inner-Earth or Earth-like orbits more easily 
than ground-based systems, especially if the detectors are located at the Sun-Earth 
Lagrange 1 stability point or in a Venus-like orbit. 

Not only are space-based systems likely to be more expensive to develop than ground-
based systems, space-based systems also have some additional risks.  Getting a space-based 
system into place subjects it to possible launch and deployment failures and places it in an 
extreme environment that can result in a shorter lifetime (seven to ten years).  This shorter 
lifetime is an important consideration if a NEO program is expected to continue to track 
objects for extended periods of time.  In addition, they depend on spacecraft-to-ground data 
links and unique onboard software. 

With the exception of technology maturity, space-based infrared systems have the same 
advantages as space-based optical systems.  For infrared systems this technology is 
maturing rapidly.  Space-based, passively-cooled mid-infrared systems also have 
additional advantages as these systems require smaller apertures than optical systems of 
equal detection efficiency and provide more accurate estimates of object sizes.  The 
object size uncertainties are less than 50 percent compared with 230 percent for visual 
detectors.  A two-band infrared system could potentially lower the size uncertainties to 
about 20 percent.  These space-based infrared systems also are much less affected by the 
problem of source interference. There are about 100 times fewer infrared sources per 
square degree at an infrared wavelength of 8 microns compared with the number of 
visible sources at 0.5 microns.  In addition, space-based infrared systems have lower 
downlink data rate requirements than space-based visible detector systems because the 
mid-infrared sensors would have fewer pixels (by a factor of 15) with longer exposures 
(also a factor of 15) so there would be ~200 times less data to downlink. 

Characterization 

The study team recognized that characterization of PHOs to inform the options for 
mitigation or deflection depended on several factors.  One factor is the possible 
relationship between detection, tracking, and characterization elements.  For example, if a 
ground-based survey system were to be built, its concept of operations will likely limit its 
ability to do follow-up characterization unless search goals are refined.  If a space-based 
survey system (such as an infrared system in a Venus-like heliocentric orbit) is built, 
options for characterization include upgrading the system with certain optical filters, 
building a second dedicated space-based characterization system based on the design of 
the first, or building a dedicated ground-based system.  If detection and tracking assets 
are available after search goals are reached, some survey systems could transition to 
characterization functions after detection operations are less operationally intense.  

The most important factor in developing a characterization strategy is to tie its 
requirements to a specific mitigation strategy or selected deflection options.  For 
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example, if only standoff nuclear explosive alternatives are considered, little 
characterization beyond orbit and approximate mass of the object would be required.  If a 
deflection approach such as a space tug becomes the deflection alternative of choice, 
more information on the PHO structure, composition, and kinematics would be required 
and a higher investment in characterization is warranted.  Due to the diversity and 
volume of information required to support all possible mitigation alternatives, a robust 
program would be required to enable all deflection systems. 

Two types of characterization information are necessary for mitigation, and that 
information is necessary for different phases of the mitigation problem.  If developing a 
deflection option (or options) proceeds before an actual threat is identified, some 
understanding of the general population of targets would be necessary.  For example, if 
the distribution of PHO sizes and composition are not well understood, it would be 
difficult to know if a deflection concept would perform sufficiently to eliminate most 
likely threats.  Additionally, if concepts, such as the space tug, are chosen for 
development, knowing the statistical distribution of rotation rates is a key development 
parameter. 

Second, some characterization is always needed on an actual threat once it is identified.  
For some alternatives, little characterization beyond mass and orbit will be required, 
although additional information may improve our ability to deflect such an object.  
Precursor missions, such as the recent Deep Impact mission or the proposed ESA Don 
Quixote mission, may be required to assure the successful design and implementation of 
a mission to divert a PHO. 

Remote characterization of a PHO is useful for mitigation in two instances.  The first is to 
provide information after a threat has been identified, but before a decision for an in-situ 
characterization mission would be made.  The second is to provide the only available 
information to inform a deflection mission, particularly when insufficient time is 
available to first visit the PHO.  As the survey catalogue reaches 90 percent 
completeness, the likelihood of a short warning scenario should be reduced to less than 1 
percent of all warnings. 

In the case of a short warning scenario, remote means must be developed to provide the 
required information.  Models can be developed from remote observations of a large 
number of NEOs or from in-situ data.  These models then may be used to predict the 
characteristics of subsequent threats as they are detected.  This information may allow 
planners to begin designing a deflection mission without first launching an immediate in-
situ mission. 

The study team found that it is premature to set specific characterization requirements to 
enable deflection until a mitigation strategy has been determined.  Therefore, the study 
team developed characterization options that provide a range of capabilities.  These 
options included the use of detection and tracking assets, dedicated ground and space 
systems for remote observation, and in-situ missions to inform mitigation options for 
threats with sufficiently high impact probabilities. 

 10



 

ANALYSIS OF ALTERNATIVES FOR NEO SURVEY PROGRAM 

Detection and tracking alternatives identified by the study team as viable included optical 
observing systems located on the ground and optical and infrared assets located in space.  
For ground-based alternatives, the study team considered shared use of possible future 
observatories to conduct NEO surveys, such as the PanSTARRS 4 (PS4), and the Large 
Synoptic Survey Telescope (LSST).  The study team assumed that NASA would enter 
partnership agreements with other government agencies regarding the shared use of those 
potential ground-based observatories.   

The team also considered new NASA-funded facilities that would be dedicated to the 
search for potentially hazardous objects and would be based on the designs of these 
planned observatories.  For this analysis, the study team assumed that any new NASA-
funded ground-based observatory would be, in order to reduce development costs, a replica 
of either PS4 or LSST, and any new NASA-funded space-based asset would be an entirely 
new asset requiring full development.  For the purposes of determining when the survey 
could be completed, acquisition of new systems was assumed to start October 1, 2007. 

Ground options included: 

• An architecture, which combines the sharing of the potential PS4 and LSST 
systems with a second dedicated NASA-funded LSST that potentially begins 
operations in 2015, was able to meet the goal of cataloging 90 percent of the 
potentially hazardous objects by 2020. 

• A shared PS4, a shared LSST, and a dedicated NASA-funded PS8 that potentially 
begins operations in 2014 were able to catalog 90 percent of potentially hazardous 
objects by 2024.  (PS8 is a system of two PS4 telescopes.) 

• A dedicated, NASA-funded observatory based on LSST’s design that potentially 
begins operations in 2015 was also able to catalog 90 percent of potentially 
hazardous objects by 2024 without the need to share the assets of the other 
programs. 

 
Space-based search options included spacecraft located in low-Earth orbit, at Sun-Earth 
Lagrange stability points, and in heliocentric Venus-like orbits.  Only an infrared system 
operating in a Venus-like orbit was able meet the goal specified for the NEO survey 
program without the contribution of shared ground-based assets.  All space-based 
alternatives were able to meet the goals when combined with a shared PS4 and a shared 
LSST. 

A space mission failure could delay achieving the 90 percent goal by six years (see Table 
10), after which the catalog could still be completed with the shared ground-based assets.  
Infrared systems operating in space could provide more accurate size estimates of up to 
80 percent of objects in the catalog.  Observatories located in a Venus-like orbit are the 
most efficient at finding NEOs inside Earth’s orbit, a population which has the most 
uncertainty yet still poses a hazard due to gravitational orbit perturbations. Additionally, 
by the end of 2020, infrared systems in Venus-like orbits could find          90 percent of 
the objects measuring down to 80 meters, exceeding the 140-meter requirement.   

Selected space-based alternatives included: 
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• A 0.5-meter infrared system operating in a Venus-like heliocentric orbit that 
potentially begins operations in 2013 completes by itself 89 percent of the survey 
by 2020.  

• The same 0.5-meter infrared system in a Venus-like orbit working in concert with 
a shared PS4 and a shared LSST completes 90 percent of the survey by 2017. 

• A 0.5-meter infrared system operating at Sun-Earth L1 that potentially begins 
operations in 2013 working in concert with a shared PS4 and a shared LSST 
completes 91 percent of the survey by 2020. 

 
Infrared systems with a 1.0-meter aperture complete the survey about one year earlier 
than the 0.5-meter alternatives described above.  Optical systems with 1.0-meter and 2.0-
meter apertures in Venus-like orbits, combined through partnerships with other 
government agencies on their potential PS4 and LSST ground-based systems, completed 
the survey by 2019 and 2018 respectively. 

Detection and Tracking Survey Alternatives Considered 

After an initial feasibility assessment of over three dozen concepts, Tables 5-7 list the 
detection, tracking, and data management alternatives that were considered viable for 
further analysis in this study. 

 

Table 5. Description of Ground-based Survey Alternatives 

Classification Concept Name Description 

Visible - 
Ground 

Spaceguard Combined, existing ground-based detection efforts 
including LINEAR, NEAT, Catalina Sky, Spacewatch 
and LONEOS. 

Visible - 
Ground 

Shared LSST Large Synoptic Survey Telescope (LSST) is a 
potential 8m telescope that could be operational in 
2014 and would spend 75 percent of its time in survey 
mode. 

Visible - 
Ground 

Shared PS4 Potential four 1.8m Pan-STARRS telescopes 
searching same spot of the sky at a time with an 
effective aperture of 3.6m; they would spend 30 
percent in survey mode. 

Visible - 
Ground 

Dedicated 

LSST 

Potential rebuild of Shared LSST, dedicated to NEO 
search. 

Visible - 
Ground 

Dedicated PS4 Rebuild of Shared PS4, dedicated to NEO search. 

Visible - 
Ground 

Dedicated PS8 Potential system of two PS4 telescopes searching same 
area of the sky at a time with an effective aperture of 
5.1m. 

Visible - 
Ground 

Dedicated PS16 Potential system of two PS8 telescopes (North and 
South of equator) searching differing sky regions at 
any given time, thus doubling the search area. 

Radar - Ground Arecibo Arecibo Radio Telescope is an operational ground-
based radio telescope with a 305m fixed dish. 
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Continued support for Arecibo operations is being 
decreased by other government agencies. 

Radar - Ground Goldstone Goldstone is an operational ground-based radio 
telescope with a 70m steerable dish. Similar or 
enhanced capability provided if Canberra 70m 
upgraded for radar by the Deep Space Network. 

Radar - Ground Bistatic 100m Conceptual system composed of two 100m steerable 
radio antennas to be operated in a bistatic mode. 

 

Table 6. Description of Space-based Survey Alternatives 

Classification Concept Name Description 

Visible - Space 1m Vis Venus-

like Orbit 

Concept for a space based 1m optical search telescope 
in Venus-like orbit (Heliocentric ~0.7AU from Sun). 

Visible - Space 2m Vis Venus-

like Orbit 

Concept for a space based 2m optical search telescope 
in Venus-like orbit (Heliocentric ~0.7AU from Sun). 

Infrared - Space 0.5m IR L1/L2 Concept for a space based 0.5m IR search telescope at 
Sun-Earth Lagrange point (L1/L2). 

Infrared - Space 1m IR L1/L2 Concept for a space based 1m IR search telescope at 
Sun-Earth Lagrange point (L1/L2). 

Infrared - Space 0.5m IR Venus-

like Orbit 

Concept for a space based 0.5m IR search telescope in 
Venus-like orbit (Heliocentric ~0.7AU from Sun). 

Infrared - Space 1m IR Venus-

like Orbit 

Concept for a space based 1m IR search telescope in 
Venus-like orbit (Heliocentric ~0.7AU from Sun). 

 

Table 7. Description of Data Management Alternatives 

Classification Concept Name Description 

Ops and Data 
Management 

Scale Existing 

Systems 

Expand existing Minor Planet Center (MPC) capability 
to support expected increases in NEO detection rates. 

Ops and Data 
Management 

Adopt Other 

Systems 

Adopt system based on Futron's Space Launch & 
Satellite Database, Aerospace Corp.'s Space Systems 
Engineering Database or Analytical Graphics Inc.'s 
Satellite Database. 

Ops and Data 
Management 

New Central 

Repository 

Proposed framework used by the US National Virtual 
Observatory (NVO). 

Ops and Data 
Management 

Back-up 

Facility 

Grow the MPC capability as the detection rate grows 
using the NVO as a backup archive. 

 

Survey Performance Simulation Results for Detection and Tracking 

The results presented in this section are based on analyses where absolute performance is 
expected to be within 5 percent of the results shown, and within 1-2 percent for the best 
performing concepts.  Study results are expected to have an internal relative uncertainty 
of 1-2 percent.   
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Table 8 shows the analysis results for the performance of various ground-based optical 
survey options acting alone and assuming no new discoveries until the beginning of the 
survey program.  For example, the first line of Table 8 shows that the currently operating 
ground-based Spaceguard observing program will catalog 14 percent of all PHOs with 
diameters larger than 140 meters (D > 140 m) by the end of 2020.  This system would 
take decades beyond 2030 to achieve the goal of 90 percent completeness.  On the second 
line of Table 8, note that the shared PS4 will reach 72 percent survey completeness for 
140-meter size objects by the end of 2020.  It will reach 69 percent completeness after 
operating for 10 years and 90 percent completeness after 2030. 

Table 9 shows the analysis results for the performance of the space-based systems acting 
alone.  The first line of Table 9 shows that a 0.5-meter IR telescope operating at the Sun-
Earth L1 point could catalog 85 percent of the PHO population (D > 140 m) between 
2013 and 2020, 88 percent after 10 years (2023) and 90 percent shortly thereafter. 

 

Table 8. Ground-based Survey Performance 

140 meter PHO Completion 
Survey Systems Start by end of 2020 10 years Year for 90% 

Spaceguard 1998 14% 8% >2030 

PS4 (shared) 2010 72% 69% >2030 

PS4 (dedicated) 2013 72% 77% >2030 

PS8 (dedicated) 2014 74% 81% >2030 

PS16 (dedicated) 2014 77% 83% 2029 

LSST (shared) 2014 75% 81% >2030 

LSST (dedicated) 2015 85% 90% 2024 

  

Table 9. Space-based Survey Performance 

140 meter PHO Completion 
Survey Systems* Start by end of 2020* 10 years Year 90% 

0.5m IR @ L1 2013 85% 88% 2024 

1.0m IR @ L1 2014 86% 91% 2022 

0.5m IR in Venus-like 2013 89% 93% 2021 

1.0m IR in Venus-like 2014 92% 95% 2020 

1.0m VIS in Venus-like 2014 82% 88% 2025 

2.0m VIS in Venus-like 2016 87% 94% 2022 

 

Table 10 shows space-based alternatives used in conjunction with the reference 
architecture of shared ground-based systems.  The fourth line of Table 10 shows that 
these systems could reach 91 percent by the end of 2020 provided the Spaceguard 
telescopes operate until the shared PS4 begins its potential operations in 2010, the shared 
LSST begins its potential operations in 2014, and the space-based 0.5m IR telescope at 
Sun-Earth L1 starts its potential operations in 2013. 

Table 11 shows that the options that exceed the goals of the Survey program also provide 
other benefits.  The middle column of the table shows that systems that operate in Venus-
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like orbits are more efficient at finding Aten and Interior Earth Objects, a potentially 
underrepresented population of PHOs.  The final column of the table shows that for 
combinations of space-based visual and IR detectors, some systems will be able to 
estimate object sizes to better than 50 percent for more than 70 percent of the catalog by 
the end of 2020.  

Table 10. Survey Performance of Combinations 

140 meter PHO Completion 

Survey Systems* 
by end of 

2020* 

Year 90% 

complete 

Shared PS4 + Shared LSST  83% 2026 

Dedicated PS8 + Reference 85% 2024 

Dedicated LSST + Reference 90% 2020 

0.5m IR @ L1 + Reference 91% 2020 

1.0m IR @ L1 + Reference 91% 2020 

0.5m IR in Venus-like + Reference 97% 2017 

1.0m IR in Venus-like + Reference 97% 2017 

1.0m VIS in Venus-like + Reference 93% 2019 

2.0m VIS in Venus-like + Reference 95% 2018 

  * Requirement is 90% by the end of 2020 

  
+
 Shared PS4 + Shared LSST = Reference 

 
Table 11. Additional Benefits of Space Systems 

Survey Systems 

Diameter 

to 90%* Size 

0.5m IR @ L1 + Reference 125 m 77% 

1.0m IR @ L1 + Reference 125 m 78% 

1.0m IR in Venus-like 125 m ** 

0.5m IR in Venus-like + Reference 90 m - 

1.0m IR in Venus-like + Reference 80 m 76% 

1.0m VIS in Venus-like + Reference 125 m 78% 

2.0m VIS in Venus-like + Reference 110 m - 

 * Diameter of PHOs catalogued to 90% complete by end of 2020 

** Not explicitly evaluated, likely 70-78% 

 
NASA uses the Spaceguard Survey system to find NEOs greater than 1 km in diameter.  
However, this system would not materially contribute to future searches because almost 
all objects it finds would be found much more quickly by one of the other next-
generation space-based and/or ground-based systems.  Assuming that a single system can 
cover the richest areas of the sky in one search period of approximately five days, the 
addition of another identical system generally adds very little benefit.  Asteroids tend to 
cycle in and out of range of the detectors on timescales that would allow either of the two 
identical telescopes to “discover” a given NEO if it were observable at all.  However, a 
second system may enable an improvement in the quality of the orbit prediction of a 
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NEO because the two systems acting together would enable more observations.  This 
enhances the characterization of the NEOs. 

Figure 3 shows the survey completion as a function of time for several individual and 
combinations of systems.  The results for the PHO completeness percentages are 
estimated to be accurate to ±2 percent for results near 90 percent.  
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Figure 3. Survey Performance for Selected Alternative Systems 

Characterization Alternatives Considered 

The George E. Brown, Jr. Near-Earth Object Survey Act indicates two primary objectives 
for characterizing potentially hazardous objects.  The first objective, to “assess the 

threat,” requires analysts to determine the orbit and approximate the mass of each PHO.  
Detection and tracking systems with judicious follow-up can warn of potential threats 
within the next 100 years, and some are able to provide very good size and mass 
estimates.  Systems operating in the visible spectrum are limited by a factor of two for 
size estimates, resulting in a factor-of-eight uncertainty in mass.  Infrared systems are 
much more accurate for determining size. 

Radar may quickly and precisely characterize and determine the orbit of about  10-25 
percent of the objects of interest within five years of their detection.  While the number of 
objects observed by radar increases with time, the relative value of such observed objects 
dependent on radar to precisely determine the orbits of the full catalog declines over the 
same period.  Orbits determined from optical data alone will nearly match the accuracy of 
radar-improved orbits after one to two decades of observation.  Therefore, the utility of 
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radar is limited to a relatively few “short warning” cases that may be of very high interest 
during the survey, and in such cases radar would be utilized if available during the first 
decade of the Survey. 

The second objective of characterization is to “inform mitigation.” Depending on the 
mitigation strategy selected, this objective may require information beyond the size and 
orbit of PHOs.  This information may include the structure, porosity, rotation rate, 
material composition, and surface features of the object.  The deflection alternatives 
considered are sensitive to the maximum mass that needs to be deflected, but some 
alternatives are orders of magnitude less sensitive than others. 

Characterization by remote sensing provides some information about the diversity of 
objects in the population.  From this information, analysts build models that can later be 
used to infer a limited number of characteristics of a particular object, but only in-situ 
encounters can provide the definitive observations necessary to calibrate the remote 
observations.  More importantly, only in-situ visits can obtain the information needed by 
some of the deflection alternatives to mitigate a specific threat.  For credible threats with 
sufficient warning, it is expected that in-situ characterization will always be performed to 
both confirm the probability of impact and to characterize the potential threat if 
deflection is necessary. 

Without the selection of specific search and mitigation strategies, a specific choice of a 
characterization program is premature.  Therefore, this study analyzed a range of 
characterization capabilities listed in Table 12.  For these options, Option 7 is similar to 
Option 6 in that it combines dedicated ground-based and space-based remote 
characterization with a number of in-situ orbiters.  In Option 6, the chosen number of 
orbiters is eight, possibly one for each of the primary asteroid classes needed to calibrate 
remote characterization models.  At least one representative of each asteroid type (which 
may actually number greater than eight) must be visited to contribute materially to the 
model verification purpose of in-situ visits.  In Option 7, the strategy is to send 
characterization missions to only credible threats. 

For example, the Option 7 strategy may be to characterize the highest risk PHO 
discovered during each five-year interval.  This approach, by sending a mission to a 
different PHO every five years, would over time visit enough representative asteroid 
types to validate characterization models.  It would also provide in-situ orbital 
determination to verify or eliminate specific hazards at a routine and sustainable mission 
rate.  However, the orbits of the targets for Option 7 are likely to be more difficult to 
reach than those that would likely be chosen for Option 6. 

Table 12. Characterization Capability Options 

Option Descriptions (O1 = Option 1) 

Option 1 Use Existing Assets + Detection and Tracking Systems 

Option 2 O1 + Dedicated Ground Systems 

Option 3 O1 + Dedicated Space-Based Remote Sensing (L1/L2) 

Option 4 O1 + Dedicated Space-Based Remote Sensing (Venus-Like Orbit) 

Option 5 O1+ O2+ O3 + 2 Flyby Missions to 8 Objects 

Option 6 O1 + O2 + O3 + 8 Orbiter Missions 

Option 7 O1 + O2 + O3 + Orbiters for a Fixed Threshold Probability of Impact 
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EXEMPLAR SURVEY PROGRAM 

An exemplar NEO Survey Program, that at a minimum meets the goals specified in the 
George E. Brown Jr. Near-Earth Survey Act, is shown in Table 13.  This program could 
achieve the specified goal of surveying 90 percent of the PHOs by the end of 2020 
through NASA partnerships with other government agencies on potential future optical 
ground-based observatories: the Panoramic Survey Telescope and Rapid Response 
System (PanSTARRS-4 or PS4) and the LSST.  Following at least one year of program 
formulation, NASA could build or fund the construction of a dedicated survey asset.  For 
example, either an additional LSST, which may be operated by other organizations, or a 
0.5 meter infrared (IR) satellite in a Venus-like orbit.  Other options for the dedicated 
Survey asset would be evaluated during program formulation.  All costs shown are 
anticipated costs to NASA.  

Both the shared and dedicated assets would detect, track, and characterize NEOs.  
Analyses to date indicate that the estimated completion dates for development and 
estimated costs are sensitive to modeling errors that may vary up to three years.  Note 
that these costs are rough ‘architecture costs’ that would need more rigorous analysis if a 
program were to be assessed for implementation. 

Currently, NASA carries out the “Spaceguard Survey” to find NEOs greater than  
1 kilometer in diameter, and this program is currently budgeted at $4.1 million per year 
for FY 2006 through FY 2012.  We also have benefited from knowledge gained in our 
Discovery space mission series, such as the Near Earth Asteroid Rendezvous (NEAR), 
Deep Impact, and Stardust missions that have expanded our knowledge of near-Earth 
asteroids and comets.  Participation by NASA in international collaborations such as 
Japan’s Hayabusa mission to the NEO “Itokawa” also greatly benefited our 
understanding of these objects.  NASA’s Dawn mission, expected to launch in  
June 2007, will increase our understanding of the two largest known main belt asteroids, 
Ceres and Vesta, between the planets Mars and Jupiter.  NASA conducts survey 
programs on many celestial objects— the existing Spaceguard program for NEOs, 
surveys for Kuiper Belt Objects, the search for extra-solar planets, and other objects of 
interest such as black holes to understand the origins of our universe.  Our Discovery 
mission series in planetary science may offer additional opportunities in the future 
beyond our current survey efforts.  

NASA recommends that the program continue as currently planned, and we will also take 
advantage of opportunities using potential dual-use telescopes and spacecraft—and 
partner with other agencies as feasible—to attempt to achieve the legislated goal within 
15 years.  However, due to current budget constraints, NASA cannot initiate a new 
program at this time. 
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Table 1. Exemplar NEO Survey Program to Detect, Track, and Characterize 

Detect, Track, & Characterize:  

≥140 meter PHOs 
Total Architecture Costs* 

($M) 

(thru the year to reach 90%) Exemplar Survey Program 
Percent 

completed 
through 2020 

Year to reach 
90% $FY06 $RY 

Reference (Ground) Survey Assets  

(Shared PS-4 & Shared LSST) 
83% 2026 

$469.0 (thru 
2026) 

$693.5 (thru 
2026) 

Reference plus a 
Dedicated LSST 

90% 2020 
$835.5 (thru 

2020) 
$1076.2 

(thru 2020) 

Two of the 
Options for 

one 
additional, 
dedicated 

Survey Asset 

Reference plus a 
Dedicated 0.5-meter IR 

in Venus-like orbit 
97% 2017 

$1005.9 (thru 
2017) 

$1239.9 

(thru 2017) 

* Total Architecture Costs include data management and program office costs. 

STUDY APPROACH AND ANALYSIS OF ALTERNATIVES FOR NEO 

DEFLECTION PROGRAM 

The study considered a wide range of techniques to divert a threatening object.  These 
alternatives were broadly classified as “impulsive” if they acted nearly instantaneously or 
“slow push” if they acted over an extended period of time.  Launch, orbit transfer, 
technology development, and object characterization requirements were assessed for each 
of these alternatives.  They were applied to a set of five scenarios representing the likely 
range of threats. 

A representative set of potential PHO deflection approaches was presented during a 
public workshop NASA held in the course of this study.  This study examined a number 
of techniques for deflecting a PHO, and the methods considered viable have been 
categorized as either impulsive or slow push techniques.  Table 14 provides an overview 
of the impulsive methods.  Likewise, Table 15 shows the slow push techniques, where 
the velocity change results from the continuous application of a small force.  
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Table 14. Impulsive Mitigation Alternatives 

Impulsive Technique Description 

Conventional Explosive (surface) Detonate on impact 

Conventional Explosive 
(subsurface) 

Drive explosive device into PHO, detonate 

Nuclear Explosive (standoff) Detonate on flyby via proximity fuse 

Nuclear Explosive (surface) Impact, detonate via contact fuse 

Nuclear Explosive (delayed) Land on surface, detonate at optimal time 

Nuclear Explosive (subsurface) Drive explosive device into PHO, detonate 

Kinetic Impact High velocity impact 

 
Table 15. Slow Push Mitigation Alternatives 

Slow Push Technique Description 

Focused Solar  
Use large mirror to focus solar energy on a spot, heat 
surface, “boil off” material 

Pulsed Laser 
Rendezvous, position spacecraft near PHO and focus 
laser on surface, material “boiled off” surface 
provides small force 

Mass Driver 
Rendezvous, land, attach, mine material and eject 
material from PHO at high velocity 

Gravity Tractor 
Rendezvous with PHO and fly in close proximity for 
extended period, gravitational attraction provides 
small force 

Asteroid Tug Rendezvous with PHO, attach to PHO, push 

Enhanced Yarkovsky Effect 
Change albedo of a rotating PHO; radiation from sun-
heated material will provide small force as body 
rotates 

 
In the impulsive category, the use of a nuclear device was found to be the most effective 
means to deflect a PHO.  Because of the large amount of energy delivered, nuclear 
devices would require the least amount of detailed information about the threatening 
object, reducing the need for detailed characterization.  While detonation of a nuclear 
device on or below the surface of a threatening object was found to be 10-100 times more 
efficient than detonating a nuclear device above the surface, the standoff detonation 
would be less likely to fragment the target.  A nuclear standoff mission could be designed 
knowing only the orbit and approximate mass of the threat, and missions could be carried 
out incrementally to reach the required amount of deflection.  Additional information 
about the object’s mass and physical properties would perhaps increase the effectiveness, 
but likely would not be required to accomplish the goal.  It should be noted that because 
of restrictions found in Article IV of the Treaty on Principles Governing the Activities of 

States in the Exploration and Use of Outer Space, including the Moon and Other 

Celestial Bodies, use of a nuclear device would likely require prior international 
coordination.  The study team also examined conventional explosives, but found they 
were ineffective against most threats. 
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Non-nuclear kinetic impact alternatives are the most effective non-nuclear option, 
transferring 10-100 times less momentum than nuclear options for a fixed launch mass.  
Impact velocities, varying from 10-50 km/s, produced a factor-of-three variation in 
deflection performance.   In addition, kinetic impacts are also sensitive to the porosity, 
elasticity, and composition of the target and may require large performance margins if 
these characteristics are not well determined.  

Slow push techniques analyzed in this study included a gravity tractor, which could alter 
the course of an object using the gravitational attraction of a massive spacecraft flying in 
close proximity, and a space tug, which could attach itself to a PHO and move it using 
high-efficiency propulsion systems.  An attached space tug has generally 10-100 times 
more performance than the gravity tractor, but it requires more detailed characterization 
data and more robust guidance and control and surface attachment technologies.  Slow 
push techniques were determined to be useful in relatively rare cases (fewer than 1 
percent of expected threat scenarios).  This technique could be effective in instances 
where small increments of velocity (less than 1 mm/s) could be applied to relatively small 
objects (less than 200 meters in diameter) over many decades.  In general, the slow push 
systems were found to be at a very low technology readiness level and would require 
significant development efforts. 

Deflection Performance Analysis 

Figures 4 and 5 graphically represent deflection capabilities.  The system performance 
required to deflect any object on a given trajectory may be described as the velocity 
change necessary to change its path multiplied by its mass.  The “effective momentum 
change” performance parameter allows many different scenarios to be plotted 
simultaneously across a wide range of asteroid masses and required deflection velocities 
(∆V).  It is displayed logarithmically on the Y-axis of these figures.  The logarithmic X-
axis represents launch performance to place the deflection payload on an intercept 
trajectory.  A key parameter that matches launch capability with a certain payload at a 
certain time (flight time) to intercept an asteroid is C3, which is equal to twice the 
specific (per unit mass) orbital energy and is represented in units of km2/s2.  The launch 
C3 corresponding to payload capabilities of the two launch systems considered (Delta IV 
Heavy and Ares V) are at the top of each figure.  

The lines to the right of each figure may be used to translate effective momentum change 
to the design parameters of PHO mass (and size) and deflection ∆V.  Lines of constant 
object mass (and size) spaced logarithmically run diagonally across vertical lines 
representing a logarithmic range of deflection ∆V.  As an example, following the 
diagonal line representing a mass of 1010 kg (approximately 200 m) to its extreme lower 
left at the vertical 1 cm/s ∆V line, this corresponds to an effective momentum change of 
108 kg m/s on the far left. 

The lines plotted represent the performance of the deflection alternatives.  If an 
alternative has a higher effective momentum change capability than is required, it is 
considered “feasible” for a single-launch deflection.  Therefore, using the previous 
example of an effective momentum change of 108 kg m/s and assuming that a Delta IV 
Heavy launch vehicle is used and that C3 = 25 km2/s2 is required to intercept, all but the 
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10 km/sec kinetic interceptor and the conventional explosives would meet performance 
requirements.  None of the slow push techniques could meet this hypothetical scenario. 

Figure 4 shows that impulsive techniques using proximal nuclear explosives generally 
were found to provide greater potential for momentum transfer per kilogram of payload 
weight delivered to the threat than any other option considered.  Standoff nuclear 
concepts, such as those producing highly concentrated and directionally focused x-rays or 
neutrons, were shown to present a generally lower risk of fragmenting a PHO than 
impulsive techniques involving direct contact, but also produce a lower effective 
momentum change than surface or subsurface nuclear explosives.  Performance may vary 
significantly, depending on the type of nuclear device used and whether it is “off-the-
shelf” as opposed to optimized for the PHO deflection mission.  Additionally, the 
performance of kinetic impactors was found to be somewhat less robust than any of the 
nuclear explosions.  However, their effectiveness depends strongly on the structure of the 
PHO.  Kinetic impactors may also be significantly less effective for objects which are 
essentially loose rubble piles.  Conventional explosives were found to have the lowest 
performance among the impulsive techniques due to their relatively low-energy density. 

Figure 5 illustrates that slow push techniques may be useful for imparting momentum 
changes smaller than 109 kg m/s.  The asteroid tug appears to have significantly greater 
performance than the gravity tractor for a given launch mass, even accounting for pulsed 
operation on a rotating PHO.  The disadvantage of the asteroid tug is the additional 
complexity required to anchor the tug to the NEO, particularly if the PHO structure has 
not been well characterized or the target is rotating very rapidly. 

These figures show that nuclear explosives and kinetic impactors were generally found to 
provide greater potential for momentum transfer per kilogram of payload weight 
delivered to the NEO than other alternatives.  Additionally, these figures illustrate how 
the alternatives might be applied to hypothetical deflection scenarios.  The inclusion of 
actual objects in these scenarios was chosen not because they represent actual impact 
threats, but because they are both publicly known and are representative of classes of 
potential threats.  

The hypothetical scenarios include missions to deflect: 

A. The 330-meter asteroid, Apophis, before its close approach to Earth in 2029.  This 
scenario was divided into two design points:  

A1. For the first, knowing the asteroid’s orbit is assumed and a relatively large 
momentum change is required to deflect the object with the required certainty. 
Apophis must be deflected by at least one Earth radius or about 6,400 km to 
achieve a probability of collision of less than 10-6. 

A2. For the second, very accurate information about the object’s orbit is assumed 
and the impetus necessary to divert the asteroid with certainty is substantially 
reduced.  Apophis must be deflected by at least five km to achieve a 
probability of collision of less than 10-6. 

B. Apophis after the close approach and before the 2036 Earth encounter, assuming a 
predicted collision.   

C. The 500-meter asteroid (VD17) that could be a threat in the year 2102. 
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D. A hypothetical 200-meter asteroid, representative of 100-meter-class asteroids. 

E. A hypothetical asteroid larger than one km in diameter. 

F. A hypothetical long-period comet with a very short time (9-24 months) to impact. 

The approximate performance requirements for each of the scenarios are overlaid on 
Figure 4 for the impulsive techniques and Figure 5 for the slow push methods. 

 

Figure 4. Deflection Performance of Impulsive Alternatives 

 23



 

 

Figure 5. Deflection Performance of Slow Push Alternatives 

 

POTENTIAL BENEFITS TO SCIENCE 

NEOs are primitive bodies, primarily asteroids that probably represent almost the full 
range of material contained in the main asteroid belt of our solar system.  The population 
also contains the nuclei of extinct comets, which likely still reflect the composition of all 
but the most volatile species and still contain a significant inventory of organic 
substances.  The most recent National Academy of Sciences’ Decadal Survey for solar 
system exploration summarizes the key science issues with respect to primitive bodies as 
follows: 

• Where in the solar system are the primitive bodies found, and what range of sizes, 
compositions, and other physical characteristics do they represent? 

• What processes led to the formation of these objects? 

• Since their formation, what processes have altered the primitive bodies? 

• How did primitive bodies make planets? 

• How have they affected the planets since the epoch of formation? 

 
Characterization will certainly provide new information on the sizes, compositions, and 
other physical characteristics of asteroids and comet nuclei.  Information on the material 
of these objects will also provide data to understand alteration processes. 

A wide area search, such as that being proposed for NEOs, will also substantially 
increase the identification of Kuiper Belt Objects (KBOs).  For example, if 10 percent of 
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the observing time on the proposed Dedicated LSST was spent in a KBO search mode, 
roughly 100,000 faint KBOs should be discovered.  An expanded KBO database will 
allow the study of dynamical distributions, further resonances, the existence of a KBO 
demarcation beyond 50 AU, high-eccentricity/high-inclination orbits, size distributions, 
frequency of binary objects and collision rates, chemical compositions and the 
relationship of objects to dust disks around other stars.  The survey will also provide a 
rich database of targets for future space missions. 

Detection surveys such as the proposed Pan-STARRS and LSST provide unique solar-
system science because they are designed to detect and perform follow-up studies of 
moving objects.  Centaurs, Jupiter Family Comets, and certain extinct comets may be 
related through a common origin in the Kuiper Belt.  Dedicated assets will assure that 
appropriate follow-up is carried out over the annual timeframes that are required to 
produce orbits for the slower-moving objects found in the outer solar system.  Thus, a 
collateral result of the NEO survey program could be both the delineation of the structure 
of the Kuiper Belt and the discovery of many new minor planets. 

It also is important to understand what a vigorous characterization effort will not do.  
Characterization to inform deflection missions has not identified a need for sample return 
from either an asteroid or comet.  Asteroid and comet sample-return missions are high 
priorities in the Decadal Survey, but they are not included in the trade space of this study. 
However, a vigorous survey program would identify likely candidates for scientific visits 
for the sample return missions identified as a priority in the Decadal Survey.  Remote 
characterization will allow the most interesting objects to be selected for further scientific 
investigation and will allow the instruments and experiments of these missions to be 
tailored in ways that otherwise would not have been considered.  NEOs are generally 
among the easiest asteroids to visit, and the design of a spacecraft to work in the 
relatively benign environment near one AU offers less cost and risk than a mission to the 
main belt.  A sample return mission to a NEO characterized for a deflection mission will 
carry substantially lower risk than a mission to an object about which much less is 
known. 

POTENTIAL BENEFITS TO EXPLORATION 

There may be future longer-term options for system-level demonstrations that could 
contribute to PHO deflection demonstrations.  These systems, currently in development, 
have considerable mass, precision rendezvous and docking capability, as well as 
considerable performance margin. 

Near-Earth Object Resources 

The study team noted the connection between the goals of the Vision for Space 
Exploration and a program to survey the population of NEOs.  Discovering and exploring 
resources that exist on NEOs may lead to future utilization. 

Human Visits to Asteroids 

The Vision for Exploration directed NASA to extend human presence across the solar 
system, starting with a human return to the Moon by the year 2020, in preparation for 
human exploration of Mars and other destinations.  NEOs are one of those potential 
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"other destinations."  NASA is currently developing a new launch system, the Ares I and 
V launch vehicles, and a new crew exploration vehicle, the Orion.  It is possible that the 
systems used to return humans to the Moon could be used to also visit a NEO.   
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Appendix:  Acronyms and Definition of Terms 

 

Acronym  Description 

AU   Astronomical Unit 
D   Diameter 
ESA  European Space Agency 
FY   Fiscal Year 
HQ   Headquarters 
IEO   Interior Earth Object 
IOC   Initial Operational Capability 
IR   Infrared energy band 
IRTF   InfraRed Telescope Facility 
Isp   Specific Impulse 
JPL   Jet Propulsion Laboratory 
KBO   Kuiper Belt Objects 
L1   First Sun-Earth Lagrange Point 
LEO   Low-Earth Orbit 
LINEAR Lincoln Near Earth Asteroid Research 
LONEOS Lowell Observatory Near-Earth-Object Search 
LSST   Large Synoptic Survey Telescope 
MOID   Minimal Orbital Intersection Distance 
MPC  Minor Planet Center 
NASA   National Aeronautics and Space Administration 
NEAT  Near-Earth Asteroid Tracking 
NEO   Near-Earth Object 
NVO  National Virtual Observatory 
PA&E   Office of Program Analysis and Evaluation 
Pan STARRS  Panoramic Survey Telescope & Rapid Response System 
PHO   Potentially Hazardous Object 
PS   Pan STARRS 
Vis   Visible light band 
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Executive Summary 
Climate change is an unprecedented problem requiring unprecedented global cooperation. However, 

global efforts to reduce greenhouse gas emissions have failed thus far. This report discusses the 

science, politics, and economics of climate change, and what philanthropists can do to help improve 

progress on tackling climate change.  

1. The climate challenge and progress so far 

The first section provides an overview of the science of climate change, what needs to be done in 

order to avoid dangerous warming, and progress so far.  

One can mark the advent of the Industrial Revolution with James Watt’s patent for the steam engine in 

1769. Until that point, for most of human history concentrations of carbon dioxide (CO2) in the 

atmosphere had hovered around 280 parts per million (ppm). They recently passed 400 ppm for the 

first time in hundreds of thousands of years. This has been driven by the massive increase in 

deforestation and the burning of fossil fuels since the Industrial Revolution. CO2 and other greenhouse 

gases, such as methane, remain in the atmosphere and trap some of the heat leaving the planet, 

causing global warming. The metric of CO2-equivalent (CO2e) expresses the warming effect of all 

greenhouse gases in terms of the warming effect of CO2. 

The challenge facing humanity is not to reduce emissions rates to a lower level: if emissions continue 

at a constant (even low) positive rate, atmospheric concentrations of greenhouse gas concentrations 

will continue to increase and so will global temperatures. Thus, we need to reach net zero emissions. 

In other words, unless we start removing CO2 from the atmosphere, eventually there must be no 

emissions from power plants, industry, cars, ships, aeroplanes, or deforestation. Reaching net zero in 

the context of rapidly rising energy demand will be extremely challenging. Progress so far has been 
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poor. Emissions have increased almost unchecked since 1950, with recent increases in large part 

driven by China. The share of low carbon energy has barely increased in the last two decades.  

Most low carbon energy is currently provided by hydroelectric power, nuclear power and sustainable 

biomass. The evidence suggests that all low carbon technologies will be needed to achieve deep 

decarbonisation, including the aforementioned technologies, as well as non-hydro renewables (such 

as solar and wind), energy storage, and carbon capture and storage.  

2. Selecting interventions 

The second section discusses which interventions are likely to provide the greatest impact per dollar 

donated. Problems that are important and tractable are likely to be more cost-effective to work on. 

Important problems affect a large portion of the pie of emissions. Tractable problems are easy to 

make progress on, on the margin. A key determinant of tractability is neglectedness, which depends 

on the attention a problem receives from philanthropists, governments and the private sector. 

Importance and neglectedness are relatively easy to quantify, and we score different interventions 

according to these two criteria. Having scored the interventions, we discuss whether the other factors 

that bear on tractability, aside from neglectedness, are strong enough to affect the overall ranking of 

interventions.  

We evaluate and compare interventions focusing on six technologies and sectors: 

1. Ensuring optimal deployment of solar and wind.  

2. Ensuring optimal energy efficiency 

3. Ensuring optimal deployment of nuclear power.  

4. Ensuring optimal deployment of carbon capture and storage.  
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5. Ensuring optimal investment in low carbon technology innovation.  

6. Ensuring optimal investment in preventing emissions from forestry and land use change. 

We also evaluate interventions focusing on policy in four geographic areas: China, the US, India, and 

the EU. We conclude that carbon capture and storage, nuclear power, low carbon innovation, and 

forestry are the highest value sectors and technologies to work on. Advocacy for solar and wind and 

for energy efficiency are likely to be less cost-effective because they are not neglected. India is the 

highest priority geographic area, though work on the US and China is also likely to impactful.  

This ranking of interventions guided our choice of recommended non-profits.  

3. Charity recommendations 

We have two recommendations for donors interested in climate change: the Coalition for Rainforest 

Nations and the Clean Air Task Force. Both organisations have an exceptional track record and we are 

confident that their future work will have a large impact on greenhouse gas emissions. Both 

organisations are engaged in political advocacy, which is difficult to evaluate but promises high 

leverage. This report evaluates the past counterfactual impact of each organisation at some length. 

Our discussion of their past counterfactual impact may be of methodological interest, as well as of 

substantive interest to the impact-focused philanthropist. 

The Coalition for Rainforest Nations 

The Coalition for Rainforest Nations (CfRN) is an intergovernmental organisation of more than 50 

rainforest nations which works to promote environmental sustainability while creating opportunities 

for economic advancement within tropically forested developing countries. It was founded in 2004 by 

the Prime Minister of Papua New Guinea and the President of Costa Rica. CfRN participating countries 

http://www.rainforestcoalition.org/Default.aspx
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collaborate voluntarily in jointly developed initiatives led by the CfRN Secretariat headquartered in 

New York.  

We believe that CfRN has had an extremely large positive impact on climate change by playing a 

pivotal role in establishing a global agreement on deforestation in UN climate change treaties. 

Beginning in 2005, CfRN launched and championed a mechanism known as Reducing Emissions from 

Deforestation and Forest Degradation (REDD+) in the United Nations Framework Convention on 

Climate Change (UNFCCC). Under REDD+, developing countries are provided with results-based 

compensation for preventing deforestation and degradation, and for conserving and enhancing 

carbon stocks.  

Thanks in large part to CfRN, REDD+ was enshrined in Article 5 of the 2015 Paris Agreement. Forestry is 

the only sector with its own article. Having helped to establish REDD+ in global climate agreements, 

CfRN now focuses on consolidating and implementing REDD+, and on increasing public and private 

funding for REDD+.  

Overall, CfRN is a unique donation opportunity because of its status as an intergovernmental 

organisation and its ability to leverage international forestry policy. 

The Clean Air Task Force 

The Clean Air Task Force (CATF) is a US-based non-government organisation which works to reduce 

climate and non-climate pollutants through research and analysis, public advocacy leadership, and 

partnership with the private sector. It was founded in 1996 with the aim of enacting federal policy 

reducing the air pollution caused by American coal-fired power plants. This campaign has been highly 

successful and has been a contributing factor to the retirement of a large portion of the US coal fleet. 

They have conceived and co-led numerous other successful campaigns, helping to establish CO2 

http://www.catf.us/
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controls on the US power sector; regulations of diesel emissions; regulations of shipping emissions; 

and regulations of methane emissions from oil and gas production.  

CATF’s role in the environmental NGO ecosystem has often been to focus on sources of emissions that 

are neglected by other environmental NGOs, to conceive and design pragmatic campaigns to target 

those emissions, and to crowd in support from philanthropists and other larger environmental NGOs. 

CATF also produces high quality research, which is well regarded among the philanthropists, 

scientists, policy experts, and government bureaucrats that we have spoken to.  

We have evaluated three of CATF’s past projects: 

1. Power Plant Campaign and Clear the Air: non-climate pollutants (1996 – 2006).  

2. The Methane Partners Campaign (2000 – present). 

3. Campaign for tax incentives for carbon capture and storage (2009 – present)  

For all of these successful projects, CATF played a catalytic role in campaign conception, and in 

leading the campaigns.  

CATF’s current primary focus is on scaling up the rapid deployment of the low carbon technologies 

required for deep decarbonisation, with a particular focus on technologies that are important but 

neglected by environmental NGOs and governments. Overall, CATF is an outstanding organisation, 

which has shown the ability to achieve outsized impact on a relatively small budget. 
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1. Overview of Climate Change 

1.1. The causes of climate change 

One can mark the advent of the Industrial Revolution with James Watt’s patent for the steam engine in 

1769. Until that point, for most of human history concentrations of carbon dioxide (CO2) in the 

atmosphere had hovered around 280 parts per million (ppm).1 They recently passed 400 ppm for the 

first time in hundreds of thousands of years: 

Figure 1.1. 

 

Globally averaged atmospheric greenhouse gas concentrations 1850-2014 

 

 
Source: Intergovernmental Panel on Climate Change (IPCC), Synthesis Report 2014, Figure SPM.1. 

 

Figure 1 also shows that concentrations of two other greenhouse gases, methane (CH4) and nitrous 

oxide (N20), have increased significantly. One can express the warming effect of all greenhouse gases 

in terms of CO2-eqivalent (CO2e), where ‘equivalent’ means “having the same warming effect over 100 

 
1 David MacKay, Sustainable Energy - without the Hot Air, 2009, 6. 
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years”.2 For example, a tonne of methane causes around 28 times as much warming as a tonne of CO2 

over the course of a century, so a tonne of methane is worth 28 tonnes of CO2e.3 It will be useful to 

bear in mind the distinction between CO2 and CO2e in what follows.  

Around two thirds of the unprecedented increase in CO2 emissions was driven by a massive increase 

in the burning of fossil fuels, especially after 1950. The remaining third of the increase was driven by 

deforestation and changes in land use.4  

 
2 The choice of timeframe is controversial and implies a value judgement. Some greenhouse gases are much more potent 
over shorter timeframes. Most importantly, over the course of 20 years, methane is 87 times more potent.  
3 IPCC, Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate Change (Cambridge University Press, 2014), 87. 
4 “From 1750 to 2011, CO2 emissions from fossil fuel combustion and cement production have released 375 [345 to 405] GtC 
to the atmosphere, while deforestation and other land use change are estimated to have released 180 [100 to 260] GtC. This 
results in cumulative anthropogenic emissions of 555 [470 to 640] GtC.” Note that GtC is a Gt of carbon, which is different 
GtCO2 – 1 GtC is equivalent to 3.667 GtCO2.  IPCC, Climate Change 2013: The Physical Science Basis: Working Group I 
Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (Cambridge University Press, 
2013), 12. 
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Figure 1.2. 

 

Global anthropogenic CO2 emissions 1850-2014 

 

Source: IPCC, Synthesis Report 2014, Figure SPM.1. 
 
 

CO2, along with other greenhouse gases such as methane, absorb heat heading out from the Earth 

and reemit it in a random direction; the effect of this random redirection of the atmospheric heat 

traffic is to return some energy to the planet causing the temperature to increase, just like a quilt.5  So, 

greenhouse gases have a warming effect.  

Due to an ever-stronger greenhouse effect, average temperatures have risen beyond what one would 

expect due to natural variation:  

 
5 David MacKay, Sustainable Energy - without the Hot Air, 10. 
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Figure 1.3.  

 

Reconstructed global temperature over the last 2000 years 

 

 

Source: IPCC, The Physical Science Basis, 2013: p. 409  
 
 

The best visualisation of the magnitude and speed of recent temperature change in the context of 

human history is available here. Global temperatures in the past decade have been warmer than 

during ~75% of the last 11,300 years, known as the Holocene, an era in which human societies have 

flourished.6 On all plausible emissions scenarios, global temperature will exceed Holocene 

temperatures by 2100.  

 
6 Shaun A. Marcott et al., “A Reconstruction of Regional and Global Temperature for the Past 11,300 Years,” Science 339, no. 
6124 (March 8, 2013): 1198–1201, https://doi.org/10.1126/science.1228026. 

https://xkcd.com/1732/
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1.2. The costs of climate change 

The eventual costs of climate change are dependent on: 

• How large greenhouse gas emissions will be 

• How much climate change they will cause 

• How much damage this would do 

After the Paris Agreement, political actors have tried to account for these factors with the idea of the 

carbon budget. This idea masks uncertainty about the eventual magnitude of warming.  

The carbon budget 

At the Paris Agreement, the international community agreed for the first time to limit global warming 

to below 2°C in 2100. To have a >66% chance of doing this, our best estimates suggest that we cannot 

emit more than 900 GtCO2e by the end of the century.7 Thus, by convention, our remaining “<2°C 

carbon budget” is 900 GtCO2e. In 2016, we emitted around 50 GtCO2e. If this continues, we will use 

up our 2°C carbon budget by 2040.  

Governments across the world have made various pledges and promises supposed to be in 

accordance with the <2°C goal of the Paris Agreement. Even if we take these at face value, the world 

will emit around 2900 GtCO2 by the end of the century, more than treble the <2°C carbon budget.8  

 
7 “Limiting the warming caused by anthropogenic CO2 emissions alone with a probability of... >66% to less than 2°C since the 
period 1861–1880, will require cumulative CO2 emissions from all anthropogenic sources to stay between... 0 and about 1000 
GtC (3670 GtCO2) since that period... These upper amounts are reduced to... 790 GtC (2900 GtCO2), respectively, when 
accounting for non-CO2 forcings as in RCP2.6.” (Emphasis added). A ‘forcing’ is a warming or cooling effect. IPCC, Climate 
Change: The Physical Science Basis, 27. 
8 Joeri Rogelj et al., “Paris Agreement Climate Proposals Need a Boost to Keep Warming Well below 2 °C,” Nature 534, no. 
7609 (June 30, 2016): 635, https://doi.org/10.1038/nature18307. 
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Catastrophic risk 

Although widely accepted in political agreements about climate change, the idea of the ‘carbon 

budget’ masks significant uncertainty. It only tells us the amount of greenhouse gases we can emit to 

have a 66% chance of staying below a certain threshold, which still leaves a sizeable 34% chance of 

exceeding that threshold: greater than the ex ante chance of Donald Trump winning the 2016 US 

election.9  

On the ‘pledges and promises’ trajectory mentioned above, we will probably end up with around 3°C 

of warming by 2100. But according to some IPCC models, we will also be left with a worryingly high 

~8% chance of >6°C of eventual warming.10 This probability would continue to increase as emissions 

increase beyond 2100. Warming of this magnitude would be catastrophic. It would, for example, 

render most of the tropics almost uninhabitable and lead to enormous agricultural disruption.  

How much damage would warming do? 

Under most emissions scenarios, global warming is likely to impose substantial costs on human 

society. The costs are unevenly distributed and most likely to fall on the global poor due to their 

geographical location and their relatively low standard of living. Sea level is expected to rise by half a 

metre to a metre by 2100 and continue to rise beyond that, threatening coastal cities and island 

nations.11 Perhaps the most serious threat to human welfare posed by climate change is that it would 

dry out dry areas and increase precipitation in wet areas, thereby reducing agricultural productivity.12  

 
9 https://projects.fivethirtyeight.com/2016-election-forecast/  
10 Gernot Wagner and Martin L. Weitzman, Climate Shock: The Economic Consequences of a Hotter Planet (Princeton: 
Princeton University Press, 2015), 54. 
11 IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability: Summary for Policymakers (Cambridge University 
Press, 2014), 63. 
12 IPCC, Climate Change Synthesis Report, 69. 

https://projects.fivethirtyeight.com/2016-election-forecast/
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The impacts of warming of >4°C are understudied, which is surprising given the probability of this 

level of warming by 2100 (>10% on current pledges and promises). As discussed, warming of >4°C 

would likely render much of the tropics uninhabitable, and would lead to multi-metre sea level rise 

over the course of millennia.13 All of these changes could in turn severely destabilise the global 

political order. Unprecedented mass migration could be an especially important driver of political 

conflict. 

1.3. The climate challenge: net zero 

The crucial point to realise about climate change is that the challenge is to get to net zero emissions; it 

is not to stabilise emissions rates or cut the rate of emissions to a lower but still positive level. Because 

the warming effect of CO2 persists for 1,000 years after it is emitted,14 if emissions are positive to any 

extent, atmospheric concentrations will continue to rise. In this way, the atmosphere is like a bathtub. 

Simplifying the system a great deal: there are two taps – one for natural emissions and one for man-

made emissions – and a drain – the planet’s ability to absorb that pollution in the oceans, forests and 

so on.15 When the man-made emissions tap is switched off, the flows from the natural emissions tap 

and the drain are almost exactly in balance. However, when the man-made emissions tap is switched 

on, the bathtub fills up. This is true even if man-made emissions are stabilised at a constant level and 

even if that constant level is very low. Thus, to stop atmospheric concentrations from rising, the tap 

needs to be switched off completely – man-made emissions need to be reduced to net zero.  

 
13 David King et al., “Climate Change–a Risk Assessment” (Centre for Science Policy, University of Cambridge, 2015), 
www.csap.cam.ac.uk/projects/climate-change-risk-assessment/; Peter U. Clark et al., “Consequences of Twenty-First-
Century Policy for Multi-Millennial Climate and Sea-Level Change,” Nature Climate Change advance online publication 
(February 8, 2016), https://doi.org/10.1038/nclimate2923. 
14 Susan Solomon et al., “Irreversible Climate Change due to Carbon Dioxide Emissions,” Proceedings of the National 
Academy of Sciences 106, no. 6 (February 10, 2009): 1704–9, https://doi.org/10.1073/pnas.0812721106. 
15 Wagner and Weitzman, Climate Shock, 15. 
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In other words: unless we go through the probably very expensive process of removing CO2 from the 

atmosphere, all emissions from power plants, industry, cars, trucks, planes, ships and deforestation 

need to be stopped completely. 

By 2050, in order to avoid very bad climate outcomes, energy-related emissions must be reduced by 

50-90%: there must be deep decarbonisation of our energy system.16 Over this period, the global 

population is expected to grow by two to three billion. In 2016, >1.2 billion people had no access to 

electricity.17 As these people escape poverty, their energy demand is sure to grow significantly, along 

with the energy demand of billions of others. Due to these factors, global energy demand is projected 

to increase by 50% or more by 2050.18 Reaching net zero in this context will be extremely challenging.  

The geographical distribution of emissions 

Over the last two decades, there has been an enormous increase in emissions mainly driven by China 

and land use change: 

 
16 “A variety of recent studies conclude that avoiding extreme climate change outcomes may require near-total 
decarbonization of the world’s energy system during this century, with 50–90% reductions in energy-related CO2 emissions 
required by 2050.” Peter J. Loftus et al., “A Critical Review of Global Decarbonization Scenarios: What Do They Tell Us about 
Feasibility?,” Wiley Interdisciplinary Reviews: Climate Change 6, no. 1 (January 1, 2015): 93, https://doi.org/10.1002/wcc.324. 
17 B. P. Heard et al., “Burden of Proof: A Comprehensive Review of the Feasibility of 100% Renewable-Electricity Systems,” 
Renewable and Sustainable Energy Reviews 76 (September 1, 2017): 1124, https://doi.org/10.1016/j.rser.2017.03.114. 
18 “We calculated the median of all 28 scenarios in ten-year steps from 2000. Primary energy consumption in 2050 for the 
scenarios ranges from 535 EJ for the US Climate Change Science Program IGSM Level 1 scenario (1.2% below the actual 
primary energy consumption figure for 2014) to 1431 EJ (165% above 2014 actual primary energy). The median is 805 EJ 
(+49% above 2014).” An EJ is an Exajoule – one quintillion joules. Global primary energy demand is currently around 550 EJ. 
Heard et al., 1125–26. 
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Figure 1.4.  

 

All greenhouse gas emissions (left), only CO2 emissions (right) since 1970    

 
 

 
Source: United Nations Environment Programme, The Emissions Gap Report 2017, p.4. 
 
 

Although emissions stabilised between 2014 and 2016, they increased again in 2017.19  As Figure 1.4 

illustrates, China, the US, the EU, and India currently produce the majority of CO2e emissions. 

Emissions per head tend to be much higher in rich countries than poor countries. Monthly emissions 

per head in rich countries are usually higher than the yearly emissions per head in poorer countries.20  

 
19 https://www.cicero.uio.no/no/posts/klima/global-co2-emissions-likely-to-rise-in-2017  
20 https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions  

https://www.cicero.uio.no/no/posts/klima/global-co2-emissions-likely-to-rise-in-2017
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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The sectoral distribution of emissions 

It is also useful to consider the sectoral sources of emissions. Electricity is just one contributor to 

emissions among others. Coal and gas plants produce electricity that powers our homes and 

industries, and emits CO2 in the process, but there are other major energy-based contributors to 

emissions that do not stem from electricity use, such as oil for transport, and the production of 

industrial heat for goods such as cement and steel. In addition to energy-based emissions, the 

emissions from agriculture and deforestation are also substantial. Figure 1.5 breaks down the sources 

of emissions into different sectors – at present electricity and heat contributes only 25% of global 

emissions.  



 
 

 

 

 
21 — Founders Pledge Climate Change             
                 

Figure 1.5.  

 

Greenhouse gas emissions by sectors. (AFOLU = agriculture, forestry and other land use) 

 

 

 

 
Source: IPCC, Mitigation of Climate Change 2014, p.9.  
 
 

 

The electricity sector will be the easiest to decarbonise. Once electricity is decarbonised, it would 

then make sense to electrify transport and industry extensively. However, large portions of some of 

these sectors, including parts of industry, heavy duty transport, and air travel cannot be electrified. In 

these sectors, we need to explore options outside electrification.  
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1.4. Deep decarbonisation: progress so far and future prospects 

Throughout recent history, fossil fuels have dominated global energy production:   

Figure 1.6.  

 

World total primary energy supply from 1971 to 2015 by fuel (million tonnes of oil equivalent) 

 

 
 
Source: IEA, Key World Energy Statistics, 2017, 6 
 
 

Figure 1.6 illustrates two notable points. Firstly, global climate policy has thus far been a failure. The 

share of low carbon energy (nuclear, hydro, some biofuels, and ‘other’) has barely increased over the 

last two decades. Secondly, solar and wind energy (included in ‘other’) at present supply only a tiny 

fraction of global energy. They will certainly provide a greater share in the future, but it is important to 

be clear on progress to date.  
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This being said, the historical record at least suggests that decarbonised electricity (not entire energy) 

systems are possible, as demonstrated by: 

• Countries or regions with enough hydroelectric or geothermal power to cover their needs (e.g. 

Norway, Iceland, Uruguay, southern parts of Brazil, regions of Canada, south island of New 

Zealand, etc). 

• Countries or regions reliant on nuclear power (Ontario, France, and Sweden). 

For data on the technology mix in electricity supply across the world, see this interactive map. 

Hydroelectric and geothermal power are not a scalable or viable solution for most countries.21 

Consequently, countries need to explore other low carbon technologies. Those available at present 

are: non-hydro renewables (solar and wind power), some biofuels, nuclear power, and fossil fuels with 

carbon capture and storage. Each of these technologies has advantages and disadvantages. In our 

view, the evidence strongly suggests that all low carbon technologies will be necessary for deep 

decarbonisation at reasonable cost.22  

IPCC integrated assessment models have been used to assess the role of different technologies in 

future energy systems under specific emissions budgets and cost constraints. According to these 

models, all low carbon technologies must scale up rapidly over the next thirty years if we are to meet 

our climate targets. Figure 1.7 shows the increase in energy supplied by various technologies in 

scenarios compatible with staying within our 2°C carbon budget within economic constraints.  

 

 
21 One possible exception to this is advanced geothermal, which is geographically ubiquitous but has not yet been explored. 
22 Loftus et al., “A Critical Review of Global Decarbonization Scenarios”; Heard et al., “Burden of Proof”; Jesse Jenkins and 
Samuel Thernstrom, “Deep Decarbonization of the Electric Power Sector: Insights from Recent Literature” (Energy Innovation 
Reform Project, March 2017). 

https://www.electricitymap.org/?wind=false&solar=false&page=country&remote=true&countryCode=BR-CS
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Figure 1.7.  

 

The role of different energy technologies in global energy systems compatible with a decent chance 
of staying below 2°C, for policy starting in 2010, 2020 and 2030.  

 
  

 
Source: Peters et al, “Key indicators to track current progress and future ambition of the Paris Agreement”, Nature Climate 
Change, 2017: Supplementary Information, pp. 6-7.23 
 
 

 
23 Bioenergy plays such a prominent role because almost all IPCC models assume massive future deployment of bioenergy 
with carbon capture and storage (BECCS). Deployment of BECCS on the scale required is extremely implausible. See Sabine 
Fuss et al., “Betting on Negative Emissions,” Nature Climate Change 4, no. 10 (October 2014): 850–53, 
https://doi.org/10.1038/nclimate2392; Phil Williamson, “Emissions Reduction: Scrutinize CO2 Removal Methods,” Nature 
530, no. 7589 (February 10, 2016): 153–55, https://doi.org/10.1038/530153a. 
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These models are of course somewhat crude and aggregated, but they nevertheless indicate that, 

according to the scientific consensus at the moment, all low carbon technologies must be scaled up 

enormously if we are to decarbonise fast enough to have a decent chance of staying below 2°C.  

With the background on climate change clarified, we can now look at what philanthropists can do to 

help improve progress on reaching net zero.   
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2. Interventions: What Works? 
Experience with renewables deployment advocacy suggests that carefully deployed philanthropic 

money can have a large impact on climate policy. The challenge for the philanthropist is choosing 

where to direct their donations. This is a difficult decision because climate change is a hugely 

complicated problem, and there are many diverse options available. Some possible interventions 

include: 

• Advocacy for renewable energy subsidies 

• Advocacy for subsidies for other low carbon technology 

• Advocacy for a carbon tax 

• Research into solar geoengineering 

• Direct funding of R&D into low carbon energy 

• Advocacy for R&D into low carbon energy 

• Funding direct forest conservation projects 

• Advocacy for forest conservation in Brazil and Indonesia 

• Etc. 

In this chapter, we present a formal quantified framework to help select between different 

interventions within climate change. Interventions that are important, neglected, and tractable are 

likely to be more cost-effective to support. This framework is especially useful when we lack direct 

information on cost-effectiveness.  

Readers wishing to skip the methodological discussion should skip straight to section 2.3. Applying 

the ITN framework to climate change interventions. Readers wishing to skip to the final selection of 

interventions should skip straight to section 2.3.2. Final intervention selection for technologies and 

sectors. 
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2.1. The Importance, Tractability, and Neglectedness framework 

In this section, we will set out a quantified version of the Importance, Neglectedness and Tractability 

(ITN) framework. Quantification of these factors is important because it protects against the intuitive 

bias of scope neglect, incentivises evidence gathering, and clarifies the source of disagreements.  

Background for the ITN framework 

Ultimately, we care about marginal cost-effectiveness, which is a product of importance and 

tractability, defined in the following way: 

Importance = Good done / % of problem solved 

Marginal tractability = % of problem solved / marginal dollar 

More informally, importance concerns how good it would be to solve the problem, whereas 

tractability concerns how much of the problem is solved for an additional unit of resources. Neglected 

problems are those that receive few resources or attention. Defined in this way, neglectedness only 

matters insofar as it affects tractability. Neglected problems are likely to be more tractable because 

they have not yet reached diminishing returns; for problems that already receive a large amount of 

money, the ‘low-hanging fruit’ may already have been taken. It is useful to evaluate neglectedness 

separately from the other factors bearing on tractability because neglectedness is much easier to 

quantify. The most uncertain part of any ITN analysis is the assessment of the other factors, aside from 

neglectedness, that bear on tractability.  

Our scoring process proceeds in three phases. Firstly, we produce the scores on importance and 

neglectedness. We then aggregate the scores to get the ratio of (importance of the problem)/(current 

spending on the problem). This is indicative of how promising a cause area is.  
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As we will see, candidate climate change interventions vary by a factor of ten or more in terms of 

these criteria. For example, non-philanthropic spending on renewables is around 20 times greater 

than spending on forestry. When the numbers differ by this much, it is easier to use a logarithmic 

scale to rate each component.24 We can structure the scoring such that every two points we add to a 

problem means that it is 2x more important or neglected. For instance, if we give one problem a 

neglectedness score of 4 and another of 6, then we mean the second one is 2 times more neglected. 

Using a logarithmic scale for each component also means that rather than having to 

multiply importance and neglectedness we can simply add them together. This is because log(AB) = 

log(A) + log(B). 

Having completed the second phase, we proceed to assess the other factors, aside from 

neglectedness, that bear on tractability. 

Assessing importance 

Definition: If we solved this problem how much would the impact of climate change be 

reduced, or what would be the effect on greenhouse gas emissions? 

Other things equal, it is better to work on interventions that affect a larger slice of the pie of 

emissions. For instance, should we focus on unplugging our phone chargers or driving less? All the 

energy saved by unplugging one’s phone charger for a day is used up in one second of car driving.25 

This suggests that focusing on reducing driving would be more impactful, other things equal.  

We will use the following rubric to quantify the scope of the impact of different interventions on 

greenhouse gas emissions until 2050. As we will see, the scope of the impact of some interventions 

 
24 80,000 Hours, “How to Compare Different Global Problems in Terms of Impact,” 80,000 Hours, accessed December 20, 
2017, https://80000hours.org/articles/problem-framework/. 
25 David MacKay, Sustainable Energy - without the Hot Air, 68. 
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differs by more than a factor of four. So, it will be useful to use a logarithmic scale such that every two 

points counts for a doubling of cumulative emissions averted.  

Points  If we solved the problem, how good would it be in terms of GtCO2e? 

12 512 GtCO2e 

10 256 GtCO2e 

8 128 GtCO2e 

6 64 GtCO2e 

4 32 GtCO2e 

2 16 GtCO2e 
 

To put these numbers in context, on current policies, average annual emissions until 2050 are 

projected to be around 55Gt of CO2e,26 implying cumulative emissions of (30*55) = 1,650GtCO2e.  

We focus on the emissions until 2050 for several reasons. It is important to focus on emissions not just 

next year but in the next few decades because emissions until 2050 obviously comprise a greater 

share of eventual cumulative emissions. It therefore makes sense to focus on the effect interventions 

will have over this timeframe. Ideally, we would estimate the effect of interventions on all future 

emissions, and not just those to 2050. However, this would make the projections involved in 

estimating importance, tractability and neglectedness considerably more uncertain. Moreover, 

relevant data for the 2050 time horizon is more easily available. In addition, we do not believe that 

focusing on the 100 year timeframe would affect which interventions we chose to investigate further.  

 
26 http://climateactiontracker.org/global.html  

http://climateactiontracker.org/global.html
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Assessing neglectedness 

Definition: How many resources currently are or have previously gone towards solving the 

problem?  

Importance isn’t all that matters. A problem could be very important but already receive enormous 

amounts of resources. If so, it is likely that we will have reached diminishing returns, and the best 

opportunities to do good have already been taken.27 This is another way of saying that neglected 

problems are likely to be more tractable, on the margin.   

We believe that, from the point of view of the philanthropist, special weight should be given to 

philanthropic neglectedness, as opposed to government or private neglectedness. This is because 

there are some activities that philanthropists can carry out, but governments and others cannot, such 

as political advocacy. If an intervention is philanthropically neglected, there is more scope for 

successful philanthropic campaigns on that intervention.  

This suggests that there is a case for giving special weight to philanthropic neglectedness when one is 

assessing the effectiveness of philanthropic spending. One way to capture this is to provide an 

independent score for philanthropic and non-philanthropic neglectedness and give a weighting to the 

scores on philanthropic and non-philanthropic neglectedness.  

Data on philanthropic support for different interventions is limited. The best data source we have 

found is from Nisbet (forthcoming), which reviews spending on climate and energy from 19 major US 

philanthropies from 2011-15. Nisbet provides the following pie chart on philanthropic spending by 17 

major US philanthropists on climate and energy from 2011-2015: 

 
27 This is assuming that the money has been spent in a roughly rational way.  
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Figure 2.1.  

 

Spending on climate and energy by 19 major US philanthropists from 2011-15 

 

Source: Matthew C. Nisbet, (forthcoming) ‘Strategic Philanthropy in the Post Cap-and-Trade Years: Reviewing U.S. Climate 
and Energy Foundation Funding’, Wiley Interdisciplinary Reviews Climate Change 
 
 

The note accompanying the chart states: 

“Based on analysis of 2,502 publicly reported grants available as of Spring/Summer 2016 which 

were distributed between 2011 and 2015 by 19 major environmental grant makers totalling 

$556,678,469. *Low carbon energy technologies include funding to make natural gas 

generation cleaner/safer ($8.3 million); to evaluate carbon capture and storage ($1.3 million); 

and to promote the role of government in fostering innovation ($673,000). No grants were 
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focused on promoting nuclear energy, though $175,000 in grants were devoted to opposing 

nuclear energy for cost and safety reasons.”28 

This data only tells us about spending among some US philanthropists, but we think that it is likely to 

be broadly representative of global philanthropic spending on climate. Here, neglectedness is scored 

using the data from Nisbet (forthcoming). It should be borne in mind that this is not an estimate of 

total global philanthropic spending on different interventions.   

We can therefore use the following rubric to measure philanthropic neglectedness: 

Points How many philanthropic resources are already going 

to this problem 

16 $2m 

14 $4m 

12 $8m 

10 $16m 

8 $32m 

6 $64m 

4 $128m 

2 $256m 

Non-philanthropic neglectedness is also relevant to how much progress philanthropic campaigns are 

likely to make. If an area already receives very large amounts of government or private money, then 

 
28 Matthew C. Nisbet, “Strategic Philanthropy in the Post Cap-and-Trade Years: Reviewing U.S. Climate and Energy 
Foundation Funding. Working Paper” (Boston, MA; Northeastern University, 2018). 
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there will be diminishing returns to government or private spending. Since philanthropic money 

usually has impact by affecting government or private spending, this suggests that there will also be 

diminishing returns to philanthropic spending on these areas.  

It is much easier to get data on non-philanthropic neglectedness, including government and 

commercial spending. According to the United Nations Biennial Assessment and Overview of Climate 

Finance (UN BA), total global climate finance in 2014 was $930bn.29   

We can therefore use the following rubric to measure non-philanthropic neglectedness: 

 

Points How many philanthropic resources are already going 

to this problem 

16 $4bn 

14 $8bn 

12 $16bn 

10 $32bn 

8 $64bn 

6 $128bn 

4 $256bn 

2 $512bn 

 
29 UNFCCC Standing Committee on Finance, “Biennial Assessment and Overview of Climate Finance Flows,” 2016, 56, 
http://unfccc.int/cooperation_and_support/financial_mechanism/standing_committee/items/10028.php. 
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Aggregating the scores so far 

As discussed earlier, because these rubrics use a logarithmic scale, we can add together the scores an 

intervention receives on each one. We assume here that philanthropic neglectedness and non-

philanthropic neglectedness should receive equal weight when determining tractability. This is 

potentially controversial, though we do not believe that other plausible rankings would affect the 

overall ranking of interventions.  

Suppose an intervention would avert 128Gt of CO2e, receives $8m from philanthropists, and $128bn 

from governments and the private sector. In that case, the intervention would receive (8 + 0.5*(4 + 6)) 

= 13 points. This score tells us how much money is going into the problem relative to its importance: 

an important problem that receives no money would score highly, whereas a trivial problem that 

receives enormous amounts of money would score poorly. If intervention A receives a combined 

score 2 points greater than intervention B, this indicates that intervention B should receive twice as 

much money (provided there are not other factors that make it intractable on the margin (aside from 

neglectedness)). 

There is uncertainty about importance and neglectedness, as well as about the other factors bearing 

on tractability. It is therefore best to use a margin for error to help select between scored 

interventions. We think uncertainty about importance would drive most of the uncertainty about the 

quantified scores. With respect to climate change interventions, we would not usually expect the 

importance estimate to be wrong by a factor of two in either direction, suggesting the margin for error 

should be ±4 points. There is also uncertainty about neglectedness, though we believe uncertainty 

here is lower and that this justifies adding a further two points to the margin for error. Thus, we think a 

reasonable margin for error is ±6 points.  
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Assessing other factors that bear on tractability 

Neglectedness is not the only factor that affects tractability. The invention of a perpetual motion 

machine would be extremely valuable and is very neglected, but also appears to be impossible. 

Therefore, extra work on this problem is unlikely to be valuable. Thus, other factors aside from 

neglectedness also bear on tractability.  

These other factors determine the shape of the ‘returns to philanthropic investment’ curve. When 

there are diminishing marginal returns, the returns curve will look roughly like Figure 2.2.  

Figure 2.2.  

 

Diminishing marginal returns to investment 

 
 

The importance metric tells us how good it is to move up the y-axis, that is, how good it is to solve a 

percentage of the problem. Neglectedness tells us where we are on the x-axis – it tells us how many 

resources have already gone into a problem. What we don’t know at this stage is the shape of the 

returns curve. To know this, we would need to have direct information about marginal cost-
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effectiveness. Since we lack this information, at this stage it makes more sense to use reasonable 

heuristics to help narrow down interventions.  

Once we have taken the 6 point margin for error into account, the question we need to ask is: are the 

other factors that affect marginal tractability significant enough to justify investigating a lower scoring 

intervention further? Several factors bear on the tractability of climate change interventions, 

including:  

• The financial cost to the government of spending money on the problem 

• The degree of political support for and opposition to an intervention 

• The quality of alternatives to the interventions 

To avoid double-counting neglectedness, we need to ‘control for’ neglectedness when assessing the 

other factors that affect tractability.30 Suppose we are comparing two interventions which are equally 

important, but intervention A receives $100m and intervention B receives $5m. If we asked how easy 

it would be to make progress on each problem given their current level of neglectedness, we would 

be double counting the diminishing marginal returns consideration. Thus, when assessing the other 

factors bearing on tractability, we need to ask: if intervention A and B both received $5m from other 

actors, would it be easier to make progress on A rather than B by spending additional resources on A 

and B? If we answer ‘no’, then B is a more cost-effective problem to work on: there is no reason to 

think that the other factors bearing on tractability are significant enough to overcome B’s superiority 

in terms of importance *neglectedness.  

 
30 Robert Wiblin, “The Important/Neglected/Tractable Framework Needs to Be Applied with Care,” Effective Altruism Forum, 
January 2016, http://effective-altruism.com/ea/ss/the_importantneglectedtractable_framework_needs/. 
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The other factors bearing on tractability are much more difficult to quantify than neglectedness. 

Ultimately, we need to make a judgement call about whether the other factors bearing on tractability 

are significant enough to overcome large and robust difference in terms of importance 

*neglectedness. 

Collated ITN Tables 

For the reader’s convenience, the ITN rubrics are collected below: 

Importance 

Points If we solved the problem, how good would it be in terms of GtCO2e? 

12 512 GtCO2e 

10 256 GtCO2e 

8 128 GtCO2e 

6 64 GtCO2e 

4 32 GtCO2e 

2 16 GtCO2e 
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Philanthropic neglectedness 

Points How many philanthropic resources are already going to this problem31 

16 $2m 

14 $4m 

12 $8m 

10 $16m 

8 $32m 

6 $64m 

4 $128m 

2 $256m 

 
31 According to Nisbet (forthcoming) 
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Non-philanthropic neglectedness 

Points How many non-philanthropic resources are already going 

to this problem? 

16 $4bn 

14 $8bn 

12 $16bn 

10 $32bn 

8 $64bn 

6 $128bn 

4 $256bn 

2 $512bn 

 

2.2. Applying the ITN framework to climate change interventions 

Having set out the ITN framework, we can now apply it to different candidate interventions within 

climate change. We will divide possible interventions into two categories: firstly, those that target 

specific technologies and sectors, and secondly those that target policy in particular countries and 

regions. These interventions are cross-cutting: one could target particular technologies and sectors in 

particular countries. Readers wishing to skip straight to the final scores should go straight to section 

2.3.2. Final intervention selection for technologies and sectors.  

Guided by the 2014 IPCC mitigation book, and other climate policy papers, we have decided to 

evaluate the following interventions. (We discuss other possible interventions and why they are not 

evaluated here in Appendix 5. Other Possible Interventions).  
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1. Ensuring optimal deployment of solar and wind energy  

2. Ensuring optimal energy efficiency 

3. Ensuring optimal deployment of nuclear energy  

4. Ensuring optimal deployment of carbon capture and storage32  

5. Ensuring optimal investment in low carbon technology innovation 

6. Ensuring optimal investment in preventing emissions from forestry and other land use 

With respect to particular geographies, we discuss the countries and regions that will produce the 

greatest amount of emissions from now until 2050.  

7. Climate policy in China 

8. Climate policy in the United States  

9. Climate policy in the EU 

10. Climate policy in India 

The intervention assessments of these countries and regions are comparable to one another, but due 

to lack of data, they are not comparable to the intervention assessments of the technologies and 

sectors.  

Most of these interventions can only be approached in a very indirect way, though research or 

through political advocacy. In general, within climate change there are few direct interventions which 

 
32 The technologies mentioned in interventions 1,3 and 4 can be supported through policies to encourage deployment of 
existing technology or through innovation policy. The intervention evaluations 1,3 and 4 focus on encouraging these 
technologies with non-innovation focused policies. Intervention 5 focuses on innovation policy for all technologies that 
might help with decarbonisation.  
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promise high cost-effectiveness. We will now apply the ITN framework to each of these interventions 

and provide an overall ranking which will help to guide our charity search.  

Providing accurate figures on each of these is an involved task. For example, to assess the scale of the 

impact of optimal renewables deployment, we need to assess what portion of future energy 

renewables should provide. This is an uncertain and controversial issue. Indeed, many of the 

calculations we make for each intervention are rough and “back of the envelope”. It will be important 

to bear in mind this uncertainty in what follows. Nevertheless, this process will be informative insofar 

as it reveals large and robust differences between some interventions in terms of the ITN criteria.   

We will discuss the other factors bearing on tractability in section 2.2.2.  

2.2.1. Technologies and sectors  

In this section, we evaluate action on the technologies and sectors listed above.  

Ensuring optimal deployment of solar and wind energy  

Renewable energy sources include hydroelectric power, wind power, solar photovoltaic, solar 

thermal, tidal power, geothermal, and sustainable biomass (such as wood). In the absence of a carbon 

price, many governments have encouraged wind and solar deployment through policy instruments 

such as subsidies and regulations. Many environmental groups advocate for continued and increased 

political support for renewable energy deployment, especially wind and solar energy.  

Importance 

To estimate the potential scale of the impact of political support for wind and solar energy, we need to 

estimate the future role they could play in a decarbonised electricity system. As noted in section 1.4, 

solar and wind currently supply only a small fraction of global energy. The costs of wind and solar 

power have declined significantly over the last few decades and are now cost competitive with fossil 
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fuels and nuclear in many places.33 Wind and solar will therefore undoubtedly play a major role in 

future electricity systems.  

The main downside of wind and solar power is intermittency. The aim of the power system is to match 

demand with supply, but for periods of hours and days at a time, wind and solar produce significant 

oversupply and undersupply. In our view, this means that it is unlikely there will ever be affordable 

energy systems reliant on >50-70% renewables, though renewables can play a major part in energy 

systems at lower levels of system penetration.  

Large-scale storage with a capacity of more than ten hours is currently prohibitively expensive or 

technically infeasible, which means that, at present, systems reliant on >50% intermittent renewables 

are very expensive or technically infeasible.34 Consequently, at present, intermittent renewables must 

be supplemented with non-intermittent sources, such as coal, gas, and nuclear. Looking to the future, 

there must be enormous improvements in the cost and performance of storage to economically justify 

large-scale deployment of storage.35 Even if these improvements do occur, an electricity system 

reliant on >50%-70% intermittent renewables would still be very expensive. This is because there 

would need to be significant excess capacity of storage and renewables (more than triple peak 

demand on many studies), and low utilisation of storage.36 In systems with at least 30% dispatchable 

 
33 International Energy Agency, “Renewables 2017,” accessed January 10, 2018, https://www.iea.org/renewables/; Energy 
Information Administration, “Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy 
Outlook 2017,” 2017, https://www.eia.gov/outlooks/aeo/. 
34 Fernando J. de Sisternes, Jesse D. Jenkins, and Audun Botterud, “The Value of Energy Storage in Decarbonizing the 
Electricity Sector,” Applied Energy 175, no. Supplement C (August 1, 2016): 368–79, 
https://doi.org/10.1016/j.apenergy.2016.05.014. 
35 de Sisternes, Jenkins, and Botterud. 
36 Stephen Brick and Samuel Thernstrom, “Renewables and Decarbonization: Studies of California, Wisconsin and Germany,” 
The Electricity Journal 29, no. 3 (April 1, 2016): 6–12, https://doi.org/10.1016/j.tej.2016.03.001; John C. Platt, J. Pritchard, and 
Drew Bryant, “Analyzing Energy Technologies and Policies Using DOSCOE,” 2017; Alexander E. MacDonald et al., “Future 
Cost-Competitive Electricity Systems and Their Impact on US CO2 Emissions,” Nature Climate Change 6, no. 5 (May 2016): 
526–31, https://doi.org/10.1038/nclimate2921; Jenkins and Thernstrom, “Deep Decarbonization of the Electric Power Sector: 
Insights from Recent Literature”; Bethany A. Frew et al., “Flexibility Mechanisms and Pathways to a Highly Renewable US 
Electricity Future,” Energy 101 (April 15, 2016): 65–78, https://doi.org/10.1016/j.energy.2016.01.079.. 
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or non-intermittent power sources, there does not need to be such huge excess capacity, and so the 

total system costs of electricity are much lower. 

We can roughly calculate the scale of the effect of optimal deployment of solar and wind on emissions 

in two stages: 

1. Estimate the amount of fossil fuel-produced energy that would be displaced.37 

2. Estimate how many tonnes of CO2e that amount of fossil-produced energy would have 

produced. 

We take IPCC integrated assessment models to represent the scientific consensus on the questions of 

the role played by solar and wind in future energy systems compatible with a 2°C carbon budget.38 

The simple rough model here uses the two stage process to calculate the total emissions averted by 

optimal investment in solar and wind power until 2050.39 It suggests that optimal investment in solar 

and wind would avert around 136GtCO2e. Thus, optimal investment in wind and solar receives a score 

of 8 points in terms of scale or importance. This figure is highly approximate. 

Neglectedness 

According to the Nisbet (forthcoming) data on philanthropic spending, “renewable energy 

communications, media and mobilisation” receives $46m. “Promoting renewable energy and energy 

efficiency actions and practices” receives $140m. On the basis of our understanding of the non-profit 

space, we believe that advocacy for renewable energy receives around half of this latter figure 

 
37 This is a simplification: solar and wind might displace energy from other low carbon sources such as hydro. 
38 Glen P. Peters et al., “Key Indicators to Track Current Progress and Future Ambition of the Paris Agreement,” Nature 
Climate Change, 2017. 
39 Note that since a lot of the growth in energy supplied happens later on, taking the average of 2020 and 2050 will be 
biased upwards. However, we do not think this will have much impact on the overall ranking of interventions.  

https://docs.google.com/spreadsheets/d/1Bvm8exmAdOUDF1wM1BM5qXBhs5jHIRF6qGGL2le17D4/edit#gid=0
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($70m). Overall, renewables receives ~$116m in total.  Thus, it scores 4 points on philanthropic 

neglectedness.  

In 2014, around $284bn was spent on renewables by non-philanthropic bodies, giving it a score of 4 

points on non-philanthropic neglectedness.40 This is nearly a third of overall climate spending. 

Total score 

If we weight philanthropic and non-philanthropic neglectedness equally, then this intervention 

receives the following total score: 

8+(0.5*(4+4)) = 12 points   

Ensure optimal energy efficiency 

One way to reduce future emissions is to replace high carbon energy sources with low carbon energy 

sources. Another way is to reduce the amount of energy we consume without reducing living 

standards, which we can do through improving energy efficiency.41 Things such as draught excluders, 

double glazing, and efficient domestic boilers all aim to improve energy efficiency. Global energy 

efficiency has improved year on year since 1990, but economic growth has increased much more 

rapidly.42  

Importance 

According to the International Energy Agency, on current pledges and commitments, in 2060, annual 

primary energy demand will be around 850 Exajoules. On a pathway compatible with two degrees of 

 
40 UNFCCC Standing Committee on Finance, “Biennial Assessment,” 56. This is the figure for spending on all renewables, but 
the vast majority was spent on wind and solar.  
41 Some argue that in some cases, energy efficiency does not actually reduce emissions due to the phenomenon of 
“rebound”. We think this issue is overstated and that rebound will only erode up to 25% of the energy efficiency gains. See 
Kenneth Gillingham, David Rapson, and Gernot Wagner, “The Rebound Effect and Energy Efficiency Policy,” Review of 
Environmental Economics and Policy 10, no. 1 (January 1, 2016): 68–88, https://doi.org/10.1093/reep/rev017. 
42 Peters et al., “Key Indicators to Track Current Progress and Future Ambition of the Paris Agreement,” 2. 
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warming, annual primary energy demand will be around 650EJ. In our simple rough model, we infer 

from this that between 2020 and 2050, optimal energy efficiency would reduce total primary energy 

demand by 2700EJ. If we assume that the energy mix that would have supplied this energy is the same 

as that in the “current policies” trajectory in 2060, then energy efficiency would avert 250.5Gt of 

CO2e, giving it a score of 10 points. 

Neglectedness 

According to Nisbet (forthcoming), advocacy for renewable energy and energy efficiency receives 

around $140m from philanthropists. On the basis of our understanding of the non-profit space, we 

believe that around half of this ($70m) goes to energy efficiency, giving this intervention a score of 6 

points in terms of philanthropic neglectedness.  

According to the UN Biennial Assessment of climate finance, in 2014, private spending on energy 

efficiency was $337bn. This does not include government spending on energy efficiency measures. 

This suggests that energy efficiency should get a score of 3 points in terms of non-philanthropic 

neglectedness.  

Total score 

Adding these together we get:  

10+(0.5*(6+3)) = 14.5 points   

Ensuring optimal deployment of nuclear fission energy 

Nuclear fission power is controversial but has played a large role in low carbon energy supply since 

the 1970s. It now supplies at least 26% of low carbon global primary energy supply.43 France, Sweden, 

and Ontario rapidly decarbonised their electricity systems with large-scale deployment of nuclear 

 
43 International Energy Agency, “Key World Energy Statistics,” 2017, 6.  

https://docs.google.com/spreadsheets/d/1Bvm8exmAdOUDF1wM1BM5qXBhs5jHIRF6qGGL2le17D4/edit#gid=283560817
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power.44 We discuss concerns around nuclear safety, waste, and proliferation at length in Appendix 6. 

Concerns About Nuclear Power. 

Importance 

We can again roughly calculate the scale of the effect of optimal investment in nuclear power on 

emissions in two stages: 

1. Estimate the amount of fossil fuel-produced energy that would be displaced.45 

2. Estimate how many tonnes of CO2e that amount of fossil-produced energy would have 

produced. 

To roughly estimate the scale of the impact of increasing use of nuclear power, we will again rely on 

the median IPCC integrated assessment model,46 which suggests that nuclear power should roughly 

quadruple up to 2050. The simple rough model here uses the two stage process to calculate the total 

emissions averted by optimal investment in nuclear power until 2050. It suggests that optimal 

investment in nuclear would avert around 136GtCO2e. Thus, optimal investment in nuclear power 

receives a score of 8 points in terms of scale or importance.  

Neglectedness 

According to the Nisbet (forthcoming) data, nuclear power received no money from the 19 major US 

philanthropies surveyed. Armond Cohen, Director of the Clean Air Task Force, told us that they 

estimated that nuclear power received less than $3m in total over the period 2011-15 from smaller 

 
44 Staffan A. Qvist and Barry W. Brook, “Potential for Worldwide Displacement of Fossil-Fuel Electricity by Nuclear Energy in 
Three Decades Based on Extrapolation of Regional Deployment Data,” PLOS ONE 10, no. 5 (May 13, 2015): e0124074, 
https://doi.org/10.1371/journal.pone.0124074. 
45 This is a simplification: renewable energy might displace energy from other low carbon sources such as nuclear or hydro. 
46 Peters et al., “Key Indicators to Track Current Progress and Future Ambition of the Paris Agreement.” 

https://docs.google.com/spreadsheets/d/1Bvm8exmAdOUDF1wM1BM5qXBhs5jHIRF6qGGL2le17D4/edit#gid=0
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philanthropies.47 We will give nuclear advocacy a score of 16 points on philanthropic neglectedness. 

Around $25bn was spent on new nuclear power capacity by governments and the private sector in 

2015, giving it a score of around 11 points on non-philanthropic neglectedness.48   

Total score 

Adding these together we get:  

8+(0.5*(16+11)) = 21.5 points   

Ensuring optimal deployment of carbon capture and storage  

Carbon capture and storage (CCS) refers to a set of technologies that may offer the potential for 

large-scale removal of CO2 emissions from a range of processes – potentially including the generation 

of electricity and heat, industrial processes, and the production of hydrogen and synthetic fuels.49 

Like other emerging low carbon technologies, CCS is not without risks or uncertainties, and there are 

various challenges that would need to be overcome if it were to be widely deployed. However, almost 

all analyses project that CCS must be deployed at very large scale if we are to stand a chance of 

staying within our 2°C carbon budget.  

CCS could be used along with bioenergy as a form of negative emissions technology, which remove 

CO2 from the atmosphere. CCS plays such a huge role in IPCC models in large part because of its 

contribution to massive amounts of negative emissions in the second half of the 21st century. Negative 

emissions will undoubtedly be important, but we, along with many experts, think the IPCC models 

drastically overstate the feasible scale of bioenergy with CCS.50 

 
47 Armond Cohen, personal correspondence, 16th March 2018. 
48 International Energy Agency, “World Energy Investment,” 2017, 43. 
49 Paul Ekins et al., “The Role of CCS in Meeting Climate Policy Targets” (Global CCS Institute, October 2017). 
50 Williamson, “Emissions Reduction”; Fuss et al., “Betting on Negative Emissions.” 
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Importance 

Without CCS, most models cannot produce emissions pathways consistent with a <2°C goal.51 To 

estimate the scale of the impact on emissions of optimal investment in CCS, we use the literature 

review by Ekins et al, which provides direct figures on emissions averted by 2050 according to a 

range of energy system models compatible with a 2°C carbon budget .52 The median model projects 

that CCS will avert 164Gt of CO2 by 2050, giving CCS a score of 9 points. There is significant 

uncertainty involved in such modelling efforts. The estimate used here is intended to give an 

approximate idea of the importance of CCS.  

Neglectedness 

According to the Nisbet (forthcoming) data, $1.3m was spent on advocacy for CCS, giving it a score of 

16 points. Governments spent around £10bn on CCS in 2017, but this was anomalous, and the five-

year average spend was less than $2bn.53 Thus, we give CCS a score of 16 points in terms of non-

philanthropic neglectedness.  

Total score 

Adding these together we get:  

9+(0.5*(16+16)) = 25 points   

Ensuring optimal investment in low carbon technology innovation  

As all existing low carbon technologies have disadvantages, R&D into low carbon technology is widely 

recognised as a key policy tool for decarbonising energy systems in a cost-effective way. In the short 

to medium-term, improving the safety, cost and performance of low carbon technology, including 

 
51 Peters et al., “Key Indicators to Track Current Progress and Future Ambition of the Paris Agreement,” 4. 
52 Ekins et al., “The Role of CCS in Meeting Climate Policy Targets,” chap. 4. 
53 International Energy Agency, “World Energy Investment,” 147. 
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solar and wind, energy storage, CCS, and nuclear fission would be valuable, while developing more 

speculative technologies such as nuclear fusion would be beneficial over longer time horizons.  

Importance 

Total annual spending on clean energy R&D is around $35bn.54 There is disagreement in the literature 

about the precise level of optimal investment in R&D, but there is agreement that it should at least 

double immediately,55 and increase to more than $100bn after 2030.56  

To estimate the effect of clean energy R&D on emissions, we use Bosetti et al (2011), which estimates 

the effect on emissions of a clean energy R&D portfolio costing 0.08% of global GDP (around $60bn 

today).57 The portfolio includes energy efficiency, wind, solar, carbon capture and storage, and 

breakthrough technologies (defined as currently non-commercial advanced low carbon technologies 

that become available in the future). Figure 2.2 depicts the effect this has on emissions relative to 

business as usual (BAU) and to a scenario in which atmospheric concentrations are stabilised at 

450ppm. (Note that the effect is measured in terms of GtC (gigatonnes of carbon) rather than in 

GtCO2; 1GtC = 3.667GtCO2.)  

 
54 See p.9 of https://www.iea.org/media/publications/investment/WEI2017Launch_forWEB.pdf  
55 Antoine Dechezleprêtre, Ralf Martin, and Samuela Bassi, “Climate Change Policy, Innovation and Growth,” Grantham 
Research Institute on Climate Change and the Environment, 2016, 3. 
56 “Estimates of the additional funding needed for energy-related R&D range from 4.5 to 78 billion USD per year during 2010–
2029… and from 115 to 126 billion USD per year in 2030–2049...” IPCC, Climate Change 2014: Mitigation of Climate Change: 
Working Group III Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
(Cambridge University Press, 2014), 1220. 
57 Valentina Bosetti et al., “What Should We Expect from Innovation? A Model-Based Assessment of the Environmental and 
Mitigation Cost Implications of Climate-Related R&D,” Energy Economics 33, no. 6 (November 1, 2011): 1313–20, 
https://doi.org/10.1016/j.eneco.2011.02.010. See also Valentina Bosetti et al., “Sensitivity to Energy Technology Costs: A 
Multi-Model Comparison Analysis,” Energy Policy 80 (2015): 244–263. 

https://www.iea.org/media/publications/investment/WEI2017Launch_forWEB.pdf
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Figure 2.2.  

 

Fossil fuel emission paths under alternative innovation policies, compared with emission pathways in 
the baseline and 450 ppm CO2 only stabilisation cases. 

 

Source: Bosetti et al, “What should we expect from innovation? A model-based assessment of the environmental and 
mitigation cost implications of climate-related R&D”, Energy Economics, 2011: p. 1315 
 
 

We can very roughly conclude from this graph that the portfolio averts on average 2GtC per year 

compared to business as usual. We can therefore calculate that over 30 years, it averts (2*30) = 60GtC 

= 220GtCO2e. It therefore gets a score of 9 points on importance. This figure gives a highly 

approximate idea of the scale of the impact of optimal R&D funding.  

Neglectedness 

According to the Nisbet (forthcoming) data, promoting energy innovation received ~$673,000 from 

2011-15, giving it a score of 16 points in terms of philanthropic neglectedness.  

BAU = Business as Usual 

E.E. = Energy Efficiency 

W&S+CCS = Wind and Solar + CCS 

Advanced techs = Advanced technologies 

450 = emission pathway consistent with 

450ppm by 2100 
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Total non-philanthropic spending on clean energy R&D is around $35bn,58 giving it a score of 10 

points in terms of non-philanthropic neglectedness.  

Total score 

Adding these together we get:  

9+(0.5*(16+10)) = 22 points   

Ensuring optimal investment in preventing emissions from forestry and other land use 

Forests are profoundly important for the Earth’s atmosphere. Growing forests capture and accumulate 

carbon slowly over decades, intact forest ecosystems capture carbon in vegetation and soils, but 

deforestation for burning or conversion to agriculture releases carbon into the atmosphere.59  

Importance 

Forestry and other land use change is responsible for 4.3-5.5GtCO2e net emissions per year.60 (Gross 

emissions from deforestation are larger than this but are partially cancelled out by forest regrowth.) 

Using World Bank estimates, Busch and Engelman project that in the absence of new conservation 

policies, emissions from tropical deforestation alone will be 169GtCO2.61 Thus, forestry scores 9 points 

in terms of importance.  

 
58 See p.9 of https://www.iea.org/media/publications/investment/WEI2017Launch_forWEB.pdf  
59 Frances Seymour and Jonah Busch, “Why Forests? Why Now? A Preview of the Science, Economics, and Politics of Tropical 
Forests and Climate Change,” Center For Global Development, November 2014, https://www.cgdev.org/publication/ft/why-
forests-why-now-preview-science-economics-politics-tropical-forests-climate-change. 
60 IPCC, Climate Change: Mitigation, 86. 
61 Jonah Busch and Jens Engelmann, “The Future of Forests: Emissions from Tropical Deforestation with and without a Carbon 
Price, 2016–2050” (Center for Global Development), accessed January 31, 2018, https://www.cgdev.org/publication/future-
forests-emissions-tropical-deforestation-carbon-price. 

https://www.iea.org/media/publications/investment/WEI2017Launch_forWEB.pdf
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Neglectedness 

Nisbet (forthcoming) shows that $72.6m is spent on “promoting sustainable agriculture, land use and 

protecting ecosystems”. He does not disaggregate this data further, but we would estimate on the 

basis of our assessment of the non-profit landscape that around half of this is spent on forestry and 

other land use. Preventing emissions from forestry therefore receives a score of 8 points on 

philanthropic neglectedness.  

The Climate Policy Initiative estimates that $3bn was spent on mitigation in forestry and agriculture in 

2012.62 However, this figure does not include private sector financing for forestry, which is estimated 

to range from $1.8bn to $15bn.63 Taking the mean of these estimates, we can roughly estimate that 

preventing receives $6.6bn + $3bn, or around ~$10bn in non-philanthropic money, thereby giving it a 

score of 14 points.  

Total score 

Adding these together we get:  

9+(0.5*(8+14)) = 20 points   

2.2.2. Final intervention selection for technologies and sectors  

The combined importance and neglectedness scores for each of the sector and technology 

interventions are as follows (from highest to lowest). Philanthropic and non-philanthropic 

neglectedness each receive a 50% weight.  

 
62 UNFCCC Standing Committee on Finance, “Biennial Assessment,” 133. 
63 UNFCCC Standing Committee on Finance, 54. 
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Ranking Intervention Importance Philanthropic 

neglectedness 

Non-philanthropic 

neglectedness 

Final 

score   

1 Carbon capture and 

storage 

9 16 16 25 

2 Low carbon innovation 9 16 10 22 

3 Nuclear power 8 16 11 21.5 

4 Forestry 9 8 14 20 

5 Energy efficiency 10 6 3 14.5 

6 Solar and wind power 8 4 4 12 

 

As discussed, the final scores express the ratio of the size of the problem to a weighted sum of 

philanthropic and non-philanthropic money invested in the problem. Since the scores are logarithms, 

a gap of 2 points corresponds to a difference by a factor of two. A 4 point gap corresponds to a 

difference of a factor of 22 = 4; a 6 point gap corresponds to a difference of a factor of 23 = 8, etc. 

CCS is the top scoring intervention. Since our aim is to find the best possible intervention, we need to 

consider whether the other interventions are close enough to CCS to justify investigating them 

further. According to our 6 point margin for error, the top four interventions are worth investigating 

further, provided they are not very intractable for other reasons (aside from neglectedness). Energy 

efficiency and solar and wind should not be investigated further unless there are large differences 

between them and CCS in terms of the other factors that bear on marginal tractability. Energy 

efficiency and solar and wind score poorly chiefly because they already receive large amounts of 

money.  
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Assessment of other factors bearing on tractability 

Firstly consider whether the provisionally excluded interventions should be included. Even accounting 

for the margin for error, there is a difference of 7 points between CCS and solar and wind, which 

means that the ratio of importance to a weighted sum of spending on CCS is >8 times greater than 

solar and wind.64 Solar and wind are getting >8 times as much money as we would expect compared 

to CCS (assuming that the two interventions are equal in terms of the other factors bearing on 

tractability).  

In approaching these other factors, we need to control for neglectedness by asking whether it would 

be as easy to make progress on each problem if renewables received the same amount of money as 

CCS. Firstly, consider the cost to abate a tonne of CO2 with CCS as opposed to solar and wind. The 

predicted cost in 2025-30 to abate a tonne of CO2 with CCS ranges from $5-$60 per tonne depending 

on the sector, though the abatement cost will typically be greater than $20 per tonne.65 Many 

governments have historically incurred much higher costs in subsidising the deployment of solar and 

wind. For example, according to one study of German renewables subsidies, the cost to abate a tonne 

of CO2 with solar subsidies has been on the order of hundreds of Euros per tonne of CO2.66 Indeed, in 

the US, the estimated abatement costs of proposed CCS subsidies are comparable to the abatement 

costs of current renewables policies.67 Thus, we do not believe that differences in financial cost of 

abatement have much of a bearing on marginal tractability.  

 
64 >8 times because 6 points corresponds to three doublings, which is 23 = 8. 
65 International Energy Agency, “Carbon Capture and Storage,” 2015, 5, 
https://www.iea.org/publications/freepublications/publication/CarbonCaptureandStorageThesolutionfordeepemissionsredu
ctions.pdf. 
66 C. Marcantonini and A. D. Ellerman, “The Cost of Abating CO2 Emissions by Renewable Energy Incentives in Germany,” in 
2013 10th International Conference on the European Energy Market (EEM), 2013, 1–8, 
https://doi.org/10.1109/EEM.2013.6607312. 
67 Clean Air Task Force, “Incentives for CO2 Avoided: Comparison of Renewables Production Tax Credit and Proposed 45Q 
Legislation,” December 2017, http://www.catf.us/resources/factsheets/files/Cost_of_CO2_Avoided.pdf. 
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Secondly, there are fewer substitutes for CCS than for solar and wind. In the power sector, 

renewables, biomass and fossil fuels with CCS, and nuclear can to an extent substitute for one 

another. However, in many industrial sectors such as steel (~5% of global emissions)68 and cement 

(~3% of global emissions),69 there are no other viable options to make significant emissions reductions 

aside from CCS. This is why certain countries are committing to extensive use of CCS in their climate 

plans.70 Moreover, CCS along with biomass is the leading currently proposed form of negative 

emissions technology, which will need to be deployed at large scale if we are to keep to our <2°C 

target.71 Solar and wind could be used to power direct air capture, another form of negative emissions 

technology, but this would be significantly more expensive than biomass with CCS.  

Thirdly, turning to public opposition, our best guess is that if solar and wind and CCS received the 

same amount of philanthropic money, there would be more public opposition to CCS. CCS to some 

extent allows the fossil fuel industry to remain in business, which many in the public are likely to 

oppose. In part probably thanks to philanthropy, solar and wind appear to be generally well-regarded 

among the public. This being said, using renewables to generate equivalent amounts of power to 

energy dense sources such as coal, gas, and nuclear would take up very large amounts of space.72 

This raises the issues of public acceptability. One prominent analysis suggested that once public 

acceptability regarding the placement of wind turbines and solar panels is taken into account, all 

 
68 IPCC, Climate Change: Mitigation, 757–58. 
69 IPCC, 753. 
70 “Dutch Coalition Accord: Netherlands Claims Climate Leadership in Europe,” EnergyPost.eu (blog), October 11, 2017, 
http://energypost.eu/dutch-coalition-accord-the-netherlands-goes-for-climate-leadership-in-europe/. 
71 Williamson, “Emissions Reduction.” 
72 David MacKay, Sustainable Energy - without the Hot Air, pt. 1. 
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renewables within the UK could only meet around one sixth of UK energy demand.73 Public 

acceptability was plausibly a major factor in the recent ban on UK subsidies for onshore wind.74  

In sum, we think it is highly implausible that the other factors bearing on marginal tractability provide 

reason to believe that working on solar and wind is a better prospect than working on CCS.  

The next relevant comparison is between CCS and energy efficiency. Accounting for the margin for 

error, the gap between the interventions is 4 points. Firstly consider financial cost. Many energy 

efficiency measures promise both to reduce emissions and to save people money. For example, using 

LED lightbulbs reduces energy consumption and therefore saves money and reduces emissions. A 

widely cited study by McKinsey suggests that there is large abatement potential from energy 

efficiency measures across a range of sectors, which could reduce energy consumption at negative 

cost.75 If markets were efficient, these opportunities would be taken without regulation, but there are 

various market imperfections including:76 

• Lack of awareness of the potential savings from energy efficiency. 

• Agency issues – the agent making the investment does not always reap the benefit. For 

example, if a landlord invests in double glazing, the tenant would benefit from reduced heating 

costs. There is therefore no financial incentive for the landlord to invest in double glazing.  

• Financing hurdles – the upfront cost of the efficiency investments might be prohibitive.  

 
73 David MacKay, chap. 18. 
74 “Onshore Wind Subsidy Ban ‘Will Add £1bn to Nation’s Energy Bills’,” The Independent, October 25, 2017, 
http://www.independent.co.uk/news/business/news/onshore-wind-farms-uk-subsidy-ban-energy-bills-rise-1-billion-
a8018561.html. 
75 McKinsey & Company, “Pathways to a Low-Carbon Economy: Version 2 of the Global Greenhouse Gas Abatement Cost 
Curve,” September 2013, https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-
insights/pathways-to-a-low-carbon-economy. 
76 McKinsey & Company, 41. 
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This suggests that we should not conclude from the fact that the total social abatement cost is 

negative that the barriers to energy efficiency are necessarily low, or that the costs to those bearing 

the upfront costs are low. As McKinsey comment: 

“The fact that these opportunities offer a net benefit does not make them easy to realize. On 

the contrary, designing the right policy frameworks to capture this potential in a cost-effective 

manner is a significant challenge as it requires finding ways to overcome an array of market 

imperfections.”77
 

This point notwithstanding, energy efficiency is still likely to offer lower abatement costs than 

investments in CCS for those bearing the costs.  

Secondly, our best guess is that, if the two interventions were equally neglected, there would be less 

public opposition to energy efficiency measures. Encouraging energy efficiency does not appear to 

be politically controversial in any way, whereas, as discussed above, CCS appears to carry more 

political baggage.  

Thus, energy efficiency involves lower abatement costs than CCS in most cases, and is more 

politically palatable. If CCS were at the same level of neglectedness as energy efficiency, then we 

would expect it to be easier to make progress on energy efficiency. However, although this is a 

difficult case, we do not believe this is sufficient to overcome a difference by a factor of 4 in terms of 

the scores on (importance*neglectedness). Because CCS is so much more neglected than energy 

efficiency – >50x more philanthropically neglected and >150x more non-philanthropically neglected – 

the differences in the other factors bearing on tractability would have to be very large to justify 

focusing on energy efficiency rather than CCS. We think there is some reason to believe that in many 

 
77 McKinsey & Company, 41. 
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cases, when the difference in neglectedness is this extreme, the other factors bearing on tractability 

are likely to be less important than one might expect.78 As we have seen from the case of renewables, 

sustained advocacy for solar and wind power has been associated with an enormous increase in non-

philanthropic spending on renewables even at very high abatement costs. Thus, within certain 

bounds, the cost of abatement does not appear to make a significant difference to the ability for 

philanthropists to make progress on a particular problem. For these reasons, we believe that 

excluding energy efficiency from further consideration is justified.  

The next question we should consider is whether the currently included interventions should be 

excluded. We cannot think of any good reason that the other factors bearing on the tractability of 

energy innovation would make be sufficient to justify not considering energy innovation further. 

Regarding the financial cost of abatement, there is some evidence that, at least with respect to 

renewables, subsidies for energy innovation are more cost-effective than deployment subsidies.79 As 

we have seen, deployment subsidies for renewables are currently roughly as cost-effective as CCS 

subsidies. We would therefore expect that in many cases, subsidies for energy innovation to be at 

least as cost-effective as subsidies for CCS. Moreover, we think there is likely to be less public 

opposition to energy innovation than to CCS due to the aforementioned potential association of CCS 

with the persistence of the fossil fuel industry.  

Next, we need to consider whether there are other reasons to think that nuclear power should be 

excluded. While there are some obvious barriers to the expansion of nuclear power, we do not think 

these are so great that, if nuclear and CCS were equally neglected, it would be significantly harder to 

 
78 Owen Cotton-Barratt, “Estimating Cost-Effectiveness for Problems of Unknown Difficulty,” The Future of Humanity 
Institute, December 4, 2014, http://www.fhi.ox.ac.uk/. 
79 Georg Zachmann, Amma Serwaah-Panin, and Michele Peruzzi, “When and How to Support Renewables?—Letting the Data 
Speak,” in Green Energy and Efficiency, Green Energy and Technology (Springer, Cham, 2015), 291–332, 
https://doi.org/10.1007/978-3-319-03632-8_12. 
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make progress on nuclear power. Firstly, nuclear power remains the cheapest dispatchable or non-

intermittent source of low carbon power,80 so it is at least as financially attractive as fossil fuels or 

biomass with CCS. Secondly, nuclear power has smaller land use implications than fossil fuels with 

CCS. Nuclear fuel is an extremely energy dense power source and so nuclear power stations require 

very little land.81 In contrast, CCS requires extensive pipeline infrastructure to transport CO2. CCS is 

also to an extent geographically constrained because there is limited supply of geological locations 

with adequate storage capacity.  

Thirdly, the main constraint on the expansion of nuclear power is public opposition on issues 

regarding safety, waste and weapons proliferation. (We discuss these in depth in Appendix 6. 

Concerns About Nuclear Power.) For instance, following the Fukushima accident after the Tohoku 

earthquake and tsunami in 2011, numerous countries scaled back their nuclear power sector, with 

Germany notably planning to completely phase out nuclear power by 2022.82 However, this being 

said, in spite of the fact that, like CCS, nuclear receives almost no philanthropic support (as shown by 

the Nisbet data), much more is spent by governments and the private sector on nuclear, and nuclear is 

deployed much more widely. For these reasons there is good reason to think that if nuclear and CCS 

received the same amount of philanthropic money, nuclear power would be at least as easy to make 

progress on as CCS.  

Finally, the difference between forestry and CCS is 5 points, so forestry is near the edge of the margin 

of error. Are there other reasons to think it would be harder to make progress on forestry than on CCS, 

assuming that they received the same amount of funding? We believe the answer is ‘no’. Regarding 

the financial cost of abatement, abating CO2 through preventing deforestation is estimated to be 2-5x 

 
80 IPCC, Climate Change: Mitigation, 71. 
81 David MacKay, Sustainable Energy - without the Hot Air, chap. 24. 
82 International Energy Agency, “Technology Roadmap: Nuclear Energy,” 2015. 
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cheaper than with CCS.83 Regarding public support, our best guess is that, if each problem received 

the same amount of philanthropic money, there would be much more support for preventing forestry 

emissions than for encouraging CCS. Deforestation produces a host of other costs to ecosystems and 

to forest-dwelling peoples, which provides additional reason for political support for preventing it, 

over and above reasons of climate change. In contrast, CCS only provides climate benefits. 

Philanthropic support for preventing forestry emissions is plausibly in part driven by the fact that this 

issue was already attractive to the public before philanthropists worked on it, though there is also 

likely to be an effect in the other direction. For these reasons, we believe that the other factors 

bearing on tractability do not plausibly justify excluding forestry from consideration.  

In sum, when choosing charities, we prefer those focusing on the top four ranked technology and 

sector interventions: CCS, energy innovation, nuclear power, and forestry and land use.   

2.2.3. Policy in particular geographies 

Having examined sectors and technologies, we now turn to policy in regions and geographies. The 

intervention evaluations in this section are comparable to one another but are not comparable to 

those above due to lack of data. For each intervention, we will examine the magnitude of their future 

emissions, and current non-philanthropic spending on low carbon technology in those countries.  

In each section, we discuss the state of carbon pricing in each area. It is widely agreed by economists 

that carbon pricing is the optimal policy solution to climate change.84 Carbon pricing schemes that 

are implemented at the moment typically cover 40-50% of emissions in a country or region and have a 

 
83 Frances Seymour and Jonah Busch, Why Forests? Why Now? (Center for Global Development, 2016), chap. 5, 
https://www.cgdev.org/blog/why-forests-why-now-new-developments-new-year. 
84 Wagner and Weitzman, Climate Shock, 23ff. 
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price of less than $10 per tonne of CO2. Economists are generally agreed that CO2 should be priced at 

the very least at $20 per tonne.85 

We will now discuss the importance and non-philanthropic neglectedness scores of work in these 

areas. We do not have comprehensive information on philanthropic neglectedness for these 

interventions. Readers wishing to skip straight to the final scores should go to section 2.3.4. Final 

intervention selection for particular geographies. 

Climate policy in China  

China is the world’s largest emitter and will be for the rest of the century. The fate of global climate 

action therefore depends in large part on China. China introduced a national emissions trading 

scheme in late 2017.86 Like most other carbon pricing schemes, it covers 40-50% of emissions,87 and 

the starting price is $1 - $10 per tonne.88 This is the largest carbon pricing scheme in the world.  

Importance 

China currently emits around 12Gt of CO2e per year.89 On current policies, this is expected to increase 

to 13Gt by 2030. We can therefore roughly assume that between 2020 and 2050, China will emit 

(30*12.5) = 375Gt of CO2e, giving climate policy in China a score of 11 points on importance.  

 
85 https://19january2017snapshot.epa.gov/climatechange/social-cost-carbon_.html  
86 “China Aims for Emission Trading Scheme in Big Step vs. Global Warming,” Reuters, December 19, 2017, 
https://www.reuters.com/article/us-china-carbon/china-aims-for-nationwide-emission-trading-scheme-in-power-sector-
state-planner-idUSKBN1ED0R6. 
87 World Bank, “Carbon Pricing Watch 2017,” 2017, 3 note h. 
88 World Bank, 12. 
89 http://climateactiontracker.org/countries/china.html  

https://19january2017snapshot.epa.gov/climatechange/social-cost-carbon_.html
http://climateactiontracker.org/countries/china.html
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Non-philanthropic neglectedness 

In 2016, $177bn was spent on nuclear, renewable electricity, renewables for transport and heat in 

China, and energy efficiency90 implying a score of 5 points on non-philanthropic neglectedness.  

Total score 

Adding these together we get:  

11+5 = 16 points   

Climate policy in the US  

The US is currently the second biggest emitter in the world. A handful of US states are taking fairly 

strong action on the climate, but in most states, action is very modest, and there is no federal carbon 

price. A carbon trading bill made it through the US Congress in 2009 but, due to opposition from the 

Republican party, was never brought to the floor of the Senate for a vote.  

Importance 

The US currently emits ~7Gt CO2e per year. According to climate action tracker, if current policies 

continue, annual emissions will be roughly unchanged by 2030.91 We can therefore roughly assume 

that on current policy between 2020 and 2050, the US will emit (30*6.5) = 195Gt of CO2e, implying a 

score of 9 points.   

Non-philanthropic neglectedness 

In 2016, $100bn was spent on nuclear power, renewables, renewables for transport and heat, and 

energy efficiency in the US,92 implying a score of 7 points on non-philanthropic neglectedness. 

 
90 International Energy Agency, “World Energy Investment,” 22. 
91 http://climateactiontracker.org/countries/usa.html  
92 International Energy Agency, “World Energy Investment,” 22.  

http://climateactiontracker.org/countries/usa.html
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Total score 

Adding these together we get:  

9+7 = 16 points   

Climate policy in the EU 

The EU is currently the world’s third largest emitter. The EU introduced an emissions trading scheme in 

2005, which now has a price of around $12 per tonne.93 Until the introduction of China’s ETS in 2017, 

this was the largest emissions trading scheme in the world.  

Importance 

The EU currently emits around 4Gt of CO2e per year. On current policy trends, emissions will be 

around 3Gt by 2050, with the aim of reducing this to ~1Gt by 2050.94 We can roughly estimate that 

cumulative emissions between 2020 and 2050 will be (30*2.5) = 75Gt of CO2e, implying a score of 6 

points.  

Non-philanthropic neglectedness 

In 2016, in the EU, $134bn was spent on renewables, renewable transport and heat, and energy 

efficiency implying a score of 6 points in terms of non-philanthropic neglectedness.95  

Total score 

Adding these together we get:  

6+6 = 12 points   

 
93 The Economist, “Europe’s Carbon-Trading System Is Better than Thought, and Could Be Better Still,” The Economist, 
December 11, 2015, https://www.economist.com/blogs/freeexchange/2015/12/schr-dinger-s-emissions-trading-system. 
94 http://climateactiontracker.org/countries/eu.html  
95 International Energy Agency, “World Energy Investment,” 22. The figures on energy efficiency are from European members 
of the OECD, almost all of which are in the EU. 

http://climateactiontracker.org/countries/eu.html
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Climate policy in India  

India is currently the fourth largest emitter, but its annual emissions are expected to increase over the 

next few decades. India has not yet introduced carbon pricing, but is considering doing so in the near 

future.96 India has imposed a tax on the use of coal, peat and lignite, which covers about 1% of total 

emissions.97  

Importance 

India currently emits around 3Gt of CO2e, and on current policies will emit around 5Gt by 2030.98 

There are some reasons to expect that emissions will continue to increase up until 2050 to around 6Gt 

per year.99 We roughly estimate that between 2020 and 2050, India will emit (30*5) = 150Gt of CO2e, 

implying a score of 8 points. 

Non-philanthropic neglectedness 

In 2016, $20bn was spent on nuclear energy, renewable energy and energy efficiency in India, 

implying a score of 11.5 points in terms of non-philanthropic neglectedness.100 

Total score 

Adding these together we get:  

8+11.5 = 19.5 points  

 
96 World Bank, “Carbon Pricing Watch 2017,” 22. 
97 World Bank, 75. 
98 http://climateactiontracker.org/countries/india.html  
99 Varun Sivaram, “The Global Warming Wild Card,” Scientific American 316, no. 5 (2017): 48–53, 
https://doi.org/10.1038/scientificamerican0517-48. 
100 International Energy Agency, “World Energy Investment,” 22.  

http://climateactiontracker.org/countries/india.html
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2.2.4. Final intervention selection for particular geographies 

The combined scores on importance and non-philanthropic neglectedness for the geographic areas 

are as follows.  

 

Ranking Intervention Importance Non-philanthropic neglectedness Final score   

1 India 8 11.5 19.5 

2 China 11 5 16 

2 US 9 7 16 

4 EU 6 6 12 
 

These rankings are not definitive because they exclude information on two important factors: 

philanthropic neglectedness and tractability.  

Philanthropic neglectedness and tractability in China, the US, the EU and India 

According to one piece of research, climate change receives around $200m from US foundations, 

and receives around $100m from European foundations,101 though it is unclear what proportion of this 

money focuses on climate policy in the respective regions. We do not have information on 

philanthropic spending in India and China, but it is safe to assume that these are much more 

neglected than the US and the EU.  

 
101 “Foundation Spending on Climate Change,” Alliance Magazine (blog), accessed March 4, 2018, 
http://www.alliancemagazine.org/feature/foundation-spending-on-climate-change/. 
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It is difficult to form precise estimates of the other factors bearing on tractability in these areas, 

holding philanthropic spending constant across each area. Our best guess is that work in the EU 

would be the most tractable because EU governments and citizens are at least committed to strong 

climate action. 

In spite of the large amount of climate philanthropy in the US, advocacy for federal policy in the US is 

currently difficult because of entrenched and strong opposition to action on climate change in the 

Republican party.102 This suggests that advocacy for federal carbon pricing is now highly intractable 

but might be worth examining if the Democrats gain majorities in the House and the Senate. This 

being said, it is possible to make progress at the state level and by carefully developing legislation 

which can achieve bipartisan support for other reasons. 

It is very unclear how easy it would be to make progress on climate policy in China if climate 

philanthropy in China received the same amount of philanthropic money as the US or the EU. Our best 

guess is that work in China would be somewhat less tractable than work in the US. There are serious 

barriers to environmental advocacy in China because it is an authoritarian state. Nonetheless, the 

number of environmental NGOs operating in China has increased dramatically since the 1990s, with 

5,330 in 2008 according to one estimate,103 and several prominent international NGOs now work in 

China, including Environmental Defense Fund, Clean Air Task Force, WWF, and the Natural Resources 

Defense Council.  Moreover, as shown above, the ratio of Chinese climate spending to its potential 

emissions is similar to that in the US.  

 
102 For a comprehensive account see Theda Skocpol, “Naming the Problem: What It Will Take to Counter Extremism and 
Engage Americans in the Fight against Global Warming,” in Prepared for the Symposium on the Politics of America’s Fight 
against Global Warming (Harvard University, 2013), 
http://www.scholarsstrategynetwork.org/sites/default/files/skocpol_captrade_report_january_2013_0.pdf. 
103 http://www.jpolrisk.com/rise-of-environmental-ngos-in-china-official-ambivalence-and-contested-messages/  

http://www.jpolrisk.com/rise-of-environmental-ngos-in-china-official-ambivalence-and-contested-messages/
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It is also very unclear how easy it would be to make progress on climate policy in India if it received 

the same level of philanthropic support as the US or the EU. One non-profit has told us that when they 

worked in India a few years ago, it was harder to make progress there than in China. Moreover, China 

is committed to more stringent climate policy than India, and India is at an earlier stage of economic 

development.104 There are therefore greater pressures for low cost fossil fuel-led growth. Our best 

guess is that work in India would be very roughly as tractable as work in China if the two areas were 

equally philanthropically neglected. 

Overall, the difference in philanthropic neglectedness would increase the gap between India and 

China on the one hand and the US and the EU on the other, but this would be partly offset by the lower 

tractability of working in these areas. This suggests that work in India would be most impactful, with 

work in China and the US also valuable. There appears to be a case for deprioritising work in the EU to 

some extent.  

Changing policy in these big emitters would be highly valuable, but if this is not currently feasible, 

philanthropists can nevertheless help to reduce emissions in these big emitters without affecting 

policy in those regions. The way to do this is to advocate for policies that produce global technology 

spillovers.105 For example, one could support an advocacy campaign in the US that brings down the 

cost of low carbon technology such that the technology becomes competitive with fossil fuels in 

China, India and elsewhere. Experience with solar and wind has shown that deployment subsidies can 

 
104 Sivaram, “The Global Warming Wild Card.” 
105 Johannes Ackva, “Mission Innovation: A Much Needed Policy-Innovation for International Climate Policy,” Climate 
Diplomacy, March 16, 2016, https://www.climate-diplomacy.org/news/mission-innovation-much-needed-policy-innovation-
international-climate-policy. 
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drastically reduce cost, producing global technology spillovers.106 Our intervention evaluation 

suggests that reducing the cost of other low carbon technologies would also be highly valuable.  

2.3. Charity selection process 

The ITN analysis implies that we should prioritise charities working on CCS, energy innovation, nuclear 

power or forestry, and on policy in India, China and the US. We first attempted to identify promising 

charities by examining lists of international climate change charities, and examining their websites for 

information on their track record and impact. We found this approach generally ineffective. It turned 

out to be much more useful to identify other philanthropists who were impact-focused and broadly 

aligned with our take on climate change, and to ask them to recommend high quality organisations 

working on our selected interventions.  

Having drawn up a long list of around 20 organisations, we asked for information and organised calls 

to discuss their track record and future plans. Following this, we filtered down to a short list according 

to the criteria enumerated in our methodology document. The charities we evaluated in some depth 

were: 

• Clean Air Task Force 

• Coalition for Rainforest Nations  

• Energy for Humanity 

• Third Way 

• Center for Carbon Removal 

• Sandbag 

• Bellona 

 
106 J. Doyne Farmer and François Lafond, “How Predictable Is Technological Progress?,” Research Policy 45, no. 3 (April 1, 
2016): 647–65, https://doi.org/10.1016/j.respol.2015.11.001. 
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• Environmental Defense Fund Europe 

• Cool Earth 

• Environmental Progress 

We asked each of these organisations for written information on their track record and their future 

plans. Our two recommended charities stood out especially in terms of their track record, strength of 

team, and in terms of the projects they plan to work on. We discuss our process for choosing between 

these charities in Appendix 3. Our Process.  

We initially planned to recommend both low risk and high risk opportunities. However, we were 

unable to identify low risk opportunities which we were confident had high expected cost-

effectiveness. In general, there are very few low risk direct charitable opportunities in climate change 

which promise large impact. The best candidates are project-based approaches to deforestation, and 

charities that enable individuals to destroy carbon credits in carbon markets. The latter project has 

now been discontinued.107 We discuss why we do not recommend project-based approaches to 

deforestation in the review of the Coalition for Rainforest Nations. 

Given that work on forestry and other land use scores lower than the other interventions on the ITN 

criteria, we were relatively surprised to end up recommending a forestry charity. However, the 

Coalition for Rainforest Nations is a unique organisation in the context of forestry non-profits. This 

illustrates that the ITN framework is not a perfectly reliable guide to the most cost-effective charities 

and that much depends on the specifics of the charities operating in the space.  

 
107 https://sandbag.org.uk/carbon-destruction-service/  

https://sandbag.org.uk/carbon-destruction-service/
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3. Charity Recommendations 
After a search through dozens of climate change charities, we have two recommendations: the 

Coalition for Rainforest Nations, and the Clean Air Task Force. Both organisations have an exceptional 

track record, a strong team, and they plan work on highly valuable projects. In this section, we review 

CfRN and CATF. The reviews are in no particular order. Both CfRN and CATF are advocacy 

organisations. Assessing the counterfactual impact of such organisations is challenging. Appendix 1. 

The Historical Impact of The Coalition for Rainforest Nations and Appendix 2. The Historical Impact of 

the Clean Air Task Force discuss the past counterfactual impact of these organisations. The discussion 

therein may be of methodological as well as substantive interest. 
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3.1. Coalition for Rainforest Nations 

Summary 

What do they do? CfRN work on reducing emissions from deforestation. It is an intergovernmental 

organisation of more than 50 rainforest nations promoting Reducing Emissions from Deforestation 

and Degradation (REDD+), a framework through which developing countries are compensated for 

reduced deforestation. 

Do they have a good track record? CfRN has plausibly had an extremely large impact on reducing 

deforestation by proposing and advocating for REDD+ in UN climate negotiations. Thanks in large part 

to CfRN, forestry is now enshrined in the Paris Agreement; it is the only sector with its own Article.   

Is their future work cost-effective? Going forward, CfRN plans to facilitate ways to expand finance 

from the commercial sector for REDD+. We roughly estimate that via their future work, CfRN will avert 

a tonne of CO2e for $0.12, with a plausible range of $0.02 - $0.72. 

Is it a strong organisation? CfRN has a very strong team that has shown the ability to achieve major 

geopolitical change under very difficult circumstances.  

Is there room for funding? We believe that CfRN can productively use more than $2m over the next 

two years. We recommend unrestricted funding to CfRN to give them maximal flexibility to prioritise 

their projects.   
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What do they do? 

The Coalition for Rainforest Nations (CfRN) is a non-profit Intergovernmental Organisation comprised 

of more than 50 rainforest countries,108 which works to promote environmental sustainability while 

creating opportunities for economic advancement within tropically forested developing countries. It 

was founded in 2004 by the Prime Minister of Papua New Guinea and the President of Costa Rica. 

CfRN participating countries collaborate voluntarily in jointly developed initiatives led by the CfRN 

Secretariat headquartered in New York. The CfRN Secretariat is led by Kevin Conrad and Federica 

Bietta. CfRN provides diplomatic leadership and technical research, helps to coordinate regulatory 

frameworks, and to implement policies and initiatives.   

Beginning in 2005, CfRN launched and championed a mechanism known as Reducing Emissions from 

Deforestation and Forest Degradation (REDD+) in the United Nations Framework Convention on 

Climate Change (UNFCCC) (the treaty under which global climate treaties, such as the Kyoto Protocol, 

are discussed). Under REDD+, developing countries are provided with results-based compensation for 

preventing deforestation and degradation, and for conserving and enhancing carbon stocks.109  

REDD+ was enshrined in Article 5 of the 2015 Paris Agreement. Forestry is the only sector with its own 

article. Having helped to establish REDD+ in global climate agreements, CfRN now focuses on 

consolidating and implementing REDD+, and on increasing public and private funding streams for 

REDD+.  

 
108 These countries include Argentina, Bangladesh, Belize, Central African Republic, Cameroon, Chile, Congo, Costa Rica, DR 
Congo, Dominica, Dominican Republic, Ecuador, El Salvador, Equatorial Guinea, Fiji, Gabon, Ghana, Guatemala, Guyana, 
Honduras, Indonesia, Kenya, Lesotho, Liberia, Madagascar, Malaysia, Nicaragua, Nigeria, Pakistan, Panama, Papua New 
Guinea, Paraguay, Samoa, Sierra Leone, Solomon Islands, Suriname, Thailand, Uruguay, Uganda, Vanuatu and Vietnam. 
109 For an overview of REDD+ see Seymour and Busch, Why Forests? Why Now?, chap. 1; The REDD Desk, “What Is REDD+?,” 
accessed February 21, 2018, https://theredddesk.org/what-redd. 

http://www.rainforestcoalition.org/AboutTheCoalition.aspx
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CfRN’s past impact and cost-effectiveness 

In this section, we discuss the general issues surrounding assessment of policy research and 

advocacy and will then discuss CfRN’s past impact.   

Issues surrounding evaluation of research and advocacy 

Assessing the past impact of policy research and advocacy organisations is difficult due to: 

• Co-causation: there are numerous other players pushing for the same outcome, making it hard 

to attribute responsibility.  

• Indirectness: The interventions worked on are often very indirect with many links in the causal 

chain from non-profit action to benefit.  

For more on this, see our brief on assessing policy advocacy. For these reasons, assessments of the 

past impact of policy research and advocacy organisations like CfRN involve significant uncertainty.  

CfRN’s past impact 

It is plausible that most of the past impact of philanthropy comes from a handful of successful 

projects.110 For example, in the 20th century, philanthropy funded the research that led to the Green 

Revolution, and many major advances in medical research (including the first combination drug 

therapy for AIDS and the development of the pap smear).111 This is partly due to the fact that only a 

minority of research and advocacy projects succeed in changing policy, and secondly because only a 

minority of policies actually have an impact.  

 
110 See our brief on assessing policy interventions.  
111 Holden Karnofsky, “Philanthropy’s Success Stories,” Open Philanthropy Project, March 1, 2012, 
https://www.openphilanthropy.org/blog/philanthropys-success-stories. 

http://blog.givewell.org/2009/03/16/can-the-green-revolution-be-repeated-in-africa/
http://blog.givewell.org/2009/03/16/can-the-green-revolution-be-repeated-in-africa/
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We think it is reasonable that CfRN exemplifies this rule of thumb. We believe that CfRN’s work until 

today has had or will have an extremely large positive effect on global greenhouse gas emissions from 

its formation until today, and we would be surprised if there were another forestry non-profit 

operating in the last thirty years that has been more impactful. We discuss CfRN’s past impact at 

length in Appendix 1. The Historical Impact of The Coalition for Rainforest Nations. Here we provide a 

briefer summary.112  

In spite of the large contribution to emissions made by tropical deforestation, it had been excluded 

from the UN Framework Convention on Climate Change (UNFCCC) 1997 Kyoto Protocol. (The UNFCCC 

is the treaty under which climate negotiations such as Kyoto and the 2015 Paris Agreement proceed). 

This was due to the following concerns:  

• Equity: Lower income countries believed that legal restrictions on deforestation would be 

unfair, given that high income countries had already deforested their territories in the pursuit of 

economic development.113  

• Environmental integrity: A number of countries were concerned that it was difficult to know 

whether deforestation had been prevented. The reasons for this in turn concerned: 

o Leakage – Will preventing deforestation in one area displace it elsewhere?  

o Additionality – How should we set the baseline or “reference level” against which to 

measure performance in reducing emissions? For example, how many hectares of 

Brazilian rainforest would be deforested if no REDD+ action is taken? Project-based 

approaches to deforestation do not have a reference level externally audited by the 

 
112 For an excellent book-length treatment of relevant recent developments in forestry, see Seymour and Busch, Why Forests? 
Why Now?, which is available for free at https://www.cgdev.org/blog/why-forests-why-now-new-developments-new-year.  
113 Seymour and Busch, 255. 

https://www.cgdev.org/blog/why-forests-why-now-new-developments-new-year
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UNFCCC. If reference levels are set too high, countries would be rewarded for emissions 

reductions that would have happened anyway, thereby failing the test of ‘additionality’: 

the failure of conservation efforts to add emissions reductions. If they are set too low, 

then genuine emissions reductions would not be counted. 

o Permanence – Are emissions reductions in one period merely reversed in the next? If an 

acre of forest is protected for two years and is then permanently deforested, then all of 

the carbon stored in that forest is released into the atmosphere.  

o Monitoring and verification – Are reductions in forest emissions measured with sufficient 

precision? Have they been externally checked?  

In the context of more than a decade of failure to secure agreement on deforestation, CfRN submitted 

the proposal of Reducing Emissions from Deforestation (RED, later revised to REDD+) at the 2005 

UNFCCC Montreal conference. Under REDD+, industrialised countries compensate poorer countries 

for reducing forestry emissions. REDD+ had a number of features that helped to overcome the 

aforementioned problems.  

• Equity: REDD+ enabled industrialised countries to compensate developing countries for 

protecting their forests. Since performance was to be judged and rewarded ex post, there was 

no ex ante conditionality, which could threaten national sovereignty.  

• Environmental integrity 

o Leakage: REDD+ should be implemented at the national scale rather than the project 

scale, preventing within-state leakage. National REDD+ results are to be independently 

assessed by forestry experts and according to UNFCCC guidelines, reducing the risk of 

intrastate leakage. Moreover, REDD+ is voluntary and designed to encourage widespread 
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participation, reducing the risk of interstate leakage. Almost all rainforest nations are 

now participating in REDD+.   

o Additionality: a country must have in place a reference level against which performance 

will be vetted, which is externally assessed by the UNFCCC. This ensures the 

additionality of forest emissions reductions.  

o Permanence: Some REDD+ funds used buffers to ensure permanence. With buffers, a 

portion of avoided emissions credits is set aside and held in escrow for a specific period, 

so the seller receives the funds only after the forest carbon stock has been maintained 

for that length of time.114 National level monitoring, external assessment, and certainty of 

future payment streams also reduce the risk of subsequent reversal.  

o Monitoring and verification: Advances in satellite technology have made monitoring and 

verification much easier.115 The standardised external Monitoring, Reporting, and 

Verification required under REDD+ capitalises on these developments.116 

Getting an item on the UNFCCC agenda is extremely politically complex, requiring unanimity from all 

parties. CfRN’s secured agreement on RED in the face of scepticism or outright opposition from 

countries such as Brazil and the US. Since UNFCCC meetings occur on an annual basis, by being a first 

mover on RED, CfRN very likely brought a global agreement on forests forward by at least a year. 

Given the strong opposition to RED in some quarters, our best guess is that by proposing RED when 

they did, CfRN brought a global agreement on forestry forward by two years. This estimate errs on the 

conservative side, and there is a plausible case that CfRN’s actual effect could be up to five years.  

 
114 Seymour and Busch, 272–73. 
115 Seymour and Busch, chap. 4. 
116 Seymour and Busch, 270–71. 
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CfRN also played a major role advocating for REDD+ in UN climate negotiations from 2005 onwards. 

Our uncertain realistic estimate is that if CfRN had not acted in these negotiations, a global agreement 

on forestry would have been delayed by 1-2 years. Overall, we estimate that CfRN brought a global 

agreement on forestry forward by 3 years, with a pessimistic estimate of 1 year, and an optimistic 

estimate of 6 years.   

The benefits of CfRN’s past work 

We believe that by bringing forward a global agreement on forestry, CfRN has mobilised a large 

amount of additional funds which could help to reduce deforestation at low cost. These funds have 

not yet been disbursed, so our estimate of their effect is based on the projected impact of REDD+ 

money. We quantify the magnitude of this effect in our cost-effectiveness model. The calculation is 

explained in Appendix 1. The Historical Impact of The Coalition for Rainforest Nations.  

Once one makes certain adjustments for counterfactual impact, our rough estimate is that due to its 

work between 2004 and 2018, CfRN has averted or will avert between 15m and 1.36bn tonnes of CO2e, 

with a realistic estimate of 160m tonnes of CO2e.117 This is unusually high, which should lead us to be 

cautious, but there are good reasons to think that CfRN has been unusually impactful. On any 

reasonable analysis, CfRN has been hugely influential in global climate negotiations, which has given it 

enormous leverage over global forestry emissions, a huge sectoral contributor to global emissions.  

CfRN’s costs so far have been ~$39m. Our realistic estimate is that CfRN have averted a tonne of CO2e 

for $0.24, with a pessimistic estimate of $2.60 per tonne and an optimistic estimate of $0.03 per 

tonne. Equivalently, for each $100, they averted 411 tonnes of CO2e (with a range of 38 tonnes to 

 
117 This roughly corresponds to our 90% confidence interval. 

https://docs.google.com/spreadsheets/d/12lwvxlWLjwuSuXiciFvnBF2bkfcCkrusdqqT37_QWac/edit#gid=0
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3,509 tonnes per $100). For context, the average person in the UK causes around 10 tonnes of CO2 

emissions per year.118 It is generally considered to be difficult to avert a tonne of CO2 for less than $2. 

Note that this model estimate excludes some of the benefits of CfRN’s activities, such as forestry 

emissions reductions not attributable to additional funding, technical assistance with national REDD+ 

plans, and work to set up REDD+ funds. The model may therefore be somewhat on the conservative 

side.  

CfRN’s future impact and cost-effectiveness 

In this section we will discuss the cost-effectiveness of CfRN’s future work. We believe the projects 

CfRN plans to work on over the next few years will be highly impactful, and that, as the largest 

coalition of tropical rainforest nations and a leading voice on REDD+, CfRN is well placed to execute 

these plans.  

CfRN is currently pursuing three projects. The first is ‘Reporting for Results-Based REDD+’. Reporting 

for Results-Based REDD+ will help 21 countries develop greenhouse gas inventories by identifying and 

training technicians to report on greenhouse gas emissions. This project has been fully funded by the 

Norwegian Agency for Development Cooperation. 

CfRN’s other two main projects require additional financial support. Both projects aim to fill gaps in 

the current REDD+ landscape. Our rough model suggests that both projects have high expected cost-

effectiveness, though there is significant uncertainty about our estimates.  

 
118 Adam Vaughan, “Carbon Emissions per Person, by Country,” the Guardian, September 2, 2009, 
http://www.theguardian.com/environment/datablog/2009/sep/02/carbon-emissions-per-person-capita. 
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REDD+ Registry and Exchange 

The UNFCCC has agreed how to measure, report and verify REDD+ results (successfully reduced 

emissions). Those results, having completed the UNFCCC Monitoring, Reporting and Verification 

process, are listed on the UNFCCC REDD+ Information Hub. However, the private sector cannot 

currently engage at this stage to access REDD+ results. Thus, National greenhouse gas Registries that 

are linked to a trading platform for REDD+ results are necessary to scale up private sector investment.  

Tool Development: To actively integrate private sector capital, further tools are needed, 

including trading mechanisms. Specifically, carbon registries are needed to secure ownership 

and related sales, transfers and retirements. Additionally, a trading platform is needed to 

provide price exploration and liquidity for private sector participants.  

Goal: To demonstrate electronic registries and/or trading platforms for REDD+ in partnership 

with leading private sector partners with a goal to scale up private sector finance over $1 billion 

in five years.  

Next Steps: Develop pilot electronic registries and trading platforms partnering with REDD+ 

countries and leading private sector partners. 

We believe that the REDD+ Registries and Exchange project has the potential to be highly impactful 

because: 

1. No other organisation is trying to set up a REDD+ Registry and Exchange. 

2. CfRN is highly likely to succeed in setting up the Registry and Exchange, if CfRN receives 

sufficient funding.  

3. It is plausible that the project will increase private funding for REDD+ by hundreds of millions of 

dollars over the course of five years.  



 
 

 

 

 
80 — Founders Pledge Climate Change             
                 

4. The vast majority of this money would not otherwise be spent on emissions abatement.  

We will now discuss each point in turn. CfRN have told us that they are not aware of any other 

organisation trying to set up a REDD+ Registry and Exchange.119 The REDD+ Registry and Exchange 

would be the only exchange offering ‘compliance grade’ forestry offsets, i.e. offsets that are of 

sufficient quality to be eligible for carbon pricing schemes.  

Secondly, CfRN’s track record and organisational strength provides very good evidence that they will 

very likely succeed in setting up the Registry and Exchange. As mentioned above, CfRN has conceived 

and designed three forestry funds, now worth around $2bn. CfRN is also unusually well-placed to 

develop this tool, as the largest coalition of tropical rainforest nations in the world, which gives it the 

ability to easily partner with REDD+ countries. The technology platforms that CfRN plans to use for the 

Registry and Exchange are available and have been tested. 

Thirdly, we believe that CfRN’s stated funding goal of $1bn over five years is plausible. Between 2006 

and 2014, only 10% of REDD+ finance (~$1bn) was from the private sector.120 In spite of this, the 

potential future private sector demand is substantial. The Paris Agreement allows for internationally 

transferred mitigation outcomes, enabling countries to meet their climate obligations by purchasing 

REDD+ offsets, subject to environmental integrity and avoidance of double counting.121 Carbon pricing 

schemes are covering an increasing share of global emissions over time. As these develop, private 

demand for REDD+ offsets will increase because REDD+ is among the most cost-effective ways to 

 
119 Kevin Conrad, personal communication,  
120 Marigold Norman and Smita Nakhooda, “The State of REDD+ Finance,” SSRN Scholarly Paper (Rochester, NY: Social 
Science Research Network, May 1, 2015), https://papers.ssrn.com/abstract=2622743. 
121 
http://www.climatefocus.com/sites/default/files/20151223%20Land%20Use%20and%20the%20Paris%20Agreement%20FIN.
pdf  

http://www.climatefocus.com/sites/default/files/20151223%20Land%20Use%20and%20the%20Paris%20Agreement%20FIN.pdf
http://www.climatefocus.com/sites/default/files/20151223%20Land%20Use%20and%20the%20Paris%20Agreement%20FIN.pdf
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reduce emissions.122 To give an idea of the scale of future demand, according to one analysis, the 

demand for forest offsets from the aviation sector alone could be more than $3bn per year in the 

2020s.123  

As of 2016, the total market value of voluntary offsets was $4.8bn. As Figure 3.1 illustrates, the market 

has declined since 2011: 

 
122 Especially notable is the introduction of China’s Emissions Trading Scheme in 2017, covering 7% of global emissions. World 
Bank, “Carbon Pricing Watch 2017.” 
123 Seymour and Busch, Why Forests? Why Now?, 388–89. 



 
 

 

 

 
82 — Founders Pledge Climate Change             
                 

Figure 3.1.  

 

Historical market-wide voluntary carbon offset transaction values 

 

 

Source: Ecosystem Marketplace, Unlocking Potential: State of the Voluntary Carbon Markets 2017, p. 7.  
 
 

CfRN believes that this recent decline in the market was due to increased unmet demand for 

compliance grade offsets. Part of the reason that demand has gone unmet so far is the lack of a 

registry of achieved REDD+ results and a REDD+ exchange that is easily accessible to the private 

sector. The private sector does not currently have access to a transparent registry of REDD+ results. 

Instead, there is an ‘over the counter’ dynamic, in which a private firm would call up the ministry of the 

environment in a REDD+ country to access information on REDD+ results. An exchange is also lacking 

and would increase the efficiency and liquidity of the REDD+ market.  

For these reasons, we believe it is likely that the vast majority of the funding channelled via the 

Registry and Exchange would be genuinely additional and would not have been forthcoming 
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otherwise. Since the REDD+ Registry and Exchange will exclusively offer compliance grade offsets and 

REDD+ offsets are among the cheapest offsets available, the Registry and Exchange is likely to play a 

unique and major role in meeting private demand for REDD+ offsets, which, as discussed above, is 

plausibly in the hundreds of millions of dollars per year.  

Finally, it might be argued that increasing private REDD+ finance merely decreases the cost of 

emissions reductions, it does not reduce emissions. If REDD+ credits are not available, then the private 

sector will move to the next cheapest mitigation opportunity. We believe that this factor only justifies 

a minor downward adjustment to the cost-effectiveness of the Registry and Exchange project. The 

reason for this is discussed in detail in Appendix 1. The Historical Impact of The Coalition for Rainforest 

Nations.124 In brief, private sector demand is driven by the price of carbon in carbon pricing systems. 

Since carbon is priced below $10 per tonne of CO2e in almost all carbon pricing schemes, if the 

marginal cost of abatement increases above $10 per tonne, private sector willingness to mitigate is for 

the most part reduced to zero. This suggests that REDD+ offsets are genuinely additional.  

REDD+ catalytic public/private sector fund  

REDD+ finance must be dramatically increased if deforestation is going to be prevented at sufficient 

scale. Funding mobilized so far is primarily public, not focused on REDD+ results, and insufficient to 

cover market needs.125  

Tool Development: CfRN is planning to establish the REDD+ Catalytic Fund (‘RCF’) to enable 

public and private institutions to invest together in REDD+ in a manner compliant with UNFCCC 

decisions and consistent with national GHG inventories, registries and allocation processes.  

 
124 See the discussion of the elasticity of the carbon budget to the cost of abatement.  
125 Seymour and Busch, Why Forests? Why Now?, chap. 12. 
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Goal: To mobilize around $500 million to pre-finance REDD+ actions secured by public REDD+ 

funds.  

Next Steps: A pre-feasibility study is required prior to the design and implementation of the 

RCF to ensure major challenges, risks and impediments for the proposed investment model are 

identified and assessed, alternative solutions are evaluated, and the fund meets market needs. 

Like the Registry and Exchange, the Catalytic Fund is designed to mobilise private funding for REDD+. 

We believe that the funding goal is reasonable given CfRN’s track record. When CfRN set up the World 

Bank Forest Carbon Partnership Facility (FCPF), the goal was to raise around $500m, and it has raised 

$1.4bn so far.126 FCPF funding is all public finance, and the Catalytic Fund is blended public and 

private. Innpact and Ernst & Young, CfRN’s partners on the Catalytic Fund project, also believe that the 

estimate is reasonable, given their experience in setting up funds so far: many of these funds are 

worth in excess of $100m.127   

We believe the project is likely to be highly impactful because: 

1. No other organisation is trying to set up a REDD+ public/private fund based on the UNFCCC 

REDD+ mechanism.  

2. CfRN is highly likely to succeed in setting up the Catalytic Fund, if CfRN receives sufficient 

funding.  

3. It is plausible that the Catalytic Fund will increase funding for REDD+ by hundreds of millions of 

dollars over the course of five years.  

 
126 Kevin Conrad, personal communication, February 8th 2018.  
127 Innpact, “Dedicated to Impact Finance,” Presentation for CfRN, 2017. 
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4. If the Catalytic Fund did not exist, the vast majority of the money raised would not otherwise be 

spent on emissions abatement.  

We will discuss each of these points in turn. Much of the discussion in the previous subsection is 

relevant, so our treatment will be briefer her. Firstly, CfRN have told us that no-one else is setting up a 

public/private catalytic fund applying UNFCCC Standards,128 and this has been confirmed by further 

research. CfRN is uniquely well-placed to set up such a fund and has already designed and set up 

some of the largest existing REDD+ funds. Secondly, given CfRN’s track record, global political 

position, and experience with REDD+ funds, we believe they are highly likely to succeed in setting up 

the Catalytic Fund.  

Thirdly, as discussed above, we believe that the funding goal for the Catalytic Fund is plausible. The 

Catalytic Fund appears to fill an important niche in the REDD+ landscape. At present, private investors 

fund forestry projects by donating to environmental NGOs.129 The environmental NGO is supposed to 

derisk a specific country-level investment for the investor by certifying the success of the project in 

averting emissions. In contrast, the Catalytic Fund mobilises public funds to enable UNFCCC 

certification of REDD+ results, such that the investor does not take on any risk associated with the 

potential failure of a project run by an environmental NGO.  

Fourthly, for the reasons briefly outlined in the previous subsection and in more detail in Appendix 1. 

The Historical Impact of The Coalition for Rainforest Nations, we believe that the Catalytic Fund would 

increase total abatement because the elasticity of the carbon budget to the cost of carbon is high. 

 
128 EDF and the Rockefeller Foundation are also setting up a public/private fund, but this does not use UNFCCC standards. 
129 This is the approach taken by the proposed EDF-Rockefeller fund.  
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CfRN future cost-effectiveness 

Our cost-effectiveness model tries to take account of the various factors that could adversely affect 

the impact of CfRN’s future work. Our realistic estimate is that via its future work, CfRN will avert 

around 40m tonnes of CO2e, with a pessimistic estimate of 6m tonnes, and an optimistic estimate of 

209 million tonnes. The approximate cost of the two unfunded projects will be around $4.5m. This 

suggests that a donation to CfRN will avert a tonne of CO2e for around $0.12, with a range of $0.02-

$0.72. Equivalently, a $100 donation to CfRN would avert ~857 tonnes of CO2e with a range of ~138 

tonnes – ~4,600 tonnes. There is significant uncertainty surrounding these estimates. Nonetheless, 

this rough model does suggest that CfRN is an exceptional donation opportunity.  

We recommend unrestricted funding to CfRN, to give them maximal flexibility to prioritise their 

projects.  

Is it a strong organisation? 

We believe that CfRN has a strong team who have shown the ability to have large impact in difficult 

geopolitical circumstances. Two prominent and respected economists, Sir Nicholas Stern and Joseph 

Stiglitz sit on the CfRN Secretariat advisory board. Their Executive Director, Kevin Conrad, and 

Managing Director, Federica Bietta, both appear highly competent, and have been heavily involved in 

research and advocacy for REDD+ for many years. Kevin Conrad was named a Time Hero of the 

Environment after his intervention at the 2007 UNFCCC Bali Conference, which is widely seen to have 

been crucial in forcing the hand of US negotiators.130 Individuals we have spoken to who were 

involved in UNFCCC climate negotiations have noted the quality of CfRN’s work and their outsized 

impact on negotiations.131 CfRN is the largest grouping of tropical rainforest nations in the world.  

 
130 See the video here. 
131 Conversation with Veerle Vandeweerd, 6th Feb 2018.   

https://docs.google.com/spreadsheets/d/12lwvxlWLjwuSuXiciFvnBF2bkfcCkrusdqqT37_QWac/edit#gid=1267972809
https://www.youtube.com/watch?v=C1fwrWc-g_A&t=94s
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CfRN’s approach is pragmatic and results-oriented, and they focus on gaps left by other actors 

working on global forestry. Kevin Conrad and Federica Bietta have been helpful throughout the 

evaluation process and have shared large amounts of relevant information.  

Is there room for funding?  

For its projects in 2018, CfRN has a funding shortfall of $1.6m, and for 2019, a funding shortfall of 

$800,000.  

• REDD+ Catalytic Fund 

o 2018 budget: $2,074,152 

 Unfunded: $1,224,152 

o 2019 budget: $451,273 

 Unfunded: $451,273 

• REDD+ Registry and Exchange 

o 2018 budget: $586,914 

 Unfunded: $436,914 

o 2019 budget: $370,133 

 Unfunded: $345,133 

To date, CfRN have spent $150,000 on the Registries and Exchange, and $75,000 on the REDD+ 

Catalytic Fund. One of CfRN’s long-term funders recently ended support having fulfilled the goal of 

including REDD+ in the Paris Agreement, which suggests their current funding situation is more 

uncertain than it has been previously.   
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3.2. The Clean Air Task Force 

 

Summary 

What do they do? The Clean Air Task Force (CATF) is a US-based non-profit which works to reduce 

climate and non-climate pollutants through research and analysis, public advocacy leadership, and 

partnership with the private sector. 

Do they have a good track record? CATF have conceived of and led several successful advocacy 

campaigns in the US, which have had very large public health and environmental benefits. According 

to our rough model, through their past work, they have averted a tonne of CO2e for around $1.  

Is their future work cost-effective? Going forward, CATF plans to continue its work on power plant 

regulation and to advocate for policy support for innovative but neglected low carbon technologies. 

Given their track record and the nature of their future projects, we think it is likely that a donation to 

CATF would avert a tonne of CO2e for $0.10-$1. 

Is it a strong organisation? CATF produces very high-quality research and has shown the ability to 

achieve impactful policy change on a small budget.  

Is there room for funding? We believe that CATF can productively use around $2m over the coming 

year. We recommend unrestricted funding to CATF to give them maximal flexibility to prioritise their 

projects.  

  

http://www.catf.us/
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What do they do? 

The Clean Air Task Force (CATF) is a US-based non-profit which works to reduce climate and non-

climate pollutants through research and analysis, public advocacy leadership, and partnership with 

the private sector. It was founded in 1996 with the aim of enacting federal policy of reducing the air 

pollution caused by American coal-fired power plants. This campaign has been highly successful and 

has been a contributing factor to the retirement of a large portion of the coal fleet. The campaign 

strategy has now been taken on by other larger NGOs and billion-dollar philanthropies. CATF have 

conceived and co-led a number of other successful campaigns, including: 

• Pollution controls on the power sector (1996-present): Since its inception, CATF has advocated 

for pollution regulations on U.S. coal plants under the Clean Air Act, from 1996-2006 as part of 

the Clear the Air Campaign, and after as that campaign strategy was taken on by the Sierra 

Club.  Under the Obama administration, CATF advocated and provided technical support for 

strict emissions requirements on coal plants. CATF is now defending those regulations against 

attacks by the Trump Administration. 

• The national diesel clean-up campaign (2003-12): CATF conceived of and co-led the campaign 

to reduce harmful air pollution from diesel cars. CATF developed state, local and national 

legislation and rules to fund and require retrofit of diesel engines with emission controls, and 

supported regulations and legislation which successfully reduced US diesel emissions. 

• Global campaign against short-lived climate pollutants (2000-present): CATF were the first 

environmental group to recognise the importance of short-lived but highly potent climate 

pollutants, such as soot, black carbon, and methane. They helped enact the first ever emission 

standards on ocean-going ships at the International Maritime Organization. 

http://www.catf.us/
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• Reducing methane from oil and gas production (2009-present): CATF conceived of co-led the 

campaign for the regulation of fugitive methane emissions from oil and gas production. This 

culminated in regulations which have dramatically reduced methane emissions since 2012.  

CATF’s role in the environmental NGO ecosystem has often been to focus on sources of emissions that 

are neglected by other environmental NGOs, to conceive and design pragmatic campaigns to target 

those emissions, and to secure support from philanthropists and other larger environmental NGOs, 

such as the Environmental Defense Fund, the Natural Resources Defense Council, and the Sierra Club. 

CATF also produces high quality research, which is very well regarded among the philanthropists, 

scientists, policy experts, and government bureaucrats that we have spoken to.  

CATF’s current primary focus is on scaling up the rapid deployment of all of the low carbon 

technologies required for deep decarbonisation, with a particular focus on technologies that are 

important but neglected by environmental NGOs and governments, such as carbon capture and 

storage, advanced nuclear, and low carbon heavy duty transport. 

CATF’s past impact and cost-effectiveness 

In this section, we will discuss the cost-effectiveness of CATF’s past work. Because CATF works on 

heterogeneous projects, rather than examining all of their work, we have evaluated three case studies.  

CATF’s past impact 

In our review of CATF’s past impact, we decided to focus on their work on three projects: 

1. Power Plant Campaign and Clear the Air: non-climate pollutants (1996 – 2006).  

2. The Methane Partners Campaign (2000 – present). 

3. Campaign for tax incentives for carbon capture and storage (2009 – present)  
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We discuss these case studies at length in Appendix 2. The Historical Impact of the Clean Air Task 

Force. Our discussion here is briefer.  

As mentioned above, CATF was founded in 1996 to advocate for regulation of the damaging air 

pollution produced by the US coal fleet, initially focusing on sulphur dioxide (SO2) and nitrogen oxide 

(NOx). They later advocated for controls on mercury emissions. The theory of change was that the cost 

of emission controls for conventional pollutants and mercury would result in the retirement or 

curtailment of coal plant operation resulting in reductions in CO2 (and other) emissions. CATF 

conceived of the campaign goal, designed the strategy, and led the campaign, in turn drawing in 

philanthropic support and recruiting other environmental NGOs to the campaign. From 1998 onwards, 

CATF co-led a nationwide campaign called “Clear the Air”, involving numerous other environmental 

NGOs. Their research, advocacy and litigation efforts spanned the Clinton, Bush and Obama 

administrations.  

We believe that the campaign was very likely instrumental in the decision by the US Environmental 

Protection Agency to impose a number of new regulations on coal power plants under the Clean Air 

Act restricting SO2, NOx, and mercury emissions. We believe that CATF had a counterfactual impact in 

two ways: 

1. By conceiving of the power plant campaign, and playing a catalytic role in crowding in 

philanthropic funding for a national campaign involving numerous NGOs.  

2. By leading the ensuing campaign, providing high quality technical analysis on the health 

effects of air pollution, and litigating the EPA.  

Through each of these mechanisms, CATF increased the probability that regulation was introduced 

earlier in time. Our highly uncertain realistic estimate is that through their work, CATF brought 

regulation on US coal plants forward by 18 months, with a lower bound of 9 months and a higher 
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bound of 4 years. CATF believe this to be a major underestimate, and have told us that they could 

have brought the relevant regulation forward by ten years.  

The strategy of targeting coal plants with air pollution regulations has proven influential. From the 

mid-2000s onwards, the campaign strategy was taken on, with significant success, by the Sierra 

Club’s Beyond Coal campaign, which has received more than $100m from Bloomberg Philanthropies 

alone.132   

The goal of the Methane Partners Campaign was to reduce fugitive methane emissions from the oil 

and gas industry. CATF again played a catalytic role. In the early 2000s, CATF learned of the 

prominent climate scientist Dr. James Hansen’s research into the impact of short-lived climate 

pollutants such as black carbon, methane, and hydrofluorocarbons. CATF’s research revealed that 

reducing methane emissions from the oil and gas industry presented the best opportunity for cost-

effective, politically-feasible mitigation in the near term.  

CATF brought this analysis to the attention of the Environmental Defense Fund (EDF) and convinced 

them that it would be a worthwhile issue to focus on. From 2009 onwards, CATF and EDF co-led 

advocacy for regulation of methane emissions from the oil and gas industry. EDF’s analysis was cited 

in the Obama administration’s strategy to reduce methane, and from 2012 onwards, the EPA finalised a 

number of regulations, including: 

• The 2012 New Source Performance Standards 

• The 2016 New Performance Standards  

 
132 “Bloomberg Announces $64 Million in New Funding to Move America Beyond Coal as Trump EPA Tries to Prop Up Dead 
End Fuel Source,” Bloomberg Philanthropies, accessed February 25, 2018, 
https://www.bloomberg.org/press/releases/bloomberg-announces-64-million-new-funding-move-america-beyond-coal-
trump-epa-tries-prop-dead-end-fuel-source/. 
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Both regulations aim to reduce methane emissions from the oil and gas industry. We believe that CATF 

had an impact on US methane regulation in two broad ways: 

1. Acting as a “first mover” in conceiving of, and catalyzing support for, the Methane Partners 

Campaign among a number of larger environmental NGOs.  

2. Co-leading and contributing technical research to the campaign.  

Through each of these mechanisms, CATF increased the probability that regulation was introduced 

earlier in time. We estimate that CATF brought the 2012 regulation forward by 11 months, and the 2016 

regulation forward by 3 years.  

Finally, CATF conceived and played a prominent role in a campaign for the expansion of tax incentives 

for carbon capture and storage.  After a long campaign involving research, coalition building, and 

advocacy, the Furthering carbon capture, Utilization, Technology, Underground storage, and Reduced 

Emissions Act (FUTURE Act) finally passed through Congress in February 2018 as part of the Bipartisan 

Budget Act of 2018. The Act expands the 45Q tax credit for carbon capture storage for both Enhanced 

Oil Recovery and saline CO2 storage.133  

One government official and one former government official have told us that CATF played a 

substantial role in the campaign for the increased incentives. Their account is consistent with CATF’s 

own account of their own impact on this issue. Our rough best guess realistic estimate is that CATF 

brought the relevant legislation forward by ~1.5 years.  

The benefits of CATF’s past work 

The benefits of these three projects are substantial and are estimated in our cost-effectiveness model. 

We estimate that via its work on coal plant regulation, CATF averted ~18,200 deaths with a pessimistic 

 
133 These are explained in more detail in Appendix 2. The Historical Impact of the Clean Air Task Force. 

https://docs.google.com/spreadsheets/d/1q6srpmt5VkdXLGfYzqHqkU3hvGUwPKjA67uxqYI0Upw/edit#gid=0
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estimate of ~5,580 deaths averted and an optimistic estimate of ~56,960 deaths averted. The coal 

plant regulations also helped, along with lower natural gas prices, to retire a significant portion of the 

US coal fleet, which in turn would produce significant reductions in CO2e emissions. We estimate that 

CATF averted ~10.4m tonnes of CO2e via this mechanism, with a pessimistic estimate of ~1.3m tonnes 

and an optimistic estimate of ~48.5m tonnes. 

The Methane Partners Campaign helped to significantly reduce methane emissions, a major 

greenhouse gas. We estimate that through its methane work, CATF reduced methane emissions by 

~41.2m tonnes of CO2e, with a pessimistic estimate of ~14.8m tonnes and an optimistic estimate of 

~100m tonnes.  

We estimate that via the CCS tax incentives campaign, CATF will avert 30m tonnes of CO2e, with a 

pessimistic estimate of 14m and an optimistic estimate of 60m tonnes.  

Combining the impact of the three projects, CATF has averted ~81m tonnes of CO2e, with a pessimistic 

estimate of ~30m tonnes and an optimistic estimate of ~208m tonnes.  

It is difficult to infer conclusions about CATF’s overall impact from this because these case studies 

only constitute a subset of CATF’s work and it is difficult to know how representative they are of 

CATF’s impact. CATF pursued four other apparently successful projects over this period.134 We would 

roughly guess that the three projects we have assessed constitute 70% of CATF’s impact, though this 

is highly uncertain. This suggests that CATF has averted ~26,000 deaths and ~116m tonnes of CO2e.  

CATF’s typical annual expenditure has been around $7m since its creation in 1996, which implies that 

its total expenditure has been around $147m. This implies that through its past activities averted a 

 
134 They appear to be successful in that the changes CATF were advocating for occurred, though we have not looked into 
CATF’s role in these campaigns.  
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death for ~$5,700. CATF work was also highly cost-effective in producing climate benefits, averting a 

tonne of CO2e for $1.26 with a range of ~$0.35 to $4.40, or equivalently averting 79 tonnes of CO2e 

per $100, with a range of 22 to 283 tonnes.  

CATF’s future impact and cost-effectiveness 

In this section, we will discuss the prospective cost-effectiveness of CATF’s future projects. CATF is 

currently seeking funding for the following projects: 

• Fossil fuel decarbonisation 

• Advanced nuclear energy 

• Methane regulation work 

• Power plant regulation 

• Bioenergy 

The case for donating to CATF rests on the following factors: 

• Track record and organisational strength: CATF has an outstanding track record in achieving 

changes that benefit the climate. In our view, their research is of very high quality. The 

philanthropists, scientists, policy experts and government bureaucrats we have spoken to have 

all expressed a similar view.   

• Technology and geography intervention focus: CATF will work on two technologies – fossil fuel 

decarbonisation (CCS), and nuclear energy innovation – which the ITN rubric discussed in 

section 2 suggests are among the most cost-effective to advocate for. Moreover, they plan to 

focus on countries – China and India – which we believe to be particularly important to target 

based on the analysis in section 2. 
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• Intervention selection methodology: CATF uses a similar methodology to that discussed in 

section 2 to choose which interventions to work on. They focus on interventions that can make 

a large impact on emissions, but that are neglected by governments and environmental NGOs. 

Therefore, we are confident that they will continue to work on high value projects in the future.  

We will now discuss two of CATF’s future projects in more depth.  

CATF’s future work on carbon capture and storage 

CATF’s CCS team has primarily focused on winning the tax incentives for CCS, as discussed in the 

previous subsection. We think it is plausible that through this campaign, CATF have had a greater 

impact on CCS than any other global NGO working on CCS. Their past work on CCS has also focused 

on encouraging demonstration of CCS in the US and advocating for the use of CCS in China.   

In the future, they plan to focus on: 

• Building on the CCS tax incentives in the US by:  

o Promoting CCS market ecosystem development through policies that expand pipeline 

infrastructure and develop carbon storage management entities 

o Focusing on developing gas power with CCS projects to help enable future regulatory 

frameworks 

• Developing public and private sector interventions to accelerate advanced carbon capture 

technology commercialization  

• Expanding their work on CCS in China to: 

o Further develop knowledge sharing on CO2 geologic management know-how 

o Explore opportunities for advanced CCS technology development and deployment 
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o Facilitate dialogue with key decision makers on CCS policy lessons from US and 

collaboration opportunities 

• Identifying emerging CCS geographic opportunities, including in India and the Middle East. 

• Exploring the opportunity for gas reforming with CCS as a zero-carbon fuel production option 

(for ammonia or hydrogen). 

• Identifying and developing opportunities, beyond US incentives, to facilitate gas power with 

CCS. 

• Identifying and developing opportunities, beyond US incentives, to facilitate Industrial CCS. 

We have not tried to quantify the impact of CATF’s future work on CCS. At present their CCS team is 

focused on developing a long-term strategy for concrete CCS advocacy around the priorities above. 

Since it is unclear what this strategy will look like, quantifying this effect would be very difficult, and 

would not provide more information than we already have regarding CATF’s organisational 

effectiveness, and the prospective cost-effectiveness of working on CCS in China, India and the US.  

We think it is plausible that much of CATF’s prospective impact on CCS will come from China. To our 

knowledge, CATF are the only NGO actively promoting CCS in China. However, we are very unsure on 

how easy it is to make progress on CCS in China. This being said, we do have some information 

suggesting that CATF is better placed than other organisations. Julio Friedmann, a former US 

government official who has been working on CCS in China since 2006, told us that CATF has been 

the most effective foreign NGO working on CCS in China.135 Friedmann also provided support for 

 
135 Conversation with Julio Friedman, 11th Jan 2018. 



 
 

 

 

 
98 — Founders Pledge Climate Change             
                 

CATF’s claim that they have directly contributed to the recognition of the importance of CCS by the 

Chinese government.  

For these reasons, we think it is likely that whatever strategy CATF chooses, its work on CCS will be 

highly cost-effective. In light of CATF’s outstanding track record on CCS, we believe that have a better 

chance of success on CCS than any other NGO working on the problem. Since CCS is so neglected, 

we believe this work will be highly valuable.    

CATF’s future work on nuclear power 

The main constraints on the expansion of nuclear power as a climate mitigation tool are cost, build 

time overruns, and public concerns about safety and waste.136 In the US and in many European 

countries, the cost of constructing a nuclear power station has increased over the last few decades. 

This cost trend has not, however, been observed in some countries, such as South Korea and Japan.137 

CATF’s nuclear work since 2007 has focused on encouraging innovation in the nuclear sector to 

improve safety, increase proliferation resistance, lower costs, and reduce building time. We recognise 

that nuclear power is controversial. We discuss the issues surrounding nuclear power in Appendix 6. 

Concerns About Nuclear Power. Donors who are concerned about nuclear power should make a 

restricted donation to CATF.  

Several generations of reactors are commonly distinguished: 

“Generation I reactors were developed in 1950-60s, and the last one shut down in the UK in 

2015. Generation II reactors are typified by the present US and French fleets and most in 

operation elsewhere. [The first] generation III [reactors]... are in operation in Japan and others 

 
136 Laura D. Anadón et al., “Expert Judgments about RD&D and the Future of Nuclear Energy,” Environmental Science & 
Technology 46, no. 21 (2012): 11497–11504. 
137 Jessica R. Lovering, Arthur Yip, and Ted Nordhaus, “Historical Construction Costs of Global Nuclear Power Reactors,” 
Energy Policy 91 (April 1, 2016): 371–82, https://doi.org/10.1016/j.enpol.2016.01.011. 
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are under construction in several countries. Generation IV designs are still on the drawing 

board and will not be operational before the 2020s.”138  

CATF’s nuclear work is primarily focused on accelerating the deployment of advanced reactors (Gen 

III+ and Gen IV) through improving innovation policy. Examples of advanced Gen III+ reactors include 

offshore light water plants and small modular reactors. Gen IV reactors include molten salt, high 

temperature gas reactors, and sodium fast reactors.   

CATF’s main accomplishments in nuclear include: 

• In 2012, published the first US survey of advanced fission reactor technologies.  

• In 2013, convened the Nuclear Innovation Alliance (NIA) to begin to develop federal policies to 

support advanced fission.  

• In 2016, the NIA, staffed by CATF, produced a report providing US regulators a roadmap for 

licensing advanced fission plants, and engaged intensively with the Commission, staff, 

policymakers, and industry; the Nuclear Regulatory Commission has taken up this agenda and 

begun to staff up to achieve it;139 

• Worked with US Congressional staff and US national laboratories to develop concepts for 

research development and demonstration programmes for advanced fission.  

• In March 2018, the U.S. Senate passed the Nuclear Energy Innovation Capabilities Act (S.97).  

This bill strengthens partnerships between the private sector and government labs and 

 
138 http://www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/advanced-nuclear-power-
reactors.aspx 
139 https://www.utilitydive.com/news/nrc-chair-outlines-reforms-for-advanced-reactor-reviews/518594/ 

http://www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/advanced-nuclear-power-reactors.aspx
http://www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/advanced-nuclear-power-reactors.aspx
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authorizes investment in crucial testing infrastructure. Several other nuclear innovation bills 

have passed out of committee and await further action. 

We believe that CATF’s work on nuclear represents a high-risk high-reward opportunity. An individual 

who wished to remain anonymous has told us that CATF research has already had a major impact on 

US policy on nuclear innovation policy, and that its work in this domain would not have been carried 

out by another environmental NGO. We put significant weight on the opinion of this individual. 

Professor Per Peterson, Chair of the Department of Nuclear Engineering at the University of California 

at Berkeley has told us that “I would say that CATF, working along with two other key policy think 

tanks/organizations (Third Way and Nuclear Innovation Alliance [which was created by CATF]) have 

done more to change the future prospects for nuclear energy to play a major positive role than any 

other efforts of the last 4 decades.”140  

On the basis of a report by the Energy Options Network,141 CATF believes that advanced reactors will 

be significantly cheaper than current designs if they take a modern manufacturing-based approach to 

fabrication and deployment. According to the estimates in that study, the average levelised cost of 

various advanced reactor designs would be $60/MWh, roughly comparable to gas power.142  

We are sceptical that advanced reactors will be as cheap as this for a number of reasons. Firstly, this 

report relies on the “inside view” of advanced nuclear companies on the future costs of their plants 

(although this was checked against third party estimates in some cases and a standard costing 

model). We think that in general it is more reliable to use the “outside view”, which would compare the 

 
140 Personal correspondence, Prof Per Peterson, Jan 30th 2018.  
141 The Energy Options Network was created by CATF. 
142 See p. 2 of http://innovationreform.org/wp-content/uploads/2017/07/Advanced-Nuclear-Reactors-Cost-Study.pdf. 
Levelised cost is an artificial metric used to compare the costs of different power sources. It is an especially misleading way 
to compare intermittent and non-intermittent sources. 

http://innovationreform.org/wp-content/uploads/2017/07/Advanced-Nuclear-Reactors-Cost-Study.pdf
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future reactors to a class of past similar cases.143 The outside view suggests that costs would be 

substantially higher.   

Secondly, a 2008 expert elicitation survey showed that the average nuclear expert expected 

advanced reactors to be more expensive than current designs.144 However, it is not clear how 

applicable this survey is to the innovation reform pursued by CATF. The Anadón et al survey studies 

the effect of historically publicly funded and government-designed RD&D into reactors that typically 

lacked a focus on cost reduction. By contrast, CATF’s approach is focused on enabling the private 

sector, overall plant cost reduction, and is not primarily focused on improving the reactor portion of 

nuclear plants, as reactors comprise only 15% of total project cost.145 

Thirdly, there is some evidence that nuclear innovation has historically increased costs in some 

countries.146 Berthélemy and Rangel argue that homogeneity between reactor designs and repeated 

learning from building the same standardised model over time reduces costs.147 However, it is not 

clear how applicable this is as a criticism of CATF’s plans to encourage nuclear innovation. CATF plans 

to encourage some gains from industry standardisation, but also to have significant private sector 

variety.  

For these reasons, we think that there is less than 10% chance that, if the reforms advocated for by 

CATF are implemented, advanced nuclear will have comparable costs to gas power. Nevertheless, our 

cost-effectiveness model suggests that even if the project has a 1% chance of success, its expected 

 
143 Daniel Kahneman, “Daniel Kahneman: Beware the ‘inside View’ | McKinsey & Company,” accessed February 28, 2018, 
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/daniel-kahneman-beware-the-
inside-view. 
144 Anadón et al., “Expert Judgments about RD&D and the Future of Nuclear Energy.” 
145 Armond Cohen, personal communication, Feb 9th 2018.  
146 Michel Berthélemy and Lina Escobar Rangel, “Nuclear Reactors’ Construction Costs: The Role of Lead-Time, 
Standardization and Technological Progress,” Energy Policy 82 (July 1, 2015): 118–30, 
https://doi.org/10.1016/j.enpol.2015.03.015. 
147 Berthélemy and Escobar Rangel. 

https://docs.google.com/spreadsheets/d/1q6srpmt5VkdXLGfYzqHqkU3hvGUwPKjA67uxqYI0Upw/edit#gid=200949301
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benefits would be very large. The reason for this is that we think there is a reasonable chance that 

CATF will change the future trajectory of innovation policy and that if they succeed, their work will 

have large positive spillovers by creating global public goods. If nuclear does fall in cost precipitously, 

then there will be significant deployment of nuclear, which would have very large climate benefits. 

Consequently, we think the project would be worth investing in, as a high-risk high-reward 

opportunity.   

Our model excludes some important benefits of nuclear innovation. Most importantly, we think it is 

likely that nuclear innovation will significantly improve the safety of nuclear plants.148 This is valuable 

in and of itself and will also help to reduce public acceptability concerns, a major constraint on the 

scale-up of nuclear required for deep decarbonisation.  

In addition, CATF has launched a partially funded project focusing on increasing the proliferation 

resistance of advanced nuclear. We believe it is likely that CATF’s work would reduce proliferation risk 

by two mechanisms.149 Firstly, if successful, CATF’s work would strengthen America’s standing in the 

nuclear export market relative to other powers such as Russia who are less concerned about 

proliferation. Control over the nuclear export market is one of the main ways in which the US executes 

its non-proliferation aims. Thus, expanding the role of nuclear in the US is likely to reduce proliferation 

risk. Secondly, the US has the strongest non-proliferation controls in the world, and if US advanced 

nuclear companies do not meet these standards, then the US will not permit them to export the 

technology abroad. In that scenario, advanced reactors from Russia and China are more likely to 

become available without the same level of proliferation controls. Thus, CATF’s focus on ensuring that 

advanced designs meet US non-proliferation export standards is likely to produce security benefits.  

 
148 Anadón et al., “Expert Judgments about RD&D and the Future of Nuclear Energy.” 
149 See Appendix 6. Concerns About Nuclear Power on the link between nuclear energy and nuclear power.  
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Is it a strong organisation? 

We believe that CATF is a very strong organisation. We have been impressed with all of its research. 

We have spoken to more than a dozen philanthropists, energy policy experts, scientists, and 

government bureaucrats who have all praised the quality of CATF’s work. Many of them have stated 

that CATF punches above its weight in achieving impactful changes on a small budget. CATF has 

conceived of and been involved in an unusually large number of successfully policy advocacy 

campaigns.  

CATF’s team have been extremely helpful throughout the process and have shared very large amounts 

of relevant information on CATF’s past achievements, and future plans.  

Is there room for funding?  

For the 2018 financial year, CATF estimates a total budget of $5.5m for their current project work and 

organisational expenses. They anticipate that they will raise this money through renewals of grants.  

In order to execute fully on their programs, however, CATF would need to raise approximately $2.1m 

in additional new revenue. Broken down by project area, this figure represents:  

• $800,000 for Nuclear Innovation 

• $600,000 for Decarbonised Fossil Energy  

• $300,000 for Power Plant Regulations 

• $300,000 for Methane Regulations and Best Practices 

• $100,000 for Bioenergy 
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CATF are discussing this agenda with a small group of current funding sources, but to meet this 

ambitious goal they will need new donors. 

We recommend unrestricted funding for CATF because we believe their process for selecting projects 

is highly likely to lead them to focus on cost-effective projects. Unrestricted funding would give them 

maximal flexibility to prioritise their projects. 
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4. Future Research and Recommended Reading 
Climate change is an extremely complex scientific, political and economic issue. There are scarcely 

any policy approaches that are not contested by some experts or climate activists: support for each of 

renewables, energy efficiency, nuclear, carbon capture and storage, and preventing deforestation 

through REDD+ are strongly supported and opposed by some important constituencies. In light of this 

complexity and controversy, modesty about the findings of this report is appropriate. Climate change 

is an open hard problem, and this report is one contribution from an impact-focused philanthropic 

perspective; doubtless many other reasonable approaches could have been taken. 

We have found the following literature especially useful: 

• IPCC, Mitigation of Climate Change, ‘Technical Summary’, 2014 

o An 80 page comprehensive overview of the issues surrounding mitigation of climate 

change.  

• Gernot Wagner & Martin Weitzman, Climate Shock, 2015 

o This discusses the science and economics of climate change with a focus on 

catastrophic risk. Wagner and Weitzman argue that we should pay more attention to the 

roughly 10% chance of catastrophe we are headed for without a drastic course 

correction.  

• David Mackay, Sustainable Energy – without the hot air, 2009  

o An accessible overview of the technology options we have at our disposal to tackle 

climate change. It is also one of the greatest books on policy for the general reader ever 

written. 

• International Energy Agency, Key World Energy Statistics 

http://ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_technical-summary.pdf
https://www.withouthotair.com/about.html
https://www.iea.org/publications/freepublications/publication/key-world-energy-statistics.html
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o An overview of energy demand over time, and the main sectoral and geographical 

sources of energy supply and CO2 emissions.  

• www.electricitymap.org  

o An interactive map showing the mix of different technologies in electricity systems.  

• World Bank, Carbon Pricing Watch, 2017 

o An overview of the (lack of) progress on the climate policy preferred by economists. 

• Brick and Thernstrom, ‘Renewables and decarbonization: Studies of California, Wisconsin and 

Germany’, The Electricity Journal 

o An argument for the need for a range of energy supply technologies in decarbonised 

energy systems.   

• Seymour and Busch, Why Forests? Why Now?, 2016 

o A comprehensive overview of the problem of deforestation, and the promise offered by 

REDD+. 

  

http://www.electricitymap.org/
https://openknowledge.worldbank.org/handle/10986/26565
https://www.sciencedirect.com/science/article/pii/S1040619016300136
https://www.sciencedirect.com/science/article/pii/S1040619016300136
https://www.cgdev.org/blog/why-forests-why-now-new-developments-new-year
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Appendix 1. The Historical Impact of The Coalition for 
Rainforest Nations 

1. The history of forestry in UN climate negotiations 

In this section, we will provide some background and context on global forestry negotiations leading 

up to the intervention of the Coalition for Rainforest Nations (CfRN) in 2005.  

1.1. The divide on forests and the failure of Kyoto  

As deforestation increased rapidly from 1970 onwards, it became of increasing concern to the 

international community and to environmental organisations. However, global action on forestry made 

little progress until the introduction of Reducing Emissions from Deforestation (RED) at the UN 

Framework Convention on Climate Change by the Coalition for Rainforest Nations (CfRN) in 2005. 

Figure 1 provides a timeline of key recent events in global forestry politics until 2007.  
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Figure A1.  

 

Timeline of key events in global forestry politics, 1983 -2007. (The UNFCCC is the UN Framework 
Convention on Climate Change) 

 

 

 
Source: Seymour and Busch, Why Forests? Why Now?, Center for Global Development, p. 253. 
 
 

In the 1990s, a number of prominent organisations called for negotiations toward a global convention 

on forests. Forests were high on the agenda at the Rio Earth Summit in 1992. As Seymour and Busch 

write: 

“Ultimately, although UNCED [the 1992 Rio Earth Summit] succeeded in concluding 

conventions on climate change, biodiversity and desertification, an agreement on forests was 
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limited to a non-legally binding statement of principles on the “management, conservation, and 

sustainable development of all types of forests.””150 

The negotiations were primarily divided on North and South lines, with the US and the EU in favour of 

a legally binding treaty, and lower income countries opposed. One of the key objections concerned 

equity. Lower income countries believed that legal restrictions on deforestation would be unfair, given 

that high income countries had already deforested their territories in the pursuit of economic 

development.151 Due to this and other reasons, there was no progress on a global forestry treaty. 

However, at Rio, the international community did agree on a climate change treaty, the UN Framework 

Convention on Climate Change (UNFCCC), which would open the door to international negotiations 

and agreements on climate change, enabling, amongst other things, the 1997 Kyoto Protocol and the 

2015 Paris Agreement.  

The Kyoto Protocol for the first time imposed legally binding emissions restrictions on industrialised 

countries. However, because the agreement was not binding on developing countries, most potential 

emissions from tropical deforestation were not included in its effective scope.152 Tropical forests could 

have been included as part of the Clean Development Mechanism, which allowed industrialised 

countries to offset their emissions by investing in projects that would reduce emissions in developing 

countries. The inclusion of forestry offsets in the Clean Development Mechanism was highly 

contentious, and the debates that were to follow foreshadowed those over the 2005 Reducing 

Emissions from Deforestation proposal. 

 
150 Seymour and Busch, Why Forests? Why Now?, 254. 
151 Seymour and Busch, 255. 
152 Seymour and Busch, 255. 
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Those in favour included the US, Australia, Canada, Japan, and some Latin American countries, as well 

as some conservation groups such as the Nature Conservancy.153 The main opponents were Brazil, the 

European Union, some scientists, and a few NGOs. The primary objection to the inclusion of forestry 

offsets in the Clean Development Mechanism regarded the lack of environmental integrity, or in other 

words, whether reduced deforestation could be known with confidence to have occurred.154 

Environmental integrity depends on the following factors: 

• Leakage – Will preventing deforestation in one area would merely displace it elsewhere? If a 

small project prevents deforestation, loggers might instead simply deforest a nearby area. 

Indeed, there can be international as well as intranational leakage. Reducing deforestation in 

China could, for example, merely shift deforestation to Indonesia.  

• Additionality – How should we set the baseline or “reference level” against which to measure 

performance in reducing forestry emissions? Project-based approaches to deforestation do not 

have a reference level externally audited by the UNFCCC. If reference levels are set too high, 

countries would be rewarded for emissions reductions that would have happened anyway, 

thereby failing the test of ‘additionality’: the failure of conservation efforts to add emissions 

reductions. If they are set too low, then genuine emissions reductions would not be counted.  

• Permanence – Are emissions reductions in one period merely reversed in the next? If an acre of 

forest is protected for two years and is then permanently deforested, then all of the carbon 

stored in that area is released into the atmosphere. This does provide some climate benefit by 

delaying emissions and thereby slowing down the rate of warming, but it does not reduce peak 

warming, which might be important for some climate damages. In this respect, forests are 

 
153 Seymour and Busch, 256. 
154 Seymour and Busch, 270ff. 
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different to many energy-based emissions reduction projects. If a coal plant is replaced with a 

nuclear plant for five years and then coal is reintroduced, provided energy consumption is 

unaffected, those five years of averted emissions are permanently not added to the 

atmosphere. Thus, this project would reduce peak warming.  

• Measurement – Are reductions in forest emissions measured with sufficient precision? Recent 

developments in satellite technology have improved monitoring of forests significantly.155   

 

Due to concerns about equity, environmental integrity, and other factors, deforestation was not 

included in the Clean Development Mechanism at the Marrakesh Accords in 2001 (see Figure 1).156 

Only afforestation (establishing forest on previously unforested areas) and reforestation were included 

as eligible forest-related projects. The EU subsequently decided not to include forestry credits in the 

Emissions Trading Scheme launched in 2005, which until 2018 was the largest carbon compliance 

market in the world (China’s scheme is starting in 2018).157 Since emissions from deforestation 

contributed around 15% of emissions at that time, its omission from Kyoto was a serious failure. 

Indeed, following Kyoto, there was a surge in deforestation, mainly driven by Brazil and Indonesia.158   

1.2. Progress on forestry from 2005 onwards 

In the years following the failure at Marrakesh, some academics and NGOs proposed the idea of 

compensated reduction for deforestation.159 The proposal was later elaborated on in influential 

scientific papers.160  

 
155 Seymour and Busch, chap. 4. 
156 Seymour and Busch, 257. 
157 World Bank, “Carbon Pricing Watch 2017.” 
158 Seymour and Busch, Why Forests? Why Now?, 29. 
159 Seymour and Busch, 257–58. 
160 See for example Márcio Santilli et al., “Tropical Deforestation and the Kyoto Protocol,” Climatic Change 71, no. 3 (August 1, 
2005): 267–76, https://doi.org/10.1007/s10584-005-8074-6. 
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At around the same time as the Brazilian NGOs, scientists and politicians began discussing the 

compensated reduction idea, a group of forested nations called the Coalition for Rainforest Nations 

(CfRN) was formed. At the time, CfRN had 15 members, and was led by Papua New Guinea and Costa 

Rica.161 As of February 2018, CfRN has 52 members.162  

CfRN have told us that the academics and NGOs decided to publish the papers on compensated 

reductions after learning that CfRN had decided to make a decision in May 2005.163 This suggests that 

the causation ran from CfRN to the academic paper, rather than vice versa. CfRN have also told us 

that, even though they had run small side events at COP-9 in December 2003, the Brazilian NGOs had 

very little effect on wider awareness of compensated reductions. When CfRN started meeting UN 

Ambassadors and Ministers in March 2004 “not one of them was aware of these small and low-level 

discussions”.164 

At the 2005 UNFCCC meeting in Montreal, CfRN submitted a proposal for a compensated reduction 

scheme they called Reducing Emissions from Deforestation (RED).165 RED would eventually become 

REDD+, with the extra ‘D’ denoting degradation, and the ‘+’ to denote conservation and regrowth of 

forest stocks. Countries at the Montreal negotiations welcomed the coalition’s proposal and referred 

the RED idea to technical experts for development over the next two years.166 

 
161 William F. Laurance, “A New Initiative to Use Carbon Trading for Tropical Forest Conservation,” Biotropica 39, no. 1 
(January 1, 2007): 20, https://doi.org/10.1111/j.1744-7429.2006.00229.x. 
162 http://www.rainforestcoalition.org/nations.aspx  
163 Email correspondence with Coalition for Rainforest Nations, March 4th 2018.   
164 Email correspondence with Coalition for Rainforest Nations, March 4th 2018.   
165 Seymour and Busch, Why Forests? Why Now?, 258. 
166 Seymour and Busch, 259. 

http://www.rainforestcoalition.org/nations.aspx
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REDD+ was developed and refined over the years and enshrined in Article 5 of the Paris Agreement in 

2015. It is the only sector with its own article. REDD+ is designed to overcome the barriers associated 

with equity and environmental integrity. 

• Equity: REDD+ enabled industrialised countries to compensate developing countries for 

protecting their forests. Since performance was to be judged and rewarded on a results-based 

basis, there was no conditionality that could threaten national sovereignty.  

• Leakage: REDD+ should be implemented at the national scale rather than the project scale. 

National REDD+ results are to be independently assessed by forestry experts and according to 

UNFCCC guidelines, reducing the risk of intrastate leakage. Moreover, REDD+ is voluntary and 

designed to encourage widespread participation, reducing the risk of interstate leakage. 

Almost all rainforest nations now have national REDD+ plans, with the main notable exception 

being Malaysia.167 

• Additionality: a country must have in place a reference level against which performance will be 

vetted, which is externally assessed by the UNFCCC. This ensures the additionality of forest 

emissions reductions.  

• Permanence: Some REDD+ funds used buffers to ensure permanence. With buffers, a portion of 

avoided emissions credits is set aside and held in escrow for a specific period, so the seller 

receives the funds only after the forest carbon stock has been maintained for that length of 

time.168 National level monitoring, external assessment, and certainty of future payment 

streams also reduce the risk of subsequent reversal.  

 
167 Seymour and Busch, 197. 
168 Seymour and Busch, 272–73. 
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• Monitoring and verification: Advances in satellite technology have made monitoring and 

verification much easier. This development is independent of REDD+. However, the 

standardised external Monitoring, Reporting, and Verification required under REDD+ capitalises 

on these developments.169 

In this way, REDD+ has overcome many of the recurrent and valid objections to the inclusion of 

forestry in UNFCCC treaties. 

2. The role of the Coalition for Rainforest Nations 

In this section, we will discuss the evidence on CfRN’s counterfactual impact on global deforestation 

from their formation until today. We are confident that the Coalition for Rainforest Nations played a 

pivotal role in securing international agreement on and funding for REDD+. CfRN had an impact by 

proposing REDD+ in 2005 and by advocating for it throughout UNFCCC negotiations up to Paris 2015.  

Without CfRN, our best guess realistic estimate is that an international agreement on REDD+ would 

have been delayed by three years. We also believe that REDD+ is superior to other forestry mechanism 

in terms of effectiveness and in terms of political support. By advocating for REDD+ rather than 

another possible forestry mechanism, CfRN had a large impact.  

2.1. Counterfactual impact of the timing and nature of the initial proposal 

As mentioned above, CfRN were the first to propose RED at the UNFCCC. Since there are gaps of one 

year between UNFCCC meetings, it is highly likely (>95% probability) that CfRN brought the proposal 

forward by at least one year. It is unclear how likely it is that RED or a similar idea would have been 

proposed at the subsequent UNFCCC (2006) meeting without CfRN. Our realistic estimate is that by 

acting when they did, CfRN brought the proposal forward by 2 years, though we can also see plausible 

 
169 Seymour and Busch, 270–71. 
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arguments that the true figure could be up to 5 years. In light of such uncertainty, we err on the side 

of conservatism. There are a number of pieces of evidence in favour of this conclusion.   

Firstly, the process of getting a new item on the UNFCCC agenda is very complex.170 A new item must 

be agreed unanimously by all countries. The evidence suggests that Brazil and the US were strongly 

opposed to a proposal on compensated reductions. Because unanimity is required, CfRN had to meet 

numerous delegations to secure support. This suggests that the barriers to a successful REDD+ 

proposal were high. 

Secondly, according to a number of sources, it was crucial for the acceptance of RED that it was 

proposed by CfRN, a group of developing countries.171 This allowed the proposal to avoid the optics of 

providing an ‘escape clause for developed states’, which would plausibly have led to the proposal 

being opposed by Brazil, as similar proposals were previously.172 If Brazil had not been on board, there 

is almost no chance (<1%) that progress would have been made on RED. Moreover, before the 

formation of the CfRN, the nations involved had little voice or influence; CfRN helped to give them this 

influence.173 There is very little chance (<5%) that the CfRN member-states acting alone would have 

had the negotiating power to push the proposal forward, or that they would have converged on RED in 

the absence of the leadership of CfRN strongly supporting it.  

Thirdly, it is unlikely that Brazil would have proposed RED in 2006. It is true that parts of the Brazilian 

government were considering RED around the time of the Montreal meeting in 2005.174 However, 

 
170 Personal correspondence with CfRN, March 4th 2018.  
171 Seymour and Busch, Why Forests? Why Now?, 261. 
172 Jen Iris Allan and Peter Dauvergne, “The Global South in Environmental Negotiations: The Politics of Coalitions in Redd+,” 
Third World Quarterly 34, no. 8 (September 1, 2013): 1317, https://doi.org/10.1080/01436597.2013.831536; Laurance, “A New 
Initiative to Use Carbon Trading for Tropical Forest Conservation,” 21. 
173 Conversation with Rubén Kraiem, 6th Feb 2018; Allan and Dauvergne, “The Global South in Environmental Negotiations,” 
1318. 
174 Seymour and Busch, Why Forests? Why Now?, 258. 
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Seymour and Busch comment that “discussions in Montreal in turn forced the government of Brazil to 

articulate a position on the RED idea”.175 According to Seymour and Busch, Brazil did not expect RED 

to move forward, and Brazilian negotiators were instructed to reject any binding commitments, 

conditions (including on how the money would be used), and any finance through carbon markets.176 

Thus, it seems unlikely that Brazil would have proposed a RED-type proposal in the following year.  

Fourthly, although RED-type proposals were popular with some NGOs, such as The Nature 

Conservancy and the Environmental Defense Fund, and with some academics, CfRN was in a unique 

position because its leader, Kevin Conrad, served as Papua New Guinea’s Ambassador to the UNFCCC 

and therefore could influence negotiations directly as a representative of a sovereign state. No pro-

REDD non-governmental organisation could plausibly have had the same influence in the 

negotiations.177 

Fifthly, there is some evidence that it was only due to CfRN strategy that the RED proposal was not 

struck down by the US at Montreal. The journalist Rhett Buttler writes: 

“The Coalition went to the U.N. Conference of the Parties (COP) meeting in Montreal in 2005 

and immediately met opposition from the United States, which was content doing nothing on 

climate. The U.S. delegation told Conrad it would kill the Coalition’s proposal, fearing that if 

developing countries put forth a plan committing to robust and meaningful reductions in 

greenhouse gases, the United States would no longer have an excuse not to take action on 

climate. 

 
175 Seymour and Busch, 259. 
176 Seymour and Busch, 259. 
177 Redstone Strategy Group, “The Linden Trust Syndicate’s Support to Launch REDD+: An Independent Assessment,” October 
27, 2016. 
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“The U.S. was going to block us simply for that,” Conrad said. 

Conrad engineered a strategy for delaying U.S. action during the Montreal talks, persuading 

dozens of countries supportive of the proposal to push their voting buttons ahead of the United 

States. 

“If the U.S. went first, all the naysayers would pile on,” he said. “But if they were fortieth 

following a long trail of positives I was hoping they wouldn’t be able to kill the proposal.” 

Sure enough the United States agreed to give the proposal two years, sending it out to 

committee with the expectation that it would collapse under the technical challenges of 

measuring, verifying, and monitoring emissions from deforestation. Should the proposal make 

it to COP 13 in Bali in December 2007, the U.S. delegation promised to kill the measure then.”178 

This suggests that even if another group had proposed RED in 2005 or in the 1-2 years following, 

without careful strategy, it would not have got through. Veerle Vandeweerd, who was Director of 

Environment at the UN Development Program at the time of the negotiations, told us that CfRN was 

successful because it had fully thought through the science and logistics of the proposal.179 Even if 

another group had proposed it, it is plausible that their work on RED would have been of lower quality.   

Sixthly, many of the most important tropical forest nations, with the exception of Brazil, went on to 

join CfRN after 2005, which suggests that CfRN provided leadership on the issue of RED.180 Moreover, 

according to Allan and Dauvergne, many of the states outside CfRN, have shown “little or variable 

 
178 Rhett Butler, “Are We on the Brink of Saving Rainforests?,” Conservation news, July 22, 2009, 
https://news.mongabay.com/2009/07/are-we-on-the-brink-of-saving-rainforests/. 
179 Conversation with Veerle Vandeweerd, 6th Feb 2018.   
180 Allan and Dauvergne, “The Global South in Environmental Negotiations,” 1318. 
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interest” in REDD+.181 A number of sources note that CfRN has been the most consistent voice in 

favour of REDD+.182 

Seventhly, a number of sources suggest that there was significant opposition to RED, even at the 2007 

Bali UNFCCC meeting. Rubén Kraiem, a pro-bono legal advisor to CfRN at the time, asserted this to us 

in conversation.183 An independent assessment of CfRN’s work over this time suggested that there was 

an “affirmative bias” against RED-type proposals at the time, and that the ex ante probability of 

success was low.184 This is additional evidence for the view that RED would not have been proposed 

and passed in the year after Montreal, without CfRN’s work.  

The main uncertainty regards whether, if CfRN had not acted, another coalition or state would have 

proposed a RED-type system in the UNFCCC meetings in 2006 or 2007. Since many states joined 

CfRN after 2005, this does suggest there was some demand for it even without CfRN. Moreover, there 

was probably more scope for a global agreement on forests from around 2007 onwards because the 

improvements in technology made monitoring and verification much easier.185 This being said, for the 

reasons outlined above, we think it is unlikely that it would have successfully proposed in the following 

year. 

In summary, we believe that by proposing RED when they did, CfRN at least brought RED forward by a 

year, and most likely brought it forward by 2 years, though this estimate may be conservative. CfRN 

have told us that due to the political complexity involved in getting a new item on the UNFCC agenda, 

it is very unlikely that another actor would have successfully proposed RED in the next few years. Due 

 
181 Allan and Dauvergne, 1316. 
182 Redstone Strategy Group, “The Linden Trust Syndicate’s Support to Launch REDD+: An Independent Assessment”; Allan 
and Dauvergne, “The Global South in Environmental Negotiations”; Butler, “Are We on the Brink of Saving Rainforests?” 
183 Conversation with Rubén Kraiem, 6th Feb 2018. 
184 Redstone Strategy Group, “The Linden Trust Syndicate’s Support to Launch REDD+: An Independent Assessment,” 8. 
185 Seymour and Busch, Why Forests? Why Now?, chap. 4. 
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to this factor, Kevin Conrad of CfRN estimates that if CfRN had not acted, it would have taken 5-7 years 

for another strong advocate to emerge.186 We find this line of reasoning plausible, and this suggests 

that our estimate may be on the conservative side.  

2.2. Impact of CfRN throughout the negotiating process 

CfRN plausibly had a very large impact not just by proposing RED, but also by their work in the 

negotiating process from 2005 onwards. As Figure A2 shows, there was progress on key components 

of REDD+ from the 2007 Bali meeting onwards. If talks had collapsed at any of the UNFCCC meetings 

from 2005 to 2015, then agreement on REDD+ would have been delayed by at least a year. CfRN’s 

impact via this mechanism is somewhat harder to judge, but our best guess realistic estimate is that, 

through this mechanism, CfRN brought a global agreement on forestry forward by 1-2 years.  

It will be useful first to provide some background on post-2005 developments (see Figure 2): 

 
186 Personal correspondence with CfRN 4th March,  
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Figure A2.  

 

Timeline of key events in global forestry politics, 2007-2015 

 

Source: Seymour and Busch, Why Forests? Why Now?, Center for Global Development, p. 253. 
 
 

A number of sources suggest that from 2005 onwards there were major barriers to progress on REDD+ 

and that CfRN played a crucial role in the negotiations, which eventually culminated in the completion 

of the REDD+ framework at the Warsaw meeting in 2013, and the inclusion of REDD+ in Article 5 of the 

2015 Paris Agreement.  

• At the Bali Conference in 2007, CfRN leader Kevin Conrad famously challenged the US’s 

intransigence on climate action by saying “we ask for your leadership, we seek for your 

leadership, but if for some reason you are not willing to lead... please get out of the way”.187 

 
187 This is available to view on YouTube here.  

https://www.youtube.com/watch?v=C1fwrWc-g_A&t=102s
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This set off a burst of applause at the meeting and is widely thought to have caused the US to 

capitulate, paving the way for the Bali Action Plan.188 

• Allen and Dauvergne cite CfRN as the most influential voice in the REDD+ negotiations, along 

with Brazil.189 

• Veerle Vandeweerd, Director of Environment at the UN Development Program at the time of the 

negotiations, told us in conversation that CfRN performed high quality scientific work, and was 

efficient and well organised.190 She concluded that there would be no REDD+ without CfRN, and 

said that she is advising them now because of admiration for their previous work. 

• Rubén Kraiem, a pro-bono legal advisor to CfRN, told us that CfRN were the facilitator and 

leader of the REDD+ negotiations.191 He said that at the 2007 Bali meeting, there was continuing 

opposition and hostility to REDD+, and CfRN was the most consistent advocate for it. 

• Seymour and Busch note that “small groups of developing countries, such as the Africa Group 

and CfRN, played more prominent roles in REDD+ negotiations than the G77 and China, which 

generally represented common positions among developing countries”.192 

• The external assessment of CfRN by the Redstone group cites a number of interviews of 

individuals present during the negotiations stating that there were significant barriers to 

success and without CfRN’s work from 2005 onwards, there would have been no REDD+.193  

 
188 Seymour and Busch, Why Forests? Why Now?, 259–60; Butler, “Are We on the Brink of Saving Rainforests?” 
189 “Those states and coalitions, such as Brazil and the CfRN, able to retain a consistent, cohesive voice have, not surprisingly, 
emerged as influential actors in the REDD+ negotiating process.” Allan and Dauvergne, “The Global South in Environmental 
Negotiations,” 1315. 
190 Conversation with Veerle Vandeweerd, 6th Feb 2018.  
191 Conversation with Rubén Kraiem, 6th Feb 2018.  
192 Seymour and Busch, Why Forests? Why Now?, 265. 
193 Redstone Strategy Group, “The Linden Trust Syndicate’s Support to Launch REDD+: An Independent Assessment,” 6ff. 
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In addition to this, it is notable that talks collapsed at the 2009 UNFCCC Copenhagen meeting, but 

there was agreement on a number of aspects of REDD+.194 This suggests that securing agreement on 

REDD+ was a major achievement given the wider progress of climate negotiations.    

Moreover, after 2005, CfRN grew appreciably,195 with Indonesia, the second largest producer of 

deforestation emitters joining in 2006.196 This suggests that CfRN was seen by other sovereign states 

as one of the most important players in the negotiations.   

Our uncertain and subjective view is that this evidence combined suggests that without CfRN’s work 

from 2005 onwards, there was a >60% chance that talks on REDD+ would have collapsed at one of the 

UNFCCC meetings, delaying REDD+ agreement by at least a year. This would have delayed progress by 

at least one year. Our realistic estimate is that this would have delayed an agreement by 1-2 years.  

3. Overall impact of CfRN’s work 

We have argued that CfRN brought forward an international agreement by being first mover in 

proposing RED, and by its prominent role in RED negotiations from 2005 onwards.  

• Our realistic estimate is that by being a “first mover”, CfRN brought forward a RED-type system 

by two years.  

• Our realistic estimate is that through its work in the forestry negotiations from 2005 onwards, 

conditional on RED being proposed in 2005, CfRN brought forward agreement on a RED-type 

system by 1-2 years.  

 
194 Seymour and Busch, Why Forests? Why Now?, 262–64. 
195 Allan and Dauvergne, “The Global South in Environmental Negotiations,” 1318. 
196 Seymour and Busch, Why Forests? Why Now?, 269. 
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These time periods cannot strictly be added together to evaluate CfRN’s overall counterfactual 

impact, because these are not independent events. Nonetheless, adding is likely to approximate the 

true effect. Our “best guess” realistic estimate is that CfRN brought forward global agreement on 

forestry by 3 years.  

How good was this for the climate? We quantify this by assessing the expected future impact of the 

REDD+ funding mobilised as a result of CfRN’s work. 

3.1. Quantified benefits  

Countries such as Norway plausibly would not have pledged billions of dollars to deforestation 

prevention had there not been agreement on the specifics of REDD+ and the expectation that REDD+ 

would be recognised in the UNFCCC as counting towards their national emissions reductions. 

Between 2006 and 2014, a total of $9.8bn had been pledged in forest finance, with ~$400m 

disbursed.197 The apparatus required to credit REDD+ results is still being set up, so to estimate the 

impact of this money, we have to project the expected impact of this money in the future.  If a 

significant portion of this money is spent on REDD+, and REDD+ is as cost-effective as many experts 

believe, a naïve estimate (multiplying additional funding by cost per tonne averted) suggests CfRN’s 

impact would be extremely large.198 

One problem with the naïve approach is that it is does not adjust for various factors which might 

affect the counterfactual impact of CfRN’s work. The most obvious such factors are: 

1. Reducing emissions reduction cost rather than reducing emissions: If REDD+ mitigation 

opportunities are not available, funders would have spent their money on other forms of CO2e 

 
197 Norman and Nakhooda, “The State of REDD+ Finance,” 19. 
198 See our cost-effectiveness model.  

https://docs.google.com/spreadsheets/d/12lwvxlWLjwuSuXiciFvnBF2bkfcCkrusdqqT37_QWac/edit#gid=0
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mitigation. Increasing the availability of REDD+ offsets would merely reduce the cost of 

mitigation, it would not increase total mitigation.   

2. Temporal funding shifting effect: It might be that CfRN merely brought forward REDD+ funding, 

but did not increase the total amount of REDD+ funding and so did not increase the total 

amount of deforestation emissions prevented.  

We think both effects are likely to have a small effect on CfRN’s counterfactual impact. With respect to 

the first factor, the argument is as follows. Preventing deforestation is one of the cheapest way to 

abate emissions, and at current levels of spending, the next cheapest mitigation option is 2-3 times 

more expensive.199 Since for the next few billion dollars it costs ~$5-$10 to abate a tonne of CO2e via 

preventing deforestation, states would otherwise have to pay upwards $20 per tonne to abate the 

same amount of CO2e through some other mechanism. Few states have shown the willingness to pay 

>$10 to abate a tonne of CO2e. 

One can roughly quantify the size of this effect by examining global carbon pricing schemes. As of 

2017, there were 47 regional, national, and subnational carbon pricing schemes, covering around 20% 

of global emissions. However, three quarters of covered emissions remain priced at less than 

$10/tCO2e.200 Only a handful put a price on carbon in excess of $20/tCO2e, and these schemes cover 

only ~5% of global emissions.201 This suggests that if the cost of abatement increased from $5-

$10/tonne to >$20/tonne, the vast majority of states would merely increase emissions, rather than 

incur a higher financial cost. In technical terms, the elasticity of the global carbon budget to the cost 

 
199 See Seymour and Busch, Why Forests? Why Now?, chap. 5, and especially p. 137. 
200 World Bank, “Carbon Pricing Watch 2017,” 4. 
201 World Bank, 7. 
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of abatement is very high. We can roughly conclude that this factor would most probably justify 

revising the naive estimate down by around 5%.202  

The second factor is also likely only to justify a small adjustment of the naive estimate. For this factor 

to be important, it would have to be the case that increased REDD+ funding in the first few years 

would lead to counterfactually decreased REDD+ funding in the years that follow. It might be thought 

that states will devote a set amount to forests over the next few decades, and that the overall effect of 

this money is independent of timing.  

This seems unlikely to be the case. By making cost-effective deforestation prevention available 3 years 

earlier, CfRN allowed countries to protect areas that would otherwise be deforested in that time. If the 

deforested area would regrow in 3 years, then that area could be protected with the help of increased 

REDD+ finance in 3 years’ time. However, the evidence suggests that the area would not regrow in 3 

years’ time, and instead that ~95% of deforested tropical land does not regrow 12 years after it has 

been deforested.203 It is unclear how long these areas will remain deforested for. But this suggests 

that bringing REDD+ finance forward increases the total area that can be protected from 

deforestation. Since this increased area of forest will be eligible for REDD+ funding, and REDD+ 

emissions reductions are so cheap, CfRN have increased the total amount of funding for REDD+. Our 

best guess is that this factor does not justify adjusting CfRN’s impact by more than 5-10%.  

 
202 It might be argued that prices are so low because of the availability of REDD+. In response, firstly, most of these carbon 
pricing schemes were set up before REDD+ was agreed in 2015; and secondly, many of these schemes do not include REDD+ 
credits. For example, the EU’s carbon pricing scheme, the largest in the world until late 2017 does not currently allow REDD+ 
credits.   
203 “A total of 2.3 million km2 of forest were lost due to disturbance over the study period and 0.8 million km2 of new forest 
established. Of the total area of combined loss and gain (2.3 million km2 + 0.8 million km2 ), 0.2 million km2 of land 
experienced both loss and subsequent gain in forest cover during the study period.” M. C. Hansen et al., “High-Resolution 
Global Maps of 21st-Century Forest Cover Change,” Science 342, no. 6160 (November 15, 2013): 850–53, 
https://doi.org/10.1126/science.1244693. Figure 1 of Hansen et al suggests that most of this effect is driven by regions 
outside the tropics. 
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Overall, this suggests that by bringing REDD+ forward by 3 years, CfRN had a substantial effect, 

though probably lower than a naïve estimate (multiplying additional annual funding by the time CfRN 

brought the money forward) would suggest. Our best guess is that, due to these factors, CfRN’s 

counterfactual impact should be adjusted downwards by ~10-15%, though this figure is uncertain. 

CfRN’s past impact is calculated in our cost-effectiveness model. 

3.2. Other benefits 

CfRN’s work also produced some other benefits, which we have not included in our model. These are 

potentially quite substantial, though we think they are likely to be lower than the modelled benefits.  

Effect on national forestry plans 

REDD+ encourages deforestation prevention through the provision of financial incentives. However, 

securing global agreement on REDD+ at the UNFCCC probably encouraged action on forestry even if 

results-based funding is not forthcoming to support this action. Thus, focusing only on the funding 

mobilised may understate CfRN’s impact. Under the Paris Agreement, each state submits a Nationally 

Determined Contribution, which is a national plan of emissions reductions that is supposed to be 

consistent with the <2°C target. Reductions in forestry emissions are now eligible to be part of state’s 

emissions reductions.204 Had there not been agreement on the various mechanisms to ensure the 

environmental integrity of forestry offsets, it is unlikely that forestry offsets would have be eligible as 

part of a state’s Nationally Determined Contribution. As we have seen above, concerns about 

environmental integrity led to the exclusion of deforestation from the Kyoto Protocol.  

Therefore, insofar as states are willing to keep to the forestry commitments in their Nationally 

Determine Contributions even if they do not receive REDD+ compensation, bringing forward 

 
204 Seymour and Busch, Why Forests? Why Now?, 370ff. 
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agreement on REDD+ will have been impactful, independent of REDD+ funding mobilised. Three 

countries – Brazil, Ecuador and Malaysia – have completed the process to have REDD+ results 

credited.205  67 countries have now developed national REDD+ plans, including most of the leading 

emitters from deforestation (Indonesia, Myanmar, Zambia, Tanzania etc).206 In 2004, by contrast, only 

one country had conceived of a REDD+ strategy (Costa Rica). Had the details of REDD+ not been 

worked out at the UNFCCC, such plans would not have been developed. As we have argued, there is 

reason to think that CfRN brought these plans forward by 3 years.  

It is difficult to know how far countries will be willing to reduce deforestation emissions in line with the 

Paris Agreement without receiving REDD+ compensation. There are incentives to free ride in 

international climate action, giving states incentives to make pledges and then not to keep to them. 

We would therefore expect concrete REDD+ financial incentives to have a greater effect than stated 

climate pledges. Nevertheless, because so many countries (covering nearly all tropical rainforest) 

have now made pledges, even very small reductions in each country could produce substantial overall 

effects. This in turn would mean that CfRN had an effect by bringing forward agreement on REDD+. As 

our model demonstrates, even if deforestation is reduced by 0.2% per year over three years, this 

would mean that CfRN reduced emissions by 29m tonnes. This figure is not based in any data, and so 

is not included in our estimate of CfRN’s past impact, but it does illustrate that the benefits excluded 

from the model could be substantial.  

Impact via conceiving and helping to develop REDD+ funds 

In addition to its work in the UNFCCC negotiating process, CfRN has helped to conceive and design 

three funds for REDD+ activities:207 

 
205 http://redd.unfccc.int/info-hub.html  
206 http://redd.unfccc.int/submissions.html  
207 Coalition for Rainforest Nations, internal document, 2018.  

https://docs.google.com/spreadsheets/d/12lwvxlWLjwuSuXiciFvnBF2bkfcCkrusdqqT37_QWac/edit#gid=0
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• World Bank Forest Carbon Partnership Facility (FCPF) – 47 nations and $1.1 billion. 

• Forest Investment Program (FIP) – 23 nations and $775 million.  

• UNREDD Programme – 64 countries and $300 million. 

The combined value of these three funds is $2bn. Even if CfRN was causally responsible for 5% of this 

increased funding, which seems conservative, they would have secured $100m in forestry finance. 

Given the cost-effectiveness of deforestation prevention, CfRN has had an extremely large impact by 

this mechanism alone.208 Because adding this into the cost-effectiveness model would double count 

some of the forestry finance benefits discussed above, we exclude this from our model. Nonetheless, 

some portion of this money could be genuinely additional to the funding CfRN mobilised through its 

work in the UNFCCC process.  

  

 
208 See CfRN cost-effectiveness model. 

https://docs.google.com/spreadsheets/d/12lwvxlWLjwuSuXiciFvnBF2bkfcCkrusdqqT37_QWac/edit#gid=0
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Appendix 2. The Historical Impact of the Clean Air Task 
Force 
In this appendix, we review the past impact of the Clean Air Task Force (CATF). CATF is typical of 

research and policy advocacy organisations in that it has worked on heterogeneous projects. This 

makes it difficult to evaluate all of CATF’s past work, as this would require us to assess their 

counterfactual impact in a range of different contexts in which numerous actors are pushing for the 

same outcome. Here, we focus on a sample of three case studies of projects CATF has worked on: 

1. Power Plant Campaign and Clear the Air: non-climate pollutants (1996 – 2006).  

2. The Methane Partners Campaign (2000 – present). 

3. Campaign for tax incentives for CCS (2009 – present); 

These case studies provide evidence of CATF’s past impact, but also are indicative of their prospects 

of success going forward: they provide evidence of the strength of CATF’s team, the way they choose 

projects, and the way they to bring about policy change.  

1. Power Plant Campaign and Clear the Air: non-climate pollutants (1996-2006) 

In this section we discuss CATF’s role in the campaign to regulate non-CO2 pollutants produced by 

coal plants in the US, and the benefits of this work.  

1.1. CATF’s counterfactual impact on the campaign 

CATF was founded in 1996 to promote the clean up or retirement of the U.S. coal power plant fleet. Its 

founding policy objective was to win requirements that older coal plants meet new plant emission 

standards for two key pollutants: sulphur dioxide (SO2) and nitrogen oxide (NOx). CATF later 

advocated for controls on mercury emissions. The theory of change was the cost of emission controls 
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for conventional pollutants and mercury would result in the retirement or curtailment of coal plant 

operation resulting in reductions of CO2 emissions.  It was based on this theory that the founding 

funder, Pew Charitable Trust, supported the effort. 

These pollutants and toxics impose very large burdens on public health. CATF’s strategy to win 

comprehensive national emissions standards was two-fold: (1) creating patchwork of state power plant 

regulations that a federal policy could harmonize; and (2) pursuing a regulatory “death by a thousand 

cuts” strategy to win as many costly environmental mandates on coal plants as possible to force the 

plants to clean up or shut down.  

From 1998 until 2006, CATF co-led a nationwide campaign called “Clear the Air”, involving numerous 

other environmental NGOs. When “Clear the Air” ended in 2006, CATF continued its advocacy to 

clean up coal plants, with support from the Energy Foundation and other philanthropies. CATF’s 

research, advocacy and litigation efforts spanned the Clinton, Bush and Obama administrations.  

Forms of the regulations advocated for by the campaign were imposed from 2005 onwards. The US 

Environmental Protection Agency imposed a number of new regulations on coal power plants under 

the Clean Air Act, restricting SO2, NOx, and mercury emissions, the most important of which are:   

• The Clean Air Interstate Rule (2005) later replaced by The Cross-State Air Pollution Rule (2011).  

• The Mercury and Air Toxics Standards (2011). 

The campaign also successfully advocated for controls on CO2 emissions, but the impact of these 

controls is not included in this analysis (though the impact of the two aforementioned regulations on 

CO2 emissions is included). Assessing CATF’s role in bringing about these regulations is challenging. 

The question we are trying to answer is: “what is the probability that CATF brought relevant regulation 

forward by x months?”. This is inherently difficult to answer because it is unclear what the base rate of 
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such changes is, and it is difficult to disentangle the effects of the numerous different groups 

involved.  

We believe that CATF had influence in two broad ways: 

1. By conceiving of the power plant campaign and playing a catalytic role in crowding in support 

from other philanthropic funders and environmental NGOs.  

2. By leading the campaign, providing high quality technical analysis on the health effects of air 

pollution, and litigating the EPA.  

Catalytic “first mover” effect on the campaign 

CATF staff have told us that they conceived the idea of focusing on the local effects of coal power 

plants. Until then, NGOs had focused on the long range transport of pollutants in the context of acid 

rain, and the local effects were overlooked.209 Having conceived of and developed the campaign, 

CATF, working with their regional partners, were able to win funding support from other regional 

funders e.g., Joyce Foundation in the Midwest, Turner Foundation in the Southeast, Heinz 

Endowments in Pennsylvania, and John Merck Fund in New England. A number of environmental NGOs 

went on to be allied with the campaign, with Natural Resources Defense Council playing the most 

prominent role.210   

CATF’s account has been borne out by discussions with funders involved at the time. The Power Plant 

Campaign was funded by the Pew Charitable Trusts and Lea Aeschliman, who oversaw these grants, 

informed us that CATF saw the opportunity to target coal plants and developed a strategy to 

implement this effort before other major environmental organizations.211 Aeschliman told us that Pew 

 
209 CATF, report on CATF’s role in three national campaigns, December 2017; Ruth Hennig personal communication, January 
23rd 2018.  
210 CATF, report on CATF’s role in three national campaigns, December 2017. 
211 Lea Aeschliman personal communication, January 17th 2018.  
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Charitable Trusts offered the initial grant to CATF because they thought it offered a more cost-

effective and focused approach than funding a larger environmental NGO.212  

Another major funder of the campaign commented that: 

“While there were certainly other groups involved over the years, there is no doubt in my mind 

that this strategy was designed and driven initially by CATF.  Without their work, I highly doubt 

that the more recent coal campaigns would have been nearly as successful.” 

There is reason to think that focusing on the local effects of coal plants improved the campaign’s 

prospect of success. CATF have told us that: 

“At the outset of the campaign, the Northeast states were blaming their pollution problems on 

coal plants in upwind states of the Midwest. While helpful to some extent (at least someone was 

complaining that there was a problem with coal plants pollution), this frame had the negative 

impact of the Northeast accepting little responsibility for its own air quality and the Midwest 

states feeling that they were being asked to carry the burden of pollution clean-up solely for 

downwind states’ benefit. CATF’s solution was to launch campaigns in each region, holding 

power plant owners and state officials accountable for the local pollution impacts from their 

respective plants.”213 

We find this line of reasoning plausible. Indeed, the campaign approach of advocating for air pollution 

regulation of coal plants appears to have been very successful. From the mid-2000s onwards, the 

campaign strategy was taken on, with significant success, by the Sierra Club’s Beyond Coal campaign, 

 
212 Lea Aeschliman personal communication, January 17th 2018. 
213 CATF, report on CATF’s role in three national campaigns, December 2017.  
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which has received more than $100m from Bloomberg Philanthropies alone.214 The campaign has 

expanded to have an international focus, with efforts now focused on retiring the European coal 

fleet.215  

CATF have told us that at the time the campaign was conceived, major environmental organisations 

were opposed to reopening the question of plant emissions after the Clean Act Amendments of 1990, 

as they feared the possibility that legislative debate would unravel other parts of the Act.216 This is 

based on conversations at the time with the American Lung Association, Environmental Defense Fund, 

and the Natural Resources Defense Council.  

It is difficult to know how much CATF brought relevant regulation forward by conceiving of the local 

air pollution focus, and of the strategy pursued in the power plant campaign. We think it is likely that 

environmental NGOs would eventually have turned their attention to air pollution from coal plants 

anyway. The question is therefore how many years CATF brought regulation forward by conceiving of 

the campaign goal and strategy. CATF have told us that had they not acted, in their view a similar 

initiative would have taken a decade or more. There may be a threshold effect at play here because 

the Clinton EPA issued numerous air pollution regulations between 1998 and 2000, which set the 

stage for the Obama era regulation.217 It is very unlikely that these regulations would have been 

 
214 “Bloomberg Announces $64 Million in New Funding to Move America Beyond Coal as Trump EPA Tries to Prop Up Dead 
End Fuel Source.” 
215 “Michael R. Bloomberg Commits $50 Million to International Effort to Move Beyond Coal, Reinforcing Leadership on Global 
Climate Action,” Bloomberg Philanthropies, accessed February 25, 2018, 
https://www.bloomberg.org/press/releases/bloomberg-commits-50m-international-effort-move-beyond-coal/. 
216 Personal correspondence with CATF Executive Director Armond Cohen, 12th March 2018.  
217 “The Clinton EPA issued the NOx State Implementation Plan Call under the “Good Neighbor” provision of the Clean Air Act 
(CAA) requiring reductions in emissions of power plant nitrogen oxides because they were contributing to downwind states 
violating ozone smog standards. This was in response to state petitions under CAAA section 126 by downwind states seeking 
to hold upwind coal plants accountable for their emissions. The Clinton EPA issued the Regional Haze rule, which set a long-
term trajectory for SO2, NOx, and PM2.5 emissions to reduce haze in national parks and other federally-protected lands. The 
Clinton EPA also issued Mercury and Hazardous Air Pollution (HAP) studies to Congress pursuant to requirements in the CAA 
that led to EPA’s determination that regulating mercury and HAPs under the CAAA is “appropriate and necessary” and listing 
coal and oil-fired power plants under section 112 of the CAA.” Personal correspondence with Armond Cohen, 12th March 2018. 
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advanced by the Bush EPA from 2000-08. Thus, if CATF ensured regulation from the Clinton EPA 

before 2000, this may have enabled the Obama era regulations.  

Nonetheless, it is difficult to calculate CATF’s counterfactual contribution. As we understand the 

claims of the funders involved, their view is that CATF focused on local air pollution from coal plants at 

least a year before other environmental NGOs would have. This is consistent with CATF’s own account 

of the campaign, but there might be reason for these funders to overstate the role of their grantees in 

the campaign. Our very rough realistic estimate is therefore that CATF brought the relevant regulation 

forward by 12 months. The 90% confidence interval around this estimate is 6 months to 2 years.  

Impact via co-leading the campaign 

CATF also appears to have had an effect in its work in leading the Power Plant Campaign from 1998 

onwards. It is much harder to evaluate their impact via this mechanism because from this point, 

numerous other environmental and public health NGOs were involved in the campaign.  

The evidence for this is as follows. Firstly, as CATF states: 

“After two years, the Pew Charitable Trusts elevated the priority of the campaign and facilitated 

the creation of an enhanced national campaign, named “Clear the Air”, as a joint effort of CATF 

and two of Pew’s chief grantees:  the National Environmental Trust (specializing in media and 

lobbying) and the U.S. Public Interest Research Group (specializing in grassroots activism).  A 

central campaign staff was hired to coordinate the Campaign and CATF served with National 

Environmental Trust and US Public Interest Research Group as the Steering Committee.  At its 

apex, the “Clear the Air” Campaign’s budget was $6 million per year with supporting grants for 
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regional and state partners from regional foundations totalling again roughly half that 

amount.”218 

The Clear the Air Campaign involved dozens of other environmental NGOs. The fact that CATF were 

chosen to lead the campaign suggests that their work between 1996 and 1998 had been of high 

quality, and that they played an important role in the Clear the Air campaign after 1998.  

During the Clear the Air Campaign, the Natural Resources Defense Council was the other major 

environmental organization most focused on the power plant agenda. NRDC were co-litigants and 

advocacy leaders in most of the major administrative and court litigation that led to the Obama-era 

regulations.219  

It is inevitably difficult to assess which organisations were most effective. Ruth Hennig, who 

previously was Executive Director of the John Merck Fund (which funded much of the non-carbon air 

pollution campaign) told us that CATF should take 75% of the credit for the coal plant regulations.220 

Since John Merck Fund was a major funder of this effort, this is important information. However, it is 

not straightforward to translate this into an estimate of counterfactual impact because it might be the 

case that had CATF not acted, another group would have taken up some or all of the slack. However, 

this updates us towards the view that CATF would have been more effective than the next best 

campaign leader.   

Secondly, CATF produced large amounts of first-of-a-kind research on the air pollution effects of coal 

plants. This suggests that CATF was at the forefront of research and advocacy on this issue. For 

example, CATF commissioned a 2000 study by the Harvard School of Public Health demonstrating the 

 
218 CATF, report on CATF’s role in three national campaigns, December 2017. 
219 CATF, report on CATF’s role in three national campaigns, December 2017. 
220 Ruth Hennig personal communication, January 23rd 2018. 
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local health effects of the SO2 and NOx produced by power plants.221 This research was then used in 

the local campaigns. In 2004 CATF produced the first ever study of the national health effects of coal 

power in the US, using the U.S. EPA’s own air pollution benefits consulting firm and using EPA’s own 

peer-reviewed, published methodology.222  CATF has updated that analysis several times since.  

To elevate the myriad environmental impacts from coal plants, CATF produced over a dozen reports 

focused on various aspects of environmental damages including: human health, children’s health, 

African-American health, Latino health, acid rain, visibility impairment in national parks, mercury in 

fish, water use, water pollution, climate change, and several on combustion waste. In addition, CATF 

produced several reports with a regional focus.  The Clear the Air campaign released these reports 

with state and local allies to maximize both national as well as local press coverage. We have 

discussed CATF’s research with government officials, policy experts, and philanthropists, all of whom 

have strongly praised CATF’s research.  

Thirdly, CATF has led litigation against the US EPA for coal plant regulations. For example, in 2008, 

CATF along with Earthjustice and on behalf of eleven other environmental and public health 

organisations filed a federal lawsuit seeking a firm deadline for regulation of mercury and other non-

carbon pollutants.223 The court ruled against the EPA, requiring it to propose air toxics standards by 

March 2011.224 

Overall, it is difficult to assess the impact of CATF’s strategic leadership of the campaign. CATF clearly 

played a prominent role and key figures have suggested that they should take >50% of the credit for 

 
221 http://www.citizensinaction.org/documents/Harvard_Study.pdf  
222 http://www.catf.us/resources/publications/files/Dirty_Air_Dirty_Power.pdf  
223 “Conservation Groups Sue EPA Over Toxic Air Pollution From Power Plants,” Conservation Law Foundation, accessed 
February 25, 2018, https://www.clf.org/newsroom/conservation-groups-sue-epa-over-toxic-air-pollution-from-power-plants/. 
224 “EPA to Release Long-Awaited Rules on Toxic Power Plant Emissions...,” Reuters, March 14, 2011, 
https://www.reuters.com/article/idUS404824926520110314. 

http://www.catf.us/resources/publications/
http://www.catf.us/resources/publications/files/Dirty_Air_Dirty_Power.pdf
http://www.catf.us/resources/publications/files/Children_at_Risk.pdf
http://www.catf.us/resources/publications/files/Air_of_Injustice.pdf
http://www.catf.us/resources/publications/files/Air_of_Injustice_Latino.pdf
http://www.catf.us/resources/publications/files/Acid_Rain_Report.pdf
http://www.catf.us/resources/publications/files/Out_of_Sight.pdf
http://www.catf.us/resources/publications/files/Casting_Doubt.pdf
http://www.catf.us/resources/publications/files/Casting_Doubt.pdf
http://www.catf.us/resources/publications/files/The_Last_Straw.pdf
http://www.catf.us/resources/publications/files/Wounded_Waters.pdf
http://www.catf.us/resources/publications/files/Midwest_Climate.pdf
http://www.catf.us/resources/publications/files/Laid_to_Waste.pdf
http://www.catf.us/resources/publications/files/Midwest_Sulfur.pdf
http://www.catf.us/resources/publications/files/Dirty_Air_Dirty_Power.pdf
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the success of the campaign. The fact that key philanthropic funders chose CATF to lead the 

campaign also provides some evidence that they were more cost-effective than other possible 

leaders. Nonetheless, it remains unclear how to quantify CATF’s impact via this mechanism, given that 

there were numerous other NGOs working on the same project.  

One possible way to constrain intuitions about this is to estimate how much more effective CATF was 

than the next best possible campaign leader and calculating the typical annual impact this would have 

on the effectiveness of the campaign in terms of bringing forward regulation. On this approach, the 

longer a campaign, the more scope there is for an effective leader to have an impact. For example, 

suppose that for each year of campaign leadership, CATF most probably brought forward effective 

regulation by ~3 weeks. Over the course of an eight year campaign this suggests that they brought the 

relevant regulation forward by ~6 months. We find this estimate fairly intuitively plausible, but our 

confidence interval around this estimate is large; we would not be surprised if the effect were 3 

months or 2 years. It is difficult to reduce this uncertainty given the large research time cost involved 

in gathering further information on the campaign.   

Combining the two estimates suggests that CATF most probably brought regulation forward by 18 

months, with a pessimistic estimate of 9 months and an optimistic estimate of 4 years.   

Was the campaign successful? 

The foregoing discussion has assumed that the campaign caused the EPA regulations. We think it is 

highly likely that without the campaign, the regulations would not have been passed. Firstly, Clear the 

Air had advocated for regulations on SO2, NOx and Mercury from 1996 onwards, and these pollutants 

were eventually regulated by the EPA. Secondly, as discussed above, CATF successfully litigated the 

EPA for these specific regulations, which strongly suggests that they had a counterfactual effect. 

Thirdly, as discussed above, CATF published the first work demonstrating the local and national health 
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effects of coal plants. According to CATF, thanks to their work, the goal of cleaning up coal plants was 

accepted by both Bush and Gore in the 2000 presidential race.225 Fourthly, CATF provided technical 

support to the EPA in designing the relevant regulations.226  

1.2. The benefits of CATF’s work 

CATF’s work on this campaign had produced two broad kinds of benefit: 

1. Improved human health due to reduction in SO2, NOx and Mercury.  

2. Reduced greenhouse gas emissions due to coal plants retirement brought about by additional 

EPA regulation.  

Each of these effects is likely to be substantial. We will take each in turn.  

Improved human health due to reduction in SO2, NOx and Mercury. 

Following the introduction of the Clean Air Interstate Rule in 2005, SO2 and NOx emissions declined 

substantially: 

 
225 http://www.catf.us/resources/publications/files/RGGI-Report.pdf.  
226 CATF, report on CATF’s role in three national campaigns, December 2017. 

http://www.catf.us/resources/publications/files/RGGI-Report.pdf


 
 

 

 

 
139 — Founders Pledge Climate Change             
                 

Figure A3.  

 

 SO2 and NOx emissions from the power sector (short tons) 

 
 
Source: US Energy Information Administration - https://www.eia.gov/todayinenergy/detail.php?id=10151  
 
 

According to the EIA, “The decline in emissions is due primarily to an increasing number of coal-fired 

units retrofitted with flue-gas desulfurization, or scrubbers, to coal plants switching to lower sulfur 

coal, and to selective catalytic reduction, selective non-catalytic reduction, or low NOx burners to 

limit NOx emissions”.227 The decline after 2005 was primarily due to the Clean Air Interstate Rule 

encouraging a large portion of the coal fleet to use flue-gas desulfurization scrubbers.  

The EIA notes that decreased coal plant air pollution has been due firstly, to air pollution regulation, 

and then from late 2008 onwards, to declining natural gas prices, which helped to retire a significant 

portion of the US coal fleet.228 This effect should not be counted as part of CATF’s counterfactual 

 
227 https://www.eia.gov/todayinenergy/detail.php?id=10151  
228 https://www.eia.gov/todayinenergy/detail.php?id=10151 

https://www.eia.gov/todayinenergy/detail.php?id=10151
https://www.eia.gov/todayinenergy/detail.php?id=10151
https://www.eia.gov/todayinenergy/detail.php?id=10151
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impact. If we assume that the decline in natural gas prices was responsible for ~50% of the decline in 

fine particulate emissions in 2009 and 2010 (33% of the period over which emissions declined) this 

suggests that we should adjust CATF’s impact downwards by (50%*33%) = ~16%.  

The health benefits of this have been substantial. These are calculated in our cost-effectiveness 

model.  

Turning to mercury pollution, in 2016, mercury air emissions from power plants were 90% lower than 

in 2000 (51 pounds per year down to 5 pounds per year) driven by implementation of the Mercury and 

Air Toxics Standard rule and the curtailment and retirement of coal generation.229 The EPA projected 

that the 2011 Mercury and Air Toxics Standards would avert 4,200-11,000 (mean = 7,600) deaths per 

year once implemented.230  

If, as we suggest, CATF most likely brought these regulations forward by 18 months, this suggests that 

CATF’s work on this project averted ~18,000 deaths.   

Reduced greenhouse gas emissions due to coal plants retirement brought about by additional EPA regulation 

Another effect of the air pollution regulations on the coal plants was that they increased the cost of 

coal power generation. This, combined with the drop in natural gas prices, has contributed to the 

large number of coal plant retirements since 2008.  

 
229 Data are available here: https://ampd.epa.gov/ampd/  
230 https://www.epa.gov/mats/healthier-americans  

https://docs.google.com/spreadsheets/d/1q6srpmt5VkdXLGfYzqHqkU3hvGUwPKjA67uxqYI0Upw/edit#gid=0
https://ampd.epa.gov/ampd/
https://www.epa.gov/mats/healthier-americans
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Figure A4.  

 

US domestic energy consumption by source, with a projection to 2040 

 

Source: IEA, Annual Energy Outlook 2017, p. 9 https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf  
 
 
 

It is inevitably difficult to disentangle the effect of the regulations and the natural gas prices. A survey 

of the literature in the Bipartisan Policy Center suggests that the mercury, SO2, and NOx regulations 

will lead to retirements of between 14 and 70 GW of coal capacity until 2035.231 Our cost-effectiveness 

model roughly calculates the effect this would have on CO2 emissions. We conclude that by bringing 

forward this regulation, CATF averted ~10.4 million tonnes of CO2e.  

This figure excludes some of the other benefits of the coal plant campaign. For example, CATF has 

been involved in defending the EPA regulations against repeal by the Trump Administration. The 

 
231 Bipartisan Policy Center, “Environmental Regulation and Electric System Reliability,” n.d., 22, 
http://bipartisanpolicy.org/wp-content/uploads/sites/default/files/BPC%20Electric%20System%20Reliability.pdf. 

https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf
https://docs.google.com/spreadsheets/d/1q6srpmt5VkdXLGfYzqHqkU3hvGUwPKjA67uxqYI0Upw/edit#gid=0
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estimate also excludes the catalytic effect of providing the model currently used by the now heavily 

funded Beyond Coal Campaign.  

2. The Methane Partners Campaign (2009 – present) 

In this section, we discuss CATF’s impact via the Methane Partners Campaign.  

2.1 CATF’s counterfactual impact on the campaign 

CATF conceived of and co-led the Methane Partners Campaign advocating for regulations of fugitive 

methane form the oil and gas industry. From 2012 onwards, the EPA finalized a number of regulations, 

the most important of which are: 

• The 2012 New Source Performance Standards 

• The 2016 New Source Performance Standards 

Each of these reduce methane emissions from the oil and gas industry.232 A number of states also 

imposed regulations that went beyond what the EPA proposed.233  

As for the first case study, we believe that CATF had an impact on US methane regulation in two ways: 

1. Acting as a “first mover” in conceiving of, and catalysing support for, the Methane Partners 

Campaign among a number of larger environmental NGOs.  

2. Co-leading and contributing technical research to the campaign.  

As for the first case study, it is difficult to assess CATF’s counterfactual impact on this campaign 

because it is difficult to know what other NGOs would have done if CATF had not acted. However, the 

 
232 https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-industry/new-source-performance-standards-and  
233 See for example https://www.colorado.gov/pacific/cdphe/summary-oil-and-gas-emissions-requirements.  

https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-industry/new-source-performance-standards-and
https://www.colorado.gov/pacific/cdphe/summary-oil-and-gas-emissions-requirements
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evidence required for CATF to have had a large impact in this case is lower due to the particularities of 

the political context surrounding the 2016 New Source Performance Standard. We will discuss the 

campaign for each regulation in turn.  

Impact on the 2012 New Source Performance Standard  

The main evidence we have that CATF conceived of and drew in support for the methane campaign is 

CATF’s own written submission. We think it is likely that the claims made are accurate because the 

information CATF have provided in verbal and written discussion that we have verified with external 

partners has been accurate. 

CATF’s account of their role in conceiving of the focus on methane emissions is as follows.234 In the 

early 2000s, CATF learned of the prominent climate scientist Dr. James Hansen’s research into the 

impact of short-lived climate pollutants such as black carbon, methane, and hydrofluorocarbons. 

Following this, CATF began a strategic review of opportunities to reduce methane by examining the 

emissions and abatement potential from the major domestic methane-emitting sectors: agriculture, oil 

and gas, coal mines, and waste disposal. CATF’s review determined that reducing methane emissions 

from the oil and gas industry presented the best opportunity for cost-effective, politically-feasible 

mitigation in the near term.  

To broaden environmental community concern and support for this agenda, CATF briefed the 

leadership (CEO and Chief Scientist) at the Environmental Defense Fund (EDF) about the implications 

of Dr. Hansen’s research. EDF initially was resistant, believing that any focus on short-lived climate 

pollutants could distract attention from mitigating CO2 emissions. However, EDF eventually agreed 

with the focus on mitigation of methane emissions from the oil and gas industry.  

 
234 CATF, report on CATF’s role in three national campaigns, December 2017. 
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Following this, to verify the actual leak rate, EDF launched a joint research effort with the gas industry 

conducting sixteen peer-reviewed, published scientific studies of the leak rate of different segments 

of the gas supply chain. To date, the studies have found that the methane leak rate is higher than 

official government estimates and can be significantly reduced.235  

In 2006, EDF launched a series of state-level campaigns seeking state regulations on the sector. CATF 

also worked at the state level, but primarily focused its advocacy on federal methane regulations.236 

A former major donor to CATF has confirmed to us in correspondence the view that CATF saw the 

value of focusing on short-lived climate pollutants such as methane long before other organisations 

that were at the time mainly focused on CO2. 

It is difficult to know how much CATF brought forward the 2012 New Source Performance Standard by 

conceiving of the methane campaign and drawing in support. On the basis of the above information, 

our very rough guess is that via this mechanism CATF brought the regulation forward by ~8 months, 

with a lower bound of ~2 months and a higher bound of ~12 months. Even a small temporal effect such 

as this promises a large impact in terms of emissions.  

There is good evidence that CATF also played a major role in campaign leadership and strategy. 

CATF’s Sarah Uhl was elected to co-lead the campaign along with Felice Stadler at EDF. The campaign 

leadership seems to have been very successful in terms of achieving process goals and in securing 

the end result. CATF writes: 

“To take advantage of the federal opportunities, CATF hired a staff member specifically 

assigned to coordinate the advocacy efforts of the co-litigant groups and build a grassroots 

 
235 https://www.edf.org/climate/methane-studies  
236 CATF, report on CATF’s role in three national campaigns, December 2017. 

https://www.edf.org/climate/methane-studies
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coalition to support these regulatory efforts.  Within a year, CATF helped win funding support 

from the Energy Foundation, Pisces Foundation, ClimateWorks Foundation, and Hewlett 

Foundation for the formation of the Methane Partners Campaign, which added the American 

Lung Association, EarthWorks, Blue-Green Alliance, and other regional and state organizations 

to the five original co-litigant groups on the MPC Steering Committee.  Today, over 80 groups 

participate in the Campaign and the MPC and its partners have a combined budget devoted to 

this effort of over $3 million per year.”237 

There were numerous other large environmental NGOs involved in the campaign, including 

Environmental Defense Fund, the Natural Resources Defense Council, and the Sierra Club. Had CATF 

not acted as co-leader, one of these groups would plausibly have stepped in. It is difficult to know how 

effective they would have been in comparison to CATF. The fact that CATF were elected to co-lead 

does show that they were perceived to be more effective campaign leaders than the next best 

alternative, which provides some evidence that they were in fact more effective.  

In addition to its role as co-leader of the campaign, CATF, along with EDF, played a leading role in the 

technical research for the campaign, which would eventually assist the EPA in drafting regulations. 

CATF has produced the majority of the reports publicly released by the campaign including: Fossil 

Fumes: A Public Health Analysis of Toxic Air Pollution from the Oil and Gas Industry; Gasping for 

Breath: An Analysis of the Health Effects of Ozone Pollution from the Oil and Gas Industry; Latino 

Communities at Risk: The Impact of Air Pollution from the Oil and Gas Industry; and Fumes Across the 

Fence-line: The Health Impacts of Air Pollution from the Oil and Gas Industry on African-American 

Communities.  

 
237 CATF, report on CATF’s role in three national campaigns, December 2017. 

http://www.catf.us/resources/publications/files/FossilFumes.pdf
http://www.catf.us/resources/publications/files/FossilFumes.pdf
http://www.catf.us/resources/publications/files/Gasping_for_Breath.pdf
http://www.catf.us/resources/publications/files/Gasping_for_Breath.pdf
http://www.catf.us/resources/publications/files/Latino_Communities_at_Risk.pdf
http://www.catf.us/resources/publications/files/Latino_Communities_at_Risk.pdf
http://www.catf.us/resources/publications/files/FumesAcrossTheFenceLine.pdf
http://www.catf.us/resources/publications/files/FumesAcrossTheFenceLine.pdf
http://www.catf.us/resources/publications/files/FumesAcrossTheFenceLine.pdf
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We can try to constrain intuitions about the overall effect of CATF’s strategic and technical leadership 

using the method described in the previous section. Suppose that for each year of CATF co-

leadership, they brought forward regulation by one month compared to the next best counterfactual 

campaign leader. Over the course of three years leading to the 2012 New Source Performance 

Standard, this suggests that CATF brought forward regulation by ~3 months via this mechanism. Once 

again, our confidence interval around this estimate is wide, with a lower bound of ~1 month and a 

higher bound of ~10 months.  

Combining CATF’s impact via co-leading and conceiving of the campaign suggests that CATF brought 

the 2012 New Source Performance Standard forward by 11 months, with a lower bound of 3 months 

and a higher bound of 22 months. This estimate is very uncertain and is hard to further constrain given 

the available information.  

Impact on the 2016 New Source Performance Standard 

With respect to the second relevant piece of regulation, the 2016 New Source Performance Standard, 

the evidence required to support the proposition that CATF had a large impact is much lower. The 

reason for this is that this regulation was introduced at the tail end of the Obama administration (June 

2016), and would not have been introduced by the Trump EPA, as demonstrated by the fact that the 

Trump EPA has tried to repeal the methane regulation.238 If the regulation had been delayed by around 

three or more months, it would likely have been repealed under the Congressional Review Act, which 

allows Congress and the President to repeal a bill that is passed within a window of 60 legislative days 

(i.e. days Congress is in session).239 Thus, even if CATF brought regulation forward by three months, 

 
238 Lisa Friedman, “Court Blocks E.P.A. Effort to Suspend Obama-Era Methane Rule,” The New York Times, July 3, 2017, sec. 
Climate, https://www.nytimes.com/2017/07/03/climate/court-blocks-epa-effort-to-suspend-obama-era-methane-rule.html. 
239 Amber Phillips, “Why Republicans’ 100-Day War on Obama Is about to End,” Washington Post, April 25, 2017, 
https://www.washingtonpost.com/news/the-fix/wp/2017/04/25/why-republicans-100-day-war-on-obama-is-about-to-end/. 
There are typically around 15 legislative days per month. Trump was inaugurated on 20th January 2017. To stay within the 60 
legislative day window, the regulation could have been delayed by at most three months.   
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that would be the difference between the existence and non-existence of the regulation. Their 

campaign is therefore likely to have had very large benefits.  

A former major funder of the campaign has told us (with moderate confidence) that without CATF’s 

technical expertise, it is very unlikely that any EPA methane regulations would have passed at all.240 

The evidence outlined in the previous subsection lends weight to this. In addition, CATF have provided 

the following narrative account of their role in securing the 2016 New Source Performance Standard; 

“However, even as late as 2012, EDF was publicly focused on a state-by-state approach to 

methane regulation. Had CATF not continued to push them and other groups to realize the 

opportunity of a federal play, it is unlikely that they would have pivoted soon enough for federal 

methane standards to have been issued during the Obama Administration. Had CATF not 

convinced NRDC, EDF, and other key players of methane’s importance, it likely would not have 

been featured in the President’s Climate Action Plan of June 2013, which set the stage for 

action.  

The following year, with no other group stepping up to take the lead, CATF developed and 

published a blueprint for the policy (Waste Not). Issued in collaboration with NRDC and Sierra 

Club and with the endorsement of EDF and Earthjustice, Waste Not made a strong case for 

regulating methane emissions from the oil and gas industry by documenting the available 

technologies and practices to cut emissions by half for very low cost. Still, EPA was resistant to 

moving forward on the rule, thinking it was too soon to regulate the oil and gas industry again 

after issuing the 2012 standards. API and others were putting up real resistance. The rule only 

moved forward because CATF and their partners in the Methane Partners Campaign went over 

EPA’s head and put significant pressure on the White House, which ultimately forced EPA’s 

 
240  The individual wished to remain anonymous.  

http://www.catf.us/resources/publications/view/205
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hand. This work involved a series of meetings with senior officials including John Podesta, 

Counselor to the President, Dan Utech, Deputy Assistant to the President for Energy and 

Climate Change, and others. Meanwhile, our technical intervention showed EPA how they could 

write the rules.”  

We think it is very likely (>90% chance) that without CATF, the regulation would have been delayed by 

three months and so failed to exploit the threshold effect discussed above. This implies that CATF 

produced all of the benefit of the 2016 regulation from June 2016 until it is repealed. The regulation 

has been in place for 20 months so far. 

The Trump EPA tried and failed to suspend the 2016 regulation in 2017.241 CATF’s Executive Director 

has told us that it is highly likely that the Trump EPA will issue a final rule to repeal the 2016 regulation, 

most likely in 2019.242 However, CATF, EDF and others will challenge this in court, and may be 

successful. Our best guess is that the regulation will be repealed in mid 2019. Our lower bound is that 

it will be repealed in mid 2018 and our higher bound is that efforts to repeal will fail, and the 

Democrats will win the presidential election in 2020 (they are favourites as of March 2018). This does 

not mean that CATF’s counterfactual impact will necessarily stretch into a two term Democrat 

presidency. The reason for this is the possible post-2020 Democrat EPA would have introduced the 

regulation anyway at some point from 2020 onwards, even if CATF had not acted. We would guess 

that, given all these hypotheticals, the regulation would have been introduced in 2022: this is our 

upper bound.  

 
241 Friedman, “Court Blocks E.P.A. Effort to Suspend Obama-Era Methane Rule.” 
242 Armond Cohen, personal correspondence, 13th March 2018.  
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Was the campaign successful?  

Putting CATF’s role in the campaign to one side, the next question is whether the campaign plausibly 

brought about the methane regulation. We think it is highly likely (>90% probability) that without the 

campaign the relevant regulations on methane would not have been proposed. Firstly, as noted 

above, some funders have told us that without CATF, the regulation would not have passed at all. 

Secondly, the campaign litigated for the specific regulations eventually imposed by the EPA. CATF, 

along with four co-litigant groups, EDF, NRDC, EarthJustice and Sierra Club, had already sued U.S. EPA 

to force it to regulate methane from the oil and gas industry under the Clean Air Act.  Together these 

groups also challenged a 2012 oil and gas emissions regulation that failed to set limits on methane 

emissions.243 Simultaneously, CATF along with the Wilderness Society and EarthWorks advocated for 

limits on methane waste from oil and gas operations on federal lands administered by the Bureau of 

Land Management.  

Thirdly, the Obama Administration’s Strategy to Reduce Methane Emissions, which resulted in the EPA 

regulations, explicitly mentions EDF’s research on methane emissions.244 An anonymous major 

funder of the campaign told us that CATF provided legal and technical advice to the administration 

that helped the EPA draft its regulations. This provides a strong signal that without the campaign, 

methane regulation would have been unlikely (<10% chance).  

2.2. The benefits of methane regulation  

We quantify the benefits of CATF’s work on methane in our cost-effectiveness model. According to 

the EPA, once the 2012 New Source Performance Standard is fully implemented, it will avert between 

 
243 CATF, report on CATF’s role in three national campaigns, December 2017. 
244 See p. 9 and 11 of https://obamawhitehouse.archives.gov/sites/default/files/strategy_to_reduce_methane_emissions_2014-
03-28_final.pdf  

https://docs.google.com/spreadsheets/d/1q6srpmt5VkdXLGfYzqHqkU3hvGUwPKjA67uxqYI0Upw/edit#gid=0
https://obamawhitehouse.archives.gov/sites/default/files/strategy_to_reduce_methane_emissions_2014-03-28_final.pdf
https://obamawhitehouse.archives.gov/sites/default/files/strategy_to_reduce_methane_emissions_2014-03-28_final.pdf
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~19m and ~33m tonnes of CO2e per year (mean = 26m).245 Our model adjusts for the lag prior to the 

rules having peak effect. We estimate that by bringing forward the 2012 regulation, CATF averted 

3.8m – 57.37m tonnes of CO2e with a realistic estimate of ~21.5m tonnes. These estimates are highly 

uncertain but are indicative that CATF had a large impact.  

The 2016 regulations will reduce emissions by ~11m tonnes of CO2e per year once fully effective.246 

Our model adjusts for the lag prior to the rules having peak effect. If, as we estimate, CATF brought 

the regulation forward by 3 years (with a range of 2 – 5 and a half years), this implies that via its 

advocacy for the 2016 regulation, CATF averted 19.8m tonnes of CO2e (11m - 42.4m). The combined 

effect of CATF’s work on methane is therefore ~40.5m tonnes (14.8m – 99.7m).  

This estimate excludes some of the other benefits of the methane campaign. Perhaps most 

importantly, plausibly as a result of the methane campaign, Mexico and Canada have also pledged to 

reduce methane emissions from the oil and gas sector 40-45% by 2025.247 CATF is also involved in the 

efforts to prevent the methane regulations being rolled back by the Trump Administration.248  

3. Campaign for US tax incentives for carbon capture and storage (2009 – present) 

From 2009 onwards, CATF advocated for an expansion of US tax incentives for carbon capture and 

storage (CCS). CATF has outlined the policy details, developing the coalition in favour of the proposal, 

and acting as a public interest voice for the measures.  

 
245 See p. 2 of https://www.epa.gov/sites/production/files/2016-
09/documents/natural_gas_transmission_fact_sheet_2012.pdf  
246 See p. 4 of https://www.epa.gov/sites/production/files/2016-09/documents/nsps-overview-fs.pdf.  
247 https://pm.gc.ca/eng/news/2016/06/29/leaders-statement-north-american-climate-clean-energy-and-environment-
partnership  
248 https://www.theguardian.com/environment/2017/jul/03/epa-methane-rule-trump-scott-pruitt 

https://pm.gc.ca/eng/news/2016/06/29/leaders-statement-north-american-climate-clean-energy-and-environment-partnership
https://pm.gc.ca/eng/news/2016/06/29/leaders-statement-north-american-climate-clean-energy-and-environment-partnership
https://www.theguardian.com/environment/2017/jul/03/epa-methane-rule-trump-scott-pruitt
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3.1. CATF’s counterfactual impact on the campaign 

In the wake of the failure to impose adequate carbon pricing schemes across the globe, many 

governments have pursued their climate goals by subsidising the deployment of low carbon 

technology. The vast majority of this has thus far been directed to renewable energy, especially solar 

and wind power, which has helped to reduce the cost of these technologies significantly. CATF and 

other environmental NGOs, unions and industry groups have advocated for a similar approach to be 

taken to other low carbon technologies, including carbon capture and storage.  

After a long campaign involving research, coalition building, and advocacy, the Furthering carbon 

capture, Utilization, Technology, Underground storage, and Reduced Emissions Act (FUTURE Act) was 

included in Senate Finance Committee Chairperson Orrin Hatch’s (R-UT) larger tax extenders bill, 

before finally passing through Congress in February 2018 as part of the Bipartisan Budget Act of 

2018.249 The Act expands the 45Q tax credit for carbon capture storage for both Enhanced Oil 

Recovery (EOR) and saline CO2 storage.250 In other words, it provides financial incentives for CO2 

producers to store CO2 in oil wells or in saline formations underground. By 2026, incentives ramp up 

to $35/tonne for EOR and $50/tonne for saline storage.251 The bill has managed to obtain bipartisan 

support.  

We believe that CATF had a potentially substantial impact on the passage of the increased 45Q tax 

credit.  

 
249 https://www.huntonnickelreportblog.com/2018/02/section-45q-tax-credit-enhancements-could-boost-ccs/  
250 EOR is the use of CO2 captured from point sources like power plants, to recover oil from existing oil wells. In EOR systems 
that maximise climate benefit, the CO2 is then stored permanently in the oil well. CO2 can also be stored in saline aquifers. 
This has lower economic returns and so requires a higher tax credit.  
251 CATF, personal communication,   

https://www.huntonnickelreportblog.com/2018/02/section-45q-tax-credit-enhancements-could-boost-ccs/
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CATF have told us that they played an important role in conceiving of the bill and outlining the policy 

details, developing the coalition in favour of the proposal, and producing research which helped to 

secure bipartisan support in the legislature.  

• One government official and one former government official, each with close knowledge of the 

political context surrounding the CCS bill, provided support for the claim that CATF was 

instrumental in designing the bill and conceiving the policy details.252  

• These sources also stated that CATF has played a bigger role than any other environmental 

NGO involved in the campaign.  

• Both sources told us that CATF’s research on the impact of the bill was crucial for securing the 

required bipartisan support. This research was not published but was circulated widely in 

Washington.  

• One of the sources stated that without CATF, it is very unlikely that the bill would exist at all. 

It is difficult to know what would have happened had CATF not acted in the way they did, and it is 

possible that another group would have stepped in to fill their role. But the above evidence suggests 

that CATF’s work was probably not replaceable in this way. The bill was initially introduced in February 

2016.253 According to the evidence in the last bullet point, it is very unlikely that the bill would exist 

at all as of February 2018 had CATF not acted. If this account of the counterfactual is correct, then 

CATF brought the legislation forward by at least two years (the gap between February 2016 and 

February 2018). We are unsure how much weight to put on this individual’s judgement, but this 

impression was broadly supported by our other source. In order to avoid putting too much weight on 

 
252 These individuals  wished to remain anonymous.  
253 http://www.catf.us/newsroom/releases/2016/20160225-45Q_House_Bill_Introduction_Press_Release_-
_Final_February_25_2016.pdf  

http://www.catf.us/newsroom/releases/2016/20160225-45Q_House_Bill_Introduction_Press_Release_-_Final_February_25_2016.pdf
http://www.catf.us/newsroom/releases/2016/20160225-45Q_House_Bill_Introduction_Press_Release_-_Final_February_25_2016.pdf
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the view of one individual, our perhaps conservative realistic estimate is that CATF brought the 

relevant legislation forward by ~1.5 years.  

The benefits of the CCS tax incentives 

CATF’s own modelling suggests that the increased 45Q tax incentive will avert a large amount of CO2 

emissions in the short to medium term.254 The US Department of Energy National Energy Modeling 

System produced similar results. The model suggests that if the incentives are in place by 2020, they 

will lead to the abatement of around 40,000,000 tonnes of CO2 in 2025. Assuming a linear increase, 

this suggests that the incentives will lead to the abatement of ~20,000,000 tonnes of CO2 per year 

between 2020 and 2025.   

In our cost-effectiveness model, we use these figures to calculate the effect CATF had by bringing 

forward the CCS legislation. Our realistic estimate is that via their work on this campaign, CATF 

averted 30m tonnes of CO2, with a pessimistic estimate of 14m tonnes and an optimistic estimate of 

60m tonnes.  

This estimate is likely to be conservative. It is plausible that the main benefit of the tax credit will be 

the construction of enough CCS projects to speed up learning and drive costs down, as happened for 

wind and solar. In this way, the tax credit will produce global technology spillovers, which could 

increase deployment of CCS worldwide.   

 
 
  

 
254 CCS Deployment in the US power sector, analysis by Charles River Associates for Clean Air Task Force, 2016. 

https://docs.google.com/spreadsheets/d/1q6srpmt5VkdXLGfYzqHqkU3hvGUwPKjA67uxqYI0Upw/edit#gid=0
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Appendix 3. Our Process 
In this section, we outline why we decided to recommend Coalition for Rainforest Nations (CfRN) and 

Clean Air Task Force (CATF) over the other shortlisted charities. In brief, the case for each 

recommended charity rested on the following:  

• Coalition for Rainforest Nations 

o Works on a high priority intervention – deforestation prevention.  

o Has an extremely strong track record – CfRN has had a large effect on global forestry 

prevention. 

o Can leverage very large amounts of money for forestry protection.  

o Supports a policy, REDD+, which we believe to be among the best ways to reduce 

deforestation. 

o Given its position at the UNFCCC, we would be very surprised if there were another 

charity better placed to prevent deforestation as cost-effectively as CfRN.  

• Clean Air Task Force 

o Works on high priority interventions – CCS, nuclear advocacy and policy, and energy 

innovation.  

o Works in high priority geographic areas – CATF works in the US and China, and 

prioritises which geography to focus on according to the importance, neglectedness 

and tractability of work in those areas.   

o Has an extremely strong track record – CATF has been involved in an unusually large 

number of successful and important advocacy campaigns since 1996, mostly in the US. 
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We also have some evidence that it has been one of the most effective NGOs working in 

China.  

o Produces high quality research – this makes it more likely to advocate for good policies, 

and to influence the public discourse in a positive direction.  

The climate charities that made our shortlist were: 

• Energy for Humanity 

• Third Way 

• Center for Carbon Removal 

• Sandbag 

• Bellona 

• Environmental Defense Fund Europe 

• Cool Earth 

• Environmental Progress 

We will now briefly discuss why we decided to deprioritise these other charities. Once we learned of 

CATF and CfRN’s track record, strength of team, and track record, we used them as benchmarks 

against which to judge the other shortlisted charities.  

Forestry charities 

We will first discuss why we deprioritised the other forestry charity we looked at. 

Cool Earth 

Aside from CfRN, the only other forestry charity we looked at was Cool Earth, a UK-based charity 

carrying out project-based deforestation prevention efforts. We looked at Cool Earth chiefly because 

we wanted to offer a lower risk option to pledgers. However, upon reviewing the evidence on forestry, 
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for the reasons outlined in our review of CfRN, we concluded that project-based approaches were 

likely to be much lower impact than the jurisdictional approach pursued by CfRN. We are not 

confident that project-based approached would be effective, and we would encourage NGOs 

pursuing project-based approaches to join the UNFCCC REDD+ process.  

An initial examination of CfRN’s track record showed that it potentially has had an extremely large 

impact on past international climate policy, and it has potential for huge leverage in the future. We 

therefore concluded that it is unlikely that other forestry charities would be better than CfRN.   

Charities working on CCS, nuclear power, and energy innovation 

We will now discuss why we deprioritised the charities we looked at that worked on CCS, nuclear and 

general energy innovation. In general, CATF seemed to do better than the alternatives in terms of 

track record, in terms of how it selected its projects, and its future potential impact.  

Energy for Humanity 

Energy for Humanity is a UK and Switzerland-based charity that advocated for nuclear power, mainly 

in the EU. We were positive about Energy for Humanity’s work, as they seem to have been involved in 

some important successful campaigns, to have a strong leading team, and to produce high quality 

research. However, CATF appeared to be a better bet for several reasons. Firstly, as Energy for 

Humanity is a young organisation, CATF has a much stronger track record of being involved in very 

impactful campaigns. Secondly, Energy for Humanity mainly focuses on the EU, whereas CATF 

focuses on what we believe to be higher priority geographic areas. Thirdly, in addition to nuclear, 

CATF works on other high priority areas, including CCS and energy innovation.  
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Third Way 

Third Way is a US-based centrist think tank that, like CATF, advocates for CCS, nuclear and energy 

innovation, three of our high priority interventions. Third Way and CATF often work together on 

campaigns, such as the campaign for the 45Q tax credit. We deprioritised Third Way’s energy and 

climate programme chiefly because, while Third Way seems to have had some advocacy successes, 

CATF’s track record appears to be superior, as they have been involved in more major policy 

successes.  

Center for Carbon Removal 

The Center for Carbon Removal is a US-based non-profit that advocates for CCS and forms of CO2 

removal. Although we were positive about some of their work, we decided not to recommend them 

for a number of reasons. Firstly, CATF has an advantage in that it works on nuclear as well as CCS, so 

covers more of our high priority interventions. Secondly, CATF has a stronger track record of 

achieving high impact policy change, whereas Center for Carbon Removal has thus far had fewer past 

successes, with its work mainly focusing on higher level research projects, which currently appear 

lower impact than object-level policy work. We therefore believe it more likely that CATF will have 

impact in the future. Thirdly, some of Center for Carbon Removal’s future projects, such as their 

Carbon Recycling Labs, seemed to work on problems with much lower emissions reduction potential 

than projects worked on by CATF. In general, we were more confident in CATF’s approach to choosing 

which projects to work on.  

Sandbag 

Sandbag is a UK-based charity that advocates for improved carbon pricing and for CCS in the UK and 

the EU. We deprioritised Sandbag for the following reasons. Firstly, unlike CATF, it has not yet had any 

major policy wins in its advocacy for CCS. Secondly, it works on lower priority geographies, with most 
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of its work focused on the UK and the EU, whereas CATF focuses on the US and China, and is open to 

work in India.  

Bellona  

Bellona is a non-profit founded in 1986 with headquarters in Norway and offices in Russia and 

Brussels. We short-listed Bellona because it is one of the few NGOs that has consistently advocated for 

CCS. We decided not to recommend for the following reasons. Firstly, although Bellona has had some 

policy successes on CCS in Norway, CATF appears to have a much stronger and more impactful track 

record thanks to its advocacy work in the US. Secondly, Bellona works on a lower priority geographic 

area than CATF, in that it chiefly focuses on the EU. Finally, we were concerned about some of 

Bellona’s anti-nuclear power work, which we believe to overstate the risks from nuclear waste. We 

believe that this aspect of Bellona’s mission could be bad for the climate.  

Environmental Defense Fund Europe 

Environmental Defense Fund Europe was founded in 2016 as the European branch of Environmental 

Defense Fund, a large environmental NGO based in the US. EDF Europe has a very strong team and we 

looked at them because of their willingness to work on China. They were deprioritised for a number of 

reasons. Firstly, CATF has a much stronger track record of policy success than EDF Europe. Secondly, 

CATF works on more of our high priority intervention areas, including strong advocacy for CCS and 

nuclear. Thirdly, EDF Europe chiefly works in the EU, whereas CATF works on higher priority 

geographies.  
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Environmental Progress 

Environmental Progress is a US-based NGO that advocates for nuclear power globally, but mainly in 

the US. We deprioritised Environmental Progress chiefly because it takes a confrontational approach 

to its advocacy, which we think may be counterproductive in the medium to longer term.  
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Appendix 4. Key Methodological Learnings 
Some aspects of the approach used in this report could be improved. Firstly, we are not completely 

confident that the version of the ITN framework we have used in this report is correct. Other 

organisations, such as 80,000 Hours, have proposed alternative versions of the framework.255 We 

initially used the 80,000 Hours version, but found it to have certain drawbacks that led us to develop 

an alternative. Chiefly, we found it difficult to constraint intuitions about tractability as defined by 

80,000 Hours. We plan to research the most appropriate version of the ITN framework in the coming 

year. 

The approach we used to narrow down charities at the stage after the ITN analysis could have been 

improved. It turned out to be much more efficient to ask aligned philanthropists for recommendations 

than to try to draw conclusions based on charities’ own websites.  

It is also notable that one of our recommended charities – CfRN – works on an intervention that scores 

lower than others on the ITN criteria. We found this charity by speaking with an impact-focused 

philanthropist. This suggests that there might be a case for using this method – in addition to the ITN 

framework – to find impactful charities.  

  

 
255 80,000 Hours, “How to Compare Different Global Problems in Terms of Impact.” 



 
 

 

 

 
161 — Founders Pledge Climate Change             
                 

Appendix 5. Other Possible Interventions 
There are some possible interventions that we did not evaluate in the ITN framework. These include: 

• Research into solar geoengineering 

• Work to reduce population growth 

• Reducing consumption of animal products 

We will discuss each intervention in turn. The arguments here are difficult to incorporate into an ITN 

analysis.  

Solar geoengineering 

Solar geoengineering, sometimes called Solar Radiation Management involves cooling the Earth by 

reflecting sunlight back to space.256 The most researched proposed form involves injecting particles 

such as sulphates into the stratosphere (the upper atmosphere), which would be distributed around 

the planet by stratospheric winds and would reflect sunlight back to space. The evidence suggests 

that if it could be governed properly, it would reduce the damages from climate change.257 However, 

solar geoengineering would be hard to govern and researching it creates moral hazard risk – the risk 

that research could reduce willingness to mitigate. Mainly due to the moral hazard concern, we are 

very unsure whether research into solar geoengineering would be beneficial, though we think it would 

be on balance.258 However, we think that those concerned about climate change should focus 

 
256 For good overviews see J. G. Shepherd, Geoengineering the Climate: Science, Governance and Uncertainty (Royal 
Society, 2009); David W. Keith, A Case for Climate Engineering, Boston Review Book (Cambridge, Mass.: Cambridge, Mass: 
The MIT Press, 2013); Oliver Morton, The Planet Remade: How Geoengineering Could Change the World (London: Granta, 
2015). 
257 Ben Kravitz et al., “A Multi-Model Assessment of Regional Climate Disparities Caused by Solar Geoengineering,” 
Environmental Research Letters 9, no. 7 (2014): 074013, https://doi.org/10.1088/1748-9326/9/7/074013. 
258 John Halstead, “Stratospheric Aerosol Injection Research and Existential Risk,” Futures, March 9, 2018, 
https://doi.org/10.1016/j.futures.2018.03.004. 



 
 

 

 

 
162 — Founders Pledge Climate Change             
                 

primarily on improving the progress of climate mitigation, rather than on speculative technology that 

is only likely to be used in several decades’ time.  

Reducing population growth 

Population growth is a major driver of emissions growth. So, there might be a case for focusing 

advocacy attention on reducing population.259 However, we believe that: (1) tractable versions of this 

intervention would have little effect on emissions; and (2) versions of this intervention that would have 

an effect on emissions are very intractable.  

In the vast majority of countries, fertility is converging to around 2 births per woman.260 The ‘fertility 

decline’ is happening at earlier stages of economic development than before. This is chiefly because 

women are gaining more control over their fertility. The increasingly exceptional countries in which 

women appear not to limit births at all are in very poor countries such as Niger, Afghanistan and Mali. 

It is in these countries that population growth is highest. We think that there could be cost-effective 

ways to empower women and to reduce fertility in these countries.  

However, because these countries are so poor, they contribute a tiny fraction of global greenhouse 

gas emissions. As we show in the main report, emissions are driven by large rich and/or rapidly 

growing countries, such as China, the US, and India. Thus, if one were to reduce population growth in 

high fertility countries, this would have a very small effect on emissions, at least over the next few 

decades. Although these places will grow economically in the future, once energy demand grows in 

those places low carbon technologies will be more widely available. Note that because these places 

are poor, interventions affecting fertility rates will likely have negligible effects on the development of 

 
259 For a sceptical discussion of this argument see Hilary Greaves, “Climate Change and Optimum Population,” The Monist, 
forthcoming. 
260 For an excellent overview of this issue see David Roodman, “The Impact of Life-Saving Interventions on Fertility,” David 
Roodman (blog), accessed March 5, 2018, https://davidroodman.com/blog/2014/04/16/the-mortality-fertility-link/. 
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low carbon technology. Moreover, fertility probably influences economic growth, though assigning 

causality is very challenging. Existing estimates in the literature suggest that the effect is small or 

positive, so efforts to reduce fertility could partly offset the population growth effect via the economic 

growth effect.261  

It would arguably make a bigger difference to reduce population growth in the major emitters. 

However, the vast majority of these countries are converging to around 2 births per woman. There is 

good evidence that this is in large part because women have gained significant control over their 

fertility.262 This in turn suggests that fertility rates in those countries could not be greatly affected by 

tractable interventions.  

Reducing consumption of animal products 

Reducing consumption of animal products is potentially highly impactful as a climate change 

intervention. However, we did not have enough research time to evaluate this adequately for this 

year’s report. We plan to investigate this further when we update the report in a year’s time.  

Consuming animal products increases greenhouse gas emissions because the food used to feed them 

leads to deforestation, and because animals emit large amounts of methane in the digestive process. 

According to a 2009 study, preventing the use of all animal products globally would prevent 8Gt of 

CO2e emissions per year.263 This suggests that reducing consumption of animal products scores very 

 
261 Quamrul H. Ashraf, David N. Weil, and Joshua Wilde, “The Effect of Fertility Reduction on Economic Growth,” Population 
and Development Review 39, no. 1 (March 2013): 97–130, https://doi.org/10.1111/j.1728-4457.2013.00575.x. 
262 https://ourworldindata.org/fertility-rate  
263 IPCC, Climate Change: Mitigation, 850. 
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highly on importance.  Reducing animal product consumption also appears to be neglected. Farmed 

animal advocacy receives less than $100m per year in the US.264 

We are very unsure how tractable the problem is. Interventions such as vegan advocacy appear to 

have made little progress on reducing animal product consumption over the last few decades.265 One 

potentially more promising solution is research into animal product alternatives, whether plant-based 

or cultured animal products.266 If research were to discover foods that had the same flavour and 

nutritional value as animal products, then this could plausibly have a very large effect on animal 

product consumption. Indeed, there would be a strong case for banning animal products if identical 

viable alternatives were discovered. Such alternatives could have much lower environmental impact. 

However, we are very unsure how easy it is to make progress on animal product alternatives, and we 

did not consider this option in depth due to time constraints. According to one review of the 

evidence, it will be extremely difficult to make progress on clean meat,267 whereas others are much 

more optimistic, predicting that there will be reasonably priced clean meat within ten years.268 We 

plan to investigate this intervention in more depth when we revisit the climate change report in 2019.  

 

  

 
264 “Why Farmed Animals?,” Animal Charity Evaluators (blog), accessed March 6, 2018, 
https://animalcharityevaluators.org/donation-advice/why-farmed-animals/. 
265 Chase Purdy and Chase Purdy, “Millennials Are Deluding Themselves about Eating Less Meat,” Quartz (blog), accessed 
March 6, 2018, https://qz.com/770016/millennials-want-to-eat-less-meat-but-cant-be-bothered-to-do-it/; “The Number of 
Vegetarians & Vegans Hasn’t Changed in 30 Years. What Can We Do about That?,” 80,000 Hours, February 19, 2018, 
https://80000hours.org/2018/02/bruce-friedrich-good-food-institute/. 
266 “The Number of Vegetarians & Vegans Hasn’t Changed in 30 Years. What Can We Do about That?” 
267 Nick Beckstead, “Animal Product Alternatives,” Open Philanthropy Project, December 14, 2015, 
https://www.openphilanthropy.org/research/cause-reports/animal-product-alternatives. 
268 “The Number of Vegetarians & Vegans Hasn’t Changed in 30 Years. What Can We Do about That?” 
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Appendix 6. Concerns About Nuclear Power 
Nuclear power is controversial, mainly due to worries about effects of nuclear power on human health, 

nuclear waste, and proliferation of nuclear weapons. In this section we discuss the scientific evidence 

and expert consensus on these worries.  

We will firstly look at the threat that nuclear power poses to human health. The evidence suggests that 

nuclear power is one of the least damaging power generation technologies, and is roughly as 

dangerous to human health as wind power.269 

Figure A3.  

 

Health effects of electricity generation per terawatt hour 

 

 

 
269 David MacKay, Sustainable Energy - without the Hot Air, 168. 
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Source: Markandya and Wilkinson, “Electricity generation and health”, The Lancet, 2007: p. 983 
 
 

This implies that the widespread use of nuclear power has had large health benefits by preventing 

additional deaths from fossil fuel power. Kharecha and Hansen calculate that nuclear power prevented 

1.84 million air pollution-related deaths until 2009.270 The main reason for this difference in health 

costs is that most of the deaths from biomass, oil, gas and coal are from air pollution, and nuclear 

power does not produce any air pollution. The health costs of nuclear power are driven by accidents. 

Although nuclear accidents are highly salient, the health costs of such accidents tend to be 

overestimated.  

Another concern is nuclear waste. This might be thought to be problematic because of radiation-

related deaths or because of creating other problems for the ecosystem. The evidence above 

suggests that the health risks from nuclear waste have been minimal. Indeed, the volume of waste 

from nuclear reactors is very small:  

“Whereas the ash from ten coal-fired power stations would have a mass of four million tons per 

year (having a volume of roughly 40 litres per person per year [in the UK]), the nuclear waste 

from Britain’s ten nuclear power stations has a volume of just 0.84 litres per person per year – 

think of that as a bottle of wine per person per year.”271 

France gets around 80% of its electricity from nuclear power, and all of its reprocessed high level 

waste is stored under the floor of a single facility about the size of a basketball court.272 Even in a 

nuclear power-reliant country, the typical per person per year volume of nuclear waste would be three 

 
270 Pushker A. Kharecha and James E. Hansen, “Prevented Mortality and Greenhouse Gas Emissions from Historical and 
Projected Nuclear Power,” Environmental Science & Technology 47, no. 9 (May 7, 2013): 4889–95. 
271 David MacKay, Sustainable Energy - without the Hot Air, 169. 
272 Mark Lynas, Nuclear 2.0: Why a Green Future Needs Nuclear Power, 1st edition (New York: UIT Cambridge, 2013), 65. 
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orders of magnitude lower than the per person per year volume of other non-nuclear hazardous 

waste.273  

It needs to be borne in mind that all forms of energy production involve waste. Fossil fuel energy 

produces untreated waste (air pollution) which causes millions of deaths a year. Insofar as nuclear 

power replaces fossil fuels in energy systems, the total amount of dangerous waste exposed to 

humans will be dramatically reduced. 

It is true that high level nuclear waste must be stored for upwards of 1,000 years. However, well over 

99% of the toxicity from nuclear waste decays after 500 years.274 Thus, the volumes are very small 

compared to other forms of hazardous waste we routinely manage. Moreover, technological progress 

over the next 100 years and beyond will make this problem easier to deal with.  

The final major concern with nuclear power regards the risk of nuclear weapon proliferation from 

civilian nuclear power. There is disagreement among experts about the effect that civilian nuclear 

power has had and will have on the spread of nuclear weapons.275 There are two causal factors to 

consider when approaching this question. On the one hand, nuclear power programs increase the 

technical capacity of a state to build nuclear weapons by increasing within country nuclear expertise 

and access to some weapons materials. On the other hand, they also have important countervailing 

political effects that limit the probability of proliferation. Specifically, due to international conventions 

on civilian nuclear, nuclear energy programs (1) increase the likelihood that a parallel nuclear weapons 

program is detected and attracts outside non-proliferation pressures, and (2) increase the costliness 

 
273 David MacKay, Sustainable Energy - without the Hot Air, 170. 
274 Sharon Tanzer, Steven Dolley, and Paul Leventhal, eds., Nuclear Power and the Spread of Nuclear Weapons: Can We Have 
One without the Other?, ebook (Potomac Books Inc., 2002), loc. 509. 
275 For contrasting views see Tanzer, Dolley, and Leventhal, Nuclear Power and the Spread of Nuclear Weapons. For a good 
overview of the literature see Nicholas L. Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation,” International 
Security 42, no. 2 (November 1, 2017): 40–77, https://doi.org/10.1162/ISEC_a_00293. 
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of non-proliferation sanctions, which would in turn undermine nuclear power programmes.276 It is 

important to note that civilian nuclear power is not necessary to acquire weapons, and that other 

means, which may be much easier and cheaper, are available.277   

Historically, the effect of civilian nuclear power on the probability that a country will pursue or acquire 

nuclear weapons is unclear.278 The number of data points is small, which makes it hard to achieve 

statistically significant results, and much of the effect is driven by a handful of cases, which makes 

qualitative analysis preferable to quantitative analysis. There is also some disagreement about which 

states should be classed as having had civilian nuclear power or nuclear weapons. Due to the small 

sample size, these disagreements are consequential for the results.  

Miller (2017) is the best quantitative data source we have found on the historical effect of civilian 

nuclear power programmes on the probability that a state pursues or acquires nuclear weapons after 

1954. Miller starts in 1954 “to be charitable to the argument linking nuclear energy programs and 

proliferation, because the countries that proliferated before 1954 arguably did not have the option of 

pursuit with an energy program”.279 We will now discuss Miller’s findings. He focuses on the statistical 

relationship between civilian power and the pursuit of nuclear weapons, and also the acquisition of 

nuclear weapons. Miller’s data tells us about the historical correlation between civilian nuclear power 

and nuclear weapons. Qualitative information on the particular cases is needed to build a case for 

civilian nuclear power having a causal role.  

 
276 Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation.” 
277 Gwyneth Cravens and Richard Rhodes, Power to Save the World: The Truth About Nuclear Energy, ebook (New York: 
Vintage, 2008), loc. 263; loc 2701ff. 
278 For an overview of the divergent views see Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation.” 
279 Miller, 53. 
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Firstly, consider the effect of nuclear power on the pursuit of nuclear weapons. We can approach the 

question in two ways: 

• The probability that a country with a civilian power programme pursues nuclear weapons in a 

given year.  

• The proportion of countries that have pursued weapons that had a civilian power programme 

prior to pursuing nuclear weapons.  

28 countries with energy programmes have not pursued nuclear weapons.280 Thus, having nuclear 

power certainly does not guarantee that a country will pursue weapons.  

However, the more relevant question is whether countries with nuclear power have been more likely 

to pursue nuclear weapons. 17 countries have pursued nuclear weapons since 1954. Miller’s data 

shows that the annual probability of pursuing nuclear weapons was 0.51% for countries with civilian 

nuclear programmes, and 0.2% for countries without civilian nuclear programmes, a difference by a 

factor of 2.5. This effect has a p-value of 0.1, which is near statistical significance.281 However, in only 

five countries – Argentina, India, Brazil, Iran, and Pakistan – did the energy programme predate the 

pursuit of nuclear weapons.282 The remaining 12 countries that pursued nuclear weapons did not have 

a power programme prior to pursuing nuclear weapons. The question of whether an energy 

programme predated a weapons programme seems the most relevant for establishing whether 

nuclear power played a causal role in a state’s pursuit of nuclear weapons. Miller’s data suggests that 

there is not much evidence that, across the population of all states, power programmes increase the 

likelihood of pursuit of weapons.  

 
280 Miller, 53. 
281 Miller, 56. 
282 Miller, 53. 



 
 

 

 

 
170 — Founders Pledge Climate Change             
                 

This being said, even if weapons programmes started before energy programmes, energy 

programmes could still assist progress in acquiring nuclear weapons by making acquisition easier 

during the pursuit of nuclear weapons. We discuss this possible effect below.  

Another factor which should lead us to deflate the significance of the 0.2% vs. 0.51% relationship 

mentioned above is that this statistic does not correct for potential confounders. As Miller notes: 

“Countries with nuclear energy programs are likely to be systematically different from countries 

without them, and these differences may lead them to proliferate at different rates for reasons 

that have nothing to do with energy programs. For example, countries with nuclear energy 

programs almost certainly are wealthier and have higher levels of industrial development than 

those without such programs. These factors could increase their capability to pursue or acquire 

nuclear weapons independently of whether they have nuclear energy programs. Alternatively, 

countries with nuclear energy programs may have fewer incentives to seek nuclear weapons 

because they live in less threatening security environments or have nuclear-armed allies.”283 

Once one corrects for confounders such as these284 the correlation between power programmes and 

annual probability of pursuit of weapons becomes very small or slightly negative, and none of the 

effects are statistically significant.285   

Due to the small sample size and the small number of relevant data points, the statistical power of 

these tests is limited. In addition, as discussed above, the more relevant question with respect to 

 
283 Miller, 56–57. 
284 Miller states that he seeks to avoid post-treatment bias – “in other words, I do not control for possible mechanisms 
through which energy programs might influence the likelihood of proliferation”. Miller, 57. 
285 Miller, fig. 1. The full regression tables are provided in the online appendix to the Miller paper. Related to this point, it is 
important to note that concerns about proliferation risk should be applied to all possible actions, and not just to spreading 
nuclear power. For instance, industrial capacity appears to be a much stronger driver of proliferation than nuclear power. By 
consistency, this effect needs to be taken into account when we are assessing policies to increase economic growth.  
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assessing causality seems to be whether energy programmes predate weapons programmes, and the 

evidence shows that this has happened in only a small proportion of the overall number of cases of 

weapons pursuit.  

Overall, the effect of nuclear power on the pursuit of nuclear weapons has been small to negligible. 

The effect has been very small compared to other factors such as industrial capacity,286 and whether a 

state faces an existential threat or is a major power.287 

We now turn to the question of whether civilian nuclear power programmes have made it more likely 

that weapons are acquired. Weapons acquisition seems more important than weapons pursuit 

because weapons acquisition drives the potential for geopolitical instability and the use of nuclear 

weapons. The relevant facts are that:  

• Four countries – France, India, Pakistan and South Africa – have successfully acquired nuclear 

weapons while running a civilian nuclear energy programme.  

• Three countries – China, Israel, and North Korea – acquired nuclear weapons without a civilian 

nuclear energy programme.  

• South Africa has now ended its nuclear weapons programme. 

There is some disagreement in the literature about whether some countries should be classed as 

having energy programmes and/or pursuing weapons programmes. Consequently, there is 

disagreement about whether countries with civilian nuclear power were more or less likely to acquire 

weapons.288 Due to the small number of data points, to establish causality, it is more useful to look at 

 
286 Miller, 59. 
287 Mark S. Bell, “Examining Explanations for Nuclear Proliferation,” International Studies Quarterly 60, no. 3 (September 1, 
2016): 520–29, https://doi.org/10.1093/isq/sqv007. 
288 Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation,” 62. 
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qualitative information on individual cases. Bunn (2001) provides a brief overview of each case. In the 

cases in which countries with energy programmes acquired weapons, civilian nuclear power appears 

to have played some causal role in helping states acquire weapons.289 This being said, the 

countervailing factors mentioned above may also have made successful acquisition less likely in other 

countries. 

The foregoing discussion concerned the historical link between nuclear energy and the spread of 

nuclear weapons to previously non-nuclear states. Another way to look at the proliferation question is 

to consider the relationship between nuclear power and the number of warheads, which has a bearing 

on the scale of the risk from nuclear war. The data suggests that there is no correlation between the 

two.290  

Overall, it is unclear what effect, historically, civilian nuclear power has had on weapons proliferation. 

The main driver of proliferation is the political concern about security and international status. In our 

view, the evidence suggests that civilian nuclear power has historically had at most a small positive 

effect on proliferation, with our best guess being that it has had close to zero effect. However, for 

something as serious as nuclear weapons, small effects are important.   

For the purposes of this report, we are interested in whether nuclear advocacy would increase the risk 

of proliferation in the future. There are several factors to consider on this front. Firstly, an increase in 

nuclear power in some countries would increase proliferation risk, but in others an increase in nuclear 

power would reduce proliferation risk.291 The US has in the past used its control over nuclear 

 
289 Matthew Bunn, “Civilian Nuclear Energy and Nuclear Weapons Programs: The Record,” Cambridge, MA: Belfer Center for 
Science and International Affairs 5 (2001). 
290 Compare: https://thebulletin.org/nuclear-notebook-multimedia; and the nuclear electricity production chart in 
http://www.world-nuclear.org/information-library/current-and-future-generation/nuclear-power-in-the-world-today.aspx.  
291 Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation,” 71ff. 
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technology and enriched uranium to execute its non-proliferation agenda.292 However, as civilian 

nuclear power has diminished in the US, Russia has assumed a dominant role in the export market, 

with France and South Korea also playing significant roles, and China and Japan planning to do so in 

the future.293 Since the US has historically been strongly committed to non-proliferation, these trends 

suggest that non-proliferation could be threatened if the US assumes a marginal role in the nuclear 

export market.294  

This suggests that expanding nuclear power in the US is likely to reduce proliferation risk because it 

would protect the US’s relative standing in the nuclear export market, allowing the US to execute its 

strong non-proliferation aims.295 By contrast, on the basis of past experience, increasing nuclear 

power in Russia or Pakistan (for example) would be much riskier for proliferation. Similarly, it is very 

unlikely that countries or blocs that are allied to the US and pursuing civilian nuclear power would 

pursue nuclear weapons against the wishes of the US or other powerful countries that are strongly 

opposed to proliferation. Indeed, nations seeking nuclear power plants must sign the Non-

Proliferation Treaty, and no nation that has signed the treaty as a non-weapon state has then 

proceeded to become a weapon state.296  

For this reason, increasing nuclear power in the US and among other US allies seems likely to reduce 

proliferation risk.297 Thus, supporting charities advocating for the expansion of nuclear power in these 

regions would either have no effect on proliferation or would reduce the risk of proliferation. The main 

 
292 Miller, 50–52. 
293 Miller, 71. 
294 This argument has been made by Ernest Moniz, Secretary for Energy under Obama and currently head of the Nuclear 
Threat Initiative. See https://energyfuturesinitiative.org/news/2017/7/12/moniz-the-national-security-imperative-for-us-
civilian-nuclear-energy-policy.  
295 Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation,” 71ff. 
296 Tanzer, Dolley, and Leventhal, Nuclear Power and the Spread of Nuclear Weapons, 1249. 
297 Miller, “Why Nuclear Energy Programs Rarely Lead to Proliferation,” 63ff. 
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effect of the Clean Air Task Force’s work, if successful, is likely to be to expand the US’s relative 

position in the nuclear export market.   

Secondly, reactors can be designed to minimise proliferation risk. A survey of nuclear experts 

suggests that nuclear reactor R&D will partially or moderately address proliferation concerns.298 R&D 

should be targeted specifically to reduce the risk of proliferation. As Bunn notes: 

“Technologies that reduced or eliminated the rationale for civilian use of [highly enriched 

uranium] or separated plutonium (such as low-enriched fuels for research reactors and 

approaches to extending uranium resources that never separate plutonium into weapons-

usable forms), or that allowed existing stockpiles of separated plutonium to be transformed 

rapidly into forms that were no longer usable in weapons, could ease the burdens on 

safeguards and security systems and reduce the risk of diversion or theft of weapons-usable 

material.”299 

Reduced need for highly enriched uranium and for plutonium reprocessing would also reduce states’ 

ability to justify acquiring enrichment technology to support their civilian energy programme. 

Reducing the complexity of nuclear designs would reduce the need for an indigenous technical base 

to support the nuclear energy programme, thus reducing the expertise which could be applied to 

weapons technology.300 These technology features should be a key focus of research into advanced 

nuclear reactors. The Clean Air Task Force, one of our recommended charities, is currently running a 

programme focused on improving the proliferation resistance of advanced reactors.  

 

 
298 Anadón et al., “Expert Judgments about RD&D and the Future of Nuclear Energy,” 11501. 
299 Bunn, “Civilian Nuclear Energy and Nuclear Weapons Programs,” 9. 
300 Bunn, 9. 



1

Estimated Public Health Impacts of Criteria Pollutant Air Emissions from the

Salem Harbor and Brayton Point Power Plants

Jonathan Levy 1

John D. Spengler 2

Harvard School of Public Health

665 Huntington Ave.
Boston, MA  02115

Dennis Hlinka
David Sullivan

Sullivan Environmental Consulting, Inc.

1900 Elkin Street, Suite 240

Alexandria, VA  22308

1 Research Fellow, Department of Environmental Health
2 Akira Yamaguchi Professor of Environmental Health and Human Habitation, Director of

Environmental Science and Engineering Program

May, 2000

This study was commissioned by the Clean Air Task Force and prepared with support from the
Pew Charitable Trusts. Peer review of this report was provided by Jonathan Samet (Johns

Hopkins University) and Bruce Egan (Egan Environmental Inc.).



2

Table of Contents

Executive Summary 3

Rationale 8
Model Structure and Overview 9
Power Plant Characteristics 11

Dispersion Modeling 12
Health Effect Estimation 18

Results 20
Monetary Valuation 23
Uncertainty/Sensitivity Analysis 24

Dispersion Model Selection 25
Site Selection 28

Plant Characteristics 29
Meteorological Assumptions 30
Pollutant Assumptions 31

Epidemiological Assumptions, Mortality 32
Additional Endpoints 33

Discussion and Conclusions 34
References 39
Figures 42

Tables 43
Appendix 1. Summary of Meteorological Processing for CALMET 54
Appendix 2. Morbidity Outcomes Evaluated in Damage Function Model 62



3

Executive Summary: Estimated Public Health Impacts of Criteria Pollutant Air

Emissions from the Salem Harbor and Brayton Point Power Plants

BACKGROUND

To estimate the health impacts of emissions and benefits of emission reductions from

power plants that had been “grandfathered” under the Clean Air Act, we developed a damage

model and applied it to two power plants in Massachusetts. Salem Harbor is an 805 megawatt

power plant in Salem, Massachusetts, and Brayton Point is a 1611 megawatt power plant in

Somerset, Massachusetts. Both power plants are largely coal-fired, with approximately one

million short tons of coal burned at Salem and three million short tons of coal burned at Brayton

each year.

For our model, we focused on emissions of sulfur dioxide (SO2), nitrogen dioxide (NO2),

and particulate matter (PM10). We considered three emission scenarios for both power plants:

- Actual emissions, derived from reported emission rates between 1996 and 1998

- Lower target emissions, estimated from the application of Best Available Control

Technology to new coal-fired power plants (0.30 lb/MMBTU for SO2, 0.15

lb/MMBTU for NOx, and 0.01 lb/MMBTU)

- Maximum allowable emissions, defined as the emission rate if the plants operated at

their maximum design capacity heat rate

To estimate the health impacts of these emission scenarios, we defined a population of

interest living in New England, eastern New York, and New Jersey. In our baseline model, we

used the CALPUFF atmospheric dispersion model (Earth Tech, Concord, MA) to estimate the

pollution exposure to the approximately 32 million people across this region. This model
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considers detailed meteorological patterns and chemical transformations of the pollutants, along

with characteristics of the power plants.

To translate marginal concentration changes from these sources into estimated adverse

health effects, we combined demographic information taken from the U.S. Census with

epidemiological studies that estimated concentration-response relationships. We took our

baseline estimate of premature mortality from the American Cancer Society prospective cohort

study, which found a significant relationship between long-term exposure to particulate matter

and mortality rates. Epidemiological studies also provided estimates of air pollution effects on

morbidity outcomes, such as hospitalizations, asthma attacks, and respiratory symptoms.

MAJOR FINDINGS

In general, ambient concentrations were greatest close to the source for primary

pollutants (within 5 miles for PM10 and SO2) and peaked further downwind for secondary

particles (approximately 20 miles). Secondary particles are formed in the atmosphere by

chemical reactions involving SO2 and NO2 emissions. Although diminished by distance from the

source, some pollution was distributed across the entire region of interest.

Given these air pollution impacts, some of the estimated health impacts for both actual

and lower target levels are depicted in the following table:

Salem Harbor Brayton Point
Actual Target Benefits

(Actual –

Target)

Actual Target Benefits

(Actual –

Target)

Premature deaths/year 53 10 43 106 25 81

Emergency room

visits/year

570 110 460 1,140 270 870

Asthma attacks/year 14,400 2,800 11,600 28,900 6,900 22,000

Daily incidents of upper
respiratory
symptoms/year

99,000 19,000 80,000 199,000 47,000 152,000
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This table indicates that our best estimates for the current public health impacts among

the 32 million people affected include:

- 53 premature deaths per year from Salem Harbor and 106 premature deaths per

year from Brayton Point

- 570 emergency room visits per year from Salem Harbor and 1,140 emergency

room visits per year from Brayton Point

- 14,400 asthma attacks per year from Salem Harbor and 28,900 asthma attacks per

year from Brayton Point

- 99,000 daily incidents of upper respiratory symptoms from Salem Harbor and

199,000 daily incidents of upper respiratory symptoms from Brayton Point

Additional key findings include:

- Per capita health risks were greatest near the power plants and decreased with

distance from the source. However, only 20% of total impacts occurred within 30

miles of the plants (15% for Brayton Point and 32% for Salem Harbor), since

more than 90% of affected individuals live beyond 30 miles of the plants.

- Secondary sulfate particles were responsible for a majority of the estimated health

effects, associated with a relatively high SO2 emission rate in comparison with

other pollutants.

DISCUSSION AND IMPLICATIONS

There are important public health benefits of reducing current emissions to the lower

levels that would be reached by using the best available control technologies required for newer

power plants under the 1990 Clean Air Act and required by EPA as retrofits to some older plants.



6

An estimated 124 premature deaths would be averted per year, along with 1,300 fewer

emergency room visits, 34,000 fewer asthma attacks, and 230,00 fewer daily incidents of upper

respiratory symptoms.

Although there are uncertainties in these estimates related to the reported confidence in

the epidemiological findings and the dispersion model estimates, the above health estimates were

relatively insensitive to some of the assumptions inherent in the model, including the geographic

boundaries, plant characteristics, and meteorological assumptions. Conversely, estimated effects

were sensitive to choice of dispersion model (CALPUFF vs. ISCST3 within 50 km of the source

and SLIM3 beyond 50 km). However, comparative analysis demonstrated that the CALPUFF

and ISC-SLIM3 models had similar outputs for all but secondary pollutants, indicating that the

meteorological assumptions have a limited impact on aggregate impacts but that more refined

atmospheric chemistry adds to the accuracy of CALPUFF. Reliance on only short-term mortality

studies would lower estimated impacts. However, the Health Effects Institute recently re-

analyzed the long-term mortality studies and found the estimated damage function (i.e.,

relationship between mortality and air pollution) within these studies to be relatively insensitive

to key assumptions, increasing the degree of belief in these studies.

In summary, we have applied models validated in past investigations to develop a tool

that can be used by policymakers to evaluate the benefits of control options. The findings from

this investigation are meant as an input to the decision process. A comprehensive evaluation of

the benefits and costs of emission controls would need to consider changes in production

efficiency and plant configuration, impacts of additional air pollutants (e.g., ozone, carbon

monoxide, mercury, and other air toxics) and water pollutants, and changes in the fuel cycle.
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However, this study demonstrates that the health benefits of emission controls in power plants
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Rationale

Air pollution emissions from older power plants can often be much greater than

emissions from newer plants, in part because older plants are exempt from modern emission

standards required of new plants under the Clean Air Act. Within the state of Massachusetts, five

of these “grandfathered” power plants have been targeted for emission reductions, based on their

significant contribution to emissions in the state. Governor Paul Cellucci has pledged to cut air

pollution from these power plants, and the Massachusetts Department of Environmental

Protection is in the process of initiating rulemaking.

One of the primary reasons cited for the proposed emission reduction is the adverse

human health impact of power plant emissions. Epidemiological and toxicological evidence

suggest that exposure to elevated levels of particulate matter (PM), sulfur dioxide (SO2, with

most health effects associated with sulfate particles), and other combustion pollutants can lead to

numerous adverse health effects, ranging from respiratory symptoms to premature death. To

make rational policy choices, there is a need to understand and quantify the health benefits

associated with changes in power plant emissions. This information can be used in conjunction

with estimates of control costs to determine the cost-effectiveness of emission controls.

To understand the magnitude of health impacts from grandfathered power plants in

Massachusetts, we focus our analysis on two of the aforementioned five plants – the Salem

Harbor and Brayton Point power plants. Salem Harbor is located in Salem, Massachusetts,

approximately 17 miles northeast of downtown Boston. Brayton Point is located in Somerset,

Massachusetts, approximately 45 miles south of downtown Boston (Figure 1). Both power plants

are owned by PG&E Generating.
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The goal of our analysis is to estimate the magnitude and distribution of health impacts

under three different emission scenarios. Our baseline damage estimate is derived from actual

emissions reported by the power plants. Given a set of proposed target emission rates for PM10,

NO2, and SO2 (based on the emission rates of new coal-fired power plants using Best Available

Control Technology), we can estimate the target health effects and therefore determine the

expected benefits of controlling emissions from these grandfathered power plants. Finally, since

these power plants could theoretically increase generation and their annual emissions in the

future, we estimate the health effects under a maximum potential emissions scenario, to

understand the range of health values that might be expected from these two plants.

Model Structure and Overview

To estimate the health effects of emissions from Salem Harbor and Brayton Point under

different emission scenarios, we apply a damage function model. A damage function model is

essentially a quantitative methodology to translate emissions into concentration changes across a

defined region and estimate the expected damages from these concentration changes (either in

health or monetary terms). Health impacts are determined using epidemiological findings

coupled with demographic information. To compare these impacts with the economic costs of

control, the impacts are often placed in monetary terms using willingness-to-pay and cost-of-

illness studies.

This methodology has been used in multiple recent studies of the health effects of power

plants. Three studies in recent years helped to develop the damage function approach and

provide power plant damage estimates – studies conducted by the European Commission (EC,

1995a), Hagler Bailly (Rowe et al., 1995), and Oak Ridge National Laboratory and Resources
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for the Future (ORNL/RFF, 1994). The findings from these studies differed quite widely, due to

differences in population distributions, meteorological patterns, assumed health effects, and other

model components. A recent publication by Levy and colleagues (1999) compared the

differences between these three models and provided an updated damage function model that

addressed these differences. According to this publication, a 62 MW fuel oil-fired cogeneration

plant in Boston was responsible for an estimated increased risk of 0.3 premature deaths per year,

distributed across the Northeast and assuming only short-term mortality impacts (0.9 estimated

mortality deaths per year using long-term studies).

In addition, Samet and colleagues estimated the health impacts associated with the

Centralia Steam Electric Generating Plant in Washington State (Samet et al., 1997). Centralia is

a coal-fired plant with a capacity of 1340 MW, using an electrostatic precipitator as its primary

baseline control. This study used the CALPUFF air dispersion model to estimate the effect of

Centralia on ambient concentrations within a 150-mile radius of the plant (affected population of

5.5 million people). Based on estimates of the effect of long-term exposure on mortality from the

Harvard Six Cities Study (Dockery et al., 1993) and the American Cancer Society CPS II study

(Pope et al., 1995), the best estimate for baseline premature mortality was 34 annual deaths due

to particulate matter.

Our model adopts a similar approach to the above studies. The choice of models and

studies, as well as the preliminary monetary valuation phase, is similar to the choices made in the

studies by Samet et al. (1997) and Levy et al. (1999). Given the structure of the estimated lower

target emissions, we focus exclusively on the health effects of power plant emissions of

particulate matter, NO2, and SO2. Both of these gaseous pollutants contribute significantly to

secondary particle formation. Within this category, we only consider direct health effects from
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inhalation, excluding secondary pathways through food and water as well as upstream impacts

from the entire fuel cycle.

To understand the degree of uncertainty surrounding our central impact estimates, we use

Monte Carlo analysis to propagate the uncertainties estimated in each phase of the damage

function. This includes our assessments of uncertainties in the concentration estimates from the

dispersion models and the health effects per unit concentration change. Any of the assumptions

evaluated in the sensitivity analysis are not included in this uncertainty propagation; thus, the

confidence intervals presented reflect only the baseline model assumptions and do not reflect

model uncertainty. The Monte Carlo analysis is conducted using @RISK (Palisade Corporation,

Newfield, NY).

Power Plant Characteristics

Some of the basic characteristics of Salem Harbor and Brayton Point are presented in

Table 1. In addition, for our damage function model, stack parameters for the Salem Harbor and

Brayton Point plants were compiled from previous modeling studies (Tables 2 and 3).

As mentioned above, we evaluate the impacts of three different emission scenarios.

Actual emissions of SO2, NOx, and filterable PM10 were estimated as the three-year average of

emission rates between 1996 and 1998. Emission rates were determined as the product of the

annual tons of emissions and the number of hours of operation for each unit per year. We also

estimated condensable particulate matter emissions using the latest AP-42 emission factors and

three-year average heat inputs, given EPA guidance on the most appropriate factors applicable to

each stack. According to AP-42, condensable particles are defined as material that is emitted in

the vapor state which condenses immediately after emission to form aerosol particles (primarily
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sulfate or nitrate). These condensable particles are generally considered to be distinct from both

filterable particles and secondary particulate matter.

The lower target emission rates were estimated as typical rates given the application of

Best Available Control Technology (BACT) to new coal-fired power plants built in recent years.

The derived rates per unit of heat input were 0.30 lb/MMBTU for SO2, 0.15 lb/MMBTU for

NOx, and 0.01 lb/MMBTU for filterable PM10. The average heat input for each power plant

between 1996 and 1998 was used to estimate emissions per second for the above pollutants. For

condensable particles, the target emission rates were estimated by applying the actual ratio of

condensable to filterable particulate matter emissions to the calculated target filterable PM10

emission rate. Embedded in the target emission calculations is the assumption that flue gas

desulfurization occurs only under the target emissions scenario.

To estimate maximum allowable (potential) emissions of SO2, NOx, and filterable PM10,

we use the maximum design capacity heat rate for the stacks of each power plant. As for the

target calculation, we estimate the maximum potential condensable PM10 emission rate using the

actual ratio of filterable to condensable emissions and the derived filterable potential PM10

emission rate. For all scenarios, all emission rates are assumed to be uniform across the year.

Dispersion Modeling

The choice of a pollutant dispersion model can have a significant influence on the

estimated health impacts, particularly when considering the geographic distribution of impacts.

To understand the potential range of aggregate effects as well as the geographic patterns, we

therefore use two separate dispersion modeling schemes. Each dispersion model is intended to

estimate the concentrations of the primary pollutants described above (PM10, SO2, NOx) as well
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as secondary sulfate and nitrate particles. Because of the difficulty and complexity of modeling

the effects of a single source of NOx emissions on ozone formation across an entire year, as well

as the relatively larger impact hypothesized for particulate matter, we do not construct an ozone

model for this analysis. The health impacts of ozone related to NOx emissions are therefore

omitted from our impact estimates, but are approximated in our uncertainty/sensitivity analysis.

For either model, we selected a receptor grid that corresponded to the geographic area of

interest. All receptors were located between 45 degrees N and 40 degrees N and between 67

degrees W and 75 degrees W (Figure 2). This established a receptor region stretching

approximately 200 miles in all directions from Boston, including populations in New England,

New York, and New Jersey (as well as areas of the Atlantic Ocean in which no human health

impacts would occur). In total, this resulted in an affected region of 32,389,920 people, including

approximately 6 million in Massachusetts and 13 million in New York. Although this region

omits some potentially affected populations (i.e., northern Maine and western New York), it was

selected to encompass a significant fraction of the affected population without extending the

dispersion model boundaries excessively. Within our investigation, we assume that the

population is stable, so that we are analyzing the benefits of control strategies at present rather

than future controls.

For our primary model, we select CALPUFF as a state-of-the-art model of

meteorological conditions and atmospheric dispersion. CALPUFF is a Lagrangian puff model

developed by Earth Tech (Concord, MA) that is programmed to simulate the continuous

emission of puffs of pollutants into ambient windfields (EPA, 1998). Through the CALMET

program, CALPUFF is able to handle complex three-dimensional windfields, a particularly

advantageous feature for power plants located in a coastal area. The initial phase of CALPUFF
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analysis involves deriving the CALMET meteorological file, which is a complex process

involving the synthesis of numerous data points across time. The method by which the CALMET

file was derived is explained in full in Appendix 1. Briefly, a full year (January 26, 1999 through

January 25, 2000) of gridded hourly surface, upper air, and cloud cover data were compiled to

construct the three-dimensional windfields. To obtain the requisite surface parameters and

temperature lapse rate, we used a program created by SSESCO to develop representative data

from the monitors in the modeling domain.

The basic coordinate grid for CALMET consisted of 45 grid cells along the x-axis (east-

west) and 36 grid cells along the y-axis (north-south), spaced 15 km (9 miles) apart. The

coordinate system was converted to a Lambert projection grid, with the southwest corner of the

model domain set to (-330, -263), representing a latitude of 40.338 degrees N and a longitude of

76.184 degrees W. Eight vertical layers were incorporated into the CALMET processing, with

heights of: 20m, 50m, 100m, 500m, 1500m, 2500m, 3500m, and 4500m.

CALPUFF was run with separate model input files for Brayton Point and Salem Harbor,

under the three emission scenarios of maximum potential, lower target, and actual emissions. We

used the stack parameters and emission rates as presented in Tables 2 and 3, using AP-42 to

estimate that 95% of NOx emissions are initially in the form of NO (with the remainder as NO2).

Building downwash was not incorporated for the Salem Harbor plant, given stack heights above

Good Engineering Practice (GEP). For Brayton Point, the surrounding building heights and

widths were input into EPA’s Building Profile Input Program (BPIP, version 95036) to derive

precise directional heights and widths.

Because of the size and complexity of the model, 25 separate model runs were needed

across the model year, with 25 semi-monthly concentration files output by the model. The model
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restart file option was used in the sequence of model runs for each of the 25 model periods, to

keep track of the modeled puffs from one period to the next. The RIVAD/ARM3 chemical

transformation mechanism was used to determine the conversion of NOx into NO3 and HNO3 as

well as SO2 into SO4.

To increase the resolution of the model, we applied a nesting factor of two for the

sampling grid option (MESHDN). In addition, we used large sets of discrete receptors within 20

km (12 miles) of the power plants (6,097 for Brayton Point and 7,407 for Salem Harbor), to

provide greater accuracy at close range. These receptor points corresponded to the census blocks

from the U.S. Census, with coordinates converted from UTMs to a Lambert projection grid.

The CALPOST program was used to develop concentration files for all modeled

compounds under all emission scenarios for both power plants. A post-processing program was

used to compute the time-weighted average of the concentrations from the 25 semi-monthly

output files. In order to match the predicted concentrations with the demographic data needed for

the impact calculations, our final receptor grid consisted of the geographic centroids of all U.S.

census tracts between 45 degrees N and 40 degrees N and between 67 degrees W and 75 degrees

W. The post-processing program identified the maximum modeled concentration within 3 km (2

miles) of receptors within 15 km (9 miles) of the plants, and within 10 km (6 miles) of receptors

greater than 15 km (9 miles) from the plants. The final output of the post-processor consisted of

annual average concentrations for each pollutant (SO2, NO2, PM10, SO4, and NO3) for each

emission scenario. It should be noted that most of the particulate matter is likely in the fine

particle fraction (PM2.5), but we estimate PM10 for comparability with a majority of the

epidemiological studies.
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Along with CALPUFF, we also apply a simpler modeling scheme to help test model

uncertainty and to evaluate the sensitivity of our findings to model selection. A simpler model

also allows for more extensive sensitivity analysis over key assumptions, which cannot be

conducted in CALPUFF given the complexity and level of detail of the model. For the simpler

model, we combine two separate models as applied in the Levy et al. (1999) and Rowe et al.

(1995) studies, allowing for the incorporation of the complete geographic range of influence with

detailed near-source information.

Within 50 km (31 miles) of each plant, the Industrial Source Complex Short-Term model

(ISCST3, version 98356) was used to evaluate impacts on ambient concentrations. To align this

model with CALPUFF, we used 1990 U.S. census data to develop the receptor grid. Placing

receptor points at the geographic centroid of each block group within each census tract, receptor

grids of 38,225 receptors for Salem Harbor and 29,372 receptors for Brayton Point were

established. The total population within 50 km (31 miles) of Salem Harbor is 3,293,127, while

there are 1,918,746 people within 50 km of Brayton Point. The latitude, longitude, and elevation

height of each receptor were extracted and used in the dispersion model.

Beyond 50 km, concentrations were estimated using the Sector-Average Limited Mixing

Mesoscale Model (SLIM3). This dispersion model uses an exponential decay formulation to

allow for the chemical conversion and deposition of SO2 and NO2, allowing us to estimate

secondary sulfate and nitrate particle formation. Previous analysis has demonstrated good

concordance between SLIM3 and ISCST3 near the 50 km juncture (Levy et al., 1999; Rowe et

al., 1995). For SLIM3, we used the census tract grid described above for the CALPUFF analysis,

so that identical populations would be considered for both model regimes. The SLIM3 receptor
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grid overlapped the domain of the ISCST3 receptor grid, and any overlapping populations were

omitted from the health effect estimation for pollutants estimated in ISCST3.

For the ISC-SLIM3 analysis, we used five-year pre-processed meteorological data sets.

For Salem Harbor, meteorological data were derived from 1991-1995 surface data from Logan

Airport in Boston and mixing height data from Portland, Maine. For Brayton Point, the 1989-

1993 surface data for Providence, Rhode Island and mixing height data for Chatham,

Massachusetts were used. Although these are conventional time period selections for ISC-SLIM3

(with the assumption that the use of five years of data reduces the meteorological variability), it

should be noted that both of the time periods differ from the one-year period used in CALPUFF.

For both CALPUFF and ISC-SLIM3, some post-processing was necessary to ensure that

accurate calculations of secondary sulfate and nitrate particles were made. First, both models

report the sulfate and nitrate concentrations as SO4 and NO3. However, we are interested in

estimating the mass of sulfate and nitrate particles, which are typically in the form of ammonium

sulfate [(NH4)2SO4] and ammonium nitrate (NH4NO3). To convert, we increase the

concentrations by the ratios of the molecular mass of the ammonium compounds to the reported

compounds, resulting in adjustment factors of 1.37 for sulfates and 1.29 for nitrates.

Second, although sulfate is always found in the particle phase, nitrate concentrations will

include both gaseous nitric acid and particle ammonium nitrate (E.H. Pechan and Associates,

1997). Particle nitrate will only be formed at low temperatures and when sufficient ammonia

exists to neutralize all of the sulfate. To account for the fact that nitrate would not be likely to

form during warm weather, we use the methodology of E.H. Pechan and Associates and divide

the estimated nitrate concentrations by four (reflecting the three winter months in which
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particulate nitrate would be hypothesized to form). We discuss issues related to chemical

conversion assumptions within our sensitivity analysis.

For the uncertainty propagation, it is generally assumed that estimates from ISCST3 have

a 95% confidence interval between 50% and 150% of the central estimate (Bowers and

Anderson, 1981). As a conservative assumption (given the presumed increased accuracy

associated with CALPUFF), we assume the same confidence interval to apply to CALPUFF. For

SLIM3, we assume that estimates have a 95% confidence interval between 25% and 175% of the

central estimate (Rowe et al., 1995), reflecting the simplicity of the model structure. Because of

the number of necessary differences in model implementation and assumptions, we do not

include model uncertainty (i.e., the differences in predicted findings between ISC-SLIM3 and

CALPUFF) within our confidence limits. The impacts of model uncertainty are addressed within

the sensitivity analysis.

Health Effect Estimation

For the health effect estimates, we rely on a meta-analysis of the epidemiological

literature on both mortality and morbidity effects of particulate matter, NO2, and SO2. We largely

select epidemiological studies and the methodology for combining their results while accounting

for potential co-pollutant confounding from the recent publication by Levy et al. (1999).

We derive our estimate of premature mortality from long-term exposure to particulate

matter from the American Cancer Society study (Pope et al., 1995), a comprehensive prospective

cohort study following over 500,000 individuals from all 50 states. We estimate that mortality

rates will be approximately 4% higher for a 10 µg/m3 increase in annual average PM10

concentrations (95% confidence interval: 2%, 6%). Because of the chronic nature of power plant
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exposure, we assume that this estimate is applicable to the case study and use it for our baseline

estimate, with no mortality effects assumed from gaseous pollutants. Although it is possible that

long-term exposure to NO2 and SO2 have independent effects on mortality, any observed effects

would likely be related to the secondary nitrate and sulfate particles formed.

Another type of study that has investigated the relationship between air pollution and

premature mortality is the time-series study, which considers daily changes in air pollution

patterns and associates them with daily changes in number of deaths. These studies are referred

to as “acute mortality” studies, since they consider premature deaths from short-term changes in

air pollution rather than from long-term air pollution patterns (“chronic mortality”). Although

acute mortality studies may estimate different phenomena than chronic mortality studies, we use

only the chronic mortality estimate for our baseline scenario. This may yield a slight

underestimate in the number of estimated premature deaths, although the difference in

concentration-response functions makes the potential underestimate relatively small.

Within our sensitivity analysis, we consider the premature mortality effects if only time-

series studies evaluating acute mortality are included. As in the Levy (1999) study, we use a

random effects model to pool 24 studies addressing acute mortality impacts of criteria air

pollutants. According to this model, we estimate that acute mortality rates will increase by 0.6%

for a 10 µg/m3 increase in PM10 concentrations (95% CI: 0.2%, 0.9%), controlling for the effects

of correlated gaseous pollutants. There is also some weak evidence of an independent effect of

gaseous SO2. Through our meta-analysis, much of the SO2 mortality effect can likely be

explained by correlated particulate matter, but the residual effect of 0.04% for a 10 µg/m3

increase in SO2 concentrations (95% CI: Non-Significant, 0.08%) is considered in our sensitivity

analysis. It should be noted that for this estimate, as well as some subsequent morbidity
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calculations, the 95% confidence interval includes negative values. This does not imply that

these pollutants may have protective effects for health, but rather that either the sample sizes in

the studies were insufficient to detect the true effect with significance or that the relationship

does not exist. We present all negative lower bounds as “Non-Significant” to avoid confusion.

For morbidity outcomes, we largely focus on the effects of particulate matter.

There is some evidence of independent effects of gaseous SO2 and NO2 for a number of

outcomes, but we assume that these effects are related in part to particulate matter and that the

residual effects of the gases acting alone are relatively insignificant. Within our analysis, we

consider the potential effects of NO2 on lower respiratory symptoms in children, although the

pooled literature estimate is not statistically significant (Appendix 2). For PM10, we evaluate

health outcomes including: chronic bronchitis, respiratory and cardiovascular hospital

admissions, emergency room visits, asthma attacks, restricted activity days, and upper and lower

respiratory symptoms. The studies evaluated and the rationale behind the estimated effects are

given in Appendix 2. It should be noted that Appendix 2 contains some information regarding

health effects of carbon monoxide and ozone, which are not used in the central impact estimates.

The percentage contributions to these health outcomes of each 10 µg/m3 increase in PM10

concentrations are presented in Table 4.

For all health effects, we derive demographic characteristics of the receptors from 1990

U.S. Census data. We assume asthma prevalence to be uniform across all receptors, given a lack

of census tract data on this health outcome.
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Results

Using the CALPUFF dispersion model, we can estimate the marginal contribution of

each power plant to ambient concentrations at all receptors. In Table 5, we present the

population-weighted annual average concentrations for all pollutants (taking the concentration at

each receptor, multiplying by the affected population, and dividing by the total population across

all receptors). In the actual emissions scenario, the average concentrations associated with

Brayton Point are 0.20 µg/m3 for SO2, 0.036 µg/m3 for NO2, and 0.063 µg/m3 for total PM10.

Under the hypothesis that the power plants increase their production to reach the maximum

allowable emission rates, these concentrations would increase to 0.41 µg/m3 for SO2, 0.045

µg/m3 for NO2, and 0.11 µg/m3 for PM10. If the target emission rates were achieved, this would

reduce population-weighted average concentrations to 0.029 µg/m3 for SO2, 0.013 µg/m3 for

NO2, and 0.012 µg/m3 for PM10. Patterns are similar for the Salem Harbor plant (Table 5).

To demonstrate the geographic patterns of impacts, we present contour plots and three-

dimensional plots of pollutant concentrations in Figures 3-4 (primary PM10 concentrations) and

Figures 5-6 (secondary particulate matter concentrations). These concentration plots demonstrate

that primary PM10 (and other primary pollutants) peak close to the power plant source and

decrease with distance, while secondary particles peak at longer range and generally have a more

uniform concentration profile. As an example of this phenomenon, the peak SO2 concentration

from Salem Harbor emissions occurs within 3 km (2 miles) of the plant, while the peak sulfate

concentration is approximately 31 km (19 miles) from the source. Although only the actual

emissions scenario is presented in these figures for the sake of brevity, the patterns are similar

for the maximum potential and the lower target emissions profiles.
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Given the marginal concentration increases predicted in the dispersion models, we predict

the annual health impacts from these power plants under the three emissions scenarios (Table 6).

We estimate 106 premature deaths per year from current Brayton Point emissions (95% CI: 60,

150), with 210 premature deaths at the maximum allowable emission rates (95% CI: 120, 310)

and 25 premature deaths at the target emission rates (95% CI: 14, 36). For Salem Harbor, current

emissions are estimated to cause 53 premature deaths per year (95% CI: 29, 76), a quantity

which would increase to 97 given maximum allowable emissions (95% CI: 54, 140) and would

decrease to 10 given target emissions (95% CI: 6, 15). The health benefits of moving from the

actual to target emissions, both for mortality and morbidity outcomes, are presented in Table 7. It

should be noted that the estimates are generally rounded off to two significant figures, with

greater precision provided where necessary to maintain comparability between tables.

For both Salem and Brayton, a significant fraction of the mortality and morbidity effects

is associated with secondary sulfate particles. In total, 81% of estimated premature deaths from

Salem and 77% from Brayton are associated with secondary particles (the combination of

sulfates and nitrates). Most of these secondary particle impacts are related to sulfates, which are

responsible for 85% of secondary particle deaths from Salem and 80% from Brayton. For both

plants, condensable particles make a significant contribution to mortality and morbidity effects

as well, with primary filterable PM10 associated with only 3-4% of premature deaths.

Examining the geographic distribution of impacts can help determine the proportional

impacts on local communities. Using the actual emission rates, 15% of premature deaths are

estimated to occur within 50 km (31 miles) of the Brayton Point power plant, with a slightly

greater figure of 32% for Salem Harbor (Table 8). The difference between the two plants is

largely related to the population located within 50 km of each plant. The fact that a majority of
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impacts occurs outside of 50 km can be attributed to the long-range transport of secondary

particles and the significant fraction of the affected population that lives beyond 50 km of the

plants. As mentioned above, 1.9 million of the 32 million people (6%) in our study area live

within 50 km of Brayton Point, with 3.3 million living within 50 km of Salem Harbor (10%).

Although the local population makes a relatively small contribution to aggregate impacts,

on a per capita basis, the impacts are greater closer to the power plant. The per capita mortality

risks are 8 in a million within 50 km (31 miles) of Brayton Point and 3 in a million beyond 50

km, with risks of 5 in a million within 50 km of Salem Harbor and 1 in a million beyond 50 km.

In general, the per capita mortality risks decrease with distance from the power plants. The

geographic distribution of per capita mortality risks is presented in Figures 7 and 8.

Monetary Valuation

To make comparisons with the economic costs of controls, we can place monetary values

on the mortality and morbidity effects detailed above. For morbidity outcomes, these values are

meant to represent the productivity and utility losses that people face, along with medical and

associated economic costs. We value morbidity using willingness-to-pay (WTP) studies

whenever possible, and otherwise apply a scaling factor of 2 to cost-of-illness (COI) studies or

medical cost databases, to reflect additional losses (Rowe et al., 1995).

For mortality, the economic value used is that of a “statistical life”. This represents the

amount of money that people would be willing to pay to reduce a mortality risk divided by the

magnitude of that risk, not simply an abstract value assigned to human life. In other words, if an

individual were willing to pay $500 to reduce their risk of death by 1/10,000, their value of a

statistical life would be $5,000,000. All mortality and morbidity cost estimates are converted to
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1997 US dollars, assuming health care or CPI inflation rates when appropriate.

We use a recent EPA benefit-cost analysis (EPA, 1997) to estimate the value of a

statistical life. This analysis pooled contingent valuation and wage-risk studies to yield a mean

estimate of $6.1M, with a standard deviation of $4.1M under a Weibull distribution. The EPA

acknowledged that there is some uncertainty in using this estimate, but we adopt their baseline

value for this illustrative calculation.

For morbidity, the highest values are associated with chronic bronchitis ($260,000),

respiratory hospital admissions ($25,000), cardiovascular hospital admissions ($24,000), and

emergency room visits ($1,000). Additional values include $220 per restricted activity day, $70

per minor restricted activity day, $61 per asthma attack day, and $18 per respiratory symptom

day. The derivation of these values is presented in full in Levy et al. (1999).

Given these values, we estimate that reducing emissions from actual to target emission

rates would reduce aggregate health damages by $280,000,000 per year for Salem Harbor and

$530,000,000 per year for Brayton Point (Table 9). For both plants, 93% of this total is related to

reduced premature mortality, with most of the remainder related to chronic bronchitis (4%).

Clearly, there are a number of uncertainties surrounding these value estimates. Given the

significant contribution of premature mortality to the aggregate value, the monetary value of

damages is strongly dependent on the value placed on a statistical life. The value we selected is

an average from a number of earlier studies, and is likely representative of the literature on value

of statistical life. It has been argued that lower values based on the years of life lost would be

more appropriate given the populations affected by air pollution increases, but a definitive value

has not been established in the literature. Our monetary estimates should therefore be considered

as upper bounds on the potential social benefits of emission controls.
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Uncertainty/Sensitivity Analysis

Clearly, our damage function model contains a number of fundamental assumptions that

could potentially influence the aggregate health estimates. As indicated in Table 10, uncertainty

can arise in a number of sections of the analysis. For the purpose of this assessment, we will

conduct many of the sensitivity analyses on the ISC-SLIM3 model runs rather than the

CALPUFF model runs, given the relative difficulty of constructing CALMET data sets and

constructing CALPUFF models. In addition, we will not consider uncertainty in the monetary

valuation, since the above calculation was meant to be illustrative and the primary endpoint of

our analysis is the health effect estimation.

Dispersion Model Selection

Clearly, prior to using ISC-SLIM3 as our model to test the sensitivity of the findings, we

need to determine whether the overall model findings are sensitive to the choice of dispersion

model. Applying ISC-SLIM3 to Brayton and Salem, we find considerably lower estimated

concentrations and health estimates. For example, premature deaths under the actual emissions

scenario are reduced from 106 to 29 for Brayton and 53 to 9 for Salem. This significant

difference can largely be attributed to differences in estimated secondary sulfate and nitrate

particle concentrations. 

To compare CALPUFF and ISC-SLIM3, we calculated the population-weighted average

concentrations. As indicated in Table 11, the CALPUFF model yields population-weighted

average concentrations that are approximately twice that of ISC-SLIM3 for both Brayton and

Salem, with the exception of sulfate and nitrate particles. The average sulfate particle
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concentration is 4-5 times greater for CALPUFF, while the nitrate particle concentration is over

10 times greater for both power plants. Due to the complexity of nitrogen and sulfur chemistry,

particularly in a geographic area with significant sources of both pollutants and variable weather

patterns, the secondary particle estimates would be expected to differ more substantially between

models than would primary pollutants.

Examining the concentration patterns more closely, the difference in sulfate estimates is

relatively consistent across the receptor grid. For Brayton, the mean ratio between ISC-SLIM3

and CALPUFF is 0.28 with a standard deviation of 0.08, while the corresponding values are 0.24

and 0.12 for Salem. For both plants, the largest differences between the models tend to be found

closer to the source. This could be attributable to the fact that SLIM3 is often applied only

beyond 50 km from the source, where the assumption of uniform vertical mixing is well

supported (Rowe et al., 1995). Similarly, for nitrates, we find mean ratios between ISC-SLIM3

and CALPUFF of 0.08 for Brayton (standard deviation of 0.03) and 0.07 for Brayton (standard

deviation of 0.04), with larger differences near the source. The systematic differences between

the models would be expected to be a function of the way in which the formation of secondary

pollutants from NO2 and SO2 emissions is modeled. Since CALPUFF allows for varying

conversion rates based on factors such as solar intensity, relative humidity, and precipitation

(versus a constant value assumed in SLIM3), there is substantial reason to believe that the

CALPUFF estimates are more accurate.

However, an implication of the significant contribution of secondary particles to the

aggregate health impacts is that perturbations in the sulfate and nitrate formation rates within

CALPUFF could significantly affect our estimates. We have not quantified this effect in our

sensitivity analysis. Although we believe that the chemical conversion mechanism within
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CALPUFF represents a well-supported central estimate, further analysis with plausible

alternative mechanisms could be warranted.

To provide another data point comparing the two dispersion modeling regimes, we

applied ISC-SLIM3 to the Centralia power plant and compared the estimated health impacts with

the impacts calculated using CALPUFF. We obtained power plant characteristics and emissions

information from the researchers (Kirk Winges and Jonathan Samet, personal communication).

For meteorological data, we used surface meteorological conditions from Spokane and upper air

conditions from Quillayute (the nearest stations in both cases) between January 6 and November

30, 1990. As in the Centralia report, we estimate health impacts on all counties within 150 miles

of the plant, with individuals beyond 150 miles counted if the geographic centroid of their county

falls within the 150-mile radius. For the ISC-SLIM3 model, we place receptors at the geographic

centroid of each census block group within these counties, for a total of 5,010 receptors.

Looking at the dispersion modeling results, the population-weighted annual average

pollutant concentrations have relatively smaller differences than for Salem and Brayton, with

ISC-SLIM3 estimating higher concentrations than CALPUFF (Table 11). Particulate matter

concentrations are 56% higher using ISC-SLIM3, while nitrates and sulfates are more

substantially overpredicted by ISC-SLIM3 (135% and 111% higher, respectively). Thus, the

finding of more substantial model differences associated with secondary particles versus primary

pollutants is consistent, although the direction and magnitude differs between the two studies. In

total, using the ISC-SLIM3 framework within the Centralia study would result in an estimate of

59 premature deaths per year, nearly two times the baseline CALPUFF estimate of 34.

The systematic differences between the ratios for Centralia and the ratios for Brayton and

Salem could potentially be a function of differences in secondary particulate formation
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associated with differences in atmospheric chemistry and meteorology in Washington State and

Massachusetts. The differences might also be a function of the different chemical conversion

schemes used in the studies, with MESOPUFF II used for Centralia and RIVAD/ARM3 used for

Brayton and Salem.

One way to test whether the different chemical conversion mechanisms result in

fundamentally different findings is to compare the impacts of a ton of emissions of SO2 on public

health in the two studies, normalized by population size. For Centralia, the estimate of premature

deaths per capita per ton of SO2 emissions is 1 x 10-10, compared with 5 x 10-11 for Brayton and 4

x 10-11 for Salem. If we increase the comparability between studies by restricting the boundary of

analysis to a 150-mile radius for Brayton and Salem and using the same dose-response

coefficient for mortality, the estimates for Brayton and Salem both become 1 x 10-10, identical to

the Centralia estimate. Although this is a simple comparison, it provides some indication that the

dispersion models had similar findings despite the use of different chemical conversion

mechanisms.

Site Selection

One area of uncertainty arises from our choice of receptors, which consisted of most of

the total population of New England as well as portions of New York and New Jersey. Clearly,

this decision to choose an area beyond which no impacts would be counted is somewhat

arbitrary, based somewhat on the geographic region of interest for the study. Although some

might argue that concentration estimates would be less accurate at greater distances from the

source, the use of three-dimensional windfields in CALPUFF reduces the potential errors at long

range. Furthermore, there is evidence from a past analysis using CALPUFF that long-range
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transport of pollutants could potentially influence populations as much as 1000 km (over 600

miles) from the source (Evans et al., 1999). In addition, the preliminary analysis in the article by

Evans found that less than half of the total estimated particulate matter impacts occurred within

500 km (310 miles) of a source, indicating that the aggregate impacts associated with Brayton

Point and Salem Harbor may be greater than estimated.

One way to evaluate whether the choice of geographic boundary is reasonable is to

consider the total health impacts with a tighter geographic constraint. One of the reasons for the

difference between the premature deaths estimated from Centralia (34 per year) and Brayton

Point (106 per year) is the different area of influence chosen. When we restrict the Brayton Point

analysis to populations within 150 miles of the plant, our estimate for premature deaths is

reduced to 75 per year.

Plant Characteristics

Another source of potential model sensitivity is the assumed power plant characteristics

and emission rates. We obtained all power plant information from a Massachusetts Department

of Environmental Protection study, but some parameters differed slightly between this study and

information in public databases (FERC filings and EPA CEMS and AIRS databases). To

examine whether our findings differed using the public data sources, we ran the ISC-SLIM3

model using these input parameters. Most of the parameters are similar, but there are some

differences associated with stack parameters and emission rates. Specifically, stack exit

temperatures are somewhat lower in the public data than in the data used in our primary analysis.

For Unit 4 of both plants, the exit velocities are approximately 30% lower, and the SO2 and NOx

emission rates are somewhat higher. All other data are approximately equivalent. Since the PM
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emission data are derived from actual measurements in our baseline model, we use the identical

PM10 emissions rate in this alternative assessment.

Using the public data, our estimates of actual health impacts are increased by 23-33% for

Salem Harbor and 14-24% for Brayton Point, depending on the health effect. As a result, the

health gains in moving from actual to target emissions are greater under this scenario. For

example, 11 premature deaths from Salem and 33 premature deaths from Brayton are associated

with actual emissions using public data and the ISC-SLIM3 model, compared with 9 and 29 with

the baseline data set using the ISC-SLIM3 model. Thus, the set of input parameters used for our

baseline model likely reflects a slightly conservative estimate of aggregate impacts.

Meteorological Assumptions

To test the potential sensitivity of the model findings to changes in the meteorological

input data, we evaluated the health effects of both power plants using a different set of

meteorological assumptions. Since this was not feasible to do for the CALPUFF analysis, given

the time required to construct the meteorological data as well as the comprehensive meteorology

considered, we again use the ISC-SLIM3 analysis. Although the use of alternative

meteorological information is not directly applicable to our CALPUFF analysis, this sensitivity

analysis can potentially illustrate the degree to which perturbations in meteorological inputs

might influence aggregate health impacts.

For ISC-SLIM3, we assumed that meteorological data from the Boston area was

applicable to our entire model domain. Since the Boston meteorological station is located on the

coast, there might be some “sea breeze” effects present in this data set that would not occur

inland. In addition, many of the power plant impacts occur to the west of Boston (given the
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coastal setting), and the Boston meteorological regime may not represent conditions elsewhere.

To test the impact of these assertions, we constructed a meteorological data set using surface

meteorology from Hartford, CT and using upper air conditions from Albany, NY.

Using this meteorological data set, our ISC-SLIM3 model estimates an actual annual

impact of 12 premature deaths from Salem Harbor and 27 from Brayton Point (compared with

values of 9 and 29 using Boston meteorology). Depending on the health outcome, using the

Hartford-Albany meteorological data results in a 1-25% increase in health impacts from Salem

and a 3-6% decrease in health effects from Brayton. Thus, the assumed meteorological

conditions appear to have a relatively small influence on the aggregate health impacts. This

finding supports the assertion that a significant portion of the difference between CALPUFF and

ISC-SLIM3 resides in the chemical conversion mechanism. However, it should be reiterated that

this sensitivity analysis is not directly applicable to CALPUFF, since CALPUFF does not apply

a single meteorological data set to the entire receptor region.

Pollutant Assumptions

One of the differences between this report and past investigations is the inclusion of

condensable particulate matter along with primary particles and secondary sulfate and nitrate

particles. Although the existence of this form of pollution is well-established, it is possible that

our model of secondary PM10 is capturing some of this effect. If we assume that condensable

particulate matter is completely accounted for by other categories of particulate matter, the

annual premature mortality risk (using the baseline CALPUFF model) drops from 53 to 45 for

Salem Harbor and from 106 to 85 for Brayton Point. Conversely, condensable particulate matter

could theoretically account for a fraction of the secondary sulfate and nitrate particles, but this
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would only be plausible close to the stack and would not account for a significant portion of

aggregate sulfate or nitrate impacts.

Epidemiological Assumptions, Mortality

Given the significant contribution of premature mortality to the monetized health

damages as well as the societal importance of this outcome, we closely investigate some of the

underlying assumptions in our mortality estimates.

Our baseline estimate is based on the assumption that the chronic mortality literature has

derived correct long-term impacts from particulate matter, and that this effect encompasses the

entire daily mortality effect. We judged this to be a reasonable central estimate. A plausible

lower bound on premature mortality would come from the assumption that the chronic mortality

studies are fundamentally flawed, leaving the coefficients from the acute mortality studies. For

this subset of studies, actual annual premature deaths would be estimated as 22 for Brayton Point

and 11 for Salem Harbor, a significant reduction from our baseline estimates.

An upper bound on premature mortality would sum the acute and chronic mortality

studies and assume that they account for completely different disease processes (one related to

long-term exposure, the other to short-term changes in concentrations). Under this assumption,

actual annual premature deaths would be increased to 128 for Brayton Point and 64 for Salem

Harbor (versus 106 and 53 under baseline assumptions).

An additional sensitive assumption involves the allocation of mortality among pollutants.

For the American Cancer Society chronic mortality study, no evidence has been collected

regarding correlated gaseous pollutants that might explain some fraction of the particulate matter

effect, so this effect cannot be quantitatively evaluated. For acute mortality studies, we have
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assumed that the univariate coefficients from the epidemiological studies must be modified to

account for correlated pollutants, and we conclude that there is some (statistically insignificant)

mortality risk from SO2 that is not accounted for by PM10. Since this assumption can be disputed,

we estimate acute mortality assuming that the univariate PM10 impact encompasses all

pollutants. Under this assumption, the aggregate acute mortality damages under actual emissions

change minimally for both power plants (identical values to two significant figures).

Additional Endpoints

In the aggregate, health effects may be underestimated due to the omission of key

pollutants, health effects, and upstream emission sources. Because of the computational burden

of ozone modeling, the marginal influence of power plant NOx emissions on ozone formation

has not been included in this analysis. Including ozone could lead to significant added health

effects, given epidemiological literature implicating ozone in outcomes such as premature

mortality, respiratory hospital admissions, asthma attacks, and respiratory symptoms (Levy et al.,

1999).

To approximate the magnitude of the health effects associated with ozone, we use a

simplified literature estimate correlating ozone concentrations with NO2 concentrations. Using a

smog chamber study to approximate ozone increases from NO2 emissions (Kelly and Gunst,

1990), we estimate that including the ozone effect of NOx emissions would yield 1 additional

premature fatality from Brayton Point and 0.6 additional premature fatalities from Salem Harbor.

Ozone would also be anticipated to have numerous morbidity effects (including respiratory

hospital admissions, asthma attacks, and respiratory symptoms), as well as impacts on visibility.
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Health effects would also be increased by the inclusion of additional pollutants, such as carbon

monoxide or air toxics.

In addition, including endpoints other than human health would add to the damages

associated with the power plants. These damages might include outcomes that would influence

human well-being (i.e., decreased visibility, damage to materials, increased soot deposition on

homes) as well as outcomes that are secondarily linked to humans (ecosystem and wildlife

damage). A comprehensive analysis should include multiple endpoints beyond human health.

Also, although the relative importance would depend on the control strategies being

implemented, climate change should be a part of any complete analysis of fuel combustion

sources.

Finally, the complete assessment of the health effects of a power plant would not just

consider the emissions from the power plant stack, but would also consider all of the upstream

processes that are related to the fuel combustion. In other words, a reduction in the amount of

coal burned will not just reduce air pollutants from the stack, but will also lessen the

transportation of fuel to the power plant, the ecological damages of coal mining and the risks to

coal miners, waste disposal, and a number of other processes. Of course, these upstream benefits

would only be obtained through fuel switching or other reductions in electricity generation,

rather than through end-use emissions controls.

Discussion and Conclusions

In summary, we have applied a state-of-the-art damage function model to two

grandfathered power plants in Massachusetts, to evaluate the potential benefits from emission

controls and the potential health damages associated with increased emissions. To place the
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proper bounds around our aggregate estimates, we used Monte Carlo analysis to propagate

uncertainties and we conducted an extensive sensitivity analysis.

One of the limitations of our analysis is the fact that the uncertainty bounds presented

only consider the reported uncertainty bounds within epidemiological studies and the variability

in study findings, as well as estimated uncertainties within a single dispersion model. However,

factors such as model uncertainty (shown to be significant in the comparison between CALPUFF

and ISC-SLIM3) were not included in the reported confidence intervals, and the uncertainty

bounds should therefore be interpreted with care.

In addition, many of the sensitivity analyses were conducted on the ISC-SLIM3 model,

given the difficulty in running CALPUFF across a number of scenarios. It is conceivable that

differences in the model structure would imply that a factor that minimally affected ISC-SLIM3

findings might be significant within CALPUFF. However, factors such as emission rate and

plant characteristics would likely have similar effects on both models, and the meteorological

sensitivity analysis is relatively unimportant given the detailed CALMET file constructed for this

analysis.

We were also limited by the hypothetical nature of the investigation. If specific control

technologies were evaluated within our study, we could theoretically consider the risks or

benefits associated with changes in production efficiency, emissions of pollutants other than

PM10, SO2, and NO2, and other impact pathways. Our findings largely reflect the (primary and

secondary) particulate matter health effects under different emissions scenarios, but further

investigation would be needed to conduct a comprehensive benefit-cost analysis of controls at

these plants.
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The hypothetical nature of the investigation, along with the relatively small number of

comparable studies conducted in the past, make it difficult to validate the model findings. The

Centralia investigation by Samet and colleagues (1997) is the most directly applicable

comparison, given the similar model construct. As indicated above, the estimate of premature

deaths per capita per ton of SO2 emissions is identical in Centralia and in our analysis, when the

radius of influence and epidemiological assumptions are equated. Since sulfates comprise a

majority of particulate matter concentrations in both studies, this crude comparison provides

some indication that the results of the two studies are comparable.

In addition, although many past damage studies used different dispersion models and did

not incorporate chronic mortality, we can also compare our estimates of “acute” premature

deaths per capita per ton of primary PM10 with estimates from four previous studies

(ORNL/RFF, 1994; EC, 1995; Rowe et al., 1995; Levy et al., 1999). Within our study, this

figure was estimated to be 2 x 10-11 for Salem and 3 x 10-11 for Brayton. In the four previous

studies, the estimates ranged between 9 x 10-12 and 3 x 10-11, with the highest estimate

corresponding to the Levy study (which used the identical dose-response coefficient as our

study). As above, this demonstrates relative agreement with past damage studies, despite the

differences in dispersion model selection.

Through our analysis, it is apparent that many of the assumptions that had to be made to

complete an investigation of this sort did not significantly affect the total health damages. The

choice of air dispersion model appeared to cause the largest uncertainty, with estimates from

CALPUFF anywhere from half as large at Centralia to ten times the estimates from ISC-SLIM3

at Brayton and Salem. However, it is worth recalling that the model uncertainty for primary

pollutants was relatively small, indicating that aggregate health effects are likely less sensitive to
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assumed meteorological patterns. The largest uncertainties arose with secondary sulfate and

nitrate particles. Since the estimated effects were identical using two different CALPUFF

chemical transformation models and SLIM3 treats chemical interactions in an extremely simple

fashion (exponential decay with constant conversion), the CALPUFF estimates are likely more

reliable.

Significant uncertainties also arise when we try to estimate the monetary damages

associated with premature mortality, both because of the use of chronic mortality findings and a

standard monetary value for premature mortality. Our monetary estimates are considered

illustrative, and a more comprehensive consideration of life-years lost and the proper valuation

of premature mortality would be needed for a thorough benefit-cost analysis.

One interesting finding from our study is that the majority of particulate matter health

effects can be associated with the secondary sulfate particles rather than the primary particulate

matter emissions. This finding can be supported by multiple past studies, including the Centralia

investigation (Samet et al., 1997). As another example, the ExternE externality analysis of coal-

fired power plants found that secondary particles had 2-6 times the mortality effect of primary

particles, in an analysis where the SO2 emission rate was 4-30 times the PM10 emission rate (EC,

1995b).

This finding as well as the results of our analysis can be explained in part by the recent

analysis of Evans and colleagues (1999). This study focused on a concept known as exposure

efficiency, defined as the fraction of material released from a source that is eventually inhaled or

ingested. Effectively, the health impact from a pollutant will be proportional to its exposure

efficiency multiplied by its emission rate, since this represents the total amount of pollution

exposure for a population. In a preliminary analysis using CALPUFF, the authors found that the
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average exposure efficiency of primary particulate matter was approximately 10 times greater

than that of sulfates (from SO2 emissions) and 100 times greater than that of nitrates (from NO2

emissions). In our study, the SO2 emission rate of both Brayton Point and Salem Harbor is

approximately 100 times greater than the primary PM10 emission rate, indicating that we would

expect greater effects from sulfates than from primary PM10 in our analysis.

We conclude that decreasing the emission rate from the actual to target rates would result

in estimated annual reductions of 43 premature deaths from Salem Harbor and 81 premature

deaths from Brayton Point, along with reductions in numerous morbidity outcomes. Further

study would be needed to quantify the complete range of costs and benefits associated with

control policies, but this study provides a methodology to estimate the public health benefits if

target emission rates were achieved at Salem Harbor or Brayton Point.
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Figures are available on the Harvard School of Public Health web server as MS Word graphic

files.  In order to view the figures at the links below you must have MS Word 97 or later
installed on your computer.

Figure 1.
Location of Brayton Point and Salem Harbor Power Plants.
(http://www.hsph.harvard.edu/papers/plant/plant_figure1.doc)

Figure 2.
Receptor Grid Used in Baseline Dispersion Model.
(http://www.hsph.harvard.edu/papers/plant/plant_figure2.doc)

Figure 3.
Primary PM10 Concentrations, Actual Emissions, Salem Harbor (Annual Average, ug/m3).
(http://www.hsph.harvard.edu/papers/plant/plant_figure3.doc)

Figure 4.
Primary PM10 Concentrations, Actual Emissions, Brayton Point (Annual Average, ug/m3).
(http://www.hsph.harvard.edu/papers/plant/plant_figure4.doc)

Figure 5.
Concentration Profile for Secondary Particulate Impacts (Ammonium Nitrate and Ammonium Sulfate Particles),
Actual Emissions, Salem Harbor (Annual Average, ug/m3).
(http://www.hsph.harvard.edu/papers/plant/plant_figure5.doc)

Figure 6.
Concentration Profile for Secondary Particulate Impacts (Ammonium Nitrate and Ammonium Sulfate Particles),

Actual Emissions, Brayton Point (Annual Average, ug/m3).
(http://www.hsph.harvard.edu/papers/plant/plant_figure6.doc)

Figure 7.
Geographic Distribution of Per Capita Annual Mortality Risks from Actual Salem Harbor Emissions.
(http://www.hsph.harvard.edu/papers/plant/plant_figure7.doc)

Figure 8.
Geographic Distribution of Per Capita Annual Mortality Risks from Actual Brayton Point Emissions.
http://www.hsph.harvard.edu/papers/plant/plant_figure8.doc
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Table 1.

Characteristics of Salem Harbor and Brayton Point Power Plants.

Salem Brayton

Nameplate capacity (MW) 805 1611

Net generation

(MWh, 1998)

3,900,083 8,936,579

Fuel consumption (1997)

Bituminous coal 947,233 short tons 3,141,629 short tons

Heavy fuel oil (#6) 2,871,735 bbl. 405,622 bbl.

Light fuel oil (#2) - 2,144 bbl.

Natural gas - 3,941,322 MCF
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Table 2.

Modeled Stack Parameters and SO2, NOx, and PM10 Emission Rates

for the Brayton Point Power Plant (Maximum Potential, Target, and Average).

Brayton 

Stacks
Potential Emission Rates (g/sec)

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

SO2 NOx PM10

UNIT1 687.0 108.0 15.2 107.2 398 25.06 4.42

UNIT2 687.0 108.0 15.2 107.2 407 26.56 4.42

UNIT3 1726.0 321.0 38.2 107.2 402 35.43 5.94

UNIT4 1465.0 163.0 12.2 152.4 469 33.47 5.64

Brayton 

Stacks
Target Emission Rates (g/sec)

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

SO2 NOx PM10

UNIT1 70.4 35.2 2.3 107.2 398 25.06 4.42

UNIT2 72.2 36.1 2.4 107.2 407 26.56 4.42

UNIT3 162.5 81.3 5.4 107.2 402 35.43 5.94

UNIT4 29.0 14.5 1.0 152.4 469 33.47 5.64

Brayton 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

SO2 NOx PM10

UNIT1 301.3 86.3 5.1 107.2 398 25.06 4.42

UNIT2 308.7 92.7 2.7 107.2 407 26.56 4.42

UNIT3 767.0 262.7 4.3 107.2 402 35.43 5.94

UNIT4 400.0 80.3 3.1 152.4 469 33.47 5.64

Brayton 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

UNIT1 107.2 398 25.06 4.42

UNIT2 107.2 407 26.56 4.42

UNIT3 107.2 402 35.43 5.94

UNIT4 152.4 469 33.47 5.64

Brayton 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

UNIT1 107.2 398 25.06 4.42

UNIT2 107.2 407 26.56 4.42
UNIT3 107.2 402 35.43 5.94

UNIT4 152.4 469 33.47 5.64

Brayton 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

UNIT1 107.2 398 25.06 4.42

UNIT2 107.2 407 26.56 4.42

UNIT3 107.2 402 35.43 5.94

UNIT4 152.4 469 33.47 5.64

Average Actual Emission Rates 

(g/sec)

Target Condensable Emission 

Rates (g/sec)

Potential Condensable Emission 

Rates (g/sec)

25.8

25.8

64.9

6.1

5.5

4.8

4.7

25.3

62.8

10.8

1.0

Actual Condensable Emission 
Rates (g/sec)

25.6
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Table 3.

Modeled Stack Parameters and SO2, NOx, and PM10 Emission Rates

for the Salem Harbor Power Plant (Maximum Potential, Target, and Average).

Salem 

Stacks
Potential Emission Rates (g/sec)

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

SO2 NOx PM10

UNIT4 1465.0 169.0 16.2 152.4 446 34.65 5.64

UNIT5 1104.0 151.0 36.7 135.6 413 25.66 5.44

Salem 

Stacks
Target Emission Rates (g/sec)

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

SO2 NOx PM10

UNIT4 78.0 39.0 2.6 152.4 446 34.65 5.64

UNIT5 95.3 47.7 3.2 135.6 413 25.66 5.44

Salem 
Stacks

Source 
Height (m)

Exit 

Temperature 

(K)

Exit Velocity 
(m/sec)

Stack Inner 
Diameter (m)

SO2 NOx PM10

UNIT4 866.7 123.7 7.3 152.4 446 34.65 5.64

UNIT5 450.7 128.0 5.3 135.6 413 25.66 5.44

Salem 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

UNIT4 152.4 446 34.65 5.64

UNIT5 135.6 413 25.66 5.44

Salem 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

UNIT4 152.4 446 34.65 5.64

UNIT5 135.6 413 25.66 5.44

Salem 

Stacks

Source 

Height (m)

Exit 

Temperature 

(K)

Exit Velocity 

(m/sec)

Stack Inner 

Diameter (m)

UNIT4 152.4 446 34.65 5.64

UNIT5 135.6 413 25.66 5.44

Actual Condensable Emission 

Rates (g/sec)

5.2

39.5

Average Actual Emission Rates 

(g/sec)

Target Condensable Emission 

Rates (g/sec)

2.6

6.4

Potential Condensable Emission 

Rates (g/sec)

6.1
41.5
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Table 4.

Central Estimates for Increase in Morbidity Effects Per 10 µµg/m
3
 Increase in 24-

Hour Average PM10 Concentrations.

Health Outcome % Increase

Chronic bronchitis, age 25+ 8.2%

Respiratory hospital admissions, all ages 1.0%

Cardiovascular hospital admissions, age 65+ 0.6%

Emergency room visits, asthma, all ages 4.3%

Emergency room visits, non-asthma, all ages 0.8%

Asthma attacks, all ages 3.1%

Restricted activity days, age 18+ 2.9%

Minor restricted activity days, age 18+ 4.4%

Upper respiratory symptoms, age 18+ 6.8%

Upper respiratory symptoms, age < 18 1.6%

Lower respiratory symptoms, age < 18 3.1%
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Table 5.

Population-Weighted Average Concentrations (µµg/m
3
) Estimated for Salem Harbor

and Brayton Point – Maximum Potential, Actual, and Target Emission Rates.

Salem Harbor Brayton Point

Potential Actual Target Potential Actual Target

Annual average SO2 0.41 0.20 0.029 0.77 0.31 0.063

Annual average NO2 0.045 0.036 0.013 0.11 0.082 0.029

Annual average PM10

– filterable
0.010 0.0022 0.0011 0.016 0.0033 0.0024

Annual average PM10

– condensable
0.0099 0.0093 0.0018 0.026 0.025 0.0046

Annual average
particulate sulfate (as
ammonium sulfate)

0.084 0.043 0.0063 0.18 0.075 0.016

Annual average
particulate nitrate (as

ammonium nitrate)

0.010 0.0080 0.0029 0.027 0.021 0.0069
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Table 6.

Predicted Annual Health Impacts from Salem Harbor and Brayton Point Power

Plants – Maximum Potential, Actual, and Target Emission Rates (Mean and 95%

Confidence Intervals) 
1
.

Salem Harbor Brayton Point

Potential Actual Target Potential Actual Target

Premature
deaths

97
(54, 140)

53
(29, 76)

10
(6, 15)

210
(120, 310)

106
(60, 150)

25
(14, 36)

Chronic
bronchitis

100
(12, 190)

57
(7, 100)

11
(1, 20)

230
(29, 420)

115
(15, 210)

27
(3, 49)

Respiratory

hospital
admissions

50

(9, 88)

27

(5, 48)

5

(1, 9)

110

(20, 200)

55

(10, 98)

13

(2, 23)

Cardiovascular
hospital
admissions

29
(21, 37)

16
(11, 20)

3
(2, 4)

64
(46, 82)

32
(23, 41)

8
(5, 10)

Net emergency
room visits

1,000
(560,
1,400)

570
(300,
790)

110
(58,
150)

2,300
(1,300,
3,200)

1,140
(640,
1,600)

270
(150,
370)

Asthma attacks 27,000
(21,

52,000)

14,400
(12,

28,000)

2,800
(2,

5,400)

58,000
(NS,

120,000)

28,900
(NS,

57,000)

6,900
(NS,

 14,000)

Net restricted
activity days

31,000
(2,900,
57,000)

16,700
(1,600,
31,000)

3,200
(320,
6,000)

67,000
(4,400,

130,000)

33,500
(2,200,
63,000)

7,900
(530,

15,000)

Net minor
restricted

activity days

51,000
(21,000,

82,000)

28,100
(11,000,

45,000)

5,400
(2,200,

8,600)

110,000
(33,000,

170,000)

56,000
(16,000,

87,000)

13,000
(3,800,

21,000)

Net upper

respiratory
symptom days,
adults

180,000
(30,000,

320,000)

99,000
(16,000,

180,000)

19,000
(3,100,

34,000)

400,000
(66,000,

710,000)

199,000
(33,000,

350,000)

47,000
(7,800,

84,000)

Lower
respiratory

symptom days,
children

6,800
(NS,

18,000)

4,500
(NS,

10,000)

1,300
(3,

2,500)

15,000
(NS,

37,000)

9,700
(NS,

 21,000)

2,900
(NS,

6,000)

Upper

respiratory
symptom days,

children

7,900

(NS,
21,000)

4,300

(NS,
11,000)

830

(NS,
2,200)

18,000

(NS,
47,000)

8,800

(NS,
24,000)

2,100

(NS,
5,600)

1 Estimated using CALPUFF with the RIVAD/ARM3 chemical conversion mechanism and using the American
Cancer Society study (Pope et al., 1995) for premature deaths. 95% confidence intervals are generated using Monte
Carlo analysis on estimated CALPUFF model uncertainty and standard errors reported in epidemiological studies or

estimated through random effects models. NS = non-significant.
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Table 7.

Annual Health Benefits from Achieving Target Emission Rates at Salem Harbor

and Brayton Point Power Plants (Actual Minus Target Emissions, Mean and 95%

Confidence Intervals) 
1
.

Salem Harbor Brayton Point

Premature deaths 43

(24, 61)

81

(45, 120)

Chronic bronchitis 46

(5, 84)

88

(11, 160)

Respiratory hospital
admissions

22
(4, 39)

41
(8, 75)

Cardiovascular
hospital admissions

13
(9, 16)

25
(17, 31)

Net emergency room
visits

460
(250, 640)

870
(490, 1,200)

Asthma attacks 11,600

(9, 23,000)

22,000

(NS, 44,000)

Net restricted activity

days

13,500

(1,300, 25,000)

25,600

(1,700, 48,000)

Net minor restricted
activity days

22,700
(9,200, 36,000)

43,000
(12,000, 66,000)

Net upper respiratory
symptom days, adults

80,000
(13,000, 140,000)

152,000
(25,000, 270,000)

Lower respiratory
symptom days,
children

3,200
(NS, 8,000)

6,800
(NS, 15,000)

Upper respiratory
symptom days,

children

3,500
(NS, 9,200)

6,700
(NS, 18,000)

1 Estimated using CALPUFF with the RIVAD/ARM3 chemical conversion mechanism and using the American
Cancer Society study (Pope et al., 1995) for premature deaths. 95% confidence intervals are generated using Monte

Carlo analysis on estimated CALPUFF model uncertainty and standard errors reported in epidemiological studies or
estimated through random effects models. NS = non-significant.
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Table 8.

Geographic Distribution of Annual Health Impacts from Salem Harbor and

Brayton Point Power Plants, Actual Emissions (Mean and 95% Confidence

Intervals) 
1
.

Salem Harbor Brayton Point

< 50 km > 50 km < 50 km > 50 km

Premature deaths 17
(9, 24)

36
(20, 52)

16
(9, 23)

91
(51, 130)

Chronic bronchitis 18
(2, 33)

39
(5, 71)

17
(2, 31)

98
(12, 180)

Respiratory hospital

admissions

9

(2, 15)

19

(3, 33)

8

(1, 15)

47

(8, 83)

Cardiovascular hospital

admissions

5
(4, 6)

11
(8, 14)

5
(4, 7)

27
(19, 34)

Net emergency room visits 180
(95, 250)

390
(210, 540)

170
(96, 240)

970
(550, 1,300)

Asthma attacks 4,500
(4, 8,900)

9,900
(8, 19,000)

4,400
(NS, 8,600)

24,500
(NS, 49,000)

Net restricted activity days 5,500
(700, 10,000)

11,200
(930, 21,000)

4,900
(260, 9,300)

28,600
(2,000, 53,000)

Net minor restricted

activity days

9,100

(3,800, 15,000)

19,000

(7,500, 30,000)

8,300

(2,300, 13,000)

48,000

(14,000, 74,000)

Net upper respiratory

symptom days, adults

32,000
(5,200, 57,000)

67,000
(11,000, 120,000)

30,000
(4,900, 53,000)

170,000
(28,000, 300,000)

Lower respiratory
symptom days, children

2,000
(34, 3,900)

2,500
(NS, 6,700)

2,600
(NS, 4,900)

7,200
(NS, 16,000)

Upper respiratory symptom
days, children

1,200
(NS, 3,300)

3,100
(NS, 8,100)

1,400
(NS, 3,700)

7,500
(NS, 20,000)

1 Estimated using CALPUFF with the RIVAD/ARM3 chemical conversion mechanism and using the American

Cancer Society study (Pope et al., 1995) for premature deaths. 95% confidence intervals are generated using Monte
Carlo analysis on estimated CALPUFF model uncertainty and standard errors reported in epidemiological studies or
estimated through random effects models. NS = non-significant.
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Table 9.

Monetary Valuation of Health Impacts Under Different Emission Scenarios 
1
.

Salem Brayton

Potential $630M $1400M

Actual $350M $700M

Target $70M $160M

Actual – Target $280M $530M

1 Estimated using CALPUFF with the RIVAD/ARM3 chemical conversion mechanism and using the American

Cancer Society study (Pope et al., 1995) for premature deaths. The value of a statistical life was taken from a recent
EPA benefit-cost analysis (EPA, 1997), and the values of morbidity outcomes were derived from the study by Levy
and colleagues (1999).
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Table 10.

Categories of Damage Function Uncertainty and Modeling Choices.

Uncertainty Approach

Model construction

Receptor selection

(geographic range considered)

Qualitative discussion, estimation of

aggregate impacts with different radii

Plant characteristics Use two sources of plant information

Air pollution modeling

Meteorological data For ISC-SLIM3, use alternative (non-

coastal) meteorological data

Model selection Use both CALPUFF and ISC-SLIM3

Health modeling

Mortality Consider range of possibilities: chronic

only, acute only, chronic + acute,
with/without methodology to control for

correlated pollutant confounding

Boundary decisions

Additional endpoints Estimate potential health impacts of ozone;
discuss other potential outcomes (non-
health) and pollutants (water pollution)
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Table 11.

Comparison between CALPUFF and ISC-SLIM3 Model Results for Brayton Point,

Salem Harbor, and Centralia (population-weighted annual average µµg/m
3
, actual

emissions).

CALPUFF ISC-SLIM3 Ratio

(ISC-SLIM3/

CALPUFF)

Salem SO2 0.20 0.09 0.5

SO4 particles 0.043 0.0076 0.2

NO2 0.036 0.016 0.4

NO3 particles 0.008 0.00039 0.05

Filterable
PM10

0.0022 0.00084 0.4

Condensable
PM10

0.0093 0.0034 0.4

Total PM 0.062 0.012 0.2

Brayton SO2 0.31 0.20 0.6

SO4 particles 0.075 0.019 0.3

NO2 0.082 0.054 0.7

NO3 particles 0.021 0.0015 0.07

Filterable
PM10

0.0033 0.0017 0.5

Condensable

PM10

0.025 0.013 0.5

Total PM 0.12 0.035 0.3

Centralia SO2 0.68 0.88 1.3

SO4 particles 0.06 0.13 2.1

NO2 0.15 0.20 1.4

NO3 particles 0.016 0.038 2.4

Total PM 0.11 0.17 1.6
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Appendix 1.

Summary of Meteorological Processing for CALMET

Derived from Report Provided by:

Dennis Moon, Ph.D.

Chief Scientist, SSESCO
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Our system for production of meteorological data sets for air quality studies is based on

utilization of the most comprehensive data sets available, combined with the latest assimilation

techniques. Prognostic models are well known to have significant advantages over diagnostic

windfield models. The chief advantage lies in the imposition of dynamic constraints to the

system, in addition to the static constraints applied in diagnostic models, such as mass

conservation and hydrostatic. Dynamic constraints are those resulting from the application of

conservation laws which involve time derivatives, such as conservation of momentum. The chief

drawback of prognostic models is the computational expense of running them. Computational

stability considerations require that the models be stepped forward with a timestep that is

proportional to the grid cell size. Thus high-resolution grids require an extremely large number

of time steps to be computed to cover the needs of a long-term air quality study. For this reason

high resolution prognostic models are most often applied to episodic case studies.

While the application of customized prognostic meteorological models to long-term air

quality studies can be prohibitively expensive, data from NOAA prognostic model outputs and

analyses can be combined with mesoscale data assimilation systems to produce high resolution

data sets of long duration. NOAA runs a suite of models at varying initial times, resolutions,

domains of coverage, and forecast duration. Each model run starts with results from a previous

run, combined with all available observed data, including surface and upper air observations,

satellite, and radar data. This process of combining the various data sources to yield a unified

representation of the three-dimensional atmosphere is termed assimilation. This has been an area

of active research over the years, as increasingly accurate analyses, combining more data types is

one of the principal means for improving forecast quality. We can reap the benefits of this

research by basing the production of our “digital atmosphere” on these NOAA analyses.
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Of prime interest to us is NOAA’s RUC2 model. RUC stands for Rapid Update Cycle.

This is a short-term forecast model that is rerun very frequently. Of importance to us is the fact

that the model is re-initialized each hour. The model grid is of 40 km spacing, with over 40

layers in the vertical. This resolution is sufficient to easily represent the upper air feature

captured by the radiosonde network. For over two years, SSESCO has been archiving these

RUC2 analyses for the purpose of applying the data to air quality studies.

One drawback in applying the RUC2 data directly to air quality studies is that a 40 km

grid is typically not of high enough resolution to capture all of the relevant flow and thermal

structures that arise near the earth’s surface. For this purpose we need to introduce high-

resolution terrain data and surface observations. This is done using a mesoscale assimilation

system. While NOAA has been advancing the assimilation and modeling process as applied to

synoptic scale weather systems, a parallel effort in mesoscale modeling systems has been

proceeding at a number of governmental and educational research institutions. Foremost among

those efforts has been the work done at the Center for the Analysis and Predictions of Storms

(CAPS), at the University of Oklahoma. This group, founded by NSF and the FAA, is focused on

research and the development of software tools related to small-scale weather phenomenon. We

have chosen the ARPS Data Assimilation System (ADAS), as our primary mesoscale

assimilation tool. The ADAS system starts with a first-guess field derived from NOAA model

data and then reads in observational data (surface, upper air, satellite, radar) and performs

climatalogical, spatial, and temporal continuity checking for invalid data. The key to the

assimilation process is the blending of different data sources, each with their own error

characteristics into a unified, “most probable” three-dimensional distribution of the target

variable. Taking into account the error characteristics of the first-guess gridded data and each of
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the observational sources, ADAS performs an objective analysis onto the target model grid.

ADAS uses a highly efficient iterative approach to the widely used Statistical or Optimal

Interpolation (OI) technique, known as the Bratseth technique. Mass conservation and boundary

conditions are then applied to derive the vertical motion fields.

The datasets developed by this system can be input into CALMET using its ability to

ingest MM5 fields and interpolate them to the CALMET grid. For this study a grid was

developed to cover the domain of interest at a cell size of 15 km. The grid uses a Lambert

Conformal projection. It is anticipated that the CALMET run will employ the same horizontal

grid projection and spacing to minimize interpolation errors. The grid has fourteen vertical

levels, going up to about 5100m AGL. The vertical grid spacing is stretched from about 20m

near the ground to 600m near the top of the domain. While we did not anticipate that the

CALMET grid performed used in the CALPUFF analysis would require this many levels, we

considered it best for CALMET to vertically interpolate from a higher to lower resolution grid.

The grid structure and terrain can be seen in the figure on the following page.
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For each hour in the yearlong study, an ADAS analysis was performed using the RUC

analyses for a first guess field and combining it with the metar surface observations. The RUC

gridded analyses already capture the upper air information from the radiosondes, in addition to

other, more recent, data sources such as upper level winds determined from satellite imagery

analysis, VHF radio sounders, and ACARS aircraft reported wind and temperature data. The

assimilation of the surface data allows us to recapture high resolution information lost to the 40

km grid, and to re-compute mass conservation in the presence of the higher resolution 15 km

terrain. Temperature, pressure, wind, and humidity fields were computed using the Bratseth

implementation of the Optimal Interpolation algorithm. In addition, metar reports of fractional

cloud coverage were analyzed to create a gridded cloud coverage field. Since the output from

ADAS already incorporates the observations at the scale of the CALMET grid, it will not be
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necessary to re-introduce the same data in the CALMET processing. The role of CALMET will

simply be to perform the CALMET terrain adjustment and to calculate the micrometeorological

parameters used by CALPUFF. If a precipitation analysis is required, this will also be performed

by CALMET. The ADAS output fields were written in the format used by CALMET for

ingesting MM5 data, the so-called ‘MM5.dat’ format. This is an ASCII format, which is quite

inefficient in terms of disk space. In order to keep the files sizes manageable, the year was

broken up into 24 periods, each of which is covered by a data file. The cloud coverage data was

written to separate ASCII files in the format used by CALMET for ingesting this data. In all

cases the CALMET source code used to read the data was checked to ensure that the files were

in the correct format. For hours with missing RUC2 analyses, time interpolation was performed

on the preceding and following RUC2 data to generate a first guess field, and then the

assimilation was performed using the metar data. The following images show outputs from the

system including surface level wind streamlines and contoured fractional cloud coverage.
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Appendix 2.

Morbidity Outcomes Evaluated in Damage Function Model

Adapted from Supporting Information for “Development of a New Damage

Function Model for Power Plants: Methodology and Applications”

Published in Environmental Science and Technology, December 1999.
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Chronic bronchitis

In a cohort of non-smoking adults, a 45 µg/m3 increase in PM2.5 was associated with a

relative risk of 1.81 for chronic bronchitis (95% CI: 0.98, 3.25) 1. In this study, PM2.5

concentrations were estimated from visibility data by developing regression equations based on a

subset of observations. Converting to PM10, we estimate an 8.2% increase in chronic bronchitis

for a 10 µg/m3 increase (95% CI: -0.1%, 17.2%). No significant relationship is reported with O3,

NO2, or SO2. We assume a chronic bronchitis prevalence of 5.0% 2 and an incidence/ prevalence

ratio of 1/9.3 3, yielding an annual incidence of 0.53% and a corresponding change in additional

cases due to daily air pollution exposure.

Respiratory hospital admissions

We focus on the effects of PM10 and O3 on respiratory hospital admissions (RHA) for all

ages, since the two studies evaluating NO2 and SO2 found no significant relationship 4,5. For

these two studies and four others 6-9, we calculate pooled single-pollutant estimates of 1.4% for

PM10 and 0.6% for O3. Among studies with multi-pollutant analyses, the pooled effect estimate

is reduced from 1.3% to 0.9% for PM10, and from 2.0% to 1.4% for O3, indicating some

confounding. Applying these reductions to the single-pollutant estimates yields final estimates of

1.0% (95% CI: 0.0%, 1.9%) for PM10 and 0.4% (95% CI: 0.0%, 0.8%) for O3. We estimate the

change in RHA using a baseline rate of 1,351 RHA/100,000 people/year for all respiratory

diseases less tonsillitis 10.

Cardiovascular hospital admissions



64

For the four studies of cardiovascular hospital admissions (CHA) in elderly populations

9,11-13, there is evidence of a relationship with PM10, NO2, SO2, and CO. For SO2 and NO2, the

effects are completely removed in multi-pollutant models. For a 1 ppm increase in CO, the

pooled effect estimate is 1.9% in single-pollutant models, reduced from 1.7% to 1.6% in multi-

pollutant models controlling for PM10. For PM10, the pooled single-pollutant estimate is 0.8%,

with a reduction from 1.1% to 0.8% in the multi-pollutant studies. Thus, our final effect

estimates are 0.6% for a 10 µg/m3 increase in PM10 (95% CI: 0.4%, 0.8%) and 1.8% for a 1 ppm

increase in CO (95% CI: 0.4%, 3.3%). We estimate the change in CHA given a baseline rate of

9,905 CHA/100,000 people/year among people age 65 or older 10.

Emergency room visits

Studies of emergency room visits (ERV) have considered both asthma-related and all-

cause visits. For asthma ERV, the two studies with effect estimates for multiple pollutants 14,15

find only PM10 to be significant, with a pooled estimate of 4.3% (95% CI: 1.3%, 7.3%). Other

studies that find a relationship with O3 
16,17 did not adequately consider confounding. For all-

cause ERV, PM10 is associated with a 0.8% increase (95% CI: 0.2%, 1.4%), with no significance

for gaseous pollutants 18. Given 1.9 million asthma ERV and 88 million non-asthma ERV each

year in the US 19 and a 5% prevalence of diagnosed asthma 20, we quantify the increases in ERV.

As in previous studies 21,22, we make the conservative assumption that all hospital admissions

involve an ERV. We prevent double-counting by subtracting hospital admissions from ERV,

yielding net ERV.

Asthma attacks
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We consider studies of either increased bronchodilator use or increased asthma attacks

for both adults 23-26 and children 24,27,28. Since the effects of PM10 are similar, we combine these

populations to yield an overall estimate of 3.1% (95% CI: -0.6%, 6.9%). Only one study 23

measured O3, finding a 0.8% increase (95% CI: 0.2%, 1.5%). We assume that asthmatics have a

daily asthma attack frequency of 13% 22, yielding our estimated increased attack rates.

Restricted activity days

For restricted activity days (RAD), we pool multiple estimates from a study of the Health

Interview Survey 29 to yield a 2.9% increase in RAD (95% CI: 1.7%, 4.0%) for PM10. A follow-

up study 30 found that minor restricted activity days (MRAD) were related to both PM10 (4.4%;

95% CI: 3.3%, 5.6%) and high-hour O3 (0.3%; 95% CI: -0.5%, 1.2%). To calculate the overall

changes, we use baseline rates of 6.6 RAD/person/year and 6.3 MRAD/person/year 2,30. We

estimate net RAD by subtracting all hospital days, net ERV, and asthma attacks, and we estimate

net MRAD by subtracting asthma attacks 21,22.

Acute symptoms

For other acute symptoms, we consider aggregate upper or lower respiratory symptoms

(URS or LRS) to be proxies for all endpoints. For adults, a study in California found no

associations with LRS, but found a 6.8% increase in URS (95% CI: 2.3%, 11.5%) for PM10, and

a 1.0% increase in URS (95% CI: 0.5%, 1.5%) for high-hour O3 31. We estimate net URS by

subtracting asthma attacks and assuming a baseline incidence of 3.7%.

For children, the studies of URS and LRS find some relationship with SO2, NO2, O3, and

PM10 
24,32-35. We assume from the estimates reported above and an analysis of cough 34 that SO2
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impacts are related to correlated PM10. We assume causality for NO2, since studies have linked

indoor NO2 with LRS 36 and little confounding was found for cough. For LRS, the pooled

estimates are 3.1% for PM10 (95% CI: -7.4%, 13.6%), 3.1% for O3 (95% CI: -9.7%, 15.9%), and

6.2% for NO2 (95% CI: -0.7%, 13.0%). For URS, the pooled estimate for PM10 is 1.6% (95% CI:

-2.8%, 6.0%), with other pollutants insignificant. Baseline incidence rates of 0.4% for LRS and

1.6% for URS 35 are used to yield the estimated health outcomes.
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OVERVIEW OF FINAL AMENDMENTS TO AIR REGULATIONS  

FOR THE OIL AND NATURAL GAS INDUSTRY 

 

FACT SHEET  

 

OVERVIEW OF ACTION 

 

 On April 17, 2012, the U.S. Environmental Protection Agency (EPA) issued cost-effective 

regulations to reduce harmful air pollution from the oil and natural gas industry while 

allowing continued, responsible growth in U.S. oil and natural gas production.  

 

 The final rules include the first federal air standards for natural gas wells that are 

hydraulically fractured, along with requirements for several other sources of pollution in the 

oil and gas industry that currently are not regulated at the federal level.  The rules for 

fractured gas wells rely on proven, cost-effective technology and practices that industry 

leaders are using today at about half of the fractured natural gas wells in the U.S. 

 

 EPA extensively sought comment on the proposed rules, which the agency was required to 

review under the Clean Air Act. Today’s final action includes a number of changes made in 
response to those comments. The final rules provide flexibility for industry to ensure 

equipment is available to capture natural gas in time to meet compliance deadlines, while 

maintaining the environmental benefits from the proposal. The rules also include incentives 

for industry to modernize equipment and reduce pollution early, and changes to reporting 

requirements to strengthen accountability. 

 

 A key component of the final rules is expected to yield a nearly 95 percent reduction in 

VOCs emitted from more than 11,000 new hydraulically fractured gas wells each year. This 

significant reduction would be accomplished primarily through the use of a proven process 

– known as a “reduced emissions completion” or “green completion” -- to capture natural 

gas that currently escapes to the air.  

 

 In a green completion, special equipment separates gas and liquid hydrocarbons from the 

flowback that comes from the well as it is being prepared for production. The gas and 

hydrocarbons can then be treated and used or sold, avoiding the waste of natural resources 

that cannot be renewed.  

 

 The estimated revenues from selling the gas that currently goes to waste are expected to 

offset the costs of compliance, while significantly reducing pollution from this expanding 

industry. EPA’s analysis of the rules shows a cost savings of $11 to $19 million when the 

rules are fully implemented in 2015.  

 

 

 Some states, such as Wyoming and Colorado, require green completions, as do some cities, 
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including Fort Worth and Southlake, Texas. In addition, data provided to EPA’s Natural Gas 
STAR program show that a number of companies are using green completions voluntarily. 

Today’s rule builds on the emission reductions these leaders have taken, leveling the 

playing field across the industry and ensuring this smart environmental and business 

practice is used in all states where gas wells are fractured.  

 

POLLUTION REDUCTION, CONTINUED NATURAL GAS PRODUCTION 

 The VOC emission reductions from wells, combined with reductions from storage tanks and 

other equipment, are expected to help reduce ground-level ozone in areas where oil and 

gas production occurs. In addition, the reductions would yield a significant environmental 

co-benefit by reducing methane emissions from new and modified wells. Methane, the 

primary constituent of natural gas, is a potent greenhouse gas – more than 20 times as 

potent as carbon dioxide when emitted directly to the atmosphere. Oil and natural gas 

production and processing accounts for nearly 40 percent of all U.S. methane emissions, 

making the industry the nation’s single largest methane source.  

 

 Today’s final rules also would protect against potential cancer risks from emissions of 

several air toxics, including benzene.  

  

 EPA estimates the following combined annual emission reductions when the rules are fully 

implemented :  

o VOCs:  190,000 to 290,000 tons;  

o Air Toxics: 12,000 to 20.000 tons; and  

o Methane 1.0 to 1.7 million short tons [about 19 to 33 million tonnes of CO2 

equivalent (CO2e)] 

 Today’s action continues EPA’s efforts to support responsible oil and natural gas exploration 
and production that protect public health and the environment. In 2011, for example, the 

Agency signed a memorandum of understanding with the departments of Interior and 

Agriculture establishing a common process for the agencies to follow in analyzing the 

potential air quality impacts of proposed oil and gas activities on federally managed public 

lands. The collaborative approach in the agreement will provide increased certainty, clarity 

and transparency about requirements on public lands.  

 

 To learn more about specific requirements of today’s rules visit: 

www.epa.gov/airquality/oilandgas  

 

COSTS AND BENEFITS 

 

 Today’s cost-effective rules will yield significant reductions in air pollution while offsetting 

the costs to industry. EPA estimates the combined rules will yield a cost savings of $11 to 

$19 million in 2015, because the value of natural gas and condensate that will be recovered 

and sold will offset costs.  

 



 

3 
 

 The VOCs and air toxics reductions in the rules are expected to improve outdoor air quality, 

protect against cancer risk from air toxics emissions and reduce health effects associated 

with exposure to ground-level ozone (smog).  Exposure to ozone is linked to increased 

asthma attacks, hospital admissions and emergency room visits, and premature death. EPA 

was unable to model health benefit estimates for the rule, due to uncertainties about 

future locations of oil and gas emissions. Air quality changes associated with air toxics and 

VOC reductions can be highly localized. 

 

 Today’s rules also would yield significant reductions in methane, a potent greenhouse gas. 
EPA’s Regulatory Impact Analysis for the rule estimates the value of the climate co-benefits 

that would result from this reduction at $440 million annually by 2015. This includes the 

value of climate-related benefits such as avoided health impacts, crop damage and damage 

to coastal properties. 

 

AIR EMISSIONS FROM OIL AND GAS PRODUCTION IN THE U.S.  

 In 2009, about 1.1 million wells were producing oil and natural gas in the United States. The 

wells are located in many areas of the country, including both urban and rural areas.  

 

 The majority of new gas wells drilled today use a process known as hydraulic fracturing or 

“fracking.” In this process, a mixture of water, chemicals and a “proppant” (usually sand) is 

pumped into a well at extremely high pressures to fracture rock and allow natural gas to 

escape.  An estimated 11,400 new wells are fractured each year; EPA estimates another 

1,400 existing wells are re-fractured to stimulate production or to produce natural gas from 

a different production zone. 

 

 The gas these wells produce goes to gathering and boosting stations that take it to 

processing plants. These plants remove contaminants to make the gas ready for the 

pipelines that deliver it to commercial, industrial and residential customers. Transmission 

compression stations help move the gas through 1.5 million miles of natural gas pipelines 

across the United States.  

 

 The oil and gas industry is a significant source of VOCs, which contribute to the formation of 

ground-level ozone (smog). Data provided to EPA’s Natural Gas STAR Program show that 
some of the largest air emissions in the natural gas industry occur as natural gas wells that 

have been fractured are being prepared for production. During a stage of well completion 

known as “flowback,” fracturing fluids, water, and reservoir gas come to the surface at a 

high velocity and volume. This mixture includes a high volume of VOCs and methane, along 

with air toxics such as benzene, ethylbenzene and n-hexane. The typical flowback process 

lasts from three to 10 days. Pollution also is emitted from other processes and equipment in 

the industry that prepare gas for sale and that assist in moving it through pipelines. 

 

BACKGROUND 
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 Today’s final action will cut emissions of smog-forming volatile organic compound (VOC) 

emissions and air toxics from several segments of the oil and gas industry. The final rules 

are the result of the review of four air regulations for the oil and natural gas industry 

required by the Clean Air Act: a new source performance standard for VOCs; a new source 

performance standard for sulfur dioxide; an air toxics standard for major sources of oil and 

natural gas production; and an air toxics standard for major sources of natural gas 

transmission and storage. 

 

 The Clean Air Act requires EPA to set new source performance standards (NSPS) for 

industrial categories that cause, or significantly contribute to, air pollution that may 

endanger public health or welfare. EPA is required to review these standards every eight 

years. The existing NSPS – for VOCs and SO2 – were issued in 1985. 

 

 EPA also must set standards for emissions of air toxics, also called hazardous air pollutants. 

Air toxics are pollutants known or suspected of causing cancer and other serious health 

effects. EPA must review conduct a residual risk review of these standards once time, eight 

years after the standard issued. The agency must conduct technology reviews of these 

standards every eight years.  

 

 EPA’s existing air toxics standards for oil and natural gas production, and the standards for 

natural gas transmission and storage were issued in 1999. 

 

Litigation 

 In January 2009, WildEarth Guardians and the San Juan Citizens Alliance sued EPA, alleging 

that the Agency had failed to review the new source performance standards and the major 

source air toxic standards for the oil and natural gas industry. 

 

 In February 2010, the U.S. District Court for the District of Columbia issued a consent decree 

that requires EPA to take actions related to the review of these standards. EPA issued the 

proposed rule July 28, 2011.  The consent decree, which was recently revised, required that 

EPA take final action by April 17, 2012. 

 

Public comment 

 EPA held two public meetings as it was developing the rules and three public hearings on 

the proposal. The agency received more than 156,000 comments on the proposal.  

 

• EPA’s Natural Gas STAR program has been working with U.S. oil and gas companies since 
1993 to adopt proven, cost-effective technologies and practices that improve operational 

efficiency and reduce methane emissions. Many Gas STAR partners already are using the 

green completions that EPA is now requiring across the industry. For more information on 

EPA’s Natural Gas STAR program, visit http://www.epa.gov/gasstar/index.html  

 

http://www.epa.gov/gasstar/index.html
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• Additional information about hydraulic fracturing and EPA’s work is available at 
http://www.epa.gov/hydraulicfracture/  

 

FOR MORE INFORMATION ABOUT TODAY’S ACTION: 
• The rule and other background information are posted at 

http://www.epa.gov/airquality/oilandgas. Information also is available at EPA’s electronic 
public docket and comment system (http://www.regulations.gov,) using Docket ID Number 

EPA-HQ-OAR-2010-0505.  

 

• The rule and materials also are available in hard copy at the EPA Docket Center’s Public 
Reading Room, room 3334 in the EPA West Building, located at 1301 Constitution Avenue, 

NW, Washington, DC.  Hours of operation are 8:30 a.m. to 4:30 p.m. eastern time, Monday 

through Friday, excluding federal holidays. 

 

• Visitors are required to show photographic identification, pass through a metal detector, 

and sign the EPA visitor log.  All visitor materials will be processed through an X-ray machine 

as well.  Visitors will be provided a badge that must be visible at all times 

 

 

http://www.epa.gov/hydraulicfracture/
http://www.epa.gov/airquality/oilandgas
http://www.regulations.gov/
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EPA’s Air Rules for the Oil & Gas Industry  

EPA’s Actions to Reduce Methane Emissions from the Oil and Natural Gas 

Industry: Final Rules and Draft Information Collection Request 

 

Overview 

• On May 12, 2016, the U.S. Environmental Protection Agency (EPA) took another set of 

steps under the President’s Climate Action Plan: Strategy to Reduce Methane Emissions 

and the Clean Air Act to cut methane emissions from the large and complex oil and natural 

gas industry and keep the Administration on track to achieve its goal of cutting methane 

emissions from the oil and gas sector by 40 to 45 percent from 2012 levels by 2025. 

• EPA’s actions include three final rules that together will curb emissions of methane, smog-

forming volatile organic compounds (VOCs) and toxic air pollutants such as benzene from 

new, reconstructed and modified oil and gas sources, while providing greater certainty 

about Clean Air Act permitting requirements for the industry.  

• EPA also took a critical step needed to carry out the Administration’s commitment to 

regulate methane emissions from existing oil and gas sources: the agency issued for public 

comment an Information Collection Request (ICR) that will require companies to provide 

extensive information instrumental for developing comprehensive regulations to reduce 

methane emissions from existing oil and gas sources.  

• Methane, the key constituent of natural gas, has a global warming potential more than 25 

times greater than that of carbon dioxide. Methane is the second most prevalent 

greenhouse gas emitted by human activities in the United States, and approximately one-

third of those emissions come from oil production and the production, processing, 

transmission and storage of natural gas.  

• Methane from the oil and gas industry comes packaged with other pollutants: VOCs, which 

are a key ingredient in ground-level ozone (smog); and a number of pollutants known as 

“air toxics” – in particular, benzene, toluene, ethylbenzene and xylene. 

• Ozone is linked to a variety of serious public health effects, including reduced lung 

function, asthma attacks, asthma development, emergency room visits and hospital 

admissions, and early death from respiratory and cardiovascular causes. Air toxics are 

known or suspected to cause cancer and other serious health effects. 

 

• The methane reductions from the final New Source Performance Standards (NSPS) will 

build on the agency’s 2012 rules to curb VOC emissions from new, reconstructed and 

modified sources in the oil and gas industry. EPA’s final rule will get more methane 

reductions than estimated at proposal because of changes made in response to the more 
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the 900,000 public comments we received. For example, the final rule requires low 

production wells to monitor leaks, rather than exempting them as proposed. Also, the final 

rule requires compressor stations to monitor leaks four times a year, rather than twice a 

year. 

 

• Reducing methane emissions is an essential part of an overall strategy to address climate 

change. Climate change impacts affect all Americans’ lives, from stronger storms and 

longer droughts to increased insurance premiums, food prices and allergy seasons. The 

most vulnerable among us -- including children, older adults, people with heart or lung 

disease and people living in poverty – are most at risk from the impacts of climate change. 

• The reductions from the final NSPS, along with methane reductions from EPA’s new 

Natural Gas STAR: Methane Challenge Program and actions by other federal agencies, will 

help the country continue moving toward safe and responsible oil and natural gas 

development.  

• EPA also is working to complete final Control Techniques Guidelines (CTGs) for reducing 

VOC emissions from existing oil and gas sources in certain ozone nonattainment areas and 

states in the Ozone Transport Region. The agency anticipates issuing the CTGs later this 

spring. 

 

Summary of Actions 

Reducing Methane and VOCs from New and Modified Sources 

• Building on its 2012 requirements to reduce VOC emissions, EPA has updated the NSPS for 

the oil and gas industry to add requirements that the industry reduce emissions of 

greenhouse gases and to cover additional equipment and activities in the oil and gas 

production chain. The final rule will accomplish this by setting emissions limits for 

methane, which is the principal greenhouse gas emitted by equipment and processes in 

the oil and gas sector. Owners/operators will be able to meet the limits using technologies 

that are cost-effective and readily available.  

 

• The final NSPS will yield significant reductions in methane emissions from new, 

reconstructed and modified processes and equipment, along with reducing VOC emissions 

from sources not covered in the agency’s 2012 rules. These sources include hydraulically 

fractured oil wells, some of which can contain a large amount of gas along with oil, and 

equipment used across the industry that was not regulated in the agency’s 2012 rules.  

• The final rule also requires owners/operators to find and repair leaks, also known as 

“fugitive emissions,” which can be a significant source of both methane and VOC pollution.  

• Most sources subject to the 2012 VOC reduction requirements now also are covered by the 

new requirements to reduce methane. However, they will not have to install additional 

controls, because the controls to reduce VOCs also reduce methane.  
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• EPA made a number of changes to the final rule based on information received during the 

public comment period. The final rule:  

o Sets a fixed schedule for monitoring leaks. The final rule sets a fixed schedule for 

monitoring leaks rather than a schedule that varies with performance. For well sites, 

including low-production well sites, the rule requires leaks monitoring twice a year. 

Compressor stations -- generally large facilities encompassing numerous pieces of 

equipment that operate continuously and under significant pressure -- must conduct 

quarterly leaks monitoring. Owners and operators at all sites will have one year to 

conduct an initial leaks monitoring survey. 

o Allows an alternative approach for finding leaks. In addition to optical gas imaging 

(special cameras that allow the user to “see” leaks), the final rule allows 

owners/operators to use “Method 21” with a repair threshold of 500 ppm as an 

alternative for finding and repairing leaks.  Method 21 is an EPA method for 

determining VOC emissions from process equipment. The method is based on using 

a portable VOC monitoring instrument, such as an organic vapor analyzer 

(sometimes referred to as a “sniffer”).  

o Offers owners/operators the opportunity to use emerging, innovative technologies to 

monitor leaks. The final rule outlines the type of information owners/operators 

would need to submit to receive approval to use those technologies to meet their 

leaks monitoring requirements.  

o Phases in requirements for using a process known as a “green completion” to 

capture emissions from hydraulically fractured oil wells. Owners/operators will have 

six months from the time the final rule is published in the Federal Register to meet 

the green completion requirements. Owners/operators of hydraulically fractured oil 

wells will be required to reduce emissions using combustion controls until the green 

completion requirement takes effect.  

• Before issuing the proposed regulations in 2015, EPA sought input from states, tribes, 

industry and environmental groups, and continued to do so as it developed the final rules. 

The agency received more than 900,000 public comments on the proposed NSPS and held 

three public hearings. 

 

• A number of states regulate, or are considering regulating, air pollution from the oil and 

natural gas industry, and EPA’s rules allow them to continue to do so. Under the Clean Air 

Act, states have the authority to regulate air emissions from sources within their 

boundaries, provided their requirements are at least as protective as federal requirements. 

The final rule provides a pathway for companies to harmonize the NSPS with any 

comparable state requirements they may have. 
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• The final NSPS is expected to reduce 510,000 short tons of methane in 2025, the 

equivalent of reducing 11 million metric tons of carbon dioxide. Natural gas that is 

recovered as a result of the rule can be used as a fuel on site or sold. 

• EPA estimates the final rule will yield climate benefits of $690 million in 2025 (2012$), 

which will outweigh estimated costs of $530 million. Net climate benefits are estimated at 

$170 million in 2025. 

 

• The rule also is expected to reduce other pollutants, including 210,000 tons of VOCs and 

3,900 tons of air toxics in 2025. These reductions also are expected to yield benefits; 

however, EPA was not able to quantify those. Those benefits include reductions in health 

effects related to fine particle pollution, ozone and air toxics, along with improvements in 

visibility. 

Collecting Information to Develop Regulations for Existing Sources 

• EPA issued the first draft of an Information Collection Request (ICR), seeking a broad range 

of information on the oil and gas industry, including: how equipment and emissions 

controls are, or can be, configured; what installing those controls entails; and the 

associated costs. This includes information on natural gas venting that occurs as part of 

existing process or maintenance activities, such as well and pipeline blowdowns, 

equipment malfunctions and flashing emissions from storage tanks. Industry will be legally 

required to respond to the final ICR. 

 

• EPA announced its plans to issue the ICR on March 10, 2016, as part of a joint commitment 

between the U.S. and Canadian governments to take new actions to reduce methane 

pollution from the oil and gas sector, including through regulations for existing sources. 

The ICR is the first step in that process; the information companies will report to EPA will 

provide the foundation necessary for developing comprehensive regulations to reduce 

emissions from existing oil and gas sources. 

 

• Over the past year, substantial amounts of new information on methane emissions from 

the oil and gas industry have become available from a range of entities, including EPA’s 

Greenhouse Gas Reporting Program, industry organizations, and research studies by 

government, academic and industry researchers.  That information shows that methane 

emissions from this large and complex industry are much higher than previously 

understood. 

 

• The information EPA receives through the ICR will help the agency determine how to best 

reduce emissions from existing sources. It will help EPA identify sources with high 

emissions and the factors that contribute to those emissions. And it will build on 

information that states with regulatory programs have already developed about this 

industry. 
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• In addition, because technology to detect, measure and mitigate methane emissions is 

rapidly developing, EPA plans to issue a voluntary Request for Information, inviting oil and 

gas owners and operators, along with states, nongovernmental organizations, academic 

experts and others, to provide information on innovative strategies to accurately and cost-

effectively locate, measure and mitigate methane emissions. EPA will issue the Request for 

Information soon. 

• For more details on the draft ICR and the comment process, see 

https://www3.epa.gov/airquality/oilandgas/methane.html  

Clarifying and Implementing Permitting Requirements  

• EPA issued two rules to clarify permitting requirements for the oil and natural gas industry: 

the Source Determination Rule, and a final federal implementation plan to implement the 

Minor New Source Review Program in Indian country. 

Final Source Determination Rule 

o EPA has issued a final rule to clarify when multiple pieces of equipment and activities in 

the oil and gas industry must be deemed a single source when determining whether 

major source permitting programs apply. The programs are the Prevention of 

Significant Deterioration (PSD) and Nonattainment New Source Review preconstruction 

permitting programs, and the Title V Operating permits program. 

o The final rule defines the term “adjacent” to clarify that equipment and activities in the 

oil and gas sector that are under common control will be considered part of the same 

source if they are located near each other – specifically, if they are located on the same 

site, or on sites that share equipment and are within ¼ mile of each other. Input from 

states, industry and other commenters was helpful in finalizing these requirements. 

 

o The final rule applies to equipment and activities used for onshore oil and natural gas 

production, and for natural gas processing. It does not apply to offshore operations. 

 

o For more information on the final Source Determination Rule, including a fact sheet on 

the rule, see https://www3.epa.gov/airquality/oilandgas/actions.html. 

Final Federal Implementation Plan for Indian Country 

o EPA also has issued a final rule to implement the Minor New Source Review Program in 

Indian country for oil and natural gas production. Known as a Federal Implementation 

Plan, or FIP, the rule will limit emissions of harmful air pollution while making the 

preconstruction permitting process more streamlined and efficient for this industry, 

which has expanded rapidly in some areas of Indian country. 

o The FIP will be used instead of site-specific minor New Source Review (NSR) 

preconstruction permits in Indian country and incorporates emissions limits and other 

https://www3.epa.gov/airquality/oilandgas/methane.html
https://www3.epa.gov/airquality/oilandgas/actions.html
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requirements from eight federal air standards -- including the final NSPS -- to ensure air 

quality is protected. 

o The final FIP applies throughout Indian country, except non-reservation areas, unless a 

tribe or EPA demonstrates jurisdiction for those areas. 

o Requirements of the FIP apply to all new and modified true minor sources in the 

production segment of the industry that are seeking minor NSR permits in areas 

designated as attainment or unclassifiable for a National Ambient Air Quality Standard. 

Sources locating in nonattainment areas will need to seek site-specific minor NSR 

permits, or comply with reservation-specific FIPs, where those exist.  

o For more information on the final FIP, including a fact sheet on the rule, see 

https://www3.epa.gov/airquality/oilandgas/actions.html . 

 

For More Information  

• To read the final rules, including additional fact sheets, visit 

https://www3.epa.gov/airquality/oilandgas/actions.html . 

• To read the draft Information Collection Request notice, along with additional information, 

visit https://www3.epa.gov/airquality/oilandgas/methane.html . 

• To learn more about the Natural Gas STAR: Methane Challenge Program, see 

https://www3.epa.gov/gasstar/methanechallenge/  

• To read the Climate Action Plan: Strategy to Reduce Methane Emissions, see: 

https://www.whitehouse.gov/sites/default/files/strategy_to_reduce_methane_emissions_

2014-03-28_final.pdf  

 

 

 

https://www3.epa.gov/airquality/oilandgas/actions.html
https://www3.epa.gov/airquality/oilandgas/actions.html
https://www3.epa.gov/airquality/oilandgas/methane.html
https://www3.epa.gov/gasstar/methanechallenge/
https://www.whitehouse.gov/sites/default/files/strategy_to_reduce_methane_emissions_2014-03-28_final.pdf
https://www.whitehouse.gov/sites/default/files/strategy_to_reduce_methane_emissions_2014-03-28_final.pdf

